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Recent human studies suggest that recreational cannabis strains that are relatively high in cannabidiol (CBD) content
produce less cognitive impairment than do strains with negligible CBD and similar A°tetrahydrocannabinol (THC) content.
Self-selection in such studies means it is impossible to rule out additional variables which may determine both cannabis strain
selection and basal cognitive performance level. Controlled laboratory studies can better determine a direct relationship.

EXPERIMENTAL APPROACH

In this study, adult male rhesus monkeys were assessed on visuospatial Paired Associates Learning and Self-Ordered Spatial
Search memory tasks, as well as additional tests of motivation and manual dexterity. Subjects were challenged with THC
(0.2, 0.5 mg-kg™, i.m.) in randomized order and evaluated in the presence or absence of 0.5 mg-kg™' CBD.

KEY RESULTS

CBD attenuated the effects of THC on paired associates learning and a bimanual motor task without affecting the detrimental
effects of THC on a Self-Ordered Spatial Search task of working memory. CBD did not significantly reverse THC-induced

impairment of a progressive ratio or a rotating turntable task.

CONCLUSIONS AND IMPLICATIONS

This study provides direct evidence that CBD can oppose the cognitive-impairing effects of THC and that it does so in a
task-selective manner when administered simultaneously in a 1:1 ratio with THC. The addition of CBD to THC-containing
therapeutic products may therefore help to ameliorate unwanted cognitive side-effects.

LINKED ARTICLE

This article is commented on by Mechoulam and Parker, pp 1363-1364 of this issue. To view this commentary visit
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Abbreviations

BMS, bimanual motor skill;, CANTAB, Cambridge Neuropsychological Test Automated Battery; CBD, cannabidiol; PR,
progressive ratio; RTT, rotating turntable; SOSS, Self-Ordered Spatial Search; THC, A’tetrahydrocannabinol; vsPAL,

visuospatial paired associate learning

Introduction

Studies have shown that acute intoxication with cannabis, or
its primary psychoactive constituent A’-tetrahydrocannabinol
(THC), impairs cognitive function (Braff etal., 1981;
Heishman et al., 1989; Wilson et al., 1994; Fant et al., 1998;
Kurzthaler et al., 1999). This is even the case when used for
medical indications (Corey-Bloom efal.,, 2012) and may

therefore be a significant limitation for medical marijuana.
Additional studies suggest that cannabidiol (CBD), a constitu-
ent of some cannabis strains, may provide a degree of pro-
tection from the acute and lasting cognitive effects of THC.
After multiple clinical trials, the combined cannabinoid
oral/mucosal spray Sativex, which delivers a 1:1 ratio of
CBD : THC, was approved in Canada for spasticity associated
with multiple sclerosis; for review see (Oreja-Guevara, 2012).
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There is some evidence that CBD/THC combinations reduce
significant ‘adverse effects’ produced by pure THC, including
subjective ratings of intoxication (Robson, 2011; Schoedel
etal., 2011), and may reduce cognitive/behavioural impair-
ment (Wade et al., 2004). If so, the moderating effect of CBD
might permit the usage of more efficacious THC doses, while
reducing adverse events and potentially lasting consequences
of THC.

This possibility is echoed by recent studies in humans
evaluated after cannabinoid exposure (Juckel etal., 2007;
Morgan et al., 2010; 2011). For example, a mixed THC/CBD
cannabis extract improved electroencephalographic mis-
match negativity activation where THC did not (Juckel et al.,
2007) but CBD/THC and THC only treatment both reduced
P300 wave amplitude (Roser et al., 2008). More specifically,
Morgan et al. showed that smoking CBD-enriched marijuana
did not cause the deficits of immediate and delayed prose
recall that were caused by CBD-poor cannabis (Morgan et al.,
2010) and users habitually exposed to CBD-rich cannabis
may have relatively preserved recognition memory versus
CBD-poor cannabis users (Morgan et al., 2011).

