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Abstract 
Cannabis, also called Cannabis sativa, is widely used both recreationally and medicinally for pain relief, gastrointestinal 
issues, mental health conditions, and seizures. However, despite its medical uses, it is often abused for its psychoactive 
effects. Its primary active compounds, delta-9-tetrahydrocannabinol (THC) and cannabidiol (CBD), impact the body differ-
ently by mainly interacting with the endocannabinoid system. THC acts as a partial agonist at cannabinoid receptor type 1 
(CB1) and cannabinoid receptor type 2 (CB2) receptor, producing the psychoactive effects of cannabis and influencing 
dopamine-related reward pathways, and neuroplasticity. CBD, unlike THC, does not cause intoxication and offers anti-
inflammatory, anxiety-relieving, anticonvulsant, and neuroprotective benefits through complex mechanisms involving both 
receptor-dependent and independent pathways. Cannabis-based therapies and THC–CBD blends provide health benefits 
for conditions such as chronic pain, multiple sclerosis (MS) -related spasticity, nausea from chemotherapy, complex epi-
lepsy, and some gastrointestinal issues by affecting inflammation and gut movement. As these treatments become more 
popular, concerns about misuse, tolerance, withdrawal symptoms, and cannabis use disorder (CUD) increase, especially 
among adolescents. Activation of CB1 receptors by THC can influence neuronal growth factors and synaptic plasticity. 
Adjusting dosage primarily by lowering THC and increasing CBD can reduce psychoactive and cardiovascular risks. Re-
cent research backs new pharmacological and behavioural approaches for cannabis withdrawal and CUD, but standard-
ized guidelines are still limited. This review highlights recent findings influence cannabis's medicinal benefits and potential 
risks. A thorough evaluation of these benefits and risks is essential for informed clinical decisions, responsible prescribing, 
and evidence-based public health policies. 
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Introduction and Background: 
Cannabis (Cannabis sativa L.) has transitioned from a histor-
ically utilized botanical remedy to a scientifically investigated 
therapeutic agent in modern medicine. Historical documen-
tation indicates that cannabis was used in ancient Chinese 
and Indian medicine for analgesia, anti-inflammatory pur-
poses, and neuropsychiatric conditions before being incorpo-
rated into Western medical practice in the 19th century.1,2 

Nevertheless, the decline in its medical use during the early 
20th century was due to variability in plant composition and 
the lack of standardized pharmacological data.3 However, re-
cent progress in phytochemistry and receptor pharmacology 
has renewed scientific interest in exploring its clinical poten-
tial.4 
Understanding how cannabis interacts with the body became 
possible after discovering the endocannabinoid system 
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(ECS).5 This system includes naturally produced molecules 
like anandamide and 2-arachidonoylglycerol, along with can-
nabinoid receptor type 1 (CB1); cannabinoid receptor type 2 
and enzymes that break down these ligands. CB1 receptors 
are mainly located in the central nervous system and regulate 
neurotransmitter release. In contrast, CB2 receptors are 
mostly found in immune and peripheral tissues, where they 
affect inflammation and immune cell movement.6-7 This neu-
romodulatory system plays a crucial role in maintaining bal-
ance in vital functions such as pain perception, appetite, 
mood, and neuroimmune responses.8 More than 100 phyto-
cannabinoids have been identified so far, with THC and CBD 
being the most thoroughly studied.4,7 THC functions as a par-
tial agonist at CB1 receptors, influencing presynaptic neuro-
transmitter release and modulating the dopaminergic reward 
pathway, which accounts for its pain-relieving and psychoac-
tive effects.5-6 Conversely, CBD has minimal direct activity at 
CB1 receptors but engages with several molecular targets, 
including transient receptor potential channels and sero-
tonergic systems. These interactions help explain its anti-in-
flammatory, anticonvulsant, anxiolytic, and possible neuro-
