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Abstract: Cannabis sativa is a plant rich in bioactive compounds, including cannabinoids, terpenes, and flavonoids, which have 

garnered significant interest for their psychotropic and medicinal properties. This review explores the complex pharmacology of Cannabis 

sativa, highlighting the therapeutic potential of its components, particularly THC and CBD, and addressing the associated risks such as 

dependence and cognitive impairment. The forensic implications of its use, especially in legal and criminal contexts, are also discussed, 

emphasizing the need for further research to harness its full therapeutic potential while mitigating adverse effects. This review is 

significant as it synthesizes current research on Cannabis sativa, providing a comprehensive understanding of its potential therapeutic 

applications and forensic implications, which is crucial for both medical and legal professionals.  
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1. Introduction 
 

Cannabis sativa, a species of the Cannabaceae family, has 

been utilized for centuries for medicinal, industrial, and 

recreational purposes. Its pharmacological properties are 

attributed to a diverse array of bioactive compounds, 

primarily cannabinoids, terpenes, and flavonoids. Among 

these, the cannabinoids delta - 9 - tetrahydrocannabinol 

(THC) and cannabidiol (CBD) are the most prominent and 

extensively researched. THC is known for its psychoactive 

properties, while CBD has gained recognition for its non - 

intoxicating therapeutic potential. The plant’s widespread 

use, coupled with evolving legalization and decriminalization 

across the globe, has fueled a surge in research exploring its 

clinical applications and potential risks.  

 

The pharmacology of Cannabis sativa is complex due to the 

interplay of its numerous constituents. THC and CBD interact 

with the body’s endocannabinoid system, a network of 

receptors and endogenous ligands involved in regulating 

processes such as pain, mood, appetite, and immune function. 

However, the effects of Cannabis sativa are not solely 

dependent on THC and CBD; terpenes and flavonoids also 

contribute to its therapeutic profile by modulating the effects 

of cannabinoids and offering independent biological activity.  

 

2. Literature Review 
 

Research on Cannabis sativa has significantly expanded over 

the last two decades, focusing on the therapeutic potential of 

its components. THC, the primary psychoactive cannabinoid, 

has been shown to activate CB1 receptors in the brain, leading 

to effects such as euphoria, altered sensory perception, and 

cognitive impairment (Pertwee, 2008). Although it has 

therapeutic applications in pain relief, appetite stimulation, 

and the treatment of nausea, particularly in cancer and AIDS 

patients, its psychoactive effects limit its broader medical use 

(Matsuda et al., 1990). Chronic use of high - THC strains has 

been linked to negative cognitive and mental health 

outcomes, including memory impairment and an increased 

risk of psychosis, particularly in individuals with a genetic 

predisposition (Murray et al., 2017).  

 

Conversely, CBD has gained attention for its broad 

therapeutic applications without causing intoxication. Studies 

have demonstrated CBD's efficacy in treating epilepsy, 

leading to the FDA approval of Epidiolex for certain types of 

childhood epilepsy, including Dravet syndrome and Lennox - 

Gastaut syndrome (Devinsky et al., 2017). Moreover, CBD’s 

anti - inflammatory, neuroprotective, and anxiolytic 

properties have made it a candidate for treating a range of 

conditions, from chronic pain and neurodegenerative 

disorders to anxiety and depression (Campos et al., 2016). 

Unlike THC, CBD has minimal affinity for cannabinoid 

receptors and instead modulates non - cannabinoid receptors, 

such as serotonin and TRPV1, which are involved in mood 

regulation and pain perception (Zou & Kumar, 2018).  

 

In addition to cannabinoids, terpenes such as myrcene, 

limonene, and linalool have been identified as contributors to 

the plant's therapeutic effects. These aromatic compounds 

exhibit diverse biological activities, including anti - 

inflammatory, analgesic, and sedative effects (Russo, 2011). 

For example, myrcene has sedative properties and is believed 

to enhance the psychoactive effects of THC, while limonene 

has been associated with mood elevation and anti - anxiety 

effects (Booth & Bohlmann, 2019). Flavonoids, such as 

cannflavins, have also shown significant anti - inflammatory 

potential, possibly offering stronger effects than over - the - 

counter analgesics like aspirin (Appendino et al., 2008).  

 

However, despite the therapeutic promise of Cannabis sativa, 

its use is not without risks. Prolonged or excessive 

consumption, particularly of THC - rich strains, can lead to 

cannabis use disorder, characterized by dependence and 

withdrawal symptoms upon cessation (Volkow et al., 2014). 

