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Effect of tryptophan administration on tryptophan,
5-hydroxyindoleacetic acid and indoleacetic acid
in human lumbar and cisternal cerebrospinal fluid
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SUMMARY Tryptophan, 5-hydroxyindoleacetic acid and indoleacetic acid were measured in
cerebrospinal fluid taken during pneumoencephalography from patients, some of whom took
a 3 g or 6 g tryptophan load at various times before. Measurements were made on both lumbar
and cisternal cerebrospinal fluid and the results showed similarities between indoleamine meta-
bolism in human brain and spinal cord. Our data suggested that (1) the blood-brain barrier active
transport system for tryptophan is not far from saturation with tryptophan and the rate-limiting
enzyme in 5-hydroxytryptamine (SHT) synthesis, tryptophan hydroxylase, is about half satur-
ated. Therefore, both 3 g and 6 g tryptophan loads produced the same maximum rise in SHT
synthesis of just under 100%, (2) tryptamine differs from SHT in two respects. It is more sensi-
tive to changes in tryptophan availability than SHT and the 6 g load increased brain tryptamine
metabolism more than the 3 g load; also some of the tryptamine in brain is derived from per-
ipheral sources and diffuses from blood to brain, (3) although the brain tryptamine content is
much lower than that of SHT, its rate of metabolism as indicated by CSF metabolite levels is
not. In controls the rate of tryptamine metabolism is 15% of the rate of SHT metabolism and

this can increase to 409, after a 6 g tryptophan load.

The concentrations of tryptophan and 5-hydroxy-
indoleacetic acid (SHIAA) in human ventricular,! 2
cisternal and lumbar® cerebrospinal fluid (CSF)
are positively correlated. As CSF tryptophan re-
flects the CNS content of this amino acid,* and
CSF 5HIAA reflects CNS 5-hydroxytryptamine
(5HT) turnover,’ ¢ these data indicate that trypto-
phan concentration is one of the factors that con-
trols SHT turnover in most areas of the human
CNS. Tryptophan availability also seems to be one
of the factors controlling human CNS tryptamine
metabolism, as the concentrations in CSF of
tryptophan and of the tryptamine metabolite in-
doleacetic acid (IAA) also are correlated.3 When
humans are given a tryptophan load CSF 5HIAA
rises” and the concentration of tryptophan and
SHIAA in CSF are related.® The data for rats
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indicate that, if the size of the tryptophan load
increases, tryptophan hydroxylase becomes satur-
ated and CSF SHIAA does not rise further. How-
ever, tryptamine metabolism appeared to be more
sensitive to tryptophan administration since CSF
IAA increased linearly with the size of a trypto-
phan load.® The present study was designed to
test whether the control of indoleamine metabolism
in human CNS is similar to that in the rat, by
measuring CSF tryptophan, SHIAA and IAA in
humans who received 3 or 6 g of tryptophan.

Methods

The study, performed on patients undergoing
diagnostic pneumoencephalography (PEG) at the
Montreal Neurological Hospital, was approved by
the ethics committees of the Montreal Neurologi-
cal Hospital and the Department of Psychiatry,
McGill University. The purpose of the study was
explained to 40 patients and they were asked if
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they would be willing to take tablets which con-
tained tryptophan or placebo, before their PEG.
The 38 patients who agreed to participate in the
study signed consent forms. Of these 38 patients,
16 received 3 g L-tryptophan (six tablets of 500 mg),
16 received 6 g (12 tablets) and six received place-
bo (six tablets) at 8==1 or 12==1 hours before the
PEG was started. The procedure was done on the
fasting patients, without premedication, between
9.00 am and 12 noon. The first 2 ml of CSF was
used for routine diagnostic purposes and the next
2 to 6 ml were collected for analysis of indoles.
This sample was derived from the lumbar sac,
which in humans has a volume of about 15 ml°
and will be referred to in this study as lumbar
CSF. Oxygen was then injected until the lateral
ventricles contained oxygen. Some CSF from this
compartment was thus displaced down into the
basal cisterns, and when most of the oxygen had
been injected (average 60 ml) a second sample of
CSF (6 to 8 ml) was collected through the lumbar
needle. This last sample consisted mainly of fluid
that was originally in the basal cisterns and was
displaced into the lumbar sac. It is referred to in
this study as cisternal CSF. No more than 30
minutes separated the collection of lumbar and
cisternal CSF. Both samples were allowed to drip
directly from the needle into acid-washed tubes,
and were stored at —70°C until the analyses were
performed. Blood samples were collected, into a
heparinised evacuated tube, from some of the
patients, 10 minutes before the collection of lum-
bar CSF.