protective effects.4,7 Over the past twenty years, the legaliza-
tion of medicinal cannabis in various regions has made it 
more accessible to patients and facilitated more comprehen-
sive research on its effectiveness as a treatment. Evidence 
mapping of systematic reviews suggests possible benefits for 
conditions like chronic pain, spasticity due to multiple sclero-
sis, chemotherapy-induced nausea and vomiting, epilepsy, 
and some neuropsychiatric disorders.8-9 However, variations 
in study design and methodological issues weaken these 
findings.10 A thorough scoping review of systematic studies 
yielded inconclusive results, showing only slight improve-
ments in some pain-related conditions, along with common 
reports of minor negative effects and generally moderate-to-
low quality evidence.11 These findings underscore the need 
for well-designed randomized controlled trials (RCTs) and 
standardized outcome measures.3 
Although cannabis has therapeutic potential, it is still the 
most commonly used illegal drug globally, with increasing 
use among adolescents and young adults.3,12 The coexist-
ence of medical approval and recreational use raises con-
cerns for public health. Cardiovascular problems are particu-
larly significant, as cannabis has been associated with tach-
ycardia, temporary blood pressure spikes, and potential is-
chemic events, especially in at-risk groups.13 Neuropsychiat-
ric risks encompass anxiety, psychosis in susceptible individ-
uals, and the onset of cannabis use disorder (CUD).5 Re-
search continues to explore the dependence potential of can-
nabis. While CUD has been well-studied in recreational us-
ers, applying these findings to medical settings demands 
caution. Key differences such as dosing accuracy, canna-
binoid makeup (especially THC:CBD ratios), methods of ad- 

ministration, and professional care set medical use apart 
from recreational use.1,9 However, high THC exposure and 
regular use still pose risks for developing tolerance, with-
drawal symptoms, and problematic consumption patterns.1 
Recent studies are examining the impact of cannabinoids on 
health problems linked to metabolism, inflammation, and 
cancer. Altering CB1 receptor activity has been linked to met-
abolic issues and fatty liver disease.14 Meanwhile, research 
is ongoing into targeting CB2 receptors for their potential to 
induce cancer cell death via receptor-mediated apoptosis.15 
Preclinical studies further demonstrate modulation of inflam-
matory and oxidative pathways through ECS signalling.4,7 
Although these results are preliminary, they underscore the 
expanding translational potential of cannabinoid research. 
Overall, current evidence shows that cannabis is a pharma-
cologically complex substance with proven therapeutic ben-
efits in certain clinical contexts, while also carrying measura-
ble neuropsychiatric, cardiovascular, and dependence risks. 
As legalization grows and prescribing rises, clinicians should 
carefully assess the benefit–risk balance of cannabis thera-
pies based on evidence.1,13 
Relevant peer-reviewed literature was reviewed to provide an 
overview of the pharmacological mechanisms, therapeutic 
benefits, and potential risks of cannabis and cannabinoid-
based medicines. This review aims to synthesize current 
knowledge on the pharmacological mechanisms, therapeutic 
uses, safety issues, and misuse risks of cannabis and can-
nabinoid medicines within a clinically relevant and transla-
tional context. 

Pharmacology of Cannabis and the Endocan-
nabinoid System 
Cannabis-derived compounds primarily affect the endocan-
nabinoid system (ECS), a highly conserved neuromodulatory 
network that regulates synaptic transmission, immune re-
sponses, metabolic balance, and neuroplasticity.16-17 The 
ECS comprises endogenous ligands—primarily anandamide 
and 2-arachidonoylglycerol (2-AG)—along with their biosyn-
thesis and degradation enzymes, and two main G-protein–
coupled receptors: CB1 and CB2.18 Discovering this system 
has offered a mechanistic foundation for understanding the 
therapeutic effects and side effects of phytocannabinoids. 
Δ9-tetrahydrocannabinol (THC) and cannabidiol (CBD) are 
the most important phytocannabinoids in clinical practice. 
