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ABSTRACT: Novel synthetic compounds have been available for
decades as quasi-legal alternatives to controlled substances. The
hallucinogen-like effects of eight novel substituted tryptamines
were evaluated to determine their potential abuse liability. Male
Sprague−Dawley rats were trained to discriminate 2,5-dimethoxy-
4-methylamphetamine (DOM, 0.5 mg/kg, i.p., 30 min) from
saline. 4-Acetoxy-N,N-diethyltryptamine (4-AcO-DET), 4-hy-
droxy-N-methyl-N-ethyltryptamine (4-OH-MET), 4-hydroxy-
N,N-diethyltryptamine (4-OH-DET), 4-acetoxy-N-methyl-N-iso-
propyltryptamine (4-AcO-MiPT), 4-acetoxy-N,N-dimethyltrypt-
amine (4-AcO-DMT), 4-hydroxy-N,N-dimethyltryptamine (4-
OH-DMT, psilocin), 5-methoxy-N-methyl-N-isopropyltryptamine
(5-MeO-MiPT), 4-acetoxy-N,N-diisopropyltryptamine (4-AcO-
DiPT), and 4-hydroxy-N,N-diisopropyltryptamine (4-OH-DiPT) were tested for their ability to substitute for the discriminative
stimulus effects of DOM. All test compounds fully substituted for DOM with potencies less than or equal to that of DOM. 4-OH-
MET, 4-OH-DET, 4-OH-DMT, and 4-AcO-DMT decreased response rate at doses that fully substituted. Because the test
compounds produced DOM-like discriminative stimulus effects, they may have similar abuse liability as DOM. 4-Acetoxy substituted
compounds were less potent than 4-hydroxy substituted compounds, and the N,N-diisopropyl compounds were less potent than the
dimethyl, diethyl, N-methyl-N-ethyl, and N-methyl-N-isopropyl compounds.

KEYWORDS: hallucinogens, drug discrimination, rat

Classic serotonin-mediated hallucinogens such as psilocy-
bin have likely been used for millennia for religious and

divinatory purposes.1 In recent clinical trials, psilocybin and
other classic hallucinogens have been used to treat depression
and anxiety related to cancer diagnosis,2 persistent pain,3 and
to aid in the cessation of drug use.4 However, they are also
used in nonreligious or nonmedical settings for a myriad of
reasons.5 Although classic hallucinogens such as psilocybin,
lysergic acid diethylamide (LSD), N,N-dimethyltryptamine
(DMT), mescaline, and 5-methoxy-N,N-diisopropyltryptamine
(5-MeO-DiPT) are still commonly used, novel synthetic
hallucinogens are still coming onto the market, many of
them described in Shulgin’s book TiKHAL.6 Several of these
compounds have been flagged for interest by the United States
Drug Enforcement Administration, including 4-acetoxy-N,N-
diethyltryptamine (4-AcO-DET), 4-hydroxy-N-methyl-N-eth-
yltryptamine (4-OH-MET, metocin, methylcybin), 4-hydroxy-
N,N-diethyltryptamine (4-OH-DET), 4-acetoxy-N-methyl-N-
isopropyltryptamine (4-AcO-MiPT, mipracetin), 4-acetoxy-
N,N-dimethyltryptamine (4-AcO-DMT, psilocetin, O-acetyl-
psilocin), 4-acetoxy-N,N-diisopropyltryptamine (4-AcO-DIPT,
ipracetin), 5-methoxy-N-methyl-N-isopropyltryptamine (5-
MeO-MiPT), and 4-hydroxy-N,N-diisopropyltryptamine (4-
OH-DiPT) (Figure 1).

Several of these are easily available through Internet sources,
including 4-OH-DET, 4-OH-DiPT, 4-AcO-DMT, and 4-AcO-
DiPT.7 Recreational use of several tryptamines, including 4-
OH-MET and 4-AcO-DMT, have been documented,8−10 and
others, including 4-OH-MET, 4-OH-DET, and 4-AcO-DiPT,
have been detected in blood, urine, and post-mortem
samples.11−14 The most commonly found nonregulated
tryptamine (2006−2015) was 4-AcO-DMT.15

Classic hallucinogens are known to act at serotonin (5-HT)
receptors, particularly 5-HT2A, but have effects at a wide range
of other receptors and transporters which may contribute to
the hallucinogenic effects.16−18 Of the compounds tested in the
current study, 4-OH-DMT, 4-OH-DiPT, 4-OH-MET, and 5-
MeO-MiPT all bound to and acted as agonists at 5-HT2A.