Indoles in CSF were measured by the method
of Anderson and Purdy.!® This method involves
direct injection of 10 to 50 ul of CSF in a high
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performance liquid chromatograph, separation of
the various compounds on a reverse-phase column
(30cmX399mm column of 10p “w-Bondapack
C,s” from Waters Associates Inc, Milford, MA
USA) and measurement of the fluorescence of the
indole ring using a modified Aminco-Fluoro-
monitor (American Instrument Co, Silver Spring,
MD, USA). The blood was used for the determina-
tion of total and free (non-albumin-bound) plasma
tryptophan. The tryptophan concentration in an
ultrafiltrate of plasma was taken as the free plasma
tryptophan concentration. The ultrafiltrate was
obtained with an Amicon propellant-pressurised
ultrafiltration cell with UM 10 membranes (nomi-
nal molecular weight cut-off 10000) at 37°C and
pH 7-4. Tryptophan in plasma and ultrafiltrate
was measured by the method of Denckla and
Dewey.12

Patients

Measurements were made on samples from 66
patients. Information on the patients, including
some characteristics known to affect indoleamine
metabolism are given in the table. These data are
dealt with in the discussion. The majority of the

Table Patient characteristics

Tryptophan Age Female[Male On

treatment (mean and anticonvulsants|
range) others
)

Control 33 (18-65) 18/16 21/13

3g, 8hr 34 (18-54) 4/4 2/6

6g, 8hr 30 (24-41) 712 712

3g, 12hr 30 (2442) 8/0 5/3

6g, 12hr 39 (21-63) 3/4 5/2

Fig 1 The influence of tryptophan administration on

plasma tryptophan concentrations. L-Tryptophan

(3 g or 6 g) was given orally 8 or 12 hours before
blood was taken. The values are given as mean *=SE.
The control (zero time) values are 10°0+0'6 ug/ml
for total and 2°57 =021 for free plasma tryptophan.
The number of determinations are as follows:
Controls, 13; 3 g 8 hours, 5,6 g 8 hours,7;6 g

12 hours, 7. Using a one-tailed t-test the 6 g load
produced higher values than the 3 g load for free
plasma tryptophan at 8 hours (p<0'05) and for total
plasma tryptophan at 12 hours (p<<0'005).
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patients were epileptic receiving anticonvulsants,
although there were some whose anticonvulsant
medication had been withdrawn at least one week
before pneumoencephalography as part of their
investigation in hospital, and some non-epileptic
patients. All the epileptic patients were suffering
from complex partial seizures but none of them
had a seizure in the 24 hours preceding the PEG.
Tryptophan treatment did not precipitate a seizure
in any of the patients. The most common diagnosis
among those without epilepsy was pituitary
chromophobe adenoma, but there were also
patients with other tumours and other miscel-
laneous diagnoses.
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Results

We made determinations on samples from six
patients who received placebo and on a further 27
patients who received no tablets. The mean values
for these two groups did not differ and the values
for all 35 patients were pooled to give control
values. We felt this was justified because of the
lack of difference between the two groups and
because, even if indoleamine metabolism in
humans was influenced by stress, the stress of
being woken to take tablets would be small com-
pared with that of undergoing PEG.
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values for cisternal and lumbar CSF are
0-301%0017 and 0-330=0017 ng/ml
respectively. The number of
determinations are: cisternal controls,
34; lumbar controls, 33; 8 hours 3 g
cisternal and lumbar, 8; 8 hours 6 g
cisternal, 8; 8 hours 6 g lumbar, 9;

12 hours 3 g cisternal and lumbar, 8;
12 hours 3 g cisternal and lumbar, 7. The
6 g load produced higher cisternal CSF
tryptophan concentrations than the 3 g
load at 12 hours (p<<0-005).
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Fig 3 The influence of 3 g and

6 g tryptophan loads on CSF
SHIAA concentrations. Details
are given in the text and caption
of fig 1. The number of
determinations are the same as in
fig 2 except that there were only 7
determinations for the cisternal
samples at 8 hours after the 3 g
load. None of the differences
between 3 g and 6 g were
statistically significant.
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Data are presented for plasma tryptophan (fig
1), CSF tryptophan (fig 2), CSF 5HIAA (fig 3)
and CSF TAA (fig 4). Each figure gives data for
control patients and patients who received a 3 g or
6 g tryptophan load eight hours or 12 hours before
CSF was taken.

