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Abstract

The effect of the CB, cannabinoid receptor agonist WIN 55,212-2 on intravenous cocaine self-administration (IVSA) in rats
was evaluated. Male Long Evans rats were implanted with silastic catheters through the external jugular vein. The IVSA was
conducted in 3-h daily sessions with a fixed ratio (FR1) schedule: the experimental apparatus had a nose-poking response-like
operandum. Intravenous pre-treatment with WIN 55, 212-2 (0.25, 0.5 and 1 mg/kg) to rats self-administering cocaine (0.25 or 0.5
mg/kg/inj) at stable baseline, reduces cocaine intake in a dose-dependent manner. The CB, receptor antagonist SR 141716A (3
mg/kg i.p.) completely reversed the WIN 55,212-2-induced decrease of cocaine intake. However, pre-treatment of SR 141716A
alone (up to dose of 9 mg/kg i.p.) was unable to modify cocaine IVSA. These results indicate that stimulation of CB, cannabinoid
receptors activates rewarding mechanisms which produce reinforcing effects additional to those induced by cocaine. © 1999

Elsevier Science B.V. All rights reserved.
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1. Introduction

Over the last decade great efforts have been made to
understand the molecular basis of the behavioral effects
of cannabis, beginning with the identification, cloning
and expression of selective central cannabinoid recep-
tors (CB,) both in rats [28,38] and humans [23,25,34],
followed by isolation of the endogenous cannabinoid
ligand anandamide [13] and synthesis of a selective CB,
antagonist SR 141716A [44].

It is now well-documented that, at low doses, CB,
receptor stimulation produces a mixture of depressant
and excitatory effects, while higher doses predomi-
nantly elicit depression of the central nervous system
[1]. Nevertheless, animal studies have showed that can-
nabinoid agonists induce both rewarding and aversive

* Corresponding author. Tel.: + 39-70-6758421; fax: + 39-70-
657237.
E-mail address: wfratta@unica.it (W. Fratta)

effects, such as conditioned place preference [32], place
aversion [9,35,39,42,48], taste aversion [39,42] and anx-
iogenic effects in the elevated plus maze test in rodents
[41].

Controversial data also exist concerning the ability of
cannabinoids to lower the threshold for electrical self-
stimulation [22,51] and to support self-administration
in animals [19,26,36,37,52,53].

A recent epidemiological study revealed that despite
the general decline in drug use seen in the general
population, marijuana abuse had increased primarily in
youths and young adults [45]. Moreover, it has been
assessed that in humans cannabinoids exert discrimina-
tive properties and possess subjective and reinforcing
effects [7,8,27]. Since the practice of using two or more
drugs concurrently (polydrug abuse) has become wide-
spread [4,5,15], the combination of marijuana and co-
caine has been identified as one of the most popular
among recreational abusers. Clinical studies of this
interaction have pointed out that marijuana is able to
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not only induce considerable cardiovascular effects
[16,17] but also to potentiate cocaine’s subjective ef-
fects. In fact, it appears not only to enhance the posi-
tive effects of cocaine, but also to minimize the
dysphoria frequently associated with the resultant
‘crash’ [33]. Therefore, healthy subjects who first
smoked marijuana and then received cocaine described
themselves as being ‘stimulated’ and ‘high’ to a higher
degree than when they received these drugs separately
[18].

The purpose of the present study was to investigate
the effect of CB, receptor stimulation induced by the
synthetic agonist WIN 55, 212-2 on intravenous cocaine
self-administration (IVSA) in rats. The IVSA is the
most reliable and commonly used model of addiction,
while cocaine is known to act as a positive reinforcer to
maintain the IVSA in a variety of species, including
humans.

2. Methods and procedures

Male Long Evans rats (Charles-River) weighing 300—
350 g at the start of experiments were individually
housed with ad libitum access to food and water, and
maintained on a 12-h reversed light—dark cycle (dark
from 09:00 to 21:00 h). Environment temperature (22 +
1°C) and humidity (60%) were constant.

Experiments were carried out in strict accordance
with both the local Animal Care Committee and the
E.C. regulations for animal use in research (CEE NE
86/609).

