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Resumo 

 

Introdução: A canábis persiste como substância ilícita mais consumida, com mais de 190 milhões 

de utilizadores a nível mundial. No entanto, o uso médico de extractos de canábis ou de 

diferentes formulações de canabinóides tem vindo a ser aprovado em vários países. A 

neuroinflamação consiste numa resposta inflamatória no sistema nervoso central que aparenta 

mediar várias das patologias para as quais os tratamentos baseados em canabinóides foram 

aprovados ou mostraram eficácia. A legislação relativa à legalização do uso médico e recreativo da 

canábis tem sido objecto de constante debate; no entanto, o enorme número de publicações 

obre os efeitos desta substância apresenta resultados inconsistentes.  

Objetivos: Sistematizar a informação disponível acerca das consequências do efeito de diferentes 

canabinóides na inflamação no cérebro e medula espinal.  

Metodologia: Recorrendo a uma análise estruturada da literatura, e abrangendo o período entre 

2010 e 2020, foi executada na base de dados PubMed® uma pesquisa, com o uso de operadores 

booleanos e palavras-chave específicas. Um total de sessenta e três artigos, avaliando os efeitos 

de diferentes canabinóides no SNC, foi incluído nesta revisão.  

Desenvolvimento: Esta revisão revelou uma função consistentemente anti-inflamatória para o 

canabidiol (CBD) e para combinações de CBD e tetrahidrocannabinol (THC). O uso de THC, pelo 

contrário, revelou efeitos marcadamente pró-inflamatórios.  

Conclusão: Esta revisão vem clarificar a robustez e deficiências da literatura existente, permitindo 

uma melhor avaliação do potencial terapêutico de diferentes canabinóides.  

 

Palavras-chave: Canábis, Canabidiol, Sistema Nervoso Central, Δ(9)-Tetrahidrocanabinol, 

Neuroinflamação.   
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Abstract 
 

Introduction: Cannabis remains the most used psychoactive illicit substance, with over 190 million 

people consuming it worldwide. However, recently, cannabis extracts and/or specific 

cannabinoids were approved in several countries for medical use. Neuroinflammation consists of 

an inflammatory response within the CNS that appears to mediate several of the conditions for 

which cannabinoid-based treatments have been approved or demonstrated efficacy. Policies 

towards cannabis legalization are under debate all over the world; however, the enormous 

number of publications addressing the effects of different cannabinoids remains largely 

inconsistent. The present work, aimed at addressing this issue, focused specifically on 

neuroinflammation related effects. 

Objectives: To systemize the available data on the consequences of cannabinoid treatment in 

inflammation in the brain and spinal cord.  

Methods: A keyword literature search of articles from 2010 to 2020 was performed in the 

PubMed® database, using Boolean operators. A total of sixty three articles, assessing the effects 

of different cannabinoids on CNS, were included in this review.   

Results: This work revealed a consistent anti-inflammatory function for cannabidiol (CBD) and 

combinations of CBD and tetrahydrocannabinol (THC), but not for THC alone, which displayed 

mainly proinflammatory features in animal models.  

Conclusion: Because cannabinoids are often foreseen as promising therapeutic approaches for 

several conditions, including addiction and neurodegenerative disorders, the present scoping 

review allows a better interpretation of the available data and clarifies its strengths and 

weaknesses.  

Keywords: Cannabis, Cannabidiol, Central Nervous System, Δ(9)-Tetrahydrocannabinol, 

Neuroinflammation. 
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1. Introduction 

According to the 2020 World Drug Report, cannabis remains the most used substance worldwide, 

with an estimated 192 million users1. The use of this psychoactive substance tends to start during 

adolescence, with a prevalence of use of 4.7% between the ages of 12 to 172. Cannabis use, 

particularly regular and frequent use, is on the rise independently of its legitimacy for non-

medical purposes3. In 2012, Colorado and Washington became the first two US states to approve 

non-medical use of marijuana for adults over 21 years of age3. A year later, Uruguay legalized 

recreational cannabis use4.  Since then, twelve more US states and the District of Columbia have 

legalized the recreational use of this substance3,5. Canada first legalized cannabis for medical 

purposes in 1999 and proceeded to establish a nationwide permission for recreational use of this 

substance by 20183. According to several reports, In the US state jurisdictions where non-medical 

adult use of cannabis has been approved, there has been seen an increase in the prevalence and 

frequency of use3,6,7; in Colorado, for example, marijuana use increased in 2017 despite being 

stable from 2014 to 20168. The opposite trend was observed in Canada, where cannabis use 

increased after legalization but later stabilized3. It is interesting to note, however, that the 

legalization of cannabis use had no effect on traffic fatalities, one of the public health concerns 

related to drug use, despite an initial rise in fatalities9,10.  

The composition of the plant Cannabis sativa includes more than 100 different cannabinoids, also 

named phytocannabinoids, and other components, such as terpenes11. Phytocannabinoids can be 

classified into 11 different types, namely: (-)-delta-9-trans-tetrahydrocannabinol (Δ9-THC), (-)-

delta-8-trans-tetrahydrocannabinol (Δ8-THC), cannabigerol (CBG), cannabichromene (CBC), 

cannabidiol (CBD), cannabinodiol (CBND), cannabielsoin (CBE), cannabicyclol (CBL), cannabinol 

(CBN), cannabitriol (CBT), and miscellaneous-type cannabinoids12. Delta-9-tetrahydrocannabinol 

(Δ9-THC) is the main psychoactive substance of cannabis and its concentration in plants for 

recreational use has been increasing11,13. CBD is the major non-psychotropic cannabinoid present 

in Cannabis sativa12.  Interestingly, CBD has been proposed as to counteract some of THC’s 

effects, including tachycardia, intoxication, and sedation14. Terpenes are aromatic compounds 

present not only in the cannabis plant, being responsible for its characteristic smell, but also in 

other non-cannabinoid plants15. Moreover, these constituents are also insect repellents while at 

the same time they attract pollinators15. There are four main types of terpenes: monoterpenes, 

sesquiterpenes, diterpenes, and triterpenes16. Monoterpenes have been found to have antiseptic 

and analgesic effects17. β-caryophyllene (BCP) is a major sesquiterpenoid found in cannabis plants 

and extracts17. This substance has multiple effects in various areas: gastro and neuroprotection, 
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anti-inflammation, analgesia, antioxidant, antibacterial, among others17,18. One interesting term 

that is currently used regarding these substances is the “entourage effect”17, translating the 

contribution of these compounds to the beneficial effects related to cannabis sativa15. However, 

the true nature of such effect is still unclear15,19,20.  

Cannabinoids bind primarily to cannabinoid receptors, also known as cannabinoid receptor 1 

(CB1) and cannabinoid receptor 2 (CB2). CB1 receptors are predominantly expressed in the brain, 

in particular in the cerebral cortex, cerebellum, basal ganglia, and hippocampus, and are 

responsible for the behavioral and psychotropic effects of cannabis consumption11. These 

receptors play a number of key roles in the central nervous system (brain and spinal cord; CNS), 

ranging from modulating early neurodevelopment, regulation of neurogenesis, and modulation of 

neurotransmission21,22. Activation of CB1 receptors has been shown to have neuroprotective 

effects by decreasing glutamate release by pre-synaptic neurons and nitric oxide (NO) production, 

as well as increasing brain derived neurotrophic factor (BDNF) expression22. Beneficial effects of 

the activation of these receptors in models of neurodegenerative conditions, such as Parkinson’s, 

Alzheimer’s (AD), and Huntington’s disease have arisen22.   

CB2 receptors are mainly expressed in tissues involved in immune regulation, such as thymus, 

spleen, tonsils, as well as in the gastrointestinal tract, bone marrow, and peripheral blood 

mononuclear cells11,21. Despite former conflicting evidence of its presence in the CNS, recent 

studies report the presence of CB2 receptors in astroglial and microglial cells21,23, cerebral 

cortex23, hippocampus23, and cerebellum23. Rodent studies have demonstrated that CB2 receptors 

modulate neuronal activity, particularly through suppression mechanisms23. Excitatory synaptic 

transmission was enhanced in situations where CB2 receptors were activated, while GABA and 

glutamate release was reduced23. These receptors also appear to be up-regulated in response to 

noxious stimuli, including ischaemic-induced hypoxia, AD, and multiple sclerosis (MS)23.   

 Both CB1 and CB2 receptors are involved in oligodendrocyte progenitor cells (OPCs) regulation, 

while CB2 receptors are possibly implicated in neural progenitor cell proliferation, neurogenesis, 

and regulation of dopaminergic activity21. Regarding cannabis use, CB1 receptors’ activation 

produces reinforcing effects and controls the rewarding consequences of substance use23. 

Cannabis’ aversive effects, on the other hand, seem to be regulated through CB2 receptor 

activation23.   

THC is a partial agonist of CB1 and CB2 receptors; on the other hand, CBD shows little affinity for 

the orthostatic sites of these receptors24. Nonetheless, CBD exerts its functions through other 
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non-cannabinoid receptors, including adenosine A2A, TRPV1, GPR55, PPARγ and PPARα receptors, 

among others25,26.    

Investigation towards cannabis has intensified within the past decades, particularly related to the 

therapeutic benefits of natural cannabinoids in numerous diseases, such as Parkinson’s disease 

and other dementias27-29, multiple sclerosis30,31, Huntington’s disease32, neuropathic pain33,34, 

among others. A few cannabinoid-based treatments have also been approved for the treatment 

of intractable nausea and vomiting35,36, anorexia associated with weight loss in acquired 

immunodeficiency syndrome (AIDS) patients36, spasticity in multiple sclerosis35, and severe 

treatment-resistant epilepsy35,36. Interestingly, inflammation appears to underlie the pathogenesis 

of several of the previously mentioned conditions, which may indicate that cannabinoids may 

exert its beneficial effects in those pathologies through modulation of the inflammatory 

pathways37-39 . 

Neuroinflammation can be described as an inflammatory response within the CNS, which is 

mediated through several cytokines, reactive oxygen species (ROS), chemokines, and other 

inflammatory markers. Different cells, such as glial cells, which comprehend microglia, astrocytes, 

oligodendrocytes, and OPCs, in addition to endothelial cells and peripheral immune cells, produce 

and release these inflammatory mediators40,41. These inflammatory players, in particular 

cytokines, play important roles in various nervous system functions and pathologies, such as 

major depression, bipolar disease, and schizophrenia41.   

Of note, several psychoactive substances, including cocaine, opioids, and alcohol, have showed to 

be linked to inflammatory processes of the CNS, making it plausible that these processes play a 

role in addiction development and maintenance42. However, cannabinoids may be playing a 

different role.  

In that sense, the interplay between cannabis and neuroinflammation in several neuropsychiatric 

and/or neurodegenerative diseases, through the modulation of glial cells, has gained significant 

interest recently. In this context, our main focus was to understand how cannabinoids affect 

inflammatory processes in the brain and spinal cord. Although both THC and CBD have been 

described as being anti-inflammatory substances, most of these studies focused largely on their 

peripheral effects. Nevertheless, there is evidence showing that these compounds are capable of 

opposing inflammation in the CNS24,25. On the other hand, other authors reported 

proinflammatory effects for both THC and CBD 43,44. The systematization of published evidence is, 
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therefore, well justified. Thus, this systematic review aims to provide an overview on the role of 

cannabis extracts and isolated natural cannabinoids in counterbalancing neuroinflammation. 

 

2. Methods 

2.1 Research Question 

The present study was conceived to respond the following research question: What is the current 

knowledge concerning cannabis extracts and isolated natural cannabinoids’ impact on 

neuroinflammation? For this matter, our aim was to provide a synthesis of the findings 

encountered, considering also the different research models frequently used to address this topic 

(human studies, animals models, in vitro models). 

 

2.2 Literature Search 

The search strategy was initially drafted by two of the authors and further refined through team 

discussion. The final literature search for relevant articles was conducted on PubMed® using the 

following search equation: (Neuroinflammat* OR Neuroimmune OR Microglia OR Astrocytes OR 

Glia) AND (Cannabis OR Marijuana OR THC OR Tetrahydrocannabinol OR CBD OR Cannabidiol OR 

CNB OR Cannabinol) NOT (Collagen-binding domain OR Corticobasal degeneration). To be 

included in this review, peer-reviewed journal articles had to be published between 2010 and 

2020, written in English, and available in full-text in the database searched. The PubMed® 

database facilitated searching across MEDLINE and PubMed Central, and allowed the 

implementation of the research equation already described, returning an agile and organized 

metadata visualization, exportable in several formats. It also provides direct connections for full-

text extraction. Because cannabis is a scheduled drug, we also verified that PubMed® search 

included the European Monitoring Centre for Drugs and Drug Addiction (EMCDDA) directory of 

drug research peer-reviewed journals in Europe, as well as those available at the directory of 

International Society of Addiction Journal Editors (ISAJE). 
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2.3 Relevant Studies 

Articles were considered to be of relevance for this review if the effects of substances compatible 

with the research question were analyzed in the brain and/or spinal cord of animal and human 

studies or in cellular models pertinent to this review. An initial time period englobing the last ten 

years was defined. 

The following publication types were excluded: reviews, systematic reviews, meta-analysis, 

commentaries, retracted articles, and papers without an available abstract. Afterwards, only 

papers from quartile 1 peer-reviewed journals (according to the Scimago Journal & Country Rank 

[SJR]) were included. 

 

2.4 Study Selection 

A total of one hundred and seventy (170) papers remained eligible for analysis. A preliminary 

analysis based on titles and abstracts was independently performed by two reviewers. Both 

reviewers proceeded to exclude articles that were clearly irrelevant to the research question.  

Peer agreement was obtained with Cohen’s kappa test (k = .937). Discrepancies were approached 

by the reviewers through discussion and, when necessary, conversation with a third author. One 

hundred and one (101) papers were excluded as a result of this process. After full-text analysis, 

performed by the first author, a total of sixty three (63) papers were included in this scoping 

review (Figure 1). The final list was approved by the remaining authors.  

 

2.5 Chart the Data 

The data was later organized employing Microsoft Excel for this purpose. Characteristics of each 

study were extracted, depending on the population investigated, which included names of 

authors, title, year of publication, study design, experimental procedure, type of in vivo or in vitro 

model used, animal strain (if justified), CNS region studied, and key findings.  
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2.6 Collate, Summarize, and Report Results 

The final stage consisted in organizing all relevant findings based on the importance to the 

research questions. Studies were grouped in different tables, focusing on the type of model used 

and the substance(s) analyzed. All data was reported in the results section.  

 

3. Results 

The preliminary PubMed® search identified 291 articles. After exclusion of several publication 

types, as described in the methodology section, 170 papers remained eligible for screening. 

Through screening based on title and abstract, a further 101 articles were excluded for not 

meeting our inclusion criteria. Following this initial screening, 6 more articles were excluded for 

not being related to the theme. Therefore, 63 articles were included in the final review.  

The results were analyzed in separate categories: (i) effects of cannabis (whole plant extracts), (ii) 

effects of THC, (iii) effects of CBD, (iv) effects of combinations of THC and CBD; (v) effects of non-

THC/CBD cannabinoids; and (vi) effects of other substances (non-cannabinoids). Within each 

category, results were further separated by type of study model used (studies in humans, studies 

in animal models, and studies in vitro). 

 

3.1 Studies addressing the effects of cannabis (whole plant extracts) on 

inflammation 

Based on the inclusion criteria described in the methodology, only two studies evaluating the 

effect of cannabis could be included in this section, both of them addressing effects in human 

users (see Table I). These studies were conducted in cannabis users and neuroinflammatory 

markers were assessed indirectly, either through cerebrospinal fluid (CSF) evaluation or magnetic 

resonance imaging (MRI). Ellis and colleagues (2020)45 assessed human immunodeficiency virus 

(HIV) positive or negative individuals either using or not cannabis (at various levels of exposure), 

and measured the levels of several proinflammatory cytokines and chemokines (including 

interleukin (IL)-16, C-reactive protein (CRP), IL-6, interferon (IFN)-gamma-induced protein [IP]-10, 

soluble CD14, and soluble tumor necrosis factor (TNF) receptor type II) in both CSF and plasma 

samples. Cannabis use was determined through self-reporting. The authors reported that recent 
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cannabis use was associated with lower levels of IL-16, CRP, and soluble TNF receptor type II, 

which reflects reduced neuroinflammation. According to the authors, study limitations included: 

reduced sample possibly associated with selection bias; the risk of relying only on self-reported 

use of cannabis; and the fact the composition of the cannabis used was not characterized in terms 

of CBD and THC. One could also add that no anti-inflammatory markers were evaluated. 

In the other study, Blest-Hopley et al. (2019)46 employed proton magnetic resonance 

spectroscopy (1H-MRS) to evaluate different metabolite (glutamate, myoinositol, and N-acetyl 

aspartate) concentrations in the hippocampus of both cannabis users (CU) and non-users (NU). To 

be characterized as cannabis users, individuals had to have started regular use of this drug before 

the age of 18 and to be using it a minimum of 4 days per week for the previous 2 years. On 

average, those included in this study had been using cannabis approximately 6 days per week for 

the last 10 years. Again, cannabis use was self-reported. Despite the moderate sample size (21 NU 

and 22 CU participants), the authors found reduced myoinositol hippocampal concentrations in 

cannabis users. Myoinositol may function as a marker of glial dysfunction, since activated glia 

tend to have higher levels of this metabolite47. On the other hand, no significant effects of 

cannabis on glutamate levels, a presumed mediator of neuroinflammation, were detected46. It is 

important to note, however, that the methodology used may have low resolution and poor signal 

quality, and that the signal-to-noise ratio was significantly different between the two groups 

studied46.   

