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Liver, biliary, and pancreas

Raised plasma concentrations of 3-methoxy-4-
hydroxyphenylethyleneglycol in cirrhotic patients with
or without hepatic encephalopathy
H ECHIZEN, A MINEGISHI, S HAYASHI, N UMEDA, T ODA,
AND T ISHIZAKI

From Division of Gastroenterology, Department of Medicine, and Division of Clinical Pharmacology, Clinical
Research Institute, National Medical Center, Tokyo, Japan

SUMMARY We measured the plasma concentration of a centrally derived noradrenaline (NA)
metabolite, 3-methoxy-4-hydroxyphenylethyleneglycol (MHPG), in 20 cirrhotic patients (eight with
(group A) and 12 without (group B) hepatic encephalopathy (HE)) and in 14 age matched healthy
subjects to study if the central NA metabolism would be altered in liver cirrhosis patients,
particularly in those with HE. The mean (SEM) plasma MHPG concentrations in the patient groups,
group A (74.9 (8.6) pmol/l) and B (54.8 (7.2) pmol/l), were significantly (p<001) greater than in the
control group (22.3 (2.0) pmol/l), and that in group A was significantly (p<0O05) greater than in
group B. The plasma concentration of MHPG observed in these study subjects (n=34) correlated
(r,=0 77, p<001) more strongly with the ratio of plasma catecholamine precursor amino acids
(tryosine and phenylalanine) to other neutral amino acids (tryptophan, leucine, isoleucine, and
valine) known to compete with catecholamine precursor amino acids for uptake into the brain than
with plasma concentration of tyrosine plus phenylalanine alone (r,=0 63, p<001). In addition, the
mean plasma MHPG concentrations measured in another group of eight cirrhotic patients (group C)
during HE (79.3 (10.6) pmolIl) was significantly (p<0-01) greater than that measured after the
recovery from HE (47.2 (5.2) pmolIl). The results suggest that the central NA metabolism may be
altered in patients with liver cirrhosis, particularly in those with HE, and that the derangement in
the central NA metabolism may be associated not only with an increase in plasma catecholamine
precursor amino acids but also with a decrease in branched chain amino acids.

Although the pathogenesis of hepatic encephalo-
pathy (HE) remains enigmatic, lines of evidence
suggest that a derangement in the metabolism of
central monoaminergic neurotransmitters - for
example, noradrenaline (NA), dopamine, serotonin,
may play an important role in the development of
HE.'-3 Previous studies have shown that metabolites
of these monoamine neurotransmitters were grossly
raised in the brain and cerebrospinal fluids of animals
and humans during HE.' A possible derangement
in the central monoamine metabolism during HE
may be associated with an augmented transport of
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their precursor amino acids - that is, tryosine,
phenylalanine, tryptophan, into the brain. Previous
studies have shown that concentrations of these
aromatic amino acids (AAA) were substantially
raised not only in plasma but also in the cerebrospinal
fluid in patients with HE.`3 To our knowledge,
however, it remains unclear if a certain index of the
central monoamine metabolism - for example,
plasma or cerebrospinal fluid concentrations of
centrally derived monoamine metabolites, obtained
from cirrhotic patients with HE would significantly
differ as compared with those from cirrhotic patients
without HE and from normal healthy subjects.

Inasmuch as neutral amino acids - for example,
AAA and branched chain amino acids (BCAA), are
known to share a common transport system at the
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blood brain barrier (BBB), brain uptake of indi-
vidual amino acids would depend not only on the
plasma concentration of the respective amino acid
but also on those of competing amino acids.'
Accordingly, a characteristic plasma amino acid
imbalance - that is, high in AAA concentrations and
low in BCAA concentrations, which has been
observed in previous studies"""in patients with liver
cirrhosis, may be in favour of a facilitated transport of
plasma AAA across the BBB in these patients. No
attempt has been made, however, to ask if such an
amino acid imbalance in plasma would correlate with
a certain index of the central monoamine metabolism
in patients with liver cirrhosis, particularly in those
with HE.

