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Abstract
Rationale While cannabis-based medicinal products have been shown to be effective for numerous neurological and psychiatric
disorders, the evidence base regarding their adverse cognitive effects is poorly understood. The cannabinoid 1 receptor modulates
memory performance via intracellular and extracellular mechanisms that alter synaptic transmission and plasticity. While previous
literature has consistently shown that chronic cannabis users exhibit marked cognitive impairments, mixed findings have been reported
in the context of placebo-controlled experimental trials. It is therefore unclear whether these compounds inherently alter cognitive
processes or whether individuals who are genetically predisposed to use cannabis may have underlying cognitive deficits.
Objective We conducted a meta-analysis to investigate the effects of full and partial cannabinoid 1 receptor (CB1R) agonists,
antagonists, and negative allosteric modulators on non-spatial and spatial memory.
Methods In accordance with the PRISMA guidelines, the EMBASE, MEDLINE, and PsycINFO databases were systematically
searched for studies examining the effects of CB1R agonists, antagonists, and negative allosteric modulators on memory performance.
Results We systematically reviewed 195 studies investigating the effects of cannabinoid compounds onmemory. In humans (N =
35 studies, comprising N = 782 subjects), delta-9-tetrahydrocannabinol (THC) (1.5–5 mg/kg) relative to placebo impaired
performance on non-spatial memory tests, whereas only high THC doses (67 mg/kg) impaired spatial memory. Similarly,
THC (0.2–4 mg/kg) significantly impaired visuospatial memory in monkeys and non-human primates (N = 8 studies, comprising
N = 71 subjects). However, acute THC (0.002–10 mg/kg) had no effect on non-spatial (N = 6 studies, comprising 117 subjects;
g = 1.72, 95% confidence interval (CI) − 0.18 to 3.63, p = 0.08) or spatial memory (9 studies, comprising 206 subjects; g = 0.75,
95% confidence interval (CI) − 1.09 to 2.58, p = 0.43). However, acute, full CB1R agonists significantly impaired non-spatial
memory (N = 23 studies, 519 subjects; g = − 1.39, 95% CI − 2.72 to − 0.06, p = 0.03). By contrast, the chronic administration of
CB1R agonists had no effect on non-spatial memory (N = 5 studies, comprising 146 subjects; g = − 0.05, 95% confidence interval
(CI) − 1.32 to 1.22, p = 0.94). Moreover, the acute administration of CB1R antagonists had no effect on non-spatial memory in
rodents (N = 9 studies, N = 149 subjects; g = 0.40, 95% CI − 0.11 to 0.92, p = 0.12).
Conclusions The acute administration of THC, partial CB1R agonist, significantly impaired non-spatial memory in humans,
monkeys, and non-human primates but not rodents. However, full CB1R agonists significantly impaired non-spatial memory in a
dose-dependent manner but CB1R antagonists had no effect on non-spatial memory in rodents. Moreover, chronic THC admin-
istration did not significantly impair spatial or non-spatial memory in rodents, and there is inconclusive evidence on this in
humans. Our findings highlight species differences in the effects of cannabinoid compounds on memory.
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Introduction

Recent changes in legislation in many countries around the
world, including the UK, Canada, and 30 states across the
USA, have led to the widespread availability of cannabis-
based medicinal products. Emerging evidence indicates that
cannabis-based medicinal products may have analgesic (De
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Vita et al. 2018; Fitzcharles et al. 2016), antiemetic (Chang
et al. 1979; Orr and McKernan 1981), antidyskinetic (Fox
et al. 2002), antispasmodic (Zajicek et al. 2003), antiepileptic
(Devinsky et al. 2014), and antipsychotic effects (McGuire
et al. 2017; Boggs et al. 2018). However, the evidence base
regarding the adverse cognitive effects of these cannabinoid
compounds is unclear.

While the marijuana plant contains over 546 chemicals
including over 104 cannabinoid compounds (ElSohly et al.
2016), the two most widely studied cannabinoids include
delta-9-tetrahydrocannabinol (THC), a partial cannabinoid 1
receptor agonist (Huestis et al. 2001), and cannabidiol (CBD),
a cannabinoid 1 receptor (CB1R) negative allosteric modula-
tor (Morales et al. 2016). The concentration of THC is higher
relative to CBD in street cannabis (THC:CBD ratio, 1:13)
(ElSohly et al. 2016) and medical cannabis (THC:CBD ratio,
1:3) (Belendiuk et al. 2015). Since these two compounds have
opposite pharmacological effects, the effects of THC are like-
ly to outweigh the effects of CBD in the context of recreational
or medicinal cannabis use.

Chronic cannabis users show impairments in memory
encoding, storage, and retrieval (Solowij et al. 2011), and these
deficits are greater if cannabis use commences prior to the age
of 16 (Schuster et al. 2016). While some studies have reported
that cannabis-induced memory impairments are no longer
shown following abstinence (28 days) (Pope et al. 2001), other
studies have shown that prior cannabis users continue to show
marked memory impairments despite abstinence (28–60 days)
(Thames et al. 2014; Schwartz et al. 1989; Schweinsburg et al.
2008). In line with these findings, cannabis use has also been
found to impair memory in first episode psychosis (Núñez et al.
2016) and multiple sclerosis (Patel and Feinstein 2017), where-
as cannabidiol has been shown to prevent the adverse effects of
THC on memory (Englund et al. 2013a).

However, placebo-controlled experimental trials compar-
ing the effects of THC relative to placebo on memory have
reported discrepant findings, reporting no effects on memory
(Ganon-Elazar and Akirav 2009; Geresu et al. 2016), memory
enhancing (Amal et al. 2010; Bilkei-Gorzo et al. 2017), and
memory-impairing effects (Yousefi et al. 2013; Santana et al.
2016; Goodman and Packard 2014). Similarly, while
cannabidiol has been postulated to have cognitive enhancing
effects (Englund et al. 2013b), the evidence regarding the
therapeutic potential of these compounds is largely mixed
(McGuire et al. 2017; Boggs et al. 2018; Rosenberg et al.
2017). Moreover, it is unclear if CB1R affinity, dose, treat-
ment duration or treatment paradigms used may influence the
effects of these compounds on memory.

Since THC is a partial CB1R agonist (Huestis et al. 2001)
that has dose-dependent effects on memory (D’Souza et al.
2005), we aimed to investigate the effects of THC as well as
compounds acting as agonists, antagonists, and negative allo-
steric modulators. We conducted a systematic review and

meta-analysis of the acute and chronic effects of all full and
partial CB1R agonists, CB1R antagonists, and CB1R negative
allosteric modulators on spatial and non-spatial memory in
humans, monkeys, non-human primates, rats, and mice. We
predicted that the acute and chronic administration of full and
partial CB1R agonists would induce spatial and non-spatial
memory impairments, whereas CB1R antagonists and nega-
tive allosteric modulators would improve spatial and non-
spatial memory performance.

Method

Search strategy

A single search was conducted for both animal and human
studies. In accordance with the PRISMA guidelines,
EMBASE, MEDLINE, PsycINFO, and PsycARTICLES da-
tabases were searched from 1950 to 1 September 2018 using
the following search terms: (1) “cannabinoid 1 receptor ago-
nist” OR “cannabinoid agonist” OR “cannabinoid receptor 1
antagonist” OR “cannabinoid antagonist” OR “CB1R nega-
tive allosteric modulator” OR “cannabis” OR “tetrahydrocan-
nabinol” OR “anandamide” OR “WIN,55,212-2” OR
“ACPA” OR “CP55940” OR “AM251” OR “SR161716A”
OR “rimonabant” OR “cannabidiol” AND (2) “memory”
OR “encoding” OR “recall” OR “retrieval.” The search
criteria were registered on the international prospective regis-
ter for systematic reviews.

Selection criteria

The same criteria were applied for animal and human studies.
General inclusion criteria for the systematic review and meta-
analysiswere (1) original research articles; (2) in vivo experimen-
tal methods; (3) comparison of drug relative to control (either
placebo or vehicle); and (4) use of a memory paradigm (see
supplementary materials 1 for full descriptions of memory
paradigms). General exclusion criteria for the systematic review
and meta-analysis were (1) review articles; (2) in vitro experi-
mental methods; (3) failure to use amemory paradigm; (4) use of
receptor knockout paradigms; (5) use of disease models; and (6)
use of concurrent environmental manipulations (e.g. stress or
food deprivation models). Studies were meta-analyzed together
if they met the following criteria: use of the same (1) species; (2)
pharmacological compound (e.g., CB1R agonist vs. antagonist);
(3) intraperitoneal administration.

