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Cannabidiol does not display drug abuse potential in mice

behavior
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Recent evidence suggests that cannabidiol (CBD) may be useful for the treatment of different neuropsychiatric disorders. However,
some controversy regarding its profile as a drug of abuse hampers the further development of basic and clinical studies. In this
study, the behavioral profile of CBD as a potential drug of abuse was evaluated in C57BL/6J mice. Reinforcing properties of CBD (15,
30, and 60 mg/kg; i.p.) were assessed using the conditioned place preference (CPP) paradigm. Spontaneous withdrawal symptoms
and motor activity in the open field were examined 12 h after the last CBD administration (30 mg/kg/12 h, i.p., 6 days). CBD plasma
concentrations were measured at 2, 4, 8, 12, and 24 h after the administration of CBD (30 mg/kg, i.p.). Furthermore, an oral CBD self-
administration paradigm (50 mg/kg; CBD water-soluble 1.2 mg/mL) was performed to evaluate whether this drug produced any
effects on motivation compared with a non-reinforcing substance (water). We found that CBD failed to induce CPP, withdrawal
symptoms, or altered motor behavior 12 h after its administration. At that time, only traces of CBD were detected, ensuring that the
lack of alterations in somatic signs and locomotor activity was not due to residual drug in plasma. Interestingly, mice displayed
similar motivation and consumption of CBD and water. Taken together, these results show that CBD lacks activity as a drug of abuse
and should stimulate the development of the basic and clinical studies needed to elucidate its potential therapeutic use for the
treatment of neuropsychiatric and drug use disorders.
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INTRODUCTION

The plant Cannabis sativa contains more than 400 natural
compounds, 120 of which are phytocannabinoids [1-3]. The main
psychotropic constituent is delta-9-tetrahydrocannabinol (A°-
THQ), isolated for the first time by Gaoni and Mechoulam [4]. A°-
THC mediates the rewarding properties of cannabis through
binding to specific G-protein-coupled receptors, mainly the
cannabinoid type 1 receptor (CB;R) [5]. In contrast, the structure
of cannabidiol (CBD), the second major ingredient of cannabis,
was characterized by Mechoulam et al. [6]. This compound
appears to lack activity as a drug of abuse [6] due to its low affinity
on CB;Rs (100-fold lower affinity than THC) [7].

In the last two decades, a variety of research groups have
examined the effects of CBD in basic and clinical studies. The
results obtained suggest that CBD has beneficial effects highly
relevant for the management of neurological disorders such as
epilepsy [8-10], multiple sclerosis [11, 12], Parkinson’s disease
[13, 14], and Alzheimer's disease [15, 16]. Moreover, there is a large
body of evidence revealing that CBD improves cognition [17] and
neurogenesis [18, 19] with anxiolytic [20-23], antidepressant
[24-26], and antipsychotic-like effects [27-32], supporting its
potential usefulness for the treatment of neuropsychiatric and
drug-use disorders.

The mechanisms underlying these effects are still not well
understood [33] but seem to include more than 65 key targets
[34, 35]. To date, the orphan G-protein-coupled receptor GPR55,
the intracellular vanilloid, the nuclear peroxisome proliferator-
activated receptor-y, and the serotonin 5-HT, 5 receptor appear to
be crucial for the effects of CBD [9, 20, 35-37]. In addition, CBD is a
putative inhibitor of anandamide reuptake and hydrolysis, and the
adenosine transporter, indirectly increasing the levels of this
endocannabinoid and adenosine, respectively [37-39]. Although
CBD appears to indirectly activate CB;R by increasing anandamide
levels, several studies have also identified CBD as a negative
allosteric modulator of CB;R [40]. Furthermore, there s
evidence suggesting that CBD seems to act as an inverse agonist
or antagonist of the cannabinoid type 2 receptor (CB,R) [1, 41, 42].