Direct assessment of the central monoamine meta-
bolism in man is not feasible for ethical reasons. In
recent studies, therefore, an attempt has been made
to study if plasma concentrations of centrally derived
monoamine metabolites, such as, MHPG and
homovanillic acid, would be associated with thera-
peutic responses of certain psychiatric diseasesb"
and the prognosis of patients with subarachnoid
haemorrhage.'7` To our knowledge, however, no
studies have utilised this approach to address the
question if the central monoaminergic metabolism
would be altered in cirrhotic patients with or without
HE as compared with healthy subjects. In this
context, our study aims were set (1) to probe the
central NA metabolism in cirrhotic patients with or
without HE by measuring plasma concentrations of a
centrally derived NA metabolite, MHPG; (2) to
determine if the plasma amino acid imbalance
observed in the cirrhotic patients would be associated
with the possibly deranged central NA metabolism;
and (3) to ask if plasma MHPG concentrations during
and after the recovery from HE would differ within
the same cirrhotic patients.

Methods

STUDY SUBJECTS
Twenty eight patients with liver cirrhosis, having
been verified by biopsy specimen and clear cut
clinical and laboratory findings, and 14 age matched
normal healthy subjects were enrolled in the present
study. Clinical characteristics of patients pertinent to
the present study are summarised in Tables 1 and 2.
Patients with liver cirrhosis consisted of three groups
according to the presence (group A and C, n=eight
each) and absence (group B, n= 12) of HE. The grade
of HE in the group A and C patients was determined
by two independent observers (HE and NU) accord-
ing to the Parsons-Smith's criteria.'` The grades of
HE observed in the majority of the group A and C
patients were low and their liver function was

relatively stable (Tables 1 and 2) and no life threaten-
ing complications such as severe bacterial infection
and/or concurrent variceal bleeding, were present.
The control subjects were judged to be normal with a
history taking and physical examination carried out
by one of the authors (HE) and with appropriate
biochemical tests. Informed consent was obtained
before the study from each of the healthy subjects
and group B patients. For the group A and C
patients, the informed consent was obtained from the
next of kin. Patients manifesting signs of hepatorenal
syndrome assessed according to the established
criteria at the symposium held in Sassari"' were
excluded from the study. The study was approved by
the Institutional Ethics Committee and performed
according to the principles of the Declaration of
Helsinki.

STUDY DESIGN AND MEASUREMENTS
The study protocol consisted of two parts. The first
part was designed to determine if (1) there would be
any significant differences in plasma MHPG concen-
trations among cirrhotic patients with (group A) and
without (group B) HE and healthy controls, and (2)
plasma MHPG concentrations in these patients and
controls would be not only a reflection of plasma NA
precursor amino acid concentrations but also that of
other neutral amino acids known to share a common
transport system across the blood brain barrier.`" In
the second part of the study, plasma MHPG concen-
trations were measured twice in the same cirrhotic
patients (group C) during and after the recovery from
HE to ask if plasma MHPG concentrations in these
patients would show any intraindividual difference in
relation to the improvement of their mental status.
The group B patients received a hospital diet

containing 75 g protein, 345 g carbohydrates, and 25 g
fat daily. Total caloric intake was adjusted to 1900
kcal/day during hospitalisation. The group A and C
patients were prohibited from oral nutritiopal
intake until their neurological manifestations dis-
appeared. The treatment of HE for the group C
patients consisted of the elimination of precipitating
factors for HE, the restriction or reduction of
dietary protein intake, and/or the administration of
lactulose. A BCAA-enriched amino acid solution
with glucose was given to the patients who were
unable to tolerate sufficient protein intake to prevent
a long standing negative nitrogen balance. Plasma
MHPG concentrations were measured twice - that is,
during and after the recovery from HE, without
changing the individually required treatment
schedule or under the same therapeutic background.

For each cirrhotic patient the routine laboratory
examinations and coagulation tests were done. For
plasma ammonia measurements, blood samples
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Table 1 Clinical characteristics and labor-atory data ofpatients wit/i liver cirrhosis and llealthly control subjects

To tal (;ratde of
Albutrnin biiiruhin Proilirottfifnh Ammtnonla liel)alii

SUBbjects Age (elr) Sex gil oino/i time (s) lmlotil emt el)lialopatliiv Aetiologe

(35-50)+ (3-17) (10-1-1) (18-50)
45 M 30 50 12-6 41 11 Alcoholic
63 M 36 31 12'1 77 11 Cryptogenic

Lisercirrhosis 73 M 28 74 1 2 66 111 Posttransfusional
withi HE 67 M '29 39 13-8 74 11 Cryptogenic
(group A. n=8) 7(0 M 30 41 11-993 I1 Cryptogenic

