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Overview

• Cannabinoids background

• Evidence of CBD and SUD

• Smoked cocaine: chemical composition (adulterants)

• Main results: CBD and locomotor sensitization

• Neuroinflammation hypothesis related to SUD

• Conclusions



Substance use disorder*

**UNODC World Drug Report, 2024 https://www.unodc.org/

Everitt B, Eur. J of Neurosci. 2014; Berlin et al. Genes Brain and Behavior, 2016;

Olsen, Med Clin North Am. 2022. 

• The global number of illicit drug users (over 296 million people) has increased by 23% whereas people 

living with SUD have escalated compared to the last decade**. 

• Cocaine is one of the most globally abused drugs**. 

• SUD (including CUD), is a chronic, relapsing brain disorder characterized by (i) a compulsion to seek 

and take drugs, (ii) loss of control over drug intake (craving), and (iii) emergence of a negative emotional 

state (e.g., dysphoria, anxiety, and irritability) that defines a motivational withdrawal syndrome when access 

to the drug is prevented (relapse). 

• Critical questions: What determines whether a person undergoes the transition from drug use to drug 

abuse and SUD?; it is still unclear why not all persons exposed to drugs, develop SUD.

• There are no effective treatments for CUD; so, it is required to develop innovative therapeutic strategies. 

• Further research is needed.

* Diagnostic and statistical maunal of mental disorders (DSM-V)

https://www.unodc.org/


Cannabis

Industrial

Medical useReligious

Recreative

IRCCA: Instituto de Regulación y Control de Cannabis

Uruguay - Law Nº 19.172

“MARIHUANA Y SUS DERIVADOS”

IRCCA 

Clinical and preclínical research interest   

Different uses of Cannabis



Fraguas-Sánchez and Torres-Suárez, Drugs 2018;

Majdi et al. Medical Hypotheses, 2019;

Echeverry et al. Adv Exp Med Biol. 2021.

• THC is produced as an acid (Δ9-Tetrahydrocannabinolic acid, Δ9-THCA) in the

glandular trichomes of the leaves and undergoes decarboxylation with age or

heating to form Δ9-THC.

• THC is the most abundant, and responsible for the cannabis effect (marijuana;

CB1-Rs).

• Other constituents that might contribute in some way to the effects of cannabis

include (terpens, flavonoids, and alkaloids)

The main cannabinoids in Cannabis sativa

• Medicinal use of cannabis/cannabinoids: 

CANNABIDIOL (CBD), a non-psychotomimetic 

compound of cannabis. 



Antidepressant-like effects

Antipsychotic-like effects

Some therapeutic applications of cannabinoids 

or therapeutic potential

Fraguas-Sánchez and Torres-Suárez, Drugs 2018



First preclinical reports were related to morphine and heroin, suggesting that 

CBD attenuates the rewarding effects of opioids (CPP) and can serve as a

preventive therapeutic.
Galaj and Xi, Int J of Molecular Sciences, 2020 

Some therapeutic applications of cannabinoids 

or therapeutic potential

* CBD as co-adjuvant treatment 

in ethanol and opioid abuse.

Fraguas-Sánchez and Torres-Suárez, Drugs 2018



Advantages of CBD

Fraguas-Sánchez and Torres-Suárez, Drugs 2018;

Majdi et al. Medical Hypotheses, 2019.

Clinical and preclinical studies indicate that CBD can be useful for cocaine-use disorder. 

• Non-psychotomimetic compound of cannabis. 

• No rewarding properties (i.e., limited abuse liability)

• High degree of safety.

• Therapeutic actions as anxiolytic, antipsychotic, antidepressant, 

anti-inflammatory, anti-convulsive effect; some of them are domains 

affected by cocaine abuse (i.e., co-morbid disorders)



Some reviews of CBD and SUD...