Despite the number of findings suggesting the potential
therapeutic use of CBD, there is some controversy regarding its
profile as a drug of abuse. CBD is currently classified as a Schedule
1 drug according to the United Nations Single Convention on
Narcotic Drugs of 1961 and the Comprehensive Drug Abuse
Prevention and Control Act of the United States [43]. A Schedule 1
controlled substance is defined by the Controlled Substance Act
(CSA) as a substance presenting “no currently accepted medical
use, a lack of accepted safety for the use under medical
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supervision, and a high potential for abuse”. Furthermore, CBD is
classified as a Schedule 2 drug according to the Controlled Drugs
and Substances Act in Canada also inferring “a high potential for
abuse which may lead to severe psychological or physical
dependence” [44]. This fact significantly hampers the further
development of basic and clinical studies, even though there is no
scientific/experimental evidence supporting these considerations
[40]. To date, no previous studies have been specifically designed
to evaluate the potential properties of CBD as a drug of abuse, but
several studies have suggested that CBD lacks potential as a drug
of abuse. This assumption is based on the lack of an autonomic
response (euphoria or intoxication) in patients treated with CBD
[45-47] and the failure of CBD to induce conditioned place
preference (CPP) in two animal studies [48, 49]. However, no
further behavioral assays commonly used for the evaluation of
drug addiction have been performed.

To shed light on the potential properties of CBD, this study
evaluated the behavioral profile of CBD as a potential drug of
abuse by using widely accepted behavioral tests for the evaluation
of different aspects of drug addiction: attentional bias, motivation
to consume, and withdrawal syndrome. Dose-response effects of
CBD were tested in the CPP test, symptoms of potential
spontaneous withdrawal syndrome (motor activity and withdrawal
signs after the cessation of CBD administration) were evaluated,
and oral CBD self-administration was tested in C57BL/6J mice.

MATERIALS AND METHODS

Animals

Male C57BL/6)J mice from Harlan (Barcelona, Spain) weighing
20-25 g were housed in groups of six per cage (40 x 25 X 22 cm)
under controlled conditions (temperature, 21+2°C; relative
humidity, 60+ 10 %; 12h light/dark cycle, lights on from 08:00
to 20:00). Behavioral analyses were initiated 1 week after
acclimatization to the animal room and were performed by
placement of the home cage in the operant-task room during the
development of conditioning experiments. All studies were
conducted in compliance with the Spanish Royal Decree 1201/
2005, the Spanish Law 32/2007, and the European Union Directive
of 22 September, 2010 (2010/63/UE), regulating the care of
experimental animals.

Drugs

For CPP and the evaluation of CBD withdrawal syndrome, CBD was
obtained from STI Pharmaceuticals (Essex, UK), dissolved in
ethanol:cremophor:saline (1:1:18), and injected intraperitoneally
(i.p.) at the appropriated doses (CPP: 15, 30, and 60 mg/kg; CBD
withdrawal syndrome: 30 mg/kg/12 h, 6 days).

For the oral CBD self-administration procedure, water-soluble
CBD (purified CBD organic plant extract, 99.9% purity (high-
performance liquid chromatography (HPLC)), total THC content (%)
<0.01%; CBD Pur US, Hilton Head Island, SC, USA) was purchased.
This formulation is a water-soluble powder with certain excipients
that increase the oral bioavailability of CBD. The water-soluble CBD
contains 99.9% pure CBD, arabic gum, maltodextrin, and polypho-
sphates, and is a nano-sized formulation to avoid the stickiness-
related problems of CBD. CBD was immediately dissolved in
distilled water (37 °C) before its use, following the instructions of
the manufacturer, at the desired concentration (50 mg/kg; CBD
water-soluble solution (1.2mg/mL)). This concentration was
calculated considering the average number of active lever presses
(50), the volume released in each lever’s activation (25 L), and the
weight of the mice to provide a final dose of 50 mg/kg.

