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Abstract

Neuropathic pain, caused by nerve injury or dysfunction, is a major clinical problem because of the lack of effective
treatments and side effects of available therapies. The cannabinoid CB2 receptor, which is highly expressed in immune and
peripheral tissues, has an anti-inflammatory and analgesic role. Preclinical evidence emerging illustrates that CB2 receptor
modulators, particularly selective agonists, inhibit neuropathic pain behaviors by inhibiting neuroinflammation and
nociceptive neuron sensitization with no CNS side effects typical of CB1 receptor activation. This review compiles current
progress in CB2 receptor-targeted neuropathic pain pharmacotherapy, detailing mechanisms, efficacy, and prospective
therapeutic implications. Neuropathic pain, typically secondary to nerve injury or disease, continues to be a significant
clinical problem because of the insufficiency of relief by existing treatments and the weight of their side effects. The
cannabinoid CB2 receptor, largely expressed in peripheral tissues and immune cells, becomes significantly increased in both
peripheral and central nervous system elements under neuropathic pain conditions. Activation of this receptor by CB2-
selective agonists preferentially inhibits sensitized nociceptive neurons and decreases the behavioral expression of pain like
mechanical allodynia and thermal hyperalgesia in several animal models, including those involving traumatic nerve injury
and chemotherapeutic agents. Mechanistically, modulation of the CB2 receptor blocks neuroinflammatorysignaling, as
illustrated by reduced microglial activation and decreased release of pro-inflammatory cytokines, leading to normalization
of neuronal excitability and pain thresholds. In contrast to CB1 agonists, CB2-selective compounds are not associated with
central nervous system side effects, including psychoactivity and addiction, making them potential candidates for more
secure pain therapy. Collectively, preclinical studies emphasize CB2 receptor agonists as significant therapeutic drugs by
dampening both peripheral and central sensitization mechanisms in neuropathic pain, which demands further exploration
for clinical application.
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1.INTRODUCTION:

CB2 receptors have proved to be a potential
therapeutic target for Cannabinoid treatment of
neuropathic pain, a condition involving complex
pain from nerve damage or disease and having
chronic pain, hypersensitivity, and few available
treatment options. Two main receptors, CB1 and
CB2, form the endocannabinoid system, which
plays a key role in pain modulation. While CB1
receptors are found in high density in the central
nervous system and mediate the psychotropic
effects of cannabinoids, CB2 receptors occur
predominantly in peripheral tissues and immune
cells and do not produce psychoactive side effects
upon activation. Recent research has established
that CB2 receptors get upregulated within
peripheral nerves as well as central nervous system
areas, such as the spinal cord and dorsal root
ganglia, during pathological pain conditions like
neuropathy. Stimulation of these receptors results in
attenuated neuroinflammation and lowered release
of pro-inflammatory cytokines from glial cells and
immune cells, leading to inhibition of nociceptive
transmission and nociceptive behaviors. Unlike
traditional pain drugs, which are not always
effective or have undesirable side effects, CB2
receptor modulators represent an alternative to
approach neuroimmune pathways associated with
pain syndromes. The therapeutic potential of CB2
receptor modulation has therefore attracted
significant  attention in  preclinical models,
underlining their protective function in the
induction and maintenance of neuropathic pain.
Current research involves selective CB2 agonists
and the mechanisms they target, with the ultimate
goal of creating safer, more efficacious treatments
for neuropathic pain that avoid the risks of
conventional cannabinoid and opioid therapeutics.
Neuropathic pain is a disabling chronic disorder
produced by nerve damage or disease,
characterized by spontaneous pain, hyperalgesia
(enhanced pain response), and allodynia (pain from
normally  non-painful  stimuli).  Traditional
treatments, such as opioids, antidepressants, and
anticonvulsants, are often unhelpful and carry great
side effects, such that the identification of new
analgesic mechanisms becomes an imperative.