Additionally, THC has been associated with adverse 

cardiovascular outcomes, including increased heart rate, 

hypertension, and an elevated risk of myocardial infarction in 

susceptible individuals (Frost et al., 2019).  
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This review aims to synthesize the current understanding of 

Cannabis sativa’s components, their pharmacological effects, 

and the therapeutic potential and risks associated with their 

use. By reviewing the latest research, this paper seeks to 

provide a comprehensive analysis of how Cannabis sativa 

and its constituents can be leveraged in modern medicine 

while acknowledging the challenges and limitations that 

remain.  

 

Forensic Implications and Use of Cannabis sativa 

The increasing legalization and medical use of Cannabis 

sativa across various jurisdictions have heightened the 

importance of its forensic analysis. Forensic scientists play a 

crucial role in identifying and quantifying Cannabis sativa 

components, particularly in legal and criminal contexts. The 

plant’s use is linked to driving under the influence, workplace 

drug testing, and criminal activities, requiring forensic 

investigations to ensure proper regulation and safety.  

 

3. Identification and Analysis 
 

Forensic toxicology involves the detection of cannabinoids 

such as THC and its metabolites in biological samples, 

including blood, urine, saliva, and hair. Gas chromatography 

- mass spectrometry (GC - MS) and liquid chromatography - 

tandem mass spectrometry (LC - MS/MS) are the standard 

methods used for identifying and quantifying cannabinoids 

(Grotenhermen, 2003). These methods enable forensic 

scientists to detect recent cannabis use, assess intoxication 

levels, and determine the presence of illicit consumption. 

  

Cannabis analysis also involves plant material identification 

through microscopic examination and chemical profiling. The 

presence of characteristic trichomes, which contain 

cannabinoids, aids in identifying cannabis in forensic settings. 

Additionally, forensic laboratories employ chemical tests 

such as the Duquenois - Levine test, which produces a color 

change specific to THC, aiding in the initial identification of 

cannabis (Moffat et al., 2011).  

 

Forensic Toxicology in Impaired Driving Cases 

One of the primary forensic implications of Cannabis sativa 

use is its role in impaired driving. THC, the psychoactive 

component, impairs motor coordination, reaction time, and 

cognitive functions, increasing the risk of accidents (Hartman 

& Huestis, 2013). Forensic toxicologists are tasked with 

determining the presence of THC in drivers involved in traffic 

accidents or arrests for driving under the influence (DUI). 

Blood THC concentrations are typically measured to assess 

impairment, though challenges exist in correlating blood 

levels with impairment due to THC's complex 

pharmacokinetics, including its lipophilicity and rapid 

distribution in body tissues (Huestis, 2007).  

 

Several jurisdictions have implemented per se limits for THC 

blood concentrations, analogous to blood alcohol 

concentration (BAC) limits for alcohol - impaired driving. 

However, forensic experts acknowledge the difficulties in 

establishing a universal THC threshold due to individual 

variability in metabolism, tolerance, and the effects of 

different cannabis strains (Logan et al., 2016). Consequently, 

forensic toxicologists must often rely on a combination of 

blood THC levels, behavioral assessments, and corroborative 

evidence to determine impairment.  

 

Workplace Drug Testing 

The use of Cannabis sativa in both medical and recreational 

contexts has raised concerns in workplace environments, 

particularly in safety - sensitive industries. Employers often 

require drug testing to ensure compliance with company 

policies and maintain workplace safety. Forensic 

toxicologists conduct these tests to detect THC and its 

metabolites in biological samples, with urine testing being the 

most common method (Substance Abuse and Mental Health 

Services Administration [SAMHSA], 2017). Positive test 

results may have legal implications, including job termination 

or denial of employment, especially in jurisdictions where 

cannabis remains illegal at the federal level despite state - 

level legalization.  

 

In forensic settings, the detection of the THC metabolite 

carboxy - THC is critical for distinguishing between recent 

and past cannabis use. Carboxy - THC remains in the body 

for days to weeks after use, particularly in chronic users, 

which complicates interpretations regarding impairment or 

workplace safety. Advances in testing methods, such as the 

development of hair and saliva tests, provide additional tools 

for assessing longer - term cannabis exposure, but challenges 

remain in interpreting these results in legal and forensic 

contexts (Moosmann & Auwärter, 2018).  

