
Journal of Psychiatric Research 137 (2021) 260–265

Available online 9 March 2021
0022-3956/© 2021 Elsevier Ltd. All rights reserved.

Cannabidiol enhanced the development of sensitization to the expression of 
methamphetamine-induced conditioned place preference in male rats 

Arash Khanegheini a, Masoumeh Khani b, Shahram Zarrabian c, 
Shahrokh Yousefzadeh-Chabok a,**, Behrooz Khakpour Taleghani d,e, Abbas Haghparast b,* 

a Guilan Road Trauma Research Center, Guilan University of Medical Science, Rasht, Iran 
b Neuroscience Research Center, School of Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran 
c Department of Anatomical Sciences & Cognitive Neuroscience, Faculty of Medicine, Tehran Medical Sciences, Islamic Azad University, Tehran, Iran 
d Neuroscience Research Center, School of Medicine, Guilan University of Medical Sciences, Rasht, Iran 
e Department of Physiology, School of Medicine, Guilan University of Medical Sciences, Rasht, Iran   

A R T I C L E  I N F O   

Keywords: 
Sensitization 
Reward 
Cannabinoid system 
Methamphetamine 
Cannabidiol 
Conditioned place preference 
Rat 

A B S T R A C T   

Cannabis and ecstasy are illicit substances, and currently, there are no approved treatments for methamphet-
amine (METH) use disorder. Some studies have proposed that cannabidiol (CBD) decreases the motivation for 
METH seeking, but reports indicate that the therapeutic benefits are only for heroin. Here, we studied the 
interaction between CBD and METH during the sensitization phase on the rewarding effect of METH, using the 
conditioned place preference (CPP) paradigm to measure possible alterations in sensitivity. Our data showed that 
i. p. injection of METH created METH-induced CPP at two of the highest applied doses (1 and 2 mg/kg), and 
injection of METH during the sensitization period caused an establishment of METH-induced CPP at lower doses 
(0.25 and 0.5 mg/kg). Data also revealed that i. c.v. administration of CBD during the sensitization phase, shifted 
the establishment of METH-induced CPP toward a lower dose (0.5 mg/kg). Concurrent administration of CBD (10 
μg/5 μl, i. c.v.) and METH (0.25 mg/kg, i. p.) during sensitization phase established METH-induced CPP with 
sub-threshold doses of METH (0.125, 0.25, and 0.5 mg/kg). Our results suggest the involvement of CBD and prior 
exposure to METH in creating sensitization to METH CPP.   

1. Introduction 

Natural and drug rewards provide reinforcement and cause repeti-
tion of behaviors (Koob, 2006). Cannabis and ecstasy (3,4-Methyl-
enedioxymethamphetamine) are illicit substances (Zimmermann et al., 
2005) with reinforcement properties, and cannabis use may act as a 
doorway that initiates the use of other illegal drugs (Fergusson and 
Horwood, 2000). Abuse of psychostimulant drugs like methamphet-
amine (METH) can cause physical and cognitive complications (Scott 
et al., 2007), but there are no approved treatments for METH use dis-
orders. It has also been reported that the first onset of ecstasy use can be 
affected by cannabis use as an influential risk factor (Zimmermann et al., 
2005). Statistics show a global prevalence of 3.8 and 0.77 percent for 
cannabis and METH use among the adult population in 2015 (Peacock 
et al., 2018). Individuals with cannabis use, abuse, or dependence were 
more likely to meet the criteria for other drugs of abuse. Different 

mechanisms have been proposed for the observed effect of cannabis, 
namely common risk factors, common familial factors, and the existence 
of a causal relationship that is referred to as the gateway hypothesis 
(Degenhardt et al., 2001). 

