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ABSTRACT 

The active components associated with the bio-designer drugs known variously as “Spice” or “K2” have rapidly gained 
in popularity among recreational users, forcing the United States Drug Enforcement Administration to classify these 
compounds as Schedule I drugs in the Spring of 2011. However, although there is some information about many of the 
synthetic cannabinoids used in Spice products, little is known about the consequences of the main constituent, 
(1-pentyl-3-(1-naphthoyl)indole; JWH-018), on neuropsychological development or behavior. In the present experiment, 
adolescent rats were given repeated injections of either saline or 100 μg/kg of JWH-018. Once the animals were 75 days 
of age, they were trained using tasks with spatial components of various levels of difficulty and a spatial learning set 
task. On early trials with water maze tasks of varying difficulty, the JWH-018 treated rats were impaired relative to 
controls. However, by the end of each phase of testing, drug and control animals were comparable, although on probe 
trials the drug-treated animals spent significantly less time in the target quadrant. In addition, the performance of the 
drug-treated rats was inferior to that of the control animals on a learning set task, suggesting some difficulty in adapting 
their responses to changing task demands. The results suggest that chronic exposure to this potent cannabinoid CB1 
receptor agonist during adolescence is capable of producing a variety of subtle changes affecting spatial learning and 
memory performance in adulthood, well after the drug exposure period. 
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1. Introduction 

Because of their effects on the mind, cannabinoids have 
been used recreationally by humans for over 4000 years 
[1]. Cannabinoid use has been associated with a variety 
of neuropsychological effects including diminished mo- 
tor coordination, a disruption of short-term memory, and 
a reduction in the ability to maintain attentional focus 
[2-4]. In addition, exposure to cannabinoids also pro- 
duces a number of cognitive effects [5,6].  

Two cannabinoid receptors, CB1 receptor CB2, have 
been identified. However, until recently the accumulated 
evidence (see [6]) suggested that the CB1 receptor acts 
within the central nervous system (CNS) while the CB2 
is associated with the immune system and not expressed 
in the CNS [7,8]. Two endogenous compounds, anan- 
damide and 2-arachidonylglycerol, have been identified 
so far with both acting as CB1 agonists [9]. The CB1 
receptors in the CNS endocannabinoid system are pre- 
synaptic [1] and are considered neuroregulatory influencing 

other neurontransmitter systems including glutamate, 
GABA, and dopamine [8]. 

As noted above, cannabinoid use is associated with 
disturbances in cognition and perturbations in psycho- 
motor task performance [5,6,8,10,11]. Further, some of the 
reported effects appear to last for a considerable period 
following drug exposure [12]. In rats, the timing of the 
exposure during the neurophysiological development of 
the organism appears to contribute to impairments in 
working memory when tested as adults while adult Δ-9- 
THC-treated rats does not produce persistent impairments 
[13,14]. Last, such adolescent exposure effects may, in 
part, be associated with the sex of the animal as well, 
with more severe effects reported in female rats [15].  

The terms “K2” or “Spice” typically refer to a group 
of products sold for a variety of purposes from herbal 
incense to bonsai fertilizer [16]. While these compounds 
were marketed for nonhuman use, in actuality they were 
viewed as legal alternatives to marijuana and were usu- 
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ally purchased for the purpose of intoxication [17]. Spice 
products contain a variety of synthetic cannabinoids and 
have gained popularity among recreational drug users 
since the middle of the previous decade [18-20]. How- 
ever, as of March, 2011, the US Drug Enforcement Ad- 
ministration (DEA) published a final order in the Federal 
Register temporarily placing the five most popular syn- 
thetic cannabinoids into Schedule I of the Controlled 
Substances Act, thus making sale or possession illegal 
[21]. Nonetheless, coupled with their former legal status 
and the fact that the typical urine drugs-of-abuse screen- 
ing procedures were ineffective [22] their popularity has 
continued [23]. 

