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Abstract: 

The rapid emergence of New Psychoactive substance (NPS) represents a significant challenge for public 

health, law enforcement, and regulatory bodies worldwide. New Psychoactive Substance (NPS) are 

synthetic substance designed to mimic the effects of traditional illicit drugs, such as cocaine, cannabis, 

stimulants, or ecstasy. While circumventing legal controls. Despite their increasing prevalence, these 

substances are often understudied and their behavioral pharmacology remain poorly understood. This 

thesis explores the behavioral pharmacology of NPS focusing on their mechanism of action, their effects 

on behavior and their associated risk with their use. Key classes of NPS, including synthetic 

cannabinoids, cathinones, hallucinogen and stimulants, are examined in terms of their 

neuropharmacological interaction and their impact on mood, cognition, and motor behavior. Animal 

models and human case studies are reviewed to better understand the addictive potential, neurotoxicity, 

and psychiatric disturbance linked to NPS use, in addition, the thesis proposes harm reduction strategies 

for minimizing their ADR. Inform public health strategies to address the growing global threat by this 

substance. Synthetic cannabinoids (SCs) are a diverse class of new psychoactive substances (NPS) that 

act as potent agonists of the cannabinoid receptors CB1 and CB2, often with significantly higher efficacy 

than Δ9-tetrahydrocannabinol (Δ9-THC), the primary psychoactive compound in cannabis. First 

emerging in the early 2000s as "legal highs" in herbal incense blends such as Spice or K2, synthetic 

cannabinoids have since evolved into hundreds of structurally diverse compounds designed to evade drug 

legislation. 
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1. Introduction 

In recent years, the rise of new psychoactive substance (NPS) has posed significant challenges to public 

health and safety across the globe, NPS are a diverse group of synthetic compounds designed to mimic 

the effects of traditional illicit drugs such as cannabis, cannabinoids, stimulant, and opioids. [1] Unlike 

established drugs of abuse, NPS are often created by modifying the chemical structure of existing 

substance, which allows them to evade regulation and remain undetected in drug testing. [2] As a result, 

NPS can rapidly spread within communities, often leading to increased instances of misuse, toxicity, and 

overdose. These substances are frequently marketed as “legal highs” or alternatives to illicit drugs, yet 

their safety profile remains largely unknown.  [3-4] Behavioral pharmacology, the study of how 

substances affect behavior through interaction with brain and nervous system, play a critical role in 

understanding the dangers and potential therapeutic uses of NPS. [5] Most NPS are designed to target 

specific neurotransmitter system, including serotonin, dopamine, and gamma aminobutyric acid (GABA), 

which regulate mood, cognition, motor function, and perception. Due to the rapid development and 

variety of these substances, research on their behavioral effects is still in its infancy, and many of their 

neuropharmacological properties remain poorly understood. [6-8] The importance of investigating the 

behavioral pharmacology of NPS cannot be overstated. NPS have been associated with a range of 

psychological and physical effects, including euphoria, increased stimulation, hallucination, and, in some 

cases, severe agitation, psychosis, or even death. [9] The unpredictable nature of these substance, coupled 

with their novel chemical compositions, complicates medical and social responses to their use. 

Behavioral studies, especially in animal models, provide valuable insights into the potential risk 

associated with NPS use, including their addictive properties, toxicity, and long-term effects on mental 

and physical health. [10-12] Over the past decade, the rapid increase in the availability and use of these 

substance, often marketed as “legal” or designer’s drugs”, has led to rising concerns regarding their 

safety, misuse, and long-term consequences. Despite their widespread use, there is a notable gap in 

scientific understanding of the behavioral pharmacology of NPS, particularly their effects on behavior, 

cognition and emotional regulation. [13] NPS are increasingly available on the illicit drug, market, often 

as alternatives to well-known controlled substance like cocaine, cannabis, etc. their appeal lies in their 

perceived legality, accessibility, and the lack of standardized drug testing methods. [14] As a result, users 

may be unaware of the risk these substances pose, including ADRs, toxicity, psychosis, and death. Many 