72 F 28 34 12'0 109 11 Posttransfusional
59 M 27 43 13-6 77 111 Alcoholic
62 F 3(0 35 13-2 61 11 Posttransfusional

64(4) M:6 3(0(1)* 42(.5)*t 13-1 (0(4) 75 (7)
F :2

71 F 28 29 i136 43 0 Posttransfusional
5(0 M 33 31 13(0 35 0 Alcoholic

Lixercirrhosis 5(0 M 29 31 13-0 18 0 Alcoholic
without HE 74 M 34 48 11-9 05 O Alcoholic
(group B1<n 12) 81 M 33 12 12'0 92 0 Cryptogenic

41 M 26 48 13-5 63 0 Alcoholic
67 M 32 19 11-6 79 0 Posttransfusional
63 F 36 31 1 -2 48 0 Cryptogenic
52 M 35 26 13-8 113 0 Cryptogenic
72 M 27 48 16-3 85 0 Cryptogenic
53 M 33 35 128- 43 0 Alcoholic
65 F 29 3(0 12 4 29 0 Posttransfusional

62(4) M:9 31 (I)* 32(3)i 13 3(0(4) 59(8)
F :3

Normal healthy 56 (3) M: 1 1 44 (1) 12 (1)
controls (n= 14) F :3

Data are mean values (SEM). *Statistically significant at p<0(l01 conipared with tile control subjects: -Statistically significant at p<(0-0S
between groups A and B:; Normal reference salues in the l)epartment of Clinical Chemistry. National Medical Center. Tokyo.

Table 2 Clinical chlaracteristic.s and laboratory (lata of cirrhotic )atientis whose plasmal MHPG was measured during and
after the recovery from HE (group C)

Total Grade of Iioue reqalired
Age A/1)moii,i biliriubini Prothiromoin Atlinonla hlepatiC for recovery

Patieit.(sr) Se.v gil [itn7oll tittme' (s) g/tth1011 e'(-iep/ialopatili (daue) Aetiology
(35-50))t (3-17) (1() 1-1 1 I) (18-50))

1 54 M 3(1 50 12-6 56 I 8 Alcoholic
2 .58 M 25 43 13-6 66 11 1() Alcoholic
3 7(1 F 28 29 13-6 9(0 11 3(0 Posttransfusional
4 59 F 36 1() 12-4 86 Il 7 Posttransfusional
5 73 M 27 1 12-8 34 11 13 Cryptogenic
6 58 M 36 174 15-6 106 ill 85 Alcoholic
7 55 M 26 96 13-3 5 11i 45 Alcoholic
8 65 M 38 43 11-9 46 II (20 Posttransfusional

During HE 62(2) M:6 31 (2) 77 (5)* 13-2 (()4) 67(8)
F :2

After recosery 32 (2) 32 (7) 13.2 (0() 63 (9) 27 (9)
from HE

Data are mean salues (SEM). *Statistically significant at p<()005 compared with that observed after recosery from HE; tNormal reference
salues in the Department of Clinical Chemistry. National Medical Center. Tokyo.

(2 ml) were withdrawn from an antecubital vein with at 2000xg for five minutes at 4°C. The separated
a minimum of stasis into a heparinised (ammonia plasma was put on ice and transferred to the labora-
free) chilled glass tube and immediately centrifuged tory. Plasma ammonia was measured enzymatically
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(ACMA Du Pont, Wilmington, Del) within 30
minutes from sample collection. Using this method,
plasma ammonia levels in normal adults range
from 18-50 .tmol/l (the Department of Clinical
Chemistry, National Medical Center, Tokyo).

For plasma amino acid measurements, blood
samples (5 ml each) were obtained from the
antecubital vein. In the healthy group, the samples
for plasma amino acid assay were obtained at 09 00 h
after an overnight fast. Blood samples were collected
into a heparinised tube, immediately centrifuged at
600xg for 10 minutes, and the separated plasma was
stored at -80°C until assayed. Plasma amino acid
determinations were carried out by an amino acid
analyser (Model 835-50, Hitachi Ltd, Tokyo) on the
supernatant of plasma, rendering it protein free by
precipitation using 5% sulphosalicylic acid. The
intra-assay coefficients of variation (CV) for all
amino acids were less than 5% except for tryptophan
(CV= 10%). Plasma concentration values for trypto-
phan measured by this method are considered some-
what lower than those measured by other methods2' 3

where this amino acid was separately and specifically
assayed.

