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Cerebral transmitter precursors and metabolites in
advanced renal disease
PATRICK A. SULLIVAN, D. MURNAGHAN, N. CALLAGHAN,
B. D. KANTAMANENI, AND G. CURZON

From the University Department of Medicine and the Department of Neurology, St Finbarr's Hospital,
Cork, Ireland, and the Department of Neurochemistry, Institute of Neurology, London

S U M M A R Y Patients with chronic renal disease had low plasma total tryptophan but an
abnormally high proportion of this was in the free state. The subjects with encephalopathy had
raised plasma free tryptophan, CSF tryptophan, and CSF 5-hydroxyindoleacetic acid. CSF
tryptophan correlated better with plasma free than with plasma total tryptophan. Plasma and
CSF tyrosine concentrations were normal but CSF homovanillic acid was raised espzcially in
subjects with encephalopathy. The possible significance of these changes in advanced renal
disease is discussed.

Neurological symptoms are common in uraemia
and include sensorial clouding, asterixis, tremor,
myoclonus, tetany, motor abnormalities, and
seizures (Tyler, 1968). Aetiological factors are
poorly understood though it has been speculated
that brain transmitter changes play a part in
causation of the encephalopathy (Glaser, 1974;
Raskin and Fishman, 1976). However, unlike
hepatic encephalopathy in which the role of trans-
mitter changes has been studied in some detail
(for reviews see Fischer and Baldessarini, 1976;
Curzon, 1978), very little has been reported on
brain transmitter changes in human uraemic en-
cephalopathy. The findings of raised serotonin
and reduced dopamine levels in postmortem brains
of uraemic coma patients (Jellinger et al., 1977),
and reduced total plasma tryptophan with in-
creased plasma free tryptophan both in patients
with chronic renal failure (Gulyassy et al., 1972;
De Torrente et al., 1974) and in rats with experi-
mental chronic renal failure (Siassi et al., 1977)
suggest that brain 5-hydroxytryptamine (5HT) and
dopamine metabolism may be altered. This could
occur through altered availability to the brain of
tryptophan. There is evidence that this is influ-
enced by plasma free tryptophan (Knott and
Curzon, 1972; Gessa and Tagliamonte, 1974;
Curzon, 1978) and results on ventricular CSFs of
non-uraemic subjects are consistent with 5HT
Address for reprint requests: Dr P. A. Sullivan, Department of
Medicine, St Finbarr's Hospital, Cork, Ireland.
Accepted 15 February 1978

synthesis in the human brain correlating positively
with CSF and hence with brain tryptophan con-
centration (Curzon et al., 1976).
We, therefore, investigated the mechanism by

which the plasma tryptophan changes occur in
uraemia and the relationship of these changes to
altered 5HT metabolism in the central nervous
system and to the presence of encephalopathy.
Free and total tryptophan levels were deter-

mined in plasmas of a control group of patients
and in plasmas of uraemic patients with and with-
out encephalopathy. Plasma albumin and free
fatty acid (FFA) levels were also determined as
the former substance is responsible for the bind-
ing of tryptophan in plasma and this is weakened
by FFAs (McMenamy, 1965; Curzon et al., 1974).
Tryptophan was determined in lumbar CSF as an
index of its availability for 5HT synthesis in the
nervous system, and the 5HT metabolite 5-
hydroxyindoleacetic acid (5HIAA) was also
determined as an index of 5HT catabolism.
Determinations were also made in plasma and
CSF of the dopamine precursor tyrosine, and in
the CSF of the dopamine metabolite homovanillic
acid (HVA).
The above determinations are of interest in

the biochemistry of advanced uraemia and also
because they may shed light on the extent to
which the availability of tryptophan to the brain
is influenced by its binding in the plasma. This
question has been the subject of some controversy
(Hutson et al., 1976; Fernstrom et al., 1977);
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Yuwiler et al., 1977; Curzon, 1978), and it is,
therefore, important to obtain relevant data on
human material.