Cannabidiol (CBD) is one of the important phytocannabinoid com-
ponents of the cannabis plant, and evidence suggests that cannabinoids 
are involved in the rewarding effects of morphine (Molaei et al., 2016; 
Sustkova-Fiserova et al., 2016) and METH (Nawata et al., 2019). 
Cannabinoid receptors are involved in the regulation of body tempera-
ture, energy homeostasis (Simon and Cota, 2017), and retrograde 
signaling that alters synaptic neurotransmitter release (Haghparast 
et al., 2009; Svizenska et al., 2008) and cognitive impairments (Chan 
et al., 1998; Razavi et al., 2020). Endocannabinoid receptors belong to 
G-protein-coupled receptors and bind to both exogenous and endoge-
nous ligands (Howlett et al., 2002). Although cannabinoid receptors 
type 1 (CB1) have been reported to locate peripherally in internal 

* Corresponding author. Neuroscience Research Center, Shahid Beheshti University of Medical Sciences, P.O. Box 19615-1178, Tehran, Iran. 
** Corresponding author. Guilan Road Trauma Research Centre, Guilan University of Medical Sciences, Rasht, Iran. 

E-mail addresses: Sh.yousefzadeh@gmail.com (S. Yousefzadeh-Chabok), Haghparast@yahoo.com, Haghparast@sbmu.ac.ir (A. Haghparast).  

Contents lists available at ScienceDirect 

Journal of Psychiatric Research 

journal homepage: www.elsevier.com/locate/jpsychires 

https://doi.org/10.1016/j.jpsychires.2021.02.045 
Received 24 October 2020; Received in revised form 18 January 2021; Accepted 17 February 2021   

mailto:Sh.yousefzadeh@gmail.com
mailto:Haghparast@yahoo.com
mailto:Haghparast@sbmu.ac.ir
www.sciencedirect.com/science/journal/00223956
https://www.elsevier.com/locate/jpsychires
https://doi.org/10.1016/j.jpsychires.2021.02.045
https://doi.org/10.1016/j.jpsychires.2021.02.045
https://doi.org/10.1016/j.jpsychires.2021.02.045
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpsychires.2021.02.045&domain=pdf


Journal of Psychiatric Research 137 (2021) 260–265

261

organs, they have the highest density expressed in the CNS. On the other 
hand, cannabinoid receptors type 2 (CB2) are mainly expressed in the 
periphery (Mackie, 2008). 

The interaction between the cannabinoid system and METH has been 
reported in different studies (Calpe-Lopez et al., 2019; Karimi-Haghighi 
and Haghparast, 2018; Majdi et al., 2019; Yang et al., 2020). Nonethe-
less, the interaction between CBD, the main non-psychoactive compo-
nent of cannabis, and METH remains controversial. Some studies 
reported that CBD decreased the motivation for METH seeking (Hay 
et al., 2018), but some others reported that the interaction had possible 
therapeutic benefits for heroin but not for METH (Cluny et al., 2011). 

Conditioned place preference (CPP) has been used since 1940s as a 
tool sensitive to rewarding and aversive properties of drugs and has 
helped researchers in the understanding of basic processes underlying 
reward-related behaviors and control of drug abuse (Bardo and Bevins, 
2000). 

Considering the reported relationship between cannabis use and 
other drugs of abuse and keeping in mind that there are no approved 
treatments for METH use disorders, we need to further our under-
standing of the possible effects of METH and CBD on sensitization to 
METH. Thus, in this study, the effect of METH on sensitization and its 
interaction with CBD was investigated, and we explored the role of 
cannabinoids in sensitization to METH by examining: (i) the impact of 
METH during the sensitization period on the establishment of METH- 
induced CPP; (ii) the effects of CBD application during the sensitiza-
tion period on METH-induced CPP; and (iii) the concurrent effects of 
CBD and METH during the sensitization period on the establishment of 
METH-induced CPP. 

2. Materials and methods 

2.1. Animals 

Adult male Wistar rats (weighing 230–270 g) were purchased from 
Pasteur Institute, Tehran, Iran and maintained under the standard lab-
oratory conditions (12/12 light/dark cycle; temperature 22 ◦C; lights on 
at 7:00 a.m.) with free access to food and water. The animals were kept 
in groups of 4 per cage and were handled daily (5 min/day). All the steps 
of the investigations were conducted in accordance with the Guide for 
the Care and Use of Laboratory Animals (National Institutes of Health 
Publication No. 80–23, revised 1996). The study was approved by the 
local ethical committee at the Guilan University of Medical Science (IR. 
GUMS.REC.1398.472), Rasht, Iran. 

