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DMT self-administration by monkeys in isolation
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Three rhesus monkeys trained to smoke lettuce cigarettes for water reward extinguished
responding when given water ad lib or when the hallucinogen dimethyltryptamine (DMT)
was added to the lettuce. Monkeys were then individually confined to an operant unit placed
in a sensory isolation chamber that deprived them of light and sound but permitted infrared
video monitoring. After continuous isolation for several days, two monkeys consistently self-
administered DMT in performance marked by dramatic changes in perceptual-motor behaviors.
These results suggest that animals will self-administer a hallucinogen when it provides stim-
ulation in an otherwise deprived environment.

It is a traditional biological assumption that plants
produce hallucinogenic compounds as defensive mech-
anisms to deter herbivores (Rosenthal & Janzen, 1979).
Most hallucinogens taste bitter, produce numbing
sensations, and cause a wide range of physiological and
psychological activity, resulting in unpleasant and
aversive experiences. These include dizziness, nausea,
vomiting, perceptual distortions, ataxia, inappropriate
and bizarre behavior, hallucinations, and, in sufficient
dosages, death. The inevitable ecological encounters
between animals and these naturally occurring plant
drugs give rise to numerous intoxications and poisonings
(Siegel, 1973). But most animals use acute sensory
mechanisms to detect the bitter compounds, learn from
feeding mistakes, and develop feeding strategies to
minimize intake of plant drugs and maximize nutrition.
While there is some accidental browsing or forced
feeding of plant drugs when other preferred forage is
unavailable, most herbivores will not self-administer
plant hallucinogens in natural habitats (see review by
SiegeI,1979).

Therefore, it is not surprising that animals in labora-
tory envirorunents do not readily self-administer these
hallucinogenic drugs (Griffiths, Brady, & Bradford,
1979). Most hallucinogens act as effective aversive stim-
uli, and they can be used to produce conditioned taste
aversions in several species such as rats and squirrel
monkeys. In rhesus monkeys, most drugs of human abuse
will serve as reinforcing stimuli in self-administration
studies. However, these animals generally refuse experi-
mental efforts to produce self-administration of hal-
lucinogens. There are some partial successes. Pickens,
Thompson, and Muchow (1973) reported that two
monkeys self-administered burning hashish via smoking
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on an FR 10 schedule, but only after prior exposure to
the drug (which traditionally attenuates aversive effects)
and only when food was concurrently available. Making
food available ad lib resulted in extinction of hashish
smoking. The ary1cycohexylamines, a unique class of
drugs with hallucinogenic properties, are consistently
self-administered by rhesus monkeys (Balster, Johanson,
Harris, & Schuster, 1973; Moreton, MeIsch, Stark, &
Thompson, 1977; Pickens et al., 1973). But these com-
pounds, which include phencyclidine (PCP) and keta-
mine, have mixed actions, including stimulant, sedative,
and anesthetic effects, and the specific stimulus prop-
erties involved in their self-administration are unclear
(see Mello, 1978). Similarly, the phenylethylamine
MDA is self-administered by baboons (Griffiths, Winger,
Brady, & Snell, 1976), but its reinforcing effects are
probably unrelated to hallucinogenic action (Griffiths
et al., 1979).

In humans, hallucinogens can also produce aversive
consequences, ranging from mild dizziness to anxiety
and panic. Envirorunents characterized by intense
external stimuli seem to promote panic reactions, and
''bad trips" often ensue. Consequently, sophisticated
users seek out quiet and dark environments in which to
experience the excitatory and rewarding drug effects. In
such dark settings, users report attenuation of unpleasant
reactions, concomitant with a heightening of enter-
taining visual imagery. Repeated use of hallucinogens is
generally motivated by a desire to experience these
novel sensory states, which are interpreted as stimulat-
ing and rewarding.

Isolated and deprived monkeys also appear to flnd
external stimuli exciting and rewarding. In a series of
classic studies, Butler (1953,1957, 1958) demonstrated
that monkeys confined to an opaque box would learn
a discrimination in order to earn a peek through a win-
dow at the laboratory environment in which the box was
situated. Learning occurred quickly, and the response
was quite persistent.

