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ABSTRACT:

Introduction: The endocannabinoid system (ECS) is an important regulatory network involved in
maintaining physiological homeostasis in the nervous, immune, and metabolic systems. Cannabinoid receptors
CB1 and CB2 represent promising therapeutic targets for various disorders. Objective: This review aims to
evaluate the therapeutic potential of cannabinoid receptor modulators and discuss the challenges associated with
their clinical development. Methods: A narrative literature review was conducted using published articles from
peer-reviewed journals indexed in PubMed, Science Direct, Nature Reviews, British Journal of Pharmacology,
and related databases. Studies focusing on cannabinoid receptors, allosteric modulators, biased ligands,
therapeutic applications, and clinical limitations were analyzed. Results: Evidence indicates that cannabinoid
receptor modulators, particularly allosteric modulators and biased ligands, offer improved selectivity and safety
compared with conventional agonists and antagonists. CB2-selective modulators demonstrated anti-
inflammatory and analgesic effects with minimal psychoactivity, whereas CB1 allosteric modulators showed
potential in neurological disorders, epilepsy, and neuroprotection. However, challenges including receptor
selectivity, CNS toxicity, psychoactive effects, and regulatory barriers remain significant obstacles.
Conclusion: Cannabinoid receptor modulation represents a promising therapeutic strategy for numerous
diseases. Advances in allosteric modulation, biased signaling, and peripheral receptor targeting may facilitate
the development of safer and more effective cannabinoid-based therapeutics.

Keywords: Endocannabinoid System, CB1 Receptor, CB2 Receptor, Allosteric Modulators, Biased Ligands,
Cannabinoid Therapeutics.

INTRODUCTION: understanding of cannabis pharmacology and

The endocannabinoid system (ECS) is a complex
lipid signaling network that regulates numerous
physiological functions including pain perception,
mood, appetite, immune responses, and neuronal
activity. The discovery of cannabinoid receptors
and endogenous ligands transformed the

established the ECS as a major homeostatic
regulator. Cannabinoid receptor type 1 (CB1) and
type 2 (CB2) are G-protein-coupled receptors
responsible for mediating the biological effects of
endogenous cannabinoids, phytocannabinoids, and
synthetic ligands. Although direct receptor agonists



and antagonists demonstrated therapeutic potential,
their clinical use has been limited by psychoactive
effects, neuropsychiatric complications, and poor
receptor selectivity.

Recent advances in cannabinoid pharmacology have
focused on receptor modulators such as allosteric
modulators and biased ligands. These agents
regulate receptor signaling without complete
activation or inhibition, thereby preserving
physiological endocannabinoid activity while
reducing adverse effects. This review examines the
therapeutic applications, challenges, and future
prospects of cannabinoid receptor modulators.
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METHODS:
Literature Search Strategy:

A narrative review of the literature was
performed using scientific databases including
PubMed, Scopus, ScienceDirect, Google Scholar,
Nature Reviews, and British Journal of
Pharmacology. Publications from 1990 to 2025
were considered.

Search Terms:

The following keywords were used individually
and in combination:

e Endocannabinoid system

e Cannabinoid receptors

o CBI receptor

o (B2 receptor

e Allosteric modulators

e Biased ligands

e (Cannabinoid therapeutics

e Neuroprotection

e Pain and inflammation
o Epilepsy

e Rimonabant

Inclusion Criteria:
e Peer-reviewed research articles
e Review articles
e Preclinical studies
e Clinical studies related to cannabinoid
receptor modulation
o English-language publications

Exclusion Criteria:
e Non-English publications
e Conference abstracts without full-text
availability
e Studies lacking relevance to cannabinoid
receptor modulation

RESULTS:

Endocannabinoid  System and  Receptor
Signaling:

The ECS consists of endogenous ligands
(anandamide and 2-arachidonoylglycerol),
cannabinoid receptors (CB1 and CB2), and
metabolic enzymes including FAAH and MAGL.
CBI1 receptors are predominantly expressed in the
CNS, whereas CB2 receptors are primarily
localized in immune tissues. Activation of
cannabinoid  receptors regulates intracellular
signaling through Gi/o protein coupling, inhibition
of adenylate cyclase, modulation of ion channels,
and activation of MAPK pathways.

