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Abstract 

Introduction and purpose: In ancient times, cannabis was used for production of food, 

edible oil, fibers and medicines. In present, industrial cultivars are the source of raw material 

for clothing and animal feed. Cannabis can be also a source of psychoactive compounds such 

as Δ9-tetrahydrocannabinol (THC). Cannabinoids present in Cannabis sp. can cause the 

beneficial effects in human organism after consumption. This review is aimed to describe the 

biological properties of cannabis and consider the legalization of marijuana products.  

Brief description of literature: The endocannabinoid system consists of cannabinoid 

receptors (CB1 and CB2) and endogenous cannabinoids. CB1 receptors are mostly localized in 

central nervous system. These receptors are found primarily on central and peripheral neurons 

in the presynapse. These locations facilitate their inhibition of neurotransmitter release, which 

is one of the major functions of the endocannabinoid system. CB2 receptors are mostly 

localized in immune system cells. The interaction of plant cannabinoids with specific 

receptors can cause several effects in organism. The tissue distribution of CB1 and CB2 is 

responsible for the well-known psychotropic and peripheral effects of THC. Cannabinoids can 
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be also helpful in treatment in several diseases, such as multiple sclerosis, Tourette syndrome, 

eating disorders, chronic pain or epilepsy. 

Conclusions: Despite well-documented health effect of marijuana using, cultivation of 

cannabis is highly restricted by the law. The main obstacles limiting the use of marijuana in 

medicine are the psychotropic side effects. In this case, the compromise is difficult to achieve. 

In future, researchers must cooperate to develop orally administered, highly bioavailable, non-

psychoactive phytocannabinoid products. 

 

Keywords: Cannabis, Δ9-tetrahydrocannabinol, endocannabinoids, cannabinoid receptors, 

medical marijuana 

Introduction 

The genus Cannabis includes three major species: C. sativa, C. indica and C. 

ruderalis. Cannabis is classified as herbs and has long thin flowers (Anwar et al. 2006, 

Vonapartis et al. 2015). This plant has been known for thousands of years (Callaway 2004). It 

was cultivated all over the world until the early twenties when cultivation of this plant was 

forbidden. At that time, cultivation of plants that were a source of Δ9-tetrahydrocannabinol 

(THC), a psychoactive substance, were banned (Galasso et al. 2016). The oldest reports on the 

use of cannabis for medicinal and nutritional purposes are found in traditional Chinese 

medicine (Callaway 2004). This plant is native to Central Asia. For thousands of years, it has 

been cultivated as a source of food, edible oil and raw material for the production of fibers 

and medicines. In recent times, hemp has become a valuable source of fibers used in clothing 

and animal feed (Liang et al. 2015). The cannabis stem allows to produce very durable fabrics 

and special purpose papers such as canvas, tea bags, paper money or cigarette papers 

(Callaway 2004). 

Nowadays, cultivation of Cannabis sp. is highly restricted by the law. The European 

Union allows for the cultivation of only industrial varieties that contain less than 0.3% THC. 

THC is the most recognizable compound in cannabinoids group. Due to its relatively high 

content in some parts of cannabis, this plant has strong psychoactive properties. The most 

THC-rich part of cannabis plant are female flowers, that after drying and eventual 

fermentation are called marijuana. In addition to THC, cannabis contains over 80 other 

cannabinoids, including cannabidiol (CBD), cannabinol (CBN), and others. Industrial 

cannabis varieties are characterized by higher levels of CBD than THC. Differences in 

chemical structure of main representatives of this group are presented in Fig. 1. 
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Fig. 1. The chemical structure of main cannabinoids present in Cannabis (A – Δ9-

THC; B – Δ8-THC; C – cannabidiol; D – cannabinol) (Pertwee 2005). 

 

The current debates on cannabis are aroused mainly by ignorance of the facts about the 

plant and its bioactive compounds. Almost one thousand research articles and a host of well-

documented reviews have been written in the last three decades on this type of compounds 

and their biomedical relevance (Appendino et al. 2011).  