The endocannabinoid system has become an area
of interest due to its key regulatory function in pain
pathways. It is composed mostly of two receptor
subtypes: CBl1 and CB2. CB1 receptors are
expressed largely in the central nervous system and
are linked to the psychotropic effects of
cannabinoids, whereas CB2 receptors are expressed
largely in the peripheral tissues and immune cells.
It has been recently reported that CB2 receptors are
upregulated in the central nervous system and
dorsal root ganglia in pathological pain conditions,
such as neuropathy. This adaptive reaction puts the
CB2 receptor on a therapeutic interventions target
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for neuropathic pain. With nerve injury, a
neuroimmune cascade results, with microglial and
astrocyte activation in the spinal cord, enhanced
release of pro-inflammatory cytokines, and both
culminating in sensitization of pain. Activation of
the CB2 receptor has been found to decrease this
neuroinflammation, decrease activation of glial
cells, and restore nociceptive transmission to
normal. Preclinical models involving CB2 agonists
show significant decreases in behavioural measures
of pain (including mechanical allodynia and
thermal hyperalgesia) across different experimental
models, confirming the receptor's ability to inhibit
neuropathic pain via immune modulation, without
the danger of associated psychoactive effects
typical of CB1-targeted interventions. In addition,
genetic and pharmacological research shows that
CB2 deficiency increases sensitivity to pain and
neuroinflammatory  reactions, whereas CB2
overexpression or activation confers robust
analgesia and reduces neuropathic symptom
development. Targeting the CB2 receptor for
neuropathic pain, therefore, not only holds the
potential for effective symptom management but
also a safer profile than existing therapies. In
conclusion, the cannabinoid CB2 receptor is an
essential modulatory target in neuropathic pain
pathophysiology. Its selective pharmacological
stimulation or upregulation after nerve injury offers
new pain treatment prospects, whose preclinical
evidence Favors its utility in alleviating
neuroimmune sensitization as well as facilitating
analgesia. Further exploration of CB2 receptor
modulators is estimated to meet the current unmet
clinical demand for safe and effective neuropathic
pain therapy.

Objectives

1. To discuss the biological function and
topography of cannabinoid CB2 receptors in
neuropathic pain circuits.

2. To abstract preclinical research on the
effectiveness of CB2 receptor modulators in
models of neuropathic pain.

3. To consider new insights into selective CB2
agonist drug discovery and mechanisms of
analgesia.

4. To assess the therapeutic possibilities and
challenges of CB2 receptor-directed therapies for
neuropathic pain treatment.

5. To clarify the biological function and localization
of CB2 receptors in neuropathic pain pathways:
This includes studying the expression patterns of
CB2 receptors in peripheral and central nervous
system areas involved in neuropathic pain,
including dorsal root ganglia, spinal cord, and
immune cells, particularly under conditions of
nerve injury or inflammation.

6. To assess the effectiveness of selective CB2
receptor modulators in preclinical models of
neuropathic pain: This involves evaluating the
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impact of CB2 agonists or antagonists on pain
behaviors such as mechanical allodynia and
thermal hyperalgesia in animal models caused by
sciatic nerve damage, chemotherapy, or other
neuropathic pain causes.

7. To characterize the mechanisms through which
CB2 receptor activation affects neuroinflammation
and nociceptive signaling: Examining how CB2
receptor activation affects microglial and astrocyte
activation, pro-inflammatory cytokine release, and
interaction between the immune system and
sensory neurons that lead to pain sensitization.

8. To examine the utility of CB2 receptor
modulators as safer analgesics than CB1 agonists
or opioids: They are highlighted as safe pain
relievers that lack psychotropic effects or
addictiveness and thus emerge as good alternatives
or adjuncts in pain therapy.

9. To test the possible synergistic action of CB2
receptor agonists with opioids: This involves
determining if CB2 activation increases morphine-
induced analgesia and diminishes tolerance and
side effects, and thus enhances opioid therapy
efficacy and safety.

10. To study long-term therapeutic consequences
and safety profile of CB2 receptor modulation:
Although a majority of data are from acute or
short-term investigations, knowledge of chronic
effects and potential limitations is important for
clinical application.

