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Summary 
At present, there is a great emphasis of public opinion on the legalisation of medical marijuana, 
i.e. the top parts of the cannabis plants rich in tetrahydrocannabinol (THC). Nevertheless, 
in the cannabis plants, there are many various cannabinoids, including cannabidiol (CBD). 
Scientific reports to-date indicate the possibility for using pharmacologically active 
cannabinoids in the treatment of such diseases/symptoms as: anorexia, vomiting, neuropathic 
pain, inflammatory diseases, multiple sclerosis, degenerative diseases of the central 
nervous system (Parkinson’s disease, Huntington’s disease, Alzheimer’s disease, Tourette’s 
syndrome), epilepsy, schizophrenia, and obesity. The article presents up-to-date information 
on the results of experimental studies concerning the effectiveness of cannabinoids, with 
particular consideration of diseases related with the central nervous system, including 
epilepsy, neuropathic pain, mental disorders, as well as obesity and anorexia.
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Streszczenie
Aktualnie obserwuje się duży nacisk opinii społecznej na legalizację medycznej marihuany, 
czyli szczytowych części roślin konopi indyjskich bogatych w tetrahydrokannabinol (THC). 
Tymczasem, w konopiach jest wiele różnych kannabinoidów, między innymi kannabidiol (CBD). 
Aktualne doniesienia naukowe wskazują na możliwość wykorzystania farmakologicznej 
aktywności kannabinoidów w obszarze leczenia takich chorób/ objawów jak: anoreksja, 
wymioty, ból neurogenny, choroby zapalne, stwardnienie rozsiane, choroby degeneracyjne 
ośrodkowego układu nerwowego (choroba Parkinsona, Huntingtona, Alzheimera oraz zespół 
Tourette’a), padaczka, schizofrenia, otyłość. W pracy przedstawiono aktualne informacje 
na temat wyników prowadzonych dotychczas badań nad skutecznością kannabinoidów, ze 
szczególnym uwzględnieniem chorób związanych z ośrodkowym układem nerwowym, w tym: 
padaczką, bólem neuropatycznym, chorobami psychicznymi oraz otyłością i anoreksją.
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Introduction 

In the Cannabis sativa plants there occur more than 400 various substances belonging to more than a dozen 
chemical groups: carbohydrates, terpenes, fatty acids, steroids, heterocyclic compounds containing nitrogen, 
and cannabinoids, i.e. tricyclic benzopyran derivatives containing 21 carbon atoms. 

Cannabinoids are a group of more than 100 organic compounds exerting an effect on cannabinoid receptors 
(CB). For the first time, these compounds were isolated from the herbaceous plant in the Cannabis genus. At 
present, this group includes cannabinoids known as phytocannabinoids (including ∆9–tetrahydroxycannabidiol 
(THC), ∆8−THC, tetrahydrocannabivarin, cannabinol, cannabidiolic acid, cannabidiol, cannabigerol, and 
cannabichromene), cannabinoids naturally occurring in plants and animals organisms, including humans – 
so-called endocannabinoids (i.e., N-arachidonoylethanolamine AEA = anandamide, 2-arachidonyloglycerol = 
2-AG), and synthetic cannabinoids made in laboratories (including, marinol, nabilone, and rimonabant applied 
in medical treatment) [1]. 
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The content of cannabinoids in the plant varies according to the phase of the life cycle. In the vegetative 
phase dominate: cannabinol (CBN), cannabidiolic acid (CBDA), and tetrahydroxycannabidiolic acid (THCA). 
In the vegetative phase, in the flowering period, THC prevails, which is converted into cannabidiol (CBD) and 
cannabigerol (CBG) [2].

Natural cannabinoids are chemical compounds which show pharmacological activity [3]. THC is famous 
for psychoactive properties [4], while CBD is not psychoactive; however, shows anti-inflammatory properties, 
protects neurons against damage or degeneration, decreases anxiety, alleviates drug hunger, and has anti-
psychotic properties. Current scientific reports indicate the possibility of use of pharmacologically active 
cannabinoids in the treatment of such diseases/symptoms as anorexia, vomiting, neuropathic pain, inflammatory 
diseases, multiple sclerosis, degenerative diseases of the central nervous system (Parkinson’s disease, 
Huntington’s disease, Tourette’s syndrome, Alzheimer’s disease), epilepsy, schizophrenia, cancer, obesity, and 
selected metabolic diseases [5,6].

