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Abstract

Lewis rats were trained to self-stimulate the medial forebrain bundle (MFB) using a rate-frequency
paradigm. They were then tested for the effects of the cannabinoid receptor agonist CP 55,940, the sele
tive cannabinoid receptor antagonist SR 141716 and the dopamieedptor antagonist SCH 23390.

CP 55,940 (0, 10, 25 and p@/kg i.p.) had no effect on MFB self-stimulation behaviour as assessed
by the M, the stimulation frequency at which half-maximal response rates were obtained. With SR
141716, only a very high dose (20 mg/kg i.p.) caused a significant inhibition of the rewarding efficacy of
the stimulation. This was seen as an increase in theAMother doses of SR 141716 (0, 1, 3, 10 mg/kg

i.p.) were ineffective in modulating thes) By comparison, a relatively low dose (0.06 mg/kg i.p.) of
SCH 23390 caused a large increase ig Whese results indicate a relatively modest influence, if any at
all, of exogenous or endogenous cannabinoids on reward-relevant neurotransmission. © 2001 Elsevie
Science Inc. All rights reserved.
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Introduction

The phenomenon of medial forebrain bundle (MFB) self-stimulation has provided re-
searchers with a unique insight into the neural and chemical profile of brain reward system:
[1]. One interesting aspect of self-stimulation is that drugs with rewarding and addictive
properties in humans tend to have a facilitatory effect on self-stimulation in rats. One often
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cited example of this is cannabis. Gardner and colleagues have reported that the psychoacti
component of cannabid’-tetrahydrocannabinol (THC) (1.5 mg/kg), enhances the reward-
ing potency of electrical MFB stimulation using a titrating threshold stimulation paradigm
[2]. Much later this was repeated using a slightly lower dosk®adfHC (1 mg/kg) using a
rate-frequency curve shift method to highlight that this rewarding effect occurred in the ab-
sence of performance deficits [3]. Interestingly, the leftward shift observed in the rate-fre-
quency function was small (approximately 0.05;}agnits) in comparison to the leftward

shift observed in the rate-frequency function of other drugs of abuse such as amphetamine
MDMA or cocaine (approximately 0.2 — 0.5 lgainits) [4—6].

The most important determinant of the observed rewarding eff@&®BfIC on electrical
brain stimulation was the use of Lewis strain rats [7]. For other strains such as Sprague-Dawle
rats,AS-THC only showed a marginal rewarding effect, whereas in Fischer 344°%at3C
had no effect [3]. This finding complements other research by Gardner and colleagues whict
shows that Lewis rats acutely administeAdeTHC show greater dopamine efflux in the nu-
cleus accumbens than Sprague-Dawley rats [8].

Since the discovery of the main psychoactive constituent of canabidiC, many
AS-THC-like compounds have been synthesised including CP 55,940. CP 55,940 is an importar
compound as it was used in a tritiated form to give a definitive map of cannabinoid binding
sites in the brain [9] which foreshadowed the discovery of functional cannabinoid receptors
[10]. CP 55,940, while more potent thAfr THC, has a very similar pharmacological profile.

CP 55,940 mimics the effects &P-THC in numerous behavioural tests [11,12] and fully
substitutes foA°-THC when tested in the drug discrimination paradigm [13].

In the current study we assessed the effects of CP 55,940, which has never been prev
ously tested on MFB self-stimulation, to observe whether it has similar rewarding effects
to A°-THC [3]. We also examined whether there is a reduction in the rewarding value of
MFB stimulation 24 hours after a single injection of CP 55,940. This reduction in the re-
warding action of brain stimulation has been suggested to occur 24 hours after acute
exposure ta\°-THC [14] and might reflect a withdrawal-induced dysphoria that has been
documented in the self-stimulation paradigm with other drugs such as nicotine and cocaine
[15,16].

There is increasing evidence that the endogenous cannabinoid system plays an impol
tant role in mediating the rewarding effects of both drugs of abuse and natural reinforcers.
Recent results show that mice with targeted deletion of ther&@®ptor gene exhibit re-
duced self-administration of morphine [17]. Further, the selective cannabingickCép-
tor antagonist SR 141716 blocks the acquisition of conditioned place preference to cocaine
and morphine in rats [18]. SR 141716 also reduces sucrose, ethanol, and beer consumptic
in rats suggesting an involvement of cannabinoid systems in appetite and alcohol prefer-
ence [19-21]. In the present study it was reasoned that if the central endogenous cannal
inoid system plays a critical role in the neural substrate of reward, then SR 141716 shoulc
have a powerful inhibitory effect on the rewarding efficacy of MFB stimulation. As the role
of dopamine in the rewarding impact of electrical brain stimulation is well established
[22], the effects of the dopaming Beceptor antagonist SCH 23390 on MFB self-stimulation
was also assessed.