Such studies cannot, however, rule out the inevitable
selection bias associated with individuals who obtain canna-
bis strains which differ in CBD content through very different
quasi-licit or illicit source methods (Burgdorf et al., 2011).
Indeed, the subjects studied by Morgan et al. (2010) exhibited
group differences in prose recall in the unintoxicated condi-
tion. This concern is furthered by a controlled laboratory
study which manipulated CBD and THC dose in smoked
marijuana and found no effect of CBD on memory impairing
effects of THC (Ilan et al., 2005). This study also found a trend
for CBD to have differential effects on anxiety self-rating
depending on THC dose, thus it may be that CBD : THC ratio
is a critical factor in behavioural effects. Together, such obser-
vations motivate controlled, preclinical study of CBD to more
precisely determine a direct role of this cannabinoid in
attenuating THC-induced cognitive disruption.

A prior study from this laboratory (Taffe, 2012b) found
that THC impairs monkeys’ performance of the visuospatial
Paired Associates Learning (vsPAL) and Self-Ordered Spatial
Search (SOSS) tasks from the Cambridge Neuropsycholo-
gical Test Automated Batter (CANTAB); the effects were most

Table 1

specific (task-difficulty dependent) for the vsPAL task. The
present study therefore sought to determine if detrimental
effects of THC on these tasks could be attenuated by the
co-administration of CBD. Additional tests of motor function
and motivated responding which are also disrupted by THC
were incorporated in the study to determine the potential
breadth of behavioural effects of CBD.

Materials and methods

Animals

Ten male rhesus monkeys (Macaca mulatta) were used in these
experiments. Animals were of a single birth year and ranged
from 12 to 13 years of age during the study. Daily chow
[LabDiet® 5038, PMI Nutrition International, Richmond, IN,
USA; 3.22 kcal of metabolizable energy (ME) per gram or
Teklad® 15% Monkey Diet #8714, Harlan Laboratories,
Madison, WI, USA; 3.00 kcal of ME per gram] allocations were
supplemented with fruit or vegetables 7 days per week and
water was available ad libitum in the home cage. Animals were
food restricted with reference to our prior studies to maintain
adequate body condition scores and stable behavioural
responding; see (Taffe, 2004; Taffe et al., 2004). In some cases,
this was accomplished with a fixed daily post-testing feeding
amount and in other cases this required adjusting the chow
on a daily basis to account for intake of the chow-based
reinforcer pellets. Overall, this amounted to daily chow allo-
cations which ranged from 90 to 240 grams; bodyweights at
the initiation of the study are provided in Table 1. Animals on
this study had previously been immobilized with ketamine
(5-20 mg-kg™) no less than semi-annually for purposes of
routine care and some experimental procedures. Animals also
had various acute exposures to challenge drugs in additional
studies, including THC for a thermoregulatory study (Taffe,
2012a) and additional cognitive investigations (Taffe, 2012b).
The United States National Institutes of Health guidelines for
laboratory animal care (Clark et al., 1996) were followed and
all protocols were approved by the Institutional Animal Care
and Use Committee of The Scripps Research Institute. These
studies are reported in accordance with the ARRIVE guide-
lines (Kilkenny et al., 2010; McGrath et al., 2010).

Indication of individual subject body weight at start of the study and task participation

Subject 530 531 532 533
Wt (kg) 16.6 12.2 15.8 14.4
BMS v v 4 4

PR v v v NT
RTT v CT5 4 T5/CT5
SOSS 4 4 4 NT
VsPAL 4 4 4 NT

534 535 537 539 540 541
14.0 16.4 16.2 15.8 11.4 14.2
v NT v v 4 4

4 4 v 4 v v

v CT5 v 4 v v

4 NT 4 NT NT v

v 4 4 v NT v

NT indicates that the individual was not trained to stable baseline on that task. A check mark indicates the animal participated in all dosing
conditions. The T5 and CT5 indicate missing data for the THC 0.5 + Vehicle and THC 0.5 mg-kg™ + CBD 0.5 mg-kg™" conditions, respectively.
Abbreviations: BMS, Bimanual Motor Skill; NT, Not Trained on the task; PR, Progressive Ratio; RTT, Rotating Turntable; SOSS, Self-Ordered

