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Abstract—The time course of N.N-dimethyltryptamine (DMT) levels in brain and liver of adult male
Holtzman rats was determined with and without pretreatment with the monoamine oxidase inhibitors
iproniazid (32 mg/kg) and tranylcypromine (10 mg/kg) given 1.p. DMT was given in doses of 1.0. 3.2
and 10.0 mg/kg i.p. DMT was assayed spectrophotofluorometrically and in some instances by a radio-
isotopic method. The results show that the half-life of DMT varied with different doses in the brain
but not in the liver. Pretreatment with the monoamine oxidase inhibitors prolonged the total period
during which DMT was found. A linear relationship exists between the mean time required to reach
minimal DMT concentrations and the mean duration of suppression of FR, barpressing behavior
in rats trained for a milk reward. The results suggest a direct involvement of DMT in inducing behav-

ioral toxicity.

N.N-dimethyltryptamine (DMT) is one of the hallu-
cinogenic indoleatkylamines [{-3]. Biosynthetic path-
ways exist for the potential synthesis of DMT in vivo
[4-8]. This hallucinogen has been implicated in the
pathogenesis of schizophrenia [9, 10} although the
findings are controversial [11,12]. DMT 1is also
abused as a hallucinogen [13, 14].

DMT is known to produce abnormal behavior in
animals [15-21]. Much of the speculation on the
mode of action of DMT is centered on its interaction
with 5-hydroxytryptamine (5-HT) [22, 23]. Neverthe-
less, the time course of the increase in brain 5-HT
[23] seems in disagreement with the duration of its
behavioral deficits [24]. Many explanations can be
offered for this discrepancy. Nevertheless, the direct
involvement of DMT in inducing behavioral deficits
is the most parsimonious. DMT can readily be
detected in the rat brain after systemic injections [25].
It is known to disappear very rapidly from biological
tissues. However, to our knowledge no attempt has
been made to determine its half-life in various tissues.

The purpose of this study is to determine in rats
the rate of disappearance of DMT and to determine
whether DMT-induced behavioral deficits are corre-
lated with its concentration in the brain. Sai-Haldsz
[26] reported that the hallucinatory response to
DMT in humans was diminished upon pretreatment
with iproniazid. However, iproniazid prolonged and
potentiated the toxic effects of DMT in animals using
various behavioral endpoints [24].+ Therefore, the
effects of both iproniazid and the now more widely
used monoamine oxidase (MAQ) inhibitor tranylcy-

* Supported in part by a grant from the State of Michi-
gan for schizophrenia research. Part of this material was
presented at the ASPET Meeting in Montreal, August 1974
(Pharmacologist 16. 237, 1974).

+ M. Lutz and E. F. Domino. unpublished data.
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promine were studied to determine if such behavioral
potentiation in rats was a direct result of an elevated
tissue DMT level.

METHODS

Design of experiments. Male Holtzman rats, at least
90 days old, weighing 400-450 g. were used. Control
animals received ip. either 0.99%, NaCl (1-2 ml/kg) 2
and 16 hr, iproniazid (32 mg/kg) 16 hr. or tranylcypro-
mine (10 mg/kg) 2 hr prior to guillotining. Experimen-
tal rats received either 0.9%, NaCl (2 ml/kg) 2 and
16 hr, iproniazid (32 mg/2 ml/kg) 16 hr, or tranylcy-
promine (10 mg/kg) 2 hr prior to the administration
of DMT in doses of 1-10 mg/kg. In some experiments,
'4C-labeled DMT (side chain-[1-'*C], purchased
from New England Nuclear) in a dose of 3.2 mg/kg
(sp. act. 0.94 uCi/mg) of compound was given. Each
group consisted of five to ten animals. They were
killed at different time intervals after DMT. After
decapitation, the brain and liver were immediately
removed and homogenized in 4 ml of ice-cold I N
HCIl. All data were compared with the controls run
during the same experiment. Group comparison Stu-
dent’s t-tests [27] were used to determine statistical
significance. Groups of rats were trained to barpress
on a fixed ratio of four barpresses to one milk reward
(FR,) schedule [24]. Trained rats received either 3.2
or 10 mg/kg of DMT i.p. The rats were sacrificed as
soon as they resumed normal barpressing behavior.
DMT content in brain was then analyzed.