NPS have not been thoroughly studied, and their effects on human behavioral outcomes of these 

substance can vary widely depending on their chemical structure, the specific receptor system they target, 

and individual user factors. [16-18] While some NPS may mimic the effects of traditional drugs, other 

have unique and poorly understood behavioral consequence. By studying this substance in preclinical 

models, we can gain important insights into their potential impact on motor activity, cognition, mood 

regulation, and addictive behaviors. [19] Many NPS have been linked to increased rated of abuse and 

dependence, particularly among younger populations. By analyzing the mechanisms by which NPS 

influence behavior, we can determine whether these substances produce reinforcement or tolerance 

similar to other addictive drugs, such as cocaine. [20] This research can help public health authorities 
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develop targeted strategies for prevention of NPS addiction. This thesis aims to explore the behavioral 

effects of NPS, focusing on their impact on motor activity, cognition, and emotional regulation, by 

examining both preclinical clinical researches, the study will attempt to unravel the complex 

pharmacological mechanisms underlying the behavioral response to this substance, additionally, this 

work will highlight the implication for public health, particularly regarding the identification, regulation, 

and treatment pf NPS reacted issues. [21-24] 

New Psychoactive Substances (NPS) 

NPS is New Psychoactive Substances (NPS) are a broad and diverse group of substances designed to 

mimic the effects of traditional illicit drugs, such as cannabis, cocaine, ecstasy, and heroin, but with 

chemical structures that differ from those of known controlled substances. [25] These substances are 

often referred to as "designer drugs" because they are chemically modified to avoid detection by existing 

drug laws. NPS can have effects on the central nervous system, and they can alter mood, perception, 

consciousness, and behaviour in ways similar to established drugs of abuse. Many NPS are synthetic 

substances, often created in laboratories. They may involve modifying the structure of existing drugs or 

combining chemical compounds to produce effects similar to those of banned substances. [26-27] 

Synthetic Cannabinoids 

Chemical Structure: These substances are chemically similar to THC, the active compound in cannabis, 

but they often have modified structures to enhance potency or evade existing drug laws. Effects: They 

can produce effects similar to those of cannabis, such as relaxation, euphoria, and altered perception. 

However, they can also lead to more severe side effects like agitation, paranoia, and hallucinations. 

Examples: JWH-018, JWH-073, UR-144, XLR-11. [28-30] 

Synthetic Cathinones 

Chemical Structure: These substances are related to amphetamines and cathinones (found in the khat 

plant), and they mimic the effects of stimulants like cocaine, methamphetamine, and MDMA (ecstasy). 

Effects: They produce stimulant effects such as increased energy, alertness, euphoria, and enhanced 

sociability. However, they can also cause dangerous side effects like agitation, violent behaviour, 

seizures, and cardiovascular issues. Examples: Mephedrone, Methylone, MDPV (Methylenedioxy 

pyrovalerone), Alpha-PVP. [32-34] 

Phenethylamines 

Chemical Structure: Phenethylamines are a broad class of chemicals that are structurally related to 

amphetamines and produce effects similar to hallucinogens, stimulants, or both. Effects: Depending on 

the substance, phenethylamines can produce stimulant effects (increased energy and euphoria) or 

hallucinogenic effects (altered perceptions and mood). Some phenethylamines can have dangerous side 

effects, including agitation and psychosis. Examples: 2C-B, 2C-I, MDA (3,4-

methylenedioxyamphetamine), DOM (2,5-Dimethoxy-4-methylamphetamine). [35-37] 

 Synthetic Opioids 

Chemical Structure: These substances are synthetic compounds designed to mimic the effects of natural 

opioids like heroin and morphine, or semi-synthetic opioids like fentanyl. Effects: They produce effects 
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similar to opioids, such as pain relief, euphoria, and relaxation, but can be much more potent and carry a 

high risk of overdose, especially due to their potency. Examples: Fentanyl (and its analogues, e.g., 

Alfentanil), U-47700, W-18, MT-45. [38-40] 

Tryptamines 

Chemical Structure: Tryptamines are a class of compounds that are chemically similar to serotonin. Some 

of these substances have hallucinogenic properties, producing effects similar to LSD, psilocybin (magic 

mushrooms), or DMT. Effects: They can cause altered perceptions of reality, hallucinations, and changes 

in sensory experiences. Some may also have stimulant properties. Examples: 5-MeO-DMT, DMT 