19 4-
OH-DMT, 4-OH-DET, and 5-MeO-MiPT all produced potent
effects on 5-HT1A, 5-HT2A, and 5-HT2B receptors.20
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4-OH-DMT (psilocin) is the active metabolite of the well-
known hallucinogen psilocybin,18 and after oral or intravenous
administration, psilocybin is rapidly metabolized to psilocin.21

The behavioral effects of psilocybin, and hence psilocin, have
been well-characterized and serve as a positive control. Very
little behavioral testing has been conducted with the remainder
of these test compounds. 4-AcO-DMT blocked drug-with-
drawal-induced aversions in morphine and nicotine dependent

mice.22 Some of the parent compounds, DMT, N,N-
diethyltryptamine (DET), and N,N-diisopropyltryptamine
(DiPT), have been reported to produce hallucinogen-like
discriminative stimulus effects. DMT produced full substitu-
tion (>80% drug-appropriate responding) in rats trained to
discriminate the hallucinogens 2,5-dimethoxy-4-methylam-
phetamine (DOM) or LSD in one study,23 but only 78% in
LSD-trained rats in ref 24. DET fully substituted for LSD in
one study25 but not another (49%).24 DiPT also fully
substituted for the discriminative stimulus effects of DMT
and DOM but produced only 68% LSD-like responding.26

Hallucinogenic compounds, including DOM, produce similar
but not completely overlapping discriminative stimulus effects,
which are mediated largely by serotonin 5-HT2A receptors,

16,25

so taken together, there is good evidence that the parent
compounds produce some sort of hallucinogen-like effects.
Assessment of abuse liability incorporates several factors.

Compounds with chemical structures and mechanisms of
action similar to known drugs of abuse are flagged for concern.
Behavioral effects common to known drugs of abuse, such as
the head-twitch response,27,28 help confirm related types of
effects. Confirmatory tests include tests of subjective effects
and rewarding/reinforcing effects. The purpose of the current
study was to test whether a set of substituted tryptamine
compounds identified by the DEA produce discriminative
stimulus effects similar to the hallucinogen DOM. Drug
discrimination is a useful animal model of the subjective effects
of drugs and correlates well with human use.29,30 Currently,
there are no good, consistent animal models of hallucinogen
self-administration, so drug discrimination studies are useful
for preclinical determination of potential hallucinogenic
activity.

Figure 1. Chemical structures of the test compounds. Tryptamine and
its potential structural substitutions are shown on the left; DOM is
shown on the right.

Figure 2. Substitution for the discriminative stimulus effects of DOM. Top panels show percentage of total responses made on the drug-appropriate
lever. Bottom panels show rate of responding in responses per second (r/s). 4-AcO-DET (n = 9), 4-OH-MET (n = 9), 4-OH-DET (n = 8), 4-AcO-
MiPT (n = 9), 5-MeO-MiPT (n = 6), 4-AcO-DMT (n = 9), 4-AcO-DiPT (n = 8), and 4-OH-DiPT (n = 6) unless otherwise shown. Ctrl indicates
vehicle and training drug control values. * indicates response rate different from vehicle control (p < 0.05). Error bars show standard error of the
mean.
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■ RESULTS AND DISCUSSION
All of the tryptamine test compounds fully substituted for the
discriminative stimulus effects of 0.5 mg/kg DOM (Figure 2).
The potencies of the test compounds were less than or equal to
that of DOM (Table 1). There was a 10-fold range in potency,

and the rank order of potency was: DOM > 4-OH-DET > 4-
OH-DMT = 4-OH-MET > 5-MeO-MiPT = 4-AcO-MiPT = 4-
AcO-DMT > 4-OH-DiPT > 4-AcO-DiPT > 4-AcO-DET.
Rate of responding was not changed following any dose of 5-

