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Abstract The purpose of the present study was to inves-
tigate whether the cannabinoid and cholinergic systems
impair working memory through a common mechanism.
This hypothesis was tested by examining whether the
cannabinoid antagonist SR141716A would ameliorate
radial-arm performance deficits caused by either the nat-
urally occurring cannabinoid, A*-THC, or scopolamine, a
muscarinic antagonist. In addition, we evaluated whether
the cholinesterase inhibitor, physostigmine, would pre-
vent A%-THC-induced impairment of spatial memory. Fi-
nally, because the locomotor suppressive effects of can-
nabinoids may decrease radial arm choice accuracy inde-
pendent of a direct effect on memory, we examined the
impact of increasing the intertrial error on radial arm
choice accuracy. As previously reported, AS-THC im-
paired maze performance (EDg;=3.0 mg/kg). Increasing
the intertrial interval from 5 s to 30 s resulted in a three-
fold increase in the amount of time required to complete
the maze without affecting choice accuracy. Importantly,
SR141716A prevented AS-THC-induced deficits in radi-
al-arm choice accuracy in a dose-dependent manner
(ADsy=2.4 mg/kg); however, the cannabinoid antagonist
failed to improve the disruptive effects of scopolamine.
Conversely, physostigmine failed to improve perfor-
mance deficits produced by A%-THC. These data provide
strong evidence that A%-THC impairs working memory
through direct action at cannabinoid receptors. More-
over, these results suggest that scopolamine and A%-THC
do not impair spatial memory in a common serial path-
way, though they may converge on a third neurochemical
system.
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Introduction

The naturally occurring and synthetic cannabinoids pro-
duce many pharmacological effects in in vivo and in vit-
ro systems (Dewey 1986; Martin 1986). The deficits in
cognitive functioning (Abel 1971) associated with mari-
juana use in humans is of considerable concern. An ac-
tive constituent of marijuana, A%-tetrahydrocannabinol
(AS-THC), and other cannabinoids have been demon-
strated to impair learning and memory in primates as
well as rodents (Carlini et al. 1970; Ferraro and Grilly
1973; Evans and Wenger 1992; Heyser et al. 1993).
These compounds also disrupt working memory in the
cight arm radial-maze task (Nakamura et al. 1991; Licht-
man et al. 1995).

The existence of a structure activity relationship as
well as neuroanatomical evidence suggests that canna-
binoids. impair working memory through a cannabinoid-
receptor mechanism. The potent bicyclic analog,
CP55,940, was approximately 16-fold more potent than
both A%-THC and the aminoalkylindole compound
WIN55,212-2 in disrupting memory (Lichtman et al.
1995). In addition, cannabidiol, an inactive naturally oc-
curring cannabinoid, failed to alter maze performance at
doses up to 30 mg/kg. The relative potencies of these
drugs in impairing memory in the radial-arm maze are
similar to their potencies in eliciting other cannabinoid
pharmacological effects and relative affinity to the can-
nabinoid receptor (Little et al. 1988; Compton et al.
1992a,b, 1993). Other evidence consistent with a canna-
binoid receptor mechanism is that intracerebral adminis-
tration of CP55,940 into the hippocampus, a brain struc-
ture implicated in learning and memory and containing a
high density of cannabinoid receptors, disrupted working
memory in the radial-arm maze task (Lichtman et al.
1995).

Though the above findings are consistent with a re-
ceptor mechanism of action, the reversal of cannabinoid-
induced memory disturbances by a cannabinoid antago-
nist would provide more compelling support for such a
hypothesis. The discovery of the cannabinoid antagonist
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SR141716A provides a useful tool to discern whether a
pharmacological effect is mediated through a cannabi-
noid receptor mechanism. SR141716A binds to CB1, but
not CB2, receptors and prevents the inhibitory effects of
cannabinoids on adenylyl cyclase accumulation, cerebel-
lar cGMP and twitch contractions of the mouse vas def-
erens (Rinaldi-Carmona et al. 1994, 1995). Of impor-
tance, the inhibitory effects of the potent cannabinoid
HU-210 on long-term potentiation in the rat hippocam-
pal slice, a neural modél for learning and memory, are
blocked by SR141716A (Collins et al. 1995). This antag-
onist also blocks a variety of in vivo responses, including
antinociceptive, cataleptic, hypothermic, and other motor
effects of cannabinoids (Rinaldi-Carmona et al. 1994,
1995). In addition, SR141716A antagonizes the discrimi-
pative stimulus cues of A%THC, CP55,940, and
WINS5,212-2 in the drug discrimination paradigm in
rats (Wiley et al. 1995a). The primary goal of the present
study, therefore, was to evaluate whether cannabinoid re-
ceptors mediate A%-THC-induced memory impairment in
the radial-arm maze using SR141716A.

