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Following intraventricular injection in untreated rats, the only metabolites of tryptamine
isolated were indoleacetic acid and indoleacetaldehyde; the indication is that the acid is formed
from the aldehyde during the isolation procedure. Additional metabolites (N-methyltryptamine
and N,N-dimethyltryptamine) were formed in small quantities if the animals had been pretreated
with pargyline. N-acetyltryptamine was not found if acetate ions were excluded during the
isolation of the amine fraction.

More tryptamine remained in the hypothalamus than any other region at all times following
injection, both in the presence and absence of pargyline. Incubation with slices indicated a
temperature dependent active uptake process in all regions.

The loss of injected tryptamine from all regions in the presence of pargyline, and from the
hypothalamus, cerebellum, and ‘rest’ in the absence of pargyline followed a pattern of rapid
initial loss and then slower decline. This pattern was neither linear nor exponential. All the
data, however, indicate a rapid turnover of the injected amine.

Wu, P. H, et BouLToN, A. A. Distribution and metabolism of tryptamine in rat brain.
Can. J. Biochem. 51, 11041112 (1973).

Aprés une injection intraventriculaire de tryptamine 2 des rats non traités, les seuls métabolites
isolés sont P'acide indoleacétique et Iindoleacétaldéhyde; l'acide se formerait a partir de
Ialdéhyde durant le processus d’isolation. Chez les animaux d’abord traités a la pargyline, il
se forme des métabolites additionnels (N-méthyltryptamine et N,N-diméthyltryptamine) en
petites quantités. Si les ions acétate sont exclus lors de I'isolation de la fraction amine, on ne
trouve pas d’N-acétyltryptamine.

Aprés une injection de tryptamine en présence ou en absence de pargyline, on retrouve en tout
temps plus de tryptamine dans ’hypothalamus que dans toute autre région. L’incubation avec
des tranches minces montre une incorporation active et dépendante de la température dans
toutes les régions.

Dans toutes les régions du cerveau en présence de pargyline et dans I’hypothalamus, le
cervelet et le “reste” en absence de pargyline, 1a tryptamine injectée disparait d’abord rapidement
et, par la suite, diminue plus lentement. Cette disparition n’est ni linéaire ni exponentielle.

Cependant, tous les résultats montrent un turnover rapide de 'amine injectée.

Introduction

Tryptamine has been identified in human
urine (1-3) and certain tissues, including brain
(4-7). It has also been claimed to be involved
in the etiology of schizophrenia (8) and depres-
sion (9), and some methylated analogs of the
indoleatkylamines certainly possess psychotomi-
metic properties (10, 11). In animals, trypta-
mine, which readily crosses the blood—brain
barrier (12), has been shown to be behaviorally
active and to possess amphetamine-like proper-
ties (13-15).

It is presumed that tryptamine is formed ex-
clusively by decarboxylation of tryptophan and
such a decarboxylation has been demonstrated
in mammalian tissues (16-18), in bacteria (19,

[Traduit par le journal]

20), and with purified aromatic L-amino acid
decarboxylase isolated from hog kidney (21).

The catabolism of tryptamine appears to be
predominantly oxidation to indoleacetaldehyde
and/or 3-indoleacetic acid (16, 22, 23). Re-
cently a minor pathway involving N-methyla-
tion has been demonstrated (24-29) and the
possibility exists that N-acetylation and/or con-
jugation might occur, as in the metabolism of
serotonin (30).

The purpose of this study was to investigate
the regional distribution in the rat brain and
clearance of intraventricularly introduced la-
belled tryptamine, both in the presence and
absence of the monoamine oxidase inhibitor
pargyline, and to attempt to isolate and identify
any other metabolites formed.
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Materials and Methods

Radioactive Substrates and Their Purification

Tryptamine-"H hydrochloride (specific activity, 535
mCi/mmol; Amersham/Searle, Don Mills, Ontario)
was dissolved in physiological saline (final concentra-
tion, 10 uCi/40 ul) and stored at -20 °C until use.
Tryptamine-2-**C bisuccinate (specific activity, 47.3
mCi/mmol; New England Nuclear Canada Ltd.,
Dorval, Quebec) was used for a study of the meta-
bolites and hence was purified before use. The trypt-
amine was dissolved in a small volume of ethanol,
transferred to the origin of a Whatman No. 2 paper
chromatographic strip, and developed during 14 h in
the solvent system butanol — acetic acid — water,
120:30:50 (v/v). The radioactive zone corresponding
to tryptamine (as assessed by a standard run alongside
and visualized by the ninhydrin — acetic acid fluoro-
metric procedure described by Jepson and Stevens
(31)) was excised, eluted (2 X 5ml) in 4 N NH.OH
in 65% ethanol, and dried under a stream of N. at
45 °C. The dried residue was stored at -20 °C until
required. For use it was dissolved in Krebs—Ringer
solution, pH 7.4. The recovery of tryptamine through
this procedure was approximately 76%.