Data extraction

In accordance with the PRISMA guidelines, the following
variables were extracted from all animal and human studies:
(1) authors; (2) year of publication; (3) sample characteristics
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(species, strain, sex, age, weight, and sample size); (4) drug
characteristics (name, dose, route of drug administration, time
point of drug administration); (5) memory paradigm; (6) re-
sults (mean and variance of memory performance in drug-
treated group and control-treated group) (see supplementary
materials). In cases where studies reported multiple drug
doses, the highest available dose was selected for the primary
analyses, but secondary dose-response relationships were ex-
amined where sufficient data were available. In this context,
acute administration was defined as the administration of 1
dose, sub-chronic was defined as the administration of 2–4
doses, and chronic administration was defined as the admin-
istration of 5 or more doses on consecutive days. Memory
performance data were extracted from tables or graphs using
the plot digitizer where necessary (WebPlotDigitizer 2018). In
cases where it was unclear if datasets were independent, the
manuscript reporting the largest dataset was selected. All
datasets included in the meta-analysis were independent.

Study sample and methodological characteristics

The study flow chart is shown in supplementary figure 1. The
literature search identified 2679 records which were manually
screened by two independent researchers. After removing du-
plicates (N = 185), conference abstracts (N = 183), review ar-
ticles (N = 90), irrelevant records (N = 1784), and books (N =
1), 436 full-text records were screened for eligibility. An ad-
ditional 241 records were excluded due to the simultaneous
administration of more than one drug (N = 13); failure to use
CB1R agonist, antagonist, or negative allosteric modulator
(N = 153); failure to use a memory paradigm (N = 8); and
use of a disease model (N = 67). In total, 195 articles were
deemed suitable for inclusion in the systematic review includ-
ing 38 human studies, 8 primate studies, and 149 rodent stud-
ies, and 60 of these studies were suitable for inclusion in the
meta-analyses.

Statistical analysis

The main outcome measure in our analysis was the sum-
mary effect size (Hedge’s g (Hedges and Olkin 1985)) for
the difference in memory performance between control-
treated and drug-treated groups. We performed separate
meta-analyses for CB1R agonists, antagonists, and nega-
tive allosteric modulators. In each meta-analysis, we com-
pared the active treatment against control and analyzed
acute and chronic studies separately. CB1R agonists with
different formulations including WIN,55,212-2; ACPA;
CP55,940; and delta-9-tetrahydrocannabinol (THC) were
grouped into a single analysis. However, we also investi-
gated the effects of full agonists (WIN,55,212-2; ACPA;
CP55,940; anandamide) and partial agonist THC relative
to vehicle. All comparisons were conducted with the

statistical programming language R Studio (version
3.3.2) using the “metafor” package. Standardized effect
sizes (Hedges’ g using a 95% confidence interval and a
significance level of p < 0.05 (two-tailed)) for individual
studies were first estimated. An overall summary effect
size was then calculated by entering these individual
study effect sizes into a random effects meta-analytic
model using restricted maximum likelihood estimation.

Meta-analysis was conducted if there were at least 3 studies
that used the same species, drug, administration route, and
memory paradigm. Consistent with previous research, the
highest drug dose was selected from each study (Kokkinou
et al. 2018). All datasets included in the meta-analysis were
independent. If at least 5 studies were included in a meta-
analysis, dose-response relationships were also investigated.

Between-study inconsistency was estimated using the I2

value (I2 < 50% indicates low to moderate inconsistency,
whereas I2 > 50% indicates moderate to high inconsistency).
Publication bias was assessed in cases where there were at
least 5 available studies by visual inspection of a funnel plot
and the use of the Egger’s test. In cases where publication bias
was suspected, a trim-fill analysis was conducted. If at least 5
studies were included in a meta-analysis, leave-one-out sensi-
tivity analyses were conducted to ensure that the results were
not driven by a single study.

Since previous literature has shown age-dependent
(Solowij et al. 2011) and dose-dependent effects (D’Souza
et al. 2005), meta-regressions were conducted to examine
the effect of age and dose of the pharmacological compound
on memory performance. We then compared subgroups by
fitting a meta-regression model where the subgroup category
acted as the moderating variable of interest. If this showed
statistically significant differences between subgroups, a
random-effects meta-analysis was conducted for each sub-
group. The subgroups that we investigated were species,
age, sex, compound (full, partial agonists), dose, paradigm,
and drug administration timing (drug given before vs. after
paradigm training), separately for non-spatial and spatial
memory.

Results

All datasets included in the meta-analyses were independent.
We report meta-analytic findings investigating the ef-

fects of cannabinoid compounds on spatial and non-
spatial memory in rodents, followed by separate analyses
studies using mice (see supplementary tables 1–3) and rats
(see supplementary tables 4–6). Non-human primate or
monkey studies are summarized in supplementary tables
7–9, and human studies are summarized in supplementary
tables 10–12. See supplementary materials for descriptions
of memory paradigms.
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Acute effects of CB1R agonists on non-spatial
memory

In a meta-analysis of 29 studies, CB1R agonists (N = 261)
relative to vehicle (N = 258) significantly impaired memory
performance on non-spatial memory paradigms (g = − 1.79,
95% confidence interval (CI) − 3.13 to − 0.45, p = 0.009)
(see Fig. 1 and supplementary Figure 1 for funnel plot).
There were high levels of between-study inconsistency (I2 =
97.50, p < 0.001). Egger’s test indicated that there was

evidence of publication bias (z = 4.84, p < 0.0001), and a
trim-fill analysis indicated that there were no missing studies.
The results remained significant in all cases of the leave-one-
out sensitivity analysis.

Effect of species

The magnitude of the effect of CB1R agonists vs. vehicle on
non-spatial memory did not significantly vary with rodent
species (z = 1.13, p = 0.26).
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Fig. 1 Forest plot from a meta-analysis of the acute effects of CB1R agonists relative to vehicle on non-spatial memory performance in
rodents (g = − 1.79, 95% confidence interval (CI) − 3.13 to − 0.45, p = 0.009)

Psychopharmacology



Effect of sex

The magnitude of the effect of CB1R agonists vs. vehicle
on non-spatial memory did not significantly vary with sex
(z = 0.79, p = 0.43).

Effect of paradigm

The magnitude of the effect of paradigm on CB1R
agonists vs. vehicle on non-spatial memory did not
significantly vary with the use of the inhibitory avoid-
ance paradigm or the novel object paradigm (z = 0.86,
p = 0.40).

Effect of drug administration timing

The magnitude of the effect of CB1R agonists vs. vehicle on
non-spatial memory did not vary with drug administration
timing (z = − 0.06, p = 0.95).

Effect of dose

Themagnitude of the effect of CB1R agonists vs. vehicle on non-
spatial memory inversely varied with dose (z=− 2.10, p= 0.04).

Effect of age

The magnitude of the effect of CB1R agonists vs. vehicle on
non-spatial memory did not vary with age (z = 0.63, p = 0.53)
or if rodents were adolescents (postnatal day (PND) < 65) or
adults (PND> 65) (z = 1.19, p = 0.24).

Effect of drug

A meta-analysis of 23 studies indicated that full CB1R ago-
nists relative to vehicle significantly impaired non-spatial
memory (g = − 1.39, 95% confidence interval (CI) − 2.72 to
− 0.06, p = 0.03 (see supplementary figures 2–3 for forest and
funnel plots, respectively). The magnitude of the effect of
CB1R agonists vs. vehicle on non-spatial memory did not
vary with the compound used (z = − 0.21, p = 0.84). By con-
trast, a meta-analysis of 6 studies showed that partial CB1R
agonist, delta-9-tetrahydrocannabinol, had no effects onmem-
ory performance (6 studies, g = − 4.04, 95% confidence inter-
val (CI) − 9.30 to 1.17, p = 0.13) (see supplementary figures
4–5 for forest and funnel plots, respectively).

Acute effects of CB1R antagonists on non-spatial
memory

In a meta-analysis of 9 studies, CB1R antagonists (N = 73)
relative to vehicle (N = 76) had no effects on non-spatial mem-
ory performance (g = 0.40, 95% confidence interval (CI) −

0.11 to 0.92, p = 0.12) (see Fig. 2 and supplementary figure
6). There were moderate levels of between-study inconsisten-
cy (I2 = 56.78%, p = 0.02). Egger’s test indicated that there
was no evidence of publication bias (z = − 0.20, p = 0.84),
and a trim-fill analysis indicated that there were no missing
studies. Findings remained unchanged in a leave-one-out sen-
sitivity analysis.

Effect of species

The magnitude of the effect of CB1R antagonists vs. vehicle
on non-spatial memory did not vary with rodent species (z = −
1.10, p = 0.29).

Effect of sex

The magnitude of the effect of CB1R antagonists vs. ve-
hicle on non-spatial memory did not vary with sex (z =
1.54, p = 0.12).

Effect of paradigm

The magnitude of the effect of CB1R antagonists vs. vehicle
on non-spatial memory did not vary with paradigm (z = −
1.73, p = 0.08).

Effect of drug administration timing

The magnitude of the effect of CB1R antagonists vs. ve-
hicle on non-spatial memory was greater following pre-
training relative to post-training drug administration (z =
− 2.30, p = 0.02).

Effects of dose

The magnitude of the effect of CB1R antagonists vs. ve-
hicle on non-spatial memory did not vary with dose (z =
0.34, p = 0.73).

Effect of age

The magnitude of the effect of CB1R antagonists vs. ve-
hicle on non-spatial memory did not vary with age (z = −
0.62, p = 0.53).