(Dimethyltryptamine), AMT (Alpha-methyltryptamine), MIPT (N-Methyl-N-isopropyl tryptamine). [41-

43] 

Dissociative 

Chemical Structure: Dissociative are substances that cause feelings of detachment from reality and the 

body. They are chemically similar to substances like PCP and ketamine. Effects: These substances can 

cause dissociation, hallucinations, numbing, and distorted perceptions of time and space. They can also 

have serious side effects, including agitation, psychosis, and memory loss. Examples: Methoxetamine 

(MXE), 3-MeO-PCP, Delphinidin. [44-46] 

Deliriants 

Chemical Structure: Deliriants are substances that induce delirium, confusion, and memory loss. These 

compounds are typically less common in the NPS category but still emerge as part of the designer drug 

market. Effects: Deliriants can cause confusion, agitation, hallucinations, and loss of motor coordination. 

The effects can be highly dangerous due to the confusion and risk of injury. Examples: Benzyl 

tetrahydropyrrole, Scopolamine. [47-48] 

Other Psychoactive Substances 

Chemical Structure: There are numerous other substances that do not fall neatly into the categories above 

but still exhibit psychoactive effects. Effects: These can range from stimulants to hallucinogens, 

sedatives, or a mixture of effects, often with dangerous side effects or unknown long-term consequences. 

Examples: Piperazines (e.g., BZP - Benzylpiperazine), Premazepams (a benzodiazepine-like substance). 

[49-50]  

Benzodiazepine Analogues 

Chemical Structure: These NPS mimic the effects of benzodiazepines, which are typically prescribed for 

anxiety, sleep disorders, and muscle relaxation. Effects: They produce sedative, anxiolytic (anxiety-

reducing), and hypnotic effects, similar to traditional benzodiazepines, but they can vary in potency and 

safety. Examples: Etizolam, Flutrimazole, Clonazepam. [51-54] 
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2. Cannabinoids – Natural vs. Synthetic 

Cannabinoids are a class of chemical compounds that interact primarily with the body’s endocannabinoid 

system (ECS), a complex cell-signaling network involved in regulating physiological processes such as 

pain sensation, mood, appetite, memory, and immune response. Cannabinoids can be broadly categorized 

into three main types: Phyto cannabinoids (plant-derived), endocannabinoids (endogenously produced), 

and synthetic cannabinoids (lab-designed). [55] 

Natural Cannabinoids 

Phyto cannabinoids 

Phytocannabinoids are derived from Cannabis sativa and related species. The two most well-known and 

studied phytocannabinoids are: Δ9-Tetrahydrocannabinol (Δ9-THC) – The principal psychoactive 

compound, which acts as a partial agonist at cannabinoid receptors CB1 and CB2. Cannabidiol (CBD) – 

A non-psychoactive cannabinoid with low affinity for cannabinoid receptors but known to modulate 

various receptor systems including TRPV1 and 5-HT1A. [56] Phyto cannabinoids are typically 

characterized by moderate receptor efficacy and relatively mild psychoactive effects. Their 

pharmacokinetic profiles are influenced by factors such as lipophilicity, metabolism by hepatic 

cytochrome P450 enzymes, and extensive first-pass metabolism. [57] 

Endocannabinoids 

These are endogenous ligands produced by the body, including: Anandamide (AEA), 2-

Arachidonoylglycerol (2-AG) Endocannabinoids are synthesized on-demand from membrane lipids and 

act as retrograde neurotransmitters, modulating neurotransmitter release in a tightly regulated manner. 

