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TNF-α	 	Tumor	necrosis	factor-α
CNS	 	Central	nervous	system
PNS	 	Peripheral	nervous	system
BDNF	 	Brain-derived	neurotrophic	factor
ROS	 	Reactive	oxygen	species
RNS	 	Reactive	nitrogen	species
NOS	 	Nitric	oxide	synthase
ATP	 	Adenosine	triphosphate
APP	 	Amyloid	precursor	protein
cAMP	 	Cyclic	adenosine	monophosphate
iNOS	 	Inducible	nitric	oxide	synthase
PET	 	Positron	emission	tomography
GABA	 	Gamma-aminobutyric	acid

Introduction

Cannabinoid	receptors	(CBs)	are	G	protein-coupled	recep-
tors	(GPCRs),	having	seven	transmembrane	(7-TM)	span-
ning	 domains,	 and	 found	 in	 the	 endocannabinoid	 system	
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Abstract
Rationale The	endocannabinoid	system	(ECS)	belongs	to	the	G	protein-coupled	receptor	family	of	cell	membranes	and	is	
associated	with	neuropsychiatric	conditions,	and	neurodegenerative	diseases.	Cannabinoid	2	receptors	(CB2)	are	expressed	
in	the	central	nervous	system	(CNS)	on	microglia	and	subgroups	of	neurons	and	are	involved	in	various	behavioural	pro-
cesses	via	immunological	and	neural	regulation.
Objective The	objective	of	this	paper	is	to	summarize	and	explore	the	impact	of	CB2	receptors	on	neuronal	modulation,	
their	involvement	in	various	neurological	disorders,	and	their	influence	on	mood,	behavior,	and	cognitive	function.
Results The	activation	of	CB2	appears	to	protect	the	brain	and	its	functions	from	damage	under	neuroinflammatory	actions,	
making	it	an	attractive	target	in	a	variety	of	neurological	conditions	such	as	Parkinson’s	disease	(PD),	multiple	sclerosis	
(MS),	Alzheimer’s	disease	(AD),	and	Huntington’s	disease	(HD).	During	inflammation,	there	is	an	overexpression	of	CB2	
receptors,	and	CB2	agonists	show	a	strong	anti-inflammatory	effect.	These	results	have	sparked	interest	in	the	CB2	receptors	
as	a	potential	target	for	neurodegenerative	and	neuroinflammatory	disease	treatment.
Conclusion In	conclusion,	CB2	receptors	signalling	shows	promise	for	developing	targeted	interventions	that	could	posi-
tively	affect	both	immune	and	neuronal	functions,	ultimately	influencing	behavioral	outcomes	in	both	health	and	disease.

Keywords	 Endocannabinoid	system	·	CB2	receptors	·	Neurodegeneration	diseases	·	Neuroinflammation	·	MAPK	
pathway	·	AC	pathway

Received: 21 April 2024 / Accepted: 30 August 2024
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2024

Emerging roles of cannabinoid receptor CB2 receptor in the central 
nervous system: therapeutic target for CNS disorders

Kanchan Bala1 · Pratyush Porel2 · Khadga Raj Aran2

1 3

http://crossmark.crossref.org/dialog/?doi=10.1007/s00213-024-06683-w&domain=pdf&date_stamp=2024-9-11


Psychopharmacology

(ECS).	Cannabinoid	receptors	1	(CB1)	and	2	(CB2)	are	the	
two	 major	 classes	 of	 cannabinoid	 receptors,	 CB1	 recep-
tors	 are	 found	 prominently	 in	 various	 parts	 of	 the	 central	
nervous	 system	 (CNS),	 including	 cortex,	 hippocampus,	
cerebellum,	and	basal	ganglia	(Zou	and	Kumar	2018)	and	
peripherally	 found	 in	 liver,	 adipose	 tissues,	 gastrointesti-
nal	tract	(GIT),	skeletal	muscles,	and	reproductive	organs,	
whereas,	CB2	receptors	are	chiefly	located	in	peripherally	
circulating	immune	cells,	including	monocytes,	thymus,	B	
cells,	T	cells,	tonsils,	macrophages,	microglia,	natural	killer	
(NK)	cells,	and	polymorphonuclear	cells	(Dalle	et	al.	2022;	
Adel	and	Alexander	2021).	Preclinical	and	clinical	research	
studies	 suggest	 the	 contribution	 of	 ECS	 to	 brain	 homeo-
static	mechanisms,	including	long	and	short-term	synaptic	
plasticity,	and	behavioural	aspects	like	learning,	cognition,	
and	reward	(Luchicchi	et	al.	2012).	Anandamide	and	2-ara-
chidonoylglycerol	 (2-AG),	 are	 two	major	members	of	 the	
endocannabinoid	 (EC)	 family,	 derived	 from	 the	 pig	 brain	
and	dog	gut,	respectively.	Anandamide	and	2-AG	are	both	
lipid-based	compounds	that	bind	to	CB	and	show	retrograde	
synaptic	 signalling	by	 transmitted	 from	 the	post	 to	 a	 pre-
synaptic	membrane	(Devane	et	al.	1992;	Mechoulam	et	al.	
1995;	Cheung	et	 al.	 2019).	 In	 recent	years,	EC	signalling	
specificity	has	begun	 to	emerge	and	has	played	a	promis-
ing	therapeutic	role	in	managing	several	neurodegenerative	
diseases,	including	Alzheimer’s	disease	(AD)	(Koppel	and	
Davies	2008),	Parkinson’s	disease	 (PD)	 (Bie	 et	 al.	 2018),	
multiple	 sclerosis	 (MS)	 (Nouh	 et	 al.	 2023),	 and	Hunting-
ton’s	disease	(HD)	(Pazos	et	al.	2008).	Evidence	now	sug-
gests	that	ECS	can	promote	the	management	of	both	motor	
symptoms	and	often	seen	non-motor	side	effects	along	with	
PD,	such	as	pain,	insomnia,	and	depression,	are	interacting	
with	CB1	receptors.	An	agonist	and	other	ECS	modulators	
in	the	basal	ganglia	might	improve	motor	functions,	reduce	
dyskinesias,	and	modulate	other	neurotransmitters,	includ-
ing	 gamma-aminobutyric	 acid	 (GABA),	 glutamate,	 and	
opioid	 peptides	 (Pisani	 2005).	 CB1	 receptors	 also	 play	 a	
key	role	in	regulating	metabolic	processes,	energy	balance,	

gastrointestinal	motility,	 and	 various	 peripheral	 functions,	
along	 with	 modulating	 neurotransmitter	 release,	 alter-
ing	 neuronal	 communication,	 and	 subsequently	 affecting	
mood,	memory,	and	pain	perception	(Lu	and	Mackie	2016).	
Furthermore,	 CB2	 receptors	 are	 also	 crucial	 for	 regulat-
ing	 immunological	 responses,	 lowering	 inflammation,	and	
maintaining	homeostasis	by	regulating	cytokine	release,	cell	
migration,	and	inflammation.	Expression	of	CB2	receptors	
is	most	prominent	during	active	inflammation,	where	reac-
tive	microglia	 express	 several	 receptors,	 such	 as	Toll-like	
receptors	(TLRs)	(Benito	et	al.	2008)	and	purinergic	P2	×	4	
receptors	 (Sophocleous	 et	 al.	 2022),	 with	 the	 subsequent	
activation	of	the	inflammatory	pathways	and	the	release	of	
inflammatory	mediators,	eventually	causing	neuronal	dam-
age	 in	neurodegenerative	diseases.	Activating	CB2	 recep-
tors	on	microglia	helps	to	suppress	inflammatory	responses,	
which	 may	 protect	 neurons	 by	 altering	 the	 inflammatory	
response	 and	 decreasing	 the	 production	 of	 pro-inflamma-
tory	 cytokines	 and	 chemokines.	 CB2	 receptors	 activation	
also	 helps	 to	 attenuate	 neuroinflammation	 and	 neuronal	
damage	 through	 p38-MK2	 pathway,	 extracellular	 signal-
regulated	protein	kinase	1	and	2	(ERK1/2)	expression,	and	
downregulation	of	TLRs	and	P2	×	4	receptors,	thus	playing	
a	protective	role	in	neurodegenerative	conditions	and	main-
taining	neural	homeostasis	(Ghonghadze	et	al.	2020).	Can-
nabinoid	ligands,	their	receptor	and	biological	functions	are	
shown	in	Table	1.