 

Cannabis and Criminal Investigations 

The forensic implications of Cannabis sativa extend to its role 

in criminal investigations, particularly in cases involving 

illegal cultivation, trafficking, and possession. Forensic 

botanists assist law enforcement in identifying cannabis 

plants, including wild or cultivated varieties, and determining 

the origin and cultivation methods used. DNA analysis of 

cannabis plants can be used to trace the source of seized 

drugs, providing evidence in criminal cases related to drug 

trafficking and organized crime (Holland et al., 2013). This 

can be particularly useful in linking suspects to large - scale 

cultivation operations or cross - border smuggling networks.  

 

Additionally, forensic chemists often analyze cannabis 

samples to determine their potency by quantifying THC 

levels, which can be used as evidence in court to classify the 

substance and apply relevant legal penalties. As new forms of 

cannabis products, such as edibles, concentrates, and 

synthetic cannabinoids, emerge in the market, forensic 

laboratories must continuously update their methods and 

technologies to accurately detect and analyze these 

substances in legal and criminal contexts.  

 

4. Challenges and Future Directions 
 

Forensic scientists face several challenges in the analysis and 

interpretation of Cannabis sativa and its components. One of 

the primary issues is the variability in cannabis products, 

including different strains with varying THC and CBD 

concentrations, as well as the rise of synthetic cannabinoids 

that often escape traditional detection methods. The ongoing 

evolution of cannabis legislation also creates complications 

for forensic experts, particularly when determining 
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impairment thresholds and addressing discrepancies between 

federal and state laws in countries like the United States.  

 

Future directions in forensic cannabis analysis include the 

development of more sensitive and specific analytical 

techniques that can better distinguish between recent use and 

chronic exposure, as well as more reliable methods for 

assessing impairment. The integration of genetic analysis in 

forensic investigations is also expected to expand, offering 

new tools for tracing the origin and distribution of illicit 

cannabis.  

 

Misuse and Abuse of Cannabis sativa 

The increasing accessibility of Cannabis sativa for both 

medicinal and recreational purposes has led to heightened 

concerns regarding its misuse and abuse. While the 

therapeutic potential of Cannabis sativa is well - documented, 

its psychoactive properties, particularly those of delta - 9 - 

tetrahydrocannabinol (THC), make it a substance prone to 

misuse. Misuse occurs when cannabis is used in a manner 

inconsistent with medical guidelines or legal regulations, 

while abuse refers to the excessive or harmful consumption 

of cannabis, often leading to adverse physical, mental, and 

social consequences.  

 

Patterns of Misuse and Abuse 

The misuse of Cannabis sativa often arises from self - 

medication for various conditions such as chronic pain, 

anxiety, and insomnia, without proper medical oversight. 

Many users turn to cannabis for its perceived benefits, such 

as relaxation or euphoria, but overuse can result in 

dependence and other negative health outcomes. Recreational 

misuse is also common, particularly in regions where 

cannabis is legal for non - medical use. In these cases, 

individuals may consume cannabis in excessive quantities, 

increasing the risk of harmful effects.  

 

Abuse of cannabis is often characterized by the frequent use 

of high - THC strains or products, such as concentrates and 

edibles, which can contain significantly higher concentrations 

of THC than traditional cannabis flowers. The advent of 

potent forms of cannabis, such as dabs, wax, and oils, has 

raised concerns about the heightened risk of developing 

cannabis use disorder (CUD). CUD is a recognized condition 

in the Diagnostic and Statistical Manual of Mental Disorders 

(DSM - 5) and is characterized by problematic cannabis use 

leading to clinically significant impairment or distress.  

 

Health and Psychological Consequences 

Cannabis abuse is associated with a range of negative health 

outcomes. Short - term effects of high THC consumption 

include impaired cognitive function, motor coordination, and 

judgment, which can increase the risk of accidents, 

particularly in activities such as driving. Acute THC 

intoxication can also lead to adverse psychological effects, 

such as paranoia, anxiety, and, in extreme cases, psychotic 

episodes (Volkow et al., 2014).  

 

Long - term abuse of cannabis has been linked to cognitive 

deficits, particularly in memory and executive function. 

Heavy users may experience persistent difficulties with 

learning, attention, and decision - making, which can interfere 

with daily life and professional responsibilities (Meier et al., 

2012). Adolescents are particularly vulnerable to these 

effects, as cannabis use during critical periods of brain 

development can lead to lasting cognitive impairments and an 

increased risk of developing psychiatric disorders such as 

schizophrenia (Hall & Degenhardt, 2009).  