Injection and Dissection Procedures

Male Wistar rats (body weight approximately 150—
200 g; some pretreated intraperitoneally with pargyline,
75 mg/kg, 45 min before injection) were lightly anes-
thetized with ether, and labelled tryptamine (in 40 ul)
was injected into the right lateral ventricles. After 30
min the rats were decapitated and the brains removed
and used, either whole or after dissection, as previously
described (32).

Homogenization Procedure and the Isolation
of Some Indolealkylamines

Whole brains, or the various regions, were homog-
enized at 4 °C in 15 ml! of 0.4 N HCIO.,. After adding
tryptamine, 3-indoleacetic acid, 3-indoleacetaldehyde,
N-methyltryptamine, N,N-dimethyltryptamine, and N-
acetyltryptamine (10 ug of each) as carriers, the
suspension was centrifuged at 10 000 X g for 20 min.
After transferring the supernatant (50 ul removed for
measurement of total radioactivity) to a beaker con-
taining sodium thiosulfate (100 mg), Triton X-100
(J. T. Baker Chemical Co., Phillipsburg, New Jersey)
was carefully added with stirring to a final concentra-
tion of 0.5% (w/v) in order to prevent loss of amines
by association with particulate materials (33), and
the mixture was then adjusted to pH7.0 with IN
NaOH. After percolation through Biorad AGS50-X2
(H*) resin, the resin column was washed with 10 ml
of 0.1 M Tris buffer solution, pH 8.0, and 10 ml of
glass distilled water. The amine fraction was then
eluted with 10ml of 4 N NH,OH in 65% ethanol.
This eluate, after rotatory evaporation to dryness at
45 °C, was dissolved in 200 ul methanol. Aliquots
(100 1) were transferred to the origin of Whatman
No. 2 paper strips and developed during 20h in the
solvent system butanol — acetic acid — water 120:30:50
(v/v). After air drying, the chromatograms were
dipped either into the ninhydrin — acetic acid solution
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described by Jepson and Stevens (31), or Ehrlich’s
reagent (34), and the radioactivity in zomes corres-
ponding to tryptamine and N-acetyltryptamine (R,
values 0.70 and 0.83, respectively) were recorded using
a radiochromatogram scanner (Packard model 7200).
In the case of the distribution of tryptamine following
intraventricular injection (see Results section), the
tryptamine fluorophore was eluted (2 m! 0.4 N HCIO,)
from the appropriate zone, mixed with 15 ml Aquasol,
and counted in the liquid scintillation counter (Nuclear
Chicago Isocap 300). The overall recovery of trypt-
amine through this procedure was approximately 40%.

A further 25 ul aliquot of the methanol solution
was transferred to the origin of a two dimensional
silica gel plate (20 X 20 cm) (Mondray Ltd., Montreal)
activated by heating at 90 °C for 30 min just prior to
use, and separated first in butanol — acetic acid — water,
120:30:50 (v/v), and then isopropanol-ammonia—
water, 200:10:20 (v/v). After air drying, the plate
was sprayed with Ehrlich’s reagent and the zones
corresponding to tryptamine, N-acetyltryptamine, N-
methyltryptamine, and N,N-dimethyltryptamine (zones
located by comparison with standards run in parallel)
were scraped off, suspended in 2ml 0.4 N HCIO,,
mixed with 15ml Aquasol (New England Nuclear),
and counted in a liquid scintillation counter.