CB2 receptors

The	CB2	receptors	are	found	in	the	immune	system,	cardio-
vascular	 tissues,	 spleen,	 and	CNS,	which	 have	 protective	
effects	 against	 various	 cellular	 events	 (Bow	 and	 Rimoldi	
2016).	In	CNS,	it	plays	a	basic	defence	mechanism	by	acti-
vating	 glial	 cells,	 which	 include	 perivascular	 microglia,	
parenchymal	 microglia,	 astrocytes,	 and	 oligodendrocytes,	
that	constitute	the	majority	of	all	the	cells	in	the	brain	and	

Table 1	 Cannabinoid	ligands,	their	receptor	and	biological	functions
Compounds CB2	receptor	

activity
Affinity	&	Efficacy CB2-	dependent	receptors Reference

Endocannabinoid
Anandamide Partial	agonist

Ki:	371	nM
Moderate	affinity
CB1	>	CB2
Efficacy	CB1	>	CB2

Boosted	the	synthesis	of	IL-10	and	decreased	the	production	
of	IL-12	and	IL-23	by	activated	microglial	cells	(in	vitro)

(Correa	et	al.	2009,	
2010)

2-AG Full	agonist
Ki:	1,400	nM

Moderate	CB1/CB2	
affinity
High	CB1/CB2	
efficacy

Human	monocytes,	neutrophils,	Eosinophils,	NK	cells,	B	
cells,	and	microglial	cells	all	exhibit	induced	chemotaxis.
In	vitro,	increased	microglial	cell	multiplication

(Kishimoto	et	al.	
2005,	Kurihara	et	
al.	2006)

Plant cannabinoids
Δ9	–THC Partial	agonist

Ki:	3.13	nM
Efficacy	CB1	>	CB2 Suppressed	macrophage

chemotaxis	(in	vitro)
Suppressed	macrophage	co-stimulation	(in	vitro)
Inhibited	antitumor	immunity

(Raborn	et	al.	2008)
(Buckley	et	al.	
2000)
(Zhu	et	al.	2000)
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spinal	 cord,	 whereas	 microglia	 and	 astrocytes	 are	 funda-
mental	 components	 of	 basic	 defence	 mechanism	 of	 the	
CNS.	By	altering	the	surrounding	environment	and	synap-
tic	 structure,	microglia	under	normal	physiological	 condi-
tions	are	essential	for	the	development	and	maintenance	of	
synaptic	plasticity	in	neuronal	cells.	Synaptic	development	
and	deficits	observed	in	a	variety	of	neurological	diseases	
are	attributed	to	the	production	and	release	of	various	che-
mokines	 and	 cytokines	 and	 the	 microglia’s	 phagocytosis	
of	synapses.	The	remarkable	presence	of	CB2	receptors	in	
microglial	 cells	 also	 emphasized	 the	 correlation	 between	
heightened	CB2	expression	and	neuro-inflammation	within	
the	brain	by	inhibiting	neuroinflammatory	signalling	path-
ways,	restoring	normal	microglial	functions,	and	modulat-
ing	ERK1/2	activation,	which	indicates	a	robust	association	
of	 CB2	 receptors,	 specifically	 in	 microglial	 cells,	 during	
these	 inflammatory	 processes	 (Komorowska-Müller	 and	
Schmöle	2020).	During	brain	injury	or	other	inflammatory	
processes,	microglia	 become	 activated,	 and	 the	 upregula-
tion	of	CB2	receptors	on	these	cells	is	part	of	the	immune	
response	 and	maintains	 homeostasis	 (Nunez	 et	 al.	 2004).	
Homeostasis	 is	 restored	 by	 activating	 the	 negative	 feed-
back	mechanism	in	pathological	conditions	and	exploiting	
TLRs	and	tumour	necrosis	factor-alpha	(TNF-α)	activation	
to	 release	 cytokines	 that	 regulate	 inflammatory	 responses	
in	 inflammation.	 Overactivation	 of	 CB2	 receptors	 exhib-
its	 neuroprotective	 benefits	 by	 suppressing	 TLRS	 and	
TNF-α,	 downregulating	 the	 neuroinflammatory	 pathways.	

Additionally,	CB2	receptors	expression	is	primarily	depen-
dent	on	 the	presence	of	active	 inflammation	and	does	not	
appear	 to	 have	 any	 negative	 psychological	 effects	 or	 the	
potential	 to	 cause	 addiction.	 Research	 noted	 that	 CB2	
expression	may	be	intriguingly	possible	not	only	in	microg-
lia	but	also	in	some	neuronal	populations,	highlighting	the	
wider	effects	of	CB2	receptors	within	the	CNS	in	response	
to	various	neurodegenerative	disorders	and	other	pathologi-
cal	 conditions	 (Maresz	 et	 al.	 2005).	During	 the	 structural	
elucidation,	it	was	found	that	the	CNR2	gene	encodes	CB2	
receptors,	which	are	extended	by	approximately	360	amino	
acids,	which	make	them	slightly	shorter	than	the	473	amino	
acids	 containing	 the	CB1	 receptors	 shown	 in	 Fig.	1.	The	
intracellular	 C-terminus	 portion	 of	 CB2	 receptors	 seems	
to	 be	 very	 crucial	 in	 modulating	 ligand-induced	 receptor	
desensitization,	and	subsequently,	 recurrent	administration	
of	agonists	causes	downregulation,	which	could	make	 the	
receptor	 less	 receptive	 to	specific	 ligands	(Li	et	al.	2023).	
Human	 CB1	 and	 CB2	 receptors	 share	 68%	within	 trans-
membrane	 regions,	and	44%	are	 identified	 throughout	 the	
entire	 protein.	An	 amino	 acid	 sequence	 of	CB2	 receptors	
is	 less	conserved	in	rats	and	humans	as	compared	to	CB1	
receptors,	and	those	cannabinoids	that	bind	to	CB2	receptors	
start	a	signalling	cascade	inside	the	cell.	This	activation	has	
numerous	 secondary	 effects	 on	 modulating	 inflammatory	
and	immunological	responses,	as	well	as	other	cellular	func-
tions	(Svízenská	et	al.	2008).	The	CB2	receptors	have	been	
significantly	associated	with	neurodegenerative	conditions	