DMT assay. Homogenates were centrifuged at
9000 g to give cleaner supernatants, which were separ-
ated from precipitates and collected. The precipitates
were each washed twice with 1.5ml of 0.1 N HC],
shaken by a Vortex mixer, centrifuged. and the super-
natants collected. All the acidic supernatants were
then combined and used for subsequent assay. The
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separation ol supernatants is essential to give a clean
extraction with organic solvent. To separate DMT
from other metabolites, the combined acidic superna-
tants were made basic with 2 ml of 10 N NaOH and
extracted with 30 ml of a mixture of cthyl acetate and
toluene (1:1 by volume). An aliquot of 25ml of the
organic solvent was removed and shaken with 2 ml
of 0.1 N HCL. DMT was determined fluorometrically
(285 nm/350 nm. uncorrccted) by the method of
Cohen and Vogel [25] in the Farrand spectrofluor-
ometer. after the adjustment of the pH to 8§ 9 with
0.1 M sodium borate buffer.

In thosc experiments in which ["*CIDMT was
given, the rats were sacrificed by decapitation 10 min
later. Unchanged ['*C]DMT was extracted according
to the procedure described for the fluorometric deter-
mination. To count total radioactivity of unchanged
['*CIDMT. an aliquot of 1.5ml of 0.I N HCl was
basified with 100 gl of 10 N NaOH and extracted with
3 ml of the mixture of ethyl acetate and toluene. An
aliquot of 2 ml of the organic phase was mixed with
10 ml Aquafluor and counted in a liquid scintillation
counter. The result obtained from this method was
compared with that obtained from the fluorometric
method.

Qualitative presence of DMT in tissuc extracts was
demonstrated by thin-layer chromatography (t.lc.)
and radioscanning. The ethyl acetate and tolucne
phase  of tissue extracts from rats receiving
["*CIDMT was cvaporated to dryness under a
nitrogen stream. The residue was redissolved in 100 41
cthyl acctate. Aliquots of known radioactivity were
spotted on a Silica gel GF plate (Analtech. Inc.. New-
ark. Del) and developed in the following solvent sys-
tems: (1) methanol-conc. ammonium hydroxide
(300:45); the R, of tryptamine (T) was 0.32. of
N-methyltryptamine (NMT) 0.18. and of DMT 0.42:
(2} isopropanol 10%, ammonium hydroxide water
(200:10:20); the R, valuc of T was 0.15. of NMT 0.05
and of DMT 0.23: and (3) methanol tetrahydrofuran-—
formic acid (50:50:1): the R, valuc of T was 0.5, of
NMT 0.32 and of DMT 0.25. Radioscanning of brain
and liver extracts showed only onc spot with detect-
able radioactivity and with an R, value of that of
known DMT. T.l.c. plates were then scored and each
segment was removed. Radioactivity in each segment
was counted in a liquid scintillation counter. The
majority (97-98 per cent) of radioactivity appeared
in the scgment with an R, of that of DMT in contrast
to the radioactivity detected for that of T and NMT.

Chemical separation of tryptamine and N-methyl-
tryptamine from DMT. Samples containing indole-
alkylamines (T. NMT or DMT. radioactive material
il available) in 30 ml of ethyl acctate and toluene were
cooled. and 0.5 ml trifluoroacetic anhydride (TFAA)
was added. The mixtures were then set in an ice bath
lor 0.5 hr. Excess TFAA was then destroyed with 7 ml
of ice-cold H,O. basified with 3ml of 10N NaOH.
vortexed, and centrifuged. Control samples which did
not receive TFAA were washed with 10ml of a pre-
mixed combination of ice-cold H,O-10N NaOH
trifluoroacetic anhydride (7 ml:3 ml:0.5ml). An ali-
quot of 25 ml of the ethyl acetate and toluene phasc
was then transferred to another tube. extracted with
3ml of 0.1 N HCL vortexed, and centrifuged. An ali-
quot of 2ml of 0. N HC1 extract was neutralized
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with 1 ml of 10N NaOH with cooling. The basic
solution was then extracted with 3ml of a mixture
of ethyl acetate and tolucene. To count total radioacti-
vity. 2 ml of the organic phase was mixed with 10 ml
Aquafluor and was counted in a liquid scintillation
counter. In the case of NMT. where radioactive
material was not available. the recovery and yvield of
its rcaction with TFAA were determined by a fluoro-
metric method: an aliquot of 1 ml of 0.1 N HCT was
mixed with 1 ml of 0.1 M sodium borate buffer and
fluorescence was read at an excitation wavelength of
285nm and an emission wavelength of 350 nm (un-
corrected).