Little is known about the toxicology of 1-pentyl-3-(1- 
naphthoyl)indole (JWH-018) and the related compounds 
reported used in Spice products. However, there is some 
evidence that these synthetic cannabinoids cause both 
dependence and withdrawal [24]. Like many of the Spice 
compounds, JWH-018 strongly binds with CB1 receptors, 
acting as a receptor agonist and influencing a number sig- 
naling pathways [25]. According to Vardakou et al. [17], 
the subjective effects associated with ingestion of Spice 
products are the result of JWH-018 and sister compounds 
action on CB1 receptors (see also [25,26]). As the number 
of users has increased, so have reports concerning the 
side effects. For example, earlier in the past decade the 
American Association of Poison Control Centers re- 
ported a total of 13 calls related to the use of synthetic 
cannabinoids and Spice products. However, by 2010 the 
number of calls exceeded 3000 [27] while in Sweden 
there has been a marked increase in the number of cases 
of what has come to be known as “Spice toxicity” [28]. 

There are reports that chronic cannabinoid use has no 
long-term consequences following a period of abstinence 
and recovery [29,30]. However, as is the case with a num- 
ber of drugs of abuse, the exposure period within the life- 
span of organism may be a critical variable. For example, 
Stiglick and Kalant [31] reported that immature rats were 
more severely affected than adult rats with a comparable 
level of THC exposure. This appears to be true of syn- 
thetic cannabinoids that act as CB1 agonists as well. Rats 
exposed to WIN 55212-2 during adolescence postnatal 
day (PND) 40 to 65 were impaired on a number of tasks 
and emotional measures [14,32,33] while WIN 55212-2- 
treated adult rats were not impaired [14,33]. In another 
investigation, rats exposed to WIN 55212-2 were not 
impaired on locomotor or recognition memory measures 
but had a number of anxiety-related behavioral distur- 
bances as adults [32]. This is consistent with other re- 
ports about the anxiogenic effects of CB1 agonists such 
as HU-210 [9,34], a compound also used in Spice prepa- 
rations [20]. Last, CP 55940 exposure during adoles- 
cence produced a number of behavioral effects when 
measured in adulthood, with sex differences also observed 

[35]. Working memory deficits after adolescent exposure 
have also been found [15]. To reiterate, the timing of the 
drug exposure may very well produce different but 
long-lasting effects. 

Adolescence is defined in rats as a period lasting from 
the 21st PND following birth until PND 60 [36]. Within 
this period of development, mid adolescence includes 
PND 34 to 46 and late adolescence is defined as from 
PND 46 to 59. These two periods can be considered as 
analogous to periadolescence and late adolescence/early 
adulthood, respectively [36]. The use of a rodent model 
to understand neurodevelopmental changes is useful for 
both comparative evaluations and for extrapolation to 
humans [37]. Thus, the use of adolescent animals can 
provide a valuable experimental framework for examining 
the developmental consequences associated with drugs of 
abuse at various points in biological and cognitive de- 
velopment. 

Unfortunately, with the exception of anecdotal descrip- 
tions reported on the internet (see e.g., [38]) forensic or toxi- 
cological reports [22], anecdotes or examination of trends 
of use [39-42], and toxicological investigations [17,23,43] 
there is little published information on the effects of 
many of these compounds, especially JWH-018, on the 
central nervous system. While acknowledging the possi- 
bility that these compounds may have therapeutic uses 
[41], given the growing popularity of the Spice compounds, 
the possible risks on development in vulnerable adoles- 
cents could become a major concern, especially as a po- 
tential societal health problem. Further, there are no pub- 
lished studies on the long-term effects of developmental 
exposure to the Spice compounds on the physiology of 
learning, and memory. Understanding such effects may 
be important because as the use of the synthetic cannabi- 
noids generally increases so too, will the consequences.  