Fig. 1	 Structure	of	CB1	and	CB2	receptor
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in	 normal	 immune	 and	 inflammatory	 responses.	 Various	
environmental	stressors,	inflammatory	cytokines,	oxidative	
stress,	UV	irradiation,	hypoxia,	ischemia,	interleukin-1	(IL-
1),	and	TNF-α,	substantially	activate	the	four	p38	isoforms	
in	 mammalian	 cells.	 The	 generation	 of	 proinflammatory	
cytokines	is	one	of	the	p38	isoforms	primary	functions	that	
also	control	the	expression	of	cytokines	by	modifying	tran-
scription	factors	like	nuclear	factor	kappa	B	(NF-κB).	The	
JNK	isoforms	are	strongly	activated	in	response	to	a	variety	
of	cellular	stresses,	such	as	heat	shock,	ionizing	radiation,	
oxidative	 stress,	 DNA-damaging	 agents,	 cytokines,	 UV	
irradiation,	growth	factor	deprivation,	and	to	a	lesser	extent,	
serum	and	certain	GPCR	ligands.	This	activation	pattern	is	
similar	to	that	of	the	p38	MAPKs.	JNK1	and	JNK2	are	seen	
to	play	an	important	role	in	the	control	of	cell	proliferation	
(Cargnello	 and	 Roux	 2011).	 A	 preclinically	 autoimmune	
encephalomyelitis	mouse	model	was	used	to	study	the	loca-
tion	 and	 expression	of	CB2	 receptors,	 and	 the	 study	 sug-
gested	that	over-expression	and	activation	of	CB2	receptors	
can	 be	 considered	 as	 a	 potential	 therapeutic	 approach	 to	
limit	the	progress	of	inflammation	(Fu	and	Taylor	2015).

Cannabinoid receptor signalling

GPCRs	are	a	major	class	of	cell	 surface	 receptors	associ-
ated	with	a	group	of	G	proteins	that	contain	three	subunits:	
α,	 β,	 and	 γ.	Based	on	 their	α	 subunit,	G	proteins	 are	 cat-
egorized	 into	 four	 families:	Gαi,	Gαs,	Gα12/13,	 and	Gαq	
(Zhang	 et	 al.	 2024).	 Cannabinoid	 ligands	 (agonists)	 bind	
to	the	CB2	receptors	and	induce	an	abidance	change	in	the	
receptor,	leading	to	the	activation	of	the	associated	Gαi	sub-
unit,	which	is	primarily	 involved	in	the	pathway	(Demuth	
and	Molleman	2006).	The	Gαi	subunit	dissociates	from	the	
Gβγ	subunits	as	a	result	of	a	conformational	shift	that	occurs	
upon	activation	of	CB2	receptors.	While	both	Gαi	and	Gβγ	
can	alter	intracellular	signalling	pathways,	the	relationship	
between	 the	 Gαi	 subunit’s	 adenylate	 cyclase	 (AC)	 is	 the	
point	of	interest	when	it	comes	to	CB2	receptors	activation	
(Calandra	 et	 al.	 1999).	 Adenosine	 triphosphate	 (ATP)	 is	
converted	 to	cyclic	adenosine	monophosphate	(cAMP)	by	
the	enzymatic	activity	of	AC,	which	also	acts	as	a	second	
messenger	by	 transmitting	signals	 from	 the	outside	of	 the	
cell	to	the	inside.	Gαi	subunits	block	AC	activity	when	there	
is	no	receptor	activation	because	its	enzymatic	activity	can	
be	directly	inhibited	by	the	α	subunit.	Nevertheless,	AC	is	
no	longer	blocked	when	the	Gαi	subunit	is	released	the	CB2	
receptors	are	active,	and	cAMP	increases	as	a	consequence.	
Protein	kinase	A	(PKA),	which	functions	as	a	downstream	
effector	 in	 the	AC	 pathway,	 is	 subsequently	 activated	 by	
elevated	cAMP	levels.	Many	target	proteins	are	phosphor-
ylated	by	 the	Ser/Thr	kinase	PKA,	which	sets	off	a	series	
of	intracellular	processes.	Activation	of	the	CB2	receptors	

like	AD,	MS,	and	HD,	indicating	their	substantial	involve-
ment	and	implications	in	the	progression	and	manifestations	
of	neurological	disorders	(cited	Di	Marzo	et	al.	2015).	Both	
preclinical	and	clinical	studies	suggest	that	upregulation	of	
CB2	 receptors	 expression	 in	 striatal	 microglia	 modulates	
neuroinflammation	 and	 immunological	 responses	 in	 MS,	
potentially	 lowering	 disease	 severity.	 A	 preclinical	 study	
on	 the	APPSw/Ind	model	 of	AD	 shows	 that	 activation	 of	
CB2	receptors	can	attenuate	NMDA	signalling	in	activated	
microglia,	 reduce	 the	 production	 of	 inflammatory	media-
tors,	and	improve	Aβ	clearance,	which	potentially	mitigates	
neuronal	damage	and	cognitive	decline.	In	HD,	the	Malo-
nate	 rat	model	 and	R6/2	mouse	model	 show	a	 significant	
elevation	of	CB2	receptors	expression	in	the	hippocampus,	
striatum,	and	cerebellum	of	the	brain	and	may	play	a	neuro-
protective	role	in	striatal	neuron	degeneration	by	modulat-
ing	neuronal	 inflammation	and	protecting	against	synaptic	
loss	(Kirbet	et	al.	2022;	Benito	et	al.	2008).

In	vivo	studies	in	humans	and	animal	models	help	to	find	
molecular	and	functional	alterations	in	the	brain	by	positron	
emission	 tomography	 (PET).	A	unique	set	of	pathological	
alterations,	 including	 inflammation,	microvascular	modifi-
cations,	 synaptic	dysfunction,	 and	neuronal	death,	 are	put	
on	by	the	aberrant	production	of	tau	and	amyloid-beta	(Aβ)	
aggregates,	particularly	in	AD	models.	CB2-selective	PET	
tracers	revealed	a	correlation	between	Aβ	plaque	formation	
and	elevated	CB2	receptors	expression	in	the	brain,	which	
suggests	that	CB2	PET	tracers	may	be	used	as	a	diagnostic	
tool	to	identify	the	emergence	of	neuroinflammation	at	the	
onset	of	AD.	However,	these	models	may	not	be	optimal	for	
assessing	CB2R	 tracers	 because	 age-related	 inflammation	
also	contributes	to	the	relatively	modest	inflammation	in	AD	
animal	models	(Ni	et	al.	2019).	Mitogen-activated	protein	
kinases	(MAPKs)	are	Ser/Thr	kinases	of	proteins	that	medi-
ate	a	wide	range	of	cellular	responses	in	response	to	external	
stimuli.	Among	 the	 initially	 identified	 signal	 transduction	
pathways,	MAPKs	have	been	extensively	exploited	in	vari-
ous	physiological	functions.	Studies	on	signal	transmission	
have	 associated	 CB1/2	 receptors’	 function	 in	 controlling	
ERK1/2	to	the	subsequent	regulation	of	genes	that	regulate	
transcription,	govern	the	production	of	cytokines,	and	regu-
late	cell	differentiation.	ERK1/2,	or	p42/44	MAPK,	is	acti-
vated	in	response	to	activation	of	CB	receptors	and	various	
growth	factors,	such	as	nerve	growth	factor	(NGF),	platelet-
derived	growth	factor	(PDGF),	and	epidermal	growth	factor	
(EGF).	Mitogenic	 drugs	 rapidly	 increase	ERK1/2	 activity	
and	are	more	effective	 in	G1-to-S-phase	 transition	 in	nor-
mal	cells,	which	depends	on	kinases,	including	the	activa-
tion	of	positive	cell	cycle	regulators.	ERK1/2	regulates	the	
proliferation	 of	 cells	 by	 initiating	 the	 activation	 of	 c-Jun	
N-terminal	kinases	(c-JNK)	and	p38	mitogen-activated	pro-
tein	kinase	(p38	MAPK)	pathway	and	plays	a	critical	role	
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kinases	 (RTK)	or	GPCR,	 initiating	 a	 series	of	 events	 that	
culminate	in	the	activation	of	MAP3K.	These	MAP3K,	also	
known	as	Raf	kinases	in	the	case	of	the	ERK	pathway,	phos-
phorylate	and	activate	MAP2K,	which,	in	turn,	phosphory-
late	and	activate	the	terminal	MAPK.	Among	the	MAPKs,	
ERK	is	particularly	involved	in	regulating	cell	proliferation	
and	differentiation.	Once	activated,	ERK	translocates	to	the	
nucleus	 and	 phosphorylates	 transcription	 factors,	 modu-
lating	gene	expression	and	 influencing	cell	 fate	decisions.	
On	the	other	hand,	JNK	and	p38	MAPK	are	prominent	in	
stress	response	pathways	as	they	play	crucial	roles	in	apop-
tosis,	inflammation,	and	other	cellular	responses	to	various	
environmental	stresses.	MAPK	and	its	related	pathways	are	
shown	in	Fig.	3	(Sánchez	et	al.	1998).

