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Concentration gradients of monoamine metabolites
in human cerebrospinal fluid
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SYNOPSIS The monoamine metabolites 5-hydroxyindoleacetic acid (5-HIAA), homovanillic acid
(HVA), vanillylmandelic acid (VMA), and 4-hydroxy-3-methoxyphenylglycol (HMPG) were
analysed in CSF from different regions of the CSF system to study the caudocranial concentration
gradient of the metabolites. Four consecutive 10 ml fractions of CSF were withdrawn in 17 patients
during the course of four minutes. The CSF pressure was monitored through a lumbar cannula
because of suspected adult hydrocephalus. A pronounced gradient of the HVA concentration was
found with a ratio between the last and the first fraction of 1, 7. 5-HIAA showed a slight increase
while HMPG and VMA showed no increase at higher levels of the CSF system. The results suggest
that lumbar HVA reflects dopaminergic activity in the brain, whereas lumbar 5-HIAA and HMPG/
VMA reflect the activity of 5-hydroxytryptamine and noradrenaline secreting neurones in both the
brain and the spinal cord.

Estimates of the activity in central mono-
aminergic neurones obtained by analysis of
metabolites of transmitter substances in the
cerebrospinal fluid (CSF) have been found useful
for the study of several neuropsychiatric diseases
-for example, Parkinsonism, Huntington's
chorea, and manic-depressive psychosis (Johans-
son and Roos, 1967; Aquilonius and Sjostrom,
1971; Sjostrom and Roos, 1972). In these
investigations, CSF was usually obtained by
lumbar puncture. There is a question, however,
whether the lumbar concentrations of the mono-
amine metabolites reflect the neuronal activity in
the brain, the spinal cord or both (Bulat and
Zivkovic, 1971; Sourkes, 1973; Weir et al.,
1973).
Guldberg et al. (1966) reported a pronounced

gradient of the concentration of 5-hydroxy-
indoleacetic acid (5-HIAA)-the main metabolite
of serotonin (5-HT)-and of homovanillic acid
(HVA)-the main metabolite of dopamine
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(DA)-from the cisterna magna to the lateral
ventricle in the dog. For 5-HIAA the ratio of
ventricular to cisternal concentration was 7:1,
while that for HVA was 29: 1. Later Moir et al.
(1970) reported a similar gradient from lumbar
to ventricular CSF in man, indicating a ventricu-
lar/lumbar ratio of about 9:1 for HVA and 5:1
for 5-HIAA. The ventricular CSF was obtained
from patients undergoing ventricular catheteriza-
tion and was compared with lumbar CSF from
other patients.

Further studies on the nature of this proposed
caudocranial gradient of the concentrations of
the amine metabolites seemed desirable. An
opportunity for such a study is offered in patients
with a suspected adult hydrocephalus where
relatively large quantities of CSF are withdrawn
for the purpose of lowering the intracranial
pressure.

In the present investigation CSF from different
levels in the spinocisternal system was analysed
for its concentration of 5-HIAA, HVA, and two
metabolites of noradrenaline (NA), 4-hydroxy-
3-methoxyphenylglycol (HMPG) and vanillyl-
mandelic acid (VMA).
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METHODS

Seventeen patients in a neurological ward partici-
pated in the investigation (11 male, seven female;
age: 29-72 years). Their clinical state raised the
possibility of an adult hydrocephalus. In 10 of the
patients the CSF pressure was found to be above the
normal level of 1.6 kPa. The pressure was recorded
through a lumbar cannula with the patient in a
supine position for a minimum of 30 minutes. After-
wards the patient was raised to a sitting position and
40 ml CSF were withdrawn in 10 ml portions (frac-
tion 1=0-10, 11=10-20, II= 20-30, IV= 30-40 ml)
within four minutes.
5-HIAA was analysed according to Sharman

(1960) from nine patients. HVA and HMPG were
determined from eight patients with mass fragmento-
graphic techniques (Sjoquist et al., 1973, 1975) and
VMA in four of these (Sjoquist, 1975). One patient
was investigated twice. The HMPG values are given
as the total concentration ofHMPG (free and conju-
gated).
The HVA andHMPG results were treated statistic-

ally with paired t tests on the intraindividual differ-
ences between the first and each of the subsequent
fractions. Because of a pronounced skewness in the
distribution of the 5-HIAA differences a non-
parametric test was used (Wilcoxon matched pairs
rank test; Siegel, 1956).

