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Transient reinforcing effects of phenylisopropylamine and
indolealkylamine hallucinogens in rhesus monkeys
W. E. Fantegrossi, J. H. Woods and G. Winger

Relatively few studies have assessed the reinforcing

effects of hallucinogenic compounds, and no such studies

have attempted to engender contingent responding for

these compounds in animals with behavioral histories that

include experience with serotonergically mediated

reinforcing effects. The objectives of the present study

were to investigate the capacity of several hallucinogenic

compounds to maintain self-administration behavior in

rhesus monkeys with a previous history of 3,4-methylene-

dioxymethamphetamine (MDMA) self-administration, and

to compare these effects across a range of doses of drugs

from two structural classes (indolealkylamines and

phenylisopropylamines). The results indicate that no

compound generated reliable responding and that no

subject ever self-administered 4-iodo-2,5-dimethoxyphe-

nylisopropylamine (DOI) at rates above those engendered

by contingent saline. However, 3 out of 4 subjects did

respond at rates between 0.75 and 3.0 responses/s in one

or more sessions where N,N-dimethyltryptamine (DMT),

mescaline or psilocybin were available. During some of

these sessions in which self-administration was

maintained, animals earned a majority of all available

infusions and appeared intoxicated by the end of the

session. This pattern of transient self-administration may

indicate that these compounds have weak reinforcing

effects, or mixed reinforcing and aversive effects.
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Introduction

Central serotonin (5-HT) systems have not traditionally

been associated with the reinforcing effects of drugs.

However, in recent years, a sizeable body of literature

describing complex serotonergic involvement in such

reinforcing effects has been gradually developing. For

instance, decreased 5-HT levels, produced via depletion

or lesion, have been associated with increased dopamine

(DA) activity in the ventral tegmental area and the

nucleus accumbens, two brain areas critically implicated

in the reinforcing effects of drugs (White et al.,
1995; Morgan et al., 1997). Destruction of 5-HT neur-

ons with 5,7-dihydroxytryptamine (5,7-DHT) likewise

appears to increase self-administration of D-amphet-

amine in rats (Lyness et al., 1980). Additionally, the

5-HT2 receptor agonists 4-iodo-2,5-dimethoxyphenyl-

isopropylamine (DOI) and 5-methoxydimethyltrypta-

mine (5-OMe DMT) may potentiate DA release induced

by the subsequent administration of 3,4-methylenediox-

ymethamphetamine (MDMA) in rats (Gudelsky et al.,
1994). In keeping with serotonergic mediation, pretreat-

ment with the 5-HT2A receptor antagonist M100907

(formerly MDL 100907), or the non-selective 5-HT2

antagonist amperozide, has been shown to greatly

attenuate this latter effect (Schmidt et al., 1994).

We have previously reported on intravenous self-admin-

istration of MDMA and its enantiomers in rhesus

monkeys, and shown that responding for this compound

is almost completely abolished by a dose of M100907 that

does not alter responding for contingent injections of

intravenous cocaine (Fantegrossi et al., 2002). That R( – )-

MDMA functioned as a reinforcer at all was surprising,

given that this compound has no measurable effects on

DA in rat striatal synaptosomes (Steele et al., 1987) and

only minor effects on striatal DA in microdialysis

experiments (Hiramatsu and Cho, 1990) in rats. Corre-

spondingly, N-methyl-1-(1,3-benzodioxol-5-yl)-2-butana-

mine (MBDB), the a-ethyl homologue of MDMA that

fully substitutes for MDMA in drug discrimination

studies (Oberlender and Nichols, 1990), has been shown

to produce conditioned place preference in rats, despite

having no effect on striatal DA levels as measured by in
vivo microdialysis (Marona-Lewicka et al., 1996). These

findings strongly suggest that central 5-HT systems may

play a role in the reinforcing effects of some drugs.