Therefore, the present study was conducted as a first 
step to examine the influence of the potent synthetic CB1 
agonist JWH-018 [25] on learning and memory perform- 
ance in Morris water maze (MWM) tasks of varying dif- 
ficulty. Specifically, the animals were trained on a cued 
version of the MWM to evaluate whether nonassociative 
factors (e.g., sensorimotor/swimming deficits) affected 
place learning performance. A series of non-cued MWM 
tasks of varying difficulty were used to evaluate learning, 
memory, and via probe trials, retention. Finally, a simple 
response set learning task was employed to explore pos- 
sible response perseveration and memory deficits. 

2. Materials and Methods 

2.1. Subjects and Drug Administration 

2.1.1. Subjects 
The subjects consisted of 17 male experimentally naive 
Long-Evans rats (Charles River, Wilmington, MA). The 
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research protocol was reviewed and approved by the In- 
stitutional Animal Care and Use Committee of Palm 
Beach Atlantic University. The animals were cared for in 
a manner consistent with the principles of animal care 
outlined in the Guide for the Care and Use of Laboratory 
Animals [44]. Drug exposure began when the rats were 
in the mid-adolescent period of development (i.e., 35 
days old). All animals received a total of six injections, 
with each injection spaced 48 hours apart. Thus, the rats 
were exposed to either JWH-018 (n = 8) or saline (n = 9) 
from 35 to 45 days of age. The rats were individually 
housed in stainless steel suspended cages and maintained 
on a 12-hr light/12-hr dark cycle with the lights on at 7:00 
am. Throughout the experiment, the animals were pro- 
vided with ad lib access to water and food (Mazuri Ro- 
dent Chow). 

2.1.2. Drug Administration 
JWH-018 (Tocris Bioscience, Ellisville, MO) was dis- 
solved in solution consisting of an ethanol:emulphor:phy- 
siological saline at a ratio of 1:1:18. The animals in the 
control groups received the respective vehicle with all 
injections given i.p. A dose of 100 µg/kg was used after 
pilot testing with rats not included in the present study 
using 50 µg/kg, 100 µg/kg, and 250 µg/kg doses and an 
assessment that included examining the behavioral ef- 
fects. 

2.2. Assessment of Nonmemory-Related Deficits 

2.2.1. Activity Assessment 
General locomotor activity levels were evaluated for 5 
minutes in a 24 × 24 chamber consisting of 6 squares (i.e., 
a checkerboard). General measures of activity were de- 
termined by the number of squares crossed during the 
measurement period. The number of rearings was also re- 
corded. 

2.2.2. Sensorimotor Assessment—Rotating Rod Test 
In the rotating rod test, a motor rotated a wooden dowel 
(10 cm in circumference & 162 cm long) at a speed of 5 
rotations per minute. The dowel will be wrapped with 
tape to help prevent the rat from slipping and elevated 
100 cm above the floor. Approximately 15 cm of foam 
padding was placed beneath the apparatus to prevent 
injury in case a rat fell. 

One minute before the beginning of each assessment, 
the motor was turned on in order to acclimate the rat to 
the sound. An assessment began when the rat was placed 
onto the rod and the experimenter verified placement of 
all four feet. The experimenter counted the number of 
slips and falls for a one minute period. Slips were scored 
whenever the rat fell off the rod but still held onto the rod 
through one rotation. Falls were scored whenever the rat 

fell off of the rod. When a rat slipped or fell, it was im- 
mediately repositioned on the rod. 

2.3. Water Maze Navigation Tasks 

In addition to tests of spatial learning and learning set 
performance, the water maze protocol employed in the 
present experiment was used to evaluate the possibilities 
that nonassociative factors such as motivational changes 
or sensorimotor disturbances might impact swimming per- 
formance. By changing the parameters of the place proce- 
dures to make the task more or less challenging, we hoped 
that the procedures would be sensitive to non-memory 
impairments should they exist. 