Dose-response effects of CBD on CPP

CPP was performed following a protocol previously described [50].
The CPP apparatus consisted of two compartments (30 x 20 x
20 cm), one black with a smooth plastic floor and the other one
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white with a stainless-steel grid floor, separated by a sliding door.
The CPP procedure consisted of three phases as follows:

(A) Pre-conditioning (Pre-C) phase: on day 1, mice were placed
between the two compartments and allowed free access to the
entire apparatus for a period of 20 min. Mice that spent more than
75% of time in any of the two compartments were discarded from
the experiment.

(B) Conditioning phase: on days 2-11, the animals were
randomized and assigned to the vehicle (VEH) or CBD groups (15,
30, 60 mg/kg; i.p.) (n = 8/group). CBD groups were counterbalanced
for chamber type (context A/B) associated with VEH and CBD.
Animals remained in the conditioned compartment for 15 min.

(C) Test day: on day 12, the door was opened and mice were
placed in the center to allow free exploration of the two
compartments. The time that mice spent in each compartment
was recorded during the 15min session using the SMART
(Spontaneous Motor Activity Recording and Tracking) software
system (Panlab, Barcelona, Spain).

Determination of plasma CBD concentrations

Before the evaluation of the CBD withdrawal syndrome, plasma
concentrations of CBD were measured to confirm that there was
no significant amount of CBD remaining in the blood that could
disturb the interpretation of the results.

Briefly, after a single administration of CBD (30 mg/kg; i.p.),
trunk blood was collected from mice at different time points (2, 4,
8, 12, and 24h). The extraction and analysis of plasma was
performed using a method previously described with some
modifications [51]. Aliquots of 0.1 mL of plasma were transferred
to 12mL glass tubes and spiked with CBD-d3 (Sigma-Aldrich,
Madrid, Spain). After dilution with 0.1 M ammonium acetate buffer
(pH 4.0), samples were extracted with tert-butyl methyl ether. The
dry organic extracts were reconstituted in 75 pL of a mixture of
water:acetonitrile  (10:90, v/v) with 0.1% formic acid (v/v).
Detection of CBD in plasma was performed using an Agilent
1200 series HPLC system (Agilent Technologies, CA, USA) coupled
to a 6410 Triple Quadrupole LC-MS (Agilent Technologies) mass
spectrometer with an electrospray interface. Chromatographic
separation was achieved on a C18-CSH column (3.1 X 100 mm,
1.8 um particle size) (Waters Corp., Milford, MA, USA) at 40 °C. The
electrospray ion source was set on the positive ionization mode.
The mass spectrometry detection was done by single-reaction
monitoring. Quantification was calculated with the slope (s),
intercept, and correlation coefficient (r) by weighting the (1/x)
least-squares linear regression of the peak area ratio (analyte/IS)
vs. the concentration of the standard. The detection limit and
quantification limit of the analytical procedure were 0.15 and 0.45
ng/mL, respectively.

CBD withdrawal syndrome
The analysis of the CBD withdrawal syndrome was carried out
according to a protocol previously described by our group for
cannabinoid spontaneous withdrawal [52, 53]. Briefly, CBD (30 mg/
kg; i.p.) or VEH were administered twice a day for 6 days (n=
8/group). On day 7, 12 h after the last administration of CBD or the
corresponding VEH, motor activity and behavioral withdrawal
signs (rearing, grooming, and rubbing) were evaluated during a
15 min period (see schematic representation, Fig. 3a).

Motor activity was recorded using SMART software and
withdrawal signs were recorded using video cameras, and further
analyzed by a blind observer.