Notwithstanding the growing indication of serotonergic

involvement in reinforcing effects of self-administered

drugs, conventional serotonergic hallucinogens have long

stood out as a class of drugs that is abused by humans

but, nonetheless, fails to engender intravenous
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self-administration in laboratory animals (Poling and

Bryceland, 1979). In one study, dimethyltryptamine, a

classical 5-HT hallucinogen of the indolealkylamine type,

was reported to maintain smoking behavior in isolated

and sensory-deprived rhesus monkeys (Siegel and Jarvik,

1980). Despite this single report, accounts of reinforcing

effects of the classical hallucinogens with indolealkyl-

amine-, phenylisopropylamine- or ergoline-like struc-

tures are uncommon in the experimental literature. Hal-

lucinogenic compounds from all three of these structural

classes act as agonists at several post-synaptic 5-HT

receptor subtypes, with varying degrees of selectivity,

but only their affinity at 5-HT2A receptors is highly

correlated with their potency to induce hallucinations

in humans (Sadzot et al., 1989).

Explanations for the difficulty in engendering contingent

responding for hallucinogens and other serotonergic

compounds in laboratory animals may well involve several

complex issues, one of which may be the unique self-

administration history of the individual subjects. The

effects of individual drug-exposure history on initiation of

subsequent self-injection and propensity to self-adminis-

ter specific compounds has been reviewed (Young et al.,
1981), and although not previously demonstrated for the

hallucinogens, lines of evidence from other pharmacolo-

gical classes may be relevant. Specifically, Young and

Woods (1981) have shown that phencyclidine (PCP),

dextrorphan and dexoxadrol maintain behavior in rhesus

monkeys with a history of ketamine self-administration

but not in animals with a history of codeine self-

administration. Also, Beardsley et al. (1990) determined

that the N-methyl-D-aspartate (NMDA) receptor antago-

nist MK-801 maintains behavior in rhesus monkeys with a

history of PCP self-injection, but not in monkeys with a

history of cocaine self-administration. A similar depen-

dence on reinforcement history has been established for

the self-administration of benzodiazepines (Bergman and

Johanson, 1985) and psychostimulants (Schlichting et al.,
1970; Nader, 1998).

In view of the importance of behavioral history to the

reinforcing effects of drugs, it seems plausible that a

behavioral history that includes experience with the

reinforcing effects of serotonergic drugs might predispose

an organism to self-administer other serotonergic drugs,

including hallucinogen-like compounds that otherwise do

not maintain behavior. Studies of the reinforcing effects

of these compounds in monkeys with a history of prior

intravenous self-administration of MDMA, which has

primarily (although not exclusively) serotonergic actions,

might be useful to assess this possibility. Although not

typically classified as an hallucinogenic compound,

MDMA is a ring-substituted amphetamine derivative

that has structural features common to amphetamine-like

psychostimulants, as well as phenylisopropylamine hallu-

cinogens (such as mescaline). The complex neurophar-

macological profile of MDMA includes carrier-mediated

stimulation of 5-HT release (Nichols et al., 1982; Rudnick

and Wall, 1992), blockade of 5-HT reuptake (Nichols,

1986), and direct agonist effects at 5-HT2 receptors

(Teitler et al., 1990). This latter property has been

proposed as a major mechanism in the mediation of

hallucinogenic effects (Glennon et al., 1984; Sadzot et al.,
1989; Aghajanian and Marek, 1999), and seems to be

critical for the reinforcing effects of MDMA in rhesus

monkeys (Fantegrossi et al., 2002). Furthermore, rats

trained to discriminate R( – )-MDMA have fully general-

ized to cues produced by the classical hallucinogens

lysergic acid diethylamide (LSD) (Baker et al., 1995) and

mescaline (Baker and Taylor, 1997; but see also Glennon

et al., 1982; Oberlender and Nichols, 1988). In our own

work, therefore, previous MDMA self-administration may

have provided us with a cohort of monkeys that might be

uniquely sensitive to the reinforcing effects of other

serotonergic drugs. To assess this possibility, we sub-

stituted a range of doses of the two indolealkylamine

hallucinogens N,N-dimethyltryptamine (DMT) and psi-

locybin, as well as the two phenylisopropylamine

hallucinogens DOI and mescaline for cocaine in four

MDMA-experienced rhesus monkeys.

Methods

Subjects

Four adult rhesus monkeys (three male, one female),

with extensive self-administration histories, served as

subjects in these studies. All animals weighed between

6.5 and 12 kg and had participated previously in studies

with opioids and psychostimulants, as well as with

racemic MDMA and its stereoisomers. Animals were

individually housed in 83.3� 76.2� 91.4 cm-deep stain-

less-steel cages. A side-mounted panel was present in

each cage, equipped with a row of three stimulus lamps

(red–green–red) across the top, and two response levers

at the bottom (one mounted under each red light).