Even though the number of papers included was very low, both studies revealed potential anti-

inflammatory effects of cannabis in the central nervous systems of healthy and HIV-positive 

individuals. 

 

3.2 Studies addressing the effects of THC on inflammation 

A total of twenty two publications addressing the effects of THC in inflammation were included. 

Of those, ten examined the effects of THC on inflammation in animal models (see Table II) and 

twelve examined these effects using in vitro models (see Table III).  
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3.2.1 Studies addressing THC effects using animal models 

A total of ten publications addressing the effects of THC in vivo were included in this subsection 

(see Table II). In the majority of the studies using animal models, THC treatment resulted in a 

proinflammatory status, by increasing the expression of inflammatory cytokines and other 

mediators (e.g. glutamate and oxidative stress’ markers), microglial and astrocytic reactivity, and 

activation of proinflammatory pathways48-54.  

Simultaneously, THC was reported as having anti-inflammatory effects in four 

publications49,53,55,56. Importantly, in two publications, THC is described as anti-inflammatory in 

acute exposure but pro-inflammatory later on49, or pro-inflammatory per se, but of reducing 

MDMA-induced  release of proinflammatory factors, while increasing IL-10 levels55. 

The variability in the results may reflect the diversified experiments operated, especially in terms 

of THC dosages and treatment duration. Despite the highly variable THC doses used in these 

publications, it is not possible to evaluate an eventual correlation between THC dosage and 

reported effects. However, in most studies where THC exhibited proinflammatory effects, the 

treatment duration was considerably longer48-51,53,54. It is important to note, on the other hand, 

that administration of THC for 1049, 18 days53 or 12.5 weeks57 also led to anti-inflammatory 

responses. Another important factor seems to be the brain region evaluated. Zamberletti et al. 

(2015)50 treated Sprague-Dawley rats for 11 days, showing increased microglial reactivity and 

higher levels of proinflammatory markers, including TNFα, cyclooxygenase-2 (COX-2) and 

inducible nitric oxide synthase (iNOS), in the prefrontal cortex (PFC). In this same work, when 

looking into other regions, such as the nucleus accumbens, hippocampus, or amygdala, no 

significant changes were observed. Of note in a similar experience51, THC provoked astrocytic 

reactivity and increased iNOS and TNFα levels in the hippocampus, but not in the PFC, where only 

COX-2 levels were elevated. In addition, sex differences can also account for these discrepancies 

as, for example, Lopez-Rodriguez and colleagues (2014)53 showed that, while THC reduced 

microglial activation in the hippocampus of female rats, it had the opposite effect in males.  

The studies included pose another interesting question. Moretti et al. (2015)49 also compared 

acute versus chronic THC treatment in both adolescent and adult mice. The authors treated 

adolescent and adult mice with a single administration of THC or 10 daily doses, showing that 

both treatments resulted in general anti-inflammatory outcomes. Nevertheless, these effects 

were apparently more pronounced in adolescent mice as, for example, adult mice treated with a 

single subcutaneous (s.c.) dose of THC maintained their cytokines’ levels, while the same 
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treatment in adolescent mice resulted in a decrease in both TNFα and IL-1β levels. These 

differences were also present when mice were subjected to the chronic treatment. When 

evaluated right after the last dosing of chronic THC, both adult and adolescent mice presented an 

anti-inflammatory pattern. However, when evaluated six weeks after the last administration of 

THC, adult mice had returned to their normal; while  mice treated during adolescence, revealed 

an increase in the levels of TNFα and IL-1β and a reduction in IL-10 release, suggesting a shift 

towards neuroinflammation.   

In summary, in animal models, THC effects are not sufficiently coherent. Nevertheless, and 

despite confounding factors, a majority of studies seems to favor the existence of pro-

inflammatory effects. 

 

3.2.2 Studies addressing THC effects using in vitro models 

A total of twelve papers examining the effects of THC using in vitro approaches were included in 

this review (see Table III).  

Contrary to the results presented on the previous section, THC, in vitro, was able to decrease the 

production of proinflammatory cytokines and chemokines as well as glial cells’ migration, 

increasing the production of anti-inflammatory cytokines, and inhibiting proinflammatory and 

metabolic pathways in most selected publications58-67. THC also exhibited antioxidant effects, 

displayed as a decrease in both iNOS transcript levels and ROS production61. Globally, three 

cytokines were consistently seen reduced by this cannabinoid: TNF-α, IL-6 and IL-1β58,62,63,66,67. 

Importantly, while these results seem consistent among different studies, they do not compatible 

with in vivo data, which reported mainly pro-inflammatory outcomes, highlighting the relevance 

of using co-cultures of primary cells to better mimic the brain tissue. 

THC influence in chemokine’s regulation was slightly less consistent. Focusing on messenger 

ribonucleic acid (mRNA)’s regulation, Kozela et al. (2010)58 failed to demonstrate any effect of 

THC on chemokine ligand 2 (CCL2) mRNA levels, while two other studies, also conducted in BV-2 

cell cultures, revealed a reduction in different chemokine’s mRNA levels, including CCL2, using the 

same doses. Confirming the relevance of co-culturing adequate cell types, Rizzo and colleagues 

(2019)66 showed opposite effects of THC on chemokine production depending on the experiment.  

In a monoculture of astrocytes, THC was able to reduce the production of CCL2; while THC 
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reduced the percentage of astrocytes which expressed this chemokine, without changes in its 

levels in an astrocytes-monocytes co-culture.  Henriquez et al. (2020)63 also failed to demonstrate 

a reduction in CCL2 levels, when using a co-culture of CD8+T and U251 cells.  

In addition, two publications58,65 using a similar experimental procedure reported different effects 

on a specific pathway in BV-2 cells. In one of the studies58, THC was not able to influence the 

lipopolysaccharides (LPS)-induced activation of the nuclear factor kappa-light-chain-enhancer of 

activated B cells (NF-κB) pathway while, in another experiment65, THC attenuated the activation of 

this pathway.  Furthermore, Henriquez and colleagues (2020)63 raised another interesting point, 

showing that THC exhibited different results depending on the type of cellular stimulation (before 

or after the insult). This cannabinoid inhibited IFNγ-induced production of C-X-C motif chemokine 

ligand 10 (CXCL10) but when the cell cultures were stimulated with TNFα and IFNγ, THC was not 

able to affect this chemokine’s levels. 

On the other hand, one study65 displayed proinflammatory effects of THC, in particular an 

increase in mRNA expression of IL-15. Of note, THC treatment did not modify inflammatory 

parameters on unstimulated (control) cells58,60,62,63,65,67,68.  

Overall, despite the reductions of the cytokines already discussed, it is important to note that, in 

several papers, THC did not modify proinflammatory pathways’ activation, inflammatory mRNA 

and microRNAs (miRNA) expression, glial cell’s phagocytosis, and proinflammatory chemokines’ 

production58,61,63,66,68,69. Also, most studies were conducted in cell lines or mono-cultures of 

primary cells, which does not seem to be adequate models to reproduce in vivo results. 

 

3.3 Studies addressing the effects of CBD in inflammation 

A total of twenty eight publications addressed the effects of CBD in inflammation, twenty one 

using animal models (mouse and rat; see Table IV), and seventeen addressing inflammation in in 

vitro models (see Table V). 
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3.3.1 Studies addressing CBD effects using animal models 

A total of twenty one papers examining the effects of CBD using in vivo approaches were included 

in this review (see Table IV). The high number of publications found for this cannabinoid reflects 

the interest in its putative medical use, which has already been approved for several conditions in 

a few countries. 

The majority of these publications70-88 exhibited CBD-driven anti-inflammatory responses in 

diverse CNS regions, including the spinal cord. This cannabinoid displayed the ability to reduce 

proinflammatory cytokines and chemokines levels, microglial activation, and oxidative stress 

markers as well as to reverse microglial reactive phenotypes induced by other agents.  

In what concerns cytokines, studies were mostly focused on evaluating CBD’s ability to decrease 

the classical proinflammatory cytokines TNFα70,74,76,77,79,80,86,89, IL-1β77,80,86, and IL-675,79,80. These 

effects were observed in different CNS regions, such as brain cortex, hippocampus, striatum, and 

spinal cord. A number of publications, examining different conditions, also reported that CBD 

exerted no significant changes in their mRNA or protein levels of such cytokines75,80,85,86,89,90. 

Karimi-Haghighi and colleagues (2020)80 divided Wistar rats into two different groups: i) rats 

undergoing  methamphetamine (METH) extinction received a ventricular administration of CBD 

(5µg) or vehicle (veh), followed by the administration of an effective priming dose of METH (drug-

reinstatement); and ii) after METH extinction was established, rats were injected with CBD or veh 

60min prior to rapid eye movement (REM)-sleep deprivation (RSD), followed by the 

administration of an ineffective priming dose of METH. Afterwards, both the hippocampus and 

the PFC of these animals were evaluated. In the PFC, CBD was able to revert the increase in IL-1β 

and IL-6 transcription induced by either METH or RSD (but not TNFα). In the hippocampus, 

however, this cannabinoid reduced METH-increased mRNA levels of TNFα, IL-1β, and IL-6. 

However, the opposite effect was observed in the hippocampus of rats subjected to RSD, in which 

CBD intensified the increase in these cytokines.  Another inconsistency is observed, in the same 

paper80, when analyzing the prominent anti-inflammatory cytokine, IL-10. In the hippocampus of 

METH-treated rats not subjected to RSD, METH resulted in an increase in IL-10 levels, a 

consequence that was not altered by CBD treatment. While in RSD rats, METH increased the 

mRNA transcription of this anti-inflammatory cytokine, which was then exacerbated by CBD in the 

hippocampus but reduced in the PFC. This publication was the only one conducted in animals that 

revealed proinflammatory effects for CBD.  
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Common methods of evaluating glial responses include the assessment of the number of cells and 

immunohistochemistry processes using, in particular, ionized calcium binding adaptor molecule 1 

(Iba-1) and glial fibrillary acidic protein (GFAP) antibodies to determine microglia and astrocytes 

reactivity, respectively. Twelve studies assessed glial cells density and/or activation in the CNS in 

reaction to CBD. The majority of these papers revealed a decrease in these responses, caused by 

CBD, affecting both microglia71,77,78,81,82 and astrocytes72,74,78,81,82,84. One aspect frequently analyzed 

in these publications, contrarily to the ones included in the previous sub-sections, was the 

phenotype of glial cells. Resting astrocytes have a typical star-like appearance with thin fibers, on 

opposition, to activated astrocytes, which are less star-like and develop thick projections. 

LaFuente et al. (2011)74 induced HI in piglets, and then administered CBD or veh, intravenously 

(i.v.). Seventy-two hours later, this substance resulted in a switch of astrocytes’ morphology back 

to a non-reactive appearance similar to that displayed by sham animals. The same results were 

reported by Friedman and colleagues (2018)84, who showed that intra-hippocampal (i.h.) 

treatment with CBD, in Sprague-Dawley rats, reverted the activated morphology aspects of 

astrocytes induced by kainic acid (KA), and also supported by Gomes et al. (2015)81 in C56BL/6J 

mice. Microglia, on the other hand, can be classified into different types according to their 

morphological characteristics79. The classic classification in resting or ameboid microglia was 

progressively replaced by a larger number of different states that range from homeostatic 

microglia to dystrophic microglia, that present disease associated characteristics (also known as 

DAM, disease associated microglia).  Six studies revealed that CBD was able to transform these 

cells into less activated phenotypes by reducing mean soma size and increasing ramifications77-

79,82,85,86.   

Four papers evaluated the effect of CBD on cellular infiltration in murine experimental models of 

multiple sclerosis73,77,83,87. These studies revealed that this substance is capable of reducing 

cellular infiltration, including that of T-cells and other mononuclear cells, in both the brain and 

spinal cord. This is consistent with the results of two other studies76,77, where mice treated with 

CBD (3 or 5mg/kg) presented decreased cell margination processes and vascular cell adhesion 

molecule 1 (VCAM-1) expression, which translated in reduced adhesion of lymphocytes to 

endothelial cells. Moreover, CBD prevented the disruption of the blood brain barrier (BBB) 

integrity caused by LPS76.   

The experiments conducted in the papers included in this sub-section were highly variable, either 

in terms of CBD concentration or duration of treatment. Interestingly, eight 

studies72,73,75,77,83,87,89,90 used experimental models of neurodegenerative diseases, in particular of 
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Alzheimer’s disease and multiple sclerosis. The majority of these papers revealed anti-

inflammatory properties of CBD. Models of brain ischaemia were also practiced upon, either by 

inducing hypoxic-ischemic insults74,85, bilateral carotid artery occlusion (BCAO)82 or middle 

cerebral artery occlusion (MCAO)78. Additionally, CBD revealed to be anti-inflammatory in these 

conditions days after the lesions were established. Céprian et al. (2017)78 treated with CBD 

(5mg/kg) rats that underwent MCAO. Seven days after, while the number of microglial cells was 

reduced in the peri-infarct area, the number of astrocytes was not altered. However, thirty eight 

days after the procedure, the number of both astrocytes and microglial cells was reduced, 

although no differences in microglial phenotypes were observed.  

In summary, CBD exerted predominantly anti-inflammatory responses in the animal studies 

included. Of note, this substance was also relevant when used in models of neurodegenerative 

diseases, brain ischaemia, and also other conditions, such as diabetes mellitus (DM), seizure 

activity, and nicotine dependence. 

 

3.3.2 Studies addressing CBD effects using in vitro models 

The research conducted following the inclusion criteria exposed in the methods section resulted 

in a total of seventeen papers on the effects of CBD on various cell models (see Table V).  

In the majority of the experiments conducted, CBD was able to reduce inflammation and/or 

inflammatory markers, such as cytokines and chemokines’ protein and mRNA levels, oxidative 

stress markers, and reactive gliosis58,60,64,65,68,72,75,77,79,88,91-93. This cannabinoid consistently reduced 

the release of IL-1β58,72,91,93 and IL-658,92. Oxidative stress was also a crucial player in the CBD’s anti-

inflammatory outcomes, as seen by the reduction in NO75 and ROS79,88,93 production. Juknat and 

colleagues (2012)64, however, demonstrated an increase in ROS formation in BV-2 cells treated 

with 10µM of CBD for 4h.  

Despite a major bulk of reports, in a few publications, CBD was shown to also exhibit 

proinflammatory outcomes, increasing mRNA expression of proinflammatory cytokines, including 

IFN-β and IL-1564,65,94,95 and oxidative stress64,94. Interestingly, two of the studies that showed 

marked proinflammatory consequences of CBD treatment were conducted in glioblastoma cell 

lines94,95. In these papers, three different glioblastoma cell lines (U87MG, U118MG, and T98G) 

were exposed to varied concentrations of CBD (5-40µM). There was evidence of increased IL-1β, 
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IL-6, and IL-8 mRNA levels as well as an elevation in COX-2, TNFα, and IL-6 levels. Additionally, in 

both cases, CBD was responsible for an increase in cell death.  

In addition to the data reported for glioblastoma cells94,95, CBD was also seen to provoke 

apoptosis of murine primary microglia96, rat astrocytes88, and BV-2 cells91. Nevertheless, these 

results were not consistent among studies, as Kozela et al. (2010)58 failed to show differences in 

cell viability of BV-2 cells exposed to CBD. 

Two other parameters were also evaluated in the studies included: phagocytosis and cell 

migration. Phagocytic capacity is a marker of microglia reactivity. Phagocytosis is essential to 

remove cell debris and prune synaptic spines, however, excessive or unbalanced phagocytosis can 

be a cause of disease97. Hassan et al. (2014)69 exposed different cell lines (murine primary 

microglia, BV-2 cells, highly aggressively proliferating immortalized (HAPI)  cells, and RAW-264.7 

cells [monocyte/macrophage-like]) to CBD (10µM) for a total of 24h, and verified that CBD led to 

increased phagocytosis in all cell types. Regarding microglia motility, Martin-Moreno and 

colleagues (2012)75 stimulated rat primary microglial cells with LPS and added CBD to the 

medium, observing  enhanced microglial cell migration.  

In summary, and coherently with what was observed in vivo, in vitro studies evaluating CBD 

reported mainly anti-inflammatory effects. Of note, we could not find any clinical studies 

addressing the role of CBD in inflammation in humans.  

 

3.4 Studies addressing the effects of combinations of THC and CBD in 

inflammation 

Papers on the effects of Sativex®-like combinations of THC and CBD were also included in this 

study, comprising a total of four publications using animal models (see Table VI) and one 

publication using in vitro approaches (see Table VII). 
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3.4.1 Studies addressing the effects of combinations of THC and CBD using 

animal models 

All animal studies included reveal that a 1:1 combination of THC and CBD has anti-inflammatory 

properties, mostly translated in reduced proinflammatory cytokines and cellular infiltration. Al-

Ghezi and colleagues (2019)98 was the only publication that evaluated cytokines levels in response 

to CBD in the CNS of a mice model for experimental autoimmune encephalomyelitis (EAE). In this 

study, CBD efficiently opposed the proinflammatory profile caused by EAE, by decreasing the 

release of IL-1β, IL6, IL-17A, TNFα, and IFNγ, while promoting the levels of the anti-inflammatory 

cytokines IL-10 and transforming growth factor beta (TGF-β). These results were further 

supported by data showing that CBD influenced microRNAs whose targets include cytokines and 

molecules involved in EAE progression. In other articles, CBD also reduced IL-1b99, IFNγ99, TNFα99, 

iNOS100, IGF1100, VCAM-199, and intercellular adhesion molecule 1 (ICAM-1)99 mRNA expression. 