Spatial Search; vsPAL, visuospatial Paired Associates Learning.
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Behavioural testing

For behavioural testing, a touch-sensitive computer monitor
was placed in front of the caged, unrestrained animal. All
subjects had been trained to reach out of the cage to touch
the location on the screen at which visual stimuli were pre-
sented to obtain a food pellet reward. The computer test
battery consisted of three variants of the behavioural tasks
included in the non-human primate CANTAB (Cambridge
Cognition, Cambridge, UK). General descriptions of the indi-
vidual tasks and the procedural details have been previously
reported (Weed et al., 1999; Taffe et al., 2004; Crean et al.,
2011) and the animals participated in daily (Monday-Friday)
sessions of about 60 min [extended to 120 min for the
bimanual motor skill (BMS) task]. Individual animals only
participated for a given task if their baseline levels of perform-
ance were stable (ibid) and they completed sufficient trials for
analysis under the majority of the dosing conditions.

BMS task. A transparent polycarbonate board (10 cm wide x
25 cm high x 2.75 cm thick) drilled with 15 holes (spaced
13 mm apart in a 3 horizontal x 5 vertical array) was filled
with raisins and mounted perpendicular to the door of the
transport cage. Subjects acquire a technique wherein they
push the raisin out of the hole with one finger before retriev-
ing it with the opposite hand, thus entailing bimanual dex-
terity. The time elapsed to retrieve all 15 raisins was recorded.

vsPAL. Coloured abstract stimuli were displayed in one of
four possible target locations (see Taffe ef al., 2002b) and the
subject was required to touch this sample stimulus, which
then disappeared. The same pattern reappeared during the
choice phase in 2, 3 or 4 locations on the screen (the original
location plus one or more novel locations) after a 1-s screen
blank. The subject was required to touch the stimulus pre-
sented in the same location as the sample item to obtain a
reinforce delivery. Subjects were allowed up to five additional
attempts to successfully complete the set of stimulus-location
associations in a given trial, thus measuring incremental
learning. Each session consisted of 35 trials in sequential
blocks including 5 x 1-stimulus (three choice locations) trials,
10 x 2-stimuli (two choice locations) trials, 10 x 3-stimuli
(three choice locations) trials and 10 x 4-stimuli (four choice
locations) trials. Performance was measured by percent
correct trials on the initial attempt to complete a trial and the
percent correct of trials successfully completed within the
allowed attempts (repeated-attempt completion).

SOSS. Two or more small coloured rectangles (boxes) were
displayed on the screen in positions randomly allocated from
16 possible locations. Subjects were required to select all
boxes without revisiting a box once it had been touched for
a successful trial completion. A session consisted of 40 trials
grouped into eight blocks by trial type as follows: 5 (two
boxes), 7 (three boxes), 7 (four boxes), 8 (three boxes), 8 (four
boxes), 5 (two boxes). Accuracy scores were calculated for
each trial type by dividing the number of correctly completed
trials by the number of trials in which there was at least one
response.

Progressive-ratio (PR) schedule of reinforcement. Subjects were
required to respond to a single coloured rectangle presented

in the centre of the screen for pellet reinforcement. The
response requirement started at one touch and incremented
by arithmetic progression within blocks of eight reinforcers
and by geometric progression between blocks of eight (i.e.,
the first successive eight ratios increase by one, the second
successive eight increase by two, the third successive eight
increase by four, etc.). The session was terminated after
10 min, or earlier if 3 min elapsed following a response. The
primary dependent variable was the number of reinforcers
acquired.