 

Chronic cannabis abuse can also lead to physical health 

issues, particularly respiratory problems. Smoking cannabis 

exposes users to carcinogens and irritants similar to those 

found in tobacco smoke, increasing the risk of chronic 

bronchitis and other respiratory conditions (Tashkin, 2013). 

Additionally, regular use of high - THC products has been 

associated with an increased risk of cannabinoid hyperemesis 

syndrome (CHS), a condition characterized by cyclic 

vomiting and abdominal pain, which can be severe enough to 

require hospitalization (Allen et al., 2004).  

 

Cannabis Use Disorder (CUD)  

Cannabis use disorder (CUD) is a growing concern in regions 

with high rates of cannabis consumption. According to the 

National Institute on Drug Abuse (NIDA), approximately 9% 

of individuals who use cannabis develop CUD, with the risk 

increasing to 17% for those who start using during 

adolescence (NIDA, 2020). CUD is characterized by 

cravings, an inability to control use, tolerance, and 

withdrawal symptoms upon cessation. Symptoms of cannabis 

withdrawal include irritability, sleep disturbances, decreased 

appetite, and mood swings, which can make cessation 

challenging for habitual users (Budney et al., 2004).  

 

The neurobiological mechanisms underlying CUD involve 

the brain’s reward pathways, particularly the release of 

dopamine in response to THC. Over time, repeated exposure 

to high levels of THC can lead to desensitization of the brain’s 

reward circuits, contributing to dependence and the 

compulsive use of cannabis, even in the face of negative 

consequences (Cooper & Haney, 2008). Treatment for CUD 

typically involves behavioral therapies, such as cognitive - 

behavioral therapy (CBT) and motivational enhancement 

therapy (MET), but there is currently no FDA - approved 

pharmacotherapy for CUD, highlighting the need for further 

research in this area.  

 

5. Social and Legal Implications 
 

The misuse and abuse of Cannabis sativa also have 

significant social and legal implications. In countries where 

cannabis remains illegal, individuals caught possessing or 

using the substance may face criminal charges, which can 

lead to incarceration, fines, and long - term legal 

consequences. Even in regions where cannabis is legal, the 

abuse of high - THC products or violations of legal limits on 

possession and use can result in legal penalties, particularly in 

cases of impaired driving or workplace safety violations.  

 

Socially, cannabis abuse can strain relationships, reduce 

productivity, and contribute to issues such as unemployment 

or academic failure. The stigmatization of cannabis abuse, 

particularly in cultures with negative perceptions of drug use, 

can lead to social isolation and hinder access to treatment for 

individuals with CUD. As cannabis use becomes more 

normalized in certain regions, public health efforts are needed 
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to address the potential for abuse and to provide education on 

safe use practices.  

 

Cannabis sativa is a complex plant with diverse bioactive 

compounds, including cannabinoids, terpenes, and 

flavonoids, which offer both therapeutic potential and risks of 

misuse and abuse. While cannabinoids like THC and CBD 

have demonstrated significant medical benefits, particularly 

in pain relief and neuroprotection, their effects vary widely, 

with THC's psychoactive properties contributing to both 

therapeutic and detrimental outcomes. The therapeutic 

promise of minor cannabinoids, terpenes, and flavonoids 

further enhances the pharmacological potential of the plant, 

making Cannabis sativa an attractive target for continued 

research.  

 

However, as cannabis becomes increasingly accessible for 

medicinal and recreational use, the risks associated with its 

misuse and abuse, particularly through high - THC products, 

cannot be ignored. Cannabis use disorder (CUD), cognitive 

impairments, respiratory problems, and adverse 

psychological effects are among the potential consequences 

of excessive consumption. These risks are exacerbated by the 

lack of universal THC thresholds for impaired driving and 

workplace safety, as well as the challenges of distinguishing 

between therapeutic use and misuse.  

 

6. Conclusion 
 

Forensic analysis plays a critical role in the identification and 

regulation of cannabis, ensuring safety in legal, medical, and 

criminal contexts. Future efforts must focus on developing 

sensitive analytical techniques, improving public health 

education, and addressing the legal and social implications of 

cannabis misuse. By balancing its therapeutic applications 

with the need for harm reduction, we can better manage the 

complex effects of Cannabis sativa on both individual and 

societal health.  
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