2.2. Drugs 

The following drugs were used in this study: 3,4-Methylenedioxy-
meth-amphetamine (Tocris Bioscience, Bristol, UK) was dissolved in 
normal saline 0.9%. Cannabidiol (Tocris Bioscience, Bristol, UK) was 
diluted using dimethyl sulfoxide 12% (DMSO) (Tocris Bioscience, Bris-
tol, UK). The animals in the control groups received either saline 0.9% or 
DMSO 12% as a vehicle. 

2.3. Stereotaxic surgery and drug administration 

To stereotaxically implant a guide cannula, each animal was deeply 
anesthetized with an intraperitoneal injection of ketamine (100 mg/kg) 
and xylazine (10 mg/kg), and was placed in a stereotaxic apparatus 
(Stoelting Co., USA). An incision was made along the midline, the scalp 
was retracted, and the area surrounding bregma was cleaned and dried. 
A stainless steel guide cannula (23 gauge) was implanted 1 mm above 
the left lateral ventricle according to the atlas of the rat brain (George 
and Charles, 2007). Stereotaxic coordinates were: 0.5 mm rostral to 
bregma; 1.6 mm lateral to midline; and 2.4 ± 0.2 mm ventral from the 
skull surface (Fig. 2). The guide cannula was anchored to the skull using 
two stainless steel screws and dental acrylic cement. When the cement 

was dried and solid, a stainless-steel stylet was inserted into the cannula 
to prevent occlusion during the recovery period (5–7 days). Penicillin-G 
200,000 IU/ml (0.2–0.3 ml/rat, single-dose, intramuscular) was 
administered immediately after the surgery. 

Intracerebroventricular (i.c.v.) microinjections were performed 
using a stainless-steel injector cannula (30-gauge needle) with a length 
of 1 mm longer than the guide cannula. The injector cannula was con-
nected to a 5-μl Hamilton syringe by polyethylene tubing (PE-20). Drug 
solution or vehicle (5 μl/rat) was infused over 60 s, and the needle was 
left in place for another 60 s to prevent drug backflow. The injector 
needle was then removed, and the stylet was replaced. 

2.4. Experimental design 

2.4.1. Methamphetamine dose-response 
In this set of experiments, a dose-response relationship for METH- 

induced CPP was established. Intraperitoneal (i.p.) administration of 
different doses of METH (0.125, 0.25, 0.5, 1, or 2 mg/kg) were tested for 
the induction of CPP during 5 days of conditioning. The animals in the 
control group received saline (1 ml/kg; i. p.). Conditioning score and 
distance traveled were calculated for each rat for 10 min on the test day 
(Haghparast et al., 2009). 

2.4.2. Sensitization induced by methamphetamine 
To examine the possible influence of prior METH use on sensitization 

to METH, each animal received an i. p. injection of the lowest effective 
dose of METH (1 mg/kg; i. p.) for three consecutive days during the 
sensitization period, followed by a 5-day drug-free period. The animals 
then went through the CPP paradigm (section 2.5) and received i. p. 
injections of an ineffective dose of METH (0.125, 0.25, or 0.5 mg/kg). 
The animals in the control group received saline (1 ml/kg; i. p.) instead 
of METH during the sensitization period. On the 15th day of the 
experiment, the animals were tested for their preference to the METH- 
paired compartment of the CPP apparatus (Fig. 1). 

2.4.3. Effect of intracerebroventricular injection of cannabidiol during 
sensitization period on methamphetamine seeking behavior in the CPP 
paradigm 

To investigate the possible effect of CBD on sensitization to METH, 
each animal received an i. c.v. injection of a different dose of CBD (10, 
50, 100, or 200 μg/5 μl DMSO 12%) for three consecutive days (sensi-
tization period) followed by a 5-day drug-free period. The animals then 
went through the CPP protocol and received i. p. injections of METH 
(0.5 mg/kg). Control animals received DMSO 12% (5 μl/rat) instead of 
CBD during the 3-day sensitization period. On the 15th day of the 
experiment, the animals were tested for their preference to the METH- 
paired compartment of the CPP apparatus. 