Effect of drug

The magnitude of the effect of CB1R antagonists vs. vehicle
on non-spatial memory did not vary with the compound used
(z = 0.11, p = 0.91).
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Acute effects of CB1R negative allosteric modulators
on non-spatial memory

There were insufficient studies to investigate the effects of
negative allosteric modulators on non-spatial memory.

Acute effects of CB1R agonists on spatial memory

In a meta-analysis of 11 studies, CB1R agonists (N = 113)
relative to vehicle (N = 113) did not significantly impair mem-
ory performance on spatial memory paradigms (g = 0.75, 95%
confidence interval (CI) − 1.68 to 3.18, p = 0.55) (see supple-
mentary figures 7–8 for forest and funnel plot, respectively).

There were moderate-high levels of between-study inconsis-
tency (I2 = 97.50, p < 0.001). Egger’s test indicated that there
was evidence of publication bias (z = − 1.61, p = 0.11), and a
trim-fill analysis indicated that there were no missing studies.
The results remained unchanged in all cases of the leave-one-
out sensitivity analysis.

Effect of species

Moreover, the magnitude of the effect of CB1R agonists vs.
vehicle on spatial memory did not vary with rodent species
(z = − 0.74, p = 0.50).
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Fig. 2 Forest plot from a meta-analysis of the effects of CB1R antagonists relative to vehicle on non-spatial memory performance in rodents (g = 0.40,
95% confidence interval (CI) − 0.11 to 0.92, p = 0.12)
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Effect of sex

The magnitude of the effect of CB1R agonists vs. vehicle on
spatial memory was greater in females relative to males (z = −
2.20, p = 0.03). However, there were insufficient studies to
conduct further subgroup analyses on this.

Effect of paradigm

The magnitude of the effect of CB1 agonists vs. vehicle on
spatial memory did not vary with the paradigm used (z = 1.41,
p = 0.16).

Effect of drug administration timing

The magnitude of the effect of CB1R agonists vs. vehicle on
spatial memory did not vary with drug administration time
point (z = 0.89, p = 0.38).

Effect of dose

The magnitude of the effect of CB1R agonists vs. vehicle on
spatial memory did not vary with dose (z = 0.4, p = 0.69).

Effect of age

The magnitude of the effect of CB1R agonists vs. vehicle did
not vary with age (z = 0.92, p = 0.36).

Effect of drug

While there were insufficient studies to investigate the effects
of full CB1R on spatial memory. Findings remained un-
changed when restricting the analysis to partial CB1R agonist,
THC relative to vehicle (9 studies, g = 0.75, 95% confidence
interval (CI) − 1.09 to 2.58, p = 0.43) (see supplementary fig-
ures 9–10 for forest and funnel plots, respectively).
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Fig. 3 Forest plot from a meta-
analysis of the chronic effects of
CB1R agonists relative to vehicle
on non-spatial memory
performance in rodents
(g = − 0.05, 95% confidence
interval (CI), − 1.32 to 1.22, p =
0.94)
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Acute effects of CB1R antagonists and negative
allosteric modulators on spatial memory

There were insufficient studies to investigate the effects of
cannabinoid 1 receptor antagonists and negative allosteric
modulators on spatial memory.

Moderator analyses

The magnitude of the acute effect of CB1R agonists vs.
vehicle did not significantly vary depending on the type of
memory investigated (non-spatial versus spatial) (z = 1.89,
p = 0.06). However, the magnitude of the chronic effects of
CB1R agonists vs. vehicle was greater for non-spatial mem-
ory relative to spatial memory (z = 2.40, p = 0.02). The mag-
nitude of the acute effect of CB1R agonists vs. vehicle on
non-spatial and spatial memory did not significantly vary
depending on whether rodents were adolescents or adults
(z = − 0.64, p = 0.52).

Chronic effects of CB1R agonists on non-spatial
memory

Our search identified 5 studies investigating the chronic ef-
fects of CB1R agonists (N = 53) relative to vehicle (N = 52) on
non-spatial memory. Relative to vehicle, chronic administra-
tion of CB1R agonists did not significantly impair memory
performance (g = − 0.05, 95% confidence interval (CI) − 1.32
to 1.22, p = 0.94) (see Fig. 3 and supplementary figure 11).
There was no evidence of between-study inconsistency (I2 =
91.85%, p < 0.001). Egger’s test indicated that there was no
evidence of publication bias (z = 0.42, p = 0.67), and a trim-fill
analysis indicated that there were no missing studies.

Effect of species

Since all 5 studies were conducted in rats, no further sensitiv-
ity analyses were conducted.

Effect of sex

The magnitude of the effect of chronic CB1R agonists vs.
vehicle on non-spatial memory did not vary with sex (z = −
0.97, p = 0.33).

Effect of paradigm

Since all 5 studies used the novel object paradigm, no further
sensitivity analyses were conducted.

Effect of drug administration timing

The magnitude of the effect of chronic CB1R agonists vs.
vehicle on non-spatial memory did not significantly vary with
drug administration timing (z = − 1.92, p = 0.05).

Effect of dose

The magnitude of the effect of chronic CB1R agonists vs.
vehicle on non-spatial memory did not significantly vary with
dose (z = 0.20, p = 0.88).

Effect of age

The magnitude of the effect of chronic CB1R agonists relative
to vehicle on non-spatial memory did not vary with age (z =
0.30, p = 0.78).

Effect of drug

In ameta-analysis of 5 studies, chronic CB1R agonists relative
to vehicle did not significantly impair non-spatial memory
(N = 5 studies, N = 146 subjects, g = − 0.05, 95% confidence
interval (CI), − 1.32 to 1.22, p = 0.94). There were insufficient
studies to investigate the effects of THC vs. vehicle on non-
spatial memory.

Chronic effects of CB1R agonists on spatial memory

Our search identified 5 studies investigating the chronic ef-
fects of CB1R agonists (N = 76) relative to vehicle (N = 70) on
spatial memory, as determined by the Morris water maze (see
supplementary figures 12–13 for forest and funnel plots, re-
spectively). Relative to vehicle, chronic administration of
CB1R agonists did not significantly impair memory perfor-
mance (g = − 0.23, 95% confidence interval (CI) − 0.62 to
0.16, p = 0.24) (see supplementary figures 14–15 for forest
and funnel plots, respectively). There was no evidence of
between-study inconsistency (I2 = 0.0%, p < 0.0001).
Egger’s test indicated that there was no evidence of publica-
tion bias (z = 0.91, p = 0.36), and a trim-fill analysis indicated
that there were no missing studies.

Effect of species

The magnitude of the effect of chronic CB1R agonists vs.
vehicle on spatial memory did not vary with species (z = −
0.50, p = 0.63).
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Effect of sex

The magnitude of the effect of chronic CB1R agonists vs.
vehicle on spatial memory did not vary with sex (z = −
1.20, p = 0.24).

Effect of paradigm

Since all 5 studies used the Morris water maze, no further
sensitivity analyses were conducted.

Effect of drug administration timing

The magnitude of the effect of chronic CB1R agonists vs.
vehicle on spatial memory did not vary with drug administra-
tion timing (z = − 0.97, p = 0.33).

Effect of dose

The magnitude of the effect of chronic CB1R agonists vs.
vehicle on spatial memory did not vary with dose (z =
0.55, p = 0.58).

Effect of age

The magnitude of the effect of chronic CB1R agonists vs.
vehicle on spatial memory did not vary with age (z = − 0.79,
p = 0.43).

Effect of drug

There were insufficient studies to investigate the effects of full
vs. partial CB1R agonists.

Chronic effects of cannabinoid 1 receptor
antagonists/negative allosteric modulators on spatial
memory

There were no studies investigating the chronic effects of
CB1R antagonists or negative allosteric modulators on spatial
memory.

The effects of cannabinoid compounds on memory
in monkeys and non-human primates

See supplementarymaterial tables 7–9 for a review ofmonkey
and non-human primate studies. In monkeys and non-human
primates, THC (0.2–4 mg/kg) significantly impaired memory
performance on the delayed matching-to-sample task in 4 out
of 5 studies. THC (0.2–0.3 mg/kg) also significantly impaired
memory performance on the visual-spatial paired associates
test in a single study.

The effects of cannabinoid compounds on memory
in humans

See supplementary material tables 10–12 for a review of hu-
man studies. THC (1.5–5 mg/kg) decreased immediate and
delayed recall performance on the Hopkins verbal learning
test in 4 out of 5 studies in the context of acute and sub-
chronic administration. However, THC given chronically for
7 days (10–30 mg) had no effect on immediate or delayed
recall on the Hopkins verbal learning test. Acute and sub-
chronic THC (7.5–15 mg/kg) decreased emotional memory
in 2 out of 2 studies. In 2 studies, acute THC (7.5 mg/kg)
and acute CBD (32 mg) had no effect on memory extinction.
Acute THC (0.018–0.036 mg/kg) decreased memory perfor-
mance on the Rey Auditory Verbal Learning Test in 2 out of 2
studies. Acute rimonabant (20 mg/kg) had no effect on verbal
learning on the Rey Auditory Verbal Learning Test in 2 out of
2 studies. Chronic (10 weeks) CBD (200 mg) improved word
recall on the Rey Auditory Verbal Learning Test. In 3 studies,
acute THC decreased spatial memory at 66.67 mg/kg, acute
THC improved memory at 5 mg but had no effect on spatial
memory at 2 or 3 mg/kg.