Patients and methods

After giving informed consent 14 patients with
chronic renal disease were investigated. Seven
patients (three male, four female) had evidence of
uraemic encephalopathy as manifested by asterixis
and drowsiness in two, asterixis alone in four, and
drowsiness alone in one. Of the seven remaining
patients, two were male and five were female.
Electroencephalograms carried out on the en-

cephalopathic group showed features of a meta-
bolic encephalopathy. Controls (10 males, nine
females) consisted of patients with normal renal
function who were undergoing lumbar punctures
as part of their neurological investigations. None
of these patients was suffering from disturbances
known to alter cerebral transmitter metabolism
significantly.
The age range of the encephalopathic group

was 27 to 62 years (mean 50 years) and for those
without encephalopathy 24 to 67 years (mean
43 years). The corresponding figures for control
patients were 17 to 62 years (mean 47 years). No
patient was taking drugs known to affect brain
transmitter metabolism. The study was approved
by the Ethics Committee of St Finbarr's Hospital.
Lumbar CSF and blood were obtained between

10.00 and 11.00 am after a 12 hour fast in the
recumbent position. The blood samples were

placed in cold heparinised tubes, immediately
centrifuged, and the plasma frozen in liquid
nitrogen. Plasma and CSF were then stored at
-200C until analysis. The interval between with-
drawal of CSF and blood was less than 10 minutes.
To investigate whether an abnormality of egress

of amine metabolites from CSF to blood was

present in uraemic subjects, determinations were

made on samples taken from three uraemic
patients before and after the administration of
probenecid. A total of 4 g was given over a 48
hour period, and sampling was carried out three
hours after the final dose. No side effects were

noted as a result of probenecid administration.
Plasma total tryptophan was determined by the

method of Bloxam and Warren (1974) except that
the plasma was first diluted 20 fold with water.
This dilution procedure was necessary as other-
wise low recoveries were obtained from plasmas
of uraemic subjects. Free tryptophan was separ-

ated from undiluted plasma by ultrafiltration as

previously described (Knott and Curzon, 1972).
The rise of plasma pH during storage before ultra-
filtration increases the binding of tryptophan by
albumin (McMenamy and Seder, 1963). There-
fore, after determination of ultrafiltrate trypto-
phan by the method of Bloxam and Warren
(1974), values were corrected to pH 7.5 using a

standard curve obtained by determining free trypto-
phan of bulked human plasma brought to different
pH values with CO2. Free tryptophan was not
determined if plasma pH had risen above 8.1 on

storage. Plasma tyrosine was determined by the
method of Waalkes and Undenfriend (1957), FFA
by the method of Curzon and Kantamaneni (1977),
and albumin by a routine immunochemical pro-
cedure. CSF tryptophan, tyrosine, HVA, and
5HIAA were determined as described by Bridges
et al. (1976). CSF protein was determined by the
procedure of Meulemans (1960).

Results

PLASMA TRYPTOPHAN CONCENTRATION AND BINDING

Table 1 shows mean values for plasma total and
free tryptophan concentrations of the control
patients and patients with endstage uraemia. The
latter are divided into subgroups with and without
signs of encephalopathy. Plasma FFA and albumin

Table 1 Plasma concentrations of tryptophan and related substances in endstage uraemia

Uraemic patients

Control patients Without encephalopathy With encephalopathy

Tryptophan Ag/ml
Total 10.70 ±2.79 (18) 4.28 ±0.448 (6)***t 5.75 ±0.94 (7)***
Free 1.54+0.67 (12) 2.09±1.09 (5) 3.00±1.57 (7)**
%Free 15.00+4.4 (12) 50.90 +30.9 (5)*** 52.0 ± 22.0 (7)***
FFA mEq/l 0.58 +0.38 (18) 0.65 ±0.28 (6) 0.64+0.27 (7)
Albumin g/dl 3.48 ±0.42 (17) 2.85 +0.99 (6)* 3.01 ±0.41 (7)**
FFA/albumin 0.19 ±0.13 (17) 0.25 ±0.13 (6) 0.21 ±0.09 (7)
Tyrosine Ag/ml 12.80 ±2.41 (18) 10.97 ±1.76 (6) 14.21 ±4.04 (7)

Values given as mean + one SD with number of patients in brackets.
Differences from control group: * P < 0.05, ** P < 0.02, ***P < 0.001.
Differences from group with encephalopathy: t P < 0.01.