THC acts as a partial agonist at CB1 and CB2 receptors.19 
CB1 receptors are predominantly found in the central nerv-
ous system, especially in the cerebral cortex, hippocampus, 
amygdala, basal ganglia, and cerebellum.20 Their presynap-
tic location allows them to regulate neurotransmitter release 
by inhibiting adenylate cyclase, blocking voltage-gated cal-
cium channels, and activating inwardly rectifying potassium 
channels.21-22 These actions result in a reduction in the re- 
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lease of both excitatory and inhibitory neurotransmitters, in-
cluding glutamate, GABA, dopamine, serotonin, and acetyl-
choline.23 
This presynaptic modulation explains THC's dual effects on 
cognition, motor coordination, reward processing, and emo-
tional regulation. In the hippocampus, activating CB1 recep-
tors affects long-term potentiation and synaptic plasticity, po-
tentially causing short-term memory problems observed with 
acute cannabis use.24 In mesolimbic pathways, THC-trig-
gered CB1 activation boosts dopamine signalling in the nu-
cleus accumbens (NAc), strengthening reward signals and 
increasing the risk of misuse.25-26 Over time, especially with 
prolonged use, these neuroadaptive changes can lead to re-
ceptor downregulation and changes in synaptic responses, 
establishing the biological foundation for tolerance and de-
pendence.27 CB2 receptors are primarily located in immune 
cells, peripheral tissues, and microglia within the central 
nervous system.28 Activating them influences cytokine re-
lease, immune cell movement, and inflammatory pathways.29 
Evidence from preclinical studies indicates that targeting CB2 
receptors could reduce neuroinflammation and oxidative 
stress, which are linked to neurodegenerative diseases and 
chronic inflammation.30 Notably, activating CB2 does not 
cause psychoactive effects, making it a promising therapeu-
tic option with fewer neuropsychiatric risks. Unlike THC, can-
nabidiol (CBD) exhibits only a weak affinity for CB1 and CB2 
receptors. It acts as a versatile modulator, affecting multiple 
molecular pathways, including transient receptor potential 
vanilloid 1(TRPV1) channels, 5-HT1A receptors, PPAR-γ, 
and adenosine systems.31-32 Additionally, CBD indirectly en-
hances endocannabinoid signalling by inhibiting fatty acid 
amide hydrolase (FAAH), thereby increasing anandamide 
levels.33 This indirect effect explains its calming, anticonvul-
sant, and anti-inflammatory properties without causing intox-
ication. Clinically, THC and CBD differ markedly: THC acti-
vates CB1 receptors, offering pain relief and anti-nausea 
benefits, but it may also lead to cognitive impairments, anxi-
ety, increased heart rate, and psychoactive effects.34 Heart 
rate and blood pressure spikes are linked to CB1 activation 
in autonomic control centres.35 On the other hand, CBD, 
which does not cause intoxication and interacts with a wider 
range of receptors, is being explored as a treatment for epi-
lepsy, anxiety, and inflammatory diseases, thanks to its safer 
profile.36 
Recent studies demonstrate that phytocannabinoids affect 
intracellular signalling pathways like mitogen-activated pro-
tein kinase/extracellular signal-regulated kinase 
(MAPK/ERK), phosphoinositide 3-kinase/protein kinase B 
(PI3K/Akt), and nuclear factor kappa B (NF-κB), which play 
roles in cell survival, apoptosis, and oxidative stress re-
sponse.37-38 These downstream effects suggest that canna-
binoids impact both synaptic neurotransmission and overall 

cellular homeostasis regulation. Cannabis compounds have 
complex pharmacokinetics. THC, which is highly lipophilic, 
rapidly accumulates in fat tissues and remains in the body for 
an extended period.39 Its active metabolite, 11-hydroxy-THC, 
greatly influences psychoactive effects, especially with oral 
consumption.8 Bioavailability varies with the method of use 
such as inhalation versus oral ingestion significantly impact-
ing how soon, how long, and how strongly effects occur.39 
This variability in pharmacokinetics makes it difficult to set 
standard doses in clinical practice. Chronic stimulation of 
CB1 receptors often causes desensitization and downregu-
lation of these receptors, which plays a role in developing tol-
erance.40 Neuroadaptive changes in glutamatergic and do-
paminergic pathways might explain withdrawal symptoms 
like irritability, sleep issues, and mood changes.41 These 
mechanistic insights are important for clinicians assessing 
the long-term use of therapeutic cannabis. 
In summary, cannabis pharmacology involves a complex in-
teraction between receptor-based neuromodulation, immune 
system signalling, intracellular pathway control, and variabil-
ity in pharmacokinetics. THC primarily produces psychoac-
tive and pain-relieving effects by partially activating CB1 re-
ceptors, while CBD influences multiple targets with little direct 
activation of CB1 receptors. Grasping these different phar-
macodynamic and pharmacokinetic mechanisms is crucial 
for enhancing therapeutic use, reducing side effects, and pre-
venting misuse. 