Isolation and Separation of Acidic Metabolites

The initial effluent and washes from the Biorad
column were combined in the presence of sodium
thiosulfate (100 mg) and rotatory evaporated to dry-
ness at 60 °C. The residue was dissolved in 5ml 2N
HCl saturated with NaCl and then extracted with
butyl acetate (2 X 5 ml). This mixture was centrifuged
(3000 X g for 5§ min) and the organic phase, exhibit-
ing at this stage a slight pink color, was removed and
rotatory evaporated to dryness. After dissolving the
residue in 500 pl acetone, 50 ul was removed, mixed
with Aquasol, and counted in a liquid scintillation
counter to indicate total acidic metabolites; a further
50 ul aliquot was transferred to the origin of a What-
man No. 3 paper chromatographic strip, developed
during 14 h in isopropanol-ammonia—-water, 200:10:20
(v/v), air dried, and then dipped through Ehrlich’s
reagent. Indoleacetic acid and 3-indoleacetaldehyde
exhibit R, values of 0.23 and 0.73, respectively.

Incubation of Tryptamine-*H with Slices Obtained
from Various Regions

Groups of rats were sacrificed 45 min after an
intraperitoneal injection of pargyline (75 mg/kg), the
brains removed, chilled, and washed in 0.25 M sucrose
solution at 0 °C, then dissected into the hypothalamus,
caudate nucleus, cerebellum, stem, and ‘rest, as pre-
viously described (32). These regions were sliced,
incubated, and washed essentially according to the
procedures described by Steinberg and Smith (35) and
Baldessarini and Vogt (36). Briefly, each region was
manually sliced to yield pieces 1-2 mm thick; two of
these were selected, weighed, and placed in 0.25 M
sucrose solution at 0 °C for a period not exceeding
10 min. The slices (hypothalamus, 24.7 == 4.8; caudate
nucleus, 31.1 = 5.2; stem, 49.5 = 5.0; cerebellum,
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50.6 = 5.1; ‘rest,’ 56.7 = 11.8; mean = standard devia-
tion, respectively, in milligrams) were then transferred
to 2 ml Krebs-Ringer phosphate buffer solution (pH
7.4} (35) containing 1 pCi tryptamine-"H. During the
next 20 min incubation proceeded with shaking at
37.5 °C. On termination of this period the supernatant
was decanted and the slices were incubated twice more
at 37.5 °C with 2 ml Kreb-Ringer solution for 6 and 4
min, respectively. After the final incubation, 2 m} of
chilled 0.4 N HCIO, was added, and after homogeniza-
tion, the homogenate was mixed with 15 ml Aquasol
and counted in the liquid scintillation counter. Control
samples were prepared by incubating and washing
slices in a similar fashion with 1 uCi tryptamine-*H
at 0 °C.

Resuits

Metabolism of Tryptamine-1*C in Whole Brain

Groups of pargyline treated rats were sacri-
ficed 30 min after an intraventricular injection of
purified tryptamine-1*C (7.6 uCi). The amines
tryptamine (TRYPT), N-methyltryptamine
(NMT) and N,N-dimethyltryptamine (DMT)
were isolated from a two dimensional silica gel
plate as described in the Materials and Methods
section, and the amount of associated radioac-
tivity was assessed by liquid scintillation count-
ing. The values obtained (TRYPT, 140 000
c.p.m.; NMT, 6000 c.p.m.; DMT, 240 c.p.m.),
although low, are in quite close agreement with
those listed by Saavedra and Axelrod (25). No
label was found to be associated with the NMT
and DMT zones when purified TRYPT was
separated in a similar manner.

During the isolation of the amine fraction
from whole brain homogenates, the resin
column was washed with 0.1 N sodium acetate,
as originally described by Kakimoto and Arm-
strong (37), a radioactive zone corresponding
to N-acetyltryptamine was located when scan-
ning a paper chromatogram on which the amine
fraction was separated in butanol ~ acetic acid —
water, 120:30:50 (v/v). On substituting 0.1 M
Tris buffer (pH 8.0) for the 0.1 N sodium ace-
tate, however, this zone disappeared. The arti-
factual formation of N-acetyltryptamine arising
during extraction procedures has been described
by Hutzinger (38).