RESULTS

The results in the Table and the Figure show an
apparently linear increase of HVA from fraction
I to IV. The mean ratio between fraction IV and
fraction I was 1,7 (range 1,2-2,4). The increase
in 5-HIAA was less pronounced (mean ratio
fraction IV to I: 1,2). The HMPG concentra-
tion did not increase. A statistical analysis was

TABLE
CONCENTRATIONS OF 5-HIAA, HVA, HMPG, AND VMA

IN CSF IN FRACTIONS I-IV (MEANS + SEM)

Metabolite Investiga- Fractions (plnol/mi)
lions
(no.) I HI IIH IV

5-HIAA 9 175±15 188±15 203 ± 20 207 ± 20t
HVA 8 2555 47 348 ± 51t 391 ±50t 440± 46*
HMPG 8 66±10 68±10 68±8 71±11
VMA 4 6±0.9 4±0.3 5±0.6 7±2.8

* P<0.001.
t P < 0.01.
$ P < 0.05 compared with fraction I.

5001 pmol /iml

400-

300

200-

100-

0

HMPG
T I I I--

I IL fII
Fraction nr

FIGURE Concentrations of HVA, 5-HIAA, and
HMPG in different regions of the CSF system.
Fraction I= 0-10, II= 10-20, 11I=20-30, IV=30-40
ml CSF. Means ± SEM.

not made on the VMA data because of the low
number of observations. However, the data did
not indicate a caudocranial gradient in the
concentration of VMA. The VMA concentra-
tion was about 8% of that of HMPG. There
was no correlation between the intracranial
pressure and the ratio: fraction IV/I.

DISCUSSION

The total volume of CSF in humans has been
estimated at 140 ml (Last and Tompsett, 1953)
with about 30 ml in the spinal subarachnoid
space (Weston, 1916). The ventricular volume has
been estimated at 22 ml (range 7-57) (Last and
Tompsett, 1953). This indicates that in the
present investigation the first three fractions of
CSF were taken from the spinal subarachnoid
space, while the last fraction was of cisternal
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origin or from the subarachnoid space surround-
ing the brain, probably with minimal contribu-
tion from the ventricles.

There are virtually no dopaminergic (DA)
neurones in the spinal cord (Fuxe et al., 1969).
Therefore the HVA in the low region (fraction I)
probably originates from the brain, mainly the
basal ganglia. The caudocranial gradient of the
HVA concentration shown in this investigation
confirms earlier reports. It is probably estab-
lished through bulk flow and active transport of
the acid out of CSF during the flow from the
ventricles to the lumbar region. Therefore
determinations of lumbar HVA concentrations
give an attenuated but representative impression
of dopaminergic activity in the brain and drug
induced changes in the activity in the brain DA
neurones should be detectable in lumbar CSF,
provided that the method for determination of
HVA has satisfactory sensitivity and precision.
Changes in HVA concentration may be amplified
by the probenecid technique (Sjostrom and Roos,
1972). Probenecid inhibits the active transport of
HVA out of CSF (Guldberg et al., 1966) and
thus increases the concentration in lumbar CSF
and decreases the ratio of ventricular to cisternal
HVA (Guldberg et al., 1966).

In contrast with HVA, only a small gradient
was observed in 5-HIAA and none in HMPG-
VMA levels at higher regions in the CSF
system. This is in contrast with earlier reports of
a steep gradient of 5-HIAA between lumbar and
ventricular CSF (Guldberg et al., 1966; Moir et
al., 1970). A partial explanation of this differ-
ence is that ventricular CSF was probably not
included in our fraction. Our results demon-
strate the likelihood of a relatively pronounced
contribution of 5-HIAA and HMPG-VMA from
the spinal cord. This is in line with previous
work demonstrating both 5-HT and NA
neurones in the spinal cord (Fuxe et al., 1969).
The levels of 5-HIAA and HMPG-VMA in
lumbar CSF therefore only partially reflect
activity within 5-HT and NA neurones in the
brain, although the small increase in 5-HIAA in

the fraction IV indicates a minor contribution of
this compound from the brain.
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