The integrity of central cholinergic pathways has been
demonstrated to play a critical role for memory as as-
sessed in the radial-arm maze. Administration of scopol-
amine, a muscarinic antagonist, or destruction of central
cholinergic neurons in the forebrain has been demon-
strated to impair working memory in the radial-arm
maze (Olton 1987). Importantly, these memory deficits
can be reversed with physostigmine and other choliner-
gic agonists (Murray and Fibiger 1985; Tilson et al.
1988; Matsuoka et al. 1991; McGurk et al. 1991; Dennes
and Barnes 1993). Cannabinoids increase acetylcholine
in a variety of brain regions including the hippocampus
(Revuelta et al. 1980; Tripathi et al. 1987); however, they
have also been shown to reduce acetylcholine release in
the periphery (Paton and Aboo Zar 1968; McConnell et
al. 1978). In addition, there is some indication of a func-
tional interaction between cannabinoid and cholinergic
systems in catalepsy (Ferri et al. 1981; Pertwee and Ross
1991; Prescott et al. 1992). The presence of cholinergic
and cannabinoid receptors in the hippocampus and other
brain areas associated with memory suggests the possi-
bility that these two systems may modulate working
memory through a common serial pathway.

The second objective of the present study, therefore,
was to evaluate whether cannabinoid and cholinergic
systems affect memory through a common serial path-
way. Two approaches were taken to accomplish this aim.
First, the effects of SR141716A pretreatment on scopol-
amine-induced memory impairment were evaluated in
the radial-arm maze. Any improvement in choice accura-
cy resulting from SR141716A pretreatment would sug-
gest the functional involvement of endogenous canna-
binoids; or, conversely, that the cannabinoid antagonist is
nonselective. Second, the involvement of cholinergic
systems in A%-THC-induced impairment of radial-arm
maze choice accuracy was assessed by pretreating rats
with physostigmine. As a cholinesterase inhibitor, phy-
sostigmine acts as a nonspecific agonist at nicotinic as

well as muscarinic receptors. If cannabinoids impair
working memory by inhibiting cholinergic transmission,
physostigmine would be predicted to improve radial-arm
maze performance in animals administered A%-THC.

Finally, in addition to impairing choice accuracy in
the radial-arm maze, cannabinoids are known to inhibit
locomotor activity (Dewey 1986; Martin 1986). This
raises the possibility that these drugs do not impair radi-
al-arm maze performance by a direct effect on memory,
but merely increase the difficulty of the task by retarding
the animal’s latency to enter an arm. The third objective
of this study, therefore, was to evaluate whether the in-
hibitory effects of A%-THC on locomotor activity contrib-
ute to the decrements in choice accuracy. This hypothesis
was tested by examining whether increasing the intertri-
al-interval (ITI) from 5 s to 30 s would impair choice ac-
curacy in either vehicle- or A%-THC-treated rats.

Materials and methods

Subjects

Two groups of Sprague-Dawley (Harlan, Ind.) male rats served as
subjects (n=12 for each group). The animals were individually
housed in a temperature-controlled (20-22° C) environment, with
a 12-h light/dark cycle. Subjects were placed on a food-restricted
diet and maintained at a weight between 290 and 300 g, approxi-
mately 85% of their free-feeding weight, for the duration of the
experiment. Daily food rations (12-16 g, Prolab, Agway) were
given immediately after each experimental session, and water was
available ad libitum at all times except during the test session.

Drug preparation and administration

AS-THC was provided by the National Institute on Drug Abuse
and SR141716A was provided by Pfizer (Groton, Conn.}. Scopol-
amine and physostigmine were purchased from Sigma (St Louis).
The cannabinoids were dissolved in a 1:1 mixture of absolute eth-
anol and alkamuls-620 (formerly called emulphor-620; Rhone-Po-
ulenc, Princeton, N.J.), and diluted with saline. The vehicle ratios
for A>-THC and SR141716A were 1:1:18 (ethanol:alkamuls:sa-
line) and 1:1:8 (ethanol:alkamuls:saline), respectively. Saline
served as the vehicle for scopolamine and physostigmine. All in-
jections were given through the IP route of administration in a vol-
ume of 1 ml/kg.