582

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.41.7.581 on 1 July 1978. D
ow

nloaded from
 

http://jnnp.bmj.com/


Cerebral transmitter precursors and metabolites in advanced renal disease

concentrations are also shown. In agreement with
findings in uraemic patients on chronic dialysis
(Gulyassy et al., 1972; De Torrente et al., 1974),
plasma total tryptophan concentration was greatly
decreased in the uraemic groups and the per-
centage of plasma tryptophan in the free state
greatly raised. In two of the patients essentially
all the plasma tryptophan was free. Plasma total
tryptophan concentration was significantly lower
in the group without than in the group with en-

cephalopathy, and free tryptophan concentration
was significantly raised only in the latter group.
Except for these findings the plasma of the two
uraemic groups showed a similar pattern of bio-
chemical abnormalities.

This decrease of plasma tryptophan binding
might have been explained by increased plasma
FFA or decreased plasma albumin concentration
or both. However, plasma FFA concentrations of
the uraemic and control groups were identical and
albumin concentrations were only slightly (though
significantly) decreased in the uraemic groups.
These changes are insufficient to explain the
greatly weakened binding of plasma tryptophan
by the uraemic subjects.
Figure 1 shows that while the percentage of

plasma tryptophan in the free state and FFA/
albumin for the uraemic subjects correlated posi-
tively and significantly with each other, percentage
values of free tryptophan were considerably
greater than those of control subjects with similar
FFA/albumin ratios.

Unlike tryptophan, another aromatic amino
acid, tyrosine, was present in the plasma of
uraemic subjects at normal concentration.

AMINE PRECURSORS AND METABOLITES IN THE CSF

Results in Table 2 show that lumbar CSF trypto-
phan and 5HIAA concentrations were signifi-
cantly higher than control values only in the
uraemic patients with encephalopathy. The
5HIAA concentrations were somewhat more

markedly raised and correlated significantly with
those of tryptophan (Fig. 2a) for uraemic patients
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Fig. 1 Relationship between percentage free tryptophan
and FFAIalbumin in plasma. Controlpatients: male 0,

female, A; uraemic patients without encephalopathy:
male *, female A; uraemic patients with encephalopathy:
male ®), female (F. The regression line is for the uraemic
patients only (r= 0.67, n= 12, P< 0.02). The letter "a"
indicates results on a patient with relatively mild uraemic
symptomsfrom polycystic disease, "b" indicates results on
a patient with diabetes and chronic renalfailure.

both with and without encephalopathy. The re-
gression lines were considerably different for these
two groups although this difference seems to de-
rive from the inclusion of the results obtained on
the two atypical patients (a and b). A significant
correlation was not attained in the control group.
Also, the CSF of control subjects tended to have
lower 5HIAA concentrations than those of
uraemic patients with comparable tryptophan
concentrations.

Tyrosine concentrations were not significantly
raised above control values in the CSF of the
uraemic groups, although the patients with en-
cephalopathy had moderately significantly higher
concentrations than those without encephalopathy.
The HVA concentrations of the uraemic but not

Table 2 CSF concentrations of amine precursors and metabolites in endstage uraemia

Uraemic patients

Control patients Without encephalopathty With encephalopathy

Tryptophan ,g/ml 0.41 ±0.11 (13) 0.47±0.11 (6) 0.74±0.31 (7)**
5HIAA zg/ml 0.023±0.017 (13) 0.041 ±0.026 (6) 0.057±0.013 (7)***
Tyrosine lAg/ml 1.70±0.49 (13) 1.37 ± 0.14 (6)t 2.18 ± 0.86 (7)
HVA iLg/ml 0.033 ±0.016 (12) 0.070 ±0.029 (6)** 0.15±0.09 (7)**

Values given as mean ± one SD with number of patients in brackets.
Differences from control group: *P < 0.02, **P < 0.01, ***P < 0.001.
Differences from group ith encephalopathy: t P < 0.05.