J.C. Arnold et al. / Life Sciences 70 (2001) 97-108 929
Methods
Subjects

The subjects were 13 Lewis rats (ARC, Perth, Australia) weighing between 330-380 g at
the time of surgery. The rats were singly housed in a temperature controlled roam (20
2 °C) with food and water provideatd libitum.All testing occurred during the light hours of
a 12 h:12 h light/dark cycle.

Apparatus

Two identical operant boxes [25 cm (K) 25 cm (W)X 30 cm (H)] (Coulbourn Instru-
ments, Allentown, PA) were used. Each perspex box contained a standard response lever th
was positioned on one side of the box elevated 3 cm above its grid floor. These individual
boxes were located within their own sound attenuating chambers [75 cinS@)m (W)X
60 cm (H)]. Lever presses delivered a 500 msec stimulation train of 0.1 msec wide cathoda
rectangular pulses. Stimulation was supplied by a programmable stimulator and constant cur
rent generator through mercury filled commutators via connecting leads. A PC compatible
computer controlled the delivery of stimulation and recorded all behavioural data while a
Macintosh™ computer controlled the programmable stimulator to allow a descending series
of stimulation frequencies to be automatically presented.

Drugs

The dose range of CP 55,940 (Tocris, Bristol, UK) used (0, 10, 25 ang/kg) is similar
to the doses ak®-THC (1 and 1.5 mg/kg) employed in previous studies by Gardner and col-
leagues that showeA®-THC to enhance brain stimulation reward [2,3]. This similarity of
doses is based on previous binding and behavioural studies which have shown that CP 55,9/
is approximately 30 times as potentAdsTHC [13,23]. CP 55,940 was prepared by first dis-
solving it in absolute ethanol and then diluting this solution in saline and Tween 80 to make a
final vehicle solution of 2.5% Tween 80, 2.5% ethanol and 95% saline.

The doses of SR 141716 (Sanofi Recherche, Montpelier, France) used (0, 1, 3, 10 and 2
mg/kg) are consistent with the dose ranges that previous investigators have shown to be e
fective in modulating appetite and the rewarding effects of drugs of abuse (that is, 1-10 mg
kg) [18—21]. In addition, we included a relatively high dose of SR 141716 (20 mg/kg) as this
dose has been shown to have inverse agonist-like effects, such as producing hyperactivity i
mice [24]. SR 141716 was prepared by initially dissolving its powder formulation in 100%
ethanol. Tween 80 was added to this solution and the ethanol was completely evaporate
under a stream of nitrogen gas. The resulting solution was diluted with 0.9% saline to give &
final solution containing 1:19 (Tween 80:saline).

SCH 23390 (Research Biochemicals Inc., Natick, MA) was prepared by dissolving it in
0.9% saline to create a solution with a concentration of 0.06 mg/ml. Previous studies have
shown that 0.04 mg/kg of SCH 23390 produces a large decrease in the rewarding impact c
electrical stimulation of the MFB [22,25,26]. Furthermore, a dose of 0.08 mg/kg has been
shown to completely abolish responding for electrical stimulation of the MFB [25].

Identical solutions minus the drugs were used as vehicle solutions. All drugs were injected
intraperitoneally (i.p.) in an injection volume of 1 ml/kg.
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Surgery

Rats were anaesthetised with an i.p. injection of ketamine (60 mg/kg) and xylazine (9 mg/
kg) and stereotaxically implanted with a monopolar electrode and indifferent electrode as de:
scribed previously [27]. The surface of the skull of the rat was level to the horizontal plane
when rats were positioned in the stereotaxic apparatus. The electrode tip was aimed at the Iz
eral hypothalamic level of the MFB using the following stereotaxic coordinates: 2.5 mm pos-
terior to Bregma, 1.6 mm lateral to the midline and 9.7 mm ventral from the superior surface
of the skull. Rats were allowed to recover from surgery for at least 3 weeks before testing.