Additionally, a Sativex®-like combination used in mice also revealed a reduction in chondroitin 

sulfate proteoglycans (CSPGs) release. Through these regulatory mechanisms and also by 

counteracting microglia and astrocytes activation99,100 and hindering cellular infiltration98,99,101, a 

Sativex®-like combination appears to be effective in reducing inflammation. In summary, a 1:1 

combination of THC and CBD treatment seems sufficient to afford neuroprotection for the tested 

conditions.  

 

3.4.2 Studies addressing the effects of combinations of THC and CBD using in 

vitro models 

In vitro, a single publication using a Sativex®-like combination was included (see Table VII). In this 

study99, rat primary astrocytes were treated with TGF-β1 and basic fibroblast growth factor 

(bFGF), which resulted in decreased synthesis and release of CSPGs. CSPGs are upregulated by 

activated glia, and play a key role in glial scar formation102. Besides, these components of the 

extracellular matrix exhibit proinflammatory functions, including leukocytes’ activation and 

migration, and seem to be increased in MS and EAE’s lesions102.   

Therefore, despite the low number of articles included in this sub-section, the results are 

consistent with those presented in studies using animal models, and markedly anti-inflammatory. 
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3.5 Studies addressing the effects of non-THC/CBD cannabinoids in inflammation 

This section examined articles evaluating other cannabinoids, namely Δ9-tetrahydrocannabinolic 

acid (Δ9-THCA), tetrahydrocannabivarin (THCV), cannabidiolic acid (CBDA), cannabidivarin (CBVD), 

cannabigerol (CBG), cannabisin F, and extracts of Fructus Cannabis (EFC), comprising a total of 

three articles in animal models (see Table VIII), and four articles using in vitro studies (see Table 

IX).  

 

3.5.1 Studies addressing the effects of non-THC/CBD cannabinoids using animal 

models 

On animal models, EFC103 and THCA104 revealed anti-inflammatory responses. Sprague-Dawley 

rats underwent D-gal-induced aging and then were treated for 14 weeks with EFC103. This extract 

was able to reduce the number of activated astrocytes as well as revert the oxidative stress 

provoked by D-gal treatment in the hippocampus. THCA treatment of C57BL/6 mice with striatal 

neurodegeneration induced by 3-Nitropropionic acid (3-NP) reduced both astrogliosis and 

microgliosis responses to neurodegeneration, as well as the the expression of proinflammatory 

markers104.  

 

3.5.2 Studies addressing the effects of non-THC/CBD cannabinoids using in vitro 

models 

Using in vitro  models, various kinds of cannabinoids, such as CBDA69, CBDV69, CBG88,105, THCV69, 

and cannabisin F106 were evaluated. Wang and colleagues (2019)106 treated BV-2 cells with 

different concentrations of cannabisin F for 1h and then stimulated them with LPS for a period of 

24h. The authors showed that this cannabinoid was able to counteract the inflammatory 

properties of LPS, by reducing IL-6 and TNFα protein levels and preventing oxidative stress. CBG 

was studied in two other papers88,105 and also revealed anti-oxidative stress properties. In a co-

culture of RAW 264.7 cells and NSC-34 (motor neuron-like hybrid) cells, this substance reduced 

nitrotyrosine levels as well as the genetic expression of superoxide dismutase 1 (SOD1) and 

iNOS105. This cannabinoid also protected rat astrocytes from H2O2 damage while decreasing ROS 

production by these cells88. On the other hand, CBG, not only reduced apoptosis of rat astrocytes, 

but also increased proliferation of these cells88. Hassan et al. (2014)69 studied the effect of 10µM 
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of CBDA, CBDV or THCV on phagocytosis in a BV-2 cell culture, but failed to demonstrate any 

alteration caused by these cannabinoids on the phagocytic  function.  

Of all the cannabinoids included in this section, CBDA was the only one to induce a 

proinflammatory response107. Interestingly, mice subjected to a 10-day treatment with CBDA, but 

not those who only received a single intraperitoneal (i.p.) injection, displayed higher levels of IL-

6107.    

Unfortunately, the number of papers included in this sub-section was low, making it difficult to 

draw robust conclusions. However, all cannabinoids studied demonstrated anti-inflammatory 

properties, as also observed in animal models, with the exception of CBDA.  

 

3.6 Studies addressing the effects of non-cannabinoid components of cannabis in 

inflammation 

We also included four studies addressing the effects of different substances, such as 

phenylpropanamides, BCP and hemp proteins. We found one study in mice (see Table X) and a 

total of three papers in vitro (see Table XI).  

The only experiment on animals included in this sub-section studied the effects of total 

phenylpropionamides (TPA) on Kunming mice108. A higher concentration (2g/kg) of TPA had no 

effect on cytokines’ levels. However, when the concentration of TPA was lower (1g/kg), treatment 

with this substance resulted in a decrease of IL-1β, IL-6, and TNFα levels induced by LPS.   

Hemp protein isolates or hydrolysates (HPI/HPH)109 and coumaroylaminobutanol glucopyranoside 

(CLG)106 were studied in BV-2 cells. Neither of these substances had any effect on cell viability. 

CLG, HPI, and HPH produced anti-inflammatory responses: CLG treatment for 1h reduced the 

genetic expression of IL1b and IL6 and protected cells against oxidative stress106; HPI and HPH also 

decreased IL6, TNFα, and IL1b mRNA levels, while upregulating IL10 expression109. Askari et al. 

(2019)110 incubated OLN-93 cells (deriving from a permanent oligodendroglia cell line) with BCP 

for 24h, and afterwards exposed them to BCP and LPS for another 24h. BCP did not alter cell 

viability, but switched to an anti-inflammatory state, by decreasing the LPS-induced levels of 

TNFα, NO, and ROS.  
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Again, this sub-section is supported by a reduced number of studies, which do not allow reaching 

robust conclusions. Nevertheless, all substances evaluated demonstrated anti-inflammatory 

properties.   

 

4. Discussion 

This review is, to our knowledge, the first systematic review examining the effects of natural 

cannabinoids on neuroinflammation in both cellular, animal models and humans. Even though 

there is abundant literature addressing cannabinoids effects, there are few reviews on the specific 

inflammatory effects of these substances on the CNS, and the vast majority of those examined 

their effects in CNS disorders and their neuroprotective potential111-117, focusing on the 

pharmacological potential of cannabinoids on neuroinflammation118. Other aspects commonly 

analyzed consist of cannabinoid’s functions and role in peripheral inflammation25,119-125 and 

cannabis’ effects on brain structure and function in humans126,127.  

In the present review, the results suggest that cannabinoids, in particular CBD and THC-CBD 

combinations, potentiate important anti-inflammatory responses in the CNS. These findings are 

consistent with the anti-inflammatory properties of these substances on peripheral inflammation 

processes in vivo128-131 and in vitro131,132 examined in several studies.  

The current review granted three key findings: (1) THC displayed considerably anti-inflammatory 

properties in in vitro models, however, the results were inconsistent when compared with those 

obtained in animal models; (2) CBD was predominantly an anti-inflammatory substance in all 

models studied; and (3) combinations of THC and CBD were consistently anti-inflammatory.  

The studies addressing the effects of THC in animal models were not consistent. More than half of 

these publications consisted of non-randomized experiments49-51,54,55,57, with only one double-

blind randomized experiment out of the eleven articles included53. Also, the experiment planning 

was highly variable, as can be observed in Table II. In rodent models, treatment dosages of THC 

varied from 1mg/kg48,56 to 20mg/kg48,55, administered in a single dose49,56 or repeated 

administrations50,54. The longest experiment of all the animal studies included was conducted with 

twice-daily THC administrations of 0.18-0.32mg/kg in rhesus macaques for a total of 

approximately 12.5 weeks57. One of the factors that may contribute to the discrepancies in 

neuroinflammatory responses is the age at initiation of use. Zamberletti et al. (2015)50 treated 
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adolescent female Sprague-Dawley rats with THC and revealed an induction of signs of 

neuroinflammation, particularly in the PFC, that persisted until adulthood. This outcome was also 

suggested by one other 2015 publication49, which exhibited evidence that chronic THC treatment 

during adolescence resulted in long-lasting proinflammatory changes in murine hypothalamus 

and hippocampus. This may contribute to explain why morphological brain alterations due to 

chronic cannabis are much more severe during adolescence, possibly resulting in long-lasting 

changes in the CNS.  

Of note, in in vitro models, THC displayed robust anti-inflammatory properties. The majority of 

the articles reviewed revealed a reduction of the production and release of proinflammatory 

molecules, accompanied by a decrease in ROS production and an increase of anti-inflammatory 

cytokines levels. Half of these studies was conducted using the BV-2 cell line, an extensively used 

model for microglia, which has been supported as a suitable alternative for primary microglia and 

animal models in neuroinflammation studies133. However, isolated cells can hardly recapitulate 

what happens in the brain tissue, where several different cell types contribute to an emergent 

outcome. 

CBD had a more consistent anti-inflammatory response in both in vitro and in vivo models. With 

regard to animal models, CBD showed a coherent protective function against inflammation. Of 

the four articles72,75,89,90 analyzing the effects of CBD on Alzheimer’s disease, only two used 

transgenic mouse models of AD89,90. Despite the differences in experimental design employed in 

these articles, Cheng et al. (2014)89 treated mice with gel pellets of CBD (20mg/kg) for 8 months, 

while Watt and colleagues (2020)’90 mice were administered intraperitoneally CBD (50mg/kg) for 

7 weeks, both resulted in anti-inflammatory effects, confirming a robust effect. When AD mice 

were treated with higher doses of CBD90, the levels of proinflammatory cytokines and microglia 

reactivity were not altered. Lower doses of these substance89, however, resulted in a reduction of 

cytokine levels, in AD mice, to values similar to those of wild-type (WT) mice, despite not changing 

Il-1β and TNFα mRNA levels. For the study of multiple sclerosis, two different rodent models were 

used: experimental autoimmune encephalomyelitis73,83,87 and virally-induced demyelination77. The 

results were consistent among these four articles, with CBD acting as an anti-inflammatory agent 

in both the brain and the spinal cord.  

Different cell lines were also used across these articles to evaluate CBD in neuroinflammation, 

including two publications94,95 which studied the effect of CBD in three different glioblastoma cell 

lines: U87MG, U118MG, and T98G. Glioblastoma is the most prevalent malignant tumor in adult 

patients134 and it communicates with other cells, including microglia, astrocytes and infiltrating 
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macrophages, through the production and release of inflammatory mediators135. In both 

studies94,95, CBD produced a proinflammatory response in the glioblastoma cell lines, as seen by 

the increase in inflammatory cytokines’ mRNA transcripts and protein levels and oxidative stress.  

Although the number of publications addressing Sativex®-like combinations on 

neuroinflammation is low, this combinatory effect demonstrated anti-inflammatory properties in 

both in vitro99 and in vivo98-101. All these combinations were used in animal models of 

neurodegenerative diseases, such as multiple sclerosis and Huntington’s disease. Sativex® is 

already approved in several countries for the treatment of MS-related spasticity and pain136. 

Despite its encouraging results in symptomatic treatment of MS and inflammation control in 

animal models, the literature is at fault when it comes to the study of the anti-inflammatory 

effects of this compound in the CNS of MS patients. The Cannabinoid Use in Progressive 

Inflammatory brain Disease (CUPID) trial137, however, attempted to analyze if oral THC treatment 

of MS patients could alter disease progression. Unfortunately, this 3-year, phase III clinical trial 

failed to demonstrate a significant and beneficial effect of THC in MS progression. Nevertheless, in 

a subgroup analysis of less disabled patients, oral THC treatment appeared to significantly slow 

progression.  

It should be emphasized that in the majority of studies on cellular models, cells were stimulated 

with different substances (insults), with particular emphasis on LPS, a classic stimulus to induce 

inflammatory responses. LPS-induced inflammation is one of the most common models used for 

the study of neuroinflammation. LPS is present in the outer membrane of Gram-negative bacteria, 

and when it activates its main target, the toll-like receptor 4 (TLR4), a plethora of pro-

inflammatory responses are induced138. LPS has proved to produce neuroinflammatory outcomes 

in various in vitro139,140 and in vivo141,142 models, even maintaining this ability when given 

systemically141. While most cannabinoids were effective in counteracting the effect of LPS, these 

cannabinoids did not exhibit a response when administered to healthy (control) non-stimulated 

animals/cells50,51,55,70,76,79,85. An exception can be made for THC, which demonstrated 

proinflammatory properties48-51,53,54. Sonego et al. (2018)79 was also able to induce an anti-

inflammatory response when treating non-stimulated mice with CBD, although these results may 

reflect the much higher cannabinoid dose used in this experiment. As previously mentioned, 

cannabinoids are extensively studied in diseased patients, but less so on healthy individuals. 

These contradicting results should then be assessed in both models. An opposite response in 

terms of peripheral inflammation has been noted in other studies, as demonstrated by a 2021 

systematic review 143, in which healthy cannabis users volunteers had a diminished inflammatory 
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response, while cannabinoid based treatment of patients with MS showed little impact on their 

peripheral inflammatory markers.  

Lastly, the inflammatory mechanisms presented in the articles reviewed here focused on three 

key areas: glial reactivity, production of inflammatory mediators, and oxidative stress. One of the 

inflammatory markers analyzed was glutamate, the main excitatory neurotransmitter in the 

CNS144. Glutamate-induced excitotoxicity and neuroinflammation are involved in the pathogenesis 

of several neurodegenerative diseases144. Glia cells, especially astrocytes and microglia, 

participate in regulating glutamate levels and glutamatergic transmission in the CNS and glia 

dysfunction contributes to glutamate-mediated toxicity144. The results on cannabinoids’ influence 

on glutamate levels were contradicting. CBD reduced glutamate’s levels on a cellular model93, but 

THC was responsible for the increase secretion of this neurotransmitter in an animal model54. 

These findings are compatible with a previous human study which has found that THC increased 

glutamate concentrations in the striatum, although these concentrations were not altered in the 

anterior cingulate cortex, suggesting that these effects may be region-dependent145. On the 

contrary, a recent systematic review suggests that chronic cannabis use reduces glutamate levels 

in the human brain119.  

Oxidative stress has demonstrated to contribute to neuroinflammation146 and to be involved in 

the pathogenesis of several conditions147-149. Similar to previous results, CBD is consistently more 

effective in reducing oxidative stress72,75,76,79,88,93, what could partially explain its anti-inflammatory 

mechanisms. This is consistent with a recent systematic review120, which revealed that CBD down-

regulated ROS production on normal human healthy cells. In addition, oxidative stress is one of 

the regulators of glutamate levels in the CNS150, thus its control could perhaps explain in part the 

decrease in glutamate levels by cannabinoids. 

The first key limitation in this review was the exclusive use of PubMed® for the search, which may 

have hindered the identification of other relevant studies and increased bias. Also, there were 

both date (2010-2020) and language (English) restrictions. In this review, the investigation was 

extended to include in vitro cell populations and in vivo animal and human studies. Other 

weaknesses encountered in the included studies refer to the lack of blinding and randomization in 

animal models. However, it is important to note that most publications presented a placebo 

group. The experimental procedures, in particular, dosages and treatment period, were varied, 

yielding diverse results, and decreasing the robustness of effects across studies.  
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5. Conclusion 

Together, the sixty three articles discussed in this review suggest that cannabinoids exert anti-

inflammatory responses in the central nervous system in preclinical models of health and disease. 

More than half of the articles included corresponded to experiments conducted in vitro. Also, only 

two studies included presented the effects of cannabinoids on humans. It is important to recall 

that the cannabinoids studied, in particular THC, exhibited proinflammatory properties in the CNS, 

which is in line with other publications revealing higher levels of proinflammatory cytokines in 

individuals with cannabis use disorder. The magnitude and extension of these effects, however, 

may depend on several factors, such as dosage, duration of treatment and age at onset of use. 

Although some of these substances are currently used in clinical practice for symptomatic 

treatment of certain conditions, it remains to be clarified how impactful these responses may be 

for the treatment of neuroinflammation and even on addiction development and treatment. 
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Appendix 
 

 

 
 
 

Figure 1: Flow diagram of study selection process 
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Table I: Studies addressing the impact of cannabis use in inflammatory markers in humans 

 
 
Author/Year 
 

Country Study Design 
Sample 
Details 

Age, years (mean 
± SD) 

Co-Variates Protocol 
 Evaluations 
Conducted 

Results 

Ellis, 2020
45

 
United 
States of 
America 

Cross-sectional 
prospective 
observational 
cohort study 

35 HIV(+) and 
21 HIV(-) 
individuals 
with (n=41) 
or without 
(n=15) 
cannabis use 

HIV(+): 47±14.7 
HIV(-): 42.27±14.2 

HIV status, age, 
gender, CD4 
count 

Participants 
underwent 
neuromedical 
assessment, blood 
draw, and lumbar 
puncture 

IL-16, CRP, IL-6, IFN-
gamma-induced 
protein [IP]-10, soluble 
CD14, and soluble TNF 
receptor type II in 
cerebrospinal fluid 
and blood. 

Recent cannabis use was 
associated with lower 
CSF levels of IL-16, CRP, 
and soluble TNF receptor 
type II, reflecting 
reduced inflammation. 

Blest-Hopley, 
2019

46
 

United 
Kingdom 

Cross-sectional 
prospective 
observational 
cohort study 

Individuals 
with our 
without 
cannabis use 

CU: 25.05±3.5 
NU: 24.24±4.11  

Cocaine use, 
nicotine use, 
alcohol use, 
age, gender 

1
H-MRS was 

performed on all 
participants 

Glutamate, 
myoinositol and N-
acetyl aspartate 
concentrations in the 
hippocampus.  