In view of these considerations, a logical question can
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be asked: If isolated monkeys will work to earn access
to a window in their box, what would happen if the only
window available was a hallucinogenic drug window?
The evidence in the existing literature suggests that
monkeys might self-administer a hallucinogen under
such conditions. Parker (1966) had already demon
strated . that darkness is an aversive stimulus condition
for monkeys and that light functions as an effective
positive reinforcer. It is possible that the visual stimula
tion from drug-induced hallucinations might provide a
reinforcement for monkeys placed in an aversive condi
tion of darkness. Indeed , there is electrophysiological
data suggesting that hallucinogens like LSD and DMT
"mimic" the effect of light on the retina (Heiss, Hoyer ,
& Poustka , 1973) or on EEG tracings (Marczynski,
1972). Such drugs "might be interpreted by the brain
as light and this may contribute to the origin of abnormal
reactions within brain structures which are also influ
enced, leading to hallucinations" (Heiss, et al., 1973,
p.457).

Previous studies have demonstrated that dimethyl
tryptamine (DMT) is a short-acting (30 min) hallucino
gen that changes the frequency of certain behaviors in
rhesus monkeys (Siegel, Brewster, & Jarvik, 1974).
When the drug is given in well-illuminated laboratory
environments, monkeys show a decrease in exploratory
behavior and appear preoccuppied with internally
generated stimuli. In completely dark environments,
DMT causes an increase in exploratory behavior
(Brewster, Siegel, Johnson, & Jarvik, 1976). In addition,
behaviors such as tracking (coordinated hand-eye move
ments) and fear grimaces, usually associated with spe
cific stimuli , emerged in the absence of such stimuli in
the dark when monkeys were given DMT. These results
suggested that DMT induced changes in perceptual
motor systems, if not hallucinations per se. In addition,
DMT is ideally suited to self-administration studies, since
it is short-acting and tolerance does not occur. It is
also effective via smoking, a response that monkeys can
readily acquire when working for other drugs, such
as cocaine (Siegel & Jarvik, 1980 ; Siegel, Johnson,
Brewster, & Jarvik , 1976). Thus, the present study was
designed to investigate the self-administration of DMT
via smoking in isolated monkeys.

METHOD

Subjects
Three adult rhesus monkeys (approximately 15 years old and

7.6 kg) were used as subjects. The monkeys had been used in
previous smoking studies with tobacco and cocaine. They had no
prior experience with hallucinogens and were drug free for
2 months prior to the start of this experiment.

Preparation of DMTCigarettes
Previous studies had determined that 2 mg/kg of DMT

administered intramuscularly resulted in behavior characterized
by increased visual exploration in a dark chamber without
accompanying fear grimaces or other associated "aversive"
reactions. Since it is estimated that only 30% of DMT available

in the burning cigarette is delivered to the mainstream of inhaled
smoke, a total of 50 mg of DMT was provided in each cigarette
in order to deliver 2 mg/kg. The cigarettes were unfiltered
commercial lettuce cigarettes (Lactuca sativa: Bravo Smokes,
Inc., Hereford, Texas). They were individually injected with
50 mg of DMT in a dilute acetic acid solution and allowed
to dry.

General Procedure
The monkeys were trained to puff on lettuce cigarettes

according to a previously described procedure (Jarvik, 1967) .
Briefly, the apparatus consisted of a large operant unit equipped
with a stainless steel smoking tube adjacent to a solenoid
operated water-delivery spout . The tube extended 5 em from the
wall of the unit, allowing the monkey to easily grasp it. The
ends of the smoking tube were flattened so that licking behavior
and other components of the drinking response were prevented
and the animal was required to suck or inhale smoke rather than
lick smoke. Monkeys were trained to puff on the smoking tube
in order to gain access to a l.s-ml water reward. Puff duration
was gradually shaped to 1 sec, and monkeys earned all their
water in this manner in daily I-h sessions. Companion studies
using radioactively labeled smoke indicated that some smoke
was inhaled into the lungs via this procedure (Robinson, Siegel,
& Johnson, 1974).

Initially, lettuce cigarettes were available on a dispenser
connected to the smoking tube . The dispenser positioned a cig
arette behind the tube , and the animal's first puffing response
ignited it. As the cigarette burned to within 10 mm of the end ,
a thermistor circuit rotated the dispenser, bringing a new cig
arette into position and lighting it. A total of 30 cigarettes could
be delivered to the animal in this way. Vacuum switches sensed
puff duration, and programming equipment located in an
adjacent room recorded number of cigarettes, puffs , individual
puff durations, and rewards.