With the exception of general activity, all behavioral 
testing occurred in a circular swimming pool 183 cm in 
diameter and composed of a white acrylic plastic. Water 
was filled to a depth of 30 cm and made opaque by the 
addition of nontoxic white paint (Sargant Art, Hazelton, 
PA). The pool was located in a testing room approxi- 
mately 36.88 square meters in size. An escape platform 
painted flat white and 15 cm × 15 cm in diameter was 
located 18 cm from the wall of the swimming pool. For 
the cued water maze task, the platform protruded 15 mm 
above the surface of the water. For all remaining water 
maze phases the platform was submerged 15 mm below 
the surface of the water. With the exception of the probe 
trials, across all phases of training on each trial the rat 
was released into the pool at one of four release points, 
north, south, east, or west, and permitted to locate the 
platform. Platform location varied at one of four posi- 
tions—northeast, northwest, southeast, or southwest. All 
trials were given a ceiling of 60 seconds, at which point 
the rat was placed on the platform. Swim times were re- 
corded with a stopwatch and errors, defined as crossing 
one of four quadrants associated with the four compass 
points, were recorded.  

In order to allow for direct comparison of swim laten- 
cies across start locations with different optimal swim 
path distances, the recorded escape latencies for of the 
four start locations were normalized. Normalization was 
accomplished by computation of the ratio of the mini- 
mum swim distance in centimeters for each of the two 
longer swim paths to the escape platform (e.g., north start 
location and a southwest goal location) to the minimum 
swim of the two shorter swim paths (e.g., north start lo- 
cation and a northwest goal location) trials in centime- 
ters. 

2.3.1. Cued Place Learning Task 
Using a visible platform, the cued water maze task was 
included to assess sensorimotor (e.g., swimming ability, 
vision) and motivational deficits as well as acclimate the 
animals to the various elements of the water maze. This 
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was done to assess or reduce non-memory processes that 
could influence performance during the spatial place and 
learning set tasks. The rats were trained for 20 trials (2 
blocks of 10 consecutive trials) during 2 days of testing 
where each trial involved a different platform location. 
Rats were allowed to remain on the platform for 15 sec- 
onds after each trial. Training on the cued water maze 
navigation task began when the rats were 75 days old, 30 
days after the last drug exposure. 

2.3.2. Place Learning Water Maze Tasks 
The place learning tasks consisted of spatial reference 
memory-based tasks [45]. The task involved learning the 
location of a submerged platform that remained the same 
across all trials within a given phase. Because previous 
research in our laboratory involving the behavioral ef- 
fects of different psychoactive compounds often demon- 
strated minor deficits using the standard version of this 
MWM test, we used two testing protocols (labeled Sim- 
ple & Complex) to determine if the complex version was 
more sensitive for detecting spatial learning/memory 
impairments over the post drug exposure period. 

2.3.2.1. The Simple Place Learning Task 
This protocol involved 10 trials per day for 2 days. In or- 
der to facilitate spatial learning, a number of salient spatial 
cues were located around the room. The rats were allowed 
to remain on the platform for 20 seconds after each trial. 
After daily training, retention was evaluated with probe 
trials, consisting of a single daily 60 seconds free swim 
with the escape platform removed. The probe trials oc- 
curred no less than two hours after the last training trial 
for the day. The time spent swimming in the target quad- 
rant and the number of crossings over the former plat- 
form location were quantified. 

2.3.2.2. The Complex Place Learning Task 
In this task, all rats were trained 4 consecutive trials per 
day for 5 days. To increase the difficulty of the water maze 
task, the available extra-maze cues were minimized and 
the room illuminated by a single 40 watt red light bulb, 
thus leaving few cues to aid navigation. After reaching or 
placement on the platform, the rats were allowed to re- 
main there for 15 seconds after each trial. Similar to the 
simple version of the tasks, probe trials were adminis- 
tered after the completion of test days four and five. 