During these studies, each animal wore a Teflon mesh

jacket (Lomir, Québec, Canada) connected to a flexible

stainless-steel spring arm attached to the rear of the cage.

Animals were fed between 10 and 12 Purina monkey

chows twice per day, and water was freely available. Daily

fresh fruit and other treats supplemented this diet. In

accordance with IACUC (Institutional Care and Use

Animal Committee) requirements, environmental enrich-

ment toys were also provided on a regular rotating basis.

The surgical preparation of all subjects and the operant

schedules used to engender contingent responding for

MDMA have been described previously (Fantegrossi et al.,
2002). Briefly, subjects were prepared with indwelling

intravenous catheters in an internal or external jugular,

femoral, or brachial vein under ketamine (10 mg/kg, i.m.)

and xylazine (2 mg/kg i.m.) anesthesia. Catheters were

run subcutaneously from the implant site to an exit site in
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the middle of the back. An external piece of catheter

tubing was connected to the indwelling catheter, fed

through the steel spring arm and passed to the outside

rear of the cage, then connected to drug supplies and

additional infusion lines that passed through the rollers of

the infusion pump. The infusion pump was calibrated to

deliver 1 ml of drug solution over 5 s.

Procedure

Four-component test sessions (130 min) occurred twice

daily (at 10.00 and 16.00 hours). In these sessions,

monkeys responded under an FR-30, time-out (TO) 45 s

schedule of reinforcement for each of four discrete doses

of either i.v. cocaine or a substitution drug. This schedule

allows for rapid dose–effect curve determinations in

rhesus monkeys and was previously used to engender

responding for racemic MDMA and its enantiomers

(Fantegrossi et al., 2002). Dose components of the session

were separated by 10-min time-out periods, during which

all stimulus lights were turned off and responses had no

programmed consequences. The onset of each dose

component was signaled by the illumination of a red

stimulus light. In the presence of this light, the thirtieth

response on the lever beneath it (FR-30) resulted in

operation of the infusion pump. During the infusion, the

red stimulus light was extinguished and the central green

light was illuminated. Infusion was followed by a 45-

second inter-injection time-out period (TO 45 s), during

which all lights were turned off and responses had no

programmed consequences. Each dose component of this

multiple schedule was in effect for a maximum of 20 drug

deliveries, or until 25 min had elapsed.

The duration of infusion pump operation differed in the

different dose components. The pumps were calibrated

to deliver 1 ml of drug solution over a 5-second interval;

thus, a higher dose per infusion could be provided by

lengthening the infusion interval and, thereby, adminis-

tering a greater volume of solution. Throughout these

experiments the pump durations were 0.5, 1.7, 5.0 and

16.7 s. These durations corresponded to doses of 0.001,

0.003, 0.01 and 0.03 mg/kg per injection when drug

reservoir supply bags were filled with a concentration of

0.01 mg/kg per ml. Supply bags were prepared on an

individual basis, dependent on the animal’s weight. Two

higher doses were tested by filling supply bags with a

concentration of 0.1 mg/kg per ml (again made on an

individual basis, dependent on the animal’s weight).

Under these latter conditions, the pump durations

remained the same but corresponded to doses of 0.01,

0.03, 0.1 and 0.3 mg/kg per injection. The overlapping

doses of 0.01 and 0.03 were thus delivered at two

different infusion durations; previously, such differences

in infusion rate did not affect self-administration

(Fantegrossi et al., 2002). Four different orders of pump

durations were used in cocaine and saline sessions: an

ascending order, a descending order and two mixed

orders. The order was selected randomly before each

cocaine or saline session; however, all results presented in

this report are based upon data obtained in morning

sessions under the ascending-order schedule. MDMA and

hallucinogen substitution experiments were only con-

ducted under the ascending dose order schedule, and

substitutions were always made in morning sessions, no

more often than every fourth session. Saline was

substituted for the baseline drug (cocaine) approximately

every third session. During saline substitution sessions,

saline was available during all four components. If

responding during any component was > 0.5 response/

second, saline was made available in subsequent sessions

until this criterion was met. Hallucinogen substitutions

began less than 7 days after re-determining the dose–

effect function for MDMA self-administration, and the

two dose ranges for each drug were tested on three

separate occasions.