Cannabis use was not 
related to hippocampal 
glutamate levels but 
reduced myoinositol 
levels. 
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Table II - Characteristics of studies addressing THC effects in animal models 
 
Author/Year Study Design Subjects Experimental Procedure CNS Region Results 

Touriño, 
2010

55
 

Non-randomized, 
placebo-controlled 

C57BL/6 mice 
Cb1

-/-
 mice 

 Cb2
-/-

 mice  
Cb1

-/-
 + Cb2

-/-
 

mice 

Binge 3,4-
Methylenedioxymethamphetamine 
(4x20mg/kg, i.p.; MDMA) or saline; 
1h before each MDMA/saline 
administration, THC (3mg/kg, i.p.) 
or veh were administered to WT or 
CB1 and CB2 deficient mice. 

Striatum 

THC prevented microglia and astrocytes reactivity induced by 
MDMA administration, as well as the loss of dopaminergic 

terminals and the hyperthermic effect (at 21°C, but not at 26°C); 
THC alone did affect microglia and/or astrocytes reactivity 
(evaluated by CB11b and GFAP). Of note, THC did not prevent 
MDMA-induced hyperthermia, glial activation and dopamine 
(DA) terminal loss when the CB1 receptor antagonist AM251 
was used, neither in CB1 and CB1/CB2 knockout mice, indicating 
a role for CB1 receptors in mediating the protective effect. 

Cutando, 
2013

48
 

Single-blind, 
randomized, 
placebo-controlled 

WT Swiss albino 
mice 
Cb1

-/-
 mice (on a 

CD-1 background) 
Cb1a6- mice (on a 
C57BL/6 
background); 
Gabra6cre; Cb1 
f/f mice 

Mice were administered THC 
(1mg/kg, 2.5mg/kg, 5mg/kg, or 
20mg/kg, i.p.) or veh twice daily for 
5 consecutive days; on the sixth 
day, mice received one injection of 
THC or veh 

Cerebellum 

The study describes cerebellar activation of microglia as a result 
of dysregulated CB1R activity produced either by subchronic 
THC exposure or CB1R genetic disruption. Subchronic THC dose-
dependently increased microglial activation changing 
morphology, mainly in the molecular layer, and increasing 
expression of proinflammatory genes (IL-1b). Pharmacological 
blockade of microglial activation and IL-1 receptor (IL-1R) 
signaling prevented the behavioral and motor deficits associated 
with the cerebellum. 

Castelli, 
2014

56
 

Single-blind, 
randomized, 
placebo-controlled 

Adult male 
Sprague-Dawley 
rats 

Rats were divided into two groups: 
METH (10mg/kg, s.c.) or saline; 
both groups were treated with THC 
(1mg/kg or 3mg/kg, i.p.) or veh 
30min before or 0.5, 12, 24, 36 and 
48h after the last METH or saline 
administration 

Caudate-
putamen (CPu); 
PFC 

Either pre- and posttreatment with THC attenuated the 
neurotoxicity of METH, reducing METH-induced nNOS (neuronal 
NOS) overexpression and astrogliosis (measured by GFAP). 
Evaluation was conducted in the CPu and PFC.  

Lopez-
Rodriguez, 
2014

53
 

Double-blind, 
randomized, 
placebo-controlled 

Male and female 
adolescent Wistar 
rats 

 
From postnatal day (pnd) 28 to 45, 
rats were given THC (2.5mg/kg, 
from pnd 28 to 34; 5mg/kg from 
pnd 35 to 40; 10mg/kg from day 41 
to 45; i.p.) or veh; every 5 days, 
from pnd 30, rats received 2 daily 
administrations 
 of MDMA (10mg/kg, s.c.) or saline 

Hippocampus 

THC alone increased astrocytes reactivity; in males, THC alone 
(or with MDMA) increased microglial reactivity; in females, THC 
or MDMA, alone, reduced microglial reactivity (THC and MDMA 
together resulted in return to control values). THC counteracted 
METH-induced serotonin transporter protein (SERT) reduction in 
both sexes; while reducing CB1 receptors in females. 
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Moretti, 
2015

49
 

Non-randomized, 
placebo-controlled 

BALB/cJ mice 
(adolescents [1] – 
pnd 33; adults [2] 
– pdn 80) 

Acute treatment: mice were 
administered with THC (15mg/kg, 
s.c.) or veh 
 

Hypothalamus; 
Hippocampus 

Adolescents: THC reduced TNFα and IL-1β levels; IL-10 levels 
were not affected. 
Adults: THC had no effect on levels of these cytokines. 

Chronic treatment:  
[1] THC or veh were administered 
from pnd 33 to pnd 42 (5mg/kg 
pnd 33-35; 10mg/kg pnd 36-38; 
15mg/kg from pnd 39-42; s.c.) 
[2] THC or veh were administered 
from pnd 80 to pnd 89 (5mg/kg 
pnd 80-82; 10mg/kg pnd 83-85; 
15mg/kg pnd 86-89; s.c.) 

Adolescents: THC reduced TNFα levels after treatment but these 
were increased 6 weeks later; IL-1β levels were increased 6 
weeks after the last THC injection; IL-10 levels were increased 
after THC treatment but reduced at pnd 90 
Adults: TNFα and IL-1β levels were decreased after THC 
treatment but this effect was not present after 6 weeks; THC 
treatment increased IL-10 levels, an effect also not present 6 
weeks later. 

Zamberletti, 
2015

50
 

Non-randomized, 
placebo-controlled 

Adolescent 
female Sprague 
Dawley rats 

Rats were injected twice a day with 
THC or veh from pnd 35 to pnd 45 
(2.5mg/kg pnd 35-37; 5mg/kg pnd 
38-41; 10mg/kg pnd 42-45; i.p.) 

PFC; Nucleus 
accumbens;  
Hippocampus; 
Amygdala 

PFC: THC increased microglial reactivity (↑ Iba1 expression and 
activated-state morphology of microglial cells); THC also 
increased the levels of TNFα, COX-2, and iNOS, while reducing IL-
10 levels.  
Other regions: these effects were not observed in the other brain 
regions evaluated. 
Chronic treatment with an anti-inflammatory agent (Ibudilast) 
concomitantly to THC reduced Iba1 expression and the 
previously mentioned proinflammatory mediators levels. 

Simon, 
2016

57
 

Non-randomized, 
placebo-controlled 

SIV 
Rhesus macaques 

Animals were injected 
intramuscular (i.m.) twice a day 
with veh or THC – these injections 
were started 4 weeks before SIV 
infection (0,18mg/kg) then the 
dose was increased (0,32mg/kg) 
over 2 weeks and continued for the 
duration of the study 
4 groups were created: veh + no 
infection; THC + no infection; veh + 
infection; THC + infection 

Striatum 

 
THC alone decreased miRs expression that regulate mRNAs of 
proteins involved in many biological processes: regulation of 
transcription and cell migration, fibroblast growth factor (FGF) 
signaling pathway, immune response, toll like receptor pathway, 
negative regulation of apoptotic processes, cell proliferation. 
In the THC/SIV group, there were increased miRs regulating 
proteins involved in DNA repair, negative regulation of apoptosis 
and viral reproduction, and response to stress; while, miRs 
mediating processes such as negative regulation of apoptosis and 
cell proliferation, regulation of transcription, and insulin receptor 
signaling pathway, were decreased. mRNA expression of TNFa 
was significantly diminished in the THC/SIV group compared to 
VEH/SIV, as well as the expression of IL6, IL1b and Ccl2 (but not 
of significant difference). 
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Zamberletti, 
2016

51
 

Non-randomized, 
placebo-controlled 

Male  and female 
Adolescent 
Sprague Dawley 
rats 

Rats were injected with THC 
(2.5mg/kg pnd 35-37; 5mg/kg pnd 
38-41; 10mg/kg pnd 42-45) or veh 
twice a day from pnd 35 to pnd 45; 
i.p.). Sensitization was tested using 
phencyclidine (PCP). 

Hippocampus; 
PFC 

THC led to poor memory performance and psychotic-like 
behaviors after PCP. 
Hippocampus: THC increased astrocytes reactivity and expression 
of iNOS and TNFα, but did not affect COX-2 levels; while 
decreasing IL-10 expression. 
PFC: THC had no effect on TNFα, iNOS and IL-10 expression, but 
led to increased COX-2 levels. 
No changes in microglial activation were observed (as evaluated 
by iba1 and cd11b). 
 

Jouroukhin, 
2019

54
 

Non-randomized, 
placebo-controlled 

Adolescent mice 
with inducible 
expression of DN-
DISC1 selectively 
in astrocytes 

Mice were treated from pnd 30 for 
3 weeks with daily injections of 
THC (8mg/kg, s.c.) 

Hippocampus 

 
DN-DISC1 adult mice treated with THC in the adolescence 
showed an upregulation of genes involved in inflammatory 
pathways (including NF-κB signaling) and of Ptgs2 (COX-2); there 
was also an increase in COX-2 levels, of phosphorylation of NF-
κB p65 and IκBα and of glutamate secretion. The 
cyclooxygenase-2 inhibitor, NS398, prevented THC-induced 
cognitive changes. 
 

Bhatt, 2020
52

 
Randomized, 
placebo-controlled 

Sprague Dawley 
rats 

 
Rats were assigned to 4 groups: a) 
post-THC + repeated mild 
traumatic brain injury (RmTBI); b) 
post-THC + sham; c) placebo + 
RmTBI; d) placebo + sham. 
12 daily injections of THC were 
given between pnd 44 and pnd 54 
(1.25mg/kg, i.p.)  

PFC; 
Hippocampus; 
Nucleus 
accumbens 

THC affected anxiety and cognitive performance. 
THC increased IL-1b  serum levels, THC increased Iba-1 mRNA 
expression in the PFC, suggesting microglial activation, but not 
in the hippocampus nor the nucleus accumbens; THC did not 
confer therapeutic benefits in rats exposed to TBI 
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Table III - Characteristics of studies addressing THC effects in in vitro models 

 
Author/Year Cell Culture Experimental Procedure Results 

Kozela, 2010
58

  BV-2 cell line 
Cells were treated with THC (1, 5, or 10µM); 2h 
later, cells were stimulated with LPS 

THC reduced the release of IL-1β, IL-6 and IFN-β dose dependently from LPS-
stimulated cells and also presented lower levels of mRNA of Il1-β and IFN-β ; THC 
decrease the activation of proinflammatory signaling by interfering with the 
TRIF/IFNβ/STAT pathway, but did not reduce the activity of the NF-κB pathway.   

Fraga, 2011
59

 BV-2 cell line 
Cells treated with THC (1 µM and 10 µM) or 
veh, were assessed for migration in response 
to HIV-Tat 

THC inhibited microglial cell migratory response to HIV-Tat protein. 

Juknat, 2012 
64

 BV-2 cell line 
Cells were treated with THC (10µM) or veh for 
6h 

THC inhibited the expression of a subset of proinflammatory genes (particularly, 
chemokine ligands (CCL) – Ccl7, Ccl9, Cxcl14, Cx3cr1, IL1b and IFN1b), induced a 
cellular stress response, activated the GCN2/eIF2α/p8/ATF4/CHOP-TRIB3 pathway, 
which leads to autophagy and apoptotic cell death. 

Juknat, 2013
65

 BV-2 cell line 
Cells were treated with THC (10µM) for 2h; LPS 
was added for another 4h 

 
THC inhibited the LPS-induction of proinflammatory genes, including IL1b, IL14, IL27, 
IL4i1, Ccl2, Ccl7, Ccl9, and IFN1b, but enhanced the LPS-upregulation of IL15 and Gdf15 
mRNA expression; THC attenuated LPS-stimulated activation of NF-κB. 

Hassan, 2014
69

 BV-2 cell line Cells were treated with THC (10µM) for 24h THC did not affect phagocytosis. 

Janefjord, 
2014

60
 

BV-2 and SH-SY5Y cell 
lines 

 
Microglial cells were treated with LPS with or 
without THC (10µM); SH-SY5Y cells were then 
cultured in microglial-conditioned media 

THC protected SH-SY5Y cells from BV-2 conditioned media activated via LPS. 

McCarthy, 
2016

61
 

Murine immortalized 
microglial cells (adult 
C57BL/6J mice, infected 
with v-raf/v-myc 
retrovirus) 

Cells were treated with THC (10µM) for 24h 
THC inhibited the amyloid-β (Aβ) -induced increase in iNOS transcript levels and didn’t 
alter the expression of Arginase-1 (M2 marker; Arg-1) in Aβ-treated IMG cells. 

Xie, 2016
67

 

Murine bone marrow 
mesenchymal stem cells 
(BM-MSCs)  
Murine primary 
microglia  

MSCs were treated for 24h with THC (1µM);  
primary microglia was cultured in BM-MSCs 
conditioned medium and then stimulated for 
24h with LPS 

Pre-treatment with THC improved the immunomodulatory properties of BM-MSCs in 
microglia LPS-stimulated, reducing the secretion of TNFα, IL-6, IL-8, and IL-1β, and 
increasing IL-10.  

Xie, 2016
62

 
Murine primary 
microglia  

Cells were treated with nanoparticles with or 
without THC (10µM), and then treated with LPS 
for 24h 

THC, either directly or to a greater extent in nanoparticles containing THC-MSN-
ARA290, increased IL-10 secretion and reduced TNF-α, IL-6 and IL-1β levels (induced 
by LPS). 
 



29 

 

Juknat, 2019
68

 BV-2 cell line 
Cells were treated with THC (10µM) for 2h; LPS 
was added for another 4h 

THC decreased the LPS-upregulation of miR-146a, but had no effect on miR-155-5p 
and -34a(miRNAs associated to Toll-like receptor and NF-κB signaling). 

Rizzo, 2019
66

 
Fetal-derived human 
astrocytes  
Human monocytes 

 
Astrocytes were treated with THC (1, 5 and 
10µM) and monocytes were posteriorly added; 
cocultures were activated with R837 (TLR7 
agonist) 
 

THC reduced astroglial production of CCL2 and IL-6. 

Astrocytes were treated with THC and 
activated using recombinant IL-1β plus R837 
for 20h 
 

THC reduced the percentage of astrocytes expressing CCL2 and IL-6, with no effects on 
the levels of CCL2 and a minor decrease in IL-6 levels. 
 

Henriquez, 
2020

63
 

CD8
+
 T cells 

U251 glioblastoma cell-
line 

 
CD8

+
T cells were stimulated, using anti-CD28 

and anti-CD3 antibodies, IFNγ, and IL-2 for 72h; 
these cells were then co-cultured with U251 
cells for 24h; CD8

+
T cells were treated with THC 

either at the time of initial stimulation or after 
72h of stimulation 

THC reduced CD8
+
T cell-mediated induction of CXCL10 and IL-6 responses in 

astrocytes but had no effect on CCL2. 

U251 cells were treated with THC (1, 5 or 
10µM) for 30min and then stimulated with 
TNFα, IFNγ or TNFα+IFNγ 

THC reduced the TNFα-induced increase in IL-6 levels but did not suppress CCL2 
production; THC suppressed CXCL10 induced by IFNγ; THC had no effect on CCL2 and 
CXCL10 but reduced IL-6 levels in cultures co-stimulated with TNFα+IFNγ. 
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Table IV - Characteristics of studies addressing CBD effects in animal models 

 
Author/Year Study Design Subjects Experimental Procedure CNS Region Results 

Magen, 
2010

70
 

Randomized, placebo-
controlled 

Female Sabra 
mice 

Mice were assigned to 5 groups: a) 
sham + veh; b) sham + CBD (5mg/kg; 
i.p.); c) bile duct ligation (BDL) + veh; 
d) BDL + CBD, and e) BDL + CBD + 
WAY-100635 
Drugs were started 1 day after 
surgery and continued for 4 weeks 

Hippocampus 

CBD improved cognitive and motor function in a model of 
hepatic encephalopathy. 
CBD restored mRNA expression levels for TNF receptor 1 and 
BDNF. These effects seem to be modulated through the 5-
HT1A receptor. CBD did not affect BDNF mRNA expression in 
sham animals. 

Toth, 2010
71

 

Single-blind, 
randomized, placebo-
controlled 
 

Streptozotocin 
(STZ)-diabetic 
CD1 mice 

 
Mice were assigned to 4 groups: a) 
DM + CBD (onset), b) DM + CBD (late 
treatment), c) non-DM + placebo 
(onset) and d) non-DM + placebo 
(late treatment) 
CBD: 0,1mg/kg, 1mg/kg, 2mg/kg 
(intranasal or i.p.) 

- Onset: 3 months of 
treatment 
- Late: 1 month of 
treatment 

Dorsal spinal 
cord (DSC); 
Thalamus 

CBD reduced microglial density, Iba-1 and p-p38 MAPK protein 
expression in the DSC of mice at diabetes onset; no changes 
were observed in the thalamus or in mice with long standing 
diabetes. CBD also limited the development of a neuropathic 
pain state. 
 

Esposito, 
2011

72
 

Non-randomized, 
Placebo-controlled 

Sprague-
Dawley rats 

 
Rats underwent inoculation with 
human Aβ or placebo; then, rats 
were administered with CBD 
(10mg/kg; i.p.) or veh for 15 
consecutive days 

Hippocampus 

CBD decreased Aβ-induced astrocytes activation. CBD seems to 
exert its protective action through a PPARγ dependent 
activation, resulting in reduce reactive gliosis and consequently 
lower neurodegeneration. 
 