2.3.3. Learning-Set Acquisition Testing 
Learning Set acquisition testing requires the animals to 
learn a new location for the escape platform each day for 
5 consecutive days. Testing begin on post-drug exposure 
day 39 and continued through day 49. All animals received 
4 consecutive trials per day. The averaged performance on 
Trial 2 of each day was used as an index of working 
(short-term) memory because in the task the animal is 

required to recall its response on the immediately pre- 
ceding trial. The rats were allowed to sit on the platform 
for 15 seconds at the completion of each trial. 

3. Results 

3.1. Assessment of General Activity and Motor 
Ability 

An ANOVA was used to explore the possible effect of 
the drug on motor performance. No drug associated ef- 
fects were suggested in terms of quadrant crossings or 
rearings (ps > 0.05). 

When the rats were tested using the rotating rod, the 
rats improved across sessions but no drug effects were 
observed on either the number of slips or the number of 
falls. 

3.2. Spatial Learning and Testing 

3.2.1. Cued Place Learning Task 
The learning ability of the rats during the initial phase of 
training was examined by analyzing the swim trials in 
blocks of five swims. Using the swim time to the escape 
platform as the dependent measure, the data were ana- 
lyzed using a 1-Between (2-Drug groups), 1-Within (4 
blocks of trials) analysis of variance (ANOVA). Swim 
times to the escape platform were comparable for both 
groups. Escape times decreased as a function of training 
for all animals, F(3, 45) = 29.05, p < 0.001, partial η2 = 
0.659, but the drug group X trials interaction was non-
significant. 

3.2.2. The Simple Place Learning Task 
The relevant results associated with the simple version of 
the place learning task are presented in Figure 1. Analy- 
sis of the resulting data with a 2 (drug groups) × 2 (days) 
× 4 (blocks) ANOVA indicated a nonsignificant main 
effect of drug, F(1, 15) = 3.37, p = 0.086, but significant 
main effects of days, F(1, 15) = 28.54, p < 0.001, partial 
η2 = 0.655, and blocks, F(3, 45) = 18.60, p < 0.001, par- 
tial η2 = 0.554, suggesting that changing swim times gen- 
erally improved between the blocks of trials as well as 
between days. In addition, significant drug × days, F(1, 
15) = 5.04, p < 0.05, partial η2 = 0.252, and drug × blocks, 
F(3, 45) = 5.12, p < 0.05, partial η2 = 0.270, interactions 
were found. The three-way interaction was non-significant. 
Further consideration of the two-way interactions revealed 
the following. Swim times were significantly higher for 
the JWH-018 rats than saline controls on day 1 but not on 
day 2. Similarly, JWH-018 rats were impaired on blocks 
one and two but not on blocks three and four. 

When the probe trials were considered a JWH-018 me- 
diated impairment was observed (see Figure 1, inset). 
Specifically, main effects of drug, F(1, 15) = 20.53, p < 
0.001, partial η2 = 0.578, and days, F(1, 15) = 11.36, p < 
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0.01, partial η2 = 0.431, were found and, as evidenced by 
the lack of a significant drug × days interaction, the dif- 
ference between the groups remained. 

3.2.3. The Complex Place Learning Task 
For the assessment of the complex place learning data, 
the four daily trials were normalized and averaged and 
the navigation performance was assessed over a five-day 
period. The results are presented in Figure 2. Using a 
1-Between, 1-Within ANOVA, the analysis revealed 
main effects of the drug treatment, F(1, 15) = 7.11, p < 
0.025, partial η2 = 0.321, and test days, F(4, 60) = 10.65, 
p < 0.001, partial η2 = 0.415, suggesting that group swim 
times differed and that the swim times generally decreased 
across the five-day test period. However, as can also be 
seen in Figure 2, the drug group × test days interaction 
was nonsignificant, F(4, 60) = 1.05, p = 0.39. 

