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Abstract  The purpose of the present study was to inves- 
tigate the disruptive effects of cannabinoids on work- 
ing memory as assessed in the eight-arm radial-maze. 
Systemic administration of Ag-THC, WIN-55,212-2, 
and CP-55,940 increased the number of errors com- 
mitted in the radial-maze. CP-55,940 was the most 
potent cannabinoid in impairing memory (EDs0 = 0.13 
mg/kg). A9-THC and WIN-55,212-2 disrupted maze- 
choice accuracy at equipotent doses (ED50 values = 2.1 
and 2.2 mg/kg, respectively). In addition, systemic 
administration of each of these agents retarded com- 
pletion time. Whereas the doses of A9-THC and CP- 
55,940 required to retard maze performance were 
higher than those needed to increase error numbers, 
WIN-55,212-2 was equipotent in both of these mea- 
sures. On the other hand, neither anandamide, the 
putative endogenous cannabinoid ligand, nor 
cannabidiol, an inactive naturally occurring cannabi- 
noid, had any apparent effects on memory. A second 
aim of this study was to elucidate the neuroanatomi- 
cal substrates mediating the disruptive effects of 
cannabinoids on memory. Intrahippocampal injections 
of CP-55,940 impaired maze performance in a dose- 
dependent manner (EDs0 = 8 gg/rat), but did not 
retard the amount of time required to complete the 
maze. The effects of intrahippocampal CP-55,940 were 
apparently specific to cognition because no other 
cannabinoid pharmacological effects (e.g., antinoci- 
ception, hypothermia, and catalepsy) were detected. 
This dissociation between choice accuracy in the radial- 
maze and other cannabinoid pharmacological effects 
suggests that the working memory deficits produced by 
cannabinoids may be mediated by cannabinoid recep- 
tors in the hippocampus. 
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Introduction 

The naturally occurring cannabinoids, such as Ag-THC, 
and synthetic compounds have been demonstrated to 
produced a multitude of motor and sensory alterations 
in laboratory animals including antinociception, 
catalepsy, hypothermia, and decreases in spontaneous 
locomotion (Dewey 1986; Martin 1986). These com- 
pounds are also known to impair learning and mem- 
ory in rodents (Carlini et al. 1970), nonhuman primates 
(Ferraro and Grilly 1973; Evans 1992), and humans 
(Abel 1971). Ag-THC has been found to disrupt mem- 
ory as assessed in the delayed match to sample (DMTS) 
task (Heyser et al. 1993), Lashley III maze (Carlini 
et al. 1970), and the eight-arm radial-maze (Nakamura 
et al. 1991). The eight-arm radial-maze task has been 
particularly useful in assessing the effects of drugs on 
spatial memory (Olton 1987). The standard procedure 
is designed to assess working memory by requiring the 
subject to enter each of the eight runway arms in order 
to obtain food reinforcement. Drugs that impair 
memory, such as the anticholinergics (Levin 1988), 
increase the number of errors committed, (i.e., entries 
into previously visited arms). Few studies have evalu- 
ated the effects of  cannabinoid intoxication on mem- 
ory as assessed in the radial-maze. Although acute 
administration of A9-THC has been reported to pro- 
duce modest deficits in maze performance (Nakamura 
et al. 1991), a limitation of that study was that only 
one drug dose was employed. 

The hippocampus and its related structures appear 
to be pivotal for working memory as its damage 
by surgical or chemical methods severely impairs 
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performance in a variety of tasks including the radial- 
maze (Olton and Werz 1978; Olton 1987; McLamb 
et al. 1988). It is of consequence that the hippocampus 
contains one of the highest concentrations of cannabi- 
noid receptors in the brain (Herkenham et al. 1991; 
Jansen et al. 1992; Mailleux et al. 1992; Thomas et al. 
1992). Several observations are consistent with the 
notion that the hippocampus mediates the disruptive 
effects of the cannabinoids on memory. In particular, 
Ag-THC-induced impairment in the DMTS task was 
associated with a specific decrease in hippocampal cell 
discharge (Heyser et al. 1993). In addition A9-THC has 
been shown to alter cerebral metabolism in several 
brain regions including the hippocampus (Margulies 
and Hammer 1991). The hippocampus has also been 
found to be sensitive to cannabinoid treatment in vitro. 
A9-THC applied to hippocampal tissue affects long- 
term potentiation (LTP) (Norwicky and Teyler 1987), 
a phenomenon proposed to be a neural mechanism for 
information storage in the brain, in a biphasic fashion. 
Finally, chronic administration of Ag-THC reduces the 
concentration of synapses in the CA3 region of the hip- 
pocampus (ScaHet et al. t987). 

