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Anti-inflammatory effects of cannabinoids

Efeitos anti-inflamatdrios dos canabinoides

Alexandre Magno da Nébrega Marinho', Ricardo Wagner Gomes da Silva-Neto'

ABSTRACT

BACKGROUND AND OBJECTIVES: The use of cannabi-
noids for epileptic syndrome and control of side effects associa-
ted with chemotherapy is already widespread and supported by
several well-controlled clinical trials. However, the use of these
drugs in inflammatory pathologies is sometimes underestimated
due to lack of scientific knowledge with a high degree of eviden-
ce, non-recognition of the endocannabinoid system as an acti-
ve participant in these diseases, as well as fear of the stereotype
surrounding the use of cannabis derivatives. The purpose of this
study was to examine the anti-inflammatory and antioxidant
effects of endogenous and exogenous cannabinoids on various
physiological systems in which these ligands interact.

CONTENTS: Studies cited in this review were obtained by
searching Pubmed, Medline, Google Scholar, Scielo, Cochrane
Central Register of Controlled Trials (CENTRAL), LILACS,
and through the authors’ familiarity with the published literature
in this area of interest. Clinical, observational and intervention,
experimental, qualitative studies and review articles were all in-
cluded in the search. Articles were identified using the following
descriptors: cannabis and tetrahydrocannabinol and cannabidiol
and endocannabinoids and anti-inflammatory inflammation
and oxidative stress. In addition, a manual revision of relevant
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HIGHLIGHTS

o The cannabinoid system regulates a variety of cellular and physiological processes, and is
thus related to regulatory processes including inflammation, metabolism regulation, energet-
ic balance, thermogenesis, neural development, immune function, cardiovascular function,
synaptic plasticity and learning, pain, memory, movement, psychomotor behavior, sleep/
wake cycles, stress and emotion regulation, and digestion.

o The main anti-inflammatory mechanisms produced by cannabinoids are induction of
apoptosis, inhibition of cell proliferation, suppression of cytokine production, and induc-
tion of T-regulatory cells.

o Increased levels of anandamide decrease inflammatory responses, suggesting that endocan-
nabinoids are physiologically involved in the attenuation of the immune system. However,
there are still poorly understood and sometimes contradictory effects.
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references was also performed to capture articles that may not
have been picked up through the initial search. The literature
investigation was conducted from March 22 to May 2022.
CONCLUSION: Cannabinoids show to be a promising thera-
peutic option in the context of inflammatory diseases, given the
complete and complex relationship between the endocannabi-
noid system and the immune system. The setback to be overcome
in the use of cannabinoids as anti-inflammatory drugs includes
the synthesis of non-psychoactive cannabinoid receptor agonists
while maintaining potent anti-inflammatory activity. Further
studies are needed to increase our understanding of cannabi-
noids and their intricate effects on immune system disorders.
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RESUMO

JUSTIFICATIVA E OBJETIVOS: O uso de canabinoides para
sindrome epiléptica e controle de efeitos adversos associados a
quimioterapia j4 é amplamente difundido e apoiado por virios
ensaios clinicos bem controlados. Entretanto, o uso destes far-
macos em patologias inflamatérias é, por vezes, subestimado pela
falta de conhecimento cientifico com alto grau de evidéncia, pelo
nao reconhecimento do sistema endocanabinoide como partici-
pante ativo destas doengas, bem como por receio do esteredtipo
que envolve o uso dos derivados da cannabis. O objetivo deste
estudo foi analisar os efeitos anti-inflamatérios e antioxidantes de
canabinoides endégenos e exdgenos em vérios sistemas fisiol6gi-
cos nos quais esses ligantes interagem.