Aim of the work

The following work aims to present the potential of cannabinoids in the treatment of diseases associated 
with the central nervous system.

Cannabinoid receptors 

Until today, the presence of two sub-types of cannabinoid receptors (CB1 and  CB2) has been confirmed, 
which belong to the group of metabotropic receptors linked with G protein [7]. 

The studies conducted to-date allowed determination of the structure of CB receptors, their localisation 
and changes in pharmacological effects related to their selectivity and affinity. Acting on the CB1 receptor 
(constructed of 472 amino acids, 7 transmembrane domains) is combined with the multi-directional activation 
of metabolic paths. These receptors are located presynaptically on the surface of the neurons of the central and 
peripheral nervous system, adipose tissue, gastrointestinal tract, muscles, heart, lungs, liver, kidneys, testicles, 
ovaries, prostate, as well as cells of the immune system and in the placenta [8,9]. Expression of these receptors 
was also confirmed in the eye, astrocytes, glial cells, and in the anterior lobe of the pituitary gland [10]. In the 
brain, there also occurs the sub-type CB1A receptors [11]. The structure of CB2 receptor is similar to that of 
CB1 receptor (constructed of 360 amino acids and 7 transmembrane domains). These receptors are located on 
haematopoietic cells, keratocytes, the immune system, NK cells (Natural Killers), B lymphocytes, T lymphocytes, 
monocytes, macrophages, mast cells, and in the spleen and tonsils [12,13,14]. Onaivi [15] has reported the 
discovery and functional presence of CB2 cannabinoid receptors in the mammalian brain that may be involved in 
depression and drug abuse [15]. The stimulation of CB2 receptors leads to a decrease in the sensation of pain and 
alleviation of inflammatory states. Compounds which show affinity to CB1 and CB2 receptors may be classified 
into natural cannabinoids present in extracts from Cannabis, synthetic cannabinoids, and endocannabinoids, 
which are synthesised in the body of mammals. Considering their structure, CB1 and CB2 receptors show 44% 
homology [16]. There is evidence indicating the presence of the cannabinoid CBx receptor in the brain [17]. 

Analgesic effect

The cannabinoid system plays an essential role in the process of antinociception (blocking pain sensation). 
Cannabinoids reduce acute and chronic pain of various aetiology (post-operative, cancer, migraine, neuropathic, 
rheumatic). The main problem is their psychotropic action. Therefore, the perspective to use selective CB2 
receptor agonists is promising, which also have analgesic effect and, at the same time, are free from central 
undesirable effects [18]. It was observed that the mixture of THC and CBD has the capability of blocking platelet 
release of serotonin which occurs in the attacks of migraine [19]. In the treatment of neuropathic pain, a better 
effect was observed for the mixture of THC and CBD, than for the THC alone [20]. The applied mixture was well 
tolerated and also effective in reducing difficulty in falling asleep [21].

