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1 The effect of seven days administration of either allopurinol (300 mg daily) or nicotinamide (500
mg twice daily) on the metabolism of an oral L-tryptophan load (50 mg/kg) has been investigated.
2 Administration of either drug failed to alter the plasma total or free tryptophan or plasma
kynurenine curve'. Nor was the urinary excretion of tryptophan, kynurenine, 5-hydroxyindoleacetic
acid or indole acetic acid influenced.
3 Allopurinol pretreatment did increase the volume of distribution of tryptophan.
4 These data suggest that allopurinol and nicotinamide are unlikely to be of value as tryptophan
pyrrolase inhibitors in vivo and therefore would not increase the therapeutic effect of L-tryptophan
when it is given to treat depressive illness.

Introduction Methods

In the previous communication (Green, Aronson,
Curzon & Woods, 1980) the problems involved in
administering tryptophan were discussed and it was
pointed out that large amounts of tryptophan are
metabolised by tryptophan pyrrolase to kynureine in
the liver, so that relatively little is available for the
synthesis of the central neurotransmitter 5-hydroxy-
tryptamine (5-HT). Therefore inhibition of trypto-
phan pyrrolase may enhance 5-HT synthesis.
Two compounds, allopurinol and nicotinamide,

have been suggested to have potential use as in vivo
pyrrolase inhibitors. Allopurinol is an in vitro pyr-
rolase inhibitor and has some inhibitory action on
tryptophan pyrrolase following adminstration to rats
(Becking & Johnson, 1967; Green & Curzon, 1968).
Both drugs have been used with tryptophan to treat
depression (Shopsin, 1978; McSweeney, 1975).
We have therefore examined whether pretreat-

ment with these drugs for 1 week affects the metabol-
ism of an oral tryptophan load.
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Subjects

The subjects investigated were healthy young male
members of staff (mean age 28 years; range 23-35).
None of the subjects was taking any drugs, other than
those under investigation and none took alcohol
during the week of the study.

Protocol

Control (drug-free) subjects were those reported in
the previous investigation (Green et al., 1980). Most
of them were then used in this study of the effects of
allopurinol and nicotinamide.

Allopurinol ('Zyloric' Wellcome) was taken at a
dose of 300 mg/day, once daily for 7 days. On Day 8,
300 mg was taken just before the tryptophan load.
Nicotinamide was taken at a dose of 1 g/day in two
divided doses of 500 mg for 7 days. On Day 8, 500 mg
was taken just before the load.
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A 24 h urine collection was started at 10.00 h on
Day 7 and continued until 10.00 h on Day 8 when a
new 24 h collection was started, at the time of trypto-
phan administration. Oral tryptophan (50 mg/kg) was
given and blood collected as described in the previous
paper (Green et al., 1980).

Analytical procedures and mathematical methods

These are described in the previous paper (Green et
al., 1980). In addition plasma uric acid was measured
on Day 8 in the subjects taking allopurinol 1 h follow-
ing the last dose of allopurinol using the method of
Kageyama (1971).

Results

Effect of allopurinol and nicotinamide administration
on plasma tryptophan and kynurenine concentrations

Seven days' administration of either allopurinol or
nicotinamide did not significantly affect plasma total
or free tryptophan concentration curves following
oral tryptophan (Figure la and lb). Nor was any
change seen in the plasma kynurenine concentration
curve (Figure 2).

Kinetic analysis of the plasma total tryptophan and
plasma free tryptophan curves revealed that the only
significant effect of either drug was that allopurinol
increased the volume of distribution of total trypto-
phan (Vd) by 60%. The Vd value for free tryptophan
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was also increased but this failed to reach statistical
significance (Table 1).

Allopurinol decreased plasma uric acid concentra-
tions (control: 377 + 31 ,umol/1(4); experiment: 269
+ 81 ,mol/1 (4): P < 0.05).

Urinary excretion oftryptophan and tryptophan meta-
bolites following allopurinol and nicotinamide admin-
istration

Allopurinol or nicotinamide administration did not
alter urinary excretion of tryptophan, kynurenine, 5-
hydroxyindole acetic acid (5-HIAA) or indole acetic
acid (IAA) during Day 7 (the day before the trypto-
phan load) compared to drug free controls (Table 2).
The drugs also failed to alter the excretion of these
compounds following the oral tryptophan load (Table
2).

Discussion

The suggestion that the therapeutic effects of L-
tryptophan would be enhanced by concomitant
administration of a pyrrolase inhibitor has been
current for some time. The two inhibitors suggested
have been allopurinol (Green & Curzon, 1968;
Badawy & Evans, 1974) and nicotinamide (Young &
Sourkes, 1974). Certainly Fernando, Joseph &
Curzon (1975) found that allopurinol but not nico-
tinamide pretreatment modestly enhanced the rise of
rat brain tryptophan following tryptophan injection.
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Figure I Plasma tryptophan concentration following an oral L-tryptophan load (50 mg/kg) in control subjects ( *, n
= 7) and in subjects who had taken either allopurinol (30() mg daily) (, n = 6) or nicotinamide (500 mg twice daily)
(0, n = 6) for 7 days. Results shown as mean + s.d. of (a) total tryptophan concentrations or (b) free tryptophan
concentrations in the 6 h following the load.
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Figure 2 Plasma kynurenine concentration following
an oral L-tryptophan load (50 mg/kg) in control subjects
(V) and in subjects who had taken either allopurinol
(300 mg daily) (0) or nicotinamide (500mg twice daily)
(0) for 7 days. Results shown as mean ± s.d. during the
6 h following the load, number of subjects the same as
Figure 1.