CONTEUDO: Estudos citados nesta revisio foram obtidos por
meio de buscas feitas nas bases de dados Pubmed, Medline, Goo-
gle Académico, Scielo, Cochrane Central Register of Controlled
Trials (CENTRAL), LILACS, e através da familiaridade dos au-
tores com a literatura publicada nesta drea de interesse. Estudos
clinicos, observacionais e de intervengao, experimentais, quali-
tativos e artigos de revisdo foram todos incluidos na pesquisa.
Os artigos foram identificados usando os seguintes descritores:
cannabis e tetraidrocanabinol e canabidiol e endocanabinoides e
inflamacao anti-inflamatério e estresse oxidativo. Ademais, uma
revisio manual nas referéncias relevantes também foi realizada
para captura de artigos que podem nao ter sido captados por
meio da busca inicial. A investigagio na literatura foi realizada
no periodo de 22 de marco a 17 de maio de 2022.
CONCLUSAO: Os canabinoides demonstram ser uma opgio
terapéutica promissora no contexto das doengas inflamatérias,
haja vista a completa e complexa relagao entre o sistema endoca-
nabinoide e o sistema imune. O revés a ser vencido no uso de ca-
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nabinoides como fidrmacos anti-inflamatérios inclui a sintese de
agonistas de receptores canabinoides que nio sejam psicoativos,
mantendo a potente atividade anti-inflamatéria. Novos estudos
40 necessdrios para aumentar a compreensao dos canabinoides e
seus efeitos intrincados sobre distirbios do sistema imunolégico.
Descritores: Anti-inflamatérios, Canabinoides, Dor, Inflamacao.

INTRODUCTION

The cannabis plant genus, a member of the Cannabaceae family,
has three distinct primary species, varying in their biochemical
constituents: C. sativa (Cs), C. indica, and C. ruderalis. Its an-
xiolytic and euphoric properties have been recorded in religious
scriptures dating back several millennia, revealing that the use of
Cs already held a strong and prominent position in ancient medi-
cine. Its various benefits were documented in Sanskrit and Hindi
literature as early as 2000-1400 B.C. and its medicinal use was
described in more detail in the Indian Ayurvedic medical literature
as early as 900 B.C. Between the centuries I and III, the Greek
physicians Claudius Galen (131-201 A.D.) and Pedanius Diosco-
rides (40-90 A.D.) described medicinal indications.

However, the first scientific report on cannabis was published only
in 1839 by the Irish physician William O’Shaughnessy, which
marked the first traces of its popularization. By providing evidence
of its therapeutic efficacy and safety for pathological conditions
such as child convulsions and cholera, he was essential in laying
the groundwork for medical research and use'®. A major obstacle
to the use of Cs was the fact that the active ingredient, cannabidiol
(CBD), had not yet been described. It was first isolated from can-
nabis in 1940, and its structure was reported in 1963.
Nevertheless, the psychoactive effect of Cs overshadowed its pos-
sible therapeutic effects. The structure of the main psychoactive
phytocannabinoid, A-9-tetrahydrocannabinol (THC), was deter-
mined in Israel by Mechoulam and Gaoni in 1964. Mechoulam’s
discovery promoted the exploration of a new receptor system, the
endocannabinoid system. At the present time, this system compri-
ses a few known endocannabinoids (mainly, N-amino acid etha-
nolamine [AEA] and 2-amino acid ethanolamine [2-AG]), pos-
sessing two primary cannabinoid receptors (CBIR and CB2R).
Through these and receptors in other systems, endocannabinoids
modulate the release of neurotransmitters and cytokines®".
Regarding the function, the ubiquitous nature of the cannabinoid
system regulates a variety of cellular and physiological processes,
and is thus related to regulatory processes including inflammation,
regulation of metabolism, energetic balance, thermogenesis, neural
development, immune function, cardiovascular function, synaptic
plasticity and learning, pain, memory, movement, psychomotor
behavior, sleep/wake cycles, regulation of stress and emotion, and
digestion. Studies to date indicate that the main potentials in
the therapeutic use of the endocannabinoid system are linked to
neuromodulation, modulation of the autonomic nervous system
(ANS), immune system, and microcirculation'*'-%°,

The present study’s objective was to examine the anti-inflamma-
tory and antioxidant effects of endogenous and exogenous can-
nabinoids on various physiological systems in which these li-
gands interact.
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CONTENTS

The present narrative review was prepared as a comprehensive
theoretical resource to achieve the described objectives. The use
of cannabinoids for epileptic syndrome and control of adverse
effects associated with chemotherapy is already widespread and
supported by several well-controlled clinical trials. However, the
use of these drugs in inflammatory diseases is sometimes unde-
restimated due to lack of scientific knowledge with a high degree
of evidence, non-recognition of the endocannabinoid system as
an active participant in these diseases, and fear of the stereotype
surrounding the use of cannabis derivatives. Therefore, the present
study provides a basis to contribute to the scientific community
by deepening the comprehension of the mechanisms involved in
the anti-inflammatory effects promoted by cannabinoids and by
providing substrate for the development of possible clinical and
public health guidelines.