When the probe trials were assessed, only the main ef- 
fect of days was significant, F(1, 15) = 26.81, p < 0.001, 

 

 

Figure 1. Simple (i.e., maximum extra-maze cues) place 
learning task performance in blocks of five trials for the 
two-day test period. Probe trial performance is presented as 
an inset in the graph. Vertical lines represent SEM. 
 

 

Figure 2. Complex (i.e., minimal extra-maze cues) place 
learning task performance for each of the five days of test- 
ing. Individual trials were collapsed for analysis. Vertical 
lines represent SEM. 

partial η2 = 0.641, indicating that the rats spent more time 
in the target quadrant on later days but both groups re- 
sponded in a similar manner. 

3.3. Learning Set Acquisition Testing 

The swim time data associated with the MWM learning 
set task is presented in Figure 3. Data involved averag- 
ing each trial from the five days of testing. Although the 
main effect of drug group was nonsignificant, the main 
effect of trials was significant, F(3, 45) = 51.06, p < 
0.001, partial η2 = 0.773. Thus, while across trials the 
swim times for the two groups were comparable, their 
performance improved with training. In addition, a drug 
group × trial interaction was detected, F(3, 45) = 3.85, p 
< 0.05, partial η2 = 0.204, suggesting differential changes 
in swim times as a function of trial position. Focusing on 
trial one vs trial 2 performance in the decomposition of 
the interaction revealed significant reductions in swim 
times from trial one to trial two [smallest F(1, 7) = 20.32, 
p < 0.01; see Figure 3, trials 1 & 2)]. Although trial 1 of 
Figure 3 suggests a difference in swim times, post hoc 
comparison of the two groups revealed that the trial 1 
swim times were not significantly different. Conversely, 
saline rats found the escape platform on trial 2 signifi- 
cantly faster than the JWH-018 treated rats. The swim 
time results are consistent with the number of quadrants 
crossed which was also higher in the drug-treated rats, 
t(15) = –2.77, p < 0.05, partial η2 = 0.339. 

4. Discussion 

Collectively, the cannabinoids include a number of com- 
pounds that act as agonists at endogenous cannabinoid 
receptors sites [8]. Included in this group are the com- 
pounds derived from the Cannabis sativa plant which 

 

 

Figure 3. Learning set performance for each of the four 
daily trials. Daily performances were collapsed for analysis. 
Vertical lines represent SEM. 
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includes Δ9-THC and Δ8-THC, endogenous cannabi- 
noids such as Arachidonoylethanolamine (Anandamide) 
and 2-arachidonoyl glycerol (2-AG), and a number of 
synthetic cannabinoids [46]. The latter compounds were 
synthesized for research purposes at Hebrew University 
(HU compounds), Pfizer Pharmaceuticals, and a large 
group synthesized by J. W. Hoffman in the 1980s (la- 
beled JWH compounds) [17].  

Recently, a number of these synthetic cannabinoids 
have been detected in products labeled as Spice or K2 
and include JWH-018, JWH-073, JWH-398, JWH-250 
and HU-210. Although advertised as substances for non- 
human consumption [16], synthetic cannabinoids such as 
JWH-018 are mixed into a solvent and then sprayed on 
the plant [17] for delivery of what was formerly a legal 
high. In fact, JWH-018 was the first synthetic cannabi- 
noid ever reported through the “Early Warning System” 
utilized in Europe to monitor emerging trends [23]. Since 
JWH-018 is a potent CB1 receptor agonist capable of 
activating multiple signaling pathways in the brain [47], 
the subjective effects of Spice are considered the result 
CB1 receptor activation by JWH-018 in Spice and K2 
preparations [17]. 