Procedure

Rats were trained to lever press under a fixed-interval (FI) 1 sec schedule of reinforcemen
with the stimulation frequency and current set at 100 Hz anqgh®5@spectively. Once the
rats started self-stimulating, currents were manipulated (rar2® — 60QLA; mean= 347pA)
to yield high rates of responding (70 — 130 responses per min). Rats were then trained using
rate-frequency paradigm [28] involving a descending series of 10 different frequencies, be-
ginning at 200 Hz and finishing at 25 Hz. At the beginning of each series of frequencies rats
received 5 priming stimulations over 20 sec. Individual frequencies were available for 2 min
before the frequency was decreased by 0.1 lagjts. Once all 10 frequencies had been pre-
sented, the procedure was repeated. If the rat did not respond for a period of 90 sec, or
forced stimulation was supplied.

The effects of CP 55,940 on brain stimulation reward

In the studies that assess the effects of drugs on intracranial self-stimulation, stable re
sponding is usually viewed as acceptable when the frequency supporting half maximal rate:
of responding (M,) does not vary beyond 0.1 lgginits over three consecutive days [6,29].
In the current study, rats were trained for three weeks using the rate-frequency paradigm be
fore being tested for the effects of CP 55,940. At this point all rggglid not vary beyond
0.1 logg units over three consecutive days. Once responding was stable rats were given
dose of CP 55,940 30 min before the start of testing. Testing proceeded so that a rat receive
no more than one dose per week. All seven rats were administered doses of CP 55,940 (0, 1
25 and 5Qug/kg) in a randomised order. The rats were then tested drug-free 24 h after the ad-
ministration of CP 55,940 to assess whether prior cannabinoid administration decreases th
rewarding impact of MFB stimulation.

The effects of SR 141716 and SCH 23390 on brain stimulation reward

In this study, rats were trained for three weeks using the rate-frequency paradigm before
being tested for the effects of SR 141716. At this point thgdfrats did not vary beyond
0.03 log, units over three consecutive days. Rats were then administered a dose of SF
141716 20 min before the start of testing. Testing proceeded so that each rat received n
more than one dose per week. All six rats were administered doses of SR 141716 (0, 1, 3, 1
and 20 mg/kg) in a randomised order.

Once testing with SR 141716 was complete, the same rats were tested with SCH 2339(
Testing with SCH 23390 occurred over three consecutive days, where the first day served a
a baseline, the second as a control day where saline was administered, and the final day a:
test where 0.06 mg/kg of SCH 23390 was administered.



J.C. Arnold et al. / Life Sciences 70 (2001) 97-108 101
Histology

Upon completion of drug testing, rats were killed with a lethal injection of pentobarbitone
(120 mg/kg, i.p.). They were then decapitated and their brains were removed. Brains were
blocked and placed on a microtome stage before being frozen t€ -atdl sliced into 40.m
sections. Frozen slices were examined under a light microscope to confirm that the electrode
were positioned at the lateral hypothalamic level of the MFB. The tissue was then mounted or
slides and left overnight to dry. These were stained with toluidine blue and coverslipped.

Data analysis

Data collected consisted of the number of reinforced responses for each frequency pre
sented. Non-linear regression analyses were performed on these data and the Gompertz eq
tion was used to provide two estimates of responding to enter into statistical analysjg: 1) M
which is the frequency supporting half maximal rates of responding, ang,2ylich is the
maximal or asymptotic response rate [28]. Thg ptovides an estimate of the rewarding
efficacy of MFB stimulation, while the Y, provides an indication of any drug effects on
performance [1,28].

Mz, and Y., data for all drug, vehicle and saline tests were expressed as a percentage
change from the drug-free baseline on the previous day. The resultant percentages for each
the two sessions within each test were averaged to give a single percentage change score. £
erage percentage change scores fgy and Y., were then separately analysed using one-
factor ANOVA with drug administration (CP 55,940 or SR 141716 or SCH 23390) treated as
a repeated measure.

Individual comparisons between each dose of CP 55,940 (either 10, 25,0/kg) and
vehicle were constructed using Bonferroni corrections to control the Type 1 error rate [30].
These same comparisons were conducted on data retrieved 24 h following CP 55,940 admir
istration to assess whether prior cannabinoid exposure reduces the rewarding impact of MFI
stimulation. In addition, individual planned comparisons between each SR 141716 dose (1
3, 10, or 20 mg/kg) and vehicle were constructed. Bonferroni corrections were then applied
to control for Type 1 error.