Rotating turntable task (RTT). This test was designed to assess
unimanual motor coordination, procedural learning and
tracking/targeting of moving objects. A 58 cm opaque white
plastic disk containing short radial slots at the edge was
mounted to a motor controlled by rheostat. The speed of this
turntable was modulated from O to 150 rpm. Pellets were
placed in the slots and if a monkey successfully retrieved 6 of
10 attempted it was considered to ‘pass’ at a given speed. The
speed was then incremented and up to 10 additional pellets
are provided. If an animal failed to retrieve or dropped 5 of 10,
the trial was considered a ‘fail’ and the speed of the table was
reduced for the next attempt. The dependent value for a given
session was derived from the speed above which a monkey
failed three attempts to reach criterion. That is, the speed
changes for a session might go ‘up, up, up. . . . up, down, up,
down, up’ with the speed of the two final ‘down’ changes
being recorded as the maximum speed for that session.

Drug challenges

Monkeys were administered acute intramuscular doses (0.2,
0.5 mg-kg™) of THC, 0.5 mg-kg' CBD or vehicle prior to
behavioural testing. For injection, CBD or THC was sus-
pended in a vehicle of 95% ethanol, Cremophor EL and
saline in a 1:1:18 ratio. Active drug challenges were con-
ducted no more frequently than twice per week at 3-4 day
intervals. Since the 0.5 CBD + THC conditions were admin-
istered in two injections (different muscular location) all
single-compound days included a second vehicle injection
and the vehicle day comprised two injections. THC was
administered 30 min before the start of behavioural sessions
and CBD was administered either 30 min prior to THC (for
the BMS task, see below) or concurrently, in two separate
injections. Treatment order was pseudo-randomized across
individuals such that each animal trained on a given task
received each dose condition, but in a different order. The THC
was provided by the US National Institute on Drug Abuse and
the CBD was purchased from Cayman Chemical (Ann Arbor,
MI, USA).

Data analysis

Analysis of the behavioural data employed randomized block
ANOVA with a consistent within-subjects factor of drug treat-
ment condition. Analysis of the BMS data employed an addi-
tional repeated-measures factor of time post-injection. Two
factor repeated-measures analysis of the vsPAL and SOSS trial
completion data were necessary to include a factor of trial
difficulty in addition to treatment condition. Post hoc analy-
ses of any significant main effects in the multifactor ANOvaAs
were conducted using the Neuman-Keuls procedure [Fisher’s
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least significant difference (LSD) for the initial pilot Bimanual
task study] and the criterion for significance in all tests was P
< 0.05. Analyses were conducted with GB-STATv7.0; Dynamic
Microsystems, Silver Spring MD, USA.

Results

BMS task

An initial study was conducted using the BMS procedure to
verify the necessary pretreatment intervals. For this purpose,
animals (n = 9) were assessed on the BMS task immediately
prior to the first (0.5 mg-kg”? CBD or vehicle) injection,
30 min later, immediately prior to the second injection
(vehicle or 0.5 mg-kg™ THC), and then repeatedly at 30, 60,
90 and 120 min after the second injection (Figure 1). The
ANova confirmed that raisin retrieval speed was altered by
treatment condition [F; 16 = 5.21; P < 0.05] and time of deter-
mination within the session [Fss = 14.21; P < 0.0001]. The
Fisher’s LSD post hoc analysis did not confirm any differences
between the first two task determinations, thus there was no
effect of the pretreatment with CBD or vehicle. All subse-
quent post hoc comparisons focused on the changes after the
second injection compared with the BMS evaluation just
prior to that treatment. The post hoc test confirmed that raisin
retrieval was slowed after the Vehicle + 0.5 mg-kg™ THC con-
dition (30-120 min after the second injection) compared
with both the pre-THC baseline and the Vehicle + Vehicle
condition. Retrieval speed was slower after the administration
of 0.5 CBD + 0.5 mg-kg THC compared with the pre-THC
baseline (90, 120 min after the second injection) and the
Vehicle + Vehicle conditions (120 min only). Finally, the
retrieval speed differed significantly between the Vehicle +
0.5 mg-kg™! THC and 0.5 CBD + 0.5 mg-kg™' THC conditions
60 min after the second injection.
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Figure 1