Discussion

In line with our predictions, the acute administration of THC
significantly impaired immediate and delayed recall, emotion-
al memory, and verbal learning in humans, and visuospatial
memory in non-human primates and monkeys. In contrast to
our predictions, the acute and chronic administration of delta-
9-tetrahydrocannabinol had no effect on spatial or non-spatial
memory in rodents. Moreover, full CB1R agonists had no
effect on spatial memory but CB1R agonists significantly im-
paired non-spatial memory in rodents.

In contrast to our predictions, CB1R agonists did not im-
pair spatial or non-spatial memory when administered chron-
ically, irrespective of age, sex, rodent species or drug admin-
istration timing relative to task training. This finding was not
influenced by rodent species, sex, paradigm, drug administra-
tion timing, dose, age or the compound used. While further
studies are needed to investigate the chronic effects of THC in
humans, a single study found that THC (10–20 mg) had no
effect on verbal memory performance in humanswhen admin-
istered chronically for 7 days (Mathai et al. 2018).

Interestingly, the detrimental effects of acute, full CB1R
agonists on non-spatial memorywere not influenced by rodent
species, sex, age, paradigm, drug administration timing but
impairments were inversely associated with dose. However,
in contrast to our predictions, CB1R antagonists had no effect
on non-spatial memory and this finding was not influenced by
rodent species, sex, paradigm, dose, compound or age.
However, the acute effects of CB1R antagonists on non-
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spatial memory were greater if the drug was administered
prior to task training than after training.

Strengths and limitations

A strength of the study was that we examined the effects of
CB1R agonists, antagonists, and negative allosteric modula-
tors on memory performance across a wide range of species
using an array of spatial and non-spatial memory paradigms.
Although this allowed us to quantitatively examine the con-
sistency of the acute and chronic effects of CB1R agonists on
memory in rodents, insufficient data was available to quanti-
tatively investigate the acute or chronic effects of these com-
pounds in humans, monkeys or non-human primates.

A limitation of the study was that we combined different
drug doses which may potentially include effective and in-
effective doses. However, in order to address this limitation,
we investigated the dose-dependent effects of CB1R ago-
nists and antagonists on memory performance. Moreover,
although adolescents and adults were combined, we did
not observe any age-dependent effects of CB1R agonists
and antagonists on memory, and thus this is also unlikely
to be a significant confound.

The high levels of between-study inconsistency ob-
served may be linked to the combination of various phar-
macological compounds with different binding profiles.
However, we addressed this limitation by conducting sen-
sitivity analyses of full and partial CB1R agonists. Another
limitation of the study was that we combined mice and rat
studies into a single meta-analysis. However, we aimed to
overcome this limitation by conducting moderator analyses
investigating species effects.

Another limitation of the study was that some meta-
analyses included between 4 and 10 studies. As such, we
cannot exclude the possibility of type II errors since these
analyses may have been statistically underpowered to detect
small group differences. While we found evidence of slight
publication bias for meta-analyses of the acute effects of ago-
nists on spatial and non-spatial memory, there was no evi-
dence of publication bias for meta-analysis of acute antago-
nists or chronic agonists on spatial or non-spatial memory.

Previous literature has shown that THC briefly increases
locomotor activity which is followed by a decrease in loco-
motor activity relative to baseline conditions (Bruijnzeel et al.
2016). As such, we cannot exclude the possibility that the
locomotor effects of THC influenced memory performance
in rodents. However, since we did not show evidence of im-
pairments on spatial memory paradigms which involve loco-
motor function, locomotor effects of cannabinoids are unlike-
ly to be a significant confound.

Implications

Our finding that CB1R compounds selectively altered non-
spatial memory but had no effects on spatial memory in ro-
dents is consistent with previous literature indicating that spa-
tial and non-spatial memory have distinct, dissociable neuro-
biological correlates (Park et al. 2016) and that brain lesions
can selectively impair non-spatial memory in the absence of
spatial memory deficits (Ravizza et al. 2006; De Renzi and
Nichelli 1975) and vice versa (Rhodes et al. 2008; Backer
Cave and Squire 1992; Hanley et al. 1991). However, our
findings extend the existing literature by showing that the
CB1R contributes to the mechanisms underlying non-spatial
memory. However, future studies are needed to investigate
this quantitatively in human, monkey or non-human primates.

Our finding that partial agonist THC significantly im-
paired non-spatial memory performance in humans on tasks
involving verbal recall indicates that the endocannabinoid
system may play a key role in the mechanisms underlying
verbal memory. Previous literature has shown that cannabis
users show non-spatial, verbal memory impairments with
effect sizes ranging between d = 0.1–0.7 (Schoeler et al.
2016). However, in contrast to our predictions, THC did
not significantly impair non-spatial memory in rodents.
This discrepancy may be explained by species differences
as well as methodological differences in the studies used
across species.

In particular, if THC specifically impairs verbal memory
in humans, this may not be seen in rodents due to differ-
ences in language capabilities. Species differences may also
be linked to underlying differences in the endocannabinoid
system, particularly the cannabinoid 1 receptor, that medi-
ates the effects of these compounds (Huestis et al. 2001).
Alternatively, these discrepant findings may relate to the use
of intraperitoneal administration in rodents and intravenous
administration in humans. However, since comparable THC
peak plasma levels are reached following intravenous ad-
ministration in humans (5 mg/kg) (Ohlsson et al. 1980)
and following intraperitoneal administration in rats (3–
10 mg/kg) (Nguyen et al. 2016), it is unlikely that species
differences in drug bioavailability may explain this discrep-
ant finding but further work is needed to investigate this.

It should also be recognized that there have been surpris-
ingly few studies of THC effects on memory in rodents and,
given the wide confidence interval in our meta-analysis, our
analyses highlight the need for further studies of effects of
both acute and chronic THC on memory. While we did not
observe sex differences in the effects of CB1R agonists on
non-spatial memory, we observed sex differences in the ef-
fects of CB1R agonists on spatial memory despite the fact that
there were no significant effects of CB1R agonists on spatial
memory.
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This finding is consistent with previous work showing
that humans show sex differences in CB1R availability
(Park et al. 2016) as well as sex differences in the effects
of THC on spatial memory (Ravizza et al. 2006).

Surprisingly, there were no differences in the effects of
CB1R agonists vs. vehicle on memory between adults and
adolescents. This finding is at odds with previous suggestions
that adolescents may be more vulnerable to the effects of
cannabinoids (Bossong and Niesink 2010). While no
placebo-controlled studies have been conducted in human ad-
olescents, THC vs. placebo has been found to significantly
impair memory in adolescent monkeys (Backer Cave and
Squire 1992). Moreover, further work is needed to investigate
if low doses of THC may improve memory in old age in
humans, as shown in rodents (Amal et al. 2010). In contrast
to our predictions, CB1R antagonists failed to significantly
enhance non-spatial memory and the evidence is largely
mixed. Since we found that the effects of CB1R antagonists
on non-spatial memory were greater when administered prior
to task training, discrepant findings may be due to methodo-
logical differences in drug administration methods.

Despite differences in the acute vs. chronic effects of
cannabinoid compounds on memory, these findings were
not influenced by differences in age, sex, species or drug
administration methods. Since few chronic studies have been
conducted, further work is needed to investigate factors that
may account for the different effects of acute vs. chronic
drug administration. Our finding that the acute administra-
tion of CB1R agonists impairs memory, but chronic admin-
istration does not, may reflect underlying changes in the
cannabinoid 1 receptor. Since chronic exposure to cannabi-
noids decreases the expression of extracellular cannabinoid
receptors (Hsieh et al. 2002), the chronic administration of
cannabinoids may have less dramatic downstream effects on
memory due to the presence of cannabinoid 1 receptors. In
line with this, chronic cannabis users exhibit fewer cannabi-
noids 1 receptors that normalize following abstinence
(D’Souza et al. 2016).

While these findings are consistent with literature
showing that cannabis-induced memory impairments
are not shown following abstinence (28 days) (Pope
et al. 2001), other studies have shown that prior canna-
bis users continue to show marked memory impairments
despite abstinence (28–60 days) (Thames et al. 2014;
Schwartz et al. 1989; Schweinsburg et al. 2008).
Therefore, underlying genetic differences may predis-
pose individuals to THC-induced cognitive impairments.
In line with this, converging lines of evidence indicate
that functional polymorphisms in the cannabinoid 1 re-
ceptor (CNR1) gene are associated with behavioral and
functional measures of working memory performance in
healthy volunteers. In particular, healthy volunteers
exhibiting functional polymorphisms in the CNR1 gene

(C carriers of rs1406977) show reduced BOLD re-
sponses in the dorsolateral prefrontal cortex during
working memory performance in the absence of behav-
ioral impairments in working memory (Taurisano et al.
2016), whereas healthy volunteers showing functional
polymorphisms in the CNR1 gene (GG carriers of
rs2180619) show reduced working memory performance
and lower performance under higher working memory
load demands (Ruiz-Contreras et al. 2014).