The purpose of the present study was to investigate 
the disruptive effects of cannabinoids on working mem- 
ory as assessed in the eight-arm radial maze. In addi- 
tion to assessing whether Ag-THC-induced memory 
impairment was dose-related, the following structurally 
diverse cannabinoids were evaluated (see Fig. 1): CP- 
55,940, a potent bicyclic analog that has been used to 
characterize the receptor (Devane et al. 1988); WIN- 
55,212-2, an aminoalkylindole analog (Compton et al. 
1992a, b); cannabidiol, an inactive cannabinoid present 

Ag-THC 

CP-55,940 
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WIN-55,212-2 

O 

Anandamide 

Fig. 1 Chemical structures of naturally occurring and synthetic 
calmabinoids that were evaluated for activity in the eight-arm 
radial-maze 

in marijuana (Compton et al. 1990); and anandamide, 
a putative endogenous cannabinoid ligand (Devane 
et al. 1992). A second objective of this study was to 
investigate whether cannabinoids can impair working 
memory by direct action on the hippocampus. This 
hypothesis was tested by examining the impact of 
intrahippocampal administration of CP-55,940 on 
radial-maze performance. These animals were also 
evaluated for antinociception, catalepsy, and hypother- 
mia in order to determine whether these other behav- 
ioral effects of cannabinoids are mediated by separate 
neuronatomical structures. 

Materials and methods 

Subjects 

Sprague-Dawley (Harlan, Ind.) male rats served as subjects and 
were individually housed in a temperature controlled (20-22°C) 
environment with a 12-h light/dark cycle. Initially, 12 rats were 
trained in the maze and tested with A9-THC; however, one of the 
animals was dropped from the study and not tested with any other 
cannabinoids due to respiratory virus. Subjects were placed on a 
food-restricted diet and maintained at a weight between 290 g and 
300 g, approximately 85 % of their free-feeding weight, for the dura- 
tion of the experiment. Daily food rations (12-16 g, Prolab, Agway) 
were given immediately after each experimental session. Water was 
available ad libitum. 

Drugs 

A9-THC and cannabidiol were provided by the National Institute 
on Drug Abuse, CP-55,940 was provided by Pfizer (Groton, Conn.) 
WIN-55,212-2 was obtained from (Sterling Winthrop, Albany, 
N.Y.), and anandamide was supplied by Organix (Woburn, Mass.). 
Each drug was dissolved in a 1 : 1 mixture of absolute ethanol and 
Emulphor-620 (Rhone-Poulenc, Princeton, N.J.) and diluted with 
saline to form a final vehicle mixture of  ethanol:emulphor:saline 
(1 : 1 : 18). Intraperitoneal (IP) injections were given in a volume of 
1 ml/kg and intrahippocampal injections were given bilaterally in 
a volume of 1 gl. In an initial experiment dimethylsulfoxide (DMSO) 
was employed as the vehicle for intrahippocampal injections. 
Because the DMSO vehicle alone severely disrupted maze perfor- 
mance, ethanol:emulphor:saline served as the vehicle for all 
intrahippocampal injections. 

Surgery 

Each animal was anesthetized with sodium pentobarbital 
(60 mg/kg) and two 23-gauge stainless-steel guide cannulae were 
implanted bilaterally into the hippocampus using a stereotaxic tech- 
nique and bregma as the reference point . The coordinates were 
A/P-3.3 ram, L (+) and (-) 1.5 ram, and D/V 2.0 mm (Paxinos 
and Watson 1986) which resulted in the tip of the cannula being 
dorsal to the hippocampus. The subjects were given a 1-week recov- 
ery after cannulae implantation prior to maze training. For all 
intracerebral injection, 29-gauge stainless steel needles were inserted 
simultaneously into the bilateral cannulae and advanced 1.5 mm 
beyond the tip to sites within the hippocampus. The injection was 
of 1 min duration and the needles were removed 2 min after infu- 
sion. Each cannula was kept patent with a stainless steel obtura- 
tor. At the conclusion of the study all animals were given a lethal 
dose of sodium barbital (100 mg/kg). A 1-gl atiquot of absolute 
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blue was microinjected through the cannulae to label the injection 
sites, and the brain was removed for histological examination. The 
bilateral placement sites were identified from 20-gm serial coronal 
sections. A total of six naive subjects were implanted with bilateral 
cannulae aimed at the dorsal hippocampus and tested with CP- 
55,940. 