Immune modulation by CB2 and its role in immune 
response regulation

T	cells	are	a	vital	player	in	adaptive	immunity,	and	the	acti-
vation	of	CB2	receptors	has	been	shown	to	influence	T	cell	
differentiation	and	activation.	This	modulation	 is	essential	
for	maintaining	a	balanced	immune	response,	and	prevent-
ing	 excessive	 immune	 activation	 (Tóth	 et	 al.	 2019).	 CB2	
receptors	help	in	maintaining	immunological	tolerance	and	
limit	overreactions	by	regulating	T	cell	activity	(Lunn	et	al.	
2006).	 It	also	promotes	 the	differentiation	and	function	of	
regulatory	T	cells,	which	play	a	 crucial	 role	 in	 sustaining	
immunological	tolerance	and	preventing	autoimmune	reac-
tions	(Rodrigues	et	al.	2019).	They	impact	the	movement	of	

can	suppress	immune	cell’s	secretions	of	pro-inflammatory	
cytokines,	and	maintaining	the	balance	of	pro-inflammatory	
and	anti-inflammatory	cytokines	is	crucial	for	immune	sys-
tem	 regulation	 (Bayewitch	 et	 al.	 1995;	 Opal	 and	 DePalo	
2000).	 By	 inhibiting	AC	 and	 reducing	 cAMP	 levels,	 the	
CB2	 receptors	help	dampen	excessive	 immune	 responses,	
contributing	 to	 the	 resolution	 of	 inflammation	 (Ni	 et	 al.	
2019).	The	AC	pathway	is	shown	in	Fig.	2.

MAPK pathway

The	MAPK	pathway	 is	a	complex	signalling	cascade	 that	
plays	a	pivotal	role	in	transmitting	signals	from	the	cell	sur-
face	 to	 the	nucleus,	 influencing	various	cellular	processes	
(Cargnello	&	Roux	2011).	This	pathway	is	crucial	for	fun-
damental	cellular	processes	such	as	proliferation,	differen-
tiation,	apoptosis,	and	response	to	environmental	stressors.	
Comprising	 a	 series	 of	 protein	 kinases,	 the	MAPK	 path-
way	is	activated	by	diverse	signals,	 including	growth	fac-
tors,	and	cytokines,	and	it	transmits	these	signals	to	the	cell	
nucleus,	orchestrating	appropriate	cellular	responses	(Bou-
aboula	et	al.	1996).	The	CB2	receptors	undergo	a	conforma-
tional	change	that	allows	them	to	interact	with	G	proteins,	
and	those	involved,	particularly	Gα	subunits,	initiate	down-
stream	signalling	cascades,	including	the	MAPK	pathway.	
Tetrahydrocannabinol	 (THC)	and	other	 cannabinoids	acti-
vate	the	CB2	receptors,	which	then	trigger	the	MAPK	path-
way	through	a	sequence	of	biochemical	processes	(Atwood	
and	Mackie	2010).	This	binding	activates	receptor	tyrosine	

Fig. 2	 Adenylate	cyclase	pathway

	

1 3



Psychopharmacology

Cytokine production

Activation	of	CB1	and	CB2	receptors,	either	directly	or	indi-
rectly,	promoting	various	cytokines	signalling	pathways,	is	
the	 key	 to	 determining	 their	 relation	 to	 pain	 (Anthony	 et	
al.	 2020).	Cytokines	 are	 signalling	molecules	 in	 the	 form	
of	 proteins	 produced	 by	 a	 variety	 of	 cells	 in	 the	 immune	
system,	including	T	and	B	cells,	macrophages,	and	dendritic	
cells.	To	maintain	pro-	and	anti-inflammatory	signals,	CB2	
receptors	are	essential	for	controlling	cytokine	production,	
and	 the	 up-regulation	 of	 pro-inflammatory	 cytokines	 like	
TNF-α	 and	 interleukin-6	 (IL-6),	 occurs	 with	 the	 activa-
tion	of	CB2	receptors.	Its	ability	to	manage	inflammation	is	
essential	for	avoiding	a	high	level	of	immune	responses	that	
can	cause	tissue	damage	(Klein	et	al.	2001).

Conversely,	 stimulation	 of	 CB2	 receptors	 increases	
the	 synthesis	 of	 cytokines	 that	 reduce	 inflammation,	 like	

immune	cells	 to	sites	of	inflammation,	 infection,	or	 injury	
and	prevent	excessive	 immune	cell	 infiltration,	which	can	
contribute	to	tissue	damage	and	chronic	inflammatory	con-
ditions	(Gu	et	al.	2017).

EC	has	diverse	effects	on	 immunological	 regulation	by	
apoptosis	 in	an	NF-κB-dependent	manner,	diminishes	cel-
lular	 activation,	 obstructs	 pro-inflammatory	 cytokine	 gen-
eration,	and	modifies	the	functions	of	T-helper1	(Th1)	and	
T-helper2	(Th2)	subsets.	Therefore,	it	is	possible	to	think	of	
EC	 (AEA	and	 2-AG)	 and	 their	 congeners,	 Palmitoyletha-
nolamide	(PEA),	as	powerful	immunomodulators	(Leleu	et	
al.	2013,	Mechoulam	and	Parker	2013).	Table	2	shows	that	
various	immune	cell	functions	are	affected	by	either	CB1	or	
CB2	receptors.