2.METHODOLOGY:-

A systematic literature review of newer research
studies, reviews, and meta-analyses on CB2
receptor modulators in preclinical neuropathic pain
models was performed. The databases PubMed,
PMC, and ScienceDirect were searched with the
keywords "CB2 receptor neuropathic pain,” "CB2
agonists analgesia," and "cannabinoid receptor
modulators pain." Some studies used rodent models
of neuropathic pain caused by nerve damage (e.g.,
chronic constriction injury and sciatic nerve
ligation) and chemotherapy-induced peripheral
neuropathy. Information on pharmacological
effects, receptor selectivity, behavioural responses,
and mechanistic data was critically evaluated. The
preclinical study design for research into CB2
receptor modulators in neuropathic pain includes a
number of important steps, namely selection of
animal models, induction of neuropathic pain, drug
treatment regimens, behavioural and physiological
measurements, and analysis of data methodologies.
Animal Model Selection

Rodent models (most often mice and rats) are
generally employed to investigate neuropathic pain.
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Neuropathic  pain is induced employing
methodologies such as:

*Chronic constriction injury (CCI) of the sciatic
nerve

+Partial sciatic nerve ligation (PSNL)

* Spinal nerve ligation (SNL)
*Chemotherapy-induced  peripheral neuropathy
(e.g., with agents such as vincristine).

Induction of Neuropathic Pain

Anaesthesia is used to induce standardized surgical
injury to the nerves. Following baseline
behavioural assessment, neuropathic pain is
induced by ligation of the sciatic nerve or treatment
with chemotherapeutic drugs. Monitoring post-
surgery ensures adequate development of pain
behaviours.

Drug Administration Protocol

CB2 receptor modulators (selective agonists or
antagonists) are given by systemic injections
(intraperitoneal, intravenous), local injections
(intraplanar), or oral gavage. Dosage, frequency,
and route of delivery are standardized for
comparison. Vehicle or inactive compounds are
given to negative control groups; positive controls
may receive established analgesics. Genetic models
with a deficit of CB2 receptors (CB2 knockout
mice) are included in some studies to affirm
receptor-specific effects.

Behavioural and Physiological Assays

Pivotal tests to evaluate pain behaviours and
effectiveness of CB2 modulators are:

*Von Frey test (mechanical sensitivity/allodynia)
*Plantar test (thermal hyperalgesia)

+Cold plate test (cold allodynia)

*Formalin test (biphasic pain response)

These are performed at baseline (pre-induction), at
frequent intervals after injury, and after drug
treatment. Animals are pre-exposed to the
environment of testing and each test is carried out
in order for every animal.

Neurochemical and Histological Analysis
Additional studies examine tissues (spinal cord,
dorsal root ganglion) further for CB2 receptor
expression changes, markers of inflammation
(cytokines), and glial activation by techniques like
immunohistochemistry and PCR

Data Collection and Analysis

Behavioural data (withdrawal thresholds, latencies,
scores) are gathered and analysed using correct
statistical techniques (two-way ANOVA, post hoc
tests). Intrapair comparisons between genotypes,
treatment, and time points corroborate the analgesic
effectiveness and mechanistic functions of CB2
modulators
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Fig.no.1l. Cannabinoid ( CB1/CB2 ) Receptor-mediated pain modulation pathway

3.Recent Advancements

*CB2 receptor expression is augmented in the
peripheral and central nervous system areas in
neuropathic pain states, such as dorsal root ganglia
and spinal cord, representing a targeted site for
action.

*Selective CB2 agonists such as AM1241, JWH-
133, and LY2828360 suppress allodynia and
hyperalgesia in multiple models of neuropathic
pain.

*CB2 activation  regulates  neuroimmune
interactions by suppressing pro-inflammatory
cytokines and glial activation, thereby reducing
central sensitization.

*New CB2 agonists like itaconates and stains have
been developed, and they exhibit promising
analgesic activity as well as the potential for
decreasing opioid dependence.

*Administration of opioids concomitantly with CB2
agonists has been found to improve pain relief,
decrease opioid tolerance, and minimize side
effects.

*Notably, CB2 agonists do not possess the
psychoactive and addictive characteristics of CB1
receptor targeting, which enhance safety profiles.
*Design of Selective CB2 Agonists with Enhanced
Profiles

New compounds have been developed recently like
LY 2828360, which are new CB2 receptor agonists.
These exhibit highly effective analgesic activity in
neuropathic pain  models in animals and
simultaneously suppress morphine tolerance and
dependence behaviors. These drugs offer effective

pain relief without the side effects related to the
CNS observed with CB1 receptor agonists.
*Therapeutic Potential in Chemotherapy-Induced
Neuropathy

Selective CB2 agonists have shown efficacy in
preclinical models of chemotherapy-induced
peripheral neuropathy (CIPN) such as paclitaxel-
and vincristine-induced CIPN. This provides new
avenues for treating pain associated with cancer
and its treatment that are currently sub optimally
managed.