Apparatus 

Radial arm maze 

The description of equipment and training procedures were similar 
to that previously described (Olton 1987). The apparatus was made 
from plywood and consisted of a round central platform (34 cm in 
diameter) with eight radiating arms attached to the platform at 
equal distances from each other. The maze surface was coated with 
polyurethane and Whistle all purpose cleaner with ammonia was 
used to clean the apparatus prior to each subject's test. Each arm 
was 86 cm long, 9 cm wide, and surrounded by a wall 10 cm wall 
high. A guillotine door was attached to each run-way entrance. Two 
light sources from opposite corners of the room were used for illu- 
mination and visual cues. In addition, several other distinctive visual 
cues were located around the room. 

Antinociception 

lets within the 10-min test period. Each session began with the sub- 
ject placed on the center platform with all doors down. Five sec- 
onds later all of the doors were raised. After a subject crossed the 
threshold into a run-way, all of the arms except the selected arm 
were blocked with the guillotine doors. The door to the recently 
visited arm was lowered once the subject returned to the center plat- 
form. Subjects were given additional trials until either all eight-arms 
were visited or 10 min had elapsed, whichever came first. The exper- 
imenter recorded which arm was visited and whether or not the pel- 
let was consumed for each arm entrance, as well as the duration of 
the session. Subjects were defined as failing if two or more arms 
were revisited or an error of omission was committed (i.e., failure 
to visit all eight arms). Subjects became proficient in the task within 
l 5-20 training sessions. Each rat was placed in the maze 20 min 
after drug or vehicle administration, with the exception of the anan- 
damide study. A 10-min pretreatment period was used for anan- 
damide because of its short duration of action (Deutsch and Chin 
1993). For each drug, the order of dose administration was counter- 
balanced among subjects in a quasi Latin-square design to control 
for any order effects. Subjects were tested with either drug or vehi- 
cle after successfully completing the maze on 2 consecutive days. 
Consequently, the minimum interdose interval was never less than 
72 h and generally was 1 week. 

Preinjection tail-flick latencies and core temperature was first 
assessed in subjects given intrahippocampal infusions.Each subject 
was tested in the radial-maze 20 min after the intracerebral injec- 
tion, tail-frick latencies and rectal temperature were assessed at 30 
min, and catalepsy at 40 rain. 

The tail flick response to radiant heat (D 'Amour  and Smith 1941; 
Dewey et al. 1970) was used to assess antinociception. The inten- 
sity of the radiant heat source was set to elicit baseline latencies of 
3M s, and an automatic 8-s cut-off was used. 

Rectal temperature 

Core temperature, to the nearest 0.1°C, was recorded by inserting 
a rectal probe connected to telethermometer (Yellow Spring 
Industries, Yellow Springs, Ohio) to a depth of 4.5 cm. 

Ring immobility 

A ring test procedure previously validated in mice (Pertwee 1972) 
was modified and automated to assess catalepsy in rats (Martin 
et al. 1992). Each subject was placed on a ring (13 cm diameter) 
which was elevated 38 cm from a table top. A CCD camera 
(Panasonic, BLV-200) was focused on the rat  for a 5-mi n record- 
ing session. The videotape was transmitted to a Macintosh II micro- 
computer via a Scion Image-Capture 2 board at the speed of 30 
frames/s in 256 shades of gray. The captured image was divided 
into 56 000 individual picture elements (pixels) which were then 
assigned value of either 0 (white) or 256 (black). An image was 
assessed approximately one frame per second. Each pixel from any 
given image was subtracted from the corresponding pixel from the 
previous frame and recorded by the computer to determine whether 
the animal was immobile. This objective measure of ring immobil- 
ity has been demonstrated to have a 0.94 reliability coefficient with 
trained human observers (Martin et al. 1992). 