Therapeutic Applications of Cannabis. 
Over the past twenty years, the scientific re-examination of 
the therapeutic potential of cannabis has expanded, driven 
by increased insights into the endocannabinoid system 
(ECS) and easier access to standardized cannabinoid prod-
ucts. Phyto cannabinoids, primarily delta-9-tetrahydrocanna-
binol (THC) and cannabidiol (CBD), interact with CB1 and 
CB2 receptors as well as various non-cannabinoid targets, 
affecting neurotransmission, inflammatory processes, im-
mune responses, and cellular balance. Although evidence 
varies between indications, certain clinical applications have 
shown consistent benefits in controlled settings. 
Chronic Pain Management: Chronic pain, particularly neu-
ropathic pain, is a major focus of research and a primary rea-
son for using medical cannabis. The endocannabinoid sys-
tem (ECS) plays a crucial role in managing nociceptive sig-
nals across the peripheral, spinal, and brain regions. CB1 re-
ceptors are widely found in the thalamus, dorsal horn of the 
spinal cord, periaqueductal gray, and other pain-related brain 
regions. Activation of presynaptic CB1 receptors reduces cal-
cium influx, thereby decreasing the release of excitatory neu-
rotransmitters such as glutamate and substance P, which 
helps lower central sensitization. CB2 receptors, mainly ex-
pressed on immune cells and microglia, regulate the release 
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of inflammatory cytokines and help reduce neuroinflamma-
tion.28-29 Systematic reviews and meta-analyses show that 
cannabinoid-based treatments can produce modest yet 
meaningful reductions in neuropathic pain, especially in 
cases resistant to other therapies. A thorough meta-analysis 
published in Journal of the American Medical Association 
(JAMA) observed slight reductions in pain severity but also 
identified a higher risk of side effects such as dizziness and 
drowsiness. Randomized controlled trials using nabiximols 
and inhaled cannabis demonstrated significant pain reduc-
tion compared to placebo in peripheral neuropathy and mul-
tiple sclerosis-related neuropathic pain. Recent controlled 
studies indicate possible opioid-sparing effects, though com-
prehensive, long-term RCT data are still limited. Healthcare 
providers should consider cannabis-based medicines as ad-
junct options for select patients with neuropathic pain unre-
sponsive to first-line therapies, with careful monitoring for 
psychiatric issues, cognitive effects, and dependence poten-
tial. 
Multiple Sclerosis and Spasticity: Multiple sclerosis (MS) 
frequently leads to chronic spasticity, which significantly im-
pacts quality of life. The presence of cannabinoid receptors 
in regions like the basal ganglia, cerebellum, and spinal cord 
offers a molecular foundation for neuromodulating muscle 
tone. When THC activates CB1 receptors, it decreases excit-
atory neurotransmission and enhances inhibitory GABA sig-
nalling, thereby helping to reduce spastic muscle activity.22 
Standardized oromucosal sprays containing balanced THC 
and CBD ratios have demonstrated advantages for patients 
with moderate to severe MS who do not respond to conven-
tional antispasmodic therapies. These sprays help reduce 
spasticity levels and have been shown to improve associated 
discomfort and sleep issues. Importantly, tolerance to psy-
choactive effects frequently emerges with consistent dose, 
although neuropsychiatric monitoring is crucial. Recent phar-
macological studies indicate that CBD may mitigate THC-in-
duced anxiety and cognitive deficits while maintaining anti-
spastic properties. Nonetheless, enduring disease-modifying 
effects have yet to be determined, and treatment continues 
to be symptomatic rather than curative. 