Future studies are also needed to investigate the ef-
fects of full CB1R agonists and antagonists on both
spatial and non-spatial memory in humans. Future stud-
ies are needed to identify if the endocannabinoid system
may modulate other aspects of memory such as episod-
ic, semantic, and procedural memory. Our finding that
chronic THC had no effect on spatial or non-spatial
memory performance is consistent with findings from
human literature showing that THC has no effect on
memory performance when administered chronically
(Mathai et al. 2018). However, future studies are needed
to investigate the chronic effects of THC in placebo-
controlled trials in order for this to be quantitatively
investigated. Moreover, while there is preliminary evi-
dence to suggest that negative allosteric modulators can
enhance memory performance in humans when admin-
istered chronically, further studies are needed.

Our finding that the acute administration of full CB1R
agonists impairs non-spatial memory performance in rodents
is consistent with literature showing that CB1R activation
inhibits LTP, a key physiological mechanism underlying
memory formation (Navakkode and Korte 2014a). CB1R
activation has been specifically shown to impair LTP by
dysregulating the protein synthesis involved in the formation
and degradation of synaptic connections (Navakkode and
Korte 2014b). Our finding that CB1R activation impairs
memory performance is also consistent with evidence that
CB1R activation impairs memory by directly altering mito-
chondrial energy metabolism required for cellular activity
(Huestis et al. 2001). The deleterious effects of CB1R acti-
vation on memory performance are mediated via CB1R-
dependent modulation of soluble adenylyl cyclase (sAC),
an enzyme that catalyzes the conversion of adenosine tri-
phosphate (ATP), a vital source of energy, into cyclic aden-
osine monophosphate (cAMP), a second messenger in-
volved in intracellular signaling cascades that activates pro-
tein kinase A (Morales et al. 2016).

Conclusions

Our findings collectively show that the THC has species-
specific effects on memory, impairing non-spatial memory in
humans, monkeys, non-human primates but not rodents.
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Moreover, the chronic administration of CB1R agonists failed
to impair non-spatial or spatial memory in rodents. In contrast
to our predictions, acute CB1R agonists selectively impaired
non-spatial, but not spatial memory, and the acute administra-
tion of CB1R antagonists had no effects on non-spatial mem-
ory in rodents. Future placebo-controlled studies in humans
are needed to investigate the cognitive effects of chronic THC
administration as well as the cognitive effects of low dose
THC for cognitive impairment in old age.

Funding information F.B. and O.H. were supported by the METSY EU
FP7 grant. K.B. was supported by the Rosetrees Trust, the Stoney Gate
Trust, and the Royal College of Psychiatrists. R.M. was supported by the
Wellcome Trust (no. 200102/Z/15/Z). A.V. was supported by the Medical
Research Council (MR/N025377/1). MV was supported by the National
Institute for Health Research (NIHR) Biomedical Research Centre at
South London and Maudsley NHS Foundation Trust and King’s
College London.

Compliance with ethical standards

Conflict of interest F.B., K.B., E.B., R.M., and M.V. reported no
conflicts of interest. Dr. Vernon reported receiving investigator-
initiated research funding from F. Hoffman La Roche and UCB
Biopharma SPRL. Dr. Howes reported receiving investigator-
initiated research funding from or participating in advisory or speaker
meetings organized by AstraZeneca, Autifony, Bristol-Myers Squibb,
Eli Lilly, Heptares, Janssen, Lundbeck, Lyden-Delta, Otsuka, Servier,
Sunovion, RAND, and Roche.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license, and indicate if changes were made.

References

Amal H, Fridman-Rozevich L, Senn R, StrelnikovA, GafniM, KerenO et al
(2010) Long-term consequences of a single treatment of mice with an
ultra-low dose of 9 -tetrahydrocannabinol (THC). Behav Brain Res.
[cited 2017 Dec 21];206:245–53. Available from: https://ac.els-cdn.
com/S0166432809005361/1-s2.0-S0166432809005361-main.pdf?_
tid=f7da5b6e-e6a2-11e7-aae2-00000aab0f27&acdnat=1513897507_
fa5011d103954ceea9fac3426e510320

Backer Cave C, Squire LR (1992) Intact verbal and nonverbal short-term
memory following damage to the human hippocampus.
Hippocampus. [cited 2018 Jun 9];2(2):151–64. Available from:
http://whoville.ucsd.edu/PDFs/186_Cave_Squire_Hippo_1992.pdf

Belendiuk KA, Babson KA, Vandrey R, Bonn-Miller MO (2015)
Cannabis species and cannabinoid concentration preference among
sleep-disturbed medicinal cannabis users. Addict Behav. [cited 2019
May 1];50:178–81. Available from: https://www.sciencedirect.com/
science/article/pii/S0306460315002269

Bilkei-Gorzo A, Albayram O, Draffehn A, Michel K, Piyanova A,
Oppenheimer H, Dvir-Ginzberg M, Rácz I, Ulas T, Imbeault S,
Bab I, Schultze JL, Zimmer A (2017) A chronic low dose of Δ9-
tetrahydrocannabinol (THC) restores cognitive function in old mice.

Nat Med. [cited 2018 Aug 26];23(6):782–7. Available from: http://
www.nature.com/doifinder/10.1038/nm.4311

Boggs DL, Surti T, Gupta A, Gupta S, Niciu M, Pittman B et al (2018) The
effects of cannabidiol (CBD) on cognition and symptoms in outpatients
with chronic schizophrenia a randomized placebo controlled trial.
Psychopharmacology (Berl). [cited 2018 Jun 5];1–10. Available from:
http://link.springer.com/10.1007/s00213-018-4885-9

Bossong MG, Niesink RJM (2010) Adolescent brain maturation, the endog-
enous cannabinoid system and the neurobiology of cannabis-induced
schizophrenia. Prog Neurobiol. [cited 2018 Nov 15];92(3):370–85.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/20624444

Bruijnzeel AW, Qi X, Guzhva L V., Wall S, Deng J V., Gold MS et al
(2016) Behavioral characterization of the effects of cannabis smoke
and anandamide in rats. Dominguez JM, editor. PLoS One. [cited
2018 Nov 29];11(4):e0153327. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/27065006

Chang A, Shiling D,… Rosenberg SA (1979) Delta-9-tetrahydrocannabinol
as an antiemetic in cancer patients receiving high-dose methotrexate: a
prospective, randomized evaluation. Am Coll Physicians. [cited 2018
Nov 29]; Available from: http://annals.org/data/journals/aim/19553/
aime197912010-00002.pdf

D’Souza DC, Abi-Saab WM, Madonick S, Forselius-Bielen K, Doersch
A, Braley G, Gueorguieva R, Cooper TB, Krystal JH (2005) Delta-
9-tetrahydrocannabinol effects in schizophrenia: implications for
cognition, psychosis, and addiction. Biol Psychiatry. [cited 2018
Jun 12];57(6):594–608. Available from: https://www.sciencedirect.
com/science/article/pii/S0006322304013101?via%3Dihub

D’Souza DC, Cortes-Briones JA, RanganathanM, Thurnauer H, Creatura
G, Surti T et al (2016) Rapid changes in CB1 receptor availability in
cannabis dependent males after abstinence from cannabis. Biol psy-
chiatry Cogn Neurosci neuroimaging. [cited 2016May 31];1(1):60–
7. Available from: http://www.ncbi.nlm.nih.gov/pubmed/26858993

De Renzi E, Nichelli P (1975) Verbal and non-verbal short-term memory
impairment following hemispheric damage. Cortex. [cited 2018
Jun 9];11(4):341–54. Available from: https://www.sciencedirect.
com/science/article/pii/S0010945275800268

De Vita MJ, Moskal D, Maisto SA, Ansell EB (2018) Association of
cannabinoid administrationwith experimental pain in healthy adults.
JAMA Psychiatry. [cited 2018 Nov 13];75(11):1118. Available
from: http://archpsyc.jamanetwork.com/article.aspx?doi=https://
doi.org/10.1001/jamapsychiatry.2018.2503

Devinsky O, Roberta Cilio M, Cross H, Fernandez-Ruiz J, French J, Hill
C et al (2014) Cannabidiol: pharmacology and potential therapeutic
role in epilepsy and other neuropsychiatric disorders CRITICAL
REVIEW AND INVITED COMMENTARY. Epilepsia. [cited
2018 Nov 29];55(6):791–802. Available from: https://
onlinelibrary.wiley.com/doi/pdf/10.1111/epi.12631

ElSohly MA, Mehmedic Z, Foster S, Gon C, Chandra S, Church JC (2016)
Changes in cannabis potency over the last 2 decades (1995–2014):
analysis of current data in the United States. Biol Psychiatry. [cited
2018 Nov 29];79(7):613–9. Available from: https://www.sciencedirect.
com/science/article/pii/S0006322316000457?via%3Dihub