Behavioral testing 

During acquisition, the subjects had access to all eight-arms and a 
45 mg Noyes pellet was placed 5 cm from the end. Training with 
guillotine doors began once subjects reliably obtained all food pel- 

Data analysis 

Radial arm maze dependent measures included the number  of errors 
committed, the total amount  of time required to complete the maze, 
the total number  of run-way arms entered, and the trim at which 
the first error occurred. The trial at which the first reentry occurred 
was determined by the following formula: 8 - number  of arms 
remaining unvisited when the first error occurred; for example, an 
8 indicated that  no errors were committed, a7 indicated that the 
error was committed on the eighth selection, and a 1 meant that 
the first error was made on the second choice. A reciprocal trans- 
formation was performed on mean number  of errors committed 
in the hippocampal study in order to reduce the heterogeneity of 
the variance (Winer 1971). Each of these indices was analyzed using 
ANOVA, and the Tukey test was used for post-hoc analysis when 
appropriate. Differences were considered significant at the P < 0.05. 

The potency of cannabinoids in disrupting radialmaze perfor- 
mance was calculated by first converting the data to a nominal scale 
in which subjects were defined as passing if they visited all eight- 
arms with either one or no error. Conversely, subjects were desig- 
nated as failing if they either reentered two or more arms, or 
committed an error of omission. The percent of animals that failed 
the test under each condition was determined and analyzed by the 
Cochran Q test (Siegel 1956); differences were considered significant 
at the P < 0.05 level. The EDs0 values were then calculated (Litchfield 
and Wilcoxon 1949). 

In order to assess the impact of cannabinoids on locomotor 
behavior, completion time for each drug that  retarded maze com- 
pletion time was first transformed to maximum possible effect by 
the following formula: 

%MPE = (drug maze time - vehicle maze time) + 
(10 min - vehicle maze time) x t00 

The EDs0 values were then calculated for the graded data 
(Tallarida and Murray 1987). 

Separate ANOVAs were conducted on tail-ffick, rectal tempera- 
ture, and immobility data. Rectal temperature data were expressed 
as the difference between post- and pre-injection values (°C). 
Catalepsy data were expressed as the mean ring immobility 
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time (s). Tail-flick response latencies were expressed as %MPE by 
the following equation: 

%MPE = (test latency control latency) + 
(cut-off-time - control latency) x 100 

contrast, intrahippocampal CP-55,940 increased fail- 
ure rate, but had no impact on maze completion time. 

Systemic administration 

Results 

The percent of  animals that failed to meet criteria in 
the maze after systemic administration of A9-THC, CP- 
55,940, or WIN-55,212-2 or intrahippocampal CP- 
55,940 is depicted in Table 1. The effects of all drug 
treatments were reversible as no residual effects were 
observed in training sessions following a test day. None 
of the subjects failed after IP injections of the vehicle. 
The EDs0 values of each of the treatments in impair- 
ing memory and retarding maze completion time are 
shown in Table 2. Systemic administration of A9-THC, 
CP-55,940, and WIN-55,212-2 increased both failure 
rate and the time required to complete the maze. In 

Table 1 Percent of rats that  failed to reach criteria in the eight-arm 
radial-maze after IP o1 intrahippocampal administration of vari- 
ous cannabinoids 

Drug Route of Percent 
administration failed 

Ag-THC (mg/kg), n = 12 IP 
0 0 
1 25 
3 50 
5.6 92 

CP-55,940 (mg/kg), n = 11 IP 
vehicle 0 
0.125 27 
0.15 73 
0.18 82 
0.25 82 ~, ~a 
WIN-55,212-2 (mg/kg), n = 11 IP 
vehicle 0 = 
1 27 
3 55 
5.6 82 
10 82 

CP-55,940 (gg/rat),, n = 6 intrahippocampal 
vehicle 17 
5 33 
10 50 
20 1 O0 

Table 2 Cannabinoid potency in eliciting maze failure and retard- 
ing the time required to complete the maze 

Drug Route of Failing maze Retarding 
administration EDs0 values maze completion 

EDs0 values 

Ag-THC IP 2.1 mg/kg  
CP-55,940 IP 0.13 mg/kg  
WIN-55,212-2 IP 2.2 mg/kg  
CP-55,940 intrahippocampal 8 gg/ ra t  