Despite the range of the psychosocial and pharmacological therapeutic approaches for substance use treatment, relapse

prevalence into drug consumption is estimated between 40 and 75% (Sinha, 2011; Pasareanu et al., 2016; Andersson et al.,

2019). This high rate of recurrence is largely due to the ineffectiveness of the available drugs or the lack of specific treatments

(e.g., cannabis, cocaine, or amphetamine-type use disorders). Thus, there is a growing need to significantly improve our

knowledge about the underlying mechanisms involved in the development of drug dependence to finally design new

pharmacological tools with higher efficacy and safety. In this sense, the manipulation of the endocannabinoid system (ECS) by

administering cannabinoid compounds has raised much interest due to its close functional involvement in the regulation of

emotion, cognition, and reward…



Drugs of abuse and the endocannabinoid system

Motivational circuit: PFC-VTA-NAc-Hc-BLA

Drugs of abuse interact with these common brain circuits producing 

adaptive changes leading to a profound dysregulation of brain motivational 

and reward pathways and SEnC modulates it.



Preclinical data of CBD and psychostimulants (I)

Galaj et al. Neuropharmacology, 2020

CBD attenuates cocaine-induced dopamine in the NAc

Mesolimbic and mesocortial systems 

and rewarding effect of 

drug of abuse

Luscher and Ungless, PLoS Med, 2006



CBD 20 mg/kg/10 days

CBD reduces the cocaine reinforcing in self-

administration paradigm

Drug

syringe
SA paradigm

Preclinical data of CBD and psychostimulants (II)

Luján et al. Neuropharmacology, 2018

Parameter: number of lever press or nose pokes to obtain the drug 



Expanded endocannabinoid 

system-endocannabinoidome.

                                      Veilleux, Di Marzo, et al.

                                       Curr Diab Rep. 2019

Echeverry et al., Medicinal Usage of Cannabis and Cannabinoids, 

Burlington: Academic Press, pp. 197-205, 2023

Sites of action of CBD in the brain

TRPV: transient receptor potential channels vanilloid; FAAH: fatty acid amide 

hydrolase, FAAH, MAGL: monoacylglycerol lipase); AEA: anandamide; PPARs: 

peroxisome proliferator-activated receptors.



Expanded endocannabinoid 

system-endocannabinoidome.

                                      Veilleux, Di Marzo, et al.

                                       Curr Diab Rep. 2019

Echeverry et al., Medicinal Usage of Cannabis and Cannabinoids, 

Burlington: Academic Press, pp. 197-205, 2023

Sites of action of CBD in the brain

TRPV: transient receptor potential channels vanilloid; FAAH: fatty acid amide 

hydrolase, FAAH, MAGL: monoacylglycerol lipase); AEA: anandamide; PPARs: 

peroxisome proliferator-activated receptors.



Cocaine forms

• CP is the earliest step in the purification process of cocaine hydrochloride. Cocaine, as a 

main alkaloid, is in its base form, smokable. Impurities and adulterants.

• Crack is prepared through heat evaporation of powdered cocaine with a base (sodium 

bicarbonate) to produce an alkaline cocaine product, which is typically inhaled (smoked). 

• Different forms of cocaine:  * hydrochloride salt  (water-soluble), snorted or i.v. injection

* cocaine base or freebase (water-insoluble), smoked

CP and crack

smoked forms 

of cocaine

Castagno Adicciones, 2000; Hatsukami and Fischman JAMA,1996; 

Lopez-Hill et al. Behav Brain Res. 2011.



Smokable form of cocaine: crack or cocaine paste

• Coca-paste (CP) is mainly consumed in Latin American countries.

• There is a clinical consensus about smoked cocaine: induces a prototypical profile characterized by fast and high 

dependence and high-risk perception.

•  The route of administration could explain that profile, but we proposed chemical composition as another relevant 

factor.

• No effective treatment is available for CP dependence.

• Official permits were obtained from Technical Forensic 

Institute (Montevideo-Uruguay) and Uruguayan Drugs 

Board (Junta Nacional de Drogas)

• These are samples that could be potentially 

smoked by drug users.



Chemical composition 

Frequency of cocaine ana caffeine in N = 306 seized-samples 

Cocaine Caffeine

Samples Samples

100 % 71%

Abin Carriquiry et al. Neurotox. Res. 2018

HPLC-DAD analyses revealed 

that 89 % of CP samples were 

adulterated while 11% were not. 

