Psychopharmacology (1988) 96:142-144

Rapid communication

Psychopharmacology
© Springer-Verlag 1988

Facilitation of brain stimulation reward

by A°-tetrahydrocannabinol

E.L. Gardner®:2, W. Paredes!, D. Smith!, A. Donner!, C. Milling®, D. Cohen®, and D. Morrison*

! Department of Psychiatry, and

2 Department of Neuroscience, Albert Einstein College of Medicine, New York, NY 10461, USA

Abstract. The present experiment explored whether 4°-tet-
rahydrocannabinol (4°-THC), the psychoactive ingredient
in marijuana, shares with other drugs of abuse the ability
to facilitate brain stimulation reward acutely, as measured
by electrical intracranial self-stimulation (ICSS). Laborato-
ry rats were implanted with stimulation electrodes in the
medial forebrain bundle, and trained to stable performance
on a self-titrating threshold ICSS paradigm. 4°-THC, at
a dose believed pharmacologically relevant to moderate hu-
man use of marijuana, acutely lowered ICSS thresholds,
suggesting that marijuana acts on similar CNS hedonic sys-
tems to most other drugs of abuse.
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With the exception of the lysergic acid diethylamide (LSD)-
like hallucinogens, all well-studied drugs of abuse have in
common that they are voluntarily self-administered not
only by humans but also by other mammals (Griffiths et al.
1978; Brady and Lukas 1984) and that they acutely facili-
tate electrical stimulation of brain reward loci (Esposito
and Kornetsky 1980; Wise 1980, 1984), presumably deriv-
ing their euphorigenic properties and abuse potential there-
from (Wise 1980, 1984; Wise and Bozarth 1981; Kornetsky
1985). Whether delta-9-tetrahydrocannabinol (4°-THC),
the psychoactive constituent in marijuana, shares this brain-
reward facilitating capacity or acts on other brain mecha-
nisms to produce its abuse potential has remained unclear.
We here report that A°-THC acutely facilitates electrical
brain stimulation reward of the medial forebrain bundle
in the laboratory rat.

Materials and methods

For these experiments, male Lewis rats (Charles River) were
implanted, by standard surgical and stereotaxic techniques,
with chronic bipolar stimulation electrodes in the medial
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forebrain bundle [stereotaxic coordinates A3.7, L1.6, H-
2.6, according to the brain atlas of Pellegrino et al. (1979)].
The animals were then trained to self-deliver rewarding elec-
trical stimulation through the implanted brain electrodes
by an adaptation of methods we have previously described
(Seeger and Gardner 1979; Nazzaro and Gardner 1980).
Training and testing was carried out in standard operant
chambers equipped with two response levers. Microproces-
sor/brain-stimulator units were programmed to deliver ti-
trating threshold decremental brain stimulation. Each re-
sponse by the animal on the primary lever delivered a
250 ms stimulus train (60 Hz bipolar rectangular pulse-
pairs) through the brain electrode. Initial current intensity
was assigned to each animal on the basis of the lowest
intensity supporting reliable responding at a rate of 1000
lever presses/30-min test session. The current decremented
by !/,¢ of this initial intensity at every third press of the
primary lever. At any time during this sequence of brain
stimuli of decreasing magnitude, the animal could reset the
current to maximum by pressing the second or “reset”
lever, which reset the brain stimulation back to maximum
for that animal and also activated a cue-signal tone but
did not itself deliver brain stimulation. The current steps
at which each animal reset were automatically recorded
throughout each 30-min test session, and the mean of the
resulting frequency distribution of reset levels was opera-
tionally defined as the brain reward threshold. The standard
deviation of this frequency distribution was taken as a mea-
sure of performance stability, with a standard deviation
of +1.5 current steps used as the criterion for stable perfor-
mance and inclusion in the drug study. Brain reward thresh-
old data were collated and analyzed in 15-min blocks. After
training to stable performance, each animal was tested daily
for a minimum of 6 weeks to ensure an absolutely stable
baseline of brain reward threshold before drug trials began.
Intraperitoneal (IP) saline injections (identical in volume,
timing, and other parameters to the active 4°-THC and
control PVP injections, below) were given before each daily
baseline test.

A®-THC was prepared for in vivo administration to the
animals by the method of Fenimore and Loy (1971). The
A°-THC was first dissolved in a 20% solution of polyvinyl-
pyrrolidone (PVP) (Aldrich Chemical Company) prepared
in ethanol. This solution was then evaporated under nitro-
gen and the concentrated A°>-THC-PVP solution was sus-
pended in saline at a 4°-THC concentration of 1.5 mg/ml.
The A°-THC was administered IP to the animals at a dose
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Fig. 1. Per cent decrease (+SEM) in brain stimulation reward
threshold in rat medial forebrain bundle produced by saline, 20%
polyvinylpyrrolidone (PVP) vehicle, and 1.5 mg/kg A°-tetrahydro-
cannabinol (4°-THC). The effect of 4°-THC is shown at both
15 and 30 min post-4°-THC

of 1.5 mg/kg. For control injections, a 20% PVP solution
was used, with injection volumes and other parameters
identical to the active drug injections.