They are quickly degraded by enzymes such as fatty acid amide hydrolase (FAAH) and 

monoacylglycerol lipase (MAGL). [58] 

Synthetic Cannabinoids 

Synthetic cannabinoids (SCs) are man-made compounds that mimic the effects of Δ9-THC by acting as 

agonists at CB1 and/or CB2 receptors. Initially developed for research and therapeutic purposes, they 

have since been misused in recreational contexts under names like Spice, K2, and herbal incense. Full 
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Agonists at CB1/CB2: Unlike Δ9-THC (a partial agonist), most SCs are full agonists with much higher 

receptor efficacy, leading to more intense and often unpredictable effects. Higher Potency: Some SCs are 

up to 100 times more potent than Δ9-THC, increasing the risk of overdose, severe psychiatric reactions, 

and death. Structural Diversity: SCs include many subfamilies (e.g., naphthoylindoles like JWH-018, 

indazole carboxamides like AB-FUBINACA), designed to bypass legal restrictions. [59] 

3. Mechanism of Action of Cannabinoid Receptors 

Cannabinoid receptors are a class of G-protein-coupled receptors (GPCRs) that mediate the physiological 

effects of endogenous and exogenous cannabinoids. The two primary cannabinoid receptors identified to 

date are CB1 and CB2, each exhibiting distinct tissue distributions and functional roles. [60] 

CB1 Receptor 

The CB1 receptor is predominantly expressed in the central nervous system (CNS), including brain 

regions such as the hippocampus, cerebellum, and basal ganglia. Activation of CB1 receptors modulates 

neurotransmitter release, influencing processes such as memory, motor coordination, pain perception, and 

appetite regulation. Upon binding of a cannabinoid ligand (e.g., Δ⁹-tetrahydrocannabinol or anandamide), 

the CB1 receptor activates inhibitory Gi/o proteins, leading to: Inhibition of adenylyl cyclase, resulting in 

decreased levels of cyclic adenosine monophosphate (cAMP). Inhibition of voltage-gated calcium 

channels, reducing presynaptic neurotransmitter release. Activation of inwardly rectifying potassium 

channels, causing neuronal hyperpolarization and reduced excitability. These intracellular events 

culminate in a decrease in excitatory neurotransmission, particularly in pathways involving glutamate and 

GABA. 

CB2 Receptor 

The CB2 receptor is primarily expressed in immune cells and peripheral tissues. It plays a significant role 

in immune modulation and inflammation. Similar to CB1, CB2 receptor activation inhibits adenylyl 

cyclase and modulates ion channels through Gi/o protein signaling, but it typically lacks psychoactive 

effects due to its limited expression in the CNS. CB2 receptor activation leads to: Suppression of 

inflammatory cytokine release. Modulation of immune cell migration and function. Potential analgesic 

and anti-inflammatory effects, especially in peripheral neuropathic pain models.  

Endogenous and Exogenous Ligands 

The main endogenous ligands for cannabinoid receptors, known as endocannabinoids, include 

anandamide (AEA) and 2-arachidonoylglycerol (2-AG). These are synthesized on demand and rapidly 

degraded by enzymes such as fatty acid amide hydrolase (FAAH) and monoacylglycerol lipase (MAGL), 

respectively. Exogenous ligands include phytocannabinoids like Δ⁹-tetrahydrocannabinol (THC), a partial 

agonist at both CB1 and CB2, and cannabidiol (CBD), which exhibits low affinity for both receptors but 

modulates their activity indirectly through multiple pathways. 

Key Behavioral Effects of Cannabinoids 

Psychostimulant Sensitization and Novelty-Seeking Behavior 

Research has shown that the CB1 receptor is involved in the behavioral sensitization to nicotine, 

particularly in rats with high novelty-seeking traits. In these animals, administration of the CB1 
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antagonist AM251 reversed locomotor sensitization to nicotine and normalized elevated hippocampal 

serotonin (5-HT) levels, suggesting a role for CB1 in modulating responses to psychostimulants. 

Modulation of Food and Alcohol Consumption 

CB2 receptors, traditionally associated with immune system modulation, have been implicated in the 

regulation of food and alcohol intake. Studies indicate that activation of CB2 receptors can influence 

consumption behaviors, with potential implications for understanding addiction and eating disorders. 

Differential Roles of CB1 and CB2 Receptors in Psychostimulant Responses 

The modulation of psychostimulant effects by cannabinoids involves both CB1 and CB2 receptors. 