Studies mentioned in this review were obtained by searching the
Pubmed, Medline, Google Scholar, Scielo, Cochrane Central Re-
gister of Controlled Trials (CENTRAL) and LILACS databases, as
well as the authors’ familiarity with the literature published in this
area of interest. Clinical, observational and intervention, experi-
mental, qualitative studies and review articles were all included in
the search. Articles were identified using the following descriptors:
cannabis and tetrahydrocannabinol and cannabidiol and endocan-
nabinoids and inflammation and anti-inflammatory and oxidati-
ve stress. In addition, a manual search of relevant references was
also performed to capture articles that may not have been picked
up through the initial search. The literature search was conducted
from March 22 to May 17, 2022.

Endocannabinoid system

Endogenous cannabinoids act as natural ligands for cannabinoid
receptors expressed in mammalian tissues, thus constituting an
important lipid signaling system called the endocannabinoid sys-
tem. Cannabinoid receptor agonists are very heterogeneous and
can be divided into four groups, according to the difference in
chemical and structural composition: classical, non-classical,
aminoalkylindol and eicosanoids. The classical group consists of
the phytocannabinoids (A-9-tetrahydrocannabinol [THC], can-
nabinol [CBN], cannabidiol [CBD], among others) and their
synthetic analogues. The eicosanoid group is mainly made up of
the endocannabinoids (arachidonylethanolamine [anandamide or
AEA], 2-araquidonylglycerol [2-AG], among others), ligands of
the cannabinoid system produced by human cells. The other two
groups, non-classical and aminoalkylindol, consist of synthetic
cannabinoids®'?2,

Endocannabinoids are derivatives of arachidonic acid combined
with ethanolamine or glycerol. These products are synthesized
on demand from phospholipid precursors that integrate the cell
membrane in response to increased intracellular calcium levels.
The prototypical endogenous cannabinoids are 2-AG and anan-
damide or AEA. Both are eicosanoids produced from arachido-
nic acid-containing phospholipids, such as phosphatidylinositol
4,5-biphosphate and phosphatidylethanolamine, respectively.
These ligands have both complementary and divergent functions.
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While 2-AG is a full agonist at both cannabinoid receptors (CB1R
and CB2R), anandamide exerts partial agonism.

Other lesser known endocannabinoids include dopamine N-ara-
quidonoil (NADA) and glycerol 2-araquidonoil ether (noladine),
both of which bind strongly to CB1R. In addition, ethanolami-
ne arachidonoil (virodamine) has been identified as a full CB2R
agonist and possesses antagonistic activity on CB1R*8. Exo-
genous cannabinoids, however, comprise both naturally occur-
ring phytocannabinoids and synthetic cannabinoids. Exogenous
cannabinoids are compounds isolated from the Cannabis genus
and make up more than 100 chemicals, among which THC and
CBD are the most abundant and most frequently used. THC
has a high affinity for both CB1R and CB2R. In contrast, CBD
has a higher affinity for CB2R. In addition, CBD possesses pain
modulation effect by anti-inflammatory properties and may be
able to counteract negative effects of THC on memory, mood
and cognition®3!. _

In addition to the transmitters that serve as ligands for the can-
nabinoid receptors, the endocannabinoid family also comprises
the enzymes for biosynthesis and degradation of the ligands. En-
zymes known to hydrolyze the endocannabinoids include fatty
acid amide hydrolase (FAAH), monoglyceride lipase, and N-a-
cylethanolamine'.