The rise of plasma tryptophan in patients re-
ceiving tryptophan loads was quite variable (fig 1).
We have also found this in depressed patients on
chronic tryptophan treatment.'® The variability is
not due to the difference in doses that the patients
received on a mg/kg basis as there was no relation-
ship between plasma tryptophan and weight of the
patients. Presumably there is variability between
patients in the rate at which tryptophan is cata-
bolised in the liver by tryptophan pyrrolase.
Figure 1 shows that both sizes of tryptophan load
increased plasma tryptophan, the increase being
larger for the 6 g than for the 3 g load. For CSF
tryptophan (fig 2) there was no difference between
the values for the large and small load at eight
hours but there was at twelve hours, when the
tryptophan content of body fluids was declining.
The rise of CSF 5SHIAA (fig 3), which increased
slightly less than two-fold in both lumbar and
cisternal samples, was relatively modest. There
was no difference between the effect of the 3 g and
6 g loads but there was a tendency for the 6 g load
to give higher values at 12 hours when the rise
of CSF SHIAA produced by the 3 g load was de-
clining. At both eight and twelve hours the rise
in CSF IA A was greater with 6 g tryptophan than
with 3g (fig 4). Tryptophan loading produced
similar results in cisternal and lumbar samples.
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Fig 4 The influence of 3g and 6 g
tryptophan loads on CSF IAA
concentrations. Details are given in the
text and caption to fig 1. Control values
for cisternal and lumbar CSF are
2592043 and 2'8270'34 ng/ml
respectively. The number of
determinations are the same as in fig 2.
The 6 g load produced higher CSF 1A A
values in the cisternal and lumbar
samples at 8 hours (p<<0'05) and in the
lumbar samples at 12 hours (p<0-005).

Discussion

Because the tryptophan loads were given at ran-
dom, the groups were not well matched for sex
and for treatment with anticonvulsants (table),
two factors which are known to influence indole-
amine metabolism.? The differences caused by
these factors are small compared with the changes
produced by tryptophan administration and the
uneven distribution between the groups does not
affect any of the conclusions in this study. Thus,
anticonvulsants lower SHIAA but only in lumbar
CSF.? However, the pattern of results in this study
is similar in CSF from lumbar and cisternal com-
partments. Tryptophan, SHIAA and TAA tend to
be higher in CSF from females than males. In the
eight hours’ samples there are more females in
the 6 g group than in the 3 g group. This would
tend to make the values higher for the 6 g group
and yet there was no difference for tryptophan
and SHIAA between the two groups at eight hours
(figs 2 and 3). At twelve hours there are more
women in the 3 g group but this did not prevent
elevated levels of tryptophan and TAA in the 6¢g
group compared with the 3g at twelve hours
(figs 2 and 4). Thus, the interpretation of the
results is not altered by the mismatching of the
groups.

One surprising aspect of our results is that the
maximum (8 hour) CSF tryptophan values were
not higher after 6 g tryptophan than after 3 g, even
though the larger load gave higher plasma trypto-
phan concentrations (figs 1 and 2). This may re-
flect partly the variability of the results but it may
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also provide information on blood-brain barrier
transport of tryptophan in humans. We have
studied tryptophan uptake across the blood-brain
barrier in the rat and found saturable and non-
saturable (presumably diffusion) components.1* At
physiological tryptophan concentrations the satur-
able system was about half saturated and the dif-
fusion component was relatively small. Thus,
increases in tryptophan concentration produced
relatively modest increases in the rate of trypto-
phan uptake. If the situation in humans is similar,
the increase in the rate of transport of tryptophan
from blood to brain, when the size of load is in-
creased from 3g to 6g, might be small. This
might explain why there is no rise in CSF trypto-
phan in these circumstances.

The rise of CSF tryptophan at eight hours was
six to eight-fold (fig 2), while that of SHIAA was
about two-fold (fig 3). The rise of CSF SHIAA
seen by Eccleston er al” eight hours after patients
received a tryptophan load of 50 mg/kg was
similar. These data indicate that tryptophan
hydroxylase in human CNS is about half satur-
ated. In this respect humans are like rats whose
brain tryptophan concentration is close to the
Km for tryptophan hydroxylase.?’ 16 Thus, even if
much larger tryptophan loads had been given the
rise of CSF SHIAA is unlikely to have been
greater.