Activation of CB2 receptors and inhibition of CB1 receptors have been shown to reduce the behavioral 

and molecular effects induced by psychostimulants. This suggests that targeting CB2 receptors may offer 

therapeutic potential for treating addiction, with fewer psychiatric side effects compared to CB1 receptor 

antagonists. [61] 

4. Emerging Concepts in Cannabinoid Pharmacology 

The "entourage effect" refers to the hypothesis that various compounds in cannabis, beyond cannabinoids 

like THC and CBD, interact synergistically to modulate the plant's overall psychoactive effects. This 

concept has implications for understanding the full spectrum of cannabis's behavioral effects and for 

developing more effective therapeutic applications. 

 

 

Fig. 1. Represent structure of receptor, B represent mechanism of cannabis in receptor. 
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Fig. 2. It represents signalling mechanism of receptor binding site. 

 

 

Fig. 3. Represent difference in classical and non-classical cannabinoids receptor. 

Cannabinoids influence the mesolimbic dopamine system, which is central to reward processing. THC 

has been shown to increase dopamine release in the nucleus accumbent, mimicking the effects of 

classical drugs of abuse. CB1 receptor antagonists have been investigated as potential treatments for 

substance use disorders, though clinical trials have been limited by psychiatric side effects. The 

behavioural effects of cannabinoids on anxiety and mood are dose- and context-dependent. Low doses of 

THC may produce anxiolytic effects, while higher doses are often anxiogenic. Chronic exposure to 

cannabinoids may dysregulate the hypothalamic-pituitary-adrenal (HPA) axis and alter stress responses, 

contributing to mood instability. Traditionally associated with the immune system, CB2 receptors are 

now recognized for their role in modulating behaviour, particularly in response to inflammation and 

neuroimmune signalling. Recent studies suggest that CB2 activation can reduce drug-seeking behaviour 

and modulate consumption of substances like alcohol and food, offering a non-psychoactive target for 
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treating addiction. Cannabinoid receptor activation can impair cognitive functions such as memory, 

attention, and learning. CB1 receptor activation in the hippocampus has been associated with deficits in 

spatial memory and learning. These effects are particularly pronounced with chronic or high-dose THC 

exposure, raising concerns about the cognitive impact of prolonged cannabis use. The therapeutic 

potential of cannabinoids is vast, encompassing pain management, anti-inflammatory effects, and 

treatment of neurological disorders. However, the psychoactive properties of THC pose significant 

challenges in clinical applications. Selective targeting of CB2 receptors or non-psychoactive 

cannabinoids like CBD may offer therapeutic benefits without the associated cognitive and psychiatric 

side effects. Advancements in understanding the structural dynamics of cannabinoid receptors and their 

signalling pathways are paving the way for the development of novel therapeutic agents that can 

selectively modulate specific receptor conformations, enhancing efficacy and minimizing adverse effects. 

The effects of cannabinoids on mood and anxiety are complex and dose-dependent. Low doses of THC 

may produce anxiolytic effects, while higher doses are often anxiogenic. Chronic exposure to 

cannabinoids can lead to dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis, contributing to 

mood instability and anxiety disorders. Cannabidiol (CBD), a non-psychoactive cannabinoid, has shown 

promise in reducing anxiety and improving mood without the adverse effects associated with THC. 

CBD's anxiolytic properties may be mediated through its interaction with serotonin receptors and its 

ability to modulate endocannabinoid signalling. CB2 receptors are primarily located in peripheral tissues 

and immune cells but are also present in certain brain regions. While traditionally associated with 

immune modulation, emerging evidence indicates that CB2 receptors play a significant role in 

modulating behavior. Activation of CB2 receptors has been shown to attenuate the rewarding effects of 

substances like cocaine and alcohol, suggesting a potential therapeutic target for addiction treatment 

without the psychoactive side effects associated with CB1 receptor activation. 

5. Research methodology 

The selection of appropriate experimental subjects is a crucial component of preclinical behavioral 

pharmacology research. In this study, male Wistar rats were used as the animal model due to their well-

characterized behavioral responses and widespread use in neuropharmacological investigations. The 

selected rats were 8–12 weeks old at the time of experimentation, with an average body weight of 200–

250 grams. This age range ensures that the animals are young adults with fully developed nervous 

systems but not yet subject to age-related behavioral variability. 

Housing and Environmental Conditions 

All animals were obtained from an institutional breeding facility certified for laboratory animal care. 