Apparatus and training

The equipment and training procedure were identical to that de-
scribed elsewhere (Lichtman et al. 1995). Each of the eight arms
was baited with a 45-mg Noyes pellet placed 5 cm from the end.
At the start of a session, the subject was placed on the center plat-
form with all doors down. Five seconds later, all of the doors were
raised. Subjects were defined as selecting an arm once it crossed
the threshold into a maze arm. Once a selection was made, the oth-
er seven guillotine doors were lowered. After the subject returned
to the center platform, the remaining door was lowered for the 5-s
ITI; all eight doors were then raised for the next trial. The session
ended when either each arm was visited or 10 min had elapsed,
whichever occurred first. The experimenter recorded which arm
was visited and whether the pellet was consumed for each entry, as
well as the duration of the session. Subjects became proficient in
the task within approximately 20 training sessions.



Behavioral testing

Subjects were evaluated in the maze 20 min after the injection of
AS-THC (0, 2, 4, or 6 mg/kg) or scopolamine (0, 0.1, or
0.5 mg/kg). A dose of 5 mg/kg AS-THC was used in the antago-
nism studies in an attempt to produce significant decreases on ra-
dial-arm maze choice accuracy while limiting the sedative effects
of the drug. SR141716A (0, 1, 3, or 10 mg/kg) was given 10 min
before vehicle or AS-THC. SR141716A (0, 3, or 10 mg/kg) was
also given 10 min before each of the scopolamine doses. Physo-
stigmine (0, 0.06, 0.12, or 0.24 mg/kg) was administered 10 min
before vehicle or A%-THC. These doses of physostigmine have
been previously reported to reverse deficits in maze performance
caused by neurochemical lesions to cholinergic neurons in the
CNS (Tilson et al. 1988). In the experiment assessing the impact
of a delay in the ITI, subjects received either vehicle or the ED50
dose of A%-THC (3 mg/kg) and the ITIs consisted of either 5 or
30s.

The first group of subjects was used in the A%-THC dose-re-
sponse study, and seven of these rats were consequently used in
the ITI delay experiment. The second group of rats was used in
each of the other experiments. The order of experiments for these
subjects was: 1) SR141716A versus A>-THC, 2) SR141716A ver-
sus scopolamine, and 3) physostigmine versus A%THC. For each
experiment, the dose regimens were counter-balanced among sub-
jects to control for any order effects. Each subject was given no
more than one injection per week after successfully completing
the maze on 2 consecutive days. As subjects became more profi-
cient in the task, they were given one training session per week
prior to the test day.

Statistical analyses

The four dependent measures of interest were the number of reen-
tries, the trial at which the first error occurred, the total amount of
time required to complete the maze, and the number of correct en-
tries. The number of entries before the first error occurred was de-
termined by the following formula: 8-number of arms remaining
unvisited when the first error occurred. Accordingly, an 8 indicat-
ed that no errors were committed, a 7 indicated that the error was
committed on the eighth selection, and a 1 meant that the first er-
ror was made on the second choice. The two variables indicative
of choice accuracy, the number of reentries and the trial at which
the first error occurred, were used to infer whether the A>-THC
impaired spatial memory. A one-way ANOVA was used to analyze
each dependent measure in the dose response A%-THC experiment,
the SR141716A versus A%-THC experiment, and the physostig-
mine versus A%-THC experiment. Two-way ANOVA was used in
the SR141716A versus A°>-THC experiment and the time delay ex-
periment. The Newman-Keuls test was used for post-hoc analysis.
Differences were considered significant at the P<0.05 level.

The potency of A%-THC in disrupting radial-maze performance
was calculated by dividing the mean number of errors for each
drug condition by the mean number of errors committed in the
high-dose condition. In order to calculate the potency of
SR141716A in antagonizing the disruptive effects of A>-THC on
maze performance, the data for each dose of SR141716A were
transformed fo percent antagonism by the following formula:
100x(number of errors in vehicle-A%>-THC condition minus num-
ber of errors in SR141716A-A%-THC condition)/(number of errors
in vehicle-A%-THC condition). The EDs, value of A>-THC and the
ADS0 value of SR141716A were then calculated (Tallarida and
Murray 1987).