Fig. 3	 MAPK	 pathway	Abbreviations:	 THC	 (tetrahydrocannabinol),	
p38	 or	 stress-activated	 protein	 kinases,	 RAF1(raf-1	 proto-onco-
gene,	 serine/threonine	 kinase),	 JNK(jun	 amino-terminal	 kinase),	
MAPKs(mitogen-activated	protein	kinases,	ERK	(extracellular	signal-
regulated	 kinases,	GRB2(guanine	 nucleotide	 exchange	 factor	 SOS),	

SRC	 (proto-oncogene	 tyrosine-protein	 kinase),	 MAPK	 (mitogen-
activated	protein	kinases,	EGF	(epidermal	growth	factor),	RAC1(ras-
related	 C3	 botulinum	 toxin	 substrate	 1,	 P(phosphate)	 (Cabral	 and	
Griffin-Thomas	2009)
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predominantly	expressed	in	microglia	and	astrocytes	around	
neuritic	plaques	in	the	postmortem	brains	of	AD.	Surround-
ing	 neuritic	 plaques	 in	 the	 postmortem	brain	 showed	 that	
CB2	 receptors	 were	 present	 in	 microglia	 and	 astrocytes.	
This	provided	the	first	evidence	of	altered	expression	of	the	
CB2	receptors,	termed	the	“peripheral”	CBs,	in	the	human	
brain	throughout	the	progress	of	neurodegenerative	diseases	
like	AD,	PD,	HD,	and	frontotemporal	dementia	(Concannon	
and	Dowd	2016).	In	the	initial	phases	of	neurodegenerative	
diseases,	 there	 is	 an	 interlink	 between	 neuroinflammation	
and	neurodegeneration,	such	as	the	degenerating	substantia	
nigra	pars	compacta	(SNpc)	in	PD,	the	degenerating	stria-
tum	 in	HD,	 and	 the	 demyelinated	 cortex	 in	 patients	with	
MS	(Calandra	et	al.	1999).	Furthermore,	there	is	a	substan-
tial	correlation	between	this	relationship	and	inflammatory	
diseases,	such	as	dementia	associated	with	Human	Immu-
nodeficiency	Virus	 (HIV)	 infection	 of	microglia	 and	MS,	
as	well	 as	 intense	 and	 prolonged	 inflammation	 of	myelin	
sheaths	(Heneka	et	al.	2015).	Microglia	and	astrocytes	are	
the	building	blocks	of	the	first	line	of	defence	system	in	the	
CNS	against	neuroinflammation	and	are	essential	 for	pro-
ducing	 and	maintaining	neural	 plasticity	 (Eyo	 and	Dailey	
2013).	Activated	microglia	that	adopt	classical	M1-like	phe-
notypes	primarily	synthesize	and	release	pro-inflammatory	
molecules	 including	TNFα,	 IL-1β,	 IL-6,	 IL-12,	 cytokines	
and	chemokines	(Sierra	et	al.	2013;	Block	and	Hong	2005).	
They	 emit	 pro-inflammatory	 cytokines,	 chemokines,	 and	
free	 radicals	 that	 damage	 the	 brain’s	 ability	 to	 heal	 itself	
and	lead	to	long-term	neurological	deficits,	oxidative	stress,	
and	chronic	neuroinflammation	(Shao	et	al.	2022).	After	the	
removal	of	the	threat	of	inflammation,	M1	microglia	transi-
tion	to	an	alternate	activation	state	(M2),	during	which	they	
release	 brain-derived	 neurotrophic	 factor	 (BDNF),	 tumor	
growth	 factor-β	 (TGF-β),	 IL-10,	 and	other	 anti-inflamma-
tory	and	neuroprotective	substances	to	promote	the	healing	
process	and	prevent	inflammation	(Kettenmann	et	al.	2011;	
Tang	and	Le	2016).	In	addition	to	microglia,	CB2	receptors	
activation	in	neurons	may	preserve	neuronal	homeostasis	by	
modulating	the	production	of	neuronal	nitric	oxide	synthase	
(NOS)	 (Oddi	 et	 al.	 2012),	 excitotoxicity,	 and	 apoptosis,	

interleukin-10	(IL-10).	 Increased	production	of	IL-10	aids	
in	the	resolution	of	inflammation	and	is	well	known	for	its	
immuno-suppressive	qualities.	This	is	 the	primary	method	
by	 which	 CB2	 receptors	 carry	 out	 their	 immunomodula-
tory	actions	by	controlling	cytokine	production	(Klein	et	al.	
2003).	Chemokines	are	a	 type	of	cytokine	 responsible	 for	
guiding	immune	cells	to	specific	locations	within	the	body.	
CB2	receptors	activation	modulates	the	expression	of	che-
mokines,	 influencing	 immune	 cell	migration	 and	 residing	
at	 the	 site	of	 inflammation	and	 infection	 (Basu	and	Dittel	
2011).

Inflammation regulation

CB2	receptors	play	a	crucial	role	in	the	immune	response	by	
regulating	inflammation,	and	responses	depend	on	immune	
cells	 and	 aspects	 of	 inflammatory	 responses.	 Activation	
of	CB2	 receptors	 inhibits	 the	 production	 of	 inflammatory	
mediators,	 including	 chemokines	 and	 prostaglandins,	 and	
reduction	 in	 inflammatory	 responses.	 Additionally,	 CB2	
receptors	 affect	 immune	 cell	 migration	 to	 inflammatory	
areas	 and	 assist	 in	 regulating	 the	 degree	 and	 duration	 of	
inflammatory	 responses	by	altering	chemotaxis,	 the	direc-
tion	in	which	immune	cells	migrate	(Davis	2014,		Turcotte	
et	al.	2016).	Cannabinoids,	such	as	THC	can	downregulate	
the	 inflammatory	 responses	 by	modulating	 the	ECS.	This	
modulation	 is	 relevant	 for	 the	 prevention	 of	 autoimmune	
diseases	such	as	MS,	systemic	lupus	erythematosus	(SLE),	
diabetes	mellitus	type	1	(DMT1),	and	rheumatoid	arthritis	
(RA)	(Rodríguez	Mesa	et	al.	2021).

CB2 receptors in neuroinflammation and 
neurodegeneration

The	 evidence	 gathered	 here	 indicates	 that	 neuroinflam-
mation	 causes	 neurodegenerative	 diseases,	 playing	 a	 cru-
cial	 role	 in	 the	 very	 early	 development	 of	 chronic	 dying	
that	 neurons	 activate	 microglia,	 which	 generate	 several	
substances	 that	 cause	 further	 neuronal	 apoptosis	 (Kwon	
and	 Koh	 2020).	 The	 CB2	 receptors	 were	 present	 to	 be	

Table 2	 Function	of	various	immune	cells	affected	by	CB1	and	CB2	receptor
Immune	cells Function	affected Receptor Reference
T-lymphocytes Proliferation;	polarization,	release	of	Th1/Th2	cytokines,	and	apoptosis-induced	cell	

death
CB2 (Schwarz	et	al.	1994)

B-lymphocytes Inhibition	of	the	synthesis	of	antibodies,	Ig,	switching	between	isotypes	of	antibod-
ies,	proliferation,	and	cell	number

CB1	&	CB2 (Kaminski	et	al.	1994;	
Carayon	et	al.	1998)

Dendritic	cells Growth	and	maturation,	apoptosis,	and	activation	in	a	setting	of	the	innate	immune	
response

CB1	&	CB2 (Matias	et	al.	2002;	
Do	et	al.	2004)

Macrophages Reduced	pro-inflammatory	mediators;	antigen	display;	migration;	phagocytosis;	and	
enhanced	adhesion

CB2 (Cabral	et	al.	1995;	
Sugamura	et	al.	2009)

Mast	cells Reduce	TNF-α,	downregulate	mast	cell	activation,	and	reduce	angiogenesis	depen-
dent	on	mast	cells.