5.3 mg/kg  
0.20 rag/kg 
2.1 mg/kg 
no effect 

Ag-THC significantly increased the percent of animals 
that failed the maze [Q(3) = 15.8, P < 0.05]. Similarly, 
it significantly increased the number of arms revisited 
[F(3,33) = 5.1, P < 0.05; Fig. 2a]. Subjects committed 
significantly more errors when treated with 3 mg/kg or 
5.6 mg/kg A9-THC than the vehicle (P < 0.05). A 9- 
THC also reduced the number of arms visited before 
the first error was committed [F(3,33) = 8.3, P < 0.05; 
Fig. 2b]. The two highest doses resulted in the first 
reentry occurring significantly earlier than after vehi- 
cle treatment (P < 0.05). In addition, the 5.6 and 
1 mg/kg doses significantly differed from each other 
(P < 0.05). A9-THC significantly increased the amount 
of time required to complete the task [F(3,33)= 7.0, 
P < 0.05; see Fig. 2c]. Subjects required significantly 
more time to complete the maze after treatment with 
5.6 mg/kg than after treatment with either vehicle or 
1 mg/kg A9-THC (P < 0.05). Finally, A9-THC had no 
impact on the total number of arms visited during the 
10-min test [/7(3,33) = 1.5, > 0.20; see Fig. 2d]. 

A significant increase in the percent of animals that 
failed the maze occurred after administration of 
CP-55,940 [Q(4) = 21.5, P < 0.05]. As shown in Fig. 2a, 
CP-55,940 significantly increased the number of 
errors committed [F(4,40)= 5.0, P < 0.05]. Subjects 
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Fig. 2 The effects of IP administered A9-THC ( - - . - - ) ,  CP-55,940 
( - - [ ~ @ ,  and WIN-55,212-2 ( - -A- - )  on eight arm radial-maze per- 
formance. All results are presented as means _+ SEM a The num- 
ber of errors committed during testing, b The trial at which the first 
error occurred, e The amount  of time required to complete the maze, 
d The total number  of  arms visited during each test 
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committed significantly more errors after treatment 
with 0.15, 0.18, and 0.25 mg/kg CP-55,940 than the 
vehicle treatment (P < 0.05). CP-55,940 also reduced 
the number of arms visited before the first error 
occurred [F(4,40) = 4.6, P < 0.05; Fig. 2bl. The first 
error was committed significantly earlier after treat- 
ment with either 0.18 or 0.25 mg/kg CP-55,940 than 
the vehicle condition (P < 0.05). CP-55,940 
significantly increased the amount of time required to 
complete the maze [F(4,40) = 7.7, P < 0.05; Fig. 2c]. 
Subjects required significantly more time to complete 
the maze after treatment with either 0.15, 0.18, or 0.25 
mg/kg of drug than vehicle (P < 0.05). In addition, 
the 0.18 and 0.25 mg/kg doses significantly retarded 
test time duration when compared to the 0.125 mg/kg 
dose (P < 0.05). The total number of arms visited was 
not affected by CP-55,940 [F(4,40) = 0.4, P > 0.20; 
Fig. 2d]. 

WIN-55,212-2 significantly increased the percent of 
animals that failed the maze [Q(4)= 20.4, P < 0.05]. 
Illustrated in Fig. 2a-d are the effects of WIN-55,212- 
2 on maze performance. The drug had a significant 
effect on the total number of reentries committed 
[F(4,40) = 4.4, P < 0.05]. Subjects committed more 
errors after an injection with 5.6 mg/kg WIN-55,212- 
2 than either vehicle treatment or an injection of 10 
mg/kg (P <0.05). The drug also had a significant effect 
on the number of arms that was visited before the first 
error was committed [F(4,40) = 5.7, P < 0.05]. The 
mean trial at which a reentry occured after treatment 
with 5.6 mg/kg was 6.3 + 0.7, significantly earlier than 
the vehicle, 1 mg/kg, and 10 mg/kg values (P < 0.05). 
In addition, the amount of time required to complete 
the maze was increased in a dose-related manner by 
the drug [F(4,40) = 17.86, P < 0.05]. Subjects spent 
significantly more time in the maze with 3, 5.6 and 10 
mg/kg doses of WIN-55,212-2 tested than vehicle 
(P < 0.05). Also, 10 mg/kg WIN-55,2t2-2 significantly 
differed from the 3 mg/kg dose. Finally, the total num- 
ber of arms entered was significantly effected by the 
drug [F(4,40) = 12.5, P < 0.05]. Rats treated with 10 
mg/kg WIN-55,212-2 entered only 1.5+1 arms, 
significantly fewer arms than after treatment with each 
of the other conditions (P < 0.05). However, after a 
10 mg/kg injection of WIN-55,212-2 subjects exhibited 
virtually no activity throughout the duration of the test 
and thus failed to make criteria because of errors of 
omission. Consequently, it is difficult to distinguish 
between memory deficits and generalized decreases 
in performance after treatment with high doses of 
WIN-55,212-2. 