Constituents of Cannabis sativa such as Δ9-THC are 
nonselective, binding with CB1 and CB2 receptors [47]. 
Until recently, the consensus was that the CB1 receptor 
was localized in the central nervous system and, thus 
responsible for the psychoactive effects of the cannabi- 
noids. The CB2 receptor was considered a peripheral cell 
receptor class and was not associated with the well-docu- 
mented psychoactive effects of cannabis [47,48]. Recently, 
as Svíženská et al. [1] noted, this view has begun to 
change following reports of CB2 receptors detected in 
microglia [49] and neurons [50]. Nonetheless, CB1 recep- 
tor numbers are particularly pronounced in areas of the 
brain normally associated with memory and cognition 
including areas of the hippocampus, dorsal striatum, 
amygdala, and a number of cortical regions including the 
prefrontal cortex [51-53]. The CB2 receptors have been 
identified as widely distributed throughout peripheral 
tissues with significant densities associated with immune 
tissues [1], with mixed results on the identification of 
CNS CB2 receptors (e.g., [49,54]). 

In animal models, cognitive performance has been ad- 
versely impacted by cannabinoid agonists on a number of 
tasks [6,55,56]. For example, in learning tasks that are 
considered hippocampus-dependent, cannabinoid ago- 
nists normally produce an impairment, regardless of 
whether the task involves spatial reference memory [57- 
60] or spatial working memory [11,61-63]. In such tasks, 
it is believed that the impairments are associated with 
activation of dorsal hippocampal CB1 receptors [64]. 
Further, in the eight-arm radial maze, impairments in 
memory retrieval are suggested by the fact that WIN 
55212-2 injections into the dorsal hippocampus produce 

an impairment in reference memory performance [63]. 
Consistent with this finding, post-training intrahippo- 
campal injection of WIN 55212-2 disrupts long-term 
reference memory in the MWM, while sparing acquisi- 
tion or short-term memory performance [65]. However, 
in one recent investigation evidence was reported that the 
CB1 agonist WIN 55212-2 produced deficits consistent 
with thigmotaxis rather than spatial learning per se [66].  

While additional research will elucidate the cellular 
mechanisms involved in cannabinoid induced alterations 
in memory function [67], the available research suggests 
an association with critical reductions in glutamate. As a 
consequence, the cannabinoid-induced glutamate reduc-
tions impair activation of NMDA receptors involved in 
long-term potentiation and depression [68,69]. For ex- 
ample, in the hippocampus, CB1 receptors appear to in- 
fluence release of both inhibitory and excitatory neuron- 
transmitters, thus influencing synaptic plasticity [67]. 
Further, a variety of cannabinoid agonists including natu- 
ral ligands such as THC and synthetic cannabinoids such 
as HU-210 and WIN 55212-2 disrupt spatial or operant 
hippocampus-dependent learning [68,70-73]. Conversely, 
cannabinoid antagonists such as SR141716A block the 
impairment in the induction of LTP [72,73].  

Of particular concern here is the possibility that ado- 
lescent exposure can lead to a number of disturbances in 
cognitive processes that persist long after abstinence. 
Consistent with this are reports of working memory im- 
pairments in adolescent but adult rats exposed to Δ9-THC 
when subsequently tested in adulthood [13,14]. However, 
the issue remains open for further inquiry as the residual 
effects associated with adolescent exposure are not al- 
ways found [15]. 

In summary, the results reported here provide that 
adolescent exposure of at least one common psychoac- 
tive constituent of K2 (Spice) compounds, JWH-018, can 
produce alterations in learning and memory performance 
in adulthood. To repeat, during adolescence a number of 
areas of the brain are undergoing developmental changes 
with higher levels of novelty and sensation-seeking con- 
sidered a common feature of adolescence [74]. Because 
presynaptic CB1 cannabinoid receptors have been dis- 
covered at serotoninergic, noradrenergic, glutamatergic, 
and GABAergic synapses in many areas of the brain 
[68,70-73,75-79] including those critical for accurate re- 
sponses and memory processes [5], these abused syn- 
thetic cannabinoids should be examined in greater detail. 
Doing so may further define the specific consequences 
associated with adolescent use. 
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