Upon arrival, the animals were housed in groups of 3–4 per cage under the following standardized 

environmental conditions: Room temperature: Maintained at 22 ± 2°C, Humidity: 55 ± 10%, Light cycle: 

12-hour light/dark cycle (lights on at 07:00 AM), Ventilation: Rooms equipped with HEPA filtration 

systems to maintain air quality, Food and Water: Standard rodent chow and filtered water provided ad 

libitum. Environmental enrichment (e.g., nesting materials and tunnels) was provided to minimize stress, 

promote natural behaviour, and improve the well-being of the animals. 
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Acclimatization 

To reduce stress and allow adaptation to the laboratory environment, all animals underwent a 7-day 

acclimatization period before the start of experiments. During this period, they were handled daily to 

habituate them to human interaction and experimental procedures. 

Randomization and Group Assignment 

Following acclimatization, animals were randomly assigned to experimental groups using a random 

number generator to ensure that treatment groups were balanced for weight and age. Randomization 

helps minimize selection bias and enhances the internal validity of the study. 

Table – 1 Randomisation to animal group. 

Group Treatment Dose (mg/kg) N 

G1 Vehicle Control 0 8 

G2 THC Low Dose 1 8 

G3 THC Medium Dose 3 8 

G4 THC High Dose 10 8 

G5 CBD 5 8 

G6 CB1 Antagonist + THC AM251 + THC 8 

 

Ethical Approval and Welfare Monitoring 

All experimental procedures involving animals were conducted in strict accordance with the guidelines of 

the Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA) and 

approved by the Institutional Animal Ethics Committee (IAEC). The protocol number and date of 

approval are recorded in the appendix. Animal welfare was monitored daily. Parameters such as 

grooming behaviour, posture, movement, feeding habits, and body weight were observed to assess health 

status. Any signs of distress, pain, or abnormal behaviour were documented, and animals were removed 

from the study if humane endpoints were met. 

Drug Preparation and Administration 

The accurate preparation and administration of pharmacological agents are critical in behavioural 

pharmacology studies to ensure reproducibility and reliability of results. 

Cannabinoid Compounds 

The following compounds were used in this study: Δ⁹-Tetrahydrocannabinol (THC): the primary 

psychoactive constituent of cannabis. Cannabidiol (CBD): a non-psychoactive cannabinoid with 

anxiolytic and neuroprotective properties. AM251: a selective CB1 receptor antagonist/inverse agonist 

used to investigate the role of CB1 receptor activity. JWH-133: a selective CB2 receptor agonist to study 

the behavioral role of CB2 receptors. All drugs were procured from certified suppliers and stored 

according to manufacturer guidelines (typically at -20°C) to maintain stability. 
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Drug Formulation 

Solvent: A vehicle consisting of a mixture of ethanol:cremophor:saline (1:1:18) was used to dissolve the 

lipophilic cannabinoid compounds. THC and CBD were sonicated to ensure uniform dispersion before 

use. The final injection volume was standardized to 1 mL/kg body weight for all animals. 

Dosage and Schedule 

THC: Administered at doses of 1, 3, and 10 mg/kg based on previous behavioral studies indicating dose-

dependent effects. CBD: Administered at 5 mg/kg, a commonly studied effective anxiolytic dose in 

rodents. CB1 Antagonist (AM251): Administered at 2 mg/kg, 30 minutes prior to THC to block CB1 

receptor-mediated responses. CB2 Agonist (JWH-133): Administered at 1 mg/kg to evaluate CB2-

specific behavioral modulation. 

Route and drug administration 

Route: Intraperitoneal (i.p.) injections were used for systemic delivery due to consistent absorption and 

ease of use. Timing: All injections were performed between 09:00–11:00 AM to reduce circadian 

influences on behaviour. Animals were handled gently and briefly restrained during injection to minimize 

stress. 

Behavioural Tests 

Behavioural assessments are a fundamental aspect of pharmacological studies involving cannabinoids, as 

these substances are known to impact various domains such as anxiety, locomotion, reward, and 

cognition. The following validated behavioural paradigms were selected to comprehensively evaluate the 

effects of cannabinoid administration in rodents. 