As can be seen in Table 3, neither anadamide nor 
cannabidol increased the percent of animals failing the 
task (P > 0.60 for each). Cannabidiol failed to alter 
maze performance (P>0 .50  for each measure). 
Similarly, anandamide, had few significant effects on 
maze performance. It had no impact on the number of 
errors committed, the trial at which the first error was 

Table 3 The effects of cannabidioi and anandamide on eight-arm 
radial maze performance, n = 11 

Drug Percent fail Number of choices a Time(rain) ~ 

Cannabidiol 
10 mg/kg 0 8.0 + 0.0 2.2 +_ 0.1 
30 mg/kg 0 8.1 _+ 0.1 2.2 _+ 0.1 

Anandamide 
0 mg/kg 0 8.1 _+ 0.1 2.3 _+ 0.1 

10 mg/kg 9.1 8.0 _+ 0.1 4.1 _+ 0.7 
30 mg/kg 9.1 7.8 _+ 0.4 4.7 _+ 0.8* 

* Significantly different from vehicle, P < 0.05 
Values presented as mean + SEM 

committed, and the total number of arms entered 
(P > 0.50 for each measure). Anandamide did, how- 
ever, significantly increase the amount of time required 
to complete the task [F(2,20) = 3.9, P < 0.05]. The time 
to complete the maze was significantly longer after an 
injection of 30mg/kg  anandamide than vehicle 
(P < 0.05). 

Intrahippocampal CP-55940 

The intrahippocampal injection sites were located in 
the various fields of Ammon's horn as well as in the 
dentate gyrus (Fig. 3a). Figure 3b depicts a represen- 
tative brain section containing the bilateral cannulae 
tracts from one of the subjects in the study. CP-55,940 
microinjected directly into the hippocampus signifi- 
cantly increased the percent of subjects failing the maze 
in a dose-related fashion [Q(3) = 8.4, P < 0.05; Table 1]. 
There was also a significant effect on the number 
of errors committed during testing [F(3,15)=4.6, 
P < 0.05; Fig. 4@ More reentries occurred after the 
highest dose of CP-55,940 (20 pg) than the vehicle 
(P<0.05) .  CP-55,940 significantly decreased the 
trial at which the first error occurred [F(3,15)= 
5.2, P < 0.05; Fig. 4b]. Subjects committed the first 
error at an earlier trial after treatment with 20 btg CP- 
55,940 than vehicle (P < 0.05). As shown in Fig. 4c, 
however, intracerebral administration of CP-55,940 
had no impact on either the amount of time to com- 
plete the maze (left ordinate) or the number of arms 
visited (right ordinate) [F(3,15)= 0.6, P > 0.20 and 
F(3,15) = 1.6, P >  0.20, respectively]. Finally, intra- 
hippocampal CP-55,940 (see Table 4) also failed to 

Table 4 Intrahippocampal CP-55,940 failed to produce antinoci- 
ception, catalepsy, or hypothermia. All values are presented as mean 
_+ SEM n = 6 

CP-55,940 Tail-flick test Ring immobility Change in rectal 
(pg/rat) (%MPE) (sec) temperature (°C) 

0 3 + 9  12_  + 4 0 . 8 + 0 . 2  
5 0 +  3 35_+ 17 0.6 +0.0  

10 5_+2 8 + 5 0.6-+0.1 
20 8 + 5  15_  + 5 0 .7+0 .1  



Fig. 3a Schematic 
representation of the 
intrahippocampal injection 
sites (V). C cortex, CA1 fields 
CA1-3 of Ammon's horn, cc 
corpus callosum, cg cingulum, 
DG dentate gyrus (Bloom et 
al. 1989). b Photomicrograph 
of a representative 
intrahippocampal bilateral 
cannulae placement. The tissue 
was stained in cresyl violet 

it 
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Bregma -3.30 mm 

/ 

DG Bregma -3.60 mm 

b 

produce antinociception [F(3,15) = 0.40, P > 0.50], 
catalepsy [/7(3,15) = 2.1, P = 0.14], or hypothermia 
[F(3,15) = 0.2, P > 0.5]. 