583

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.41.7.581 on 1 July 1978. D
ow

nloaded from
 

http://jnnp.bmj.com/


Patrick A. Sullivan, D. Murnaghan, N. Callaghan, B. D. Kantamaneni, and G. Curzon

tryptophan and CSF tryptophan concentrations
of control subjects (M, F, or M+F), of uraemics

A were well beneath statistical significance (P>O.1,
Fig. 3a). It can be seen that plasma total trypto-

A A phan concentration was low for both typical and
*AO gy-'atypical uraemic patients.

-p^}/ Plasma free tryptophan concentrations (unlike
A * those of total tryptophan) did show evidence of

a relationships with CSF tryptophan concentrations.
A . Thus, plasma and CSF values for female uraemic

0 , £ patients showed a positive and highly significant
A b correlation; and while the correlation coefficient

0 0.25 0.50 0.75 1 00 1.25 for the five female control patients did not attain
significance, Fig. 3b shows that the values for

CSF TRYPTOPHAN pg ml. both uraemic and control female subjects are
(a) reasonably consistent with the same regression

line, although there is some suggestion that con-
trol subjects may have somewhat higher CSF
tryptophan concentration than uraemic patients
with similar plasma free tryptophan values. The
regression line extrapolates to a negligible inter-
cept on the Y axis-that is, differences of plasma
free tryptophan concentration are associated with

* / proportionately similar differences of CSF trypto-
A phan concentration.

Correlation coefficients between plasma free
tryptophan and CSF tryptophan for male subjects,
though positive, did not attain significance, nor

La 0 were the values for individual subjects symmetri-
cally distributed about the regression line for the

0 1 0 2,0 3.0 4.0 female subjects. However, all subjects (M+F)

CSF TYROSINE pg I ml. taken together did show a significant correlation
(b) between plasma and CSF values.

Correlation coefficients between plasma tyro-
Relationships between amine precursor amino sine and CSF tyrosine concentrations of all groups

Ias in Fig. 1. (a) cHIAA versus tryptophan: were positive and were significant for those groups
v without encephalopathy, regression line which contained larger numbers of subjects (Fig.
;n=7; P< 0.01); uraemics with encephalopathy, 3c). Differences of plasma tyrosine concentration
n line --(r= 0.88; n= 7; P=0.01). were associated with proportionately similar dif-
versus tyrosine; all uraemics (r= 0.75; n= 13; ferences of CSF tyrosine concentration.

P< 0.01).

the control patients, showed a highly significant
correlation with those of tyrosine (Fig. 2b) with
values for both uraemic groups largely conform-
ing to the same regression line. Control subjects
had lower HVA concentrations than uraemic sub-
jects with comparable CSF tyrosine concentra-
tions, with the exception of the two atypical
patients.

CORRELATIONS BETWEEN PLASMA AND CSF
TRYPTOPHAN AND TYROSINE CONCENTRATIONS
These correlations are shown in Fig. 3 and Table
3. Correlation coefficients between plasma total

EFFECT OF PROBENECID
Results in Table 4 suggest that egress of both
5HIAA and HVA was normal in two patients as

concentrations were increased threefold or more
by probenecid in the presence of only small
changes of precursor amino acid concentrations.
These results, however, are inconclusive as

neither patient had abnormally high CSF 5HIAA
concentration before probenecid treatment,
although CSF HVA concentration was high in
patient 2. The third patient, who did have high
5HIAA concentration, showed evidence of im-
paired egress as the concentration was not in-
creased after probenecid.
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Discussion

a A AA
b

The weakened binding of tryptophan to plasma
albumin reported previously in uraemia (Gulyassy
et al., 1972; De Torrente et al., 1974) was con-
firmed and could not be explained by altered FFA
or albumin concentrations. These authors suggest

A
\ °

0

that the weakened binding probably reflects a
A more general abnormality in uraemia as binding

0A of various drugs to plasma protein is also impaired.
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Fig. 3 Relationships between amine precursor amlino acid
concentrations in plasma and CSF. Symbols as in Fig. 1.

.(a) CSF tryptophan versus plasma total tryptophan; (b)
0 1.5 3 0 4.5 6 0 7 5 CSF tryptophan versus plasma free tryptophan, regression

line for control+ uraemic female patients - - - - - --.