The cannabinoid receptors, CB1R and CB2R, are G-protein cou-
pled heterotrimeric and both are expressed in the periphery and
the central nervous system (CNS). However, CBIR expression is
predominant in the CNS, especially in presynaptic nerves, while
CB2R is mainly expressed in immune cells. Both are activated by
endogenously produced lipophilic ligands. Nevertheless, CBIR
and CB2R receptors are also coupled to a variety of ion channels
in the cell membrane: inward rectifier potassium channels and cal-
cium channels'#33,

CBIR is highly expressed in most regions of the CNS, with den-
sities that rival other neurotransmitter and neuromodulatory re-
ceptors. In addition to the CNS, CBIR expression has been re-
ported in the somatic, sympathetic, parasympathetic, and enteric
nervous systems. It is presented in both inhibitory GABAergic and
excitatory glutamatergic neurons. The activation of this receptor,
in a dose-dependent manner, can produce subsequent decrease
of Ca2+ entry into the cell, without involvement of cyclic ade-
nosine 3’,5-monophosphate (cAMP), producing its final effect,
the reduction of neurotransmitter release. This mechanism may
be related to the ability of CB1 receptor agonists to impair cog-
nition and memory, and alter the control of motor function and
nociception®*.

CB2R, on the other hand, is expressed at very low levels insi-
de the central nervous system (CNS) under physiological con-
ditions. However, pathological conditions characterized by a
neuroinflammartory state have resulted in a positive regulation
of CB2R levels in glia cells, such as microglia. This receptor is
also expressed at high levels in immune cells and lymphoid tis-
sues that participate in the innate and adaptive immune respon-
se. The presence of cannabinoid receptors is different on each
immune cell, being expressed, from most abundant to scarcest,
on B cells, natural killer (NK) cells, monocytes, neutrophils,

CD8+ and CD4+ lymphocytes™®.
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As a common mechanism, the cannabinoid receptors CB1 and
CB2 also act to regulate the phosphorylation and activation of dif-
ferent members of the mitogen-activated protein kinase (MAPK)
family, including kinases 1 and 2 regulated by extracellular signals.
MAPK, in turn, controls gene expression related to cell prolifera-
tion, motility, adhesion and apoptosis, as well as glucose metabo-
lism. Both receptors share the ability to modulate the release of
chemical messengers. By acting on CB1 receptors, cannabinoids
interact with various neurotransmitters in the CNS and can mo-
dulate their release, while controlling the release of inflammatory
cytokines by acting on CB2R, regulating the immune system.
One of the non-CB1/CB2 receptors with cannabinoid binding
capacity is the transient receptor vanilloid type 1 (TRPV1),
also called the capsaicin receptor. This is a non-selective cation
channel present in sensory neurons of the skin, heart, blood ves-
sels, and lungs. TRPV1 is associated with the transmission and
modulation of pain through primary afferent and perivascular
sensory neurons'>“%2, In addition to this, additional pathway
receptors have been shown to be involved in cannabinoid signal
transduction. These include peroxisome proliferator-activated
receptors (PPAR), G-protein receptor 55 (GPR55), as well as
nicotinic receptors, serotoninergic receptor (5-HT1A) and ade-
nosine A2A (Figure 1)">%.

Production of ROS Anti-inflammatory

and inflammatory Paradoxical and antioxidant
effects (TFN-a) analgesic effect effect
CB1 TRPV1 PPARy
Receptors Receptors

Anti-inflammatory
and anti-depressant
effect

SHT1A

Anti-inflammatory
effect effect

Adenosine

Figure 1. Main effects of cannabidiol on various membrane receptors

ROS and TFN-a
reduction

Anticonvulsant and
anti-inflammatory

Cannabinoids and inflammation

Activation of glial CB1R and CB2R promote an anti-inflamma-
tory state, elevating anti-inflammatory cytokines and also de-
creasing levels of pro-inflammatory cytokines. CB2R, present
primarily in immune cells, plays an integral role in regulating
humoral and cell-mediated immunity. Cannabinoids apparently
act on inflammation through mechanisms different from those of
agents such as nonsteroidal anti-inflammatory drugs (NSAIDs),
thus free of the adverse effects associated with them.