Bimanual Motor Skill Task: The mean (n = 9; £ SEM) latency to
retrieve 15 raisins in the Bimanual Motor Skill task is depicted. A
significant difference from the baseline and the respective timepoint
after vehicle treatment is depicted with the &, from the baseline with
@ and between THC and THC/CBD conditions by #. CBD, can-
nabidiol; THC, A°tetrahydrocannabinol. 0.5 = intramuscular dose in
mg-kg™' bodyweight.
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These results suggested that protective behavioural effects
of CBD would be observed along a similar timecourse as the
detrimental effects of THC and therefore all subsequent
experiments were conducted with the two injections made in
quick succession for a simultaneous treatment interval.

vsPAL task

The administration of THC impaired overall trial completion
accuracy, and the percent of trials completed on the vsPAL
task, in a dose and trial-difficulty dependent manner as is
illustrated in Figure 2. The concurrent administration of
0.5 mg-kg™ CBD attenuated the deficits induced by THC on
the most-difficult, four-stimulus, trials (Figure 3). The design
for this task included evaluation of each THC dose (0, 0.2,
0.5 mg-kg™) with either vehicle or 0.5 CBD co-injection, thus
the co-injection was analysed as a third factor in the ANOvVA.
The analysis confirmed that overall completion accuracy
depended on THC treatment condition [F;4 = 7.35; P < 0.01]
and trial difficulty [Fs;2; = 12.78; P < 0.0001]. The Neuman-
Keuls post hoc procedure confirmed that completion accuracy
was lower for three-stimuli trials after Vehicle + 0.5 mg-kg™
THC compared with the Vehicle + Vehicle condition and after
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Figure 2

Visuospatial Paired Associates Learning Task: The mean (n = 8; =
SEM) overall task completion accuracy and percent task completed is
presented for the four trial difficulty conditions of the visuospatial
Paired Associates Learning task. This figure illustrates that the effect
of THC administered alone is most pronounced on the most-difficult
trial types. A significant difference from the vehicle condition is
depicted with *. CBD, cannabidiol; THC, A’tetrahydrocannabinol.
0.2, 0.5 = intramuscular dose in mg-kg™" bodyweight.
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Cannabidiol reverses the THC effect on the vsPAL task: The effect of
CBD on the THC-induced impairment of mean (n=8; = SEM) overall
task completion accuracy and percent task completed is presented
for the four-stimulus trials of the visuospatial Paired Associates Learn-
ing task. A significant difference from the vehicle condition is de-
picted with * and differences associated with the presence/absence
of CBD with #. CBD, cannabidiol; THC, A’tetrahydrocannabinol. 0.2,
0.5 = intramuscular dose in mg-kg™" bodyweight; vsPAL, visuospatial
paired associated learning.

Vehicle + 0.2 mg-kg™" THC compared with the 0.5 mg-kg™
CBD + Vehicle condition (Figure 2). Completion accuracy for
four-stimuli trials was likewise lower after Vehicle + 0.2 and
Vehicle + 0.5 mg-kg” THC when compared with both the
Vehicle + Vehicle and 0.5 mg-kg™ CBD + Vehicle conditions.

The percent of the task completed (trials on which at least
the observing response was made to the sample stimulus) was
significantly affected by trial difficulty [F;,; = 15.44; P <
0.0001] as well as by the interaction of trial difficulty with
THC condition [Fs4, = 6.88; P < 0.0001], the interaction of
trial difficulty with the pretreatment [F;,, = 6.81; P < 0.01] as
well as by the three-way interaction [Fs4, =2.72; P <0.05]. The
post hoc test confirmed that the percent of trials completed
was significantly lower after 0.2 and 0.5 mg-kg' THC
compared with the Vehicle + Vehicle or 0.5 CBD + Vehicle
conditions.