Caffeine and other adulterants 

were present.



Chemical composition 

Galvalisi et al. Neurotox. Res. 2017; Abin Carriquiry et al. Neurotox. Res. 2018

After CP volatilization, adulterants are 

preserved in the fume

Non-pyrolysis compounds from 

caffeine volatilization were detected.

Caffeine: 

- Active adulterant.

- Facilitates the volatilization of smoked drugs.

- Can be volatilized.

GC-MS analyses 



Drug

syringe

Caffeine as an active adulterant in CP-seized samples

Self-administration paradigm (SA)  

Conditioned Place Preference (CPP)

•  Caffeine enhances the acute stimulant effect of cocaine in CP-

seized samples after i.p. injection / pulmonary inhalation route

      of administration.                                                                             

    

Muñiz et al. Frontiers in Behav Neurosci. 2017.

López-Hill  et al. Behav  Brain Res. 2011;

Prieto et al. Rev Psiquiat Uru. 2012;

Galvalisi et al. IBRO Congress, 2015;

Scorza et al. Neuromethods, 2023.

• Caffeine enhances the reinforcing effect of cocaine and its

motivational value. (significant increase in the breaking point) 

after i.v. injection.

Prieto et al. Psychopharmacology, 2016.

• Caffeine potenties reward-associated memories elicited by 

i.p. cocaine; associated with changes in IEGs expression in

NAcc and mPFC.

Open Field (OF)
Passive pulmonary inhalation

Scorza et al. Neuromethods, 2023.

• Caffeine collaborates in the acute rewarding effect of CP

samples determined by the DA release in NAc Shell.
Mesolimbic system; microdialysis

Subrogate CP

CP and subrogate CP

CP and subrogate CP

Subrogate CP



Abstract: Crack-cocaine use is prevalent in numerous countries, yet concentrated primarily – largely within urban contexts – in the Northern and

Southern regions of the Americas. It is associated with a variety of behavioral, physical and mental health and social problems which gravely affect

users and their environments. Few evidence-based treatments for crack-cocaine use exist and are available to users in the reality of street drug

use… An important therapeutic potential for crack-cocaine use may rest in cannabinoids, which have recently seen a general resurgence

for varied possible therapeutic usages for different neurological diseases. Distinct potential therapeutic benefits for crack-cocaine use and common

related adverse symptoms may come specifically from cannabidiol (CBD)-one of the numerous cannabinoid components found in cannabis – with

its demonstrated anxiolytic, antipsychotic, anti-convulsant effects and potential benefits for sleep and appetite problems. The possible

therapeutic prospects of cannabinoids are corroborated by observational studies from different contexts documenting crack-cocaine users’

‘self-medication’ efforts towards coping with crack-cocaine-related problems, including withdrawal and craving, impulsivity and

paranoia. Cannabinoid therapeutics offer further benefits of being available in multiple formulations…

2015 - from Canada, The  Netherlands, Brazil

A specific study…



Carrier et al. PNAS, 2006

CBD increases adenosine levels by the blockage 

of ENT-1

CBD

• Caffeine is a psychostimulant that promotes wakefulness by non-

selectively antagonizing the adenosine A1 receptors (A1R) and A2 

receptors (A2AR) in the nucleus accumbens (NAcc).

•  A1 and A2A-Rs are expressed in brain motor and reward circuits.

•  Caffeine potentiates the effect of cocaine.

•  Our hypothesis: a competitive action between the increased levels of 

adenosine (evoked by CBD) and caffeine for the adenosine receptors 

binding site may result in an attenuation of caffeine action by CBD.

Carrier et al. PNAS, 2006 

Can CBD attenuate the effects induced by 

cocaine + caffeine?



• Repeated non-contingent exposure to psychostimulant drugs produces locomotor sensitization, a progressive and

enduring augmentation of locomotor responses to the drug after a withdrawal period and the re-exposure to the drug.

• This phenomenon implies neuroplastic changes in the brain (meso-cortico-limbic circuit).

• LS can be useful to better understand the initial phases of drug intake that influence, but does not provide a complete

picture of SUD.