Cocaine-hydrochloride (Sigma, Italy) was dissolved
in heparinized (1%) saline solution in a volume of 0.5
ml/kg/inj. Doses were adjusted by injection volume
prior to each self-administration session, according to
the animal’s body weight. WIN 55,212-2 (RBI, MA,
USA) and SR 141716A (Sanofi, Montpellier, France)
were freshly dissolved in two drops of Tween 80 and
diluted in heparinized (1%) saline solution. The first
was administered i.v. in a volume of 1 ml/kg immedi-
ately prior to start of the IVSA session, while the
second was administered i.p. in a volume of 5 ml/kg 30
min before the start of the IVSA session. As a control
study, a group of six rats were injected with the same
vehicles.

Animals were anesthetized with chloral hydrate (400
mg/kg i.p.) and under sterile conditions implanted with
silastic catheters inserted into the right external jugular
vein. The catheter was passed under the skin and exited
in the mid-scapular region.

Before the start of each self-administration session,
free passage of heparinized (1%) saline solution through
the catheters was checked for the subsequent intra-
venous drug infusions.

The self-administration apparatus (Ecos, Italy) con-
sisted of eight Plexiglas cages (30 x 30 x 30 cm). Two
holes, 15 cm apart, provided with fotobeam detectors,
were made 2 cm above the floor. The catheter was
connected to an infusion pump via a silastic tube.
Nose-poking in one of the holes (defined as active)
switched on the infusion pump, injecting the cocaine
solution into the animal’s venous system. Nose-poking
in the other hole (defined as passive) did not activate
the pump. Assessment of self-administration schedules
and the collection of data were programmed by means
of PC software.

Starting 5 days after surgery, each rat was allowed
access to cocaine at a dose of 0.5 mg/kg/inj under a
continuous reinforcement (FR1) schedule during 3-h
daily sessions. Time-outs lasting 5 s, corresponding to
the infusion time, were imposed immediately after drug
delivery: during this time the nose-poking response was
inactivated. Only rats developing a stable pattern of
cocaine intake with a variation of less than 10% over
three consecutive baseline sessions were selected for this
study. Each dose was tested, once for each animal, in a
random order and a minimum of 3 no-pre-treatment
days separated each test day. Subsequently, rats were
allowed access to the drug at the lower dose of 0.25
mg/kg/inj, under the same experimental conditions.

Due to the fact that not all animals completed the
entire set of experiments (due to catheter blockades),
data were computed as for independent rather than
correlated samples. Each treatment, however, included
a minimum of six subjects. The number of reinforcers
earned during the 180-min session was recorded and
normalised with respect to baseline performances.
These data were submitted to a one-way analysis of
variance (ANOVA) followed by the Newman-Keuls
test to compare the different doses and vehicle. Apart
from the first days of the training period, nose-poking
activity in the passive hole was virtually absent and was
therefore excluded from data analysis.

3. Results

Fig. 1 shows the effect of WIN 55,212-2 (0.25, 0.5
and 1 mg/kg, i.v.) on cocaine i.v. self-administration.
WIN 55,212-2 pre-treatment significantly reduced co-
caine intake compared with both vehicle-treated rats
(F(2,10)=17.56, *P < 0.01) and to their previous base-
line levels of cocaine intake (broken line). The maxi-
mum decrease of cocaine intake observed was
— 38 £+ 6.32% with the WIN 55, 212-2 dose of 0.5 mg/
kg/inj. A higher dosage (1 mg/kg/inj) did not produce
any further decrease.

As shown in Fig. 2, a similar decrease of cocaine
intake subsequent to WIN 55, 212-2 pre-treatment was
observed when cocaine concentration was reduced (0.25
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Fig. 1. Effect of intravenous WIN 55, 212-2 acute pre-treatment on
cocaine (0.5 mg/kg/inj) self-administration in rats. Data are expressed
as percentage of the basal rate of reinforcement ( = mean of cocaine
injections over three consecutive IVSA sessions). Each bar represents
mean + S.E.M. of six animals. *Significant difference from vehicle-
treated group (P <0.01 ANOVA followed by Newman—Keuls test).

mg/kg/inj) suggesting that this effect is independent of
cocaine concentration.