Kozela, 
2011

73
 

Non-randomized, 
Placebo-controlled 

C57BL/6 mice 

 
EAE was induced in mice (by injection 
of MOG); Control mice received veh; 
then CBD (5mg/kg; i.p.) or veh were 
injected for 3 consecutive days 

Spinal cord 

In EAE mice, CBD decreased inflammation – reducing  CD3+ T 
cells infiltrates and microglial/macrophage activation, compared 
to EAE mice not treated with CBD, diminishing also axonal 
damage. 
CBD had no effects in control mice.  

LaFuente, 
2011

74
 

Non-randomized, 
Placebo-controlled 

Piglets 

 
Hypoxia-ischaemia was induced in 
Newborn animals; then piglets were 
administered CBD (0,1mg/kg; i.v.) 
or veh 

Whole brain 

CBD led to a neuroprotective effect reflected in aEEG, NIRS, 
histological, biochemical, and neurobehavioral studies (returned 
TNFα(+) cells to sham levels as well as the number and 
morphology of astrocytes similar to sham 72h after HI, 
suggesting anti-inflammatory effects. 
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Martin-
Moreno, 
2011

75
 

Non-randomized, 
Placebo-controlled 

C57BL/6 mice 

Mice were injected with fibrillary Aβ 
or saline; treatment with CBD 
(20mg/kg; i.p.) was initiated the next 
day and lasted for 3 weeks 

Cerebral cortex 

CBD reduced nitrite formation and IL-6 mRNA levels (but not 
TNFα) in Aβ-injected mice, improving performance in the water 
maze. CBD also promoted microglia migration (in primary 
cultures). 
 

Ruiz-
Valdepeñas, 
2011

76
 

Non-randomized, 
Placebo-controlled 

C57BL/6J mice  

A mouse model of sepsis-related 
encephalitis by i.v. LPS was used. 
Mice were assigned to 4 groups: a) 
veh, b) LPS, c) LPS + CBD (3mg/kg; 
i.v.) or d) CBD (3mg/kg; i.v.) 

Whole brain 

CBD weakened the vasodilator effect of LPS and decreased the 
LPS-induced cell margination and expression of COX-2, TNFα 
and iNOS mRNA 
CBD prevented the LPS-induced disruption of BBB integrity. CBD 
alone had no effects. 
 

Mecha, 
2013

77
 

Non-randomized, 
placebo-controlled 

SJL/J mice 

CBD (5mg/kg, i.p.) or veh were 
administered in sham or TMEV-IDD 
mice once daily for 7 days (acute 
effects) or 10 days (long-term effects) 

Cerebral cortex; 
Spinal cord 

CBD decreased: VCAM-1 expression to control levels, and 
lymphocytes adhesion to endothelial cells. CBD also reduced 
the infiltrate score to sham animals levels, as well as microglial 
activation and IL-1β and TNFα mRNA expression. 
Microglia from CBD-treated mice showed a morphology similar 
to that of sham infected animals.  
 

Cheng, 
2014

89 

 

Quasi-randomized, 
placebo-controlled 

AβPP×PS1 and 
WT mice 

Mice were familiarized with gel 
pellets with CBD (20mg/kg) or veh for 
7 days; then mice were isolated in 
their home cages and given veh or 
CBD daily for 8 months 

Cerebral cortex 

CBD rescued social recognition memory and improved object 
recognition in male APPxPS1 transgenic mice. 
CBD did not significantly change IL1b and TNFα mRNA levels, 
however the cytokine levels of CBD-treated AβPP×PS1 mice 
were more similar to WT levels than to those of veh-treated AD 
transgenic mice. 

Gomes, 
2015

81
 

Non-randomized, 
placebo-controlled 

C57BL/6J mice 

Animals were treated with an NMDA-
R antagonist (MK-801to induce a 
schizophrenia like phenotype; on the 
sixth day of therapy, animals started 
daily treatment with CBD (60mg/kg) 
or veh for 22 days. 

 mPFC; Dorsal 
striatum; 
Nucleus 
accumbens 
(core and shell); 
Dorsal 
hippocampus 
 

 
CBD attenuated MK-801-induced impaired performance in the 
social interaction and NOR tests. CBD also increased the 
number of GFAP-positive astrocytes in the mPFC and the 
percentage of Iba-1-positive microglia cells with a reactive 
phenotype in the mPFC and dorsal hippocampus.  
 

Ceprián, 
2017

78
 

Non-blind, 
Randomized, placebo-
controlled 

Wistar rats 

Rats were assigned to temporary 
MCAO or control; 30min after MCAO, 
rats were treated with CBD (MCAO-C; 
5mg/kg; i.p.) or veh (MCAO-V) 

Cerebral cortex 
(ipsilateral to 
the infarct area) 

 
7 days after MCAO: CBD did not alter the number of astrocytes 
in the peri-infarct area; CBD reduced the MCAO-induced 
increase in microglial cells (these cells showed a less activated 
phenotype). 
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38 days after MCAO: CBD reduced MCAO-induced increase in 
astrocytes and in microglial cells (no differences in microglial 
phenotypes were observed). 
 

Mori, 2017
82

 
Non-blind, 
randomized, placebo-
controlled 

C57BL/6 mice 

Rats were assigned to BCCAO or 
control; CBD (10mg/kg; i.p.) or veh 
was administered 30min before and 
3, 24 and 48h after surgery 
 

Hippocampus 

21 days after BCCAO, CBD prevented cognitive and emotional 
impairment, neurodegeneration and white matter injury. CBD 
also reduced astrocytes and microglia reactivity, accompanied 
by a decrease of the reactive phenotype of the latter; CBD also 
increased BDNF levels. 

Elliott, 
2018

83
 

Non-randomized, 
placebo-controlled 

C57BL/6 mice 

EAE was induced in mice; CBD 
(20mg/kg; i.p.) or veh was 
administered daily, starting at day 9 
through day 25 
 

Whole brain; 
Spinal cord 

CBD caused a strong increase in myeloid-derived suppressor 
cells, attenuating the increase in mononuclear cell infiltrates in 
the brain and spinal cord of EAE mice and reduced the EAE-
induced increase in CD4

+
 and CD8

+
 T lymphocytes. 

Friedman, 
2018

84
 

Non-randomized, non-
placebo-controlled 

Sprague-
Dawley rats 

Seizure activity was induced with KA  
(i.p. or i.h.); rats were assigned to 7 
groups: a) KAi.h., b) KA + CBDi.h. 
(3.18µM), c) KA/CBDi.h., d) KAip, e) 
KA + CBDip, f) KA/CBDip or g) CBD 
KA+CBD: Administration of KA and 
CBD in the same cocktail 
KA/CBD: KA administration followed 
by CBD injection 

Hippocampus 

CBD (intra-hippocampal treatment) resulted in a significant 
reduction in reactive astroglia and reversed the KA-induced 
changes in astrocyte morphology. KA-induced hyper-locomotor 
activity was also reduced. 
 

Sonego, 
2018

79
 

Non-randomized, 
placebo-controlled 

Swiss mice 

Mice were injected for 21 days with 
CBD (60mg/kg¸i.p.) or veh; 30min 
later, haloperidol (2 or 3mg/kg) or 
veh was administered 

Striatum 

CBD reversed the haloperidol (3mg/kg)-induced increase in IL-
1β and TNFα levels; CBD alone did not change significantly IL-10 
levels but it increased IL-10 levels compared to animals that 
received only veh or haloperidol; CBD reduced the haloperidol-
induced increase in iNOS, TNFα and IL6 mRNA expression, but 
that of COX2. CBD alone increased the levels of catalase and 
attenuated the decrease in catalase activity induced by 
haloperidol. 
CBD alone resulted in an increase in the number of type I 
microglial cells (surveilling); CBD decreased the haloperidol-
induced increase in the number of type IV (hypertrophic) and V 
(bushy) microglial cells. 
 

Barata, 
2019

85
 

Non-blind, 
randomized, placebo-

Piglets 
New-born piglets underwent cerebral 
hypoxic-ischemic (HI) insult; piglets 

Whole brain 
CBD had no effect on the increased oxidative stress induced by 
HI; CBD alone did not reduce the HI-induced increase of TNFα 
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controlled received CBD (1mg/kg, i.v.) or veh at 
1, 24h and 48h 

levels nor the increased levels of apoptosis (but did so when 
combined with hypothermia); CBD resulted in smaller and more 
ramified microglial cells, suggesting reduced activation. 
 

Saravia, 
2019

86
 

Blind, randomized, 
placebo-controlled 

C57BL/6J mice 

Nicotine dependence was initially 
induced; afterwards, nicotine 
withdrawal was precipitated; 4 days 
afterwards, CBD (10mg/kg, i.p.) or 
veh was injected for 4 days 

Hippocampus; 
PFC 

CBD abolished memory impairment caused by nicotine 
withdrawal. CBD attenuated the microglial reactive phenotype 
(in the CA1, dentate gyrus and in the PFC). 
CBD reduced the nicotine abstinence-induced IL1b 
(hippocampus) and TNFα (PFC) mRNA levels but had no effect 
on IFNγ. 
CBD had no effect on the expression of COX-1, COX-2, IL-6 and 
BDNF in the hippocampus. 

Karimi-
Haghighi, 
2020

80
 

Non-randomized, 
placebo-controlled 

Wistar rats 

 
Rats were exposed to chronic METH, 
followed by 
extinction. On reinstatement day, 
CBD (5µg/5ml, 
intracerebroventricular 
microinjection)  or veh were 
administered 60min before an 
effective priming dose of METH. 
On two other groups, CBD or veh 
were administered after extinction, 
60min before REM sleep-deprivation 
and then an ineffective priming dose 
of METH was administered. 

Hippocampus; 
PFC 

PFC: CBD had no effect on the increased TNFα mRNA expression 
induced by METH and by RSD; CBD decreased METH-induced 
increase in IL1b, IL6 and IL10 mRNA expression. 
Hippocampus: CBD reduced the METH induced increase in 
TNFα, IL1b and IL6 mRNA expression; CBD intensified the 
increase in IL1b, IL6 and IL10 mRNA expression in RSD rats; CBD 
had no effect in METH-induced increase in IL-10 levels in non-
RSD rats. 

Nichols, 
2020

87
 

Non-randomized, 
placebo-controlled 

C57BL/6 mice 

 
EAE and mild EAE were induced in 
mice; 24h after induction, mice were 
administered daily with CBD 
(75mg/kg, p.o.) or veh for 5 days 
 

Whole brain; 
Spinal cord 

CBD reduced cellular infiltration induced by EAE (in the white 
matter tracts of the cerebellum and in the spinal cord); CBD 
reduced the number of CD3

+
CD4

+
 T cells (but not of CD3

+
CD8

+
 

and CD3
+
CD4

+
CD8

+
 T cells) and the lesions size in the spinal 

cord. 

Watt, 2020
90

 
Non-randomized, 
placebo-controlled 

AβPPxPS1 and 
WT mice 

Mice were injected daily with CBD 
(50mg/kg, i.p.) or veh for 7 weeks 

Brain cortex; 
Hippocampus 

CBD reversed behavioral deficits in social recognition memory 
and reversal spatial learning. CBD treatment had a moderate 
effect on A40 levels in the hippocampus which exhibited 
increased cortical Iba1 levels. CBD had no effect on microglia 
reactivity and on the levels of BDNF, TNFα and IL-1β. 

di Giacomo, Non-randomized, non- Sprague- Prefrontal cortexes were exposed to PFC CBD inhibited the hydrogen-peroxide-induced increase in ROS 
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2020
88

 placebo-controlled Dawley rats H2O2 followed by exposure to CBD 
(0,001-1µM) for 1h 

production. 
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Table V: Studies addressing CBD effects in in vitro models 

 
Author/Year Cell Culture Experimental Procedure Results 

Kozela, 2010
58

 BV-2 cell line 
Cells were treated with CBD (1, 5, or 10µM); 2h 
later, cells were stimulated with LPS 

No effect on cell viability was seen with CBD, either alone or with addition of LPS; CBD 
reduced the release of proinflammatory cytokines from LPS-stimulated cells but had 
no effect on unstimulated cells; these effects do not seem to be mediated by CB1 and 
CB2 receptors; CBD decreased the LPS activation of the pathway leading to NF-κB 
phosphorylation; CBD reduced the LPS-induced increase in CCL2 and SOCS3 mRNA with 
no effect on CISH mRNA 
 

Esposito, 2011
72

  Rat primary astrocytes 
Cultures were treated with Aβ, in the presence 
or absence of CBD (10

-9
-10

-7
M) 

CBD reduced the Aβ-induced increase of NO, IL-1β, TNFα and S100B; CBD decreased 
reactive gliosis 

Martín-Moreno, 
2011

75
 

Rat primary microglia 
 
Cells were treated with LPS, alone or with CBD 
(10–1000 nM), for 24h  

 
CBD promoted microglial cell migration and reduced LPS-induced NO generation 

BV-2 cell line 
 
Cells were treated with LPS, alone or with CBD 
(10–1000 nM), for 24h 

 
CBD reduced NO generation induced by LPS 

Rimmerman, 
2011

91
 

BV-2 cell line 

 
Cells were treated with CBD or veh for 30min; 
then cells were treated with CBD (10µM) or veh 
for 2h  

 
CBD resulted in increased cell death, in serum-free medium, and in increased 
anandamide levels 

 
Cells were treated with CBD for 2h and then 
stimulated with LPS 

CBD prevented LPS-induced increase in IL-1β levels 

Juknat, 2012 
64

 BV-2 cell line 

Cells were treated with CBD (10µM) or veh for 
6h 

CBD inhibited the expression of a subset of proinflammatory genes (particularly, 
chemokines ligands and IL-1β), induced a cellular stress response, and activated the 
pathway leading to autophagy and apoptotic cell death 
CBD increased the expression of IFN1b 

 
Cells were treated with CBD (1µM) for 4h 

 
CBD increased ROS formation 

Wu, 2012
96

 
Murine primary 
microglial cells 

 
Cells were assigned to 3 main groups: a) 
untreated, b) CBD (1-24µM), and c) veh, for 24h 

CBD increased apoptosis in a concentration- and time-dependent manner 

Juknat, 2013
65

 BV-2 cell line 
Cells were treated with CBD (10µM) for 2h; LPS 
was added for another 4h 

CBD inhibited LPS-induction of proinflammatory genes (in particularly, cytokines and 
chemokines), of matrix metalloproteinases and of positive regulators of inflammatory 
pathways; CBD reduced basal expression of chemokines genes (Ccl2, Ccl7, Ccl9) and 
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LPS-induced activation of NF-κB; CBD also increased LPS-induced expression of 
Gdf15/MIC-1 and IL-15 and of Lcn2 (involved in cell migration/invasion and 
inflammation) 

Mecha, 2013
77

 

Rat primary astrocytes 

 
Cells were incubated with IL-1β + TNFα for 6h; 
then cells were treated with CBD (1 or 5µM) or 
veh 
 

CBD inhibited IL-1β+TNFα-induced release of CCL2 but had no effect on basal CCL2 
release in unstimulated cells 

Murine brain endothelial 
cells 

 
Cells were treated with CBD (1 or 5µM)  and 1h 
after cells were infected with TMEV virus 
 

CBD inhibited TMEV-induced release of sVCAM-1  

Hassan, 2014
69

 

Murine primary 
microglia 

Cells were treated with CBD (10µM) for 24h CBD increased phagocytosis 

BV-2 cell line Cells were treated with CBD (10µM) for 24h CBD increased phagocytosis 

HAPI cells Cells were treated with CBD (10µM) for 24h CBD increased phagocytosis 

RAW-264.7 Cells were treated with CBD (10µM) for 24h CBD increased phagocytosis 

Janefjord, 
2014

60
 

BV-2 cell line 
SH-SY5Y Cells 

 
Microglial cells were treated with LPS or Aβ 
with or without CBD (10µM); SH-SY5Y cells 
were then cultured in microglial-conditioned 
media 

CBD suppressed LPS-induced microglial activation 

Hind, 2016
92

 

Human brain 
microvascular 
endothelial cells 
(HBMECs) 
Human astrocytes (HA) 

Co-culture was incubated in ischaemic 
conditions and then returned to the 
reperfusion period; CBD (100nM, 1µM or 
10µM) was given before or immediately after 
the previous protocol (OGD) 
 

CBD reduced the OGD-induced increase in BBB permeability; CBD reduced lactate 
dehydrogenase (LDH) levels and VCAM-1 induced by OGD + reperfusion; CBD reduced 
IL-6 and VEGF levels 
 

HBMECs monoculture was treated with CBD 
(100nM, 1µM or 10µM) for 28h in normal 
conditions 

CBD increased LDH and vascular endothelial growth factor (VEGF) levels and decreased 
VCAM-1 levels; IL-6 levels were affected dose-dependently (1µM decreased levels 
while 10µM increased levels) 

HA monocultures were treated with CBD 
(10µM) for 28h 

CBD increased LDH levels and decreased IL-6 and VCAM levels 

Ivanov, 2017
94

 Glioblastoma cell lines: Cells were exposed to CBD (5-10µM) or γ- CBD induced apoptosis of glioblastoma cells; CBD increased active NF-κB and heme 
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U87MG, U118MG, and 
T98G 

irradiation, alone or in combination oxygenase-1 levels; CBD increased TNFα, IL1β, IL6, IL8 mRNA levels and COX-2, TNFα 
and IL-6 levels  

Sonego, 2018
79

 
Murine primary 
microglia 

Cells were pretreated with a PPARγ antagonist 
(GW9662); CBD (10µM) was added to the 
culture 30min later; after 4h, cells were 
stimulated with LPS 