2.4.4. Effect of administration of cannabidiol and methamphetamine 
during sensitization period on methamphetamine-induced CPP score 

To investigate the possible effect of prior administration of CBD and 
METH during sensitization period on the sensitization to METH, each 
animal received an i. c.v. injection of an ineffective dose of CBD (10 μg/ 
5 μl DMSO 12%) followed by an ineffective dose of METH for 3 
consecutive days during the sensitization period. The animals went 
through a 5-day drug-free period and then went through the CPP pro-
tocol and received one of the ineffective doses of METH (0.125, 0.25, or 
0.5 mg/kg; i. p.) during the 5-day conditioning phase in the CPP pro-
tocol. Control animals received saline (1 ml/kg; i. p.) instead of METH. 
On the 15th day of the experiment, the animals were tested for their 
preference to the METH-paired compartment of the CPP apparatus. 

2.5. Conditioned place preference apparatus and paradigm 

The CPP paradigm can be used to evaluate the rewarding effects of 
drugs in animals. Here we used an unbiased protocol, modified from a 
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design previously described (Haghparast et al., 2013). Briefly, the CPP 
apparatus was a three-compartment wooden box and was divided into 
two equal-sized compartments (30 × 30 × 40 cm3) and a third 
compartment (the null section: 30 × 15 × 40 cm3), connecting those two 
with a removable door. The equal-sized compartments had different 
black and white stripes in dissimilar orientations (vertical vs. horizontal) 
and were floored by different texture panels (smooth vs. net). In an 
unbiased paradigm, the animals should not show any preference for 
either of the two compartments. The animals that spent ≥80% of the 
total test time (10-min) in either compartment were considered to have 
an initial bias (Haghparast et al., 2009) and were excluded from the 
study (n = 5). The CPP procedure consisted of a 5-day schedule with 
three distinct phases: pre-conditioning, conditioning, and 
post-conditioning phase. 

Pre-conditioning phase (Pre-test). During the pre-conditioning 
phase (day 1 of the CPP protocol), each animal was placed into the 
apparatus with free access to the three compartments for 10 min. The 
animal’s traveled distance was recorded. 

Conditioning phase. The conditioning phase started on the second 
day of the CPP protocol and consisted of a 5-day schedule of condi-
tioning sessions. In this phase, each animal received saline and METH 

injections each day in an alternate design with an interval of 6 h in 45- 
min sessions. On each day, separate groups of animals received a con-
ditioning session with METH and another with saline. In these sessions, 
the animals were confined to one compartment (the removable door 
kept closed). The treatment compartment and order of presentation of 
drug/saline were counterbalanced for each group. 

Post-conditioning phase (Post-test). Post-conditioning phase (test 
day) was carried out on the 7th day of the CPP protocol. Each animal 
was tested only once. For testing, after placing the animal in the appa-
ratus, the removable door was raised, and the animal was allowed to 
access the entire apparatus for 10 min. The mean time spent in each 
compartment was recorded by a video camera (Panasonic Inc., Japan) 
and analyzed using the Ethovision software (Version 7), a video tracking 
system for automation of behavioral experiments (Noldus Information 
Technology, the Netherlands). The conditioning score (the CPP score), 
as a preference index, was calculated as the time spent in the drug-paired 
compartment minus the time spent in the saline-paired compartment. 

2.6. Histological verification 

After completion of the experiments, the animals were sacrificed. 
They were deeply anesthetized with ketamine/xylazine and trans-
cardially perfused with saline (0.9%) and formaldehyde (10%) solu-
tions. The animal’s brain was removed and kept in fresh formalin (10%) 
solution for three days. Then, coronal sectioning (50 μm) was performed 
through the cannula placement. The neuroanatomical location of the 
cannula tip (Fig. 2) was confirmed using the rat brain atlas (George and 
Charles, 2007). Data from animals with an injection site located outside 
the lateral ventricle were excluded from statistical analysis (One 
animal). 

2.7. Statistics 

All data are expressed as mean ± SEM (standard error of the mean). 
The data were analyzed by commercially available software GraphPad 
Prism® (version 5.0). The Kolmogorov–Smirnov goodness-of-fit test was 
used to determine whether the data were normally distributed. Calcu-
lated CPP scores were compared among different experimental groups 
using block randomized/ordinary one-way analysis of variance 
(ANOVA) followed by Dunnett’s multiple comparisons post-hoc analysis 
test. Unpaired Student’s t-test was used to assess the significant differ-
ences between two groups. P-values less than 0.05 (P < 0.05) were 
considered to be statistically significant. 