PLASMA FREE TRYPTOPHAN pg mI regression line for all patients combined ; (c)

CSF tyrosine versus plasma tyrosine. Correlation
(b) coefficients are given in Table 3.

Table 3 Correlation coefficients between
of patients in brackets) (see Fig. 3)

plasma and CSF tryptophan and tyrosine concentrations (numbers

Correlation coefficients

Plasma total tryptophan Plasma free tryptophan Plasma tyrosine
versus versus versus
CSF tryptophan CSF tryptophan CSF tyrosine
(Fig. 3a) (Fig. 3b) (Fig. 3c)

M 0.41 (6) ns 0.18 (5) ns 0.75 (6) ns
Control patients F 0.34 (7) ns 0.81 (5) ns 0.67 (7) ns

M F 0.25 (13) ns 0.22 (10) ns 0.72 (13) P<0.01

M 0.12 (5) ns 0.24 (4) ns 0.87 (5) ns
Uraemic patients F 0.48 (9) ns 0.92 (8) P = 0.001 0.85 (9) P < 0.01

M- F 0.20 (14) ns 0.57 (12) ns 0.82 (14) P < 0.001

M -0.42 (11) ns 0.51 (9) ns 0.74 (11) P < 0.01
All patients F -0.13 (16) ns 0.90 (13) P < 0.001 0.76 (16) P < 0.001

M F -0.22 (27) ns 0.56 (22) P < 0.01 0.75 (27) P < 0.001
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Table 4 Effect of probenecid on CSF concentrations of amine precursors and metabolites in endstage
uraemia

Patient Probenecid Tryptophan 5HIAA Tyrosine HVA
ig/ml ,ug/ml jig!mi ,ug/mi

I Chronic renal failure and diabetes - 0.30 0.004 1.40 0.040
without encephalopathy + 0.41 0.051 1.52 0.208

2 Familial nephrosis - 0.43 0.034 1.22 0.092
with encephalopathy + 0.48 0.118 1.44 0.272

3 Chronic glomerulonephritis - 0.46 0.048 1.59
with encephalopathy 0.49 0.051 1.98

This appears to be due to accumulation of sub-
stances in the plasma which alter the binding
properties of albumin, rather than to an intrinsic
abnormality of the albumin molecule, as purified
albumin obtained from the plasma of uraemic
subjects has normal binding properties (De Tor-
rente et al., 1974).
The abnormality of tryptophan binding has

special interest because of evidence that brain
5HT synthesis depends on plasma free tryptophan
concentration. However, as in many other cir-
cumstances, for example, in stress (Knott et al.,
1977), after adrenaline injection (Gentil et al.,
1977), or after taking certain drugs such as tolbu-
tamide (Curzon and Fernando, 1977), the libera-
tion of tryptophan from plasma albumin is
associated with a fall of plasma total tryptophan
concentration so that absolute increases of plasma
free tryptophan are smaller than the percentage
increases.
While the percentage values of plasma free

tryptophan were strikingly and comparably raised
in the uraemic subjects whether they had en-
cephalopathy or not (Table 1), total plasma trypto-
phan was somewhat less depressed in the patients
with encephalopathy and thus free tryptophan
concentration was raised significantly only in the
latter group. Tryptophan concentration in the
lumbar CSF corresponded to plasma free trypto-
phan as values were considerably and significantly
raised only in the group with encephalopathy. As
CSF 5HIAA concentrations were also raised
significantly only in this group, the results in
general suggest that brain tryptophan concentra-
tions are increased in uraemic patients with en-
cephalopathy, leading to increased 5HT turnover
in the central nervous system, and that these
changes are reflected by increased levels of both
tryptophan and the 5HT metabolite 5HIAA in the
lumbar CSF. The significant (though not very
close) relationship between brain and cisternal
CSF tryptophan concentration (Young et al.,
1976a), and the rise of human lumbar CSF 5HIAA
after tryptophan administration (Eccleston et al.,
1970) are consistent with the above interpretation.