Oral CBD self-administration paradigm

Oral CBD self-administration paradigm was based on a method
previously described by our group with some modifications [54].
Oral CBD self-administration tests were carried out in 12 modular
operant chambers (Panlab, Harvard Apparatus) equipped with a
chamber light, two levers, one receptacle to receive a drop of liquid
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Fig. 1 Evaluation of conditioned place preference for cannabidiol
(CBD) in C57BL/6J mice. Columns represent the percentage of total
time spent in the drug-paired side for the different doses of CBD (15,
30, and 60 mg/kg, i.p.) or vehicle (VEH) groups during the pre-
conditioning (Pre-C) and post-conditioning (Post-C) tests

solution, one syringe pump, one stimulus light, and one buzzer.
Packwin software (Panlab) controlled the stimulus and fluid
delivery, and recorded the operant responses. Pressing one lever
did not produce any action (inactive lever), whereas pressing the
other lever delivered 25 pL of fluid combined with the delivery of a
0.5 s light stimulus and a 0.5 s, 2850 Hz, 85 dB buzzer (active lever),
followed by a 6 s timeout period. The experiment was divided into
three phases as follows (see schematic representation, Fig. 4):

(A) Training phase: mice were given 1 h daily saccharin (0.2%)
self-administration sessions during days 1-10. During the first
5 days of the training phase, food was provided 1h before the
beginning of each session to increase the motivation for the active
lever (postprandial). The following 5 days of the training phase
and during the rest of the experiment, food access was provided
after the end of each daily session (preprandial).

(B) Saccharin substitution phase: during this phase, the saccharin
concentration was reduced and the CBD concentration was
increased. Mice were given 1h daily saccharin 0.15% + 50 mg/kg
CBD (CBD water-solution 1.2 mg/mL) or VEH (days 11-13), saccharin
0.1% + 50 mg/kg CBD (CBD water-solution 1.2 mg/mL) or VEH (days
14-16), and saccharin 0.05% + 50 mg/kg (CBD water-solution 1.2
mg/mL) or VEH (days 17-19) sessions. Mice that maintained a stable
response with <30% deviation from the mean of the last three
consecutive sessions and gave at least 75% of their responses on the
active lever were selected for the following phase.

(C) CBD (50 mg/kg, 1.2 mg/mL) consumption phase: for days
20-25, saccharin was removed from the solution and mice were
given 50 mg/kg CBD (CBD water-solution 1.2 mg/mL) or VEH for
1 h a day under a fixed ratio 1 (FR1) reinforcement schedule.

All solutions used in this paradigm were prepared daily,
immediately before the beginning of the experimental procedure.

Statistical analysis

Statistical analyses were performed using one-way analysis of
variance (ANOVA) with repeated measures (RM) followed by the
Student-Newman-Keul test to compare CBD plasma concentra-
tions at different time points. The CPP and oral CBD self-
administration paradigms data were analyzed using two-way
ANOVA with RM followed by the Student-Newman-Keul test.
Motor activity and somatic withdrawal signs (rearing, grooming,
and rubbing) were analyzed using Student’s t-test. Statistical
analyses were performed with SigmaStat (Systat Software Inc.,
Chicago, IL, USA) software. Differences were considered significant
if the probability of error was less than 0.05.

RESULTS

Conditioned place preference

Statistical analysis revealed that CBD did not induce CPP at any of
the doses evaluated (15, 30, and 60 mg/kg, i.p.). No differences
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Fig. 2 Plasma concentration after a single administration of CBD
(30 mg/kg; i.p.). The columns represent the means + SEM. *P < 0.05
vs. CBD plasma concentration at 2h. *P<0.05 vs. CBD plasma
concentration at 4 h

were observed between the time spent in the drug-paired
compartment during Pre-C and post-conditioning at any of the
CBD doses tested (Fig. 1) (two-way RM ANOVA followed by
Student-Newman-Keuls test; treatment: F(3,20)=0.305, P=
0.821; time: F(1,20) = 1.104, P = 0.306; treatment X time: F(3,20) =
0.535, P=0.663). No differences between the groups were
observed with respect to Pre-C scores.

CBD plasma concentrations

CBD plasma concentrations were significantly reduced after its
administration (30 mg/kg; i.p.). Indeed, after 8h, CBD plasma
concentrations were reduced by 90% (Fig. 2) (one-way ANOVA
followed by Student-Newman-Keuls test; F(5, 47) =38.532, P<
0.001).