*Topical Application Approaches

Experiments  have indicated that local
administration of CB2 agonists such as B-
Caryophyllene can alleviate diabetic peripheral
neuropathy  through the reduction of
neuroinflammation and oxidative stress, pointing
towards local delivery with minimal exposure
systemically as a potential approach.
*Mechanistic  Insights  into
Modulation

Improved knowledge about how activation of the
CB2 receptor inhibits glial cell activation,
suppresses pro-inflammatory cytokine secretion,
and regulates neuronal excitability has further
established the role of the receptor in regulating
neuroinflammation that is core to neuropathic pain.
*Combination Therapy with Opioids

Activation of the CB2 receptor has been shown to
decrease opioid tolerance and dependence
development in preclinical models, validating
combination therapies as a way to augment opioid
analgesia while reducing side effects.

Neuroimmune
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Safety and Tolerability in Human Studies

While clinical trials with CB2 agonists like
LY2828360 for osteoarthritis pain to date have not
reached efficacy endpoints, they validate safety and
tolerability in humans, supporting additional
studies in neuropathic pain populations congruent
with preclinical results.

*Pharmacotherapeutic Innovations

Emerging are novel CB2 receptor-selective
compounds, such as itaconates and satins’, which
show favourable preclinical results, broadening the
array of compounds available for addressing
neuropathic pain.

*Molecular and Genetic Studies

Genetic models lacking CB2 receptors still show
magnified pain and neuroinflammatory reactions,
supporting CB2's physiological importance and
informing the development of targeted treatments.
Increased Models of Neuropathic Pain

Current research uses CB2 modulators in several
neuropathic pain models, such as traumatic nerve
injury, diabetic neuropathy, and HIV-associated
neuropathy;, increasing potential clinical
applications

4 RESULT:

Preclinical studies consistently demonstrate that
CB2 receptor modulation plays a significant role in
reducing neuropathic pain behaviours in animal
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models. Activation of CB2 receptors—primarily
located on immune cells and microglia—attenuates
neuroinflammation and suppresses the release of
pro-inflammatory cytokines such as TNF-a, IL-1p,
and IL-6.Selective CB2 agonists (e.g., JWH-133,
AM1241, GWA405833) have been shown to reduce
mechanical allodynia and thermal hyperalgesia in
models of peripheral nerve injury, chemotherapy-
induced neuropathy, and diabetic neuropathy. These
effects occur without the psychotropic side effects
typically associated with CB1 receptor activation
Conversely, CB2 antagonists or genetic deletion of
CB2 receptors exacerbate neuropathic pain
responses, supporting the receptor’s protective role.
Chronic administration of CB2 agonists also leads
to sustained analgesic effects without the
development of tolerance observed with opioids.
Mechanistically, CB2 activation  suppresses
microglial activation in the spinal cord, inhibits
MAPK and NF-KB signaling pathways, and
promotes an anti-inflammatory phenotype in glial
cells. Some studies also report modulation of
peripheral immune cell infiltration and a reduction
in oxidative stress markers. Overall, CB2 receptor
modulators exhibit robust preclinical efficacy in
attenuating neuropathic pain through both central
and peripheral mechanisms, highlighting them as
promising non-psychoactive therapeutic targets.

Table no.1;Preclinical evalution of CB2 receptor-targeted compound in neuropathic pain

Study / Model | CB2 Modulator | Animal Model | Outcome Main Findings Reference
Measures
Elmes et al., | AM1241 Chronic Mechanical Significant [Elmes et al., Br J
2004 (agonist) constriction allodynia, reduction in | Pharmacol, 2004]
injury (CCI) in | thermal pain behaviours;
rats hyperalgesia effect  blocked
by CB2
antagonist
Ibrahim et al., | JWH-133 Spinal  nerve | Von Frey test, | Decreased [lbrahim et al., Pain,
2006 (agonist) ligation (SNL) | Hargreaves test | hypersensitivity; | 2006]
in mice suppressed
spinal microglial
activation
Romero- GW405833 Diabetic Mechanical Improved [Romero-Sandoval
Sandoval et | (agonist) neuropathy and  thermal | nociceptive et al, Eur J
al., 2008 (streptozotocin | thresholds thresholds; Neurosci, 2008]
model) decreased TNF-
o and IL-1B
expression
Racz et al., | AM630 CCI model Mechanical Blocked the | [Racz et al.,
2008 (antagonist) allodynia analgesic effect | Neuropharmacology,
of CB2 agonist; | 2008]
no effect alone
Deng et al, | B- Chemotherapy- | Cold allodynia, | Reduced  pain | [Deng et al., Euri J
2015 Caryophyllene | induced thermal behaviours and | Pharmacol, 2015]
(CB2-selective | neuropathy hyperalgesia inflammation;
natural agonist) | (paclitaxel) no tolerance
developed
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Zhang et al., | JWH-015 Spinal cord | Mechanical Inhibited [Zhang et al,
2018 (agonist) injury model allodynia, microglial Neurochemint,
cytokine activation; 2018]
assays restored  pain
threshold
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5.DISCUSSION: neuropathic pain conditions. This receptor's