Calculations. The biological half-life of DMT was
determined  according o the equation v = ae*”,
where v is the original datum of DMT concentration
in pg/g of tissue; x is time in min from i.p. injection
of DMT to sacrifice; and « represents the concen-
tration at zero time. Half-life (£/2) was computed by
the cquation (£/2) = —h In 2 and estimated according
to the nonlincar regression analysis of Gauss [28].
Exponentials were fitted directly by solving the “nor-
mal cquations of curve fitting™ with reciprocals of the
observed variance estimates as weights. The par-
ameters  (initial - concentration and  half-life)  were
adjusted iteratively until both were stable to 0.01 per
cent. Confidence limits were based on a small crror
analysis using the product-variance matrix. After i.p.
injection of DMT. its half-life was calculated from
data mcasurcd after peak tissue DMT levels were
reached. for absorption is presumably complete at
that time.

RESULTS

As described in Methods, a mixture of ethyl acetate
and toluene was used for the extraction of DMT from
a basic tissue extract to ensure consistent and better
recovery (80-90 per cent). Extraction with toluenc
alone, especially in the presence of tissue, gave vari-
able results of recovery. The sensitivity of the assay
is about 0.05 gg/ml of sample. which is in agreement
with Cohen and Vogel [25].

Fluorescence of extracts from 0.9%, NaCl-pre-
treated animals was negligible. Extracts of tissuc from
iproniazid-pretreated control animals gave some
fluorescence. This fluorescence could possibly come
from endogenous T resulting from the pretreatment
of iproniazid rather than DMT. However. when it
was calculated as if it were DMT. then the mean +
S.  E. fluorescence intensity  was  equal  to
0.50 4+ 0.15 pg/g of bram and 1.16 4 0.14 pg/g of liver
DMT. Tranylcypromine-pretreated control rats also
gave some fluorescence. The mean + S. E. fluores-
cenee intensity was equal to 0.24 £ 0.11 ug/g of brain
and 0.45 + 0.07 pg/g of liver DMT,

Table | lists DMT concentrations in rat tissucs
(control values subtracted) 10min after adminis-
tration of the drug (3.2mg/kg) as determined by
various methods. No significant difference in DMT
levels could be detected between the two groups of
five to six rats.

Thin-layer chromatography of the concentrated
cthyl acctate and toluenc phase of tissue extracts indi-
cated the presence of DMT with an R, value of 0.42
(McOH and NH,OH). 0.19 (isopropanol, 10°,
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Table {. Comparison of DMT concentrations (ug/g) in rat
tissues (3.2 mg/kg at 10 min)
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Table 2. Per cent recovery of indolealkylamines after their
reaction with trifluoroacetic anhydride

Fluorometric Radioisotopic
method method* P
Brain 1.60 + 0.11 1.55 + O0.18 >(.82
Liver 1.56 + 0.25 1.54 £ 0.32 >0.96

* Each rat received 3 pCi/kg. L.p. The mean + S, E. of
five to six rats is given for each method of assay.

NH,OH and H,O) and 0.25 (MeOH. tetrahydrofuran
and formic acid). which were in agreement with that
of pure DMT. Radioscanning indicated one spot with
detectable radioactivity with the R, value of DMT.

Figure 1 i1s a flow diagram of the separation of
T and NMT from DMT by rcaction with TFAA. Re-
covery results are shown in Table 2. TFAA treatment
removed 98- 100 per cent of the T and NMT.

The ethyl acctate and toluene phase of the tissue
extracts containing radioactive DMT or possibly
NMT and T was cqually divided into several por-
tions. Half of the samples were treated with TFAA
and their recoveries of total radioactivity were com-
pared with those samples which were not treated with
TFAA. The data are given in Table 2.

Figure 2 illustrates the concentration of DMT in
rat brain and liver as a function of time after its i.p.
administration. The peak concentration of DMT was
rcached around 10 min after injection in the 099
NaCl-pretreated animals. After a dose of 1 mg/kg of
DMT. it was possible to detect some DMT in
brain (0.24 + 0.07 pg/g) and liver (042 + 0.13 pg/g) 3
min after administration. The mean +S.E. half-life
of DMT in rat liver was estimated to be 5.9 + 1.1 min

Reaction with TFAA

Samples (Oml TFAA) (0.5 ml TFAA) P
DMT* 94.5 + 1.4 (8)t 831+ 1.7(8) <0.05
NMT# 925 4+ 23(4) 0.0 (68 <0.001
T 79.5 + 3.2(5) 2.7+ 0.6(5) <0.001
Brain 94.1 + 1.2¢ (6) 88.3 + 3.4(6) NS
extracts| 99.6 + 1.3% (6) 1064 + 4.1 (6) NS
Liver 099.2 + 1.0 (6) 87.4 4+ 22(7) NS
extracts| 105.0 + 1.1% (6) 103.7 + 2.6 (7) NS

* The purity of DMT, as determined by tl.c. and quan-
tified by liquid scintillation counting, was 99 per cent.