• LS phenomenon has been proposed to be useful to drug-induced neuroadaptations related to drug craving in rodents.

Behavioral sensitization induced by psychostimulants

Robinson and Berridge, Brain Res Brain Res Rev.1993; 

Pierce and Kalivas Brain Res Rev. 1997; 

Kuhn, Kalivas, et al. Front Behav Neurosci. 2019.

• Can Cannabidiol attenuate some effects 

induced by the combined cocaine plus 

caffeine?



Previous result: 
Locomotor sensitization

CP and Coc+Caff

CP1 was injected at a equivalent 

dose to 10 mg/kg cocaine base

Other group of animals were 

injected with cocaine (10 mg/kg)

High content of 

cocaine and caffeine

Prieto et al. Am J Addict. 2015



Cocaine (5) + Caffeine  (2.5) = subrogate CP

CBD 20 mg/kg

CBD purificado

D Prieto et al. Neurotox. Research, 2020

Locomotor sensitization + CBD

metabolic activity
by CO-I 

Behavioral assay



Cytochrome oxidase I (CO-I) histochemistry

• Cytochrome oxidase c is a mitochondrial enzyme 

associated with the energetic cellular metabolism.

• CO-I activity is a marker for the metabolic activity of 

brain regions, and levels of cytochrome oxidase reaction 

are intimately associated with the neuron metabolic 

machinery, closely related to the levels of neuronal 

activity.

• Chronically, more active neuron would have greater 

energy demand and would be expected to have a more 

active cytochrome system. Higher levels of functional 

activity demand oxidative metabolism. A reduction in 

neuronal activity has presumably resulted in reduced 

energy demand.

• CO-I suggests the functional state of these brain regions 

involved in the behavioral sensitization 

Wong-Riley, Brain Res. 1979.  

Tseng et al. Biol Psychiatry, 2006



CBD attenuates the expression of the coc+caff 

locomotor sensitization but not the development



CO-I staining in NAc

CBD attenuates the metabolic change induced by 

coc+caff in the NAc



CO-I staining in mPFC

CBD attenuates the metabolic change induced by 

coc+caff in the mPFC



CB1 receptors are abundant in the brain reward circuitry and 

participate in the addictive properties induced by different 

drugs of abuse. The DAergic neurons of the 

mesocorticolimbic pathway are controlled by excitatory and 

inhibitory inputs that are modulated by CB1 receptors. Thus, 

endocannabinoids can be released following depolarization 

in the NAc and from DAergic neurons in the VTA, and they 

modulate GLUergic and GABAergic afferents by acting as 

retrograde messengers on CB1 receptors. The presence of 

CB1 receptors in other structures related to motivation and 

reward, such as the basolateral amygdala and the 

hippocampus, also contributes to this function of the 

endocannabinoid system. 

Maldonado et al. Trends in Neurosciences, 2006

Calpe-López et al. Molecules, 2019

Putative sites of action of CBD…



Maldonado et al 2006

Calpe-López et al. Molecules, 2019

Neuroinflamation hypothesis… 

Putative sites of action of CBD…



Expanded endocannabinoid 

system-endocannabinoidome.

                                      Veilleux, Di Marzo, et al.

                                       Curr Diab Rep. 2019

Echeverry et al., Medicinal Usage of Cannabis and Cannabinoids. 

Burlington: Academic Press, pp. 197-205, 2023.

Sites of action of CBD in the brain

TRPV: transient receptor potential channels vanilloid; FAAH: fatty acid amide 

hydrolase, FAAH, MAGL: monoacylglycerol lipase); AEA: anandamide; PPARs: 

peroxisome proliferator-activated receptors.



Carrier et al. PNAS, 2006

CBD increases adenosine levels by 

the blockage of ENT-1

CBD
Carrier et al. PNAS, 2006 

The equilibrative nucleotide transporter 1 (ENT-1; adenosine 

uptake protein) is the primary mechanism of adenosine 

reuptake. Adenosine is a purine nucleoside 

neurotransmitter. Release of adenosine is an endogenous 

mechanism  to attenuate cellular stress and inflammation. 