Drugs

Cocaine hydrochloride, MDMA, DMT and mescaline

were supplied by the National Institute on Drug Abuse

(Research Technology Branch, Research Triangle Park,

North Carolina, USA) S,R( + / – )-DOI was purchased

from Sigma Biochemicals (St. Louis, Missouri, USA).

Psilocybin was obtained from Sandoz Inc., Pharmaceu-

tical Department (Hanover, New Jersey, USA).

Data analysis

Mean response rates for each dose of self-administered

drug were compared by one-way ANOVA and Tukey’s

HSD post-hoc tests, using commercially available statis-

tical software. Single-session data were not analyzed

statistically.

Results

Baseline self-administration

Cocaine and MDMA generated ‘inverted U’-shaped

dose–response curves in all four monkeys in the present

experiments: low and high doses of these drugs

engendered low rates of responding, while intermediate

doses maintained high rates of self-administration beha-

vior. There were marked individual differences in the

maximum rate of response engendered by cocaine and

MDMA across subjects; however, all monkeys did respond

for at least two doses of these compounds at rates

significantly higher than those engendered by contingent

saline (Table 1). Responding for contingent saline occurred

at low rates (< 0.1 response/s) for all animals tested, and no

animal ever earned more than 11 saline injections in any

dose component. Neither response rates for cocaine nor

response rates for MDMA were predictive of subsequent

hallucinogen self-administration in any animal.

Indolealkylamines

Mean rates of responding for contingent psilocybin or

DMT (aggregated across all monkeys) were < 0.35
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response/s for all doses tested, and an average of less

than 8 of 20 available infusions were earned in each dose

component (Fig. 1, upper and lower left). No dose of

either indolealkylamine compound engendered signifi-

cantly higher mean response rates than did contingent

saline. However, a single subject (monkey 96X4394) did

respond at high rates during the first three substitutions

for each of the indolealkylamines (Fig. 2). Upon the first

exposure to a dose of 0.003 mg/kg per injection DMT,

subject 96X4394 responded at a rate of approximately 3.0

responses/s, and earned all 20 available infusions during

that component. During the next two DMT sessions, this

subject responded for this dose of drug at rates of

approximately 0.75 response/s, earning a majority of the

20 available infusions. Similarly, 0.0003–0.01 mg/kg per

injection of psilocybin maintained rates between 1.0 and

2.0 responses/s in this subject, and a majority of the 20

available injections were earned in each dose component.

Following sessions in which drug intake was high, monkey

96X4394 exhibited several signs of intoxication, including

stereotyped visual scanning around the room, head

twitches, bizarre body postures, hyperactivity, and ‘fly

catching’ (fixating on an empty point in space and

attempting to quickly grasp it). With the exception of

hyperactivity, these behaviors were never observed after

high intakes of cocaine or MDMA in this animal.

Interestingly, the reinforcing effects of these particular

doses of DMT and psilocybin proved to be transitory. In

both instances, further evaluations resulted in a marked

attenuation of self-administration behavior in subject

96X4394, even at doses that previously appeared to have

significant reinforcing effects in this animal.

Phenylisopropylamines

As with the indolealkylamines, mean rates of responding

for all doses of mescaline or DOI (aggregated across

monkeys) were low (< 0.25 response/s), and an average

of fewer than 6 of 20 available infusions were earned in

each dose component (Fig. 1, upper and lower right). No

dose of either phenylisopropylamine compound engen-

dered significantly higher mean response rates than did

contingent saline. However, mescaline transiently main-

tained significant self-administration behavior in subjects

96X4394 (Fig. 2), 92X2643 and 98X3152 (Fig. 3). In the

case of subject 96X4394, response rates of approximately

1.0 response/s were engendered by the 0.003 mg/kg per

injection dose of mescaline, and all but two available

infusions at this dose were earned during the first two

substitutions of this compound. Subject 92X2643 had

very low rates during the first two exposures to mescaline

but, during the third substitution session, responded at a

rate of approximately 2.0 responses/s for a dose of

0.01 mg/kg per injection and earned all available infusions

of that dose. For subject 98X3152, rates of approximately

1.0 response/s were engendered by doses of 0.001 and

0.003 mg/kg per injection of mescaline during the second

of three test sessions, and 19 of 20 available infusions

were earned in each component. Behavioral signs of

intoxication similar to those previously described follow-

ing indolealkylamine self-administration were observed in

these subjects following sessions in which intakes were

high. As was the case with DMT and psilocybin, the

apparent reinforcing effects of mescaline did not persist

in any subject. Interestingly, DOI failed to maintain i.v.

self-administration at any time in any animal.