Results

Dose-related effects of A>-THC on spatial memory

The EDs, dose of A°>-THC in impairing choice accuracy
was 3.0 mg/kg. The number of arms revisited was signif-
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Fig. 1A-D The effects of IP A%-THC on eight arm radial-maze
performance. All results are presented as means+SEM (*signifi-
cantly different from vehicle). A The number of errors committed
during testing. B The trial at which the first error occurred. C The
amount of time required to complete the maze. D The total num-
ber of correct entries made for each condition

icantly increased by AS-THC [F(3, 33)=7.7, P<0.05;
Fig. 1A]. Subjects committed significantly more errors
when treated with 6 mg/kg A-THC than each of the oth-
er conditions (P<0.05). The drug also reduced the num-
ber of arms visited before the first error was committed
[F(3, 33)=4.8, P<0.05; Fig. 1B]. The first reentry oc-
curred significantly earlier with the 6 mg/kg dose than
with vehicle or 2 mg/kg drug, and the 4 mg/kg dose sig-
nificantly differed from the vehicle condition (P<0.05).
A’-THC significantly increased the amount of time re-
quired to complete the task [F(3, 33)=7.2, P<0.05; see
Fig. 1C]. Subjects required significantly more time to
complete the maze after treatment with 6 mg/kg drug
than each of the other conditions (P<0.05). Finally, A%-
THC had no impact on the number of correct entries
made [F(3, 33)=0.9, P>0.40; see Fig. 1D].

Effects of SR141716A pretreatment
on A%-THC-induced memory impairment

As can be seen in Fig. 2, the cannabinoid antagonist,
SR141716A, antagonized the disruptive effects of A%-
THC (5 mg/kg) on spatial memory in a dose-dependent
fashion (ADj;, dose=2.4 mg/kg). SR141716A completely
blocked the disruptive effects of A%-THC in the radial-
arm maze as indicated by the return to baseline levels
(Fig. 3). Significant effects were found for both depen-
dent measures indicative of choice accuracy [F(6,
113)=6.8, P<0.05 for the number of reentries committed
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Fig. 3A-D The effects of pretreatment of vehicle (L)), or 1 (i), 3
), or 10 mg/kg (M) of SR141716A prior to vehicle or 5 mg/kg
A%-THC on eight arm radial-maze performance. All results are
presented as meansxzSEM (see text for statistics). A The number
of errors committed during testing, B The trial at which the first
error occurred. € The amount of time required to complete the
maze. D The total number of correct entries made for each condi-
tion

(Fig. 3A) and F(6, 113)=7.1, P<0.05 for the trial at
which the first error occurred (Fig. 3B)]. Subjects pre-
treated with either vehicle or 1 mg/kg SR141716A prior
to A%-THC exhibited significant decrements in both mea-
sures of choice accuracy compared to each of the other
groups. A significant effect was also found for the
amount of time required to complete the maze [F(6,
113)=4.8, P<0.05 (Fig. 3C)]. The A%-THC-injected rats
that were pretreated with the vehicle required significant-
Iy more time to complete the maze than the vehicle-vehi-
cle, 10 mg/kg SR141716A-vehicle, and the 10 mg/kg
SR141716A-A%-THC conditions. In contrast, none of the
drug conditions affected the total number of correct en-
tries choices [F(6, 113)=1.2, P>0.25; Fig. 3D).
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Fig. 4A-D The effects of pretreatment of vehicle () or
10 mg/kg SR141716A (M) prior to vehicle or scopolamine on
eight-arm radial-maze performance. All results are presented as
meanstSEM (see text for statistics). A The number of errors com-
mitted during testing. B The trial at which the first error occurred.
C The amount of time required to complete the maze. D The total
number of correct entries made for each condition