Parameters Measured: 

Total distance moved (index of general locomotor activity). Time spent in the centre zone (index of 

anxiety-like behaviour; more center time indicates anxiolytic effects). Number of rearing and grooming 

behaviour (indices of exploratory activity and stress). Data Analysis: Behaviour is video recorded and 

analysed using automated tracking software (e.g., EthoVision XT). 

Elevated Plus Maze (EPM) 

To assess anxiety-related behaviour by measuring an animal's natural aversion to open elevated spaces. 

The EPM is a widely used model for studying anxiety, particularly sensitive to the effects of anxiolytic or 

anxiogenic drugs. Cannabinoids have shown dose-dependent effects on this paradigm. A plus-shaped 

maze elevated 50 cm above the floor, consisting of: Two open arms (50 cm × 10 cm). Two closed arms of 

the same size with 40 cm high walls. A central platform (10 cm × 10 cm). The animal is placed in the 

center of the maze facing an open arm. The session lasts 5 minutes. Lighting is kept consistent (~100 lux 

in open arms). 

Parameters Measured: 

Time spent in open and closed arms. Number of entries into each arm. Percentage of open arm entries 

(open entries / total entries × 100). Total arm entries (to assess general activity level). 

 

 

Technische Sicherheit ISSN NO: 1434-9728/2191-0073

Volume 25, Issue 6, 2025 PAGE NO: 48



Conditioned Place Preference (CPP) 

To evaluate the rewarding or aversive effects of cannabinoids, indicating their potential for abuse or 

therapeutic value. CPP is a classical conditioning paradigm used to assess the motivational properties of 

drugs. A preference for a drug-paired environment indicates positive reinforcement. A two-chamber 

apparatus with distinct tactile (floor texture) and visual (wall patterns) cues. A removable partition allows 

for either separate or free movement between chambers. 

Experimental Phases: 

Pre-conditioning (Day 1): Rats are allowed to freely explore both chambers for 15 minutes. Time spent in 

each chamber is recorded to assess initial preference. Conditioning (Days 2–5): Animals receive the 

cannabinoid (e.g., THC) before being confined to one chamber for 30 minutes. On alternate days, they 

receive vehicle and are confined to the opposite chamber. Post-conditioning (Day 6): Rats again have free 

access to both chambers, and the time spent in each is recorded. 

6. Results and Discussion 

Low-dose THC (1 mg/kg): Significantly increased locomotor activity compared to control (p < 0.05). 

High-dose THC (10 mg/kg): Decreased total distance traveled (p < 0.01), suggesting sedative or 

anxiogenic effects. CBD (5 mg/kg): Increased center time without affecting locomotion, indicative of 

anxiolytic properties. These results are consistent with the biphasic effects of THC, where low doses may 

stimulate exploratory behavior while higher doses suppress activity due to CNS depression. The increase 

in center time following CBD treatment aligns with its known anxiolytic and non-psychoactive profile, 

possibly mediated via 5-HT1A receptor modulation. 

Elevated Plus Maze (EPM) 

THC at 1 mg/kg: Slight, non-significant increase in open arm entries. THC at 10 mg/kg: Significantly 

decreased time in open arms (p < 0.01). CBD-treated rats: Spent significantly more time in open arms 

compared to control (p < 0.05). AM251 (CB1 antagonist) reversed the anxiolytic effects of low-dose 

THC. High-dose THC produced anxiogenic-like effects, reflected in reduced open arm exploration, 

possibly due to CB1 receptor overstimulation in the amygdala and prefrontal cortex. CBD's anxiolytic 

effects further support its therapeutic potential in anxiety-related disorders. The reversal of THC effects 

by AM251 confirms the CB1-mediated mechanism. THC (3 mg/kg) produced significant place 

preference (p < 0.01), indicating rewarding properties. High-dose THC (10 mg/kg) resulted in no 

preference or slight aversion. CBD did not induce place preference or aversion. JWH-133 (CB2 agonist) 

did not elicit significant CPP but reduced THC-induced preference. These findings support the rewarding 

potential of moderate-dose THC, consistent with dopaminergic activation in the mesolimbic reward 

pathway. The aversive trend at higher doses reflects dose-dependent shifts in cannabinoid receptor 

signaling. The neutral profile of CBD confirms its lack of abuse liability, and the CB2 agonist’s 

attenuation of THC-CPP suggests potential in addiction treatment. Control group: Showed progressive 

learning over 4 days with reduced escape latency. THC (10 mg/kg) group: Demonstrated significantly 

impaired learning and memory (longer escape latency and poor probe trial performance, p < 0.01). CBD 

group: Performed similarly to control, with slightly improved memory retention. THC + AM251: Showed 
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improved performance compared to THC alone (p < 0.05). High-dose THC impaired spatial learning and 

memory, likely due to CB1 receptor activation in the hippocampus, consistent with existing literature. 