Englund A, Morrison PD, Nottage J, Hague D, Kane F, Bonaccorso S,
Stone JM, Reichenberg A, Brenneisen R, Holt D, Feilding A,
Walker L, Murray RM, Kapur S (2013a) Cannabidiol inhibits
THC-elicited paranoid symptoms and hippocampal-dependent
memory impairment. J Psychopharmacol. [cited 2018 Mar
12];27(1):19–27. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/23042808

Englund A, Morrison PD, Nottage J, Hague D, Kane F, Bonaccorso S,
Stone JM, Reichenberg A, Brenneisen R, Holt D, Feilding A,
Walker L, Murray RM, Kapur S (2013b) Cannabidiol inhibits
THC-elicited paranoid symptoms and hippocampal-dependent
memory impairment. J Psychopharmacol. [cited 2017
Dec 21];27(1):19–27. Available from: http://journals.sagepub.com/
doi/10.1177/0269881112460109

Psychopharmacology

https://ac.els-cdn.com/S0166432809005361/1-s2.0-S0166432809005361-main.pdf?_tid=f7da5b6e-e6a2-11e7-aae2-00000aab0f27&acdnat=1513897507_fa5011d103954ceea9fac3426e510320
https://ac.els-cdn.com/S0166432809005361/1-s2.0-S0166432809005361-main.pdf?_tid=f7da5b6e-e6a2-11e7-aae2-00000aab0f27&acdnat=1513897507_fa5011d103954ceea9fac3426e510320
https://ac.els-cdn.com/S0166432809005361/1-s2.0-S0166432809005361-main.pdf?_tid=f7da5b6e-e6a2-11e7-aae2-00000aab0f27&acdnat=1513897507_fa5011d103954ceea9fac3426e510320
https://ac.els-cdn.com/S0166432809005361/1-s2.0-S0166432809005361-main.pdf?_tid=f7da5b6e-e6a2-11e7-aae2-00000aab0f27&acdnat=1513897507_fa5011d103954ceea9fac3426e510320
http://whoville.ucsd.edu/PDFs/186_Cave_Squire_Hippo_1992.pdf
https://www.sciencedirect.com/science/article/pii/S0306460315002269
https://www.sciencedirect.com/science/article/pii/S0306460315002269
http://www.nature.com/doifinder/10.1038/nm.4311
http://www.nature.com/doifinder/10.1038/nm.4311
http://link.springer.com/10.1007/s00213-018-4885-9
http://www.ncbi.nlm.nih.gov/pubmed/20624444
http://www.ncbi.nlm.nih.gov/pubmed/27065006
http://www.ncbi.nlm.nih.gov/pubmed/27065006
http://annals.org/data/journals/aim/19553/aime197912010-00002.pdf
http://annals.org/data/journals/aim/19553/aime197912010-00002.pdf
https://www.sciencedirect.com/science/article/pii/S0006322304013101?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0006322304013101?via%3Dihub
http://www.ncbi.nlm.nih.gov/pubmed/26858993
https://www.sciencedirect.com/science/article/pii/S0010945275800268
https://www.sciencedirect.com/science/article/pii/S0010945275800268
http://archpsyc.jamanetwork.com/article.aspx?doi
https://doi.org/10.1001/jamapsychiatry.2018.2503
https://doi.org/10.1001/jamapsychiatry.2018.2503
https://onlinelibrary.wiley.com/doi/pdf/10.1111/epi.12631
https://onlinelibrary.wiley.com/doi/pdf/10.1111/epi.12631
https://www.sciencedirect.com/science/article/pii/S0006322316000457?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0006322316000457?via%3Dihub
http://www.ncbi.nlm.nih.gov/pubmed/23042808
http://www.ncbi.nlm.nih.gov/pubmed/23042808
http://journals.sagepub.com/doi/10.1177/0269881112460109
http://journals.sagepub.com/doi/10.1177/0269881112460109


Fitzcharles M-A, Ste-Marie PA, Auser WH, Clauw DJ, Jamal S, Karsh J
et al (2016) Efficacy, tolerability, and safety of cannabinoid treat-
ments in the rheumatic diseases: a systematic review of randomized
controlled trials. Arthritis Care Res (Hoboken) 68(5):681–688

Fox SH, Henry B, Hill M, Crossman A, Brotchie J (2002) Stimulation of
cannabinoid receptors reduces levodopa-induced dyskinesia in the
MPTP-lesioned nonhuman primate model of Parkinson’s disease.
Mov Disord. [cited 2018 Nov 13];17(6):1180–7. Available from:
http://doi.wiley.com/10.1002/mds.10289

Ganon-Elazar E, Akirav I (2009) Cannabinoid receptor activation in the
basolateral amygdala blocks the effects of stress on the conditioning
and extinction of inhibitory avoidance. J Neurosci. [cited 2017
May 27];29(36). Available from: http://www.jneurosci.org/content/29/
36/11078.full

Geresu B, Onaivi E, Engidawork E (2016) Behavioral evidence for the
interaction between cannabinoids and Catha edulis F. (Khat) in
mice. [cited 2017 Dec 21]; Available from: https://ac.els-cdn.com/
S0006899316305431/1-s2.0-S0006899316305431-main.pdf?_tid=
3d4e1f8e-e65b-11e7-8bb8-00000aab0f01&acdnat=1513866700_
f79652d904bee3cfe5c7bca5f613f8fb

Goodman J, Packard MG (2014) Peripheral and intra-dorsolateral stria-
tum injections of the cannabinoid receptor agonist WIN 55,212-2
impair consolidation of stimulus–response memory. Neuroscience.
[cited 2017 Sep 27];274(274):128–37. Available from: http://
linkinghub.elsevier.com/retrieve/pii/S030645221400390X

Hanley JR, Young AW, Pearson NA (1991) Impairment of the visuo-
spatial sketch pad. Q J Exp Psychol. [cited 2018 Jun 9];43–101.
Available from: http://journals.sagepub.com/doi/pdf/10.1080/
14640749108401001

Hedges LV, Olkin I (1985) Statistical methods for meta-analysis.
Academic Press. 369 p

Hsieh C, Brown S, Derleth C, Mackie K (2002) Internalization and
recycling of the CB1 cannabinoid receptor. J Neurochem. [cited
2018 Jun 22];73(2):493–501. Available from: http://doi.wiley.com/
10.1046/j.1471-4159.1999.0730493.x

Huestis MA, Gorelick DA, Heishman SJ, Preston KL, Nelson RA,
Moolchan ET, Frank RA (2001) Blockade of effects of smoked
marijuana by the CB1-selective cannabinoid receptor antagonist
SR141716. Arch Gen Psychiatry. [cited 2018 Feb 22];58(4):322–
8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/11296091

Kokkinou M, Ashok AH, Howes OD (2018) The effects of ketamine on
dopaminergic function: meta-analysis and review of the implications
for neuropsychiatric disorders. Mol Psychiatry. [cited 2018 Mar
23];23(1):59–69. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/28972576

Mathai DS, Holst M, Rodgman C, Haile CN, Keller J, Hussain MZ,
Kosten TR, Newton TF, Verrico CD (2018) Guanfacine attenuates
adverse effects of dronabinol (THC) on working memory in
adolescent-onset heavy cannabis users: a pilot study. J
Neuropsychiatry Clin Neurosci. [cited 2019 Jan 25];30(1):66–76.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/28641496

McGuire P, Robson P, Cubala WJ, Vasile D, Morrison PD, Barron R, Taylor
A, Wright S (2017) Cannabidiol (CBD) as an adjunctive therapy in
schizophrenia: a multicenter randomized controlled trial. Am J
Psychiatry. [cited 2018 Jan 17];appi.ajp.2017.1. Available from: http://
ajp.psychiatryonline.org/doi/10.1176/appi.ajp.2017.17030325

Morales P, Goya P, Jagerovic N, Hernandez-Folgado L (2016)
Allosteric modulators of the CB1 cannabinoid receptor: a
structural update review. Cannabis cannabinoid Res. [cited
2018 Jun 30];1(1):22–30. Available from: http://www.ncbi.
nlm.nih.gov/pubmed/28861476

Navakkode S, Korte M (2014a) Pharmacological activation of CB1 receptor
modulates long term potentiation by interfering with protein synthesis.
Neuropharmacology. [cited 2018 Feb 15];79:525–33. Available from:
http://linkinghub.elsevier.com/retrieve/pii/S0028390813005649

Navakkode S, Korte M (2014b) Pharmacological activation of
CB1 receptor modulates long term potentiation by interfering
with protein synthesis. Neuropharmacology. [cited 2018
Feb 15];79:525–33. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/24412673

Nguyen JD, Aarde SM, Vandewater SA, Grant Y, Stouffer DG,
Parsons LH, Cole M, Taffe MA (2016) Inhaled delivery of
Δ9-tetrahydrocannabinol (THC)to rats by e-cigarette vapor
technology. Neuropharmacology. [cited 2019 May 10];109:
112. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
27256501