Plasma free MHPG was determined according to
the assay method developed in this laboratory24 and
used for our recent clinical studies:' '7 briefly,
blood was collected into a chilled tube containing
EDTA.2Na (0.1%) and sodium metabisulphite
(0 1%). Plasma was immediately separated by centri-
fugation at 600xg for 10 minutes at 4°C, and stored at
-800C until analysed. MHPG was extracted using a
small C18 column (Bond-Elut, Analytichem Inter-
national, Habor City, CA) under a near neutral
condition. The assay was conducted by using a high
performance liquid chromatography system con-
sisting of a pump (Yanako Model L-4000W,
Yanagimoto Mfg Co, Kyoto), a reversed phase
column (Yanapak ODS-A) and a Model VMD-501
dual electrochemical detector with a glassy carbon
electrode (Yanagimoto) set at +0.7 V against
Ag/AgCl reference electrode. Vanillyl alcohol was
selected as the internal standard. The intra- and
interassay CVs for MHPG were less than 5%.

STATISIICAI ANALYSIS
Multiple comparisons of the mean values for
laboratory data, plasma amino acid concentrations,
and plasma concentrations of MHPG among group
A, group B, and the control group were done using
ANOVA with the least significant test. The mean
values for plasma MHPG concentration and other
biochemical data measured twice in the same group C
patients during and after the recovery from HE were
compared by using Student's t test or Wilcoxon's
signed-rank test for paired data, where appropriate.

To ask if plasma MHPG concentrations observed in
our cirrhotic patients would be associated with the
biochemical tests of liver function - that is, scrum
albumin and total serum bilirubin, and prothrombin
time, in the group A and B patients, we examined the
correlation between the plasma MHPG concentra-
tions and each of these biochemical data by using the
least-squares regression analysis. Similarly, we
examined the correlation between the intrapatient
changes in plasma MHPG concentrations and those
in the above mentioned laboratory data during and
after the recovery from HE in the group C patients.
To test a hypothesis that the availability of NA
precursor amino acids for brain is not only a reflec-
tion of plasma tyrosine and phenylalanine concentra-
tions but also that of other neutral amino acids known
to share a common transport system across the blood
brain barrier,"' we examined the correlation between
the plasma concentration of MHPG and either the
sum of plasma concentrations of tyrosine and
phenylalanine alone or the ratio of these amino acids
concentrations to other competing neutral amino
acids - that is, tryptophan, leucine, isoleucine, and
valine, using Spearman's rank correlation analysis. A
p value less than 5% was considered statistically
significant.
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Results

There were no statistically significant differences in
the mean (SEM) value for age and in sex distribution
among the group A and B patients and healthy
controls (Table 1). The mean serum concentrations
of albumin and bilirubin in group A and B were

significantly (p<0-01) decreased and increased,
respectively, as compared with those in the control
group. In addition, the mean values for prothrombin
time and plasma ammonia level obtained from group
A and B were prolonged and raised as compared with
the respective normal values (Table 1). The mean

value for serum bilirubin concentration obtained
from group A was significantly (p<0-05) greater than
that from group B. Although the mean value for
serum ammonia level obtained from group A was

also greater than that from group B (Table 1), the
difference between these patient groups reached no

statistically significant level.
The mean (SEM) serum creatinine concentrations

obtained from our study groups [group A, 107 (9)
(range 80-115); group B, 91 (5) (range 62-141);
group C during HE, 118 (13) (range 80-176); group C
after the recovery from HE, 110 (12); and the age
matched healthy control group, 91 (5) (range 62-124)
Rmol/lI were within the normal reference range in
the Department of Clinical Chemistry, National
Medical Center - that is, 60-120 p.mol/l, and did not
significantly differ among the study groups.

The mean plasma MHPG concentrations in group
A (74.9 (8.6) pmol/ml) and group B (54.8 (7.2) pmol/
ml; to convert from SI unit to a traditional unit, 1
pmollml=0-184 ng/ml) were significantly (p<0.01)
greater than in the control group (22.3 (2.0) pmol/ml,
Fig. 1). In addition, the mean plasma MHPG con-

centration in group A was significantly (p<005)
greater than that in group B (Fig. 1).