The post hoc test also confirmed protective effects of 0.5
CBD when administered along with THC (Figure 3). The trial
completion accuracy was significantly higher for four-stimuli
trials following the administration of 0.5 mg-kg? CBD +
0.5 mg-kg' THC compared with Vehicle + 0.5 mg-kg™" THC.
In addition, the percent of the task completed was signifi-
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Self-Ordered Spatial Search Task: The mean (n = 6; = SEM) trial
completion accuracy is presented for the three trial types within the
Self-Ordered Spatial Search task. A significant difference from the
vehicle condition within trial type is depicted with *. CBD, can-
nabidiol; THC, A°tetrahydrocannabinol. 0.2, 0.5 = intramuscular
dose in mg-kg™' bodyweight.

cantly higher for four-stimuli trials when 0.5 CBD was
co-administered with either dose of THC.

SOSS task

Trial completion in the SOSS procedure depended on trial
difficulty and was impaired by the administration of THC
(Figure 4). The overall aNova confirmed that overall comple-
tion accuracy depended on THC treatment condition [Fs,s =
3.87; P < 0.01] and trial difficulty [F,:0 = 25.52; P < 0.0005].
The Neuman-Keuls post hoc test confirmed that performance
of each trial difficulty level differed significantly from each of
the other levels within each drug treatment condition. The
post hoc test further confirmed that performance was lower
than that of the baseline or Vehicle + Vehicle conditions for
each trial type after the administration of 0.5 mg-kg™ THC in
either the presence or absence of concurrently administered
0.5 mg-kg"' CBD co-administration. There were also no dif-
ferences in performance after 0.5 mg-kg' THC treatment
associated with whether or not CBD was co-administered.

PR task

The number of reinforcers acquired [Fs4 = 4.60; P < 0.01] and
the time of last response [Fs4 = 4.11; P < 0.01] were signifi-
cantly affected by the drug treatment condition (Figure S).
The Neuman-Keuls post hoc tests confirmed that the number
of reinforcers acquired was significantly lower than either
baseline or vehicle conditions when 0.5 mg-kg? THC
was administered in either the presence or absence of con-
currently administered 0.5 mg-kg"' CBD. The time of last
response differed significantly from baseline and vehicle con-
ditions only after 0.5 mg-kg™ THC administered with vehicle;
the 0.5 mg-kg' CBD + 0.5 mg-kg' THC condition did not
differ significantly.

RTT task

The threshold retrieval speed on the RTT task was significantly
affected by the treatment condition [Fs4s = 5.14; P < 0.001]
were significantly affected by the drug treatment condition
(Figure 5) and the Neuman-Keuls post hoc tests confirmed that
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Progressive Ratio and Rotating Turntable Tasks: The mean reinforcers
acquired and time of last response in the Progressive Ratio (n=9; =
SEM) task (upper panel) and the mean retrieval threshold for the
Rotating Turntable (n=10; = SEM) task (lower panel) are presented.
A significant difference from the vehicle condition is depicted with *.
CBD, cannabidiol; THC, A°tetrahydrocannabinol. 0.2, 0.5 = intra-
muscular dose in mg-kg™' bodyweight.

performance differed from both vehicle and baseline condi-
tions (as well as the concurrent 0.5 mg-kg™' CBD condition)
following 0.5 mg-kg' THC. The Neuman-Keuls post hoc test
did not confirm any distinction between retrieval speed after
treatment with 0.5 mg-kg' THC + 0.5 mg-kg?' CBD and
retrieval speed under any other condition.