Núñez C, Ochoa S, Huerta-Ramos E, Baños I, Barajas A, Dolz M, et al
(2016) Cannabis use and cognitive function in first episode psycho-
sis: differential effect of heavy use. Psychopharmacology (Berl).
[cited 2018 Nov 29];233(5):809–21. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/26621349

Ohlsson A, Lindgren J, Wahlen A, Agurell S, Hollister LE, Gillespie HK
et al (1980) Plasma delta-9-tetrahydrocannabinol concentrations and
clinical effects after oral and intravenous administration and
smoking. [cited 2019 May 16]. Available from: https://ascpt.
onlinelibrary.wiley.com/doi/pdf/10.1038/clpt.1980.181

Orr LE, McKernan JF (1981) Antiemetic effect of Δ 9 -
tetrahydrocannabinol in chemotherapy-associated nausea and eme-
sis as compared to placebo and compazine. J Clin Pharmacol. [cited
2018 Nov 29];21(S1):76S–80S. Available from: http://doi.wiley.
com/10.1002/j.1552-4604.1981.tb02578.x

Park GY, Kim T, Park J, Lee EM, Ryu HU, Kim SI, Kim IY,
Kang JK, Jang DP, Husain M (2016) Neural correlates of
spatial and nonspatial attention determined using intracranial
electroencephalographic signals in humans. Hum Brain Mapp.
[cited 2018 Nov 15];37(8):3041–54. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/27125904

Patel VP, Feinstein A (2017) Cannabis and cognitive functioning in mul-
tiple sclerosis: the role of gender. Mult Scler J - Exp Transl Clin.
[cited 2018 Nov 29];3(2):2055217317713027. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/28634543

Pope HG, Gruber AJ, Hudson JI, Huestis MA, Yurgelun-Todd D (2001)
Neuropsychological performance in long-term cannabis users. Arch
Gen Psychiatry. [cited 2018 Nov 29];58(10):909–15. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/11576028

Ravizza SM, Mccormick CA, Schlerf JE, Justus T, Ivry RB, Fiez JA et al
(2006) Cerebellar damage produces selective deficits in verbal
working memory. Brain. [cited 2018 Jun 9];129:306–20. Available
from: https://watermark.silverchair.com/awh685.pdf?token=
AQECAH i 2 0 8 B E 4 9 O o a n 9 k k hW _ E r c y 7 Dm 3 ZL _
9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwa
g g g G R M I I B j Q I B A D C C A Y Y G C S q G
SIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_
P R Y 4 C 2 q l A g E Q g I I B V 5 h I f Q - A w S m -
IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFe
ob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97h
b6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-
KT5LCKHK lNp y a v r x 9 v 2 c sGk 1Tm -XLPDv l L t e - p
v 3 d w t P M r x H 5 M K x n W g X t 1 y R j n B I v H T k c Q
Y0KD j 7UwdZb b 3AU0bFGOex 6Gu 0 j t 0 o r s 5UMd9
YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30D
ix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATls
mhQsG6xIAue6a1huo jvwPDwBth62mmSWOIke iNE
dMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3N
LL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY

Rhodes, S., Seth, P., Coghill D (2008) Neuropsychological evidence for
intact verbal but impaired spatial working memory in ADHD. Front
hum Neurosci. [cited 2018 Jun 9];2. Available from: http://www.
frontiersin.org/10.3389/conf.neuro.09.2009.01.300/event_abstract

Rosenberg EC, Louik J, Conway E, Devinsky O, Friedman D
(2017) Quality of life in childhood epilepsy in pediatric

Psychopharmacology

http://doi.wiley.com/10.1002/mds.10289
http://www.jneurosci.org/content/29/36/11078.full
http://www.jneurosci.org/content/29/36/11078.full
https://ac.els-cdn.com/S0006899316305431/1-s2.0-S0006899316305431-main.pdf?_tid=3d4e1f8e-e65b-11e7-8bb8-00000aab0f01&acdnat=1513866700_f79652d904bee3cfe5c7bca5f613f8fb
https://ac.els-cdn.com/S0006899316305431/1-s2.0-S0006899316305431-main.pdf?_tid=3d4e1f8e-e65b-11e7-8bb8-00000aab0f01&acdnat=1513866700_f79652d904bee3cfe5c7bca5f613f8fb
https://ac.els-cdn.com/S0006899316305431/1-s2.0-S0006899316305431-main.pdf?_tid=3d4e1f8e-e65b-11e7-8bb8-00000aab0f01&acdnat=1513866700_f79652d904bee3cfe5c7bca5f613f8fb
https://ac.els-cdn.com/S0006899316305431/1-s2.0-S0006899316305431-main.pdf?_tid=3d4e1f8e-e65b-11e7-8bb8-00000aab0f01&acdnat=1513866700_f79652d904bee3cfe5c7bca5f613f8fb
http://linkinghub.elsevier.com/retrieve/pii/S030645221400390X
http://linkinghub.elsevier.com/retrieve/pii/S030645221400390X
http://journals.sagepub.com/doi/pdf/10.1080/14640749108401001
http://journals.sagepub.com/doi/pdf/10.1080/14640749108401001
http://doi.wiley.com/10.1046/j.1471-4159.1999.0730493.x
http://doi.wiley.com/10.1046/j.1471-4159.1999.0730493.x
http://www.ncbi.nlm.nih.gov/pubmed/11296091
http://www.ncbi.nlm.nih.gov/pubmed/28972576
http://www.ncbi.nlm.nih.gov/pubmed/28972576
http://www.ncbi.nlm.nih.gov/pubmed/28641496
http://ajp.psychiatryonline.org/doi/10.1176/appi.ajp.2017.17030325
http://ajp.psychiatryonline.org/doi/10.1176/appi.ajp.2017.17030325
http://www.ncbi.nlm.nih.gov/pubmed/28861476
http://www.ncbi.nlm.nih.gov/pubmed/28861476
http://linkinghub.elsevier.com/retrieve/pii/S0028390813005649
http://www.ncbi.nlm.nih.gov/pubmed/24412673
http://www.ncbi.nlm.nih.gov/pubmed/24412673
http://www.ncbi.nlm.nih.gov/pubmed/27256501
http://www.ncbi.nlm.nih.gov/pubmed/27256501
http://www.ncbi.nlm.nih.gov/pubmed/26621349
http://www.ncbi.nlm.nih.gov/pubmed/26621349
https://ascpt.onlinelibrary.wiley.com/doi/pdf/10.1038/clpt.1980.181
https://ascpt.onlinelibrary.wiley.com/doi/pdf/10.1038/clpt.1980.181
http://doi.wiley.com/10.1002/j.1552-4604.1981.tb02578.x
http://doi.wiley.com/10.1002/j.1552-4604.1981.tb02578.x
http://www.ncbi.nlm.nih.gov/pubmed/27125904
http://www.ncbi.nlm.nih.gov/pubmed/27125904
http://www.ncbi.nlm.nih.gov/pubmed/28634543
http://www.ncbi.nlm.nih.gov/pubmed/11576028
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
https://watermark.silverchair.com/awh685.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAaQwggGgBgkqhkiG9w0BBwagggGRMIIBjQIBADCCAYYGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMtBhwE0z_PRY4C2qlAgEQgIIBV5hIfQ-AwSm-IM5QeW1858jDDSW6ZTS327HyUVawyF9n6bjciQFeob7BHxAWtOZPhJ485ZHCrZgTcnaMkxuRmtnQd97hb6PeI2XlMXnuQdnpnJt-SnShtz4lZTRZnhRy65zq9wR-KT5LCKHKlNpyavrx9v2csGk1Tm-XLPDvlLte-pv3dwtPMrxH5MKxnWgXt1yRjnBIvHTkcQY0KDj7UwdZbb3AU0bFGOex6Gu0jt0ors5UMd9YuKvq3OW0NhL0W1SkIP3SnP_Yop-GewWYeo30Dix57LEvppAzurrxFJ0cgHJHuSh4ju7g9NdbZoTDm1EwIpfATlsmhQsG6xIAue6a1huojvwPDwBth62mmSWOIkeiNEdMzX5zoThA5Jj5sbI8dtVuMeQO_I-H_3aVuXKwvTei3NLL1vFmsUAcovGH8C4lr_mZImUfoKxPsL6tN6tH_q40LsY
http://www.frontiersin.org/10.3389/conf.neuro.09.2009.01.300/event_abstract
http://www.frontiersin.org/10.3389/conf.neuro.09.2009.01.300/event_abstract


patients enrolled in a prospective, open-label clinical study
with cannabidiol. Epilepsia. [cited 2018 Nov 29];58(8):e96–
100. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
28617940

Ruiz-Contreras AE, Carrillo-Sánchez K, Ortega-Mora I, Barrera-Tlapa
MA, Román-López T V., Rosas-Escobar CB et al (2014)
Performance in working memory and attentional control is associ-
ated with the rs2180619 SNP in the CNR1 gene. Genes, Brain
Behav. [cited 2019 May 7];13(2):173–8. Available from: http://doi.
wiley.com/10.1111/gbb.12097