CBD withdrawal syndrome

The cessation of CBD administration did not induce any alteration
in motor activity or somatic signs. No significant differences in the
distance travelled were observed between the CBD- and VEH-
treated groups (Fig. 3b) (Student's t-test: t=1.648, 14 df, P=
0.122). Furthermore, there were no differences in number of
rearings (Student's t-test: t=1.129, 14 df, P=0.278, Fig. 30),
groomings (Student’s t-test: t = — 1.026, 14 df, P =0.322, Fig. 3d),
or rubbings (Student’s t-test: t = — 1.163, 14 df, P = 0.268, Fig. 3e)
between the CBD- and VEH-treated group.

Oral CBD self-administration
During the training phase, there were no differences in the
number of effective responses (two-way RM ANOVA followed
by Student-Newman-Keuls test, treatment, F(1,239)=1.602,
P=0.219; day, F(9,239)=37.847, P<0.001; treatmentXx day,
F(9,239) =0.547, P=0.839, Fig. 4b) nor in the volume of fluid
intake between both groups (two-way RM ANOVA, treatment,
F(1,239) =1.561, P=0.225; day, F(9,239)=38.000, P<0.001;
treatment x day, F(9,239) = 0.568, P = 0.822, Fig. 4e). Likewise, no
differences were found between VEH- and CBD-treated mice
during the substitution phase in the number of effective
responses (two-way RM ANOVA followed by Student-Newman-
Keuls test, treatment, F(1,215) = 0.272, P=0.607; day, F(8,215) =
12.155, P<0.001; treatmentxday, F(8,215)=1.293, P=0.25,
Fig. 4c) nor in the volume of fluid intake (two-way RM ANOVA
followed by Student-Newman-Keuls test, treatment, F(1,215) =
1.82, P=0.191; day, F(8,215) = 10.204, P < 0.001; treatment x day,
F(8,215) = 1.035, P = 0.412, Fig. 4f).

During FR1 stage, no differences were found in the number of

effective responses (two-way RM ANOVA followed by
Student-Newman-Keuls  test, treatment, F(1,143) =0.176,
P=0.679; day, F(5143)=2394, P<0.679; treatmentXx day,
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F(5,143) =0.352, P=0.880, Fig. 4d) nor in the volume of fluid
intake between groups (two-way RM ANOVA followed by
Student-Newman-Keuls  test, treatment, F(1,143) =0.134,
P=0.718; day, F(5143)=5.033, P<0.001; treatmentXx day,
F(5,143) = 0.264, P = 0.932, Fig. 49).

DISCUSSION

The present study demonstrates that CBD does not seem to
present a pharmacological profile as a drug of abuse. This
assumption is supported by the following observations: (1) the
administration of CBD at different doses (15, 30, 60 mg/kg) did not
induce any evidence of CPP; (2) cessation of CBD administration
failed to induce a withdrawal syndrome, as neither locomotor
activity alterations nor somatic withdrawal signs were detected
12 h after the last administration of CBD administration (30 mg/kg,
twice daily, 6 days); and (3) CBD failed to induce oral self-
administration, as CBD did not increase the number of active lever
presses nor the consumption during the FR1 schedule compared
with water.

During the last two decades, CBD has been increasingly noted
as a potential candidate for the treatment of different psychiatric
and neurological disorders [9, 13, 15, 20, 24, 28]. Moreover, CBD
has also shown potential utility for the treatment of drug-use
disorders. For example, animal studies revealed that CBD reduced
the reward-facilitating effect and withdrawal signs associated with
morphine [55, 56], heroin craving and relapse [57], and cocaine
intake in rats [58]. In addition, our group demonstrated that the
administration of CBD reduced ethanol consumption, motivation
to drink, and relapse [59].