Chemotherapy-Induced Nausea and Vomiting: Canna-
binoids have traditionally been used to reduce nausea and 
vomiting from chemotherapy-induced nausea and vomiting 
(CINV). THC mainly provides antiemetic effects by activating 
CB1 receptors in the dorsal vagal complex and nucleus trac-
tus solitarius of the brainstem, key areas responsible for con-
trolling emetic signals.19 Cannabinoids also affect the release 
of serotonin by interacting with pathways that are regulated 
by 5-HT3. Synthetic cannabinoids like dronabinol and na-
bilone have been shown to work as second-line treatments 
for patients who don't respond to standard antiemetic treat-
ments. While modern 5-HT3 antagonists and neurokinin-1 in- 

hibitors are considered first-line treatments, cannabis may be 
an option for patients who do not respond to these options. 
Side effects like sedation and dysphoria are dose-dependent 
and usually reversible once treatment and dysphoria, are 
dose-dependent and typically reversible upon cessation. 
Epilepsy: The most robust recent evidence favours using 
pure CBD for managing persistent epileptic conditions. CBD 
does not have the same psychoactive effects as THC. In-
stead, it works as an anticonvulsant in several ways, such as 
by changing the balance of calcium in cells, blocking voltage-
gated sodium channels, reducing inflammation, and indi-
rectly increasing endocannabinoid tone.36 Extensive, pla-
cebo-controlled randomized controlled trials (RCTs) have 
shown considerable reduction in seizures in juvenile patients 
with severe epileptic syndromes. Recent neurobiological 
findings indicate that CBD may mitigate excitotoxicity and 
neuroinflammation—pathophysiological mechanisms asso-
ciated with epileptogenesis. Monitoring liver enzymes is es-
sential when administering CBD alongside other antiepileptic 
drugs because of potential pharmacokinetic interactions. 
Gastrointestinal and Inflammatory Disorders: The ECS 
shows high levels of expression in the gastrointestinal sys-
tem, where it controls motility, secretion, epithelial integrity, 
and immune responses. CB1 receptors affect enteric neuron 
signalling and smooth muscle function, while CB2 receptors 
regulate inflammatory cell migration and cytokine release. 
Cannabinoids may help treat inflammatory bowel disease 
(IBD), functional gastrointestinal disorders, and appetite is-
sues. They can lower pro-inflammatory substances such as 
tumor necrosis factor-alpha and interleukins, and support the 
health of the epithelial barrier. However, systematic reviews 
show inconsistent results in clinical outcomes and a lack of 
high-quality RCTs. Evidence shows some relief of symptoms, 
especially stomach pain and hunger, but there are no sub-
stantial decreases in inflammatory markers. Recent preclini-
cal research suggests that regulating CB1 could offer liver-
protective and metabolic advantages in non-alcoholic fatty 
liver disease (NAFLD), pointing to wider metabolic impacts of 
cannabinoid signalling. Human clinical validation of cannabis 
is still in progress. While cannabis possesses biological 
mechanisms that may treat certain conditions, and some clin-
ical data support its use for pain, spasticity, refractory epi-
lepsy, and chemotherapy-induced nausea, its benefits must 
be weighed against possible risks to the brain, mind, and 
heart. The quality of current evidence is inconsistent, high-
lighting the importance of large, well-controlled trials that use 
standardized formulations and include long-term follow-up. 
Achieving optimal therapeutic results with minimal side ef-
fects necessitates a precision-focused strategy. This in-
volves assessing the cannabinoid ratio, dosage, administra-
tion method, and the patient's individual risk factors. 
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Cannabis Use Disorder 
Neurobiological Mechanisms Underlying CUD 
Cannabis Use Disorder (CUD) involves problematic canna-
bis consumption that leads to considerable impairment or dis-
tress. This includes symptoms such as loss of control, ongo-
ing cravings, tolerance, withdrawal symptoms, and continued 
use despite negative consequences. Although cannabis is of-
ten seen as less addictive than opioids or stimulants, evi-
dence indicates that approximately 9–10% of lifetime users 
develop CUD. This risk rises to nearly 17% if use starts dur-
ing adolescence and reaches 25–30% among daily users 
[34,42]. The growing potency of Δ9-tetrahydrocannabinol 
(THC) in contemporary cannabis products and the expansion 
of legalized markets have renewed clinical attention toward 
understanding the neurobiological basis, health implications, 
and treatment strategies for CUD.43-44 
The pathophysiology of CUD is primarily mediated through 
THC-induced modulation of the endocannabinoid system 
(ECS). THC acts as a partial agonist at CB1 receptors, 
mainly found in areas such as the prefrontal cortex, hippo-
campus, amygdala, basal ganglia, and cerebellum.16 Activa-
tion of these receptors decreases presynaptic neurotransmit-
ter release via Gi/o protein pathways, affecting glutamate and 
GABA signalling.21 This neuromodulation influences synaptic 
plasticity and plays a role in reward-related neural circuits. 