CBD prevented LPS-induced microglial activation and reduced the increased ROS 
production induced by LPS; CBD attenuated the increased NFκB translocation into the 
nucleus induced by LPS 

Ivanov, 2019
95

 
Glioblastoma cell lines: 
U87MG, U118MG, and 
T98G 

Cells were exposed to CBD (5-40µM) and γ-
irradiation, alone or in combination 

CBD decreased cell viability; CBD increased IL1β, IL6, IL8 and FAS-L mRNA levels; NF-κB 
levels remained stable 

Juknat, 2019
68

 BV-2 cell line 
Cells were treated with CBD (10µM) for 2h; LPS 
was added for another 4h 

CBD decreased miR-146a in homeostatic cells and decreased the LPS-induced increase 
in miR-146a and -155-5p; CBD reduced LPS-induced increase in IL6 and Ifnb mRNA 
levels; CBD increased miR-34-a 

di Giacomo, 
2020

88
 

CTX-TNA2 rat astrocytes 
Cells were pretreated or not with H2O2 for 3h 
and then treated with CBD (1000nM) 

CBD increased cell proliferation of astrocytes cultured in basal conditions; CBD 
protected astrocytes from H2O2 damage and reduced ROS production; CBD reduced 
astroglial apoptosis  

Dos-Santos-
Pereira, 2020

93
 

Murine primary 
microglia 

Cells were pretreated with CBD (0,1µM, 1µM 
and 10µM) or veh and 2h later, stimulated with 
LPS for 30min or 24h 
A cell-free assay, using DPPH as a stable free 
radical, was subjected to two reference 
antioxidants and CBD (1; 10µM) 

CBD reduced LPS-induced microglial activation; CBD prevented LPS-induced increase in 
TNFα, IL-1β, glutamate and ROS levels; CBD did not affect the increase in the number 
of DAPI

+
 nuclei caused by LPS; CBD reduced p-NF-κB expression; CBD decreased LPS-

induced [
3
H]-2-DG uptake; CBD did not affect lactate release levels of LPS-treated cells 

but reduced NADPH production 
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Table VI - Characteristics of studies addressing the combinatory effects of THC and CBD in animal models 

 
Author/Year Study Design Subjects Experimental Procedure CNS Region Results 

Valdeolivas, 
2012

100
 

Non-randomized, 
placebo-controlled 

Sprague Dawley 
rats 

Rats were subjected to intrastriatal 
malonate injection or sham 
operation; 30min before and 2h 
after this injection, animals were 
administered with a 1:1 
combination of THC + CBD 
(4.63mg/kg; i.p.) or veh 

Striatum 
THC+CBD reduced the volume of edema, the activation of 
microglia and astrocytes and the iNOS and IGF1 gene expression, 
caused by malonate 

Feliú, 2015
99

 
Non-randomized, 
placebo-controlled 

TMEV-IDD-
susceptible SJL/J 
mice (MS model) 

Mice were either sham-operated 
or inoculated with TMEV; mice 
were treated daily with veh or a 
1:1 combination of THC + CBD 
(Sativex®, 10mg/kg; i.p.) 

Spinal cord 

THC+CBD reduced cell infiltration (particularly of lymphocytes) 
and the expression of VCAM-1 and ICAM-1, caused by TMEV; 
Sham operated mice treated with THC+CBD showed no 
infiltrates; THC+CBD reduced microglial activation, astrogliosis, 
IL1b mRNA levels and chondroitin sulfate proteoglycan release 
and showed a tendency to decrease TNFα and IFNγ expression, 
in TMEV-treated mice; THC+CBD increased Arg1 expression and 
showed a tendency to increase IL10 mRNA, in TMEV-treated 
mice 

Al-Ghezi, 
2019

 101
 

Non-blind, 
randomized, 
placebo-controlled 

C57BL/6 mice 
On day 10, EAE mice were treated 
with a 1:1 combination of THC + 
CBD (10mg/kg each, i.p.) or veh 

Whole brain 
THC+CBD reduced the number of infiltrating cells and 
histopathological signs of tissue damage provoked by EAE 

Al-Ghezi, 
2019

98
 

Non-blind, 
randomized, 
placebo-controlled 

C57BL/6 mice 

EAE mice were treated with a 1:1 
combination of THC + CBD 
(10mg/kg each; i.p.) or veh for 5 
days  

Spinal cord THC+CBD reduced cellular infiltration caused by EAE  

Whole brain 

THC+CBD decreased the populations of total mononuclear cells, 
CD3

+
 T cells and CD3

+
CD4

+
 Th cells caused by EAE 

THC+CBD down-regulated miRs targeting IL-10, FoxP3, SOCS1, 
Bcl2L11 and CCNG1; THC+CBD upregulated miRs targeting IL-
17A, TNFα and IL-6 
THC+CBD upregulated Treg related genes (Foxp3, Stat5b and 
IL10) and Th2 related genes (Gata3 and IL4); THC+CBD 
downregulated Th17 related genes (Stat3 and IL17a) and Th1 
related genes (Tbx21 and Ifng); THC+CBD resulted in reduced 
production of IL-17A,IFNγ, TNFα, IL-6 and IL-1β, and increased 
production of IL-10 and TGF-β  
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Table VII: Characteristics of studies addressing the effects of combinations of THC and CBD in in vitro models 
 
Author/Year Cell Culture Experimental Procedure Results 

Feliú, 2015
99

 
Rat primary 
astrocytes 

Cells were treated with TGFβ-1 and basic 
FGF (bFGF) and with a combination of 
CBD + THC (0.1µM Sativex®: 0.05 CBD-
BDS + 0.05 THC+BDS; 0.50µM: 0.25 CBD-
BDS + 0.25 THC-BDS; 1µM: 0.5 CBD+BDS 
+ 0.5 THC+BDS) or veh 

THC+CBD reduced CSPGs synthesis and release 
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Table VIII - Characteristics of studies addressing the effects of non-THC/CBD cannabinoids in animal models 

 
Author/Year Study Design Subjects Experimental Procedure CNS Region Results 

Chen, 
2017

103
 

Non-blind, 
randomized, 
placebo-controlled 

Sprague Dawley 
rats 

Rats were treated with EFC (200 or 
400mg/kg, intragastrically) or veh, 
in combination or not to D-gal-
induced aging, for 14 weeks 
 

Hippocampus 

EFC, alone or in combination with D-gal, resulted in lower 
number of GFAP-positive cells compared to D-gal treated mice, 
representing lower astrocytes’ reactivity; EFC, alone or in 
combination with D-gal, resulted in higher levels of SOD activity 
and lower levels of malondialdehyde compared to D-gal treated 
mice, reducing by this means hippocampal oxidative stress 

Nadal, 
2017

104
 

Single-blind, non-
randomized, 
placebo-controlled 

C57BL/6 mice 

7 injections of 3-NP were 
administered to mice to induce 
striatal degeneration every 12h; 
control mice received PBS 
injections; Mice were treated daily 
with veh or Δ

9
-THCA (20mg/kg; 

i.p.) 
 

Striatum 

Δ
9
-THCA reduced the 3-NP-induced upregulation of TNFα, iNOS, 

and IL-6 gene expression and the increased expression of Cox2; 
Δ

9
-THCA prevented the 3-NP-induced astrogliosis and 

microgliosis 

Alegre-
Zurano, 
2020

107
 

Non-blind, non-
randomized, 
placebo-controlled 
 

CD1 mice 

Mice were divided into 5 groups: a) 
veh, b) CBDA (0,001mg/kg; i.p.), c) 
CBDA (0,01mg/kg; i.p.), d) CBDA 
(0,1mg/kg; i.p.), and e) CBDA 
(1mg/kg; i.p.); drugs were acute or 
repeatedly (10 days) administered 

PFC 
Repeated treatment (10 days) with CBDA, but not acute 
treatment, increased IL-6 levels and showed a decreasing trend 
in PPARγ levels 
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Table IX - Characteristics of studies addressing the effects of non-THC/CBD cannabinoids in in vitro models 

 
Author/Year Cell Culture Experimental Procedure Results 

Hassan, 2014
69

 BV-2 cell line 
Cells were treated with CBDA (10µM), CBDV 
(10µM) or THCV (10µM) for 24h 
 

None of these substances had any effect on microglial phagocytosis 

Gugliandolo, 
2018

105
 

RAW 264.7 cell line 
NSC-34 cell line 

NSC-34 cells were treated with the cell 
culture medium of LPS-stimulated RAW 
macrophages; NSC-34 cells were pretreated 
with CBG (7.5µM) for 24h 
Controls included NSC-34 cells treated with 
the cell culture medium of unstimulated 
RAW macrophages, and cells treated with 
veh or CBG alone 
 

CBG reduced the LPS-stimulated macrophages induced increase in 
proinflammatory cytokines (IL-1β, TNFα, and IFNγ) and PPARγ protein levels; CBG 
reduced oxidative stress (by decreasing nitrotyrosine levels, SOD1 and iNOS 
expression) 

Wang, 2019
106

 BV-2 cell line 
Cells were pretreated with Cannabisin F (0, 5, 
10 and 15µM) for 1h and co-cultured in the 
absence or presence of LPS for 24h 

Cannabisin F had no effect on cell viability; Cannabisin F decreased the LPS-
induced increase in IL-6 and TNFα protein and mRNA levels; Cannabisin F reversed 
the LPS-induced production of ROS and prevented NF-κB activation; Cannabisin F 
increased the expression of Nrf2 and HO-1 

di Giacomo, 
2020

88
 

CTX-TNA2 rat astrocytes 
Prefrontal cortex ex-vivo  

 
Cells were treated with H2O2 for 3h and with 
CBG (1-1000nM) 
Prefrontal cortexes were exposed to H2O2 
followed by exposure to CBG (0,001-1µM) for 
1h 

CBG increased proliferation of astrocytes cultured in basal conditions; CBG 
protected astrocytes from H2O2 damage and reduced ROS production; CBG 
reduced astroglial apoptosis  
CBG inhibited the hydrogen-peroxide-induced increase in ROS production 
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Table X - Characteristics of studies addressing the effects of non-cannabinoid cannabis components in animal models 

 
Author/Year Study Design Subjects Experimental Procedure CNS Region Results 

Zhou, 
2018

108
 

Non-blind, 
randomized, 
placebo-controlled 

Kunming mice 

Mice were divided into 5 groups: a) 
control (1-3 weeks; saline), b) 
model (3

rd
 week; saline), c) TPA (1-

3 weeks; 1 or 2g/kg/day), and d) 
piracetam (2-3 weeks; 
0,4g/kg/day) 
After 2 weeks, groups b, c and d 
were injected with LPS for another 
week 

Whole brain 
TPA (1g/kg) reduced LPS-induced increased levels of IL-1β, IL-6 
and TNFα, while TPA (2g/kg) had no effect 
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Table XI - Characteristics of studies addressing the effects of non-cannabinoid cannabis components in in vitro models 
 
Author/Year Cell Culture Experimental Procedure Results 

Askari, 2019
110

 OLN-93 cell line 

Cells were preincubated for 24h with veh 
(control group) or BCP (0.1-50µM); after, cells 
were treated with veh or BCP + LPS for 
another 24h 

Pre-incubation of cells with BCP had no effect on cell viability; BCP decreased the 
LPS-induced increased levels of NO, ROS and TNFα but reversed the reduction in 
PPAR-γ levels; BCP increased HO-1, Nrf2 and GSH levels in comparison to cells 
treated with LPS alone 

Wang, 2019
106

 BV-2 cell line 
 
Cells were pretreated with veh or CLG (5, 10 
or 15µM) for 1h and then LPS was added 

CLG had no effect on cell viability; CLG decreased the LPS-induced increase in IL1b 
and IL6 protein and mRNA levels and reduced LPS-induced ROS production; CLG 
decreased the LPS-induced increase of TLR4 and NF-κB and AMPK phosphorylation 

Rodriguez-
Martin, 2019

109
 

BV-2 cell line 

 
Cells were exposed to veh or LPS, alone or in 
combination with HPI or HPH; 50 or 
100µg/ml) 

 
HPI/HPH had no effect on cell viability; HPI and HPH reduced the LPS-induced 
increase in IL6 and TNFα mRNA levels; HPH also reduced the LPS-induced IL1b 
mRNA levels and upregulated IL10 mRNA expression 

 



44 

 

Bibliography 
 
1. World Drug Report (2020) Executive summary, impact of COVID-19, policy implications 
United Nations Publications Retrieved from 
https://wdrunodcorg/wdr2020/field/WDR20_BOOKLET_1pdf. 
2. World Drug Report (2020) Drug use and health consequences United Nations Publications 
Retrieved from https://wdrunodcorg/uploads/wdr2020/documents/WDR20_Booklet_2pdf. 
3. World Drug Report (2020) Cross-cutting issues: evolving trends and new challenges United 
Nations Publications Retrieved from 
https://wdrunodcorg/uploads/wdr2020/documents/WDR20_BOOKLET_4pdf. 
4. Pardo B. Cannabis policy reforms in the Americas: a comparative analysis of Colorado, 
Washington, and Uruguay. Int J Drug Policy 2014; 25(4): 727-35. 
5. Legalisation of cannabis in 3 US states: New York, Virginia, New Mexico. 04.05.2021 2021. 
https://www.emcdda.europa.eu/news/2021/legalisation-cannabis-3-us-states-new-york-virginia-
new-mexico_en (accessed 31.05.2021. 
6. Hasin DS, Sarvet AL, Cerda M, et al. US Adult Illicit Cannabis Use, Cannabis Use Disorder, 
and Medical Marijuana Laws: 1991-1992 to 2012-2013. JAMA Psychiatry 2017; 74(6): 579-88. 
7. Williams AR, Santaella-Tenorio J, Mauro CM, Levin FR, Martins SS. Loose regulation of 
medical marijuana programs associated with higher rates of adult marijuana use but not cannabis 
use disorder. Addiction 2017; 112(11): 1985-91. 
8. Impacts of Marijuana Legalization in Colorado A Report Pursuant to Senate Bill 13-283: 
Colorado Department of Public Safety, 2018. 
9. Lane TJ, Hall W. Traffic fatalities within US states that have legalized recreational cannabis 
sales and their neighbours. Addiction 2019; 114(5): 847-56. 
10. Aydelotte JD, Brown LH, Luftman KM, et al. Crash Fatality Rates After Recreational 
Marijuana Legalization in Washington and Colorado. Am J Public Health 2017; 107(8): 1329-31. 
11. Ferland JN, Hurd YL. Deconstructing the neurobiology of cannabis use disorder. Nat 
Neurosci 2020; 23(5): 600-10. 
12. ElSohly MA, Radwan MM, Gul W, Chandra S, Galal A. Phytochemistry of Cannabis sativa L. 
Prog Chem Org Nat Prod 2017; 103: 1-36. 
13. Fischer B, Russell C, Sabioni P, et al. Lower-Risk Cannabis Use Guidelines: A 
Comprehensive Update of Evidence and Recommendations. Am J Public Health 2017; 107(8): e1-
e12. 
14. Russo E, Guy GW. A tale of two cannabinoids: the therapeutic rationale for combining 
tetrahydrocannabinol and cannabidiol. Med Hypotheses 2006; 66(2): 234-46. 
15. Goncalves ECD, Baldasso GM, Bicca MA, Paes RS, Capasso R, Dutra RC. Terpenoids, 
Cannabimimetic Ligands, beyond the Cannabis Plant. Molecules 2020; 25(7). 
16. Hanuš, L and Hod, Y, Terpenes/Terpenoids in Cannabis: Are They Important? Medical 
Cannabis and Cannabinoids, 2020 3(1), pp25-60. 
17. Sommano SR, Chittasupho C, Ruksiriwanich W, Jantrawut P. The Cannabis Terpenes. 
Molecules 2020; 25(24). 
18. Gallily R, Yekhtin Z, Hanus LO. The Anti-Inflammatory Properties of Terpenoids from 
Cannabis. Cannabis Cannabinoid Res 2018; 3(1): 282-90. 
19. Russo EB. Taming THC: potential cannabis synergy and phytocannabinoid-terpenoid 
entourage effects. Br J Pharmacol 2011; 163(7): 1344-64. 
20. Russo EB, Marcu J. Cannabis Pharmacology: The Usual Suspects and a Few Promising 
Leads. Adv Pharmacol 2017; 80: 67-134. 
21. Haspula D, Clark MA. Cannabinoid Receptors: An Update on Cell Signaling, 
Pathophysiological Roles and Therapeutic Opportunities in Neurological, Cardiovascular, and 
Inflammatory Diseases. Int J Mol Sci 2020; 21(20). 

https://wdrunodcorg/wdr2020/field/WDR20_BOOKLET_1pdf
https://wdrunodcorg/uploads/wdr2020/documents/WDR20_Booklet_2pdf
https://wdrunodcorg/uploads/wdr2020/documents/WDR20_BOOKLET_4pdf
https://www.emcdda.europa.eu/news/2021/legalisation-cannabis-3-us-states-new-york-virginia-new-mexico_en
https://www.emcdda.europa.eu/news/2021/legalisation-cannabis-3-us-states-new-york-virginia-new-mexico_en


45 

 