ENT1 was proposed to mediate the anti-inflammatory 

effect of CBD.

• Can cocaine and caffeine induce neuroinflammatory processes?

• Can CBD diminish the development of increased locomotor sensitivity caused by 

the combination of cocaine and caffeine through its anti-inflammatory properties?



2024; doi: 10.1038/s41380-024-02443-6.

• These cytokines may contribute to changes in synaptic plasticity, 

which can impact the availability and reuptake of neurotransmitters.

• Microglia undergo drastic morphological changes characterized by 

swollen soma and shortened processes and releases pro-

inflammatory cytokines.

Drug of abuseControl condition



Aim: effect of caffeine, cocaine, and their combination on sensitization and 

striatal GFAP immunoreactivity after chronic treatment 

Parameter: glial Fibrillary Acidic Protein (GFAP+)

Astroglyosis marker associated with glia inflammation process



Locomotor sensitization induced by Coc+Caff is 

associated with microglia activation 

Microglial reactivity evaluated by

 reactividad microglial anti-Iba1 

immunofluorescence (Nacc)



Immunoreactivity for Iba-1 increased by Coc+Caff 

repeated treatment

• An increase in Iba-1 fluorescence intensity (expressed as % with respect to the mean of control group) was 

observed. No change was observed in the number of Iba-1 positive cells. 

Immunofluorescence: Sections 

containing the nucleus accumbens 

core (NAc/c) and shell (NAc/sh) 

were used. Microglia was identified 

using rabbit anti-iba-1 (iba-1: 

ionized calcium-binding adapter 

molecule-1, Cat #019-19741, 

Wako, US, 1:2000) followed by 

corresponding secondary antibody 

(Alexa Fluor 488, Invitrogen, US, 

1:400). Cellular nuclei were 

visualized with Hoechst 33258 

(1ng/mL).

Microglia, which have been estimated to comprise 10-15 % of all CNS cells, orchestrates the primary brain innate 

immune response. Cell-surface markers of microglia activation include Iba1 (ionized calcium-binding 

protein). Microglial activation is linked to the production of pro-inflammatory cytokines (IL-1β), IL-6, and TNFα



Immunoreactivity for Iba-1 increased by Coc+Caff 

repeated treatment

Immunofluorescence: Sections containing the nucleus accumbens core (NAc/c) and
shell (NAc/sh) were used. Microglia was identified using rabbit anti-iba-1 (iba-1:
ionized calcium-binding adapter molecule-1, Cat #019-19741, Wako, US, 1:2000)
followed by corresponding secondary antibody (Alexa Fluor 488, Invitrogen, US, 1:400).
Cellular nuclei were visualized with Hoechst 33258 (1ng/mL).

CBD?

Ongoing experiments Iba-1

Plasmatic and regional 

cytokines



CBD prevents the locomotor sensitization induced by Coc+Caff and 

upregulates genes of extracellular matrix and anti-inflammatory pathways

A transcriptome-wide analysis

in the NAcc

José Sotelo Silveira (IIBCE)  

José Prieto (Fac. Ciencias, UdelaR

Rafael Fort (IIBCE)

Cannabidiol prevents cocaine and caffeine sensitization 

modulating expression of extracellular matrix and anti-

inflammatory genes in Nucleus Accumbens

José Pedro Prieto , Rafael Fort , Guillermo Eastman, Oliver Kaminski, 

Carlos Ferreiro-Vera, Verónica Sánchez de Medina, Cecilia Scorza*, 

José Roberto Sotelo-Silveira*

Preprint-ResearchGate DOI 10.1101/2023.09.28.560030

Submitted

Collaboration: 

http://dx.doi.org/10.1101/2023.09.28.560030


•  Our preclinical results contribute to identify the therapeutic potential of CBD in SUD field,

specially in psychostimulants abuse (CUD).

• Remains to be confirmed if CBD prevents both neuroinflammation and sensitization

processes induced by Coc+caff. Some positive results were obtained in the RNA

transcriptional analysis.

• More preclinical and clinical studies are necessary to further evaluate the role of CBD as

a new therapeutic intervention for SUD.

Conclusions
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