Pre-treatment with CB,; receptor antagonist SR
141716A dose-dependently antagonizes the WIN
55,212-2-induced decrease of cocaine self-administra-
tion (Fig. 3). However, as shown in Fig. 4, pre-treat-
ment with SR 141716A, up to a dose of 9 mg/kg, was
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Fig. 2. Effect of intravenous WIN 55, 212-2 acute pre-treatment on
different doses of cocaine self-administration. Each point represents
mean + S.E.M. of six experiments. All doses of WIN 55,212-2 are
expressed as mg/kg and are significantly different from basal values
(*P < 0.05 Newman—Keuls test).
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Fig. 3. Effect of intraperitoneal SR 141617A acute pre-treatment in
WIN 55,212-2 0.5 mg/kg pre-treated rats self-administering cocaine
0.5 mg/kg/inj. Each bar represents mean + S.E.M. of the percentage
of the basal rate of reinforcements of six animals. *Significant differ-
ence from vehicle-treated group (P < 0.05 ANOVA followed by New-
man-Keuls test).

unable to modify cocaine intake in rats self-administer-
ing cocaine (0.5 mg/kg/inj).

Fig. 5 illustrates an example of the pattern of cocaine
self-administration and the effects of WIN 55,212-2,
SR 141716A + WIN 55,212-2 and SR 141716A
throughout the 3-h session in a representative rat. In
this figure, each mark represents an infusion of the
drug. It may be observed how WIN 55,212-2 pre-
treated rats maintained a regular response pattern, al-

beit characterized by longer intra-reinforcement
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Fig. 4. Effect of intraperitoneal SR 141716A pre-treatment on co-
caine 0.5 mg/kg/inj self-administration in rats. Each bar represents
mean + S.E.M. of the percentage of the basal rate of reinforcements
of six animals.
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Fig. 5. Pattern of cocaine infusions delivered during self-administration sessions for representative rats pre-treated with WIN 55,212-2 and/or SR
141716A. Each record represents a separate 3-h session and each small vertical mark represents an intravenous infusion of cocaine 0.5 mg/kg/inj.
Pre-treatment of each animal is indicated at the foot of each record, while number of injections per sessions is shown on the right side of each

record.

intervals. Patterns of response after WIN 55,212-2 4
SR 141716A and SR 141716A pre-treatment were prat-
ically indistinguishable from those observed at baseline
values.

4. Discussion

Results obtained in the present study reveal that
pre-treatment with the CB,; receptor agonist WIN
55,212-2 alters the i.v. cocaine self-administration in
rats, significantly reducing the cocaine intake respect to
basal and control vehicle values. This effect was present
in rats self-administering the cocaine unit dose of both
0.25 and 0.5 mg/kg/inj, thus indicating that it is inde-
pendent of cocaine concentration.

It is well-known that rats self-administering drugs at
stable levels tend to adjust the dose during the session
by modifying the response frequency [31]: a decrease of
the responding rate usually occurs when the unit dose
of the reinforcer is increased and viceversa. By causing
a shift of the cocaine intake, WIN 55,212-2 pre-treat-
ment seems to mimic the effect of changes in the unit
dose of the reinforcer, suggesting a synergistic action of
WIN 55,212-2 on reinforcing properties of cocaine.
Furthermore, as can be observed in Fig. 5, pre-treat-
ment with WIN 55, 212-2 specifically increases inter-re-
inforcement intervals without altering the regularity of
the pattern of response. We also excluded the possibil-
ity that aspecific sedative effects could be responsible

for the decreased cocaine intake since no signs of
sedation or motor impairment were observed in these
rats. On the other hand, significant sedative effects
induced by WIN 55,212-2 were reported at much
higher doses (> 2.5 mg/kg) than those used in the
present experiments [2,43,50].

The effect of WIN 55, 212-2 on cocaine self-adminis-
tration was completely reversed by the CB, receptor
antagonist SR 141716A, indicating that this effect is
specifically mediated at CB, receptor level.

Pre-treatment with SR 141716A alone, even at high
doses, did not modify cocaine intake. This lack of effect
by the CB, receptor antagonist might indicate that the
mechanism regulating cocaine reinforcing effects is not
under an endogenous tonic control by cannabinoid
systems. Nevertheless, the possibility that stimulation of
CB, receptors could produce additional effects to co-
caine reinforcing properties by acting on the dopamin-
ergic system cannot be ruled out. Accordingly, it has
been shown that cannabinoid receptors are localized
mainly in the dopaminergic structures of the brain
[47,49] and participate in the regulation of dopamine
synthesis [3], release [6,10—12,14,20,21,24,30,40,46] and
turnover [29].