CB1	&	CB2 (Bueb	et	al.	2001;	
Filippis	et	al.	2008)
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intracellular	 accumulation	 of	 neurofibrillary	 tangles	 and	
extracellular	 Aβ-plaque	 deposition,	 and	 neuronal	 death	
(Selkoe	and	Hardy	2016).	The	 integral	membrane	protein	
known	 as	 the	 amyloid	 precursor	 protein	 (APP)	 is	mostly	
expressed	in	the	synapse	of	neurons	and	serves	as	the	pre-
cursor	molecule	whose	proteolysis	generates	Aβ	protein.	A	
mouse	model	was	 established	 to	 evaluate	APP	expression	
and	 results	 indicate	 that	 overexpressing	 human	APP	with	
CB2	 receptors	 deletion	 enhanced	 Aβ42	 generation	 and	
plaque	 formation	 (Sasaguri	et	 al.	2017).	The	finding	 indi-
cates	 that	 cannabinoid	 inhibition	 of	 Aβ-generated	 H2O2	
prevented	 the	RS	 dihydro	 rhodamine	 from	 oxidizing	 into	
fluorescent	 rhodamine-123	 implicated	 a	 receptor-inde-
pendent	 pathway	 (Aychman	 et	 al.	 2023).	The	 function	 of	
microglia	is	to	encircle	Aβ-plaques	and	produced	a	barrier	
to	stop	their	detrimental	effects	on	neurons	(Condello	et	al.	
2015).	In	addition,	microglia	also	caused	neuro-inflamma-
tion	 by	 inducing	 the	 release	 of	 pro-inflammatory	 chemo-
kines	 and	 cytokines,	 nitric	 oxide	 (NO),	 and	 free	 radicals	

which	 in	 turn	 reduces	 oxidative	 damage.	 ECS	 activation	
results	 in	 the	 concurrent	 synthesis	 of	 anti-inflammatory	
factors	 and	 suppression	 of	 pro-inflammatory	 cytokines	
in	 astrocytes,	 which	 express	 both	 CB1	 and	 CB2	 recep-
tors	 (Fernández-Ruiz	2007).	 It	 also	 lowers	 the	 expression	
of	 iNOS	and	reduces	 the	 release	of	neurotoxic	substances	
(Molina-Holgado	et	al.	2003).	Figure	4	shows	the	interac-
tion	 between	 neuroinflammation,	 neurodegeneration,	 and	
the	 neuroprotective	 properties	 of	 substances	 mediated	 by	
CB2	receptors.

Role of CB2 receptors in neurological disorders

Alzheimer’s disease

AD	 is	 a	 common	 neurodegenerative	 disorder,	 character-
ized	 by	 intracellular	 aggregation	 of	 tau	 proteins,	 neuritic	
plaques,	 and	Aβ	protein	deposition.	AD	 is	 also	 character-
ized	by	oxidative	stress,	excitotoxicity,	neuroinflammation,	

Fig. 4	 Show	the	interaction	between	neuro	inflammation,	neuro	degen-
eration,	and	the	neuro	protective	properties	of	substances	mediated	by	
CB2R.	The	 impact	 of	ECS	or	CB2R	 agonists	 on	 various	mediators	
of	 neuro	 inflammation	 and	 neuro	 degeneration	 is	 shown	 by	 purple	
arrows.	 Inducible	 nitric	 oxide	 synthase	 (iNOS);	Blood	 brain	 barrier	
(BBB);	 Cannabinoid	 receptor	 2	 (CB2r);	 Reactive	 oxygen	 species	

(ROS);	Reactive	nitrogen	 species	 (RNS);	 Interferon	gamma	 (IFNγ),	
lipopolysaccharide	(LPS),	and	interleukin	(IL)	Tumour	growth	factor	
beta	 (TGFβ)	 and	 tumour	necrosis	 factor	 alpha	 (TNFα)	neurotrophic	
factor	derived	from	brain	tissue;	neural	growth	factor	(NGF);	and	neu-
rotrophic	factor	derived	from	glial	cells	Nicotinamide	acid	dinucleo-
tide	phosphate,	or	NADPH;	arginase	1	(Arg1)
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which	could	support	healthy	cognitive	function	(Saito	et	al.	
2012).	 Immune	 response	 regulation	 in	 CNS	 is	 associated	
with	 anti-inflammatory	 effects	 and	 cognitive	 performance	
(Benito	et	al.	2008).	Activation	of	CB2	receptors	can	limit	
immune	 cell	 activation	 and	 decrease	 the	 release	 of	 pro-
inflammatory	cytokines,	potentially	promoting	an	environ-
ment	that	is	ideal	for	cognitive	function	(Nouh	et	al.	2023).	
Although	microglial	dysregulation	can	 result	 in	 long-term	
inflammation	 and	 cognitive	 decline,	microglia	 are	 crucial	
for	maintaining	 brain	 health.	 It	 is	 known	 that	 stimulating	
CB2	receptors	suppresses	active	microglia’s	production	and	
release	of	pro-inflammatory	cytokines,	eventually	lowering	
neuroinflammation.	CB2	receptors	contribute	 to	a	suitable	
condition	for	healthy	brain	function	by	lowering	inflamma-
tion	 in	 the	CNS	 (Ashton	 and	Glass	 2007).	The	 effects	 of	
CB2	 receptors	 on	 neuroinflammation,	 cognitive	 dysfunc-
tion,	and	neurodegeneration	are	mentioned	in	Table	4.

Multiple sclerosis

MS	is	a	complicated	neurological	disease	characterized	by	
inflammation,	demyelination,	and	the	axonal	destruction	of	
neurons.	MS	pathophysiology	is	characterized	by	the	break-
down	of	the	myelin	sheath,	which	protects	axons,	as	a	result	
of	an	attack	of	immune	system	involving	T	and	B	cells,	and	
their	 cytokines.	The	 pathogenesis	 of	MS	 is	mostly	 deter-
mined	by	inflammation	in	the	white	and	grey	matter	as	well	
as	a	number	of	environmental	factors,	including	bacteria	and	
viruses	such	as	the	Epstein-Barr	virus	(EBV),	human	herpes	
virus	type	6,	and	mycoplasma	pneumonia.	Moreover,	greater	
exposure	 to	 UV	 radiation,	 nutritional	 deficiencies,	 and	
smoking	are	associated	with	development	of	MS	(Ghasemi	
et	 al.	 2017).	 CB2	 receptors	 activation	 has	 been	 found	 to	
modulate	immune	cell	activity	by	inhibiting	the	production	
of	pro-inflammatory	cytokines	and	restricting	immune	cell	
migration	 into	 the	 CNS.	 These	 anti-inflammatory	 effects	