There was no statistically significant correlation
between plasma MHPG concentrations and any of
the laboratory data examined in groups A and B:
correlation coefficients (r) between plasma MHPG
concentrations and serum albumin concentrations,
total serum bilirubin concentrations, and pro-
thrombin time were 0 046, 0-091, and -0*019,
respectively. Moreover, no significant correlation
was observed between the intraindividual changes in
plasma MHPG concentrations and those in any of the
laboratory data during and after the recovery from
HE in group C: correlation coefficients (r) for the
changes in plasma MHPG versus those in albumin,
total bilirubin, and prothrombin time were 0 209,
0 230, and -0053, respectively.
The mean values for plasma amino acid concentra-

tions obtained from group A and B showed not only a

significant decrease in taurine (p<001), aspartate

Table 3 Plasma amino acid concentrations obtainedfrom
cirrhotic patients with HE (group A), those without HE
(group B), and normal subjects

Patiertts with liver cirrhosis
Normal controls

Aminio acids Group A (n=8) Group B (n= 12) (tt= 14)

(gmol/l)
Taurine 87.1 (19.5)t 78X5 (7.3)t 167-1 (21-9)
Aspartic acid 7-7 (1.5)* 7.7 (1.4)* 22-3 (4.5)
Threonine 158.3(21.0) 1974 (27. 1) 1817 (9-4)
Serine 1581 (25.7) 202-8 (21-8) 171-3 (7.6)
Asparagine 1(112(11.5) 110.9(13.6) 86.5(3.2)
Glutamic acid 141-9 (17.5) 112-9 (19.9) 96-7 (10.9)
Glutamine 705 8 (87-7) 717-2 (75.9) 696.3 (28.6)
Proline 259-0 (26-8) 327-3 (4(0.6) 265(0 (20.8)
Glycine 273.9 (18 2) 3047 (36.1) 308(9 (16.3)
Alanine 3186 (29.5)*t 491-1 (48.5) 456.9(3(09)
Citrulline 62.9 (16.7) 49-1 (7.1) 43-1 (4.4)
Valine 147-1 (13.6)t 190.0(19.3)t 266-2(19-8)
Cystine 331 (16-7) 21.9(5.5) 35.5(5.8)
Methionine 59-1 (16.9)t 49.7 (5.4)* 23.7 (1.5)
Isoleucine 43.6 (4.3)* 57.0 (6.2) 76.5 (10.0)
Leucine 77.9 (8.5)t 915 (10-0)* 136-(1(15.3)
Tyrosine 1 16(0 (105)t 139-8 (15.7)t 65.9 (4-6)
Phenylalanine 98X7 (10.7)t 93.1 (7.4)t 59.9 (2.9)
Tryptophan 41.5 (4.7) 54.3 (8.4) 42-3 (2.3)
Lysine 2(12.7 (26.1) 272.1 (39-8) 224-1 (11-4)
Histidine 93.6 (9.5) 98.6 (15.3) 82.4 (3.7)
Arginine 166.5 (16.5) 176.6 (37.8) 119-1 (8.5)

Data are gisen as the mean values (SEM). *Statistically significant at
p<0(05 as compared with the healthy control group; tStatistically
significant at p<0-01 as compared with the healthy control group;
:+Statistically significant at p<.)01 hetween groups A and B.

(p<0O05), BCAA (valine (p<001), leucine (p<001
and 0.05), but also a significant increase in AAA
(tyrosine (p<001), phenylalanine (p<0.01)), and in
methionine (p<0.01 and 0.05)) as compared with
those obtained from the control group, respectively
(Table 3). The mean values for plasma alanine and
isoleucine obtained from group A were significantly
(p<0.05) decreased as compared with those obtained
from the control group (Table 3). There were no
significant differences in the mean values for plasma
concentrations of any amino acids between group A
and B, except for alanine of which the mean plasma
concentration obtained from group A was signific-
antly (p<001) decreased as compared with that from
group B (Table 3).