Neuropathic pain remains a therapy challenge
owing to complexity and the unwanted effects of
standard analgesics. Preclinical studies on the
cannabinoid CB2 receptor have an advantageous
analgesic profile through the modulation of
inflammatory and neuronal mechanisms in

selective expression in immune Neuropathic pain
remains a therapeutic challenge due to complexity
and the side cells and upregulation during
pathological pain states make it an ideal therapeutic
target to suppress neuroinflammation and
hyperexcitability without the psychoactive side




IAJPS 2026, 13 (02), 144-151

effects linked to CB1 receptor activation in the
CNS.

The latest developments point to the therapeutic
potential of synthetic and endogenous CB2 agonists
in lessening neuropathic symptoms and their
synergy with opioids, possibly providing a way to
reduce opioid-induced undesired effects and
dependency. Nonetheless, the majority of evidence
is derived from animal models; clinical translation
is presently limited, partly because of
pharmacokinetic issues and receptor heterogeneity.
Further research is necessary to create highly
selective, brain-permeable CB2 modulators and to
explore long-term safety and efficacy in human
subjects.

6.CONCLUSION:

Preclinical data firmly establish the therapeutic
promise of cannabinoid CB2 receptor modulators
for treatment of neuropathic pain through effective
suppression of neuroinflammation and nociceptive
sensitization without generating adverse CNS
effects. These modulators offer a promising
alternative or addendum to currently available pain
therapies, particularly for neuropathic patients that
are refractory to traditional treatment. Ongoing
research and clinical trials are necessary to tap the
full value of CB2-targeted therapies in treating
neuropathic pain.

The preclinical conclusion for the cannabinoid CB2
receptor modulators in  neuropathic  pain
management is that they have great therapeutic
potential based on their capacity to modulate
nociceptive signals and neuroinflammation without
the damaging central nervous system (CNS) side
effects that accompany CB1 receptor activation.
Preclinical models have established that CB2
receptors are important in the modulation of
neuropathic pain  through  immune-mediated
mechanisms, specifically by regulating glial cell
activation and  pro-inflammatory  cytokine
production in response to nerve damage.

CB2 receptor-deficient mice have increased
neuropathic pain behaviors and diffuse glial
activation, but overexpression or activation of CB2
receptors yield decreased pain behaviors and
decreased neuroinflammation. This demonstrates
CB2's direct role in the inhibition of the
development and maintenance of neuropathic pain
conditions through the repression of central
immune processes at the spinal cord level.

Selective CB2 agonists work well to reduce
allodynia and hyperalgesia in various models of
neuropathic pain, such as traumatic nerve injury
and chemotherapy pain, strengthening their
position as viable analgesic drugs. Significantly, in
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contrast to CB1 receptor agonists, CB2 modulators
do not produce psychoactivity, addiction, or other
undesirable CNS side effects, and hence are safer
for the treatment of chronic pain.

Although the preclinical data are strong, clinical
practice translation is also warranted by further
investigation into pharmacokinetics, long-term
effectiveness, and human safety. Nevertheless, CB2
receptor modulators represent an innovative
mechanism-based approach to treating neuropathic
pain's intricate neuroimmune pathology, possibly
with treatment paradigms that are safer and more
effective than the standard analgesics.

Overall, the preclinical evidence clearly confirms
the cannabinoid CB2 receptor as a sound and
potential candidate for the treatment of neuropathic
pain, with CB2 modulators providing significant
analgesia through immune modulation but without
CNS side effects, making it a promising direction
for future therapeutic progress.
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