In another experiment, rats, not treated with
pargyline, were sacrificed 30 min after an intra-
ventricular injection of § uCi of purified trypta-
mine. Both 3-indoleacetic acid and 3-indole-
acetaldehyde were deemed to be present, as
revealed by the association of radioactivity with
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Fic. 1. Disappearance of total radioactivity (@——@®),
various acid metabolites (4 A), and tryptamine
(@- - -@®) from untreated rat brain. Total radioactivity
and acid metabolites, mean + standard deviation (n = 8);
tryptamine, mean + mean deviation (n = 4).

the appropriate zones identified both on the
basis of the chromogenic changes occurring
after dipping and from the location of standards
run in parallel. It would appear, based on a
visual assessment of the chromatograms, that
the conversion of the aldehyde to acid occurs
predominantly, if not exclusively, during the
extraction procedure. If the antioxidant sodium
thiosulfate is excluded, virtually all the radio-
activity is found to be associated with the acid
zone. No other minor metabolites from the
acidic fraction could be located on the chromato-
gram.

Disappearance of Tryptamine-*H and Certain

Metabolites in Whole Brain Following

an Intraventricular Injection

Groups of rats, either untreated or pretreated

with pargyline, were sacrificed at various time
intervals (5, 10, 15, 30, and 60 min) following
an intraventricular injection of tryptamine-3H
(10 uCi). After removal of the brain and
homogenization, total radioactivity, trypta-
mine-®H, and labelled acid metabolites were
isolated and assessed as previously described.
From Fig. 1 it is apparent that the amount of
radioactivity remaining in the untreated brain
decreased nonlinearly to approximately 4.1%
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FiG. 2. Disappearance of total radioactivity (@——@),
various acid metabolites (A A), and tryptamine
(@- - -@) from pargyline treated rat brain. Each point
with bar indicates mean + mean deviation (n = 4).

I

TasLE 1. Distribution of tryptamine-3H in various
regions of the untreated and pargyline treated rat brain
15 min after intraventricular injection

Tryptamine-3H

Untreated Treated
Region (d.p.m. X 1075/g) (d.p.m. X 10~6/g)
Hypothalamus 3.65 + 0.562 4.05 + 0.45
Caudate nucleus 1.41 £ 0.14 217 + 0.17
Stem 1.95 + 0.84 1.72 + 0.27
Cerebellum 1.70 + 0.18 2.64 + 0.23
‘Rest’ 2.63 + 0.75 2.56 + 0.46

*Each value mean % mean deviation (n = 4).

of the amount injected after 60 min. The acid
metabolites, after increasing rapidly in the first
15 min, then decreased in step with the total
radioactivity, being approximately 70% of the
total radioactivity at all times after 15 min. In
the case of pargyline-treated rats, after an initial
fast decrease during the first 15 min, the total
radioactivity was lost in a linear fashion (Fig. 2).
In this case the tryptamine equalled approxi-
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mately 80% of the total radioactivity. As was
expected, the total acid metabolite level was very
low. In both pargyline treated and untreated
rats, the loss of labelled tryptamine (see Figs.
1, 2) after the first 10 min was approximately
linear, with an approximate half-life of 52.5
min and 33.5 min, respectively (Table 2). As
the amount of tryptamine in the brain at any
time after injection in the pargyline-treated rat
was about five times the value in controls, it
seems reasonable to conclude that monoamine
oxidase is the primary route of cerebral trypta-
mine catabolism.

Distribution and Disappearance of
Tryptamine-*H from Certain Rat Brain
Regions after an Intraventricular Injection

The distribution of tryptamine in regions of
the rat brain after 15 min is listed in Table 1. At
this time it is apparent that the tryptamine (ex-
pressed as disintegrations per minute per gram
of tissue) in the absence of pargyline is concen-
trated primarily in the hypothalamus, followed
respectively by the ‘rest,” stem, cerebellum, and
caudate nucleus. In the presence of pargyline,
although the pattern of distribution does not
appear to change very much, the amount of
tryptamine retained is increased approximately
by afactor of 10.

If the amount of tryptamine-3H remaining in
each region is plotted against time (Figs. 3, 4),
there appears to be a linear loss of label in the
caudate nucleus, stem, and possibly cerebellum
of untreated rats. A nonlinear and nonexponen-
tial loss occurred in the hypothalamus and in the
rest of the brain of such rats and in all areas of
pargyline-treated rats. In order to calculate the
approximate half-life of the label, the noniinear
curves were considered in two sections, the
initial rapid loss and the later slower decline,
and straight lines were fitted as shown in Figs.
3 and 4. Half-life estimates obtained in this way
are listed in Table 2.