Studies show that prenylated flavones, non-cannabinoid deriva-
tives of the cannabis genus, are 30 times more potent than aspi-
rin in inhibiting cyclooxygenase (COX), the well-established an-
ti-inflammatory drug. THC is 80 times more potent than aspirin
and twice as potent as hydrocortisone. Ajulemic acid (AJA), a
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synthetic cannabinoid, is 50-100 times more potent than THC
as an analgesic, having 12 times more affinity for CB2R than for
CBIR, which makes it non-psychoactive in therapeutic doses™.
Among the effects of cannabinoid derivatives, immune modula-
tion referring to the suppression of tumor necrosis factor alpha
(TNF-a) and other cytokines such as granulocyte-macropha-
ge colony-stimulating factor (GM-CSF), interleukin 6 (IL-6),
interferon-gamma (IFN-y), and interleukin 12 (IL-12) produ-
ces a potent anti-inflammatory activity. CBD reduces TNF-a
production and induces a reduction in FAAH activity while in-
creasing the production of anandamide, an anti-inflammatory
endocannabinoid. THC has been observed to produce anti-in-
flammatory effects by antagonizing with TNF-o7.

The main anti-inflammartory mechanisms produced by cannabi-
noids are induction of apoptosis, inhibition of cell proliferation,
suppression of cytokine production, and induction of T-regula-
tory cells (Tregs).

Induction of apoptosis

Under normal conditions, apoptosis is necessary to maintain ho-
meostasis and involves morphological changes (cell shrinkage,
nuclear fragmentation, and pore formation in the plasma mem-
brane) as well as molecular changes (induction of caspases and
extravasation of cytochrome c).

Both anandamide and THC, for example, induce apoptosis in
T and B lymphocytes. However, THC, with greater immuno-
suppressive potency, promotes additional apoptosis in macro-
phages and antigen-presenting cells through regulation of BCL2
protein activity and caspases. Cannabidiol, on the other hand,
induces apoptosis in T cells, CD4+ and CD8+, producing reac-
tive oxygen species (ROS) and activating caspases 8 and 32 In
opposition to immune cells, cannabinoids can protect apoptosis
in CNS cells, conferring neuroprotection. The mechanisms of
immunosuppression by cannabinoids occur through partial acti-

vation of CB2R and probably also CB1R.

Inhibition of cell proliferation

Inhibition of lymphocyte proliferation may be induced by direct
effects on immune cells, and not mediated by CB1R and CB2R.
While low doses of THC stimulate T cells, high doses induce
inhibition of the response to lipopolysaccharides (LPS), T cell
mitogens, and anti-CD3 antibodies. THC can suppress immune

functions and increase susceptibility to infections™*°.

Suppression of cytokine production

Cytokines are the signaling proteins synthesized and secreted by
stimulating immune cells. They are the modulating factors that
balance the initiation and resolution of inflammation. Canna-
binoids induce downregulation of cytokine production and dis-
ruption of the well-regulated immune response. In addition, can-
nabinoids can affect the host immune response and resistance by
disrupting the balance between cytokines produced by T-helper,
Th1 and Th2 subsets. Cannabinoids also exert their immunosu-
ppressive effects by decreasing inflammatory products, including
nitric oxide (NO), TNF-a,, gamma interferon-induced protein
10 (CXCL10), chemokine CCL2, and chemokine CCL5. In ad-
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dition, cannabinoids can regulate the migration and differentia-
tion of monocytes into M1 or M2 macrophage phenotypes, as
well as their ability to produce cytokines, chemokines, and other
immune mediators®”%,

Anandamide reduces the production of several interleukins (IL)
such as IL-2, IL-6, IL-8, IL-12 and monocytes induced by LPS
and also blocks LPS triggered activation of LPS and I-KB kinase
of nuclear factor kappa B (NFkB), a protein complex that con-
trols DNA transcription, cytokine production and cell survival®.
Cannabidiol also reduces prostaglandin E2 and COX activity.
THC, on the other hand, altered the Th1 destructive immunity
by Th2 protective immunity, even less effectively than cannabi-
diol, and also showed immunosuppressive effects on dendritic
cells. This occurs through suppression of IL-12p40 production
and inhibition of expression of maturation markers such as MH-
CII, CD86 and CD4°1665,