Results

All electrode tips were confirmed to be within the boundaries of the MFB at the level of
the lateral hypothalamus. A representative photomicrograph of the electrode tip locations cat
be seen in Figure 1.

CP 55,940 was ineffective in modulating either the rewarding efficacy of MFB stimulation
or the maximal rate of responding. This was reflected in no significant changgoinviyl,,

(Fig. 2.). Individual contrasts comparing each CP 55,940-treatment group and vehicle re-
vealed that CP 55,940 had no affect on thgaflany dose testedgK 1.7). In addition, CP
55,940 had no effect on,Y, at any dose tested{K 2.6).

Twenty-four hours after the administration of CP 55,940 there was no significant shifts in
either My, or Yy« (Fig. 2.). Individual contrasts comparing each CP 55,940-treatment group
and vehicle revealed CP 55,940 given 24 hours earlier had no affect og,thedvly dose
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Fig. 1. A photomicrograph of a representative electrode placement approximately 2.5 mm posterior to Bregma.
All electrode placements were confirmed to be within the boundaries of the MFB at the level of the lateral hypo-
thalamus. The arrow indicates the placement of the electrode tip. f refers to the fornix, ic to the internal capsule
and mt to the mammillothalamic tract. Scale a250 pm.

tested (Fs< 1). In addition, prior CP 55,940 administration had no affect,gnat any dose
tested (Fs <1).

SR 141716 produced a dose-dependent decrease in the rewarding efficacy of MFB self
stimulation without promoting any significant performance deficit (Fig. 3.). Rate-frequency
data for a typical rat are shown in Figure 3. Contrasts comparing each SR 141716 dose to Ve
hicle revealed that only the 20 mg/kg dose significantly increased4hié(l,20) =26.54,

p < 0.001] (a rightward shift of approximately 0.08 Jggnits in the rate-frequency func-
tion). However, remaining contrasts comparing 1, 3 and 10 mg/kg of SR 141716 separately
to vehicle exhibited only a tendency toward significance<(As20, 2.37, 5.01 respectively).
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Fig. 2. (left panel) Effects of CP 55,940 [0 (VEH), 10 (CP10), 25 (CP25) and (CP50) 50 wg/kg] on MFB self-
stimulation as assessed by.Yand My, (n=7 per group). (right panel),Y, and M, data as measured 24 hours
after administration of CP 55,940 (0, 10, 25 p&fikg).
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Fig. 3. (left panel) Effects of SR 141716 (0, 1, 3, 10 and 20 mg/kg) and SCH 23390 (0 and 0.06 mg/kg) on MFB
self-stimulation as assessed hy,yand M, (n=6 per group). SR 141716 (20 mg/kg) and SCH 23390 (0.06 mg/
kg) significantly attenuated the rewarding efficacy of the electrical stimulation as shown by increaseluilé

only SCH 23390 significantly reduced,X; * p < 0.05, **p < 0.01. (right panel) Effects of SR 141716 (20 mg/

kg) and SCH 23390 (0.06 mg/kg) and their respective vehicles on responding for MFB self-stimulation by a typi-
cal rat. Data are expressed as the number of reinforcements obtained per frequency of stimulation.

When first placed in the self-stimulation apparatus it was noticed that rats treated with 20
mg/kg of SR 141716 exhibited clear deficits in coordinated movement and a marked loss of
muscle tone. However, these clear behavioural deficits did not impede bar pressing. Thus, n
effect of SR 141716 on asymptotic responding was evident, with no significant decreases ir
Y max for any SR 141716 dose tested £ 1).

As expected, SCH 23390 (0.06 mg/kg) also caused a decrease in the rewarding efficacy c
MFB self-stimulation as assessed by, fF(1,5) = 23.29, p< 0.01] (a rightward shift of ap-
proximately 0.14 log, units in the rate-frequency function). A one-factor ANOVA directly
comparing the inhibitory effects of 20 mg/kg of SR 141716 and 0.06 mg/kg of SCH 23390
on Mg, indicated a significantly larger inhibitory effect of SCH 23390 [F(%,3R2.61,p < 0.05].

A slight decrease in asymptotic responding was evident in SCH 23390-treated rats, as show
by a significant decrease in.X%[F(1,5) =10.99, p <0.05].