Discussion 

Acute administration of a single dose of Ag-THC has 
been previously reported to produce a small, but 
significant increase in the number of errors committed 
in the radial-maze (Nakamura et al. 1991). In addition 
to confirming this finding, we report that systemic 
administration of A9-THC as well as the synthetic 

analogs CP-55,940 and WIN-55,212-2 disrupted maze 
performance in a dose-dependent fashion. In contrast, 
neither anandamide, the putative endogenous cannabi- 
noid ligand, nor cannabidiol affected maze perfor- 
mance. Finally, intracerebral administration of 
CP-55,940 into the dorsal hippocampus also impaired 
choice accuracy in the maze. Cannabinoid-induced dis- 
ruption of maze performance was reversible, as no 
residual effects of  drug treatment were observed in 
subsequent training sessions. These results suggest that 
systemic administration as well as intrahippocampal 
infusion of cannabinoids acutely impair working 
memory. 
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Fig. 4 The effects ofintracerebral administration of CP-55,940 into 
the dorsal hippocampus on eight arm radial-maze performance. All 
results are presented as means + SEM, n = 6. a Number of errors 
committed during testing, b The trial at which the first error 
occurred, e Left ordinate: the amount of time required to complete 
the maze. Right ordinate: the total number of arms visited during 
each test. * Significantlydifferent from vehicle (P < 0.05) 

Alternatively, the effects of  cannabinoids in the 
radial-arm maze may not reflect memory impairment 
directly, but may have resulted from deficits in either 
locomotor activity or motivation. For example, the 
known effect of cannabinoids on locomotor activity 
may have had an impact on the rats' ability to run the 
maze. On the other hand, the number of reentries may 
have increased because the drugs may have reduced 
either the salience of the food reinforcement or hunger. 
Although it is difficult to rule out motivational factors, 
the food pellet at the end of  each of the runway arms 
was always consumed whenever an arm was selected 
regardless of drug treatment. In addition, food rations 
were consumed after drug treatment and body weight 
was unaffected by drug treatment. A third alternative 
explanation is that cannabinoids impaired choice accu- 
racy and hence memory indirectly by increasing the 
amount of time between choices. In other words, the 
locomotor suppressive effects of cannabinoids may have 
increased the difficulty of the task independently of 
direct drug effects on memory by delaying the animal's 

choice of arm entry. However, several observations indi- 
cate that cannabinoid impairment of maze perfor- 
mance can be dissociated from the inhibition of 
locomotor activity. Most  notably, intracerebral admin- 
istration of  CP-55,940 into the hippocampus impaired 
choice accuracy without retarding the time required to 
complete the maze. In addition, although WIN-55,212- 
2 elicited maze failure and retarded the time required 
to complete the maze at equivalent EDs0 values, k 9- 
THC and CP-55,940 were approximately twice as 
potent in eliciting maze failure than locomotor sup- 
pression. Conversely, anandamide had no apparent 
effects on memory even though it significantly increased 
the amount of time required to complete the maze. 
Similarly, using a low dose of Ag-THC (1.25 mg/kg) 
Nakamura et al. (1991) found a small but significant 
increase in errors with no apparent effects on locomo- 
tor activity. Although both locomotor and motiva- 
tional effects undoubtedly can influence radial-maze 
performance, the most parsimonious explanation for 
the results in the present study is that cannabinoids 
impaired working memory independently of any effects 
on motor abilities. 