When AJA is in the peripheral blood, it reduces the production
of the pro-inflammatory cytokine IL-1b, as well as the stea-
dy-state levels of IL-6 mRNA and its subsequent secretion by
LPS-stimulated macrophages. IL-6 is a multifunctional cytokine
that contributes to inflammation and tissue injury in a variety
of diseases. However, AJA did not reduce TNF-a production in
these studies®. Finally, increased levels of anandamide decrease
inflammatory responses, suggesting that endocannabinoids are
physiologically involved in attenuating the immune system’.
However, there are still poorly understood and sometimes con-
tradictory effects.

Induction of regulatory T-cells

Exogenous cannabinoids have been shown to suppress T-cel-
I-mediated immune responses, mainly by inducing apoptosis
and suppressing inflammatory cytokines and chemokines. THC
can increase the number of Treg Foxp3+ cells, inducing them to
inhibit cytokine production. This suggests that Treg cells, unlike
other T cells, may be resistant to THC-induced apoptosis and
can suppress the activation of T cells that eventually escape apop-
tosis. This further supports the notion that the endogenous can-

nabinoid system is protective against inflammatory changes®” .

Cannabinoid system and oxidation

Antioxidant activity of CBD has been shown in the redox sta-
te, direct or indirectly, through components of this system. The
imbalance between oxidants and antioxidants leads to oxidati-
ve stress in lipids, nucleic acids, and proteins, which results in
changes in the structure of these components, disrupting their
molecular interactions and signal transduction pathways®. Oxi-
dative modifications play an important role in the functioning
of redox-sensitive transcription factors, such as nuclear factor
erythroid 2 (NRF2) and NFkB. Therefore, they play a role in
the regulation of pathological conditions characterized by im-
balances in the redox system and inflammation, such as cancer,
inflammatory diseases, and neurodegenerative diseases’"”".

Like other antioxidants, CBD interrupts free radical chain reac-
tions by capturing these molecules or transforming them into
less active forms®, also reducing oxidative conditions by preven-
ting the formation of superoxide radicals, which are mainly ge-
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nerated by xanthine oxidase (XO) and NADPH oxidase (NOX1
and NOX4). In experimental models of chronic inflammation,
CBD promoted reduced NO levels’.

CBD also reduces ROS production by chelating transition metal
ions, thus decreasing amyloid formation in neurons’. It increases
the mRNA level of superoxide dismutase (SOD) and the en-
zymatic activity of copper (Cu), zinc (Zn) and manganese-de-
pendent superoxide dismutase (Mn-SOD), which are responsi-
ble for superoxide radical metabolism in experimental models™.
When lowering ROS levels, CBD also protects non-enzymatic
antioxidants through the prevention of their oxidation. This is
relevant because glutathione cooperates with other low mole-
cular weight compounds in antioxidant action, especially with
vitamins such as A, E and C”.

Repeated doses of CBD in inflammatory conditions increase
peroxidase and glutathione reductase activity, resulting in de-
creased malonaldehyde levels>. The high affinity of CBDs for
cysteine residues is a possible explanation for this observation’.
It is known that under oxidative conditions, changes in enzyme
activity can be caused by oxidative modifications of proteins, es-
pecially aromatic and sulfur amino acids'®. CBD also aids in the
action of antioxidant enzymes by preventing reduction in the
levels of microelements, such as Zn or selenium [Sn], which are
normally lowered under pathological conditions. These elements
are necessary for the biological activity of some proteins, espe-
cially enzymes such as SOD or glutathione peroxidase’.

Finally, it s possible to observe that cannabinoids can interact
with the body’s natural antioxidant system. This mechanism
constitutes an accessory pathway by which the endocannabinoid
system acts with anti-inflammatory effects.