However, CSF 5HIAA can also increase if its
egress to the blood is impaired. This is quite likely,
as 5HIAA and many organic acids which accumu-
late in body fluids of uraemic subjects (Glaser,
1974) are transported by a common mechanism.
A contribution of impaired egress to the high
amine metabolite concentrations is suggested by
the absence of a rise of CSF 5HIAA in one patient
after probenecid (Table 4, patient 3). We have also
found that probenecid caused little, if any, in-
crease of CSF 5HIAA in more advanced uraemic
patients maintained on dialysis (unpublished
work).
The increased brain tryptophan concentrations

and 5HT turnover in the brains of uraemic
patients with encephalopathy suggested by the
present results demand their consideration as
mediators of the defective brain function in these
subjects. Caution is necessary when ascribing a
major role to one component of the complex pat-
tern of biochemical change in uraemic encephalo-
pathy (Glaser, 1974; Raskin and Fishman, 1976).
It is worth mentioning, however, that fairly
moderate increases of tryptophan can alter be-
haviour in the rat-that is, decreased ambulation
(Taylor, 1976: Bloxam et al., 1977), and in man-
that is, decreased sleep latency (Hartmann et al.,
1974), and they also decrease evoked electro-
physiological responses in the rat (Dafny and
Burks, 1977). Furthermore, although reported
behavioural and/or brain transmitter changes in
animals with acute (Essman and Heldman, 1972)
or chronic (Siassi et al., 1977) experimental urae-
mia do not provide any clear indication of a be-
havioural role for the biochemical changes we
report in uraemic encephalopathy, there is evi-
dence that such changes may have some responsi-
bility for the symptoms of experimental and
human encephalopathy of hepatic origin (Curzon,
1978).
The correlations found between plasma and

CSF tryptophan concentrations elucidate the rela-
tive importances of plasma bound and free trypto-
phan as determinants of tryptophan concentration
in the human central nervous system. Using rats,
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it has been found that brain regional tryptophan
concentrations are directly proportional to plasma
free tryptophan (Curzon, 1978). However, rates
of uptake of tryptophan by the rat brain after
intracarotid injection were consistent with bound
plasma tryptophan being readily stripped off by
the brain as the blood circulated through it
(Yuwiler et al., 1977). There are few data on the
influence of plasma bound and free tryptophan
on human brain tryptophan apart from the obser-
vation that CSF tryptophan concentrations of two
patients undergoing ventricular drainage corre-
lated more significantly with plasma free than
with total tryptophan (Young et al., 1976b). These
results are consistent with the present finding that
CSF tryptophan concentration (albeit of the fe-
male subjects only) correlated very significantly
with plasma free but not with plasma total trypto-
phan concentration. Even though plasma bound
tryptophan concentration was very much lower
in the uraemic subjects, the relationship between
CSF and plasma free tryptophan concentrations
for both uraemic and non-uraemic patients could
be expressed by the same regression line. The
results, therefore, do not suggest that stripping of
plasma tryptophan from albumin has a major in-
fluence on human CSF tryptophan concentration.
The above conclusion could be based on chance

findings if other factors which influence transport
of tryptophan to the brain or CSF are altered in
endstage uraemia. However, although Gulyassy
et al. (1968) reported decreased plasma concen-
trations of some amino acids (for example, tyro-
sine) which are known to compete with transport
of tryptophan to the brain, plasma tyrosine was
not reduced in the present study.
The lack of significant correlation between CSF

tryptophan and 5HIAA for the non-uraemic
patients agrees with the findings of other workers
(Young et al., 1974). The significant correlations
found for the uraemic groups may be due partly
to the wider ranges of values and could also be due
partly to a non-causal association between im-
paired egress of 5HIAA from CSF and increased
CSF tryptophan in uraemic patients. This could
also explain the significant correlation between
CSF tyrosine and HVA for the uraemic patients.
Previous results on ventricular CSF of non-
uraemic subjects have shown a significant cor-
relation between tryptophan and 5HIAA but not
between tyrosine and HVA (Curzon et al., 1976).

We thank the Medical Research Council for a
Programme Grant to G. Curzon, and the Medical
Research Council of Ireland for a grant to P.
Sullivan.
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