CBD did not negatively affect memory and may exert neuroprotective or cognition-enhancing effects. 

The partial reversal by AM251 highlights the role of CB1-mediated interference with long-term 

potentiation (LTP), a key mechanism of learning. Grooming and defensive postures were more frequent 

in the high-dose THC group. No mortality or severe adverse effects were recorded. Animals treated with 

CBD appeared more relaxed and socially interactive. 

Table 2 - Summary of key findings. 

Treatment Locomotion Anxiety Reward Memory 

Control Normal Baseline None Normal 

THC Low ↑ ↓ Anxiety Mild reward Normal 

THC High ↓ ↑ Anxiety 
No preference / 
aversion 

↓↓ 

CBD ↔ ↓ Anxiety Neutral ↔ / slight ↑ 

AM251 + THC ↔ / ↑ ↓ Anxiety ↓ Reward ↑ 

JWH-133 ↔ Neutral ↓ THC reward Not tested 

 

This study reinforces the complex, dose-dependent behavioral effects of cannabinoids: CB1 activation is 

central to both the rewarding and cognitive-impairing effects of THC. CBD demonstrates therapeutic 

potential by reducing anxiety and avoiding cognitive or addictive liabilities. CB2 modulation, while not 

affecting behaviour directly, may have protective roles in reducing drug-seeking tendencies. These 

findings contribute to the growing body of evidence advocating for CBD as a safer therapeutic alternative 

and highlight the importance of receptor-specific cannabinoid pharmacology in drug development. 

7. Conclusion 

The present study examined the behavioural pharmacology of cannabinoids, with a specific focus on Δ⁹-

Tetrahydrocannabinol (THC) and Cannabidiol (CBD), using well-established rodent models. Through the 

use of behavioural assays—namely, the open field test, elevated plus maze, conditioned place preference, 

and Morri’s water maze—the study evaluated how different cannabinoid compounds affect locomotion, 

anxiety, reward, and cognitive performance. The findings revealed that THC exerts dose-dependent 

effects on behaviour. Low doses increased locomotor activity and reduced anxiety-like behaviour, while 

high doses suppressed locomotion, induced anxiety, and impaired spatial memory. These results are in 

line with previous studies indicating a biphasic pharmacodynamic profile of THC (Huestis et al., 2001; 

Wiley et al., 2007). Conversely, CBD exhibited anxiolytic properties without affecting locomotor or 

reward-seeking behavior and did not impair cognitive performance. This supports its emerging role as a 

non-intoxicating therapeutic agent with a favorable safety profile (Campos et al., 2012). Pharmacological 
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manipulation with AM251 (a CB1 receptor antagonist) and JWH-133 (a CB2 agonist) provided further 

insight into receptor-specific actions. AM251 reversed the behavioral effects of THC, confirming the 

involvement of CB1 receptors in mediating THC's psychoactive and cognitive effects. Meanwhile, JWH-

133 appeared to attenuate the rewarding effects of THC, suggesting a modulatory role for CB2 receptors 

in addiction-related pathways. These findings contribute to a growing body of literature emphasizing the 

complexity of the endocannabinoid system and its implications in behavioral pharmacology. They also 

support the potential of CBD as a safer, therapeutic alternative to THC for conditions involving anxiety 

or cognitive dysfunction. 

Future directions 

Future research should investigate: The long-term effects of cannabinoids on behavior and brain function. 

Sex-specific responses to cannabinoids, especially in developmental and aging populations. The 

interaction of the endocannabinoid system with other neurotransmitter systems such as dopamine and 

serotonin. The potential neuroprotective mechanisms of CBD at the molecular and cellular levels. 
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