Relationship between the plasma MHPG concen-
tration and the ratio of plasma tyrosine plus phenyl-
alanine to other competing neutral amino acids
(tryptophan, leucine, isoleucine, and valine)
obtained from the group A and B patients and
control subjects (n=34) gave a correlation coefficient
(rs) of 0 77 (p<001, Fig. 2), whereas the plasma
MHPG concentration correlated less strongly (rs=
0(63, p<001) with plasma tyrosine plus phenyl-
alanine level.
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Fig. 2 Relationship between plasma MHPG concentration
and ratio ofplasma catecholamine precursor amino acids
[tyrosine and phenylalanine] to four competing neutral
amino acids [tryptophan, leucine, isoleucine, and valinel.
*= datafrom cirrhotic patients with HE (group A), A =data
from cirrhotic patients without HE (group B), O=data from
htealthy control subjects. The least-squares regression line is:
y=78.7x+7.7(r9= 077, p<O-OI).

Clinical characteristics and laboratory data
obtained from the group C patients during and after
the recovery from HE were largely comparable with
those obtained from the group A and B patients,
respectively (Tables 1 and 2). The mean periods of
time required for the recovery from HE was 27 (9)
days (Table 2). Among the laboratory data obtained
from the group C patients during and after the
recovery from HE, a significant (p<0-01) difference
was observed only in the mean value for total serum
bilirubin concentration (Table 2). In addition, there
was a significant (p<0.01) difference in the mean
values for plasma MHPG concentration obtained
during (79.3 (10.6) pmol/l) and after the recovery
from HE (47.2 (5.2) pmol/l) (Fig. 3). The mean
values for plasma MHPG concentration obtained
from the group C patients with and without HE were
comparable to those obtained from the cirrhotic
patients with (group A), and from those without HE
(group B), respectively (Figs 1 and 3).

Discussion

Plasma concentrations of MHPG, a major metabo-
lite of brain NA, may reflect a functional activity of
the central noradrenergic neurones.'9 Previous
studies have shown that there is a highly significant
correlation between plasma free MHPG concentra-
tions and those in the brain in primates treated with
drugs altering the central NA metabolism,2'9 and that
a centrally acting a-adrenergic agonist, clonidine,
reduces MHPG in plasma2 and in cerebrospinal

125-

E 100-E
0.
c
0
(c

C)

CD
0

0~

I

E 50(DCO

25-

0
With HE Without HE

Fig. 3 Plasma MHPG concentrations measured twice in the
same cirrhotic patients (group C) wit/h and without HE.
Vertical lines indicate SEM.

fluid`" in man. Maas et al' have suggested that
approximately 60% of plasma MHPG is derived from
the brain in man. Garfinkel et a1' have also agreed
with this estimation based on their study using a
peripheral decarboxylase inhibitor, carbidopa.
Others,3' 92 however, have claimed that the propor-
tion of plasma MHPG deriving from the brain
may be somewhat lower than the above mentioned
estimation, since MHPG may be converted to
vanillylmandelic acid in the peripheral tissue." None-
theless, several clinical studies have implied that
measurements of plasma concentrations of possibly
centrally originating monoaminergic metabolites
(MHPG and/or homovanillic acid) are useful for
assessing the functional activity of the central mono-
aminergic neurones in patients with certain psychiatric
disorders' " and in those with subarachnoid
haemorrhage.' '` Therefore, we accepted the
hypothesis that measurements of plasma MHPG may
serve as a useful index for assessing the central
noradrenergic activity and used this option to search
for a possible alteration in the central NA meta-
bolism in liver cirrhosis with or without HE.
To our knowledge, the present study is the first to

show that patients with liver cirrhosis, particularly
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those with HE, have a significantly (p<0.01) raised
plasma concentration of MHPG as compared with
healthy controls, and that the mean plasma MHPG
concentration in patients with HE (group A) is
significantly (p<0-05) greater than in those without
(group B) (Fig. 1). The findings obtained from this
interpatient study were further validated in a pros-
pective, intrapatient study using cirrhotic patients
(group C) having the impaired hepatic function
similar to the group A and B patients. Based upon
these findings, we are tempted to speculate that the
central NA metabolism would be deranged not only
in cirrhotic patients with HE but also to some extent
in patients without HE whose mean plasma MHPG
concentration was significantly (p<0O1) greater
than that in the control subjects (Fig. 1). Our data
appear to be in good agreement with those of recent
studies`3 revealing that certain cerebral dysfunctions
were detected by psychometric tests in the majority
of patients with liver cirrhosis even before the first
episode or between episodes of HE. The observation
that there was a significant (p<0-01) difference in the
mean plasma MHPG concentrations measured
during and after the recovery from HE in the same
cirrhotic patients (Fig. 3) may suggest that a possible
alteration in the central NA metabolism in these
patients coincided with the development of HE. In
addition, the fact that the mean plasma MHPG
concentrations during and after the recovery from
HE in the group C patients were fairly comparable
with those in the cirrhotic patients with HE (group A)
and in those without (group B), respectively (Figs 1
and 3), appears to warrant the reproducibility of our
observation. Whether a possible derangement in the
central NA metabolism assessed by a rise in plasma
MHPG concentrations in our cirrhotic patients could
be a cause for HE or a result deriving from HE should
remain unanswerable from the present study.
Whether the observation that plasma MHPG was