In humans, preliminary clinical studies have indicated that CBD
induces a rapid decrease in cannabis withdrawal symptoms [60]
and improves patient retention in withdrawal treatment [61].
Conversely, a different study showed that CBD failed to modify the
subjective, reinforcing, or cardiovascular effects induced by
smoked cannabis [62]. This disagreement may be due to the
short period of CBD treatment, the experimental design (authors
did not evaluate the long-term effect in abstinent patients to
measure the relapse rate), and/or the oral administration of CBD,
which provides a low bioavailability. Nevertheless, the available
preclinical and clinical data suggest a high therapeutic potential of
CBD for the management of drug-use disorders.

However, in some countries, CBD is still classified as a substance
with abuse potential [43, 44], which hampers the development of
further basic and clinical studies, and creates a misconception that
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does not match any scientific evidence/criteria [40]. In fact,
available evidence suggests that CBD is not a drug of abuse in
animals [48, 49] or humans [44-46]. Our study further supported
this consideration by demonstrating that CBD did not exert drug-
abuse potential in any of the behavioral tests evaluated.

CPP, a well-established test used to determine whether a
substance induces reinforcing properties [50, 63-65], was not
produced by CBD at any of the doses tested (15, 30, or 60 mg/kg, i.
p.). These results complement previous data reported by Vann
et al. [49] demonstrating that CBD (1 and 10mg/kg) did not
induce CPP in mice. Similarly, another study showed that CBD
(5 mg/kg) did not induce CPP in rats [48]. Moreover, the present
study also provides further information, as higher unexplored
doses of CBD (30 and 60 mg/kg, i.p.), commonly employed in
other studies, were evaluated here. Taken together, these results
strongly suggest that CBD does not induce CPP at low or high
doses, indicating that CBD does not induce reinforcing properties.

To evaluate whether CBD may induce a potential withdrawal
syndrome, we examined locomotor activity and somatic signs
after the cessation of repeated exposure to CBD, a common test
used to assess withdrawal symptoms after the interruption of the
administration of a drug with abuse potential [52, 66]. Neither
alterations in locomotor activity nor somatic signs (rearing,
grooming, and rubbing) were observed 12 h after CBD cessation.
The absence of CBD plasma concentrations 12 h after i.p. CBD
administration confirmed that the lack of alterations in somatic
signs and locomotor activity was not due to residual drug in the
body.

Furthermore, this study also demonstrated that CBD failed to
induce oral self-administration. The number of effective responses
in FR1 phases revealed that the motivation to acquire CBD did not
differ from a non-reinforcing substance (water). Notably, no
differences were observed between the intake of CBD and water.
Therefore, it seems plausible to discard a potential aversive effect
induced by the taste of CBD that may mask the interpretation of
the results. Indeed, the results provided are also in agreement
with previous studies that demonstrated that the administration
of CBD in an intracranial self-stimulation paradigm also reduced
brain reward function, suggesting that CBD is unlikely to present
abuse potential [55].

CONCLUSIONS
In summary, the present study provides further information
suggesting that CBD may not present reinforcing properties since
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it did not exhibit drug-abuse potential in any of the different
behavioral assays evaluated, including CPP, spontaneous with-
drawal, and oral self-administration. In light of the data available,
the classification of CBD by certain administrations should be
reconsidered, as the categorization of CBD as a drug with abuse
potential is not based on evidence and is pharmacologically
unsupported.

In addition, no significant side effects have been observed in
any of the preclinical or clinical studies using CBD to date. Indeed,
CBD is present in nabiximols (marketed as Sativex®) currently
approved for the treatment of spasticity in multiple sclerosis in
several countries in Europe. Therefore, there is a large body of
evidence supporting its safety and lack of side effects. Together
with the established literature, the results of this study may
encourage the acceleration of the development of the basic and
clinical studies needed to elucidate the potential therapeutic use
of CBD for the treatment of a wide variety of neuropsychiatric
disorders.
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