Isolation Chamber
For sessions involving sensory isolation, the operant smoking

unit was installed in an observation cage equipped with a clear
Plexiglas door . The cage was illuminated from above by two
40-W (constant-voltage) bulbs, covered with infrared filters.
A Sony AV-3210 television camera, modified for infrared
sensitivity and equipped with an 8.s-mm lens, wasplaced approxi
mately 1 m in front of the Plexiglas door . The cage and camera
were enclosed in a sound- and light-attenuated chamber (Indus
trial Acoustics Company, Model 1202-A) equipped with venti
lation fans and exhaust . The camera was connected to a video
monitor and cassette recorder located outside the chamber .
Programming equipment for the operant smoking unit and its
cigarette dispenser were also located outside the chamber.
Observers, also located outside the chamber, scored behavior in
terms of the frequency of 18 behavioral categories: locomotion,
exploration (also duration), inappropriate (also duration) ,
stereotypy, yawn, vocalization, spasm, rocking, groom, self
clasp, self-bite, fear grimace, threat , tracking, grope, and bump
(see Siegel et al., 1974, for description of categories).

Treatments
The experiment was conducted in six treatment blocks. The

first block (lettuce and water) consisted of 10 successive daily
1-11 sessions during which lettuce cigarettes were available.
Animals were water deprived and earned all of their daily water
in these 1-h sessions (with subsequent supplements in home
cages if necessary). The second block (lettuce) consisted of
10 successive daily sessions during which lettuce cigarettes were
available and animals received water ad lib in their home cages
prior to each session. In these sessions, the water-delivery system
was still operated so as to minimize disruption of stimulus con
trol. In the third block (lettuce , isolation), animals were placed
individually in the isolation chamber, in total darkness, and were
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allowed to live there, 24 h/day, for 10 consecutive days, with
unlimited access to food and water. Cages were dimly illumi
nated for approximately 5 min each day for cleaning, feeding,
and changing of the cigarette dispenser. Lettuce cigarettes were
continually available during these sessions. The dispenser was
automatically rotated once per hour, allowing access to only one
cigarette per hour. A slight modification to the programm~ng

equipment allowed for the animal's first puff on the smoking
tube to ignite each new cigarette.

The fourth block (DMT and water) consisted of 10 successive
daily 1-h sessions during which DMT cigarettes were a~aila~le

and animals were water deprived and earned all of their daily
water during these sessions. The ftfth block (DMT) consisted
of 10 successive daily sessions of 1 h each during which DMT
cigarettes were available and water was given ad lib in the home
cages prior to each session. In the sixth block (DMT, isolation),
animals were once again placed in the sensory-isolation chamber
for 24 h/day with freely available food and water. DMT cig
arettes were available once per hour . Initially run for 10 con
secutive days, Block 6 was eventually extended to 20 consecu
tive sessions. The six blocks were conducted over a period of
6 months, with regular (lettuce and water) training sessions run
between blocks.

The results are presented in Table I in terms of the
means of smoking measures for each block of treatment
sessions for each monkey . Here, it can be seen that all
monkeys showed substantial smoking of lettuce ciga
rettes when working for water reward (Block 1), but such
smoking behavior was virtually extinguished when water
was available ad lib (Block 2) and when monkeys were
confined to the isolation chamber (Block 3). All three
monkeys showed a minimal amount of DMT smoking
when working for water reward (Block 4), but most of
this smoking occurred during the early sessions of this
block . It appeared that this initial exposure to DMT
was aversive, as all monkeys hesitated to approach the
smoking tube during the remaining sessions in this block

Table 1
Meansof Smoking Measuresfor Each Block of

Treatment Sessions for Each Monkey

Block 1 Block 2 Block 3 Block 4 Block 5 Block 6

Monkey 51
C 4.7 4.0 1.1 1.3 .0 1.7
P 142.4 27.2 8.8 3.8 .0 45.3
T 132.7 9.4 3.3 .9 .0 23.2

Monkey 52
C 5.6 .6 .2 .5 .8 1.8
p 240.4 .1 .0 .1 .0 47.7
T 202.9 .3 .3 .2 .2 34.2

Monkey 53
C 6.7 .0 .0 .9 .0 .2
p 353.1 .0 .0 7.5 .0 5.9
T 373.9 .0 .0 13.4 .0 .2

Note -C =mean number of cigarettes consumed; when multi-
plied by 50, this number represents the amount (in milligrams)
of DMT available in DMT session.s. P =mean number of puffs
per session. T = mean total duration of puffing per sesston [in
seconds). See text for explanation of blocks.