MeO-MiPT, 4-AcO-MiPT, or 4-OH-DiPT. 4-AcO-DET and
4-AcO-DiPT did not produce statistically significant decreases
in response rate, but two rats failed to earn a food pellet when
tested at the highest dose of each compound. 4-OH-MET
decreased response rate [F(5,40) = 8.741, p < 0.001] such that
5 of 9 rats failed to earn a food pellet following 2.5 mg/kg. 4-
OH-DET decreased response rate [F(5,35) = 12.699, p <
0.001] such that 3 of 8 rats failed to earn a food pellet
following 3.2 mg/kg. Response rate was decreased following 1
and 3.2 mg/kg of 4-OH-DMT [F(5,35) = 12.825, p < 0.001],
such that 2 of 8 rats failed to earn a food pellet following 3.2
mg/kg. 4-AcO-DMT decreased response rate [F(4,32) =
12.347, p < 0.001] such that 2 of 9 rats failed to earn a food
pellet following 2.5 mg/kg.
These findings agree with earlier findings that a variety of

substituted tryptamines can produce DOM-like discriminative
stimulus effects,16,17,31 and are not surprising, because several
of the test compounds act at 5-HT2A and 5-HT1A
receptors,19,20 which are commonly thought to mediate the
subjective effects of hallucinogens, including DOM.16,31 In
addition, it is well-known that psilocybin produces halluci-
nogen-like discriminative stimulus effects, cross-substituting for
LSD, DOM, and other hallucinogenic compounds.16,17,31

Psilocybin is converted to psilocin (4-OH-DMT) in the
body,21,32 so it is to be expected that direct administration of 4-
OH-DMT would also fully substitute for the discriminative
stimulus effects of DOM, as was observed in the present study.
Comparing the potencies (Table 1), 4-AcO-DET was 10-

fold less potent than 4-OH-DET, and 4-AcO-DMT and 4-
AcO-DiPT were each 2-fold less potent than their respective 4-
OH congeners. In the case of the N-methyl-N-isopropyltrypt-
amine compounds, the 5-MeO substitution was not signifi-
cantly different in potency compared to the 4-AcO
substitution.
Taken together, eight novel substituted tryptamines

produced discriminative stimulus effects comparable to those
of DOM, which suggests that these compounds may have

similar subjective effects as hallucinogenic tryptamines and
thereby similar effects that might account for their recreational
use that is currently under investigation for psilocybin and
other hallucinogens. In addition, the hypothesis that psilocin is
the behaviorally active metabolite of psilocybin was supported
by the full substitution of psilocin in DOM-trained rats. None
of the compounds produced adverse effects at the doses tested,
unlike some of the compounds tested previously which
produced paralysis, tremors, convulsions, and lethality.26,33

■ METHODS
Subjects. Male Sprague−Dawley rats were obtained from

Envigo. All rats were housed individually and were maintained
on a 12/12 light/dark cycle (lights on at 7:00 AM). Body
weights were maintained at 320−350 g by limiting food to 15
g/day which included the food received during operant
sessions. Water was readily available. All housing and
procedures were in accordance with Guidelines for the Care
and Use of Laboratory Animals and were approved by the
University of North Texas Health Science Center Animal Care
and Use Committee.

Discrimination Procedures. Standard operant behavior-
testing chambers (Coulbourn Instruments, Allentown, PA,
Model E10-10) were connected to IBM-PC compatible
computers via LVB interfaces (Med Associates, East Fairfield,
VT). Response levers were positioned to the left and right of
the food hopper. A house light was centered over the hopper
close to the ceiling and was illuminated only when the levers
were active. The computers were programmed in Med-PC for
Windows, version IV (Med Associates) for the operation of the
chambers and collection of data.
Using a two-lever choice methodology, 27 rats were trained

to discriminate (−)-2,5-dimethoxy-4-methylamphetamine hy-
drochloride (0.5 mg/kg, i.p.) from saline. Rats received an
injection of either saline or drug and were subsequently placed
in the behavior-testing chambers, where food (45 mg food
pellets; Bio-Serve, Frenchtown, NJ) was available as a
reinforcer for every 10 responses on a designated injection-
appropriate lever. The pretreatment time was 30 min. Each
training session lasted a maximum of 10 min, and the rats
could earn up to a maximum of 20 food pellets. The rats
received approximately 60 of these sessions before they were
used in tests for substitution of the experimental compounds.
Rats were used in testing once they had achieved 9 of 10
sessions at 85% injection-appropriate responding for both the
first reinforcer and total session. The training sessions occurred
on separate days in a double alternating fashion (drug−drug−
saline−saline−drug; etc.) until the training phase was
complete, after which substitution tests were introduced into
the training schedule such that at least one saline and one drug
session occurred between each test (drug−saline−test−saline−
drug−test−drug; etc.). The substitution tests occurred only if
the rats had achieved 85% injection-appropriate responding on
the two prior training sessions.
4-AcO-DET (n = 9, saline, 60 min), 4-OH-MET (n = 9,