Discussion

The current study reports for the first time the effects of the synthetic cannabinoid receptor
agonist CP 55,940 and the selective cannabinoid receptor antagonist SR 141716 on MFI
self-stimulation in Lewis rats. CP 55,940 was shown to have no effect on MFB self-stimulation
behaviour. Furthermore withdrawal from acute administration of CP 55,940 did not elevate
electrical stimulation reward thresholds when measured 24 hours later under drug-free condition:s

The present results are consistent with a previous study which showed that the synthetit
cannabinoid receptor agonist, levonantradol, had no effect on electrical brain stimulation
thresholds [31]. However, they contradict previous studies by Gardner and colleagues whc
have shown that ATHC (1.5 and 1 mg/kg respectively) enhances the rewarding potency of
electrical brain stimulation using two different procedures, namely, a titrating threshold stim-
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ulation paradigm and a rate-frequency curve shift paradigm [2,3]. Both previous findings by
Gardner and colleagues might be seen as complementary to the present finding, that CE
receptor antagonism causes only a modest inhibitory effect on the rewarding efficacy of self-
stimulation in Lewis rats [2,3]. However, the current investigation failed to demonstrate a
facilitatory effect of CP 55,940 (10, 25 and h@/kg), a synthetic analogue &f-THC.

Thus, this appears to contradict the findings of Lepore et al. [3] which also used a rate-fre-
guency curve shift paradigm and a dosé\&fTHC that is comparable to the doses of CP
55,940 that were used in the current study.

It could be argued that the discrepancy between the findings of the current study and the
Lepore et al. [3] study may be due to subtle differences beth&&rC and CP 55,940 in
their chemical structures and their effects on intracellular transduction pathways [32]. How-
ever, this seems unlikely, given that CP 55,940 has been shown to have the same effects
A°-THC in numerous behavioural assays including tests of locomotor activity, catalepsy,
nociception and body temperature [11,12].

An alternative explanation for why CP 55,940 did not modulate reward is based on close
scrutiny of the methodology employed by Lepore et al. [3]. First, it is important to note that
the magnitude of effect ak®-THC found in their study was very small compared to the
effects of other drugs of abuse such as amphetamine, MDMA and cocaine [4-6]. These drug
can reliably shift the rate-frequency function to the left by between 0.2 and Q,&ndg [4—

6]. However, the Lepore et al. [3] study showed th&THC could only shift the rate-
frequency function to the left by approximately 0.05}amits. Interestingly, this magnitude

of effect of A>-THC was smaller than what we, and most other investigators, judge as being
stable baseline responding (usually within 0.1;Jagits over consecutive days). Second,
Lepore et al. [3] used a very strict criterion of stable responding (within 0.Qlukaits over

days), possibly to ensure that the subtle effed®eoFHC could be distinguished from normal
baseline variation over days. Therefore, it is possible that in the current study the baseling
variation in responding permitted across days masked a possible subtle effect of CP 55,94
on the rewarding impact of electrical stimulation of the MFB.

There was no elevation in brain stimulation thresholds (using thedimate of thresh-
old) when measured 24 hours after administration of CP 55,940 (10, 25 adkgd This
is inconsistent with a recent report by Gardner and colleagues which showed that administra
tion of a single 1 mg/kg dose of-XHC elevates thresholds 24 hours later under drug-free
conditions [7,14]. Such elevations in reward threshold have been promoted as a model of th
depression or dysphoria experienced by human users dependent on a drug when they atten
to abstain from using that drug. In the animal model such elevations in threshold have beet
reported to occur upon withdrawal frodhronic administration of a number of different
drugs of abuse, including nicotine [15,33], ethanol [34], amphetamine [35-37], cocaine
[16,38—-40] and morphine [41]. Close scrutiny of these findings shows that such elevations in
reward threshold can not be discerned after a single administration of these drugs. Thus, th
finding of Gardner et al. [7,14] are questionable, and this underscores the importance of fu
ture studies that: 1) attempt to replicate the finding of Gardner et al. [7,14] and; 2) seek to de
termine whether withdrawal from chronic administration of a cannabinoid receptor agonist,
such as ATHC, can elevate reward thresholds as assessed by the intracranial self-stimulatior
paradigm.
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SR 141716 significantly attenuated the rewarding potency of MFB stimulation, but only at
the highest dose tested (20 mg/kg). Further this effect was small in comparison to the effect
of the D, receptor antagonist SCH 23390. It is notable that in previous studies, much lower
doses of SR 141716 (0.1 — 3 mg/kg) have been effective in reducing the rewarding effects o
morphine and cocaine and inhibiting appetite for palatable foods and alcoholic beverages
[18,20,21]. Thus 3 mg/kg of SR 141716 almost completely blocked operant responding for
beer in an animal model of alcohol craving [21] while 0.1 — 3 mg/kg prevented the acquisi-
tion of a conditioned place preference to cocaine [18]. The need to use a much higher dose ¢
SR 141716 to affect self-stimulation is possibly explained by Lewis rats being less sensitive
to the effects of SR 141716 than other rat strains. To our knowledge this is the first study tc
administer SR 141716 to the Lewis strain of rat.