After the 6-week baseline period, each animal was in-
jected on the next day with PVP vehicle and tested on the
brain reward paradigm. Two weeks of additional daily ba-
seline testing then followed, and then, on the next day,
each animal was injected with 4°-THC and tested on the
brain reward paradigm. Daily baseline testing continued
thereafter for an additional 2 weeks, and then a second
A%-THC dose was given and each animal tested on the
brain reward paradigm. Some animals received repeated
PVP vehicle injections, at the same intervals as the repeated
A®-THC injections, to test for possible sensitization effects
with repeated vehicle injections. Significance of shifts in
brain reward threshold between saline baseline, vehicle, and
drug days was tested by analysis of variance for repeated
measures followed by post-hoc comparisons (Winer 1962).

Results

Neither saline nor PVP vehicle significantly altered brain
reward thresholds, either when administered singly or re-
peatedly. In striking contrast, 4°-THC significantly lowered
brain reward thresholds in the medial forebrain bundle.
This facilitation of brain reward was seen both 15 and
30 min following A°-THC administration as compared to
saline or PVP vehicle (analysis of variance for repeated
measures: Fy o=16.5; P<0.0005), was seen in every ani-
mal, and was consistent from first to second 4°-THC ad-
ministration. These results are shown in Fig. 1. Individual
post hoc comparisons, generated by t-test with adjustment
in o for multiple comparisons (Winer 1962), showed the
15-min post-4°-THC data point to be significantly different
from saline and PVP vehicle by P<0.005 and the 30-min
post-4°-THC data point to be significantly different from
saline and PVP vehicle by P<0.001. Significances of the
individual comparisons between the 4°-THC, saline, and
PVP data points were also computed using the Scheffé,
Tukey A, Tukey B, and Newman-Keuls statistical proce-
dures (Winer 1962). In every case, even using the extremely
conservative Scheffé statistic, the 15-min post-4°-THC data
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point proved significantly different from saline and PVP
by at least P<0.05 and the 30-min post-4°-THC data point
proved significantly different from saline and PVP by at
least P<0.01. In view of evidence that other drugs of abuse
can cause permanent sensitization of brain reward systems,
thus altering responsiveness to subsequent administrations
of the same drug, it should be noted that in the present
study the brain reward threshold shifts caused by the second
A°-THC administrations were not significantly different
from those caused by the first 4°-THC administrations.

Discussion

These findings strongly suggest that A°-THC shares with
other recreational and abused drugs, with the exception
of the LSD-like hallucinogens, the ability to facilitate brain
reward mechanisms, and presumably derives its euphori-
genic properties from such facilitation. Significantly, these
present findings are at a dose of 4°-THC within a range
believed to be physiologically and pharmacologically rele-
vant to human recreational marijuana use (Rosenkrantz
et al. 1975), an important point in view of criticisms (e.g.,
Harris and Stokes 1982) that previous laboratory studies
of A°-THC have used doses so high as to preclude behavior-
al and physiological relevance. The present robust and con-
sistent findings of acute facilitation of brain stimulation
reward by 4°-THC are in contrast to previous reports of
inconsistent and contradictory effects of 4°-THC on brain
reward (Wayner etal. 1973; Battacharyya etal. 1980).
However, all previous studies used rate measures of brain
reward, instead of the threshold paradigm we used, and
rate measures are easily confounded by sedative and other
motoric drug effects.

In recent years, a large body of evidence has strongly
implicated portions of the mesotelencephalic dopamine sys-
tems as specific neural substrates modulating direct brain
reward (Corbett and Wise 1978 ; Seeger and Gardner 1979;
Wise 1980; Wise and Bozarth 1981 ; Fray et al. 1983). Evi-
dence exists that these dopaminergic neurons are connected
“in series” to the neurons directly activated by rewarding
electrical brain stimulation of the medial forebrain bundle
(Wise 1980; Wise and Bozarth 1984). Congruent with this
anatomical relationship, and congruent with the importance
of dopaminergic function in these circuits to the rewarding
properties of drugs of abuse (Spyraki et al. 1983), most
drugs with dopamine agonist properties are euphorigenic
(and have consequential abuse potential) while most dopa-
mine antagonists are anhedonic (Wise 1981). Recently, we
have demonstrated, using in vivo brain microdialysis and
in vivo brain electrochemical techniques, that A°-THC has
dopamine agonist properties in portions of the mesotelence-
phalic dopamine circuitry which support brain stimulation
reward (Ng Cheong Ton et al. 1988). Thus, there is now
evidence from both in vivo neurochemical and in vivo brain
stimulation reward studies suggesting that A°-THC, the
psychoactive ingredient in marijuana, may not be as anom-
alous a drug of abuse as formerly thought, and may in
fact resemble other drugs of abuse in producing, as a final
common neuropharmacological action, acute facilitation of
the mesotelencephalic brain reward circuitry. Obviously,
however, the cellular and/or molecular mechanisms by
which A°-THC accomplishes this may differ from those
of other drugs of abuse, and such mechanisms remain to
be explored.
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