Fig. 1. The schematic illustration of the 
study protocols. (A) In the sensitization 
phase, the rats received saline (ml/kg; i. p.), 
methamphetamine (METH) (mg/kg; i. p.), or 
cannabidiol (μg/5 μl; i. c.v.) plus METH 
(mg/kg; i. p.). The animals then went 
through a 5-day free MRTH injection phase 
followed by the CPP protocol: On the pre- 
test day (Day 1 of the CPP protocol), the 
time spent in each compartment was recor-
ded for all the animals in the groups, and the 
animals that did not show any preference for 
each compartment were included in the 
study. After 5 days of a daily injection of 
METH (mg/kg; i. p.), on the post- 
conditioning day, the CPP test was per-
formed (day 7 of the CPP protocol); The CPP 
score was calculated as the time spent in the 
drug-paired compartment minus the time 
spent in the saline-paired compartment.   

Fig. 2. The coronal section from a typical photomicrograph scan (50 μm) 
shows the guide cannula track and microinjection site in the left lateral 
ventricle of rat’s brain. CPu, caudate putamen (striatum); LSI, lateral septal 
nucleus, intermediate part; cc, corpus callosum; 3V, 3rd ventricle; LV, lateral 
ventricle. The scale bar is 1 mm. 
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3. Results 

3.1. Methamphetamine dose-response 

Fig. 3 shows the METH dose-response diagram for i. p. injection of 
different doses of METH in the CPP protocol. Ordinary one-way ANOVA 
followed by Dunnett’s multiple comparisons test revealed that only the 
two highest applied doses (1 and 2 mg/kg) established a significant 
preference towards the METH-paired compartment [F(5,40) = 18.68, P <
0.0001]. 

3.2. Sensitization induced by methamphetamine 

Fig. 4 shows the effects of the lowest effective dose of METH injection 
(1 mg/kg; i. p.) during the sensitization period on the latter establish-
ment of METH-induced CPP. Ordinary one-way ANOVA followed by 
Dunnett’s multiple comparisons test showed that i. p. injection of 1 mg/ 
kg METH during the sensitization period established a significant pref-
erence for METH-paired compartment by two of the ineffective doses in 
the previous set of experiments [F(6,45) = 9.281, P < 0.0001]. Ordinary 
one-way ANOVA showed no significant differences between the groups 
that received a saline injection (1 ml/kg; i. p.) during the sensitization 
period and the control group [F(3,26) = 0.1491, P = 0.9293]. 

3.3. Effect of intracerebroventricular injection of cannabidiol during 
sensitization period on methamphetamine-induced CPP score 

Fig. 5 shows the effect of the central injection of CBD during the 
sensitization period on the METH-induced CPP score. Ordinary one-way 
ANOVA followed by Dunnett’s multiple comparisons test showed that 
the two highest doses of CBD (100 and 200 μM/5 μl DMSO) caused a 
significant difference in creating sensitization to a sub-threshold dose of 
METH during the CPP paradigm [F(4, 28) = 11.58, P < 0.0001]. Unpaired 
Student’s t-test revealed no significant differences between the control 
group that received an i. p. injection of saline instead of METH and the 
group that received an i. c.v. injection of DMSO 12%, as a CBD vehicle 

[t(11) = 1.884, P = 0.0863]. 

3.4. Effect of concurrent administration of cannabidiol and 
methamphetamine during sensitization period on methamphetamine- 
induced CPP score 

Fig. 6 shows the effect of i. c.v injection of CBD and i. p. injection of 
METH during the sensitization period on the METH-induced CPP score. 
Ordinary one-way ANOVA followed by Dunnett’s multiple comparisons 
test showed three doses of METH (0.125, 0.25, and 0.5 mg/kg; i. p.) that 
did not establish a METH CPP in the dose-response experiment (section 
3.1) caused a significant preference following i. c.v. administration of an 
ineffective dose of CBD (10 μg/5 μl) during the sensitization period 
[F(3,21) = 12.49, P < 0.0001]. Unpaired Student’s t-test showed that the 
animals in the control groups that received saline or vehicle did not 
establish such preference at any applied doses of METH during the CPP 
protocol [t (12) = 0.342, P = 0.7383]. 