22. Zou S, Kumar U. Cannabinoid Receptors and the Endocannabinoid System: Signaling and 
Function in the Central Nervous System. Int J Mol Sci 2018; 19(3). 
23. Jordan CJ, Xi ZX. Progress in brain cannabinoid CB2 receptor research: From genes to 
behavior. Neurosci Biobehav Rev 2019; 98: 208-20. 
24. Lucas CJ, Galettis P, Schneider J. The pharmacokinetics and the pharmacodynamics of 
cannabinoids. Br J Clin Pharmacol 2018; 84(11): 2477-82. 
25. Burstein S. Cannabidiol (CBD) and its analogs: a review of their effects on inflammation. 
Bioorg Med Chem 2015; 23(7): 1377-85. 
26. Cristino L, Bisogno T, Di Marzo V. Cannabinoids and the expanded endocannabinoid 
system in neurological disorders. Nat Rev Neurol 2020; 16(1): 9-29. 
27. Chagas MH, Zuardi AW, Tumas V, et al. Effects of cannabidiol in the treatment of patients 
with Parkinson's disease: an exploratory double-blind trial. J Psychopharmacol 2014; 28(11): 1088-
98. 
28. van den Elsen GA, Ahmed AI, Verkes RJ, et al. Tetrahydrocannabinol for neuropsychiatric 
symptoms in dementia: A randomized controlled trial. Neurology 2015; 84(23): 2338-46. 
29. van den Elsen GAH, Ahmed AIA, Verkes RJ, Feuth T, van der Marck MA, Olde Rikkert 
MGM. Tetrahydrocannabinol in Behavioral Disturbances in Dementia: A Crossover Randomized 
Controlled Trial. Am J Geriatr Psychiatry 2015; 23(12): 1214-24. 
30. Zajicek JP, Hobart JC, Slade A, Barnes D, Mattison PG, Group MR. Multiple sclerosis and 
extract of cannabis: results of the MUSEC trial. J Neurol Neurosurg Psychiatry 2012; 83(11): 1125-
32. 
31. Zajicek J, Fox P, Sanders H, et al. Cannabinoids for treatment of spasticity and other 
symptoms related to multiple sclerosis (CAMS study): multicentre randomised placebo-controlled 
trial. Lancet 2003; 362(9395): 1517-26. 
32. Lopez-Sendon Moreno JL, Garcia Caldentey J, Trigo Cubillo P, et al. A double-blind, 
randomized, cross-over, placebo-controlled, pilot trial with Sativex in Huntington's disease. J 
Neurol 2016; 263(7): 1390-400. 
33. Nurmikko TJ, Serpell MG, Hoggart B, Toomey PJ, Morlion BJ, Haines D. Sativex successfully 
treats neuropathic pain characterised by allodynia: a randomised, double-blind, placebo-
controlled clinical trial. Pain 2007; 133(1-3): 210-20. 
34. Selvarajah D, Gandhi R, Emery CJ, Tesfaye S. Randomized placebo-controlled double-blind 
clinical trial of cannabis-based medicinal product (Sativex) in painful diabetic neuropathy: 
depression is a major confounding factor. Diabetes Care 2010; 33(1): 128-30. 
35. Lung SC, Chye ML. Arabidopsis acyl-CoA-binding proteins regulate the synthesis of lipid 
signals. New Phytol 2019. 
36. Andrade EB, Magalhaes A, Puga A, et al. A mouse model reproducing the pathophysiology 
of neonatal group B streptococcal infection. Nat Commun 2018; 9(1): 3138. 
37. De Virgilio A, Greco A, Fabbrini G, et al. Parkinson's disease: Autoimmunity and 
neuroinflammation. Autoimmun Rev 2016; 15(10): 1005-11. 
38. Dendrou CA, Fugger L, Friese MA. Immunopathology of multiple sclerosis. Nat Rev 
Immunol 2015; 15(9): 545-58. 
39. Valadao PAC, Santos KBS, Ferreira EVTH, et al. Inflammation in Huntington's disease: A 
few new twists on an old tale. J Neuroimmunol 2020; 348: 577380. 
40. DiSabato DJ, Quan N, Godbout JP. Neuroinflammation: the devil is in the details. J 
Neurochem 2016; 139 Suppl 2: 136-53. 
41. Wolf SA, Boddeke HW, Kettenmann H. Microglia in Physiology and Disease. Annu Rev 
Physiol 2017; 79: 619-43. 
42. Harricharan R, Abboussi O, Daniels WMU. Addiction: A dysregulation of satiety and 
inflammatory processes. Prog Brain Res 2017; 235: 65-91. 
43. Moretti S, Castelli M, Franchi S, et al. Delta(9)-Tetrahydrocannabinol-induced anti-
inflammatory responses in adolescent mice switch to proinflammatory in adulthood. J Leukoc Biol 
2014; 96(4): 523-34. 



46 

 

44. Karmaus PW, Wagner JG, Harkema JR, Kaminski NE, Kaplan BL. Cannabidiol (CBD) 
enhances lipopolysaccharide (LPS)-induced pulmonary inflammation in C57BL/6 mice. J 
Immunotoxicol 2013; 10(3): 321-8. 
45. Ellis RJ, Peterson SN, Li Y, et al. Recent cannabis use in HIV is associated with reduced 
inflammatory markers in CSF and blood. Neurology(R) neuroimmunology & neuroinflammation 
2020; 7(5). 
46. Blest-Hopley G, O'Neill, A., Wilson, R., Giampietro, V., Lythgoe, D., Egerton, A., 
Bhattacharyya, S. Adolescent-onset heavy cannabis use associated with significantly reduced glial 
but not neuronal markers and glutamate levels in the hippocampus. Addiction biology 2019: 
e12827. 
47. Chang L, Munsaka SM, Kraft-Terry S, Ernst T. Magnetic resonance spectroscopy to assess 
neuroinflammation and neuropathic pain. J Neuroimmune Pharmacol 2013; 8(3): 576-93. 
48. Cutando L, Busquets-Garcia, A., Puighermanal, E., Gomis-González, M., Delgado-García, J. 
M., Gruart, A., Maldonado, R., Ozaita, A. Microglial activation underlies cerebellar deficits 
produced by repeated cannabis exposure. The Journal of clinical investigation 2013; 123(7): 2816-
31. 
49. Moretti S, Franchi, S., Castelli, M., Amodeo, G., Somaini, L., Panerai, A., Sacerdote, P. 
Exposure of Adolescent Mice to Delta-9-Tetrahydrocannabinol Induces Long-Lasting Modulation 
of Pro- and Anti-Inflammatory Cytokines in Hypothalamus and Hippocampus Similar to that 
Observed for Peripheral Macrophages. J Neuroimmune Pharmacol 2015; 10(2): 371-9. 
50. Zamberletti E, Gabaglio, M., Prini, P., Rubino, T., Parolaro, D. Cortical neuroinflammation 
contributes to long-term cognitive dysfunctions following adolescent delta-9-
tetrahydrocannabinol treatment in female rats. European neuropsychopharmacology : the journal 
of the European College of Neuropsychopharmacology 2015; 25(12): 2404-15. 
51. Zamberletti E, Gabaglio, M., Grilli, M., Prini, P., Catanese, A., Pittaluga, A., Marchi, M., 
Rubino, T., Parolaro, D. Long-term hippocampal glutamate synapse and astrocyte dysfunctions 
underlying the altered phenotype induced by adolescent THC treatment in male rats. 
Pharmacological research 2016; 111: 459-70. 
52. Bhatt D, Hazari A, Yamakawa GR, et al. Investigating the cumulative effects of Δ9-
tetrahydrocannabinol and repetitive mild traumatic brain injury on adolescent rats. Brain 
communications 2020; 2(1): fcaa042. 
53. Lopez-Rodriguez AB, Llorente-Berzal, A., Garcia-Segura, L. M., Viveros, M. P. Sex-
dependent long-term effects of adolescent exposure to THC and/or MDMA on neuroinflammation 
and serotoninergic and cannabinoid systems in rats. Br J Pharmacol 2014; 171(6): 1435-47. 
54. Jouroukhin Y, Zhu, X., Shevelkin, A. V., Hasegawa, Y., Abazyan, B., Saito, A., Pevsner, J., 
Kamiya, A., Pletnikov, M. V. Adolescent Δ(9)-Tetrahydrocannabinol Exposure and Astrocyte-
Specific Genetic Vulnerability Converge on Nuclear Factor-κB-Cyclooxygenase-2 Signaling to 
Impair Memory in Adulthood. Biological psychiatry 2019; 85(11): 891-903. 
55. Touriño C, Zimmer, A., Valverde, O. THC Prevents MDMA Neurotoxicity in Mice. PloS one 
2010; 5(2): e9143. 
56. Castelli MP, Madeddu, C., Casti, A., Casu, A., Casti, P., Scherma, M., Fattore, L., Fadda, P., 
Ennas, M. G. Δ9-tetrahydrocannabinol prevents methamphetamine-induced neurotoxicity. PloS 
one 2014; 9(5): e98079. 
57. Simon L, Song, K., Vande Stouwe, C., Hollenbach, A., Amedee, A., Mohan, M., Winsauer, 
P., Molina, P. Δ9-Tetrahydrocannabinol (Δ9-THC) Promotes Neuroimmune-Modulatory MicroRNA 
Profile in Striatum of Simian Immunodeficiency Virus (SIV)-Infected Macaques. J Neuroimmune 
Pharmacol 2016; 11(1): 192-213. 
58. Kozela E, Pietr, M., Juknat, A., Rimmerman, N., Levy, R., Vogel, Z. Cannabinoids Delta(9)-
tetrahydrocannabinol and cannabidiol differentially inhibit the lipopolysaccharide-activated NF-
kappaB and interferon-beta/STAT proinflammatory pathways in BV-2 microglial cells. The Journal 
of biological chemistry 2010; 285(3): 1616-26. 



47 

 

59. Fraga D, Raborn, E. S., Ferreira, G. A., Cabral, G. A. Cannabinoids inhibit migration of 
microglial-like cells to the HIV protein Tat. J Neuroimmune Pharmacol 2011; 6(4): 566-77. 
60. Janefjord E, Mååg, J. L., Harvey, B. S., Smid, S. D. Cannabinoid effects on β amyloid fibril 
and aggregate formation, neuronal and microglial-activated neurotoxicity in vitro. Cellular and 
molecular neurobiology 2014; 34(1): 31-42. 
61. McCarthy RC, Lu, D. Y., Alkhateeb, A., Gardeck, A. M., Lee, C. H., Wessling-Resnick, M. 
Characterization of a novel adult murine immortalized microglial cell line and its activation by 
amyloid-beta. Journal of neuroinflammation 2016; 13: 21. 
62. Xie J, Xiao, D., Zhao, J., Hu, N., Bao, Q., Jiang, L., Yu, L. Mesoporous Silica Particles as a 
Multifunctional Delivery System for Pain Relief in Experimental Neuropathy. Advanced healthcare 
materials 2016; 5(10): 1213-21. 
63. Henriquez JE, Bach, A. P., Matos-Fernandez, K. M., Crawford, R. B., Kaminski, N. E. Δ(9)-
Tetrahydrocannabinol (THC) Impairs CD8(+) T Cell-Mediated Activation of Astrocytes. J 
Neuroimmune Pharmacol 2020. 
64. Juknat A, Pietr, M., Kozela, E., Rimmerman, N., Levy, R., Coppola, G., Geschwind, D., Vogel, 
Z. Differential transcriptional profiles mediated by exposure to the cannabinoids cannabidiol and 
Δ9-tetrahydrocannabinol in BV-2 microglial cells. Br J Pharmacol 2012; 165(8): 2512-28. 
65. Juknat A, Pietr, M., Kozela, E., Rimmerman, N., Levy, R., Gao, F., Coppola, G., Geschwind, 
D., Vogel, Z. Microarray and pathway analysis reveal distinct mechanisms underlying cannabinoid-
mediated modulation of LPS-induced activation of BV-2 microglial cells. PloS one 2013; 8(4): 
e61462. 
66. Rizzo MD, Crawford, R. B., Bach, A., Sermet, S., Amalfitano, A., Kaminski, N. E. Δ(9)-
Tetrahydrocannabinol Suppresses Monocyte-Mediated Astrocyte Production of Monocyte 
Chemoattractant Protein 1 and Interleukin-6 in a Toll-Like Receptor 7-Stimulated Human 
Coculture. The Journal of pharmacology and experimental therapeutics 2019; 371(1): 191-201. 
67. Xie J, Xiao, D., Xu, Y., Zhao, J., Jiang, L., Hu, X., Zhang, Y., Yu, L. Up-regulation of 
immunomodulatory effects of mouse bone-marrow derived mesenchymal stem cells by 
tetrahydrocannabinol pre-treatment involving cannabinoid receptor CB2. Oncotarget 2016; 7(6): 
6436-47. 
68. Juknat A, Gao, F., Coppola, G., Vogel, Z., Kozela, E. miRNA expression profiles and 
molecular networks in resting and LPS-activated BV-2 microglia-Effect of cannabinoids. PloS one 
2019; 14(2): e0212039. 
69. Hassan S, Eldeeb, K., Millns, P. J., Bennett, A. J., Alexander, S. P., Kendall, D. A. Cannabidiol 
enhances microglial phagocytosis via transient receptor potential (TRP) channel activation. Br J 
Pharmacol 2014; 171(9): 2426-39. 
70. Magen I, Avraham, Y., Ackerman, Z., Vorobiev, L., Mechoulam, R., Berry, E. M. Cannabidiol 
ameliorates cognitive and motor impairments in bile-duct ligated mice via 5-HT1A receptor 
activation. Br J Pharmacol 2010; 159(4): 950-7. 
71. Toth CC, Jedrzejewski, N. M., Ellis, C. L., Frey, W. H., 2nd. Cannabinoid-mediated 
modulation of neuropathic pain and microglial accumulation in a model of murine type I diabetic 
peripheral neuropathic pain. Molecular pain 2010; 6: 16. 
72. Esposito G, Scuderi, C., Valenza, M., Togna, G. I., Latina, V., De Filippis, D., Cipriano, M., 
Carratù, M. R., Iuvone, T., Steardo, L. Cannabidiol reduces Aβ-induced neuroinflammation and 
promotes hippocampal neurogenesis through PPARγ involvement. PloS one 2011; 6(12): e28668. 
73. Kozela E, Lev, N., Kaushansky, N., Eilam, R., Rimmerman, N., Levy, R., Ben-Nun, A., Juknat, 
A., Vogel, Z. Cannabidiol inhibits pathogenic T cells, decreases spinal microglial activation and 
ameliorates multiple sclerosis-like disease in C57BL/6 mice. Br J Pharmacol 2011; 163(7): 1507-19. 
74. Lafuente H, Alvarez, F. J., Pazos, M. R., Alvarez, A., Rey-Santano, M. C., Mielgo, V., Murgia-
Esteve, X., Hilario, E., Martinez-Orgado, J. Cannabidiol reduces brain damage and improves 
functional recovery after acute hypoxia-ischemia in newborn pigs. Pediatric research 2011; 70(3): 
272-7. 



48 

 

75. Martín-Moreno AM, Reigada, D., Ramírez, B. G., Mechoulam, R., Innamorato, N., 
Cuadrado, A., de Ceballos, M. L. Cannabidiol and other cannabinoids reduce microglial activation 
in vitro and in vivo: relevance to Alzheimer's disease. Molecular pharmacology 2011; 79(6): 964-
73. 
76. Ruiz-Valdepeñas L, Martínez-Orgado, J. A., Benito, C., Millán, A., Tolón, R. M., Romero, J. 
Cannabidiol reduces lipopolysaccharide-induced vascular changes and inflammation in the mouse 
brain: an intravital microscopy study. Journal of neuroinflammation 2011; 8(1): 5. 
77. Mecha M, Feliú, A., Iñigo, P. M., Mestre, L., Carrillo-Salinas, F. J., Guaza, C. Cannabidiol 
provides long-lasting protection against the deleterious effects of inflammation in a viral model of 
multiple sclerosis: a role for A2A receptors. Neurobiology of disease 2013; 59: 141-50. 
78. Ceprián M, Jiménez-Sánchez, L., Vargas, C., Barata, L., Hind, W., Martínez-Orgado, J. 
Cannabidiol reduces brain damage and improves functional recovery in a neonatal rat model of 
arterial ischemic stroke. Neuropharmacology 2017; 116: 151-9. 
79. Sonego AB, Prado, D. S., Vale, G. T., Sepulveda-Diaz, J. E., Cunha, T. M., Tirapelli, C. R., Del 
Bel, E. A., Raisman-Vozari, R., Guimarães, F. S. Cannabidiol prevents haloperidol-induced vacuos 
chewing movements and inflammatory changes in mice via PPARγ receptors. Brain, behavior, and 
immunity 2018; 74: 241-51. 
80. Karimi-Haghighi S, Dargahi, L., Haghparast, A. Cannabidiol modulates the expression of 
neuroinflammatory factors in stress- and drug-induced reinstatement of methamphetamine in 
extinguished rats. Addiction biology 2020; 25(2): e12740. 
81. Gomes FV, Llorente, R., Del Bel, E. A., Viveros, M. P., López-Gallardo, M., Guimarães, F. S. 
Decreased glial reactivity could be involved in the antipsychotic-like effect of cannabidiol. 
Schizophrenia research 2015; 164(1-3): 155-63. 
82. Mori MA, Meyer, E., Soares, L. M., Milani, H., Guimarães, F. S., de Oliveira, R. M. W. 
Cannabidiol reduces neuroinflammation and promotes neuroplasticity and functional recovery 
after brain ischemia. Progress in neuro-psychopharmacology & biological psychiatry 2017; 75: 94-
105. 
83. Elliott DM, Singh, N., Nagarkatti, M., Nagarkatti, P. S. Cannabidiol Attenuates 
Experimental Autoimmune Encephalomyelitis Model of Multiple Sclerosis Through Induction of 
Myeloid-Derived Suppressor Cells. Frontiers in immunology 2018; 9: 1782. 
84. Friedman LK, Wongvravit, J. P. Anticonvulsant and Neuroprotective Effects of Cannabidiol 
During the Juvenile Period. Journal of neuropathology and experimental neurology 2018; 77(10): 
904-19. 
85. Barata L, Arruza, L., Rodríguez, M. J., Aleo, E., Vierge, E., Criado, E., Sobrino, E., Vargas, C., 
Ceprián, M., Gutiérrez-Rodríguez, A., Hind, W., Martínez-Orgado, J. Neuroprotection by 
cannabidiol and hypothermia in a piglet model of newborn hypoxic-ischemic brain damage. 
Neuropharmacology 2019; 146: 1-11. 
86. Saravia R, Ten-Blanco, M., Grande, M. T., Maldonado, R., Berrendero, F. Anti-
inflammatory agents for smoking cessation? Focus on cognitive deficits associated with nicotine 
withdrawal in male mice. Brain, behavior, and immunity 2019; 75: 228-39. 
87. Nichols JM, Kummari E, Sherman J, et al. CBD Suppression of EAE Is Correlated with Early 
Inhibition of Splenic IFN-γ + CD8+ T Cells and Modest Inhibition of Neuroinflammation. J 
Neuroimmune Pharmacol 2020. 
88. di Giacomo V, Chiavaroli A, Recinella L, et al. Antioxidant and Neuroprotective Effects 
Induced by Cannabidiol and Cannabigerol in Rat CTX-TNA2 Astrocytes and Isolated Cortexes. Int J 
Mol Sci 2020; 21(10). 
89. Cheng D, Spiro, A. S., Jenner, A. M., Garner, B., Karl, T. Long-term cannabidiol treatment 
prevents the development of social recognition memory deficits in Alzheimer's disease transgenic 
mice. Journal of Alzheimer's disease : JAD 2014; 42(4): 1383-96. 
90. Watt G, Shang K, Zieba J, et al. Chronic Treatment with 50 mg/kg Cannabidiol Improves 
Cognition and Moderately Reduces Aβ40 Levels in 12-Month-Old Male AβPPswe/PS1ΔE9 
Transgenic Mice. Journal of Alzheimer's disease : JAD 2020; 74(3): 937-50. 