In conclusion, results obtained in the present study
show that despite its specific mechanism, stimulation of
CB, receptors seems to potentiate cocaine reinforcing
effects in cocaine self-administering rats. This positive
interaction between cannabinoids and cocaine possibly
accounts for the combined taking of marijuana and
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cocaine by polydrug users in order to increase the
duration of the positive effects of cocaine and to over-
come the unpleasant effects which often occur as the
initial euphoria dissipates [18,33].

Finally, these data further suggest that cannabinoids
may interfere with the brain systems responsible for the
expression of both acute reinforcing properties of drugs
of abuse and the neuroadaptative changes of the depen-
dence process.

Acknowledgements

This work was partially supported by grants from
Italian Ministery of University and Scientific Research
(MURST). The authors are grateful to Sanofi
Recherche (Montpelier, France) for the generous gift of
SR 141716A.

References

[1] Abood ME, Martin BR. Neurobiology of marijuana abuse. TiPS
1992;13:201-6.

[2] Anderson LA, Anderson JJ, Chase TN, Walters JR. The can-

nabinoid agonist WIN 55,212-2 and CP 55,940 attenuate rota-

tional behaviour induced by a dopamine D1 but not D2 agonist
in rats with unilateral lesions of the nigrostriatal pathway. Brain

Res 1995;691:106—14.

Bloom AS. Effect of A°-tetrahydrocannabinol on the synthesis of

dopamine and norepinephrine in mouse brain synaptosomes. J

Pharmacol Exp Ther 1982;221:97-103.

Bourne PG. Polydrug abuse-status report on the federal effort.

In: Senay E, Shorty V, Alksen H, editors. Development in the

field of drug abuse: national drug abuse conference. Cambridge,

MA: Schwenkman Publishing Co, 1975:197-207.

Burglass ME. The use of marijuana and alcohol by regular users

of cocaine: patterns of use and styles of control. In: Burglass

ME, Millsmore HB, Shaffer HT, editors. The addictions. Lex-

ington, MA: D.C. Heart and Co, 1985:111-20.

Cadogan AK, Alexander SPH, Boyd EA, Kendall DA. Influence

of cannabinoids on electrically evoked dopamine release and

cyclic AMP generation in the rat striatum. J Neurochem
1997;69:1131-7.

Chait LD, Evans SM, Grant KA, Kamien JB, Johanson CE,

Schuster CR. Discriminative stimulus and subjective effects of

smoked marijuana in  humans. Psychopharmacology

1988;94:206—12.

Chait LD, Zacny JP. Reinforcing and subjective effects of oral

A°-THC and smoked marijuana in humans. Psychopharmacol-

ogy 1992;107:255-62.

Chaperon F, Soubrie P, Puech AJ, Thiébot M-H. Involvement

of central cannabinoid (CB,) receptors in the establishment of

place conditioning in rats. Psychopharmacology 1998;135:324—

32.

[10] Chen J, Paredes W, Lowinson JH, Gardner EL. A°-tetrahydro-
cannabinol enhances presynaptic dopamine efflux in medial pre-
frontal cortex. Eur J Pharmacol 1990;190:259-62.

[11] Chen J, Paredes W, Lowinson JH, Gardner EL. Strain-specific
facilitation of dopamine efflux by A°-tetrahydrocannabinol in the
nucleus accumbens of rat: an in vivo microdialysis study. Neu-
rosci Lett 1991;129:136-40.

3

[4

[5

6

[7

[8

9

[12] Chen J, Marmur R, Pulles A, Paredes W, Gardner EL. Ventral
tegmental microinjection of A°-tetrahydrocannabinol enhances
ventral tegumental somatodendritic dopamine levels but not
forebrain dopamine levels: evidence for local neural action by
marijuana’s psychoactive ingredient. Brain Res 1993;621:65-70.

[13] Devane WA, Hanus L, Breuer A, Pertwee RG, Stevenson LA,
Griffin G, Gibson D, Mandelbaum A, Etinger A, Mechoulam R.
Isolation and structure of a brain constituent that binds to the
cannabinoid receptor. Science 1992;258:1946-9.

[14] Diana M, Melis M, Gessa GL. Increase in meso-prefrontal
dopaminergic activity after stimulation of CB, receptors by
cannabinoids. Eur J Neurosci 1998;10:2825-30.

[15] Fisher G, Brickman HR. Multiple drug use of marijuana users.
Dis Nerv Syst 1973;34:40-3.