+ Number of determinations is in parentheses. Mean per
cent + S. E. is given.

1 Recovery of NMT was determined by {luorometric
method. since its radioactive starting material was not
available.

¢ Fluorescence readings were negligible. This indicated
that the removal of NMT was nearly compiete.

| Tissue extracts were obtained from rats given 10 mg/kg
of DMT (sp. act. 0.81 pCi/mg). sacrificed 10 min after
administration.

* Results were corrected [or recoveries. Reaction of tis-
sue extracts with or without TFAA did not change the
recovery significantly.

after a dose of 3.2 mg/kg and 7.4 + 0.7 min after a
dosc of 10 mg/kg. There was a slight difference in the
half-life of DMT at these two given doscs. but this
was not statistically significant (P > 0.05, Fig. 2). Sur-
prisingly different half-lives of DMT in the brain were
noted after. different doses. The mean + S. E. hall-life

Sample (containing NMT. T. DMT as free base)
¥ Dissolve in cthyl acetate and toluene mixture

Vv Add 0.5ml TFAA

WV Set for §hr in ice bath

Wash with ice H,O

Neutralize with 10 N NaOH

Vortex. centrifuge

2 v
Aqueous luver Organic layer (indolealkylamines)
v l Extract with 0.1 N HCl
Discard K> 1
Acid layer Organic layer
(DMT) (containing amide of T and NMT)
v
Count
Neutralize

or
Extract with cthyl acetate
and toluene

v

Aqucous layer

I ml acid

mixed with | ml of
0.1 M sodium borate
buffer,

read fluorescence

2
Discard

¥

Organic solvent

Count

Fig. 1. Flow chart illustrating the scparation of T, NMT and DMT with TFAA.
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Fig. 2. Hall-lifc of DMT in rat brain and liver. Each point represents the mean DMT concentration of

five to ten animals. Each group of animals was sacrificed by guillotine at various times after DMT

injection i.p. as illustrated. Note that the half-life of DMT differs in the brain when given in doscs

of 3.2 vs 10 mg/kg i.p. On the other hand. the half-life of DMT in the liver is the same irrespective
of dose.

of DMT in rat bram was csumated to be
6.5 + 0.7 min when given in a dose of 3.2 mg/kg and
12.5 + 0.9 min when given in a dose of 10 mg/kg (Fig.
2). The difference is highly statistically significant
(P < 0.001). I the rats were pretreated with 32 mg/kg
of iproniazid i.p.. the mean + S. E. half-lifc of DMT
was estimated to be 30.6 + 1.7 min in brain and
27.6 + 0.7 min in liver (Fig. 3). The half-life of DMT
in iproniazid-pretreated animals was greatly increased
for both brain and liver from that of 0.9, NaCl-pre-
treated animals (P < 0.001). The half-lifc of DMT
(10 mg/kg) in tranylcypromine-pretreated animals
was 38.5 + 2.5 min in brain and 39.7 £ 2.7 min in
liver (Fig. 3). Tranylcypromine also greatly in-
creased the half-life of DMT in both brain and liver
(P < 0.001).

Correlation between tissue DM T level and FR4 bar-
pressing behavior in male Holtzman rats. 1t has been
previously observed by Kovacic and Domino [24]
that rats trained to barpress for milk reward on an
FR, schedule ceased to press for a mean period of
23 min after 3.2 mg/kg of DMT, 46 min after 10 mg/kg
of DMT, and 190 min in rats pretreated with ipronia-
zid (32 mg/kg) and then given 10 mg/’kg of DMT 16 hr
later. Little or no behavioral disruption could be
observed after | mgykg of DMT. As is evident in Fig.
2. the actual brain DMT level is about 0.41 pg/g
23 min after 3.2 mg/kg of DMT. The brain DMT level
is about 0.95 pg/g 46 nun after 10 mg/kg of DMT.
Therefore, the minimal brain DMT level for suppres-

sion of barpressing behavior is between 041 and
0.95 ng/g.