There is social dispute between two groups of people: some disapprove the therapeutic 

applications of cannabis products, others want the legalization of marijuana for medicine. 

First group explain their opinion due to the potentially harmful acute and short-lasting effects 

of psychoactive compounds. The possibility of induction psychological side effects, such as 

psychosis or depression as well as dependency concerns are often repeated arguments by 

antagonists (Patton et al. 2002). 

Every decision (ban or legalization) must be preceded by knowing the full mechanism 

of cannabinoids activity in human body. The aim of this study is presentation of the 

mechanism of biological activity of cannabinoids for easier consideration the legitimacy of 

legalization medical products obtained from marijuana. 
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The endocannabinoid system 

The endocannabinoid system consists of cannabinoid receptors (CB1 and CB2) and 

endogenous cannabinoids (endocannabinoids) (Siudem et al. 2015).  

Receptors 

CB1 and CB2 belong to the superfamily of G protein–coupled receptors (GPCRs). G-

protein is biological membrane protein present in eukaryotic organisms. Both receptors have 

48% amino acid sequence identity. They are bound through G proteins to adenylyl cyclase 

and mitogen-activated protein kinase. These receptors are mostly localized in central nervous 

system (CNS) primarily on central and peripheral neurons in the presynapse. CB1 is one of the 

most common GPCR. Its density is highest in the basal ganglia, cerebellum, hippocampus and 

cortex. However, we can find this receptor also in the peripheral nervous system (PNS) and 

several peripheral organs. These locations facilitate their inhibition of neurotransmitter 

release, which is one of the major functions of the endocannabinoid system (Mechoulam and 

Parker 2013). It is possible because of the preferential distribution of CB1 receptors in CNS 

and PNS at presynaptic neurons, their coupling to the inhibition of voltage-activated Ca
2+ 

channels, and the stimulation of endocannabinoid formation by increased intracellular Ca
2+

 

and activation of other GPCRs (Di Marzo et al. 2004). When CB1 receptors are activated, the 

accumulation of cyclic adenosine monophosphate (cAMP) decreases and causes inhibition of 

cAMP-dependent protein kinase (PKA). On the other hand, activation of CB1 receptor 

stimulates the mitogen-activated protein (MAP) kinase activity. Increased activity of this 

enzyme allows cannabinoids to modulate synaptic plasticity, cell migration, and possibly 

neuronal growth (Howlett et al. 2002).  

Occurrence of CB2 receptors was originally linked only with immune system cells. 

However, these receptors are present throughout the central nervous system (Ashton et al. 

2006). In several pathological conditions, expression of CB2 receptor is enhanced in the 

central nervous system as well as in other tissues (Mechoulam and Parker 2013). This 

phenomenon may indicate that CB2 receptor is one of the constituents of general protective 

system. Immune system of mammalian is adjusted for acting against protein attacks. It is 

targeted for preventing, attenuating or repairing the inflicted damage. Evolution led to evolve 

analogous biological protective systems against nonprotein attacks. The part of such system 

can be endocannabinoid signaling through CB2 receptors (Pacher and Mechoulam 2011).  
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Cannabinoids 

The presence of cannabinoid receptors implies the existence of endogenous ligands. 

Cannabinoids that can be specific for CB1 and CB2 receptors can be divided in 2 main groups: 

plant cannabinoids (phytocannabinoids) (Fig.1) and endogenous cannabinoids 

(endocannabinoids) (Fig. 2). 

 

Fig. 2. The chemical structures of endocannabinoids (A – anandamide, B – 2-arachidonoyl 

glycerol (2-AG)) (Pertwee 2005). 

Two main endocannabinoids – anandamide and 2-arachidonylglycerol (2-AG)3–5 – 

are lipids in nature. However, these compounds are different not only in the case of their 

chemical structures, but amino acid, amine and peptide transmitters, too. The transmitters are 

synthesized in the cytosol and stored in synaptic vesicles. Nerve excitation by action 

potentials cause their secretion by exocytosis. By contrast, anandamide and 2-AG can be 

produced upon demand by receptor-stimulated cleavage of membrane lipid precursors and 

released from cells immediately after their production (Piomelli et al. 2000). 