[16] Foltin RW, Fischman MW, Pedroso JJ, Pearlson GD. Mari-
juana and cocaine interactions in humans: cardiovascular conse-
quences. Pharmacol Biochem Behav 1987;28:459-64.

[17] Foltin RW, Fischman MW. The effects of combinations of
intranasal cocaine, smoked marijuana, and task performance on
heart rate and blood pressure. Pharmacol Biochem Behav
1990;36:311-5.

[18] Foltin RW, Fischman MW, Pippen PA, Kelly TH. Behavioral
effects of cocaine alone and in combination with ethanol or
marijuana in humans. Drug Alcohol Depend 1993;32:93-106.

[19] Fratta W, Martellotta MC, Cossu G, Fattore L. Self-administra-
tion of the cannabinoid agonist WIN 55, 12-2 and morphine in
mice: evidence for a common neurobiological mechanism. Eur
Neuropsychopharmacol 1998;8:541-2.

[20] French ED. A°-tetrahydrocannabinol excites rat VTA dopamine
neurons through activation of cannabinoid CB; but not opioid
receptors. Neurosci Lett 1997;226:159-62.

[21] French ED, Dillon K, Wu X. Cannabinoids excite dopamine
neurons in the ventral tegmentum and substantia nigra. Neu-
roReport 1997:8:649-52.

[22] Gardner EL, Paredes W, Smith D, Donner A, Milling C, Cohen
D, Morrison D. Facilitation of brain stimulation reward by
A°-tetrahydrocannabinol. Psychopharmacology 1988;96:142—4.

[23] Gerard CM, Mollereau C, Vassart G, Parmentier M. Molecular
cloning of a human cannabinoid receptor which is also expressed
in testis. Biochem J 1991;279:129-34.

[24] Gessa GL, Melis M, Muntoni A, Diana M. Cannabinoids
activate mesolimbic dopamine neurons by an action on can-
nabinoid CBI1 receptors. Eur J Pharmacol 1998;341:39-44.

[25] Glass M, Dragunow M, Faull RLM. Cannabinoid receptors in
the human brain: a detailed anatomical and quantitative autora-
diographic study in the fetal, neonatal and adult human brain.
Neuroscience 1997;77:299-318.

[26] Harris RT, Waters W, McLendon D. Evaluation of reinforcing
capability of delta-9-tetrahydrocannabinol in rhesus monkeys.
Psychopharmacologia 1974;37:23-9.

[27] Heishman SJ, Stitzer ML, Yingling JE. Effects of tetrahydrocan-
nabinol content on marijuana smoking behavior, subjective re-
ports, and performance. Pharmacol Biochem Behav
1989;34:173-9.

[28] Howlett AC, Bidaut-Russell M, Devane WA, Melvin LS, John-
son MR, Herkenham M. The cannabinoid receptor: biochemical,
anatomical and behavioral characterization. Trends Neurosci
1990;13:420-3.

[29] Jentsch JD, Andrusiak E, Tran A, Bowers MB, Roth RH.
A°-tetrahydrocannabinol increases prefrontal cortical cate-
cholaminergic utilization and impairs spatial working memory in
the rat: blockade of dopaminergic effects with HA966. Neu-
ropsychopharmacology 1997;16:426-32.

[30] Jentsch JD, Wise A, Katz Z, Roth RH. a-Noradrenergic recep-
tor modulation of the phencyclidine- and A°-tetrahydrocan-
nabinol-induced increases in dopamine utilization in rat
prefrontal cortex. Synapse 1998;28:21-6.



146 L. Fattore et al. / Behavioural Brain Research 104 (1999) 141-146

[31] Koob GF. The reward system and cocaine abuse. In: Korenman
SG, Barchas JD, editors. Biological basis of substance abuse.
New York: Oxford University Press, 1993:339-54.

[32] Lepore M, Vorel SR, Lowinson J, Gardner EL. Conditioned
place preference induced by A°-tetrahydrocannabinol: compari-
son with cocaine, morphine and food reward. Life Sci
1995;56:2073-80.

[33] Lukas SE, Sholar M, Kouri E, Fukuzako H, Mendelson JH.
Marihuana smoking increases plasma cocaine levels and subjec-
tive reports of euphoria in male volunteers. Pharmacol Biochem
Behav 1994;48:715-21.

[34] Mailleux P, Vanderhaeghen J-J. Localization of cannabinoid
receptor in the human developing and adult basal ganglia.
Higher levels in the striatonigral neurons. Neurosci Lett
1992;148:173-6.