To venify the estimated threshold DMT level for
disruption of barpressing bchavior, groups of trained
rats were given cither 3.2 or [0 mg/kg of DMT ip.
The rats were sacrificed by decapitation as soon as
they resumed normal barpressing behavior. The mean
+ S. E. in their brains was analyzed and found to
be 0,48 + 0.09 pg/g of tissuc after a dose of 3.2 mg/kg
and 0.90 + 0.13 pg/g after a dose of 10mgkg of
DMT. These data are in agrcement with the levels
estimated through the time courses of clearance of
brain DMT (Fig. 2). A slight but significant difference
on the threshold levels for the disruption of barpress-
ing behavior was noted upon the administration of
different doses (3.2 and 10 mg/kg) of DMT (P < 0.03).
The reason for this discrepancy is unknown.

Figure 4 illustrates the correlation between the
mean time required to reach minimal DMT concen-
tration in tissues (0.24 pg/g of brain and 0.41 ug/g of
liver) and the mean duration of suppression of FR,
barpressing behavior. The values used arc the DMT
concentrations in brain and liver after 1 mg'kg of
DMT i.p. There is a lincar relationship between the
mean time required to rcach the minimal DMT con-
centrations in tissues and the mecan duration of sup-
pression of FRy barpressing behavior with a correla-
tion coefficient of 0.99 for brain (P < 0.02) and 1.00
for liver (P < 0.001). Brain and liver DMT levels were
highly correlated (r = 0.97. Fig. 5).
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DISCUSSION

The slight modification of the extraction procedure
of Cohen and Vogel [25] enabled us to analyze DMT
in tissucs for a longer period than that previously
reported. The extraction procedure is standard for the
recovery of N.N-di-. -mono- or -unsubstituted-3-indo-
lealkylamines such as T. NMT and DMT. Therefore,
this assay is not specific for DMT alone. which is
in agreement with Gross and Franzen [29] but dis-
agrees with Cohen and Vogel [25]. Within the sensi-
tivity limits of this assay procedure. there was neglig-
ible interference from endogenous indolealkylamines.
N-demethylation of DMT has been proposed for its
biological disposition [30]. To check whether this
assay procedure could be utilized for the assay of in-
jected DMT, tissuc extracts were treated with trifluor-
oacetic anhydride, which converted primary and
sccondary amines to their corresponding amides.
They could thus be separated from DMT by extract-
ing DMT into an acid. The recoveries of tissue
extracts treated with or without TFAA were not sta-
tistically significant from cach other. Therefore no
attempt was made to separate T and NMT. Hence
this assay procedure was adapted for the purposcs
of this study.

A significant difference in the half-life of DMT in
rat brain was noted after administration of two differ-
cnt doses. This suggests that different modes of clear-
ance of DMT exist in the brain. Larger doscs
{10 mg/kg) of DMT resulted in a slower rate of clear-
ance. This probably resulted from monoamine oxi-
dasc inhibition by the high doses of DMT. for it is
known that tertiary amines can be weak MAO inhibi-
tors and that DMT inhibits this enzyme [31].* There
was no significant difference in the half-life of DMT
in the liver after 3.2 or 10 mg/kg (P > 0.05). Although
liver MAO might also be inhibited by DMT in rviro.
this is not the only enzyme in the liver which can
biotransform DMT. On the other hand, it is generally
assumed that amines in brain are biotransformed

*E. F. Domino and R. R. Krause. unpublished observa-
tions.

and E. F. DoMino

chicfly by MAO. The halt-life of DMT was greatly
increased in both the brain and liver after pretreat-
ment  with iproniazid and tranyleypromine. This
might be expected. for DMT is known to be con-
verted to indoleacetic acid by mitochondrial and mic-
rosomal enzyvmes [32,33]. This suggests that DMT
is a substrate for MAQ. It is of considerable interest
that after MAQO inhibition by either of these agents.
the half-lifc of DMT in brain and liver is not very
different (P > 0.05). This is strong cvidence of simtlar
modes of clearance of DMT [rom both the brain and
liver after MAQO inhibition. Perhaps after MAO inhi-
bition. brain DMT is chiclly biotransformed by
enzymes other than MAQO. Tranyleypromine: pro-
longed DMT half-lifc more than iproniazid under the
present experimental conditions (P < 0.05).

The fact that the time during which DMT could
be detected in the brain correlates with the duration
of cessation of barpressing behavior suggests that the
behavioral deficit is due to the dircet involvement of
DMT itself rather than a sccondary effect of the drug.
such as the formation of a metabolite [34] or its inter-
action with 3-HT [23]. The data are consistent with
a direct central action of DMT.
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