raised in cirrhotic patients can be merely attributed to
the derangement in the central NA metabolism
appears to be an unwarranted consideration.
Inasmuch as the synthesis rate of MHPG in the brain
and its clearance rate in peripheral tissues - for
example, hepatic sulphoconjugation and renal
clearance, were not separately assessed in the present
study, the above mentioned assumptive explanation
for the underlying mechanism of the raised plasma
MHPG concentrations in cirrhotic patients as com-
pared with healthy controls must remain speculative.
To our knowledge, however, there is no compelling
evidence that the peripheral metabolism or disposal
of MHPG is significantly impaired in patients with
liver cirrhosis. Indeed, a previous study has demon-
strated that the systemic clearance of NA was not
significantly decreased in patients with decompen-

sated liver cirrhosis as compared with healthy
subjects.35 We observed no significant correlation
between plasma MHPG concentrations and any of
the biochemical tests used for assessing liver function
- that is, serum albumin, total serum bilirubin, and
prothrombin time, in our cirrhotic patients. In
addition, the mean serum creatinine concentrations
obtained from all of the study groups were within
normal reference range, and did not significantly
differ among the study groups.
A possibility exists that the raised plasma MHPG

concentrations observed in our cirrhotic patients may
not necessarily be associated with an acceleration in
the central NA metabolism, but may rather implicate
a depletion of NA in the brain. In these patients, an
increase in brain tyrosine and phenylalanine may be
directed toward the overproduction of false neuro-
transmitters such as, octopamine and tyramine,
thereby resulting in the replacement of physiological
neurotransmitters such as, NA and dopamine, with
these false neurotransmitters. Indeed, substantial
rises of such false neurotransmitters have been
reported in the cerebrospinal fluidh37 and plasma." of
cirrhotic patients developing HE, whilst a significant
depletion of NA in the brain of animals developing
HE has been found.'6 " It still remains controversial,
however, as to whether a similar change in the central
NA concentration would occur during HE in man."4(4
A possible derangement in the central NA metabo-

lism in patients with liver cirrhosis assessed by an
abnormally raised plasma MHPG concentration
(Figs 1 and 3) may be related not only to an increase
in plasma catecholamine precursor amino acids - that
is, tyrosine and phenylalanine, but also to a decrease
in plasma BCAA. The fact that the neutral amino
acid transport system in the BBB has Km values set
near the physiological plasma concentrations of
AAA and BCAA4' makes the brain uniquely sensi-
tive to the effects of competition among these amino
acids."'444 The Km values for AAA and BCAA
obtained from the amino acid transport system in
tissues other than brain (1-10 nmol/1)4' have been
shown to be about 10 times greater than those values
obtained from the transport system at the BBB (0. 1
to 0.5 mmol/1),4' suggesting that uptake of AAA
and BCAA into peripheral tissues would be rather
insensitive to the competition effects among these
amino acids. A previous animal study4' showed that
the brain concentration of tyrosine is more closely
correlated with the ratio of plasma tyrosine to its
competing neutral amino acids including BCAA than
with plasma tyrosine alone. Our observation that a
possible index of the central NA metabolism, plasma
MHPG concentration,' 9 correlated (r,-077,
p<0 01, Fig. 2) more strongly with the ratio of
plasma concentration of tyrosine plus phenylalanine
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to other neutral amino acids (tryptophan, leucine,
isoleucine, and valine) than with plasma concentra-
tion of tryosine plus phenylalanine alone (rs=0 63,
p<001) in cirrhotic and control subjects would also
support the above-mentioned hypothesis.
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