DISTRIBUTION OF CB1 RECEPTORS IN BRAIN
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Figure 2. Schematic representation of the
endocannabinoid system showing cannabinoid
receptors (CB1 and CB2), endogenous ligands,

and metabolic enzymes involved in
endocannabinoid signaling.



Classification of Cannabinoid  Receptor
Modulators:
Orthosteric Ligands:

e Agonists (e.g., THC)
e Antagonists and inverse agonists (e.g.,
Rimonabant)

Allosteric Modulators:
o Positive Allosteric Modulators (PAMs)
e Negative Allosteric Modulators (NAMs)
o Silent Allosteric Modulators

Biased Ligands:

Biased ligands selectively activate G-protein or [-
arrestin signaling pathways, enabling pathway-
specific therapeutic effects.

Therapeutic Applications:

Pain and Inflammation:

CB2 receptor modulation suppresses inflammatory
cytokine release, immune-cell migration, and
peripheral nociceptive signaling. Several preclinical
studies demonstrated significant analgesic and anti-
inflammatory  effects  without  psychoactive

consequences.

Neurological Disorders:

e Neuroprotection: CB1 receptor modulation
protects neurons against excitotoxicity,
oxidative stress, and neuroinflammation.
Allosteric modulators provide
neuroprotective  benefits with reduced
adverse effects.

e Epilepsy: Cannabinoid receptor modulation
reduces neuronal hyperexcitability and
seizure frequency by regulating
neurotransmitter release.

e Anxiety and Memory Extinction: CBI-
mediated signaling contributes to emotional
regulation and extinction of fear-associated
memories, indicating potential therapeutic
value in anxiety-related disorders.

Recent Advances:
Recent studies highlight:
o Development of CBI allosteric modulators

o Emergence of biased ligands

o Peripherally restricted CB1 antagonists

e Multi-target cannabinoid therapeutics

These approaches aim to maximize therapeutic
efficacy while minimizing adverse outcomes.

DISCUSSION:

The findings demonstrate that cannabinoid
receptor modulation has evolved beyond traditional
agonist and antagonist approaches. Allosteric
modulators and biased ligands offer improved
pharmacological precision by selectively regulating
receptor  signaling pathways. CB2-selective
modulation appears particularly promising because
it provides anti-inflammatory and analgesic effects
without  inducing  psychoactive
Similarly, CB1 allosteric modulators may preserve
endogenous signaling while reducing the cognitive
and psychiatric adverse effects associated with

symptoms.

direct receptor activation.

Despite  these  advances,  significant
challenges remain. The withdrawal of rimonabant
highlighted the risks associated with excessive CB1
receptor  blockade.  Furthermore,  receptor
selectivity, off-target interactions, CNS toxicity, and
regulatory restrictions continue to hinder clinical
translation.

Future drug development should focus on
receptor subtype specificity, signaling bias, and
peripheral selectivity. Integration of structural
biology, medicinal chemistry, and translational
pharmacology may facilitate the development of
safer cannabinoid therapeutics. ~ Combination
therapies and multi-target approaches also represent
promising avenues for future research.

CONCLUSION:

Cannabinoid receptor modulators represent
an emerging class of therapeutic agents with
potential applications in pain management,
inflammatory disorders, epilepsy,
neurodegenerative diseases, and anxiety-related
conditions. Advances in allosteric modulation and
biased signaling provide opportunities to overcome



the limitations of traditional cannabinoid drugs.
Although challenges related to safety, receptor

selectivity,

and regulatory acceptance remain,

continued research is expected to accelerate the
development of clinically viable cannabinoid-based
therapies. A deeper understanding of receptor-
specific and pathway-selective modulation will be

critical for translating promising preclinical findings
into effective therapeutic interventions.
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