The data in fig 4 shows that CNS tryptamine
metabolism changes in response to tryptophan
availability. Thus, while the smaller load increased
TIAA 2-2-fold in cisternal CSF at eight hours, 6g
tryptophan increased it 4-4-fold. In a study on rats
we also found that tryptamine metabolism was
more responsive than SHT metabolism to changes
in tryptophan availability.® Our present data on
humans suggest that, as in the rat, the degree of
saturation of aromatic amino acid decarboxylase
with tryptophan is less than that of tryptophan
hydroxylase.

At eight hours after the load, CSF IAA was
higher in the patients who received 6 g tryptophan
than in those who received 3 g, even though there
was no difference in the CSF tryptophan concen-
trations at this time. There are two factors that
could contribute to this result. Firstly, the larger
tryptophan load might have given higher CNS
tryptophan levels at earlier times. Obviously it
will take some time for the tryptophan to be meta-
bolised to tryptamine and thence to IAA and for
the TAA to diffuse from tissue to CSF. Secondly,
our studies in the rat have shown that some of the
tryptamine in CNS is derived from peripheral
sources.’” Unlike 5HT, tryptamine is capable of
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crossing the blood-brain barrier. In the patients
who received the larger tryptophan load, plasma
tryptophan and presumably the tryptophan con-
tent of peripheral tissues, was higher at eight
hours. This would increase tryptamine synthesis
in the kidney and liver, and tryptamine formed in
those tissues would augment the brain levels. We
have shown that in patients with cirrhosis of the
liver CSF TIAA can be as high as 40 ng/ml even
though CSF tryptophan is no more elevated than
in this study.'® In these circumstances the brain is
receiving a substantial contribution of tryptamine
from peripheral sources including intestinal bac-
teria. Thus, the peripheral contribution to brain
tryptamine is important after a tryptophan load
and presumably there is also some contribution in
physiological circumstances. In rats tryptamine
that is synthesised peripherally is partly responsible
for the behavioural effects seen when rats are given
tryptophan plus a monoamine oxidase inhibitor.1?
Although peripheral decarboxylase inhibitors,
which decrease peripheral tryptamine synthesis,
cause no overt behavioural changes in humans, it
may be that peripherally synthesised tryptamine
has some small role to play in normal brain
function.

Our data suggest that small and large tryptophan
loads have similar effects on brain SHT metabolism
but that the large loads affect brain tryptamine
metabolism more. This is interesting because we
have suggested that the antidepressant action of
tryptophan depends critically upon the dose used.?
We have suggested that 3 g given twice a day does
have an antidepressant effect in unipolar depressed
patients whereas 6 g given twice a day does not.
As far as metabolic effects on indoleamine meta-
bolism are concerned, the high and low dosage
schedules seem to differ primarily in their effect
on tryptamine synthesis. Thus, one hypothesis to
explain the differential clinical effects of the large
and small load would be that at high doses of
tryptophan the elevated brain tryptamine levels in
some way antagonise the elevated SHT function
brought about by elevated SHT synthesis. One
possible mechanism by which tryptamine could
act to antagonise SHT function would be to act
together with SHT on presynaptic SHT receptors
thus inhibiting firing of SHT neurons and pre-
venting release of SHT onto postsynaptic receptors.

Conclusions

In human CNS, indoleamine metabolism is con-
trolled in part by tryptophan availability. This is
true both in physiological circumstance? and after
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a tryptophan load. Presumably this would be true
for dietary as well as pharmacological loads of
tryptophan. Tryptamine metabolism is more sen-
sitive than SHT metabolism to changes in trypto-
phan levels and thus a tryptophan load can
increase tryptamine synthesis more than SHT syn-
thesis. In control subjects lumbar CSF TAA is 15%
of lumbar CSF SHIAA but eight hours after a
6 g tryptophan load the value has risen to 40%
(figs 3 and 4). Our data on the rat indicate that
the relative amounts of the metabolites in CSF re-
flect the relative rates of metabolism of the
amines.® Thus, even if the tryptophan content of
human brain is very small compared with that of
SHT its rate of metabolism can be of the same
order of magnitude. The functional significance
of tryptamine in human CNS is unknown and
merits further investigation.
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