Discussion
In the present experiments, several monkeys periodically

responded at high rates and earned a majority of all

available infusions of mescaline, psilocybin and DMT,

with no discernible pattern or regularity. Interestingly,

DOI was not self-administered by any animal, although

subjects had an opportunity to earn up to 0.88 mg/kg of

the compound. This dosage of DOI is within the range

previously shown to alter repeated acquisition and

performance of response sequences in rhesus monkeys

(Winsauer and Moerschbaecher, 2000). Thus, it seems

unlikely that the lack of self-administration of this

compound could simply be due to insufficient dose

availability. Importantly, changes across sessions of self-

administration for mescaline, psilocybin and DMT did

not conform to the typical extinction pattern, in which

high response rates are observed initially and gradually

Table 1 Response rates for each animal under saline, cocaine and (± )-3,4-methylenedioxymethamphetamine (MDMA) control conditions,
expressed as mean±SEM (three observations per dose)

Monkey Drug Saline 0.001 0.003 0.01 0.03 0.1 0.3

92X2643 Cocaine 3.25±0.12* 3.54±0.11* 3.34±0.50* 2.58±0.51*

MDMA 2.17±0.74* 2.90±0.21* 3.20±0.15* 2.72±0.51* 2.48±0.37* 0.95±0.26*

Saline 0.05±0.04
98X3152 Cocaine 0.65±0.16* 0.84±0.17* 1.31±0.19* 1.43±0.25*

MDMA 0.39±0.18* 0.67±0.11* 0.85±0.11* 0.26±0.02
Saline 0.08±0.05

96X4394 Cocaine 1.42±0.28* 2.25±0.06* 2.29±0.28* 2.12± 0.26*

MDMA 1.81±0.61* 1.9±0.29* 2.24±0.41* 1.55±0.47*

Saline 0.02±0.11
94X0352 Cocaine 0.40±0.28 1.08±0.51* 2.32±0.22* 2.59±0.15*

MDMA 0.55±0.52 0.49±0.44 1.19±0.35* 0.97±0.21*

Saline 0.05±0.03

All doses are expressed in mg/kg per injection. Asterisks indicate significant differences from saline rates (P<0.05) by Tukey’s HSD test.
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diminish over continued exposure to a non-reinforcing

stimulus. Further, during acute sessions in which

significant levels of self-administration occurred, rates

of hallucinogen-maintained responding (1.0–3.0 re-

sponse/s) were far greater than those engendered in

sessions in which contingent saline was available (< 0.5

response/s), suggesting that these intermittent sessions

of hallucinogen self-administration represent something

other than conventional extinction.

The inability of indolealkylamines and phenylisopropyl-

amines to maintain i.v. self-administration behavior is

consistent with the results of previous experiments

(Deneau et al., 1969; Yanagita, 1986). Apparent negative

reinforcing effects of hallucinogenic drugs have been

reported previously, and it may be that indolealkylamines

and phenylisopropylamines are aversive to laboratory

animals. For example, non-contingent administration of

LSD or DMT has been shown to increase the frequency

of fear grimaces in rhesus monkeys (Siegel et al., 1974),

suggestive of aversive drug effects (e.g. Berridge, 2000).

Similarly, Hoffmeister and Wuttke (1976) have shown

that drug-naı̈ve rhesus monkeys will work to terminate a

stimulus associated with infusions of LSD or DOM.