The fact that such a high dose of SR 141716 was needed to affect self-stimulation behav
iour also raises the possibility that such a dose acts on non-cannabinoid systems. An in vitr
study showed that SR 141716, atMl concentrations, did not bind to other known receptors
including dopamine, opioid, glutamate, serotonin and GABA receptors [42]. However, it is
possible that 20 mg/kg of SR 141716 exceeds the concentrations that were used in this i
vitro study. Therefore, it is possible that the 20 mg/kg dose of SR 141716 also affected non-
cannabinoid receptors. To settle this dispute future studies could attempt to reverse the effe
of SR 141716 on electrical brain stimulation behaviour using a cannabinoid receptor agonis
to show that the effect was selectively mediated by 1€Beptors.

If it is assumed that the effect of 20 mg/kg of SR 141716 on self-stimulation was selec-
tively mediated by CBreceptors, then cannabinoid systems have a relatively minor influence
on reward. Both the need to use such a high dose, and the lack of effects observed with lowe
doses (1, 3 and 10 mg/kg) emphasise this view. One explanation for the effect of SR 14171
in the present study is that it blocks a tonic activation of reward-relevant neural substrates
provided by endogenous cannabinoid ligands such as 2-arachidonyl glycerol and anands
mide. Consonant with this,>ATHC is known to activate the mesolimbic dopamine pathway,
thought to be a critical brain reward substrate [7,14,43]. If a tonic level of endogenous can-
nabinoid activity in the mesolimbic dopamine system contributes to the rewarding effects of
MFB self-stimulation, then antagonising this tone with SR 141716 will presumably reduce
the rewarding efficacy of MFB stimulation. One problem with this hypothesis is that SR
141716 has been found to have no effect on dopamine release in the nucleus accumbens sh
at doses up to 10 mg/kg [43,44]. However, it is possible that higher doses of SR 141716 ma
have such an effect.

Another possible explanation for the effects of SR 141716 seen here relies on recent evi
dence that SR 141716 acts as an inverse agonist at thee€aptor [45,46]. Based on bio-
chemical evidence, SR 141716 appears to have direct effects on receptor-mediated intrace
lular transduction signaling that are opposite to those seen with cannabinoid receptor
agonists [45]. This raises the issue of whether the effects of SR 141716 on self-stimulatior
reflect a silent inhibition of endogenous cannabinoid tone or whether they rely on an intrinsic
effect of SR 141716 on the GBeceptor and signal transduction processes. The issue of
whether SR 141716 is a competitive antagonist or inverse agonist could be reconciled by
future investigations.
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Conclusion

The present results suggest that the endogenous cannabinoid system may only play a sm:
role in the neural substrate of brain stimulation reward, if it plays any role at all. This is con-
sistent with other research showing that endogenous cannabinoids have a subtle neuromod
latory role in brain function [47]. In the current study, a large dose of 20 mg/kg of SR 141716
was able to increase electrical MFB stimulation thresholds in Lewis rats. Lower doses (1 — 1C
mg/kg) of SR 141716 had no such effect. Future studies may attempt to test whether the
effect of 20 mg/kg of SR 141716 is selectively mediated by 1@Beptors. If the effect is
mediated only by CBreceptors then the role of the endogenous cannabinoid system in the
substrate of MFB stimulation reward is relatively modest at best. This is highlighted by
the magnitude of effect of SR 141716 being relatively small in comparison to the effects of
the D, receptor antagonist SCH 23390. The current study also reported that acutely adminis
tered CP 55,940 (10 — 5y/kg) had no effect on MFB self-stimulation thresholds. In addi-
tion, withdrawal from acute administration of CP 55,940 did not elevate electrical brain stim-
ulation reward thresholds when measured 24 hours later under drug-free conditions.
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