Santana F, Sierra RO, Haubrich J, Crestani AP, Duran JM,
Cassini L de F et al (2016) Involvement of the infralimbic
cortex and CA1 hippocampal area in reconsolidation of a
contextual fear memory through CB1 receptors: effects of
CP55,940. Neurobiol Learn Mem. [cited 2017 Sep 27];127:
42–7. Available from: https://insights.ovid.com/neurobiology-
learning-memory/nelam/2016/01/001/involvement-infralimbic-
cortex-ca1-hippocampal/6/00044060

Schoeler T, Kambeitz J, Behlke I, Murray R, Bhattacharyya S (2016) The
effects of cannabis on memory function in users with and without a
psychotic disorder: findings from a combined meta-analysis.
Psychol Med. [cited 2017 Nov 28];46(01):177–88. Available from:
http://www.journals.cambridge.org/abstract_S0033291715001646

Schuster RM, Hoeppner SS, Evins AE, Gilman JM (2016) Early onset
marijuana use is associated with learning inefficiencies.
Neuropsychology. [cited 2018 Nov 29];30(4):405–15. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/26986749

Schwartz RH, Gruenewald PJ, Klitzner M, Fedio P (1989) Short-term
memory impairment in cannabis-dependent adolescents. Am J Dis
Child. [cited 2018 Nov 29];143(10):1214–9. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/2801665

Schweinsburg AD, Brown SA, Tapert SF (2008) The influence of mari-
juana use on neurocognitive functioning in adolescents. Curr Drug
Abuse Rev. [cited 2018 Nov 29];1(1):99–111. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/19630709

Solowij N, Jones KA, Rozman ME, Davis SM, Ciarrochi J et al (2011)
Verbal learning and memory in adolescent cannabis users, alcohol

users and non-users Publication Details. [cited 2018 Nov 29].
Available from: http://josephciarrochi.com/wpcontent/uploads/
2011/08/SolowijAdolescRAVLTPsychopharmacol.pdf

Taurisano P, Antonucci LA, Fazio L, Rampino A, Romano R, Porcelli A,
Masellis R, ColizziM,Quarto T, Torretta S, di Giorgio A, Pergola G,
Bertolino A, Blasi G (2016) Prefrontal activity during working
memory is modulated by the interaction of variation in CB1 and
COX2 coding genes and correlates with frequency of cannabis
use. Cortex 81:231–238

Thames AD, Arbid N, Sayegh P (2014) Cannabis use and neurocognitive
functioning in a non-clinical sample of users. Addict Behav. [cited
2018 Nov 29];39(5):994–9. Available from: http://www.ncbi.nlm.
nih.gov/pubmed/24556155

WebPlotDigitizer (2018) Extract data from plots, images, and maps. [cit-
ed 2018 Mar 23]. Available from: https://automeris.io/
WebPlotDigitizer/

Yousefi B, Farjad M, Nasehi M, Zarrindast MR (2013) Involvement of
the CA1GABAA receptors inACPA-induced impairment of spatial
and non-spatial novelty detection in mice. Neurobiol Learn Mem.
[cited 2017 Dec 23];100:32–40. Available from: https://ac.els-cdn.
com/S1074742712001785/1-s2.0-S1074742712001785-main.
pdf?_tid=3de3ce84-e823-11e7-b32b-00000aab0f26&acdnat=
1514062552_e02ea18b54c5522865866b7988587b29

Zajicek J, Fox P, Sanders H, Wright D, Vickery J, Nunn A, Thompson A
(2003) Cannabinoids for treatment of spasticity and other symptoms
related to multiple sclerosis (CAMS study): multicentre randomised
placebo-controlled trial. Lancet. [cited 2018 Nov 13];362(9395):
1517–26. Available from: https://www.sciencedirect.com/science/
article/pii/S0140673603147381

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Affiliations

Faith Borgan1
& Katherine Beck1 & Emma Butler1 & Robert McCutcheon1

&Mattia Veronese2
& Anthony Vernon3,4

&

Oliver D. Howes1,3,5

1 Department of Psychosis Studies, Institute of Psychiatry, Psychology

and Neuroscience, King’s College London, 16 De Crespigny Park

Road, London SE5 8AF, UK

2 Centre for Neuroimaging Sciences, Institute of Psychiatry,

Psychology and Neuroscience, King’s College London, London, UK

3 Department of Basic and Clinical Neuroscience Institute of

Psychiatry, Psychology and Neuroscience, King’s College London,

London, UK

4 MRC Centre for Neurodevelopmental Disorders, King’s College

London, London SE1 1UL, UK

5 Psychiatric Imaging Group, Faculty of Medicine, MRC London

Institute of Medical Sciences (LMS), Imperial College London,

London, UK

Psychopharmacology

http://www.ncbi.nlm.nih.gov/pubmed/28617940
http://www.ncbi.nlm.nih.gov/pubmed/28617940
http://doi.wiley.com/10.1111/gbb.12097
http://doi.wiley.com/10.1111/gbb.12097
https://insights.ovid.com/neurobiology-learning-memory/nelam/2016/01/001/involvement-infralimbic-cortex-ca1-hippocampal/6/00044060
https://insights.ovid.com/neurobiology-learning-memory/nelam/2016/01/001/involvement-infralimbic-cortex-ca1-hippocampal/6/00044060
https://insights.ovid.com/neurobiology-learning-memory/nelam/2016/01/001/involvement-infralimbic-cortex-ca1-hippocampal/6/00044060
http://www.journals.cambridge.org/abstract_S0033291715001646
http://www.ncbi.nlm.nih.gov/pubmed/26986749
http://www.ncbi.nlm.nih.gov/pubmed/2801665
http://www.ncbi.nlm.nih.gov/pubmed/2801665
http://www.ncbi.nlm.nih.gov/pubmed/19630709
http://josephciarrochi.com/wpcontent/uploads/2011/08/SolowijAdolescRAVLTPsychopharmacol.pdf
http://josephciarrochi.com/wpcontent/uploads/2011/08/SolowijAdolescRAVLTPsychopharmacol.pdf
http://www.ncbi.nlm.nih.gov/pubmed/24556155
http://www.ncbi.nlm.nih.gov/pubmed/24556155
https://automeris.io/WebPlotDigitizer/
https://automeris.io/WebPlotDigitizer/
https://ac.els-cdn.com/S1074742712001785/1-s2.0-S1074742712001785-main.pdf?_tid=3de3ce84-e823-11e7-b32b-00000aab0f26&acdnat=1514062552_e02ea18b54c5522865866b7988587b29
https://ac.els-cdn.com/S1074742712001785/1-s2.0-S1074742712001785-main.pdf?_tid=3de3ce84-e823-11e7-b32b-00000aab0f26&acdnat=1514062552_e02ea18b54c5522865866b7988587b29
https://ac.els-cdn.com/S1074742712001785/1-s2.0-S1074742712001785-main.pdf?_tid=3de3ce84-e823-11e7-b32b-00000aab0f26&acdnat=1514062552_e02ea18b54c5522865866b7988587b29
https://ac.els-cdn.com/S1074742712001785/1-s2.0-S1074742712001785-main.pdf?_tid=3de3ce84-e823-11e7-b32b-00000aab0f26&acdnat=1514062552_e02ea18b54c5522865866b7988587b29
https://www.sciencedirect.com/science/article/pii/S0140673603147381
https://www.sciencedirect.com/science/article/pii/S0140673603147381
http://orcid.org/0000-0002-5017-5226

	The effects of cannabinoid 1 receptor compounds on memory: a meta-analysis and systematic review across species
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Method
	Search strategy
	Selection criteria
	Data extraction
	Study sample and methodological characteristics
	Statistical analysis

	Results
	Acute effects of CB1R agonists on non-spatial memory
	Effect of species
	Effect of sex
	Effect of paradigm
	Effect of drug administration timing
	Effect of dose
	Effect of age
	Effect of drug

	Acute effects of CB1R antagonists on non-spatial memory
	Effect of species
	Effect of sex
	Effect of paradigm
	Effect of drug administration timing
	Effects of dose
	Effect of age
	Effect of drug

	Acute effects of CB1R negative allosteric modulators on non-spatial memory
	Acute effects of CB1R agonists on spatial memory
	Effect of species
	Effect of sex
	Effect of paradigm
	Effect of drug administration timing
	Effect of dose
	Effect of age
	Effect of drug

	Acute effects of CB1R antagonists and negative allosteric modulators on spatial memory
	Moderator analyses
	Chronic effects of CB1R agonists on non-spatial memory
	Effect of species
	Effect of sex
	Effect of paradigm
	Effect of drug administration timing
	Effect of dose
	Effect of age
	Effect of drug

	Chronic effects of CB1R agonists on spatial memory
	Effect of species
	Effect of sex
	Effect of paradigm
	Effect of drug administration timing
	Effect of dose
	Effect of age
	Effect of drug

	Chronic effects of cannabinoid 1 receptor antagonists/negative allosteric modulators on spatial memory
	The effects of cannabinoid compounds on memory in monkeys and non-human primates
	The effects of cannabinoid compounds on memory in humans

	Discussion
	Strengths and limitations
	Implications
	Conclusions
	References