deionized water, 30 min), 4-OH-DET (n = 8, deionized water,
30 min), 4-AcO-MiPT (n = 9, saline, 30 min), 5-MeO-MiPT
(n = 6, saline, 60 min), 4-AcO-DMT (n = 9, saline, 45 min), 4-
AcO-DiPT (n = 8, saline, 30 min), and 4-OH-DiPT (n = 6,
deionized water, 15 min) were tested for substitution in DOM-
trained rats. For dose−effect experiments, intraperitoneal (i.p.)
injections (1 mL/kg) of vehicle or test compound were
administered, and test sessions lasted for a maximum of 20

Table 1. Potencies (ED50 Values Expressed in mg/kg ±
Standard Error of the Mean) For the Test Compounds in
the Present Study

test compound potency (mg/kg)

DOM standard 0.14 ± 0.07
4-OH-DMT (psilocin) 0.33 ± 0.18
4-AcO-DMT 0.68 ± 0.12
4-OH-MET 0.38 ± 0.20
4-OH-DET 0.18 ± 0.18
4-AcO-DET 2.1 ± 0.10
5-MeO-MIPT 0.61 ± 0.14
4-AcO-MIPT 0.66 ± 0.12
4-OH-DIPT 0.73 ± 0.14
4-AcO−DIPT 1.47 ± 0.09
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min. In contrast with training sessions, both levers were active,
such that 10 consecutive responses on either lever led to
reinforcement. Data were collected until all 20 reinforcers were
obtained or for a maximum of 20 min. A repeated-measures
design was used, such that each rat was tested at all doses of a
given drug, including vehicle and training-drug controls. The
dose effect of each compound was tested from no effect to full
effect or rate suppression (<20% of vehicle control) or adverse
effects. Rats that failed to complete the first fixed ratio were
excluded from the analysis of drug-appropriate responding but
were used for analysis of response rate.
Drugs. 4-Acetoxy-N,N-diethyltryptamine HCl, 4-hydroxy-

N-methyl-N-ethyltryptamine HCl, 4-hydroxy-N,N-diethyl-
tryptamine HCl, 4-acetoxy-N-methyl-N-isopropyltryptamine
HCl, 4-acetoxy-N,N-dimethyltryptamine HCl, 4-hydroxy-
N,N-dimethyltryptamine HCl, and 4-acetoxy-N,N-diisopropyl-
tryptamine HCl were supplied by the Cayman Chemical
Company (Ann Arbor, MI). (−)-2,5-Dimethoxy-4-methyl-
amphetamine hydrochloride, 4-hydroxy-N,N-diisopropyl-
tryptamine, and 5-methoxy-N-isopropyl-N-methyltryptamine
were provided by NIDA Drug Supply. Optically active test
compounds were provided as racemates. 4-OH-MET, 4-OH-
DET, and 4-OH-DiPT were dissolved in deionized water. The
remaining compounds were dissolved in 0.9% saline. All
compounds were administered i.p. in a volume of 1 mL/kg.

■ DATA ANALYSIS
Drug discrimination data are expressed as the mean percentage
of drug-appropriate responses occurring in each test period.
Graphs for percent drug-appropriate responding and response
rate were plotted as a function of dose of test compound (log
scale). Percent drug-appropriate responding was shown only if
at least three rats completed the first fixed ratio. Full
substitution was defined as ≥80% drug-appropriate responding
and not statistically different from the training drug. Rates of
responding were expressed as a function of the number of
responses made divided by the total session time. Response
rate data were analyzed by one-way repeated-measures analysis
of variance. Effects of individual doses were compared to the
vehicle control value using a priori contrasts. The potencies
(ED50 and standard errors of the mean) of the test compounds
were calculated by fitting straight lines to the linear portion of
the dose−response data for each compound by means of
OriginGraph (OriginLab Corporation, Northampton, MA). A
two-way ANOVA was conducted on the ED50 values.
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