Effects of SR141716A pretreatment
on scopolamine-induced memory impairment

Scopolamine impaired both dependent measures indica-
tive of choice accuracy [F(2, 22)=11.7, P<0.05 for the
total number of reentries (Fig. 4A) and F(2, 22)=4.7,
P<0.05 for the trial at which the first error occurred
(Fig. 4B)]. For both variables, the 0.5 mg/kg dose of sco-
polamine decreased choice accuracy more than the other
conditions and performance was disrupted with
0.1 mg/kg of scopolamine compared to the vehicle
(P<0.05). Significant main effects were found for both
scopolamine [F(2, 22)=30.2, P<0.05] and SR141716A
[F(1, 11)=14.2, P<0.05] on maze completion time
(Fig. 4C). Similarly, there were significant main effects
for scopolamine [F(2, 22)=17.0, P<0.05] as well as
SR141716A [F(1, 11)=32.2, P<0.05] on the number of
correct entries made (Fig. 4D). No significant interaction
was found between scopolamine and SR141716A for
any of the dependent variables. Although subjects treated
with SR141716A and the 0.5 mg/kg dose of scopolamine
committed some errors of omission, these subjects did
not appear sedated or immobile; much of the testing pe-
riod was spent locomoting in the central platform. None-
theless, they visited most of the arms and committed sig-
nificantly more errors of reentry than the vehicle-vehicle

group.
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AS-THC 3 0.7x0.2 7.1x04 3.0+0.4 8.0+0.0
30 1.4£0.5 5.7+0.9 8.2+0.7 7.9+0.2

Effects of physostigmine pretreatment
on AS-THC-induced memory impairment

Figure 5 depicts the effects of pretreatment with either
vehicle or physostigmine (0.06, 0.12, or 0.24 mg/kg) pri-
or to A5-THC (5 mg/kg) in the radial-arm maze. Exces-
sive salivation was observed in subjects treated with the
high dose of physostigmine. Significant effects were
found for both the number of errors committed in the
maze [F(5, 102)=5.5, P<0.05 (Fig. 5A)] and the number
of entries that occurred before the first error [F(5,
102)=5.6, P<0.05 (Fig. 5B)]. A%-THC significantly im-
paired choice accuracy regardless of physostigmine pre-
treatment. A significant effect was also found on the
amount of time required to complete the maze [F(5,
102)=13.9, P<0.05 (Fig. 5C)]. Each drug condition led to
a significant increase in maze completion time compared
to the vehicle-vehicle treatment. Finally, a significant ef-
fect was found for the number of correct arms visited
[F(5, 102)=3.5, P<0.05 (Fig. 5D)], subjects visited sig-
nificantly fewer arms in the vehicle-AS-THC and the
physostigmine (0.24 mg/kg)-A%-THC conditions than the
vehicle-vehicle condition.

Effects of increasing the ITI
on radial-arm maze performance

The impact of increasing the ITI from 5 s to 30 s is pre-
sented in Table 1. A%-THC significantly increased the
number of errors committed [F(1, 6)=10.8, P<0.05), re-
duced the number of entries before the first error was
committed [F(1, 6)=8.7, P<0.05), and delayed maze
completion time [F(1, 6)=7.9, P<0.05). Although impos-
ing a 30-s delay significantly increased the time required
to complete the maze compared to the 5-s ITI [F(1,
6)=57, P<0.05], it failed to significantly affect either
measure indicative of choice accuracy and did not signif-
icantly increase the errors of omission (P>0.1 for the
main effect of delay and the delay by drug interactions
for each of these dependent variables).

Discussion

The complete prevention of A%-THC-induced working
memory deficits by SR141716A provides strong evi-
dence that cannabinoids impair working memory
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through cannabinoid receptors. The failure of physostig-
mine to improve A%~ THC-induced deficits in radial-arm
maze performance, however, suggests that cannabinoids
do not impair working memory by inhibiting cholinergic
transmission. Conversely, endogenous cannabinoids may
be under tonic inhibition by acetylcholine. However, the
inability of SR141716A to prevent scopolamine-induced
decreases in radial maze choice accuracy is not consis-
tent with this second postulate. The failure of
SR141716A to prevent the disruptive effects of scopol-
amine also supports its selectivity to cannabinoid recep-
tors.

The results of the present study suggest that cannabi-
noid and cholinergic drugs do not impair spatial memory
through a common serial pathway. Alternatively, canna-
binoid and cholinergic neurons may disrupt radial-arm
performance by converging on a third receptor system.
One candidate may be dopaminergic neurons; haloperi-
dol and a selective D agonist have alleviated scopol-
amine-induced deficits in working memory (Levin and
Rose 1991). Furthermore, various dopaminergic ligands
alleviated the performance deficits caused by lesions to
cholinergic fibers that innervate the forebrain (McGurk
et al. 1992). Of course, there is the possibility that A®-
THC and scopolamine impair spatial memory through
entirely separate neurochemical systems.