NON-CANNABINOID RECEPTORS AND INFLAMMATION

TRP receptors

It has also been shown that CBD can affect redox balance and
inflammation through modulation of mammalian transient re-
ceptor potential (TRP) channels”*. CBD activates vanilloid
receptors (TRPV), directly or indirectly, by increasing the level
of endogenous AEA, one of the agonists of TRPV18!. This ago-
nism causes desensitization, producing the “paradoxical analge-
sic activity” similar to that of capsaicin’ It has been suggested
that there is a relationship between TRPV1 molecular signaling
and oxidative stress® because ROS and the products of lipid pe-
roxidation can regulate the physiological activity of TRPV1 by
oxidizing its thiol groups®. Consequently, CBD not only activa-
tes TRP through a direct agonist-receptor interaction, but also
by reducing the level of oxidative stress. In addition, it activates
other vanilloid receptors, such as TRPV2 and the potential re-
ceptor subtype of ankarin protein 1 (TRPAIL), while antagoni-
zing the TRP-8 receptor (TRPMS)”.

PPAR receptors

PPARy are members of a family of nuclear receptors that modify
gene transcription in response to a variety of signaling pathways.
They are expressed on immune system cells, such as monocytes
and macrophages, and regulate inflammatory responses through
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inhibitory effects on the expression of inflammatory cytokines
and eicosanoids. It participates in modulating inflammation by
inducing proteosomal degradation by ubiquitination of p65,
which causes inhibition of pro-inflammatory gene expression,
such as cyclooxygenase-2 (COX2) expression and some pro-in-
flammatory mediators, such as TNF-a, IL-1p and IL-6, as well
as inhibition of NFkB-mediated inflammatory signaling®. For
this reason, acting through the PPARY receptor, CBD shows an-
ti-inflammatory and antioxidant properties.

Moreover, its direct activity is enhanced by the action of AEA
and 2-AG, which are also PPARy agonists and whose levels are
elevated by these cannabinoids®. In addition to its ability to
bind to CB2R, AJA binds to PPAR-y, consequently suppressing
the promoter activity of IL-8, a chemoattractant cytokine with
specificity for the neutrophil, the main cell involved in acute in-
flammation.

GPRS55 Receptors

CBD acts as an antagonist of GPR55, which, when inactiva-
ted, reduces the intracellular level of calcium ions, and probable
anticonvulsant effect®. Moreover, it has been shown that mice
knockout for GPR55 have elevated levels of anti-inflammatory
interleukins (IL-4, IL-10, and IFN-0)¥’, while high expression of
GPR55 reduces ROS production®.

5-HT1A receptors

CBD has direct affinity for the human 5-HT1A receptor®,
and it also can indirectly induce this receptor by increasing
the level of AEA”. When activated, the 5-HT1A receptor
can act as a membrane antioxidant by capturing ROS*'. The-
refore, through activation of 5-HT1A, CBD can neutralize
phospholipid peroxidation and thus participate in the pro-
tection of biomembranes against oxidative and, consequently,
inflammatory modifications.

Adenosine A2A receptors

CBD is also an agonist of the adenosine A2A% receptors. Adeno-
sine and its agonists exhibit anti-inflammatory activity in vivo®.
Therefore, adenosine release is one of the mechanisms of immu-
nosuppression during inflammation®, and adenosine receptor
agonists reduce TNF-a>% levels.

CONCLUSION

Cannabinoids are a promising therapeutic option in the context
of inflammartory diseases, given the complete and complex rela-
tionship between the endocannabinoid system and the immune
system. The setback to be overcome in the use of cannabinoids as
anti-inflammatory drugs includes the synthesis of cannabinoid
receptor agonists that are non-psychoactive while maintaining
potent anti-inflammatory activity. While most studies have fo-
cused on the effect of cannabinoids on cytokines, apoptosis and
Thl cells, further investigations into their effect on Th17 cells,
dendritic cells, natural killer cells, B cells and Foxp3+ regulatory
T cells are critical, as these cells play important roles in regula-
ting and mediating the response to inflammatory or autoimmu-
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ne diseases. Moreover, the interaction with adhesion molecules,

co-stimulatory molecules, and chemokines, require further study

to increase the comprehension of cannabinoids and their intrica-
te effects on immune system disorders.
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