49 

 

91. Rimmerman N, Juknat, A., Kozela, E., Levy, R., Bradshaw, H. B., Vogel, Z. The non-
psychoactive plant cannabinoid, cannabidiol affects cholesterol metabolism-related genes in 
microglial cells. Cellular and molecular neurobiology 2011; 31(6): 921-30. 
92. Hind WH, England, T. J., O'Sullivan, S. E. Cannabidiol protects an in vitro model of the 
blood-brain barrier from oxygen-glucose deprivation via PPARγ and 5-HT1A receptors. Br J 
Pharmacol 2016; 173(5): 815-25. 
93. Dos-Santos-Pereira M, Guimarães FS, Del-Bel E, Raisman-Vozari R, Michel PP. Cannabidiol 
prevents LPS-induced microglial inflammation by inhibiting ROS/NF-κB-dependent signaling and 
glucose consumption. Glia 2020; 68(3): 561-73. 
94. Ivanov VN, Wu, J., Hei, T. K. Regulation of human glioblastoma cell death by combined 
treatment of cannabidiol, γ-radiation and small molecule inhibitors of cell signaling pathways. 
Oncotarget 2017; 8(43): 74068-95. 
95. Ivanov VN, Wu J, Wang TJC, Hei TK. Inhibition of ATM kinase upregulates levels of cell 
death induced by cannabidiol and γ-irradiation in human glioblastoma cells. Oncotarget 2019; 
10(8): 825-46. 
96. Wu HY, Goble, K., Mecha, M., Wang, C. C., Huang, C. H., Guaza, C., Jan, T. R. Cannabidiol-
induced apoptosis in murine microglial cells through lipid raft. Glia 2012; 60(7): 1182-90. 
97. Fu R, Shen Q, Xu P, Luo JJ, Tang Y. Phagocytosis of microglia in the central nervous system 
diseases. Mol Neurobiol 2014; 49(3): 1422-34. 
98. Al-Ghezi ZZ, Miranda, K., Nagarkatti, M., Nagarkatti, P. S. Combination of Cannabinoids, 
Δ9- Tetrahydrocannabinol and Cannabidiol, Ameliorates Experimental Multiple Sclerosis by 
Suppressing Neuroinflammation Through Regulation of miRNA-Mediated Signaling Pathways. 
Frontiers in immunology 2019; 10: 1921. 
99. Feliú A, Moreno-Martet, M., Mecha, M., Carrillo-Salinas, F. J., de Lago, E., Fernández-Ruiz, 
J., Guaza, C. A Sativex(®) -like combination of phytocannabinoids as a disease-modifying therapy 
in a viral model of multiple sclerosis. Br J Pharmacol 2015; 172(14): 3579-95. 
100. Valdeolivas S, Satta, V., Pertwee, R. G., Fernández-Ruiz, J., Sagredo, O. Sativex-like 
combination of phytocannabinoids is neuroprotective in malonate-lesioned rats, an inflammatory 
model of Huntington's disease: role of CB1 and CB2 receptors. ACS chemical neuroscience 2012; 
3(5): 400-6. 
101. Al-Ghezi ZZ, Busbee, P. B., Alghetaa, H., Nagarkatti, P. S., Nagarkatti, M. Combination of 
cannabinoids, delta-9-tetrahydrocannabinol (THC) and cannabidiol (CBD), mitigates experimental 
autoimmune encephalomyelitis (EAE) by altering the gut microbiome. Brain, behavior, and 
immunity 2019; 82: 25-35. 
102. Stephenson EL, Mishra MK, Moussienko D, et al. Chondroitin sulfate proteoglycans as 
novel drivers of leucocyte infiltration in multiple sclerosis. Brain 2018; 141(4): 1094-110. 
103. Chen NY, Liu CW, Lin W, et al. Extract of Fructus Cannabis Ameliorates Learning and 
Memory Impairment Induced by D-Galactose in an Aging Rats Model. Evidence-based 
complementary and alternative medicine : eCAM 2017; 2017: 4757520. 
104. Nadal X, Del Río, C., Casano, S., Palomares, B., Ferreiro-Vera, C., Navarrete, C., Sánchez-
Carnerero, C., Cantarero, I., Bellido, M. L., Meyer, S., Morello, G., Appendino, G., Muñoz, E. 
Tetrahydrocannabinolic acid is a potent PPARγ agonist with neuroprotective activity. Br J 
Pharmacol 2017; 174(23): 4263-76. 
105. Gugliandolo A, Pollastro, F., Grassi, G., Bramanti, P., Mazzon, E. In Vitro Model of 
Neuroinflammation: Efficacy of Cannabigerol, a Non-Psychoactive Cannabinoid. Int J Mol Sci 2018; 
19(7). 
106. Wang S, Luo Q, Zhou Y, Fan P. CLG from Hemp Seed Inhibits LPS-Stimulated 
Neuroinflammation in BV2 Microglia by Regulating NF-κB and Nrf-2 Pathways. ACS omega 2019; 
4(15): 16517-23. 
107. Alegre-Zurano L, Martín-Sánchez A, Valverde O. Behavioural and molecular effects of 
cannabidiolic acid in mice. Life sciences 2020; 259: 118271. 



50 

 

108. Zhou Y, Wang S, Ji J, Lou H, Fan P. Hemp (Cannabis sativa L.) Seed Phenylpropionamides 
Composition and Effects on Memory Dysfunction and Biomarkers of Neuroinflammation Induced 
by Lipopolysaccharide in Mice. ACS omega 2018; 3(11): 15988-95. 
109. Rodriguez-Martin NM, Toscano R, Villanueva A, et al. Neuroprotective protein 
hydrolysates from hemp (Cannabis sativa L.) seeds. Food & function 2019; 10(10): 6732-9. 
110. Askari VR, Shafiee-Nick, R. Promising neuroprotective effects of β-caryophyllene against 
LPS-induced oligodendrocyte toxicity: A mechanistic study. Biochemical pharmacology 2019; 159: 
154-71. 
111. Bhagavan C, Kung S, Doppen M, et al. Cannabinoids in the Treatment of Insomnia 
Disorder: A Systematic Review and Meta-Analysis. CNS Drugs 2020; 34(12): 1217-28. 
112. James A, James C, Thwaites T. The brain effects of cannabis in healthy adolescents and in 
adolescents with schizophrenia: a systematic review. Psychiatry Res 2013; 214(3): 181-9. 
113. Fernandez-Ruiz J, Sagredo O, Pazos MR, et al. Cannabidiol for neurodegenerative 
disorders: important new clinical applications for this phytocannabinoid? Br J Clin Pharmacol 
2013; 75(2): 323-33. 
114. Campos AC, Fogaca MV, Sonego AB, Guimaraes FS. Cannabidiol, neuroprotection and 
neuropsychiatric disorders. Pharmacological research 2016; 112: 119-27. 
115. De Ternay J, Naassila M, Nourredine M, et al. Therapeutic Prospects of Cannabidiol for 
Alcohol Use Disorder and Alcohol-Related Damages on the Liver and the Brain. Front Pharmacol 
2019; 10: 627. 
116. Jones E, Vlachou S. A Critical Review of the Role of the Cannabinoid Compounds Delta(9)-
Tetrahydrocannabinol (Delta(9)-THC) and Cannabidiol (CBD) and their Combination in Multiple 
Sclerosis Treatment. Molecules 2020; 25(21). 
117. Pryce G, Riddall DR, Selwood DL, Giovannoni G, Baker D. Neuroprotection in Experimental 
Autoimmune Encephalomyelitis and Progressive Multiple Sclerosis by Cannabis-Based 
Cannabinoids. J Neuroimmune Pharmacol 2015; 10(2): 281-92. 
118. Mastinu A, Premoli M, Ferrari-Toninelli G, et al. Cannabinoids in health and disease: 
pharmacological potential in metabolic syndrome and neuroinflammation. Horm Mol Biol Clin 
Investig 2018; 36(2). 
119. Colizzi M, McGuire P, Pertwee RG, Bhattacharyya S. Effect of cannabis on glutamate 
signalling in the brain: A systematic review of human and animal evidence. Neurosci Biobehav Rev 
2016; 64: 359-81. 
120. Pagano S, Coniglio M, Valenti C, et al. Biological effects of Cannabidiol on normal human 
healthy cell populations: Systematic review of the literature. Biomed Pharmacother 2020; 132: 
110728. 
121. Pellati F, Borgonetti V, Brighenti V, Biagi M, Benvenuti S, Corsi L. Cannabis sativa L. and 
Nonpsychoactive Cannabinoids: Their Chemistry and Role against Oxidative Stress, Inflammation, 
and Cancer. Biomed Res Int 2018; 2018: 1691428. 
122. Costiniuk CT, Jenabian MA. Cannabinoids and inflammation: implications for people living 
with HIV. AIDS 2019; 33(15): 2273-88. 
123. Klein TW. Cannabinoid-based drugs as anti-inflammatory therapeutics. Nat Rev Immunol 
2005; 5(5): 400-11. 
124. Maayah ZH, Takahara S, Ferdaoussi M, Dyck JRB. The molecular mechanisms that 
underpin the biological benefits of full-spectrum cannabis extract in the treatment of neuropathic 
pain and inflammation. Biochim Biophys Acta Mol Basis Dis 2020; 1866(7): 165771. 
125. Zurier RB, Burstein SH. Cannabinoids, inflammation, and fibrosis. FASEB J 2016; 30(11): 
3682-9. 
126. Batalla A, Bhattacharyya S, Yucel M, et al. Structural and functional imaging studies in 
chronic cannabis users: a systematic review of adolescent and adult findings. PloS one 2013; 8(2): 
e55821. 
127. Nader DA, Sanchez ZM. Effects of regular cannabis use on neurocognition, brain structure, 
and function: a systematic review of findings in adults. Am J Drug Alcohol Abuse 2018; 44(1): 4-18. 



51 

 

128. Jamontt JM, Molleman A, Pertwee RG, Parsons ME. The effects of Delta-
tetrahydrocannabinol and cannabidiol alone and in combination on damage, inflammation and in 
vitro motility disturbances in rat colitis. Br J Pharmacol 2010; 160(3): 712-23. 
129. De Filippis D, Esposito, G., Cirillo, C., Cipriano, M., De Winter, B. Y., Scuderi, C., Sarnelli, G., 
Cuomo, R., Steardo, L., De Man, J. G., Iuvone, T. Cannabidiol reduces intestinal inflammation 
through the control of neuroimmune axis. PloS one 2011; 6(12): e28159. 
130. Sido JM, Jackson AR, Nagarkatti PS, Nagarkatti M. Marijuana-derived Delta-9-
tetrahydrocannabinol suppresses Th1/Th17 cell-mediated delayed-type hypersensitivity through 
microRNA regulation. J Mol Med (Berl) 2016; 94(9): 1039-51. 
131. Couch DG, Tasker C, Theophilidou E, Lund JN, O'Sullivan SE. Cannabidiol and 
palmitoylethanolamide are anti-inflammatory in the acutely inflamed human colon. Clin Sci (Lond) 
2017; 131(21): 2611-26. 
132. Petrosino S, Verde R, Vaia M, Allara M, Iuvone T, Di Marzo V. Anti-inflammatory 
Properties of Cannabidiol, a Nonpsychotropic Cannabinoid, in Experimental Allergic Contact 
Dermatitis. The Journal of pharmacology and experimental therapeutics 2018; 365(3): 652-63. 
133. Henn A, Lund S, Hedtjarn M, Schrattenholz A, Porzgen P, Leist M. The suitability of BV2 
cells as alternative model system for primary microglia cultures or for animal experiments 
examining brain inflammation. ALTEX 2009; 26(2): 83-94. 
134. Vollmann-Zwerenz A, Leidgens V, Feliciello G, Klein CA, Hau P. Tumor Cell Invasion in 
Glioblastoma. Int J Mol Sci 2020; 21(6). 
135. Broekman ML, Maas SLN, Abels ER, Mempel TR, Krichevsky AM, Breakefield XO. 
Multidimensional communication in the microenvirons of glioblastoma. Nat Rev Neurol 2018; 
14(8): 482-95. 
136. Giacoppo S, Bramanti P, Mazzon E. Sativex in the management of multiple sclerosis-
related spasticity: An overview of the last decade of clinical evaluation. Mult Scler Relat Disord 
2017; 17: 22-31. 
137. Ball S, Vickery J, Hobart J, et al. The Cannabinoid Use in Progressive Inflammatory brain 
Disease (CUPID) trial: a randomised double-blind placebo-controlled parallel-group multicentre 
trial and economic evaluation of cannabinoids to slow progression in multiple sclerosis. Health 
Technol Assess 2015; 19(12): vii-viii, xxv-xxxi, 1-187. 
138. Batista CRA, Gomes GF, Candelario-Jalil E, Fiebich BL, de Oliveira ACP. Lipopolysaccharide-
Induced Neuroinflammation as a Bridge to Understand Neurodegeneration. Int J Mol Sci 2019; 
20(9). 
139. Okun E, Griffioen KJ, Lathia JD, Tang SC, Mattson MP, Arumugam TV. Toll-like receptors in 
neurodegeneration. Brain Res Rev 2009; 59(2): 278-92. 
140. Francois A, Terro F, Janet T, Rioux Bilan A, Paccalin M, Page G. Involvement of interleukin-
1beta in the autophagic process of microglia: relevance to Alzheimer's disease. Journal of 
neuroinflammation 2013; 10: 151. 
141. Hoogland IC, Houbolt C, van Westerloo DJ, van Gool WA, van de Beek D. Systemic 
inflammation and microglial activation: systematic review of animal experiments. Journal of 
neuroinflammation 2015; 12: 114. 
142. Herber DL, Maloney JL, Roth LM, Freeman MJ, Morgan D, Gordon MN. Diverse microglial 
responses after intrahippocampal administration of lipopolysaccharide. Glia 2006; 53(4): 382-91. 
143. Lima MG, Tardelli VS, Brietzke E, Fidalgo TM. Cannabis and Inflammatory Mediators. Eur 
Addict Res 2021; 27(1): 16-24. 
144. Iovino L, Tremblay ME, Civiero L. Glutamate-induced excitotoxicity in Parkinson's disease: 
The role of glial cells. J Pharmacol Sci 2020; 144(3): 151-64. 
145. Mason NL, Theunissen EL, Hutten N, et al. Cannabis induced increase in striatal glutamate 
associated with loss of functional corticostriatal connectivity. European 
neuropsychopharmacology : the journal of the European College of Neuropsychopharmacology  
2019; 29(2): 247-56. 



52 

 

146. Salim S. Oxidative Stress and the Central Nervous System. The Journal of pharmacology 
and experimental therapeutics 2017; 360(1): 201-5. 
147. Ohl K, Tenbrock K, Kipp M. Oxidative stress in multiple sclerosis: Central and peripheral 
mode of action. Exp Neurol 2016; 277: 58-67. 
148. Chen Z, Zhong C. Oxidative stress in Alzheimer's disease. Neurosci Bull 2014; 30(2): 271-
81. 
149. Chamorro A, Dirnagl U, Urra X, Planas AM. Neuroprotection in acute stroke: targeting 
excitotoxicity, oxidative and nitrosative stress, and inflammation. Lancet Neurol 2016; 15(8): 869-
81. 
150. Tilleux S, Hermans E. Neuroinflammation and regulation of glial glutamate uptake in 
neurological disorders. J Neurosci Res 2007; 85(10): 2059-70. 
 