The increase in maze completion time caused by A%-
THC as well as scopolamine suggests that the locomotor
suppressive effects of these drugs may have decreased
choice accuracy independent of direct drug effects on
memory. In other words, the increased amount of time
required to complete the maze may have elicited errors
merely by increasing the difficulty of the task. Several
observations, however, argue against this alternative ex-
planation. Increasing the ITI failed to impair choice ac-
curacy and failed to produce errors of omission, even
though it led to a large increase in maze completion
time. In addition, the 0.24 mg/kg dose of physostigmine
significantly increased maze completion time, but did
not affect choice accuracy. Conversely, intrahippocampal
administration of CP-55,940, a potent cannabinoid ana-
log, impaired choice accuracy without retarding maze
completion time (Lichtman et al. 1995). Similarly, A%-
THC and CP-35,940 impaired memory at lower doses
than in producing locomotor suppression (Nakamura et
al. 1991; Lichtman et al. 1995). The dissociation be-
tween radial-arm maze choice accuracy and inhibition of
locomotor activity suggests that cannabinoids impair
working memory independent of their locomotor effects.

The potency of A%>-THC in disrupting radial maze per-
formance found here was similar to the value previously
reported (Lichtman et al. 1995). In addition, SR141716A
blocked working memory deficits as well as the delay in
maze completion time produced by A®-THC. The ADx,
of the antagonist in blocking cannabinoid-induced anti-
nociception, hypothermia, and other motor effects (Ri-
naldi-Carmona et al. 1994; Compton et al. 1996), as well
as the discriminative cue of cannabinoids (Wiley et al.
1995b), has been reported to range from about 0.1 to

0.8 mg/kg, lower than that in the present study. Although
the AD50 dose of SR141716A in the present study ap-
pears to be somewhat higher than that required in other
in vivo tests, it is similar to the ADs, dose in blocking
the antinociceptive effects of A%-THC in PBQ-induced
writhing (Compton et al. 1996). Thus, it appears that the
dose of antagonist required to block the pharmacological
actions of cannabinoids may be dependent on the specif-
ic effect of interest as well as the dose of agonist em-
ployed.

The heterogeneous distribution of cannabinoid recep-
tors (Herkenham et al. 1991) and the presence of endog-
enous cannabinoids in the CNS (Devane et al. 1992) sug-
gest the existence of a cannabinoid neurochemical
system. Although exogenously administered cannabino-
ids impair cognition, it is unknown whether an endoge-
nous cannabinoid systern plays a role in memory pro-
cesses. Of particular interest is the observation that can-
nabinoid receptors were decreased in the hippocampi of
Alzheimer’s patients (Westlake et al. 1994). In rats, how-
ever, IP administration of the endogenous cannabinoid
anandamide failed to impair working memory as as-
sessed in the radial-arm maze (Lichtman et al. 1995) or
the delayed nonmatch-to-sample (Crawley et al. 1993).
The rapid metabolism of the drug (Deutsch and Chin
1993) may have prevented it from reaching the necessary
sites, however. Alternatively, the use of cannabinoid an-
tagonists, such as SR141716A, may be used to elucidate
the function of a putative cannabinoid system in a variety
of behaviors, including cognition. The cannabinoid an-
tagonist may also serve to ascertain the involvement of
the hippocampus and other brain areas in A%-THC-in-
duced disruption of working memory. Although the high
degree of radial-arm choice accuracy exhibited by sub-
jects in the present study precluded the possibility of im-
proving maze performance with SR141716A, future re-
search is likely to focus on whether antagonism of en-
dogenous cannabinoids can improve working memory.

In conclusion, the failure of SR141716A to block the
disruptive effects of scopolamine on spatial memory and
the failure of physostigmine to block those of A>-THC
suggest that cannabinoid and cholinergic agents do not
work through a common serial pathway. Nonetheless, it
is possible that both drug classes activate a common neu-
rochemical system to disrupt memory. In addition, in-
creasing the ITT from 5 s to 30 s resulted in a three-fold
increase in the amount of time required to complete the
maze without affecting choice accuracy. Finally, the
finding that SR141716A completely blocked the disrup-
tive effects of A®-THC in the radial-arm maze task
strongly indicates the involvement of CB1 cannabinoid
receptors.
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