The tissue distribution of CB1 and CB2 is responsible for the well-known psychotropic 

and peripheral effects of phytocannabinoids. The most important in this group are Δ9-THC 

and cannabidiol. These compounds are differentiated by the character of their interactions 

with receptors. THC acts as a cannabinoid receptor agonist, while the CBD as an antagonist. 

The CBD has antipsychotic properties, has a beneficial effect on anxiety and depression, 

which is probably related to serotonergic effects. The CBD also has sedative and 

anticonvulsant effects (Siudem et al. 2015). Mechanism of action of cannabidiol in organism 

has not yet been fully discovered. It is currently suggested that it has a weak affinity for 

cannabinoid CB1 receptor, and stronger for CB2 and adenosine A2A receptor (Burstein 2015). 

As is mentioned above, cannabinoid receptors are bound to the G-protein. The interaction of 

CBD with the receptor causes protein G activation and initiation of biochemical pathways 

(Welty et al. 2014). It has also been observed that the CB1 receptor and the serotonin 5HT1A 

receptor may form hetero-dimers (Pazos et al. 2013). Cannabinoids also interact with such 
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dimers. Another molecular target for CBD is the TRPV vanilloid receptor, which regulates 

intracellular calcium ion concentration. It has also been observed that CBD is a GPR55 

receptor antagonist (Siudem et al. 2015). 

 

 

Therapeutic effects of marijuana 

 Consumption of cannabinoid-rich parts (especially the resin) of cannabis plant can 

help to reduce multiple sclerosis (MS) symptoms, such as spasticity, neuropathic pain, tremor, 

and disturbed bladder function. Multiple sclerosis is dysfunction that induce pathological 

changes in endocannabinoid system. It was shown that an antispastic effect of cannabinoids in 

the mouse model with multiple sclerosis is mediated primarily by CB1 receptors. This 

phenomenon can be explained by experimental autoimmune encephalomyelitis (EAE) model. 

In study of Pryce and Baker (2007) the antispastic effect was observed following 

administration of nonselective CB1/CB2 receptor agonists in wild-type mice with EAE, 

whereas the effect was no longer detected in CB1 receptor-deficient mice. It can be concluded, 

that the administration of THC and CBD in a 1:1 ratio has proven to be a well-tolerated 

antispasticity therapeutic solution for patients with MS who respond poorly to conventional 

antispastic drugs (Leussink et al. 2012). 

 There are several studies concerning cannabinoids usage in chemotherapy as the 

antiemetics (Tramèr et al. 2001). Randomized trials showed that patients preferred 

cannabinoids for future chemotherapy. This fact is important because usage of these 

compounds was only slightly more effective than conventional antiemetic and only for 

moderately emetogenic chemotherapy. In this case preferences of patients are more important 

than the scientifically obtained efficacy of cannabinoids use. Side effects coupled with 

cannabinoids occur more often, but they may be concentrated in a fairly small number of 

patients. This situation can be a reason why most patients find cannabinoids effective without 

adverse effects. Some side effects can be even beneficial. In study of Tramèr et al. (2001) 

among 100 cancer patients who received a cannabinoid, 30 of them were sedated, 20 felt a 

sensation of a “high”, and 15 felt euphoric. Some part of patients perceived a degree of 

sedation or somnolence as useful during chemotherapy.  

 In some cases, cannabinoids uptake can reduce symptoms in Tourette syndrome (TS) 

(Hemming and Yellowlees 1993, Müller-Vahl et al. 2002, 2003, Müller-Vahl 2013). As 
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mentioned above, large amount of cannabinoid receptors are located in basal ganglia and 

hippocampus. This indicates that cannabinoids demonstrate significant role in movement and 

behavior. Some reports suggest beneficial effects of marijuana use in TS. It can be speculated 

that cannabinoids might act through specific receptors, and that the cannabinoid system might 

play a major role in TS pathology. Second mechanism causing amelioration in TS can be 

interaction between cannabinoid and dopamine receptors in basal ganglia. There are some 

studies that confirm the ability of cannabinoids to alter dopaminergic neurotransmission in 

brain and influence the motor control (MüllerVahl et al. 1998, Lazenka et al. 2015). 