Alternatively, the reinforcing effects of drugs have been

shown previously to be influenced by the schedules that

govern their contingent delivery (Kelleher and Morse,

1968; Spealman and Goldberg, 1978), and it seems

reasonable to assume that the reinforcing effects of some

drugs may be appreciated only under particular con-

tingencies. Drugs with ‘high reinforcing efficacy’ would

be expected to maintain behavior across a wide range of

operant schedules and behavioral preparations, and this

appears to be the case for drugs such as cocaine,

amphetamine or heroin (Arnold and Roberts, 1997;

Stafford et al., 1998). However, drugs with ‘low reinforcing

efficacy’ might be expected to maintain behavior only

Fig. 1
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under a limited range of operant schedules or behavioral

preparations or, as was observed in the present experi-

ments, perhaps only transiently under some schedule

contingencies.

Previous instances of transient reinforcing effects in

monkey self-administration experiments have been ob-

served for certain steroids (Broadbear et al., 1999),

neurosteroids (unpublished observations) and the CRH-

R1 antagonist antalarmin (Broadbear et al., 2002).

However, the existing conceptual categorization describ-

ing the reinforcing effects of drugs may be inadequate for

interpreting these results. While some drugs have

previously been shown to possess reinforcing properties

Fig. 2
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only in certain situations – such as under specific

schedule contingencies, or following particular behavioral

histories (Woods, 1978) – compounds that inconsistently

maintain behavior in the same animals studied under

unchanging schedule contingencies and access conditions

have not been described previously. Further investiga-

tions into the ‘transient’ reinforcing effects of the

hallucinogens could help in understanding the variables

that control their self-administration by humans and,

from a theoretical standpoint, could improve our under-

standing of the nature of drugs as reinforcers.

As alluded to in the Introduction, it has been claimed

that ‘animal models’ of hallucinogenic drug taking may be

a poor match for the human experience. Although data

chronicling year-to-year changes in the prevalence of use

of the classical hallucinogens in humans are plentiful

(see, for example, Drug Abuse Warning Network, 2002),

more specific data on patterns of individual use are

scarce. Nonetheless, it seems reasonable to assert that

use patterns for the hallucinogens in humans are less

robust than for other drugs of abuse, such as cocaine or

heroin. Indeed, reports of hallucinogen ‘bingeing’ or

‘craving’, two concepts considered by many to be critical

to addiction, are almost unknown, and the prevalence of

lifetime use among some groups has remained relatively

constant since 1975 (Johnston et al., 2003). Thus, the use

patterns of hallucinogens in humans may be compatible

with the present data and indicative of the type of

‘transient’ reinforcing effects described herein. A more

careful and thorough survey of both human and animal

patterns of hallucinogen self-administration could poten-

tially reveal important similarities or differences across

species.

The finding that experience with the reinforcing effects

of MDMA did not predispose any animals to reliably self-

administer these hallucinogenic compounds is interest-

ing, although inconclusive in the absence of more

complete studies. Indeed, the instances of transient

reinforcing effects, though limited in occurrence, may

still critically depend on prior drug history. A more

extensive manipulation of drug history in further studies

may greatly improve our understanding of the reinforcing

effects of hallucinogens.

Numerous observations in other paradigms have demon-

strated that MDMA and related compounds differ from

Fig. 3
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traditional hallucinogens. Important differences in struc-

ture–activity relationships (Nichols, 1986) and discrimi-

native stimulus effects (Glennon et al., 1982; Oberlender

and Nichols, 1988; but see also Baker et al., 1995; Baker

and Taylor, 1997) have previously been noted between

MDMA and traditional hallucinogens, and these findings

have led to the suggestion that MDMA may produce its

hallucinogen-like effects in a way that is different from

the other substituted amphetamines (Nichols, 1986).

Nonetheless, the actions of MDMA at 5-HT2A receptors

appear to be integral to the reinforcing effects of this

compound (Fantegrossi et al., 2002). Why 5-HT2A-

mediated actions do not engender reliable self-adminis-

tration of the indolealkylamines and phenylisopropyl-

amines remains unknown.

In summary, the present data provide further evidence

that several hallucinogenic drugs from two distinct

structural classes do not reliably maintain contingent

responding in rhesus monkeys, and further extend such

findings to monkeys in which MDMA had serotonergi-

cally mediated reinforcing effects. Nonetheless, certain

indolealkylamines and phenylisopropylamines did appear

to have transient reinforcing effects in some subjects.

This pattern of sporadic self-administration may indicate

that these compounds have weak reinforcing effects, or,

alternatively, mixed reinforcing and aversive effects.
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