4. Discussion 

In the present study, we demonstrated that: (i) the i. p. injection of 
METH created METH-induced CPP at two of the highest applied doses (1 
and 2 mg/kg); (ii) the injection of METH during the sensitization period 
shifted the establishment of METH-induced CPP towards lower doses 
(0.25, 0.5 mg/kg); (iii) an i. c.v. administration of CBD during the 
sensitization phase established METH-induced CPP at a sub-threshold 
dose (0.5 mg/kg); (iv) the concurrent administration of an ineffective 
dose of CBD and METH during the sensitization phase established 
METH-induced CPP with sub-threshold doses of METH. 

The first series of experiments showed that the systemic adminis-
tration of METH created METH-induced CPP at two of the highest 

Fig. 3. Dose-response illustration of methamphetamine (METH)-induced 
conditioned place preference. METH was injected at different doses (0.125, 
0.25, 0.5, 1, or 2 mg/kg; i. p.) during the conditioning phase of the CPP pro-
tocol. Data are shown as mean ± SEM for 7–9 rats. ***P < 0.001 difference 
from the vehicle-control group. 

Fig. 4. Methamphetamine (METH) administration during the sensitization 
phase (1 mg/kg; i. p.; 3 days) established sensitization to METH after a 5-day 
METH injection-free phase measured by conditioned place preference (CPP) 
protocol. Different doses of METH (0.125, 0.25, or 0.5 mg/kg; i. p.) were 
injected during the 5-day conditioning phase of CPP, and the animals were 
tested on day 15. (Left panel) Administration of saline injection on the estab-
lishment of CPP. (Middle panel) Administration of saline (1 ml/kg; i. p.) during 
sensitization phase on different doses (0.125, 0.25, or 0.5 mg/kg; i. p.) of 
METH-induced CPP. (Right panel) Administration of METH (1 mg/kg; i. p.) 
during sensitization phase on different doses (0.125, 0.25, or 0.5 mg/kg; i. p.) of 
METH-induced CPP. Each bar represents the mean ± SEM for 7–8 rats. *P <
0.05; ***P < 0.001 difference from the vehicle-control group (Ordinary one- 
way ANOVA followed by Dunnett’s multiple comparison test). 
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applied doses. It has been reported that dopaminergic neurons of the 
ventral tegmental area (VTA) increase their responses in response to 
systemic application of METH, and METH increases dopamine (DA) 
release from dopaminergic neurons (Nakagawa et al., 2011). Our results 
are in line with the previously observed effects. 

The sensitization following repeated administration of METH indi-
cated that the sub-threshold doses (0.25 and 0.5) that did not establish 
CPP without a sensitization period could establish CPP after the animal 
became sensitized. The observed results in this study are in line with 
previous reports. For example, administration of amphetamine (AMPH) 
has been used for many years as an animal model of schizophrenia 
(Ellinwood et al., 1973; Robinson and Becker, 1986), and it has been 
reported that the observed sensitivity following two applications of 
AMPH persists for as long as four weeks (Robinson and Becker, 1986). 
The enhancement following daily administration of AMPH establishes 
central sensitization, causing stereotyped behaviors by applying subse-
quent lower doses in dogs, cats, and rats (Robinson and Becker, 1986; 
Short and Shuster, 1976). 

Our results also indicated that the i. c.v. application of CBD during 
the sensitization phase established METH-induced CPP at sub-threshold 
doses of METH. In other words, CBD sensitized rats to METH. There are 
some reports on considering CBD as a candidate for the treatment of 
METH addiction. However, it should be considered that a relatively high 
dose of systemic CBD was applied in one study (Hay et al., 2018). Be-
sides, motivational state and related drug-seeking behaviors also affect 
the reinforcing effect of METH, causing variable results (Stefanski et al., 
1999). 