Discussion

This study provides direct evidence that CBD attenuates some
of the cognitive-impairing effects of the primary psychoactive
constituent of cannabis, THC, in non-human primates. As
with a prior study from this group (Taffe, 2012b), we have
confirmed that THC itself impairs behavioural performance in
monkeys and that visuospatial associative learning and
memory seems to be most specifically vulnerable. These
detrimental effects were dependent on task-difficulty in the
vsPAL task, thereby showing that THC effects on cognition
are not just due to a general sedating or disrupting effect.
Although the SOSS task of spatial working memory was
impaired by THC, the effects were similar across trial-difficulty
conditions and were not reversed by CBD co-administration.
This replicates and reinforces a prior observation and further
underlines the specificity of low-dose and selective mnemonic
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effects of THC exposure, as previously discussed (Taffe,
2012b). CBD by itself did not have any behavioural effects,
consistent with a prior demonstration of CBD to have no
effect on repeated acquisition accuracy in macaques over a
range of 0.32-3.2 mg-kg™', i.m. (Winsauer et al., 1999).

The co-administration of CBD attenuated performance
impairments in the vsPAL task produced by THC, but did not
restore THC-associated performance deficits in a motivated
responding task (PR task) or in a motor coordination and
tracking task (Turntable). This outcome suggests that the
non-specific motor and motivational effects of THC may be
less amenable to reversal with CBD. If so, this puts the Percent
Task Completed measure of the vsPAL task in a somewhat
different light. It may be most parsimonious to infer that for
that task, a failure to respond in a trial may reflect mnemonic
uncertainty to some extent and not merely the willingness to
respond in the task.

The finding of a selective effect of THC on spatial memory
is consistent with reports of relatively high density of the CB;
endocannabinoid receptor in the dentate gyrus and cornu
ammonis fields of the hippocampus and the entorhinal
cortex of the monkey brain (Eggan and Lewis, 2007). As has
been previously discussed at greater length in the context of
the vsPAL task (Taffe et al., 2002b; Taffe, 2004; Taffe, 2012b),
the dominant contribution to pattern/spatial associative
memory in the macaque monkey brain appears to be in
the temporal lobe systems (Malkova and Mishkin, 2003;
Browning and Gaffan, 2008). Similarly, a functional magnetic
resonance imaging (fMRI) study conducted in humans
with diagnosed mild cognitive impairment found activity
differences in hippocampal areas, but not frontal cortex,
during the performance of a human analogue of vsPAL (de
Rover et al., 2011). Medial temporal fMRI responses to cogni-
tive tasks are affected in opposite directions by THC and CBD
(Bhattacharyya et al., 2009; 2010). Consequently, the present
results are highly consistent with task-specific effects of THC
on the temporal lobe memory system.

The present study was focused on a demonstration of
specific behavioural efficacy of CBD in a 1:1 ration with THC
and since additional pharmacological challenges were not
performed, it is not warranted to speculate at great length on
the mechanisms underlying the behavioural antagonism. It is
the case that some effects of CBD may be mediated by inter-
actions with serotonin 1A (5HT;,) receptors (Resstel et al.,
2009; Magen etal., 2010; Gomes et al., 2012; Stern et al.,
2012) in rodents and there is additional evidence that
human cognitive effects of CBD may not be CB1 mediated
(Stadelmann et al., 2011). Given the pharmacological promis-
cuity of CBD (Pertwee, 2009; De Petrocellis and Di Marzo,
2010; Campos et al., 2012), it is probably premature to draw
firm conclusions about the mechanism of action.