Uptake and Retention of Tryptamine-3H in
Slices Obtained from Various Brain
Regions of Pargyline-Treated Rats

Incubation of various brain slices with 1 pCi
tryptamine-3H at O °C and 37.5 °C indicated
that the uptake of labelled tryptamine was tem-
perature dependent, only about 26% being re-
tained at O °C as compared with 37.5 °C. No
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HYPOTHALAMUS

CAUDATE RUCLEUS
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STEM CEREBELLUM REST

Fic. 5. Retention of tryptamine-*H in tissue slices obtained from various regions of pargyline treated rat brain at
37.5 °C and 0 °C (hatched areas). Each value indicates mean + mean deviation (n = 3).

TasLe 2. Half-life of tryptamine-3H in whole brain
and various regions as obtained from untreated and
pargyline treated rats

Half-life (min)

Untreated Pargyline treated
Hypothalamus 40 (15-30) 30 (15- 30)
60 (30-60) 85 (30-120)
Caudate nucleus 60 (15-60) 35 (15- 30)
100 (30-120)
Stem 28.5 (15-60) 42 (15~ 30)
90 (30-120)
Cerebellum 63 (15-60) 22 (15- 30)
105 (30-120)
Rest 17 (15-30) 18 (15— 30)
~w (30-60) 100 (30-120)
Whole brain 33.5 (10-60) 52.5 (10~ 60)

*Figures in parentheses indicate the time period over which half-lives
were calculated (see alsc Figs. 3, 4).

statistically significant difference between the
regions could be found (Fig.5).

Discussion

The primary route of tryptamine catabolism
appears to be oxidation by monoamine oxidase.
Previous reports in the literature (16, 23, 39)
have indicated conversion to indoleacetic acid,

presumably via indoleacetaldehyde. We have
shown that the inclusion of sodium thiosulfate
during isolation resulted in the identification of
significant quantities of indoleacetaldehyde. It is
quite possible that the autoxidation of the alde-
hyde occurs primarily during the isolation pro-~
cedure. If this were the case, then the behavioral
properties of tryptamine may result from the
amine itself, one of its metabolites, or from an
alkaloid type of molecule produced by conden-
sation or complexing (40-42) between the alde-
hyde and some other molecule.

Although, during monoamine oxidase block-
ade, some methylated derivatives (N-methyl-
tryptamine and N,N-dimethyltryptamine) of
tryptamine were located on thin layer chromato-
grams, they were formed only in relatively tiny
quantities. The absence of N-acetyltryptamine
in the ion exchange amine eluate when acetate
ions were excluded from the washing procedure
suggests that this metabolite is only formed in
certain circumstances during the isolation pro-
cedure.

Because of the very low levels of tryptamine
in rat brain, 24 ng/g according to Saavedra and
Axelrod (7}, we chose to calculate the approxi-
mate half-life by simnple means, and according to
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the expression d(T-®H)/d¢ = —K. The rate of
disappearance of the labelled tryptamine indi-
cated a half-life for the label in whole brain of
52.5 min in the presence of pargyline and of
33.5 min in its absence. The data on the dis-
appearance of labelled tryptamine from various
regions of the brain indicate a more complex
pattern than those data for whole brain. The
asymptotic nature of the curve, particularly in
the ‘rest’ of the brain (see Figs. 3 and 4 and
compare with Figs. 3 and 2 in Refs. 44 and 45),
suggests that phenomena such as the complex
formation between tryptamine and membranous
material, which we have recently shown both in
vivo and in vitro (33), may be playing a signifi-
cant role. In any case, the amount of labelled
tryptamine injected is considerably above en-
dogenous levels, and these data cannot, there-
fore, necessarily be interpreted as reflecting the
half-life of the endogenous material. The half-
life values obtained here are, however, consider-
ably less than those reported for amines such as
5-hydroxytryptamine and the catecholamines
(43) or p-tyramine and octopamine (44; Wu,
P.H., and Boulton, A.A.: unpublished observa-
tions).

The distribution of labelled tryptamine fol-
lowing an intraventricular injection is somewhat
similar to that of other amines (46). This does
not necessarily reflect the actual endogenous dis-
tribution, however, since the ability of amines to
concentrate in areas in close proximity to the
site of injection is known (47), and the extent
of exogenous/endogenous mixing is not known.

The uptake and retention pattern as obtained
from slices (Fig. 5) did not exhibit the regional
differences obtained following intraventricular
injection. In this respect tryptamine appears to
differ from other amines; a temperature depend-
ent active uptake process, however, would ap-
pear to be operative.
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