Figure 1. Total puffs on DMT cigarettes for each monkey
during days of isolation.

and when water was available ad lib (Block 5) . Nonethe
less, some puffing on DMT cigarettes continued for
Monkey S2 on a daily basis.

Smoking performance during Block 6 sessions, when
DMT cigarettes were available in the isolation chamber,
was dramatic. Figure 1 shows total puffs on DMT
cigarettes for each monkey during isolation sessions.
Monkey SI completely ignored the smoking tube for
the first 2 days of isolation and then executed a few
puffs on one cigarette on Day 3. Regular smoking of
approximately two cigarettes per day began on the
4th day and continued for the rest of the treatment
block . Monkey S2 ignored the smoking tube for the
first 8 days. On Day 9, this monkey initiated smoking
of two cigarettes and continued steady rates of smoking
behavior for the remainder of the block . Smoking
behavior here was characterized by puff durations and
frequencies significantly greater than those emitted in
all other blocks except Block 1. Interestingly, once
DMT smoking was initiated in isolation , it continued at
steady rates throughout the isolation sessions. Daily
distribution of DMT puffs during Block 6 indicated that
both Monkeys Sl and S2 tended to smoke in clusters
of puffs spaced at least 30 min apart. This distribution
coincides with DMT's short duration of action of
approximately 30 min. Monkey S3 smoked DMT cig
arettes on Day 2 only and did not approach the smoking
tube at any other time during the entire isolation period.

Concomitant with the self-administration of DMT
cigarettes, observers recorded an increase in behaviors
associated with hallucinogenic intoxication . Loco
motion increased for all monkeys following DMT;
this included crawling movements in one monkey and
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backward falls by another. Exploration also increased ,
and monkeys tended to spend more time engaged in
inappropriate behaviors , including lying prone on the
cage floor , circling, and bumping and groping cage walls.
Orienting responses and startle reactions appeared
periodically for SI and S2. Tracking movements exe
cuted with the eyes and/or hands increased directly as a
function of puffs on DMT cigarettes. Monkey S2,
following his initial DMT cigarette on Day 9, repeatedly
moved his hands over the cage floor, following them
with his eyes-movements virtually identical to those
observed in the tracking of real objects. These observa
tions confirm that the self-administration of DMT
cigarettes here resulted in behaviorally effective dosages.

DISCUSSION

The most apparent aspect of these findings is that monkeys
will self-administer DMT via a smoking response when confined
to an isolated environment, but they refuse the drug when
placed in normal laboratory environments, even when water
reward is contingent on the response. Furthermore, self
administration of DMT resulted in behaviors characteristic of
hallucinogenic intoxication.

Hallucinogens are generally aversive, and DMT, when given
to monkeys here in normal laboratory environments with or
without contingent water, was aversive. After a few puffs on
DMT cigarettes, monkeys frequently exhibited aggressive dis
plays, threats, and barks directed at the smoking tube. However,
during isolation sessions, two monkeys self-administered the
DMT, and the steady puff rates were robust phenomena for
both animals. Aggressive encounters with the smoking tube
were rare . It may be speculated that the failure of Monkey S3
to self-administer DMT during isolation resulted from an initial
high-dose intoxication on Day 2, which was marked by convul
sions and spasms. This may have produced a conditioned aver
sion to the puffing response, which subsequently extinguished.

The data clearly indicate that two monkeys responded for
DMT cigarettes. It could be argued that the light was a reinforcer
here , since some light was produced by puffing on a burning
cigarette and this faintly illuminated the otherwise totally dark
chamber. However, these conditions were also present during
lettuce isolation sessions in Block 3, in which no substantial
smoking occurred. A more salient explanation is that stimulation
by the visual effects or "internal hallucinatory light" generated
by DMT was the effective reinforcer , perhaps coupled with other
drug effects as well. More complete tests of DMT's reinforcing
properties in isolation sessions would require either challenges
with forced injections of DMT or choice trials with cigarettes
containing short-acting nonhallucinogenic stimulants. Nonethe
less, the drug-taking behavior here was dramatically facilitated
by the change in environmental isolation. This finding should
help our understanding of the environmental conditions that
motivate similar drug self-administration in man. That the
aversive consequences of such drug use can be overshadowed
by contextual environmental stimuli is not only evident, it is
enlightening.
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