Many of the pharmacological effects produced by 
cannabinoids appear to be mediated by cannabinoid 
receptors in the CNS (Thomas et al. 1991; Compton 
et al. 1993). The results of the present study in which 
cannabinoids impaired choice accuracy in the eight- 
arm radial-maze are generally consistent with a recep- 
tor mechanism of action. As indicated by their EDs0 
values (Table 2), CP-55,940 was approximately 16-fold 
more potent than both zXg-THC and WIN-55,212-2. 
Similarly, CP-55,940 has been shown to be consider- 
ably more potent than A9-THC in binding affinity 
(Compton et al. 1993), drug discrimination in rats 
(Gold et al. 1992), and in a combination of uncondi- 
tioned behaviors in mice, including antinociception, 
locomotor activity, catalepsy, and hypothermia 
(Compton et al. 1992a, b). The failure of the naturally 
occurring cannabidiol to produce any effects in the 
radial-maze is consistent with its inactivity in in vitro 
and in vivo tests. It neither binds to the cannabinoid 
receptor (Compton et al. 1993) nor inhibits forskolin- 
stimulated adenylyl cyclase (Howlett and Fleming 
1984). Similarly, it is inactive in a variety of  behavioral 
tests and does not generalize to A9-THC in the drug 
discrimination paradigm (Jarbe et al. 1986). On the 
other hand, WIN-55,212-2 (Jansen et al. 1992) has been 
found to be more potent than Ag-THC (Compton et al. 
1993) in relative binding affinity as well as in some, but 
not all, behavioral tests (Compton et al. 1992a, b). 

The virtual lack of activity after anandamide admin- 
istration was surprising. The effects of  anandamide in 
both in vitro and in vivo assays suggest that it pro- 
duces cannabinoid effects. Anandamide binds to the 
cannabinoid receptor (Devane et al. 1992), inhibits 
forskolin-stimulated adenylyl cyclase (Vogel et al. 
1993), and produces similar behavioral effects as other 
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cannabinoids in mice (Fride and Mechoulam 1993). 
However, anandamide was also inactive in the delayed 
nonmatch to sample memory task in rats (Crawley 
et al. 1993). Thus, the activity of anandamide may be 
species specific; Mechoulam has also found it to lack 
cannabinoid properties in rats (personal communica- 
tion). Furthermore, the rapid degradation of anan- 
damide in cells and tissues (Deutsch and Chin 1993) 
may have accounted for its lack of activity in the pre- 
sent study, as well. 

Cannabinoids are known to produce a wide range 
of pharmacological effects, some of which suggest 
potential therapeutic value (Dewey 1986; Martin 1986). 
Although the cannabinoids possess analgesic (Noyes 
et al. 1975), antiemetic (Gralla et al. 1984), antiglau- 
coma (McLaughlin and Chiou 1985), and anticonvul- 
sive (Martin et al. 1987) properties, their disruptive 
effects on information processing and storage may limit 
their clinical utility. The radial-maze could be a useful 
tool in identifying and characterizing the untoward 
effects (e.g., cognitive dysfunction) of potential clinical 
agents such as the cannabinoids. For example, the data 
from the present study suggest that anandamide or 
other naturally occurring cannabinoids (Hanus et al. 
1993) may be useful agents if they possess therapeuti- 
cally beneficial characteristics without impairing 
memory. 

The results of" the present study suggest that cannabi- 
noids can act directly in the hippocampus to impair 
working memory. It is unknown, however, whether 
cannabinoids act solely in the hippocampus to disrupt 
maze performance or multiple brain areas contribute 
to this effect. Another issue which merits further inves- 
tigation is the relationship between cannabinoid sys- 
tems and other neurochemical systems on memory. For 
example, there is strong evidence suggesting the impor- 
tance of central cholinergic systems in radial-maze per- 
formance. Cholingeric antagonists have long been 
known to impair memory as assessed in the radial- 
maze (Olton 1987; Levin 1988). Moreover, the pro- 
found disruption in maze performance caused by 
cholinergic denervation of the hippocampus can be 
ameliorated by the administration of muscarinic ago- 
nists (Murray and Fibiger 1985; Tilson et al. 1988; 
McGurk et al. 1991). 

In conclusion, the results of the present study sup- 
port previous observations in which cannabinoids were 
found to impair memory in rats (Carlini et al. 1970; 
Nakamura et al. 1991; Heyser et al. 1993). The dose- 
related disruption in choice accuracy elicited by 
intrahippocampal CP-55,940 is the first evidence impli- 
cating direct hippocampal involvement in cannabinoid- 
induced memory impairment. The effect appears to be 
specific to choice accuracy because the amount of time 
required to complete the maze was unaffected. 
Conversely, intrahippocampal injections of CP-55,940 
failed to alter tail-flick responding, rectal temperature, 
or ring immobility. This dissociation of choice accu- 

racy in the radial-maze from other cannabinoid phar- 
macological effects suggests that the hippocampus may 
play an important role in the cognitive alterations pro- 
duced by cannabinoids independent of other cannabi- 
noid effects. 
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