Concurrent administration of CBD (i.c.v.) and METH (i.p.) during the 

sensitization phase also resulted in the development of sensitization and 
the establishment of METH-induced CPP with sub-threshold doses of 
METH. A recent study has reported the usefulness of systemic injection 
of CBD pretreatment for cocaine use disorder (Galaj et al., 2020), and 
another showed that i. c.v. application of CBD can suppress the rein-
statement of METH and shorten extinction latencies (Kashefi et al., 
2021). 

Previous evidence established that compared to systemic adminis-
tration of METH, its local administration into the VTA yielded different 
effects on the extracellular concentration of acetylcholine (Ach) and DA 
within the VTA. While systemic administration increased the concen-
tration of both Ach and DA for longer periods, the local administration of 
METH only increased the DA level (Dobbs and Mark, 2008). The 
engagement of a recurrent loop between VTA and pontine cholinergic 
nuclei was proposed as a possible mechanism in the observed effects. A 
similar mechanism might be involved in the observed effects of the 
current study as we observed that concurrent administration of central 
CBD and systemic METH during the sensitization period had a signifi-
cant effect on the establishment of METH-induced CPP after a 5-day free 
injection period. 

In conclusion, there are several reports on the beneficial effects of 
CBD for the treatment of morphine (Markos et al., 2018), cocaine (Galaj 
et al., 2020), and METH (Yang et al., 2020) use. On the other hand, we 
have demonstrated the possible effects of CBD in establishing sensiti-
zation to METH use. Several factors for the observed differences should 
be taken into account. Route of administration, applied doses, the model 

Fig. 5. Cannabidiol (CBD) administration during sensitization phase (10, 50, 
100, or 200 μg/5 μl DMSO 12%; i. c.v.; 3 days) established sensitization to 
methamphetamine (METH) (0.5 mg/kg; i. p.) after a 5-day METH injection-free 
phase measured by conditioned place preference (CPP) protocol. The sub- 
threshold dose of METH (0.5 mg/kg; i. p.) from dose-response experiment 
was injected during 5-day conditioning phase of CPP and the animals were 
tested on day 15. (Left panel) Administration of METH and CBD vehicle in-
jections (saline 0.9%; i. p. and DMSO 12%; i. c.v., respectively) on METH- 
induced CPP (0.5 mg/kg; i. p.) showed no statistically significant differences 
(Unpaired Student’s t-test). (Right panel) Administration of different doses of 
CBD (10, 50, 100, or 200 μg/5 μl; i. c.v.) on METH-induced CPP (0.5 mg/kg; i. 
p.). Each bar represents the mean ± SEM for 4–8 rats. ††P < 0.01; †††P < 0.001 
difference from the vehicle-control group (Ordinary one-way ANOVA followed 
by Dunnett’s multiple comparison test). 

Fig. 6. Concurrent administration of cannabidiol (CBD) (10 μg/5 μl DMSO 
12%; i. c.v.) and methamphetamine (METH) (0.25 mg/kg; i. p.) during 3 days of 
the sensitization phase established sensitization to sub-threshold doses of METH 
after a 5-day METH injection-free phase measured by conditioned place pref-
erence (CPP) protocol. The sub-threshold doses of METH (0.125, 0.25, or 0.5 
mg/kg; i. p.) from dose-response experiment were injected during 5-day con-
ditioning phase of CPP and the animals were tested on day 15. (Left panel) 
Administration of METH and CBD vehicle injections (saline 0.9%; i. p. and 
DMSO 12%; i. c.v., respectively) on METH-induced CPP (0.125, 0.25, or 0.5 
mg/kg; i. p.) showed no statistically significant differences (Unpaired Student’s 
t-test). (Right panel) Concurrent of CBD (10 μg/5 μl DMSO 12%; i. c.v.) and 
METH (0.25 mg/kg; i. p.) on METH-induced CPP (0.125, 0.25, or 0.5 mg/kg; i. 
p.). Each bar represents the mean ± SEM for 6–7 rats. †P < 0.05; †††P < 0.001 
difference from the vehicle-control group (Ordinary one-way ANOVA followed 
by Dunnett’s multiple comparison test). 
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of evaluation of the effects, and the involvement of other neurotrans-
mitter systems such as the serotonergic system (Haile et al., 2008) and 
the norepinephric system (Le Dorze et al., 2019) should be considered 
while interpreting the data. 
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