The timecourse results in the initial bimanual study, and
the success of the resulting decision to administer CBD and
THC simultaneously, have important practical implications.
Existing medications such as Sativex® and the natural
product recreational drug (cannabis) result in simultaneous
exposure. Thus, the present data do not have to be qualified
in translational application on the basis of pretreatment
intervals. Likewise, these data suggest that future products
would not have to consider separate administration of CBD
in advance of any THC-based pharmacotherapy.
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This is important to observe, although CBD can reverse a
conditioned place aversion produced by 10 mg-kg™ THC in
rats (Vann et al.,, 2008), a recent paper reported that CBD
potentiates the anxiogenic and locomotor suppressant effects
of THC in rats treated chronically (Klein etal., 2011). As
Zuardi etal. (2012) noted, CBD/THC interactions may
depend on the pretreatment offset, at least in rodents. When
CBD is administered 30 min (or up to 24 h) prior to THC in
rats or mice, a potentiation can be observed whereas simulta-
neous administration results in blockade or amelioration of
THC effects. The picture may be complicated even further by
a suggestion that CBD/THC ratios on the order of eight are
necessary for antagonistic properties and a ratio of only 1.8
for the potentiation of detrimental THC effects in rodents
(Zuardi et al., 1984). An early study reported that 30 mg-kg™
CBD blocked THC-induced reductions in fixed-interval
responding for food when administered 60 min prior to
0.3 mg-kg!' THC in macaques, but had no effect prior to
1.0 mg-kg' THC (Brady and Balster, 1980). However, this
study also reported a performance impairment following
30 mg-kg™', but not 10 mg-kg™', CBD i.m. when administered
without any other drug.

The data from the present study suggest that a CBD/THC
ratio that is no greater than 1:1 may be sufficient in primates,
thereby reinforcing the studies by Morgan et al. (2010) and
Morgan etal. (2011) since their reported CBD/THC ratios
from street cannabis were generally less than 1:1. It is simi-
larly important that the overall CBD dose was low and caused
no deficits by itself, in contrast to the results of Brady and
Balster (1980). One prior human study which manipulated
THC and CBD ratios and found no overall effect on cognition
used a 2:1 CBD : THC ratio for the high dose THC condition
and noted that in human studies a lack of strong dose-
dependent effects of THC may be due to subject expectancy
(Ilan et al., 2005). The present data suggest that future
attempts to verify the findings of Morgan et al. in repeated-
measures human experimental studies should use a range of
CBD : THC ratios. Similarly, it should be noted that one limi-
tation of this study was the use of only one dose of CBD;
additional studies using a broader range of doses would be of
significant interest.

One important technical outcome of the present study
was the stability of the behaviour and the effect of THC on
behaviour over the course of the repeated-measures design.
This was critical because repeated dosing with THC can often
produce profound tolerance. As with many of our prior
studies (Taffe et al., 1999; 2002a; Von Huben et al., 2006;
Taffe, 2012b; Wright et al., 2012), the behavioural baselines
under untreated conditions (i.e. during non-challenge days of
the week) were stable across the entire study interval. Perhaps
more importantly, the dose range of THC that was effective at
altering performance was consistent across the entire study.
This was the case when data were inspected at the individual
level and reflected, for example, in the vsPAL and SOSS tasks
which were run on different days thus the effect of a given
dosing condition could be compared.

This study may also support the development of high-
CBD strains of cannabis for medical marijuana purposes.
A recent study confirmed that smoked cannabis [National
Institute on Drug Abuse products with ~4% THC and less
than 0.01% CBD; (RTI_International, 2012)] can alleviate

spasticity in multiple sclerosis but noted that unwanted cog-
nitive and subjective effects might limit use (Corey-Bloom
et al., 2012). It is possible that use of strains that are relatively
high in CBD may attenute side effects. One additional
intriguing question raised by the present study, and the find-
ings of Morgan et al. (2010), relates to recent demonstration
that cannabis users who start in adolescence may experience
essentially permanent decrements of full-scale IQ (Meier
etal., 2012). It may be the case that the degree of lasting
impairment could be modulated by CBD content. Additional
study using preclinical models of complex cognition are nec-
essary to further explore the potential for high-CBD strains of
cannabis to constitute an improved product for the rapidly
expanding medical marijuana market and possibly a less
harmful recreational product.
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