when	 they	 intact	with	Aβ-plaque.	 CB2	 receptors	 regulate	
inflammation	and	protect	 the	brain	by	controlling	microg-
lia	migration	 and	 infiltration	 into	 brain	 areas	 (Turcotte	 et	
al.	2016;	Fernández-Ruiz	al.	2008).	Available	evidence	con-
firms	that	the	astrocytes	and	microglia	surrounding	neuritic	
plaques	 have	greater	 numbers	 of	CB2	 receptors.	Through	
the	 stimulation	of	MAP	Kinase-phosphatase	 (MKP),	CB2	
receptors	 activation	 decreases	 microglial	 migration	 and	
generates	 an	 anti-inflammatory	 phenotype	 of	 microglia	
(Romero-Sandoval	et	al.	2009).	Researchers	have	used	both	
in	vitro	and	in	vivo	methods	to	investigate	the	role	of	CB2	
receptors	in	the	pathophysiology	of	AD.	The	majority	of	in	
vivo	investigations	relied	on	several	genetic	mice	models	of	
AD	 that	 replicated	 the	primary	neuropathological	 features	
of	the	disease.	Tau	neuropathology,	impaired	hippocampus-
dependent	 memory,	 and	 mitochondrial	 dysfunction	 were	
observed	in	mice	lacking	CB2	receptors	(Wang	et	al.	2018).	
In	 contrast,	 the	 downregulation	of	 the	 transcription	 factor	
p53	and	activation	of	the	transcription	factor	NF-κB,	which	
can	trigger	apoptosis,	implicated	a	receptor-dependent	path-
way.	Using	the	phosphoinositide	3-kinase	(PI3K)	inhibitor	
LY294002,	it	was	possible	to	show	that	PI3K	was	involved	
in	the	downregulation	of	p53	(Jimenez-Del-Rio	et	al.	2008).	
These	 studies	 suggest	 that	 cannabis	 possesses	 a	 potential	
neuroprotective	 role	 in	 the	 pathophysiology	 of	 AD.	 The	
pharmacological	findings	of	 the	CB2	receptors	as	a	 thera-
peutic	target	in	AD	are	mentioned	in	Table	3.

Anti-inflammatory effects and cognitive function

Numerous	 neurological	 diseases	 are	 accompanied	 by	
chronic	 inflammation	 in	 the	 brain,	 and	 activation	 of	CB2	
receptors	 has	 been	 investigated	 as	 a	 potential	 target	 for	
reducing	 inflammation	 and	 preventing	 cognitive	 loss	
(Paradisi	 et	 al.	 2006).	 The	 activation	 of	 CB2	 receptors	
has	 been	 associated	 with	 decreased	 neuroinflammation,	

Table 3	 Pharmacological	findings	of	CB2	receptor	as	therapeutic	target	in	AD
Alzheimer	disease	model CB2R	agonist CB2-mediated	effect Reference
Aβ1−40 tetrahydrocannabinol AchE	inhibition	and	Decrease	the	Aβ	aggregation (Eubanks	

et	al.	2006)
TgAPP-2576	mice JWH-133

WIN55,212-2
“Increase”	the	glucose	uptake	in	brain	and	cognition	
performance
Decrease	the	microglial	response	to	Aβ,	TNF-	α	and	COX-2	
levels

(Köfalvi	et	
al.	2016)

Primary	human	brain	micro	vascu-
lar	endothelial	cells

CB13
AM630

“Increase”	the	transport	of	Aβ	across	the	blood	brain	barrier (Bach-
meier	et	al.	
2013)

C6	rat	glioma	cells
Adult	rats	(cortical	inj)

SR144528 Decrease	the	Aβ-induced	astrocytic	proliferation (Esposito	
et	al.	2007)

Aβ1−42
Microglial	cells	culture

JMH-015 Increase	the	phagocytosis	of	Aβ	but	decrease	the	TNF-	α	
production,	NO,	and	IFN-	γ-mediated	CD40	expression

(Ehrhart	et	
al.	2005)

Aβ1−42
C6	rat	glioma	cells
PC12	neurons

WIN55,212-2
JWH015
SR144528

“Equals”	the	NO	production,	phosphorylated	tau	levels,	and	
iNOS	levels.

(Esposito	
et	al.	2006)
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and	the	progressive	death	of	neurons	in	the	brain	and	stria-
tum.	 Increased	 concentrations	 of	 many	 pro-inflammatory	
cytokines,	 such	 as	 IL-6,	 IL-1β,	 TNF-α,	 and	 IL-8,	 found	
in	 the	 nerve	 cells	 and	 plasma	 of	 HD	 patients,	 underline	
the	significance	of	neuroinflammation	for	the	cause	of	the	
disease.	CB2	receptors	activation	may	 influence	oxidative	
stress,	another	 factor	 implicated	 in	 the	progression	of	HD	
(Palpagama	 et	 al.	 2019).	 Oxidative	 stress	 develops	 when	
the	 production	 of	ROS	 exceeds	 the	 body’s	 natural	 ability	
to	neutralize	 them.	The	brain	 is	 particularly	vulnerable	 to	
oxidative	 stress,	 and	 it	 contributes	 to	 neuronal	 damage	 in	
neurodegenerative	 disorders.	The	 latest	 research	 indicates	
that	 an	 extensive	 variety	 of	 proteins	 interact	 with	 both	
mutant	and	wild-type	HTT	(wtHTT)	for	signal	transduction,	
protein	 translation,	chromatin	organization	and	membrane	
trafficking.	In	addition,	protein-protein	interactions,	includ-
ing	 those	 involving	 HAP1,	 HAP40,	 HIP-1,	 syntaxin-1B,	
vesicle-associated	membrane	protein	2,	SNAP25,	NSF,	and	
synapsins	1	and	2,	are	dependent	on	 the	polyQ	sequences	
reliant	on	HTT.	mHTT	modifies	the	stability	and	amounts	of	
these	protein	interactions,	which	may	result	in	the	deregu-
lation	of	gene	expression,	intracellular	signalling	cascades,	
synaptic	function,	and	cellular	processes	(Tong	et	al.	2024).	
CB2	receptors	activation	has	been	suggested	to	have	anti-
oxidant	 properties,	 potentially	 reducing	 oxidative	 damage	
by	 influencing	 the	 expression	 of	 neuronal	 NOS,	 excito-
toxicity,	and	apoptosis	(Yang	et	al.	2017;	Tai	et	al.	2007).	
Bouchard	 and	 colleagues	 showed	 that	 the	 CB2	 receptors	
agonist	GW405833	improves	motor	 impairments,	synapse	
loss,	 neuroinflammation,	 and	 lifespan	 in	 mouse	 models	
of	HD,	but	 the	CB2	receptors	antagonist	SR2	was	able	 to	
counteract	 these	effects	(Bouchard	et	al.	2012).	HD	trans-
genic	mice	and	patients	had	higher	levels	of	CB2	receptors	
expression,	while	R6/2	mice	with	CB2	receptors	deficiency	
had	 more	 disease	 symptoms,	 increased	 microglia	 activa-
tion,	and	shorter	lifespans.	By	delaying	the	degeneration	of	
striatal	neurons,	CB2	receptors	selective	agonists	have	been	
shown	to	reduce	neuroinflammation,	reduce	brain	oedema,	
and	 maintain	 motor	 performance	 in	 wild	 type	 mice	 CB2	
receptors	(Palazuelos	et	al.	2009).

help	to	mitigate	the	damage	caused	by	the	immune	system	
in	MS	patients	 (Mecha	et	 al.	 2013).	The	dysregulation	of	
immune	system	leads	to	inflammation,	demyelination,	and	
scar	tissue	development,	reducing	the	neurological	system’s	
ability	to	regulate	normally.	Genetic	and	environmental	fac-
tors	are	thought	to	play	a	role	for	develop	the	disease	and	
how	they	play	important	role	to	treat	the	inflammatory	dis-
ease	like	MS.	CB2	receptors	have	received	a	lot	of	interest	
for	 their	possible	anti-inflammatory	benefits,	 especially	 in	
the	setting	of	immune-mediated	diseases	like	MS	(Calderon	
et	 al.	 2006).	 Immunological	 cells,	 particularly	 microglia,	
have	CB2	receptors	that,	when	engaged,	can	control	immu-
nological	 responses	 by	 lowering	 immune	 cell	 activation	
and	preventing	 the	 release	of	pro-inflammatory	cytokines.	
The	 activation	 of	CB2	 receptors	 is	 believed	 to	 have	 anti-
inflammatory	and	immune	system-balancing	benefits.	In	an	
effort	to	reduce	the	immune	system’s	damage	to	myelin	and	
neurons	in	MS,	CB2	receptors	activation	on	microglia	may	
have	a	neuroprotective	function	(Yiangou	et	al.	2006).