Acute THC exposure increases dopamine release in the 
mesolimbic pathway, especially in the VTA and NAc.26 This 
dopamine boost explains the reinforcing and pleasurable ef-
fects of cannabis. Over time, continued THC use causes the 
brain to undergo neuroadaptive changes. It causes CB1 re-
ceptor desensitization and downregulation mainly in cortical 
and limbic regions, impacting dopaminergic activity.27 Neu-
roimaging shows a decrease in CB1 receptor availability in 
dependent users, which can partially recover after extended 
abstinence.27 These changes cause increased tolerance, 
lower reward sensitivity, and compulsive consumption.34 Ad-
ditionally, long-term cannabis use can alter brain structure 
and function, especially in regions involved in executive func-
tioning and impulse control. Impaired communication be-
tween the prefrontal cortex and limbic system can hinder de-
cision-making and heighten the likelihood of ongoing sub-
stance use. Recent molecular studies suggest that epige-
netic changes in genes related to synaptic transmission and 
stress response might influence relapse vulnerability. Recent 
comprehensive reviews of cannabis pharmacology reveal 
that dependency risk is mainly affected by THC concentra-
tion, how often it is used, and the cannabinoid composition, 
especially the THC to cannabidiol (CBD) ratio.45-46 CBD 
seems to modify some psychoactive and anxiety-related ef-
fects of THC, which may reduce its potential for abuse, alt-
hough clinical evidence is still in early stages. 
Clinical Features and Withdrawal Syndrome 

CUD presents itself with varying degrees of severity. Core 
features include unsuccessful efforts to reduce use, persis-
tent cravings, neglect of work or social responsibilities, and 
continued consumption despite awareness of psychological 
or physical harm. Cannabis intoxication typically involves eu-
phoria, changed perception, and relaxation; however, pro-
longed heavy use can also cause anxiety, mood swings, cog-
nitive difficulties, and reduced motivation.34,42 
Cannabis withdrawal syndrome is now an acknowledged 
medical condition.47 Symptoms typically begin 24 to 72 hours 
after cessation, peak within the first week, and may persist 
for two weeks or longer in heavy users. Common signs are 
irritability, anxiety, dysphoria, trouble sleeping (especially 
vivid nightmares and sleeplessness), loss of appetite, rest-
lessness, and physical discomfort.47-48 Cannabis withdrawal 
is usually less severe medically than withdrawal from alcohol 
or opioids; however, its psychological effects can greatly dis-
rupt functioning and cause relapse. On a neurobiological 
level, withdrawal involves decreased endocannabinoid activ-
ity and diminished CB1 receptor signalling due to long-term 
receptor downregulation.27 This decrease hampers the 
body's ability to regulate mood, appetite, and sleep normally. 
The severity of withdrawal symptoms is closely related to 
how often and how intensely cannabis is used.48 Modern 
high-potency cannabis products might lead to more severe 
withdrawal symptoms than older formulations.43 
Risk Factors and Vulnerable Populations 
Adolescence is a crucial and sensitive period characterized 
by increased CB1 receptor levels in the developing brain's 
cortex and subcortex.49-50 Exposure to THC during this time 
can disrupt essential neurodevelopmental processes like 
synaptic pruning and myelination.34,51 Research shows that 
early cannabis use heightens the risk of developing psychi-
atric disorders later on, especially in those with genetic vul-
nerabilities.46,52 People with cannabis use disorder (CUD) of-
ten face mental health issues such as anxiety, depression, 
and ADHD.42,53 Although some use cannabis as a form of 
self-medication, long-term use can worsen these symptoms. 
Overall, early THC exposure may disrupt brain development 
and heighten the risk of psychiatric problems in the future. 