Badawy & Evans (1975), however, found that nico-
tinamide was also effective in producing an enhanced
tryptophan accumulation.
The greater increase in brain tryptophan seen in

animals pretreated with allopurinol before a trypto-
phan load was, however, difficult to explain, since
studies on the metabolism of a tryptophan load by a
perfused liver preparation suggested that allopurinol
did not, in fact, inhibit pyrrolase activity in the
presence of high tryptophan concentrations (Green,
Joseph & Woods, 1976). Furthermore, allopurinol
did not inhibit tryptophan catabolism in the rat liver
following a tryptophan load although the previously
observed enhancement of the brain tryptophan con-
centration was confirmed (Joseph, Young & Curzon,
1976).
This present study may partly explain these seem-

ingly contradictory findings. In agreement with the
previous rat liver perfusion data (Green et al., 1976)
and rat in vivo data (Joseph et al., 1976), allopurinol
did not apparently alter the metabolism of a trypto-
phan load in human subjects. Nevertheless it did
increase the volume of distribution of the amino acid.
This indicates an increase in the tryptophan concen-
tration in body compartments which is consistent with
the enhanced increase of brain tryptophan following
a load in allopurinol pretreated animals.
Another recent study has claimed that allopurinol

did not alter human tryptophan metabolism (Moller
& Kirk, 1978). However the data were both variable
and inconclusive.
At present there seems to be no explanation for the

altered volume of tryptophan distribution produced
by allopurinol but not nicotinamide administration.
A plot of free against total typtophan values in con-

Table 1 Plasma half-life (T/), plasma clearance, area under the curve of the plasma concen-
tration versus time (AUC) and apparent volume of distribution (Vd) of tryptophan following
an oral tryptophan load

Drug
pretreatment

Total

Free

None
Allopurinol
Nicotinamide

None
Allopurinol
Nicotinamide

n T1%2
(h)

6
6
4

6
6
4

2.31+0.42
2.62+0.52
2.16+0.21

1.40+0.14
1.52+0.13
1.45+0.27

AUC Vd Clearance
(,ug mt Ih) (I kg 1) (ml min- Ikg-')

317±48
253+53
339+36

113+29
94+21
122± 13

0.54+0.07
0.84+0.21**
0.46+0.05

0.90+0.25
1.21+0.38
0.85+0.18

2.67+0.48
3.86±+1.48
2.47+0.27

7.80+2.27
9.20+2.31
6.83+0.68

Values calculated from tryptophan measurements and free (non-albumin bound) tryptophan.
All subjects received an oral dose of L-tryptophan (50mg kg- ') either after no pretreatment or
7 days administration of allopurinol (300 mg daily) or nicotinamide (500 mg twice daily).
Different from no pretreatment ** P < 0.01. Details of mathematical methods given in
previous paper (Green, et al., 1980).
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Table 2 The urinary excretion of tryptophan and some tryptophan metabolites following
nicotinamide or allopurinol pretreatment

1'retreatment
drug Day n Tryptophan Kynurenine S-HAA IAA

'.one Control 6 7.6 ±2.2 1.55±0.39 4.9 +2.1 4.88+0.99
Load 6 12.3 +3.1 13.6 ±6.2 6.3 ±4 5 15.09+2.19

Allopurinol Control 6 7.8 +3.1 1.35±0.54 3.31 -1.0 6.23±3.62
Load 6 11.;4±4.2 14.7 ±8.8 33 ±2.1 10.05±7.32

Nicotinamide Control 5 lt).0 ±4.7 2.02±1.0 5.7 ±3.7 5.74±2.54
Load 5 11.8 ±4.0 13.8 ±7.4 9.0 ±7.4 14.18±8.54

Subjects were given either allopurinol (300 mg daily) or nicotinamide (500 g twice daily) for 7
days. On day 7 a 24 h urine collection was made (control day). On day 8 an oral tryptophan
load (50 mg kg-') was given and a further 24 h urine collection made (load day). Results show
mean + s.d. of the number of observations shown in column 3.5-HIAA:5-hydroxyindoleacetic
acid, IAA: Indole acetic acid. All results reported as mg compound excreted/24 h.

trol subjects and those taking allopurinol does not
reveal any effect of the drug on tryptophan binding.
Conceivably allopurinol has some effect on mem-
brane transport of amino acids. Furthermore whilst
the ribonucleotide derivative of the drug is a protein
synthesis inhibitor (McCollister, Gilbert, Ashton &
Wyngaarden, 1964), the effect of protein synthesis
inhibition would probably be to increase tissue amino
acid concentrations before administration of the
tryptophan load, thereby decreasing the apparent
volume of distribution of this subsequent load.
Both nicotinamide (McSweeney, 1975) and allo-

purinol (Shopsin, 1978) have been reported to be
useful in enhancing the therapeutic effect of L-trypto-
phan. However such suggestions were made follow-
ing administration of both tryptophan plus the drug in
open uncontrolled trials. Indeed the authors did not

compare the efficacy of the combination with L-
tryptophan administration alone, so no conclusions
are justified.
As nicotinamide did not apparently alter trypto-

phan metabolism and as allopurinol had marginal
effects, this study does not encourage the use of either
drug to enhance the therapeutic effect of the amino
acid although clearly we are not able to exclude the
possibility that the increase in the volume of trypto-
phan distribution might be of value in increasing
brain tryptophan content.

We gratefully acknowledge the excellent technical assis-
tance ofMr M.R. Bloomfield and Mrs B.D. Krantameneni,
the co-operation of our colleagues in taking part in this
study and E. Merck Ltd, both for supplying the Optimax
tablets and for providing a grant to help defray some of the
costs of the investigations.
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