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Many attempts to obtain reliable self-administration behavior by
laboratory animals with delta-9-tetrahydrocannabinol (THC),
the psychoactive ingredient in marijuana, have been unsuccess-
full-5. Because self-administration behavior has been demon-
strated in laboratory animals for almost all other psychoactive
drugs abused by humans®, as well as for nicotine, the psychoac-
tive ingredient in tobacco’, these studies would seem to indicate
that marijuana has less potential for abuse. Here we show per-
sistent intravenous self-administration behavior by monkeys for
doses of THC lower than doses used in previous studies, but com-
parable to doses in marijuana smoke inhaled by humans.

Most previous studies of THC self-administration!-5 used
intravenous unit doses higher than those calculated from clini-
cal studies. Moreover, due to the lipophilic nature of THC, its

brief communications

very low solubility in water, and the high THC doses usually used,
many studies were done using THC in suspension. Here we used
low, clinically relevant doses of THC in a clear solution that rapid-
ly distributed THC to the brain after intravenous administra-
tion8. THC was dissolved in a vehicle containing 0.4-1.0%
Tween-80 and 0.4-1.0% ethanol in saline (using a modification of
previous procedures®19). Before this study began, squirrel mon-
keys (Saimiri sciureus) with venous catheters had been trained
to press a lever for intravenous (i.v.) injections of cocaine!L. Dur-
ing daily sessions from Monday to Friday, monkeys sat in a chair
in an isolation chamber, and injections (0.2 ml in 0.2 s) were
administered from a pump outside the chamber!!, A green stim-
ulus light was turned on at the start of each session; 10 presses
of a lever turned off the green light and produced a 2-s red light
paired with injection of 30 pg/kg cocaine (a 10-response, fixed-
ratio schedule of i.v. drug injection, FR10). There was a one-
minute ‘time out’ period after each injection, during which the
chamber was kept dark and lever presses had no consequences.
Each self-administration session lasted one hour.

At the start of this study, saline was substituted for cocaine
injections for five sessions. Responding declined within a few ses-
sions, and monkeys self-administered only one to four injections
per session (Fig. 1a). When 2 pg/kg injections of THC were sub-
stituted for saline, responding immediately increased and stabi-
lized within a week, and approximately 30 injections of THC were
self-administered per session. Substitution of vehicle for THC
caused a significant progressive decline in the number of injec-
tions delivered per session (Fs 15 = 7.683, p < 0.001, one-way
ANOVA for repeated measures) and in the rates of responding
(Fs 15 = 3.118, p < 0.05, data not shown). Replacement of vehicle
injections with 4 pg/kg injections of THC resulted in immediate
recovery of drug-taking behavior. When the THC dose was var-
ied, an inverted U-shaped dose-response curve was obtained
(Fig. 1b and ¢). THC maintained significantly higher numbers
of injections per session (F, 3, = 8.239, p = 0.002) and rates of
responding (F4 1, = 4.702, p = 0.016) than vehicle, with maximal
responding at 2 and 4 pg/kg THC per injection.
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For human subjects smoking a marijuana cigarette containing
15 mg of THC, actual THC intakel? is about 3 mg. Assuming
that humans take 10 to 15 puffs per cigarette, each puff contains
200 to 300 pg of THC, or 2.9 to 4.3 pug/kg THC (for an average

Fig. 1. Initial acquisition of THC self-administration behavior, and effects of
varying injection dose of THC in squirrel monkeys. (a) Mean * s.e.m. of injec-
tions per session (n = 4 monkeys). Following saline extinction (sessions 1-3 are
the last three sessions of saline extinction), monkeys self-administered THC
(2 pg/kg per injection) for 5 sessions (4-8). Self-administration behavior was
then extinguished by replacing injections of THC with injections of its vehicle
for an additional five sessions (9-13). When vehicle injections were replaced
with 4 pg/kg injections of THC, self-administration behavior immediately
recovered (sessions 14-16). *p < 0.05; **p < 0.01; post-hoc comparisons with
the last THC session before vehicle extinction (session 8), after significant
ANOVA for repeated-measures main effect, Dunnett’s test. Subsequently, a
THC dose-response curve was established. Both 2 and 4 pg/kg per injection
doses of THC were retested along with two additional doses (1 and 8 pg/kg
per injection). Each dose of THC was tested for five consecutive sessions with
five intervening vehicle-extinction sessions between each dosage condition.
Number of injections per session (b) and overall rate of responding in the
presence of the green light signaling THC availability (c) are presented as a
function of injection dose of THC (mean + s.e.m. of the last three sessions
within the five sessions in which each dose was tested; n = 4). *p < 0.05;
**p < 0.01; post-hoc comparisons with vehicle conditions after significant
ANOVA for repeated-measures main effect, Dunnett’s test.
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Fig. 2. Effects of SR141716A pre-
treatment on THC and cocaine self- 50 -
administration behavior. After three
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before the onset of SR141716A pretreatments (session 3) and after five days of SR141716 pretreatments (session 8). Abscissas, time; ordinates, cumula-
tive lever-pressing responses. Short diagonal marks on the cumulative records indicate drug injections. After each injection, there was a time-out period
during which the recorder did not operate. Pairs of diagonal hash marks represent deleted segments of the records, during which no responding occurred.

body weight of 70 kg). This in perfect agreement with the 2 to
4 ng/kg injection doses that maintain THC self-administration
in squirrel monkeys.

We then compared THC and cocaine self-administration after
treatment with SR141716A, a potent and selective antagonist of
CB1 cannabinoid receptors!3, which are thought to mediate most
behavioral and neurochemical effects of THC%14, SR141716A
(0.3 mg/kg, intramuscularly) or its vehicle was administered one
hour before the experimental session for five consecutive ses-
sions. SR141716A decreased the number of self-administered
4 pg/kg THC injections to vehicle-control levels within a few ses-
sions (Fs 50 = 3.908, p = 0.032), and THC self-administration
rapidly recovered when SR141716A treatment was stopped
(Fig. 2a and c). In contrast, monkeys responding for cocaine
under identical conditions, and with comparable rates and pat-
terns of self-administration behavior (0.33 and 0.49 responses
per second in monkeys self-administering THC or cocaine,
respectively, during the last session before SR141716A pretreat-
ment), showed no effect of pretreatment with the same dose of
SR141716A (F, 50 = 16.766, p = 0.015, two-way ANOVA for
repeated measures; Fig. 2b and d). Thus, the effect of SR141716A
in suppressing THC self-administration did not seem to be due to
any nonselective depressant effect on behavior, and the reinforc-
ing effect of THC on self-administration behavior seemed to be
due to its direct actions on CB1 cannabinoid receptors.

The active component of cannabis, THC, can act as a strong
reinforcer of drug-taking behavior in an experimental animal,
the squirrel monkey, as it does in humans. The THC self-admin-
istration behavior was comparable in intensity to that maintained
by cocaine under identical conditions, and was obtained using a
range of doses similar to those self-administered by humans
smoking a single marijuana cigarette2. These findings suggest
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that marijuana has as much potential for abuse as other drugs of
abuse, such as cocaine and heroin. The selective reduction in
THC self-administration by the cannabinoid antagonist
SR141716A indicates that this abuse potential is likely mediated
by cannabinoid CB1 receptors in the brain.
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