People with CUD often face issues such as anxiety, depres-
sion, and ADHD.42 While some may use cannabis as a way 
to self-medicate, prolonged use might worsen underlying 
mental health problems.53 The relationship is complex, in-
volving two-way interactions between stress response sys-
tems and the endocannabinoid system.54 
Treatment Strategies and Public Health and Clinical Im-
plications 
Currently, there are no officially approved medications for 
Cannabis Use Disorder (CUD), so psychosocial interventions 
remain the primary treatment. Evidence-based therapies 
such as Cognitive Behavioral Therapy (CBT), Motivational 
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Enhancement Therapy (MET), and Contingency Manage-
ment (CM) are central to treatment.47,55 CBT focuses on iden-
tifying unhealthy thought patterns, enhancing coping skills, 
and developing relapse prevention techniques. Meanwhile, 
MET focuses on resolving ambivalence and increasing moti-
vation for behavioural change. Contingency Management 
employs structured reinforcement techniques to promote ab-
stinence and adherence to treatment. Although combining 
these methods yields better results than using them alone, 
relapse rates remain significantly high. This underscores the 
persistent and cyclical nature of substance use disorders and 
the necessity for additional therapeutic options.55 Current re-
search continues to investigate pharmacological treatments 
aimed at the neurobiological roots of dependence and with-
drawal. For example, cannabinoid agonist replacement ther-
apy, like nabiximols, is being studied as a harm-reduction 
strategy to reduce withdrawal symptoms and prevent illegal 
cannabis use by sustaining CB1 receptor activation.48,56 Glu-
tamatergic modulators like N-acetylcysteine are being stud-
ied for their ability to reestablish synaptic balance within re-
ward pathways through regulation of extracellular gluta-
mate.57,58 Research continues on serotonergic and noradren-
ergic medications to control mood swings and anxiety during 
withdrawal.59 Moreover, cannabidiol (CBD) is gaining atten-
tion for its potential to decrease cue-triggered cravings, anx-
iety, and relapse risk, although comprehensive trials are 
scarce and its effectiveness is not yet confirmed.43,60 Recent 
reviews of cannabis treatments and dependence emphasize 
that dose control, cannabinoid composition, and administra-
tion method are key factors affecting abuse potential.45,34 
This underscores the importance of precise prescribing and 
individualized risk assessment. From a wider clinical and 
public health standpoint, increasing access to high-potency 
THC products calls for careful attention.44,61 Modern canna-
bis products often have higher THC concentrations than 
those previously studied, which can heighten reinforcing ef-
fects, withdrawal issues, and mental health risks.52 Screen-
ing for problematic use should be standard in primary care 
and mental health check-ups, especially for teenagers, 
young adults, and those with existing psychiatric condi-
tions.52 Educating users about THC potency, proper dosage, 
risks of overuse, and potential cognitive and psychiatric dan-
gers is crucial, whether for recreational or medical use.34 
While supervised medical cannabis use varies from non-
medical use in purpose, dosage, and oversight, the risk of 
dependence remains significant.42 Strategies like standard-
ized dosing, opting for lower-THC or balanced THC:CBD 
products, careful patient screening, ongoing reassessment of 
benefits, and structured follow-up can help lessen misuse 
risks. Nonetheless, there is still limited long-term data on de-
pendence risks related to prescribed cannabis.62,63 As legal-

ization and commercialization expand, it is essential to inte-
grate evidence-based behavioural treatments with compre-
hensive pharmacological research and innovative public 
health strategies to reduce harm and promote legitimate ther-
apeutic applications.64 

Conclusion 
Cannabis holds a unique and evolving role in contemporary 
medicine, balancing its pharmacological advantages with 
possible risks. Its main active compounds impact the endo-
cannabinoid system, a neural network essential for pain con-
trol, immune response, metabolism, and neurobehavioral 
processes. The two main phytocannabinoids, THC and CBD, 
operate differently but can work synergistically. THC partially 
stimulates CB1 receptors in the brain, aiding in pain relief, 
nausea reduction, spasticity control, and appetite stimulation. 