[35] Mallet PE, Beninger RJ. A°-tetrahydrocannabinol, but not the
endogenous cannabinoid receptor ligand anandamide, produces
conditioned place avoidance. Life Sci 1998;62:2431-9.

[36] Mansbach RS, Nicholson KL, Martin BR, Balster RL. Failure
of A’-tetrahydrocannabinol and CP 55,940 to maintain intra-
venous self-administration under a fixed-interval schedule in
rhesus monkeys. Behav Pharmacol 1994;5:219-25.

[37] Martellotta MC, Cossu G, Fattore L, Gessa GL, Fratta W.
Self-administration of the cannabinoid receptor agonist WIN
55,212-2 in drug-naive mice. Neuroscience 1998;85:327-30.

[38] Matsuda LA, Lolait SJ, Brownstein MJ, Young AC, Bonner TI.
Structure of a cannabinoid receptor and functional expression of
the cloned cDNA. Nature 1990;346:561—4.

[39] McGregor IS, Issakidis CN, Prior G. Aversive effects of the
synthetic cannabinoid CP 55,940 in rats. Pharmacol Biochem
Behav 1996;53:657—-64.

[40] Ng Cheong Ton JM, Gerhardt GA, Friedemann M, Etgen AM,
Rose GM, Sharpless NS, Gardner EL. The effects of A°-tetrahy-
drocannabinol on potassium-evoked release of dopamine in the
rat caudate nucleus: an in vivo electrochemical and in vivo
microdialysis study. Brain Res 1988;451:59—68.

[41] Onaivi ES, Green MR, Martin BR. Pharmacological characteri-
zation of cannabinoids in the elevated plus maze. J Pharmacol
Exp Ther 1990;253:1002-9.

[42] Parker LA, Gillies T. THC-induced place and taste aversions in
Lewis and Sprague-Dawley rats. Behav Neurosci 1995;109:71-8.

[43] Richter A, Loscher W. (+ ) WIN 55, 212-2, a novel cannabinoid
receptor agonist, exerts antidystonic effects in mutant dystonic
hamsters. Eur J Pharmacol 1994;264:371-7.

[44] Rinaldi-Carmona M, Barth F, Héaulme M, Shire D, Calandra
B, Congy C, Martinez S, Maruani J, Néliat G, Caput D, Ferrara
P, Soubri¢ P, Breliére JC, Le Fur G. SR 141716A, a potent and
selective antagonist of the brain cannabinoid receptor. FEBS
Lett 1994;350:240—-4.

[45] Rouse BA. Epidemiology of illicit and abused drugs in the
general population, emergency department drug-related episodes,
and arrestees. Clin Chem 1996;42:1330—6.

[46] Sakurai-Yamashita Y, Kataoka Y, Fujiwara M, Mine K, Ueki
S. A’-tetrahydrocannabinol facilitates striatal dopaminergic
transmission. Pharmacol Biochem Behav 1989;33:397-400.

[47] Safiudo-Petia MC, Patrick SL, Patrick RL, Walker JM. Effects
of intranigral cannabinoids on rotational behavior in rats: inter-
actions with the dopaminergic system. Neurosci Lett
1996;206:21-4.

[48] Safiudo-Peiia MC, Tsou K, Delay ER, Hohman AG, Force M,
Walker JM. Endogenous cannabinoids as an aversive or counter-
rewarding system in the rat. Neurosci Lett 1997;223:125-8.

[49] Safiudo-Peia MC, Walker JM. Effects of intrapallidal can-
nabinoids on rotational behavior in rats: interactions with the
dopaminergic system. Synapse 1998;28:27-32.

[50] Spina E, Trovati A, Parolaro D, Giagnoni G. A role of nitric
oxide in WIN 55,212-2 tolerance in mice. Eur J Pharmacol
1998;343:157-63.

[51] Stark P, Dews PB. Cannabinoids. I. Behavioral effects. J Phar-
macol Exp Ther 1980;214:124-30.

[52] Takahashi RN, Singer G. Self-administration of A°-tetrahydro-
cannabinol by rats. Pharmacol Biochem Behav 1979;11:737-40.

[53] van Ree JM, Slangen JL, de Wied D. Intravenous self-adminis-
tration of drug in rats. J Pharmacol Exp Ther 1978;204:547-57.