Analyzing available data basing on several single case studies and some small controlled trials 

it can be concluded, that cannabinoids may play beneficial role in the treatment of tics and 

coprolalia in patients with TS (MüllerVahl et al. 1998). 

 Endocannabinoid system plays significant role in appetite regulation. It is well 

documented that it participates in both the homeostatic and the hedonic regulation of eating 

behavior (Di Marzo 2009). Cannabis has been known for a long time as increaser of appetite 

and food consumption (Kirkham 2005). This property can be explained by the characteristics 

of CB1 receptor. It acts in several mechanisms, such as central appetite control, peripheral 

metabolism, and body weight regulation (Kogan and Mechoulam 2007). In human organism 

and several other species CB1 agonists (e.g. THC) increase food intake and promote body 

weight gain, whereas selective CB1 receptor antagonists (e.g. cannabidiol) may reduce food 

intake and body weight (Izzo and Camilleri 2008). This phenomenon provides many 

possibilities to use natural or synthetic cannabinoids in many eating disorders, such as 

anorexia, bulimia, obesity or low body weight.  

Oral cannabinoids, such as THC, CBD and nabilone, alone or in combination, have 

shown efficacy in treatment in central and peripheral neuropathic pain as well as rheumatoid 

arthritis and fibromyalgia (Ware et al. 2010). Clinical trials demonstrated significant analgesic 

effects by the cannabinoids studied. Another reported benefit was better sleep and in trials 

with multiple sclerosis patients also benefits in muscle stiffness and spasticity were found. 

Adverse effects related with cannabinoids were predominantly fatigue, dizziness, dry mouth, 

nausea and disturbances in cognition. These effects were mild to moderate, transient and 

generally well tolerated. Cited authors suggest that cannabinoids demonstrate a modest 

analgesic effect and are safe in the management of chronic pain (Lynch and Ware 2015). 

Cannabinoids cause several cardiovascular effects. These compounds may involve 

modulation of the autonomic outflow in both the central and peripheral nervous systems as 

well as direct effects on the myocardium and vasculature. Acute effect of smoking cannabis in 
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humans usually is linked with an increase in heart rate with no significant change in blood 

pressure. However, chronic marijuana uptake cause a long-lasting decrease in blood pressure 

and heart rate. The ability of decreasing blood pressure can be exploited in case of 

hypertensive patients. Vascular tissue also has CB1 receptors as well as the myocardium. 

Agonists, such as phyto- and endocannabinoids exert major hypotensive and cardiodepressor 

effects in vivo by the stimulation of these receptors. Scientific evidence suggests, that there 

is/are another yet-undefined endothelial and cardiac receptor/receptors that have ability to 

mediate some endocannabinoid-induced cardiovascular effects (Pacher et al. 2005).  

 

Conclusions 

 The main obstacles limiting the use of marijuana in medicine are the psychotropic side 

effects and possible contraindications, such as euphoria, tolerance development, withdrawal 

symptoms, induction of psychosis or depression and impairments in cognitive function. These 

symptoms are the reason of fear of long-term therapy using cannabinoids. On the other hand, 

we have a lot of advantages and beneficial actions in human organism. Phytocannabinoids 

may be helpful in many disorders, such as epilepsy, Tourette syndrome, multiple sclerosis, 

eating disorders or chronic pain. This material is controversial in many spheres, such as 

pharmacologic, clinical, and societal. In order to find a solution of social dispute between the 

supporters and the opponents of medical marijuana legalization the researchers must 

cooperate. Full legalization of marijuana for medicine can be a difficult task to achieve. For 

this reason, future studies must concentrate at the development of orally administered, highly 

bioavailable, non-psychoactive phytocannabinoid products.  
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