In contrast, CBD provides therapeutic benefits without caus-
ing a high by interacting with various receptors. For example, 
it can modulate serotonin, vanilloid, and inflammatory path-
ways, producing anticonvulsant, anxiolytic, and anti-inflam-
matory effects. While cannabis-based medications are used 
in treatment, clinicians must be cautious about their safety, 
how they work, their production, and their effects, which vary 
among individuals. THC's psychoactive effects can impair 
executive functions, attention, and psychomotor skills, espe-
cially in teenagers and individuals with mental health issues. 
Long-term use may cause neuroadaptive changes, which 
could lead to tolerance, dependence, and cannabis use dis-
order. While the effects on cardiovascular health, cognition, 
and mental well-being vary, they all highlight the need for 
careful prescribing and ongoing monitoring. Medically, thera-
peutic cannabis should be seen as a targeted treatment for 
specific evidence-supported conditions, not as a universal 
remedy. Research shows modest benefits for conditions like 
neuropathic pain, spasticity due to multiple sclerosis, hard-
to-control epilepsy, and chemotherapy-related nausea. Ex-
tended use can result in neuroadaptive changes, which may 
lead to tolerance, dependence, and cannabis use disorder. 
Although effects on cardiovascular health, cognition, and 
mental well-being differ in presentation, they all highlight the 
need for careful prescribing and ongoing supervision. From 
a medical standpoint, therapeutic cannabis should be con-
sidered a targeted treatment for specific conditions supported 
by evidence, rather than a universal remedy. Current re-
search shows modest benefits for issues such as neuro-
pathic pain, spasticity from multiple sclerosis, difficult-to-con-
trol epilepsy, and chemotherapy-related nausea. Nonethe-
less, variations in product formulations and study designs 
hinder definitive conclusions. The lack of standardized dos-
ing protocols and long-term safety data emphasizes the ne-
cessity for well-conducted RCTs and comprehensive phar-

Nat Cell Sci 2026;4(4):e00020 
https://doi.org/10.61474/ncs.2026.00020

6 Nature Cell and Science | www.cnsjournals.com



macovigilance systems. Clinical decision-making should in-
clude a personalized evaluation of risks and benefits, taking 
into account comorbidities, concurrent medications, age, 
psychiatric history, and potential for misuse. To achieve the 
best patient outcomes with minimal harm, it is crucial for doc-
tors, pharmacists, and mental health specialists to work to-
gether. Additionally, continuous education for patients about 
realistic expectations, possible side effects, and how to dif-
ferentiate between medical and non-medical use is vital. As 

regulations around the world continue to change, the demand 
for high-quality translational and clinical research increases. 
Future research should focus on standardized formulations, 
accurate cannabinoid ratios, long-term outcome evaluations, 
and understanding mechanisms. Adopting an evidence-
based, balanced strategy helps promote responsible use of 
cannabis's therapeutic benefits, protect public health, and 
tackle problems associated with overuse and dependence. 

 
Figure 1: Mechanistic Overview of the Endocannabinoid System and Cannabinoid Actions. 
This illustration depicts the endocannabinoid system (ECS) and how THC and CBD function as medicines. The ECS comprises 
endogenous ligands such as anandamide (AEA) and 2-arachidonoylglycerol (2-AG), along with their metabolic enzymes fatty 
acid amide hydrolase (FAAH) and monoacylglycerol lipase (MAGL), and cannabinoid receptor type 1 (CB1) and cannabinoid 
receptor type 2 (CB2). CB1 receptors, mainly located in the central nervous system, regulate neurotransmitter release before it 
reaches the synapse, enabling THC to induce its hallucinogenic, analgesic, and antiemetic effects. Continuous activation of 
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CB1 may lead to tolerance and dependence. CB2 receptors, found mainly in immune cells and microglia, control cytokine 
release and inflammation without producing intoxication. THC partially activates both CB1 and CB2 receptors, whereas CBD 
does not bind directly but influences other targets such as transient receptor potential vanilloid 1 (TRPV1), 5-HT1A receptors, 
and inhibits FAAH. Differences in pharmacokinetics and downstream signaling pathways like mitogen-activated protein ki-
nase/extracellular signal-regulated kinase (MAPK/ERK), phosphoinositide 3-kinase/protein kinase B (PI3K/Akt), and nuclear 
factor kappa B (NF-κB) also influence how these medications work. (Figure created with BioRender.com) 
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