Huntington’s disease

HD	 is	 a	 hereditary	 neurodegenerative	 disease	 character-
ized	by	progressive	motor	dysfunction	with	cognitive	and	
behavioural	 disturbances.	 The	 causes	 of	 HD	 are	 genetic	
mutations	 in	 the	Huntingtin	 gene	 (HTT	 gene),	 leading	 to	
the	production	of	a	mutant	form	of	the	Huntington	protein,	
and	 abnormal	 proteins	 accumulate	 in	 neurons,	 especially	
in	 the	basal	 ganglia,	 a	 region	of	 the	brain	 responsible	 for	
movement	control	and	coordination.	HTT	has	up	to	35	CAG	
repeats	in	healthy	subjects;	however,	CAG	repeats	over	37	
are	found	in	those	with	HD	(Chen	and	Wolynes	2017).	It	has	
three	HEAT	domains,	known	as	the	polyproline	region,	the	
N-terminal	polyQ	region,	nuclear	export	signals	(NES)	and	
nuclear	localization	signals	(NLS),	which	are	also	present	at	
the	carboxy-terminus	of	HTT.	An	overabundance	of	CAG	
repeats	 can	 disrupt	 the	 splicing	 of	mutant	 HTT	 (mHTT),	
leading	to	the	aberrant	splicing	that	produces	the	shortened	
transcript	known	as	HTT	exon1	(Tong	et	al.	2024).	The	key	
neuropathological	 hallmarks	 associated	 with	 HD	 are	 the	
accumulation	 of	 reactive	 microglia,	 neuroinflammation,	

Table 4	 Effects	of	CB2r	on	neuroinflammation	in	cognitive	dysfunction	and	neurodegeneration
Genetic	or	pharmaco-
logical	approach

Type Strain Behavioral	effects Neurochemical	alterations Refer-
ence

CB2r	agonist JWH Microglial	Cell	culture,	
from	BALB/c	mice

- .	Suppressed	IFN-γ	induced	microg-
lial	activation.
.	↓	TNF-α,	NO

(Ehrhart	
et	al.	
2005)

KO	mice CNR2 C57BL/six	mice Inc	cognition It	was	ineffective	to	reverse	neuro	
inflammation

(Aso	et	
al.	2016)

CB2r	agonist MDA7	Sub	
chronic	(15	mg/
kg;	i.p)

Sprague–	Dawley	rat Amyloid-	induced	
memory	deficiency

↓	IL-	1β (Wu	et	
al.	2013)
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neuroprotective	and	anti-inflammatory	in	PD,	as	mentioned	
in	Fig.	5;	Table	5.

CB2 receptors and behavior effect on mood and 
cognition dysfunction

Neurodegenerative	 diseases	 have	 been	 associated	 with	
immune	 system	 alterations	 that	 impact	 emotional	 behav-
iour,	memory,	 learning,	 and	 cognition.	CB2	 receptors	 are	
found	in	the	immune	system	and	brain	tissues,	they	have	a	
variety	of	consequences	for	behaviour	and	cognition	(Mor-
cuende	et	al.	2022).	CB2	receptors,	have	gained	interest	due	
to	its	potential	involvement	in	behaviour	regulation,	mem-
ory,	 and	 cognition.	 Immune	 regulation,	 anti-inflammatory	
properties,	memory,	and	cognition	are	all	commonly	associ-
ated	with	CB2	receptors	(Zanettini	et	al.	2011).	Researchers	
have	detected	 the	 immune	 function	 control	mechanism	 in	
microglia,	 astrocytes,	 and	neurons,	 suggesting	 that	 it	may	
play	 a	 role	 in	 regulating	 neuronal	 activity.	 Immune	 reac-
tions	 in	 the	 CNS	 cause	 neuroinflammation,	 which	 has	 a	
significant	impact	on	cognitive	performance	(Kumar	2018).	
Recognized	 for	 their	 ability	 to	 reduce	 inflammation,	CB2	
receptors	 are	 involved	 in	 controlling	 neuroinflammation.	
The	anti-inflammatory	properties	of	CB2	receptors	are	one	
of	the	main	ways	in	which	they	affect	mood	(Morcuende	et	
al.	2022).	Activation	of	CB2	receptors	reduces	the	release	of	
pro-inflammatory	cytokines	and	modulates	immunological	
responses.	 By	 establishing	 an	 environment	where	 inflam-
matory	processes	have	 less	of	an	 impact	on	brain	circuits	
associated	with	mood	(Micale	et	al.	2013).

Parkinson’s disease

PD	 is	 a	 second	 neurodegenerative	 disease,	 often	 charac-
terized	by	 a	progressive	 loss	of	 dopaminergic	neurons,	 in	
SNpc	of	 the	brain.	The	 features	 of	PD	are	 postural	 insta-
bility,	stiffness,	tremors,	and	impaired	motor	function,	that	
affects	 approximately	 1%	 of	 the	 elderly	 population.	 The	
pathophysiology	 of	 PD	 includes	 calcium	 dysregulation,	
oxidative	 stress,	 protein	 misfolding,	 mitochondrial	 dys-
function,	 and	 neuroinflammation,	which	 is	manifested	 by	
microglia	activation	and	an	increase	in	cytokine	production.	
CB2	 receptors	 are	 found	 in	 dopaminergic	 neurons	 of	 the	
nigrostriatal	 pathway,	 and	 because	 of	CB2	 receptors	 acti-
vation,	 antioxidant	 enzymes	 show	greater	 effectiveness	 in	
animal	models	of	PD.	This	suggests	that	antioxidants	play	
a	role	in	lowering	excitotoxicity,	oxidative	stress,	and	neu-
roinflammation,	all	of	which	may	slow	down	the	disease’s	
progression	 (De	 et	 al.	 2007).	Additionally,	CB2	 receptors	
could	 contribute	 to	 the	 progression	 of	 PD	 by	 influencing	
neuronal	 signalling	 and	 function,	 neurotransmission,	 and	
neurological	 inflammation.	 Activation	 of	 CB2	 receptors	
reduces	the	production	of	pro-inflammatory	cytokines	and	
gliosis,	reduces	the	activation	of	astrocytes	and	microglia,	
and	 prevents	 nigro-striatal	 neurodegeneration.	 Numerous	
studies	have	demonstrated	the	neuroprotective	qualities	of	
CB2	receptors	agonists	(JWH-133,	HU-308,	and	JWH-015)	
via	lowering	microglia	activity	and	inflammation,	inhibiting	
the	production	of	pro-inflammatory	cytokines,	encouraging	
the	release	of	anti-inflammatory	cytokines,	and	raising	glu-
tamate	uptake	(Wang	et	al.	2002).	The	CB2	receptors	act	as	

Fig. 5	 CB2	receptor	acts	as	neuro-protective	and	anti-inflammatory	in	Parkinson	disease
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