Regulation of food intake

The effect of cannabinoids in the treatment of obesity, anorexia and inhibition of vomiting is associated with 
antagonism of cannabinoid CB1 receptor, which is ascribed to participation in the possibility of controlling 
the satiety centre in the hypothalamus, regulation of metabolism and, in consequence, body weight control 
[22,23]. Probably, the cannabinoid system controls two types of food intake. In the limbic system, there exists a 
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regulation of intake of tasty food, which is a source of pleasure. In the hypothalamus, the regulation of appetite 
‘on demand’ is a direct response to short-term starvation. Leptin decreases the activity of the cannabinoid 
system in the hypothalamus. An increase in the concentration of anandamide in the hypothalamus was observed 
in animals with the defect of leptin receptor. Leptin applied in genetically obese mice caused a decrease in the 
concentration of endocannabinoids in the hypothalamus [24]. This confirms the relationship between the 
activity of leptin and the endocannabinoid system [25]. The cannabinoid system creates the orexigenic path, 
which is probably an alternative to the classical path, controlled via the neuropeptide Y. This may explain the 
increase in appetite, especially for sweets, observed in hashish and marijuana smokers. The cannabinoid path, 
similar to the classical, remains under the negative control of leptin [18]. In the regulation of appetite, the main 
role is ascribed to CB1 receptors present in large numbers in the hypothalamic regions controlling the process 
of food intake: in the lateral hypothalamus, para-ventricular nucleus, and arcuate nucleus. Their expression 
was observed on the crucial for this process peptidergic neurons that secrete corticotropin releasing hormone 
(CRH) in para-ventricular nucleus, and melanin-concentrating hormone (MCH) [26]. A high density of CB1 
receptors was additionally observed in the mesolimbic system, which also regulates appetite, participating in 
the motivational processes and processes of behavioural activation in response to the rewarding agents. This is 
probably the key point of capture because many data show that cannabinoids increase appetite by enhancing the 
positively strengthening (rewarding) effect of food. This effect results from the intensification of dopaminergic 
transmission in the mesolimbic system and may be partly conditioned by interaction with the opioid system 
[27]. The possibility of an intensification of hedonistic response caused by food is supported by the observation 
that products activating endocannabinoids, e.g. chocolate, are known for their rewarding properties [28]. Since 
the beginning of the 1970s, many clinical studies have been conducted concerning the use of cannabis and CB1 
receptor agonists in the state of decreased appetite. The result of these studies is the indication for the use of 
Dronabinol® and nabilone (Cesamet®) in the treatment of anorexia in patients with cancer or AIDS [29]. Apart 
from the effect on the hedonist aspect of eating, they have anti-vomiting action and regulate the motility of 
the gastrointestinal tract. In patients with cancer, while applying chemotherapy and the treatment of cachexia 
syndrome in the course of AIDS, these properties have become a basis for the administration of dronabinol, and 
its synthetic derivative — nabilone [30].

At present, the possibility for using compounds blocking the CB1 receptor in the treatment of obesity evokes 
much hope. In various experimental models, including animals with genetically conditioned obesity, and obesity 
caused by high-caloric diet (i.e., diet-induced obesity), an anorectic effect of selective CB1 receptor antagonist 
SR141716A (Rimonabant®) was confirmed. Thus, the central action of cannabinoids seems to be the most frequent 
cause of obesity in humans. In rats and mice on diet-induced obesity, SR 141716A also corrected the concomitant 
hyperglycaemia, decreased insulin resistance, reduced the level of plasma insulin, and normalised lipid profile 
[31]. In 2001, Sanofi–Synthelabo presented the results of phase II clinical studies evaluating rimonabant. A 
considerable decrease was noted in the feeling of hunger, food intake, and body weight, with no effect on the 
sense of taste. The reduction of body weight did not achieve a plateau during 4−month administration, and 
the preparation was well tolerated. At present, rimonabant is at phase III clinical studies including also obese 
patients with concomitant diseases, such as type 2 diabetes and dyslipidaemia [32].

Mental disorders

Mood swings are clearly visible in hashish and marijuana smokers, THC produces euphoria, but there also 
occur the states of dysphoria, which may be accompanied by fear, or even panic attacks. Sometimes, a clear 
anxiolytic effect is observed. It is considered that the direction of mood swing depends on wellbeing at the 
moment of intake of THC, dose, and route of administration. Studies on animals confirm the engagement of 
the cannabinoid system in the control of emotional states. In mice, an enhancement of fear, aggression and 
anhedonia are observed. Paradoxically, CB1 receptor antagonist SR141716A exerts an anxiolytic effect, which 
may suggest the presence of another receptor controlling the fear response [33]. It is also probable that the 
antagonistic effect results from mechanisms which are independent of the cannabinoid system.

The CB1 receptors are present in many brain structures responsible for perception and expression of 
emotions: in the amygdala, septum, hippocampus, frontal and prefrontal cortex [34]. The result of their 
stimulation are changes in the concentrations of transmitters related in an antagonistic way with fear reaction. 
Cannabinoids inhibit the release of glutamic acid, which is a stimulating amino acid in the hippocampus, as 
well as in the amygdala [33]. However, on the other hand, cannabinoids produce effects which may induce fear: 
reduce the activity of GABAergic neurons in the amygdala and hippocampus, which leads to the disinhibition 
of glutamatergic and dopaminergic transmission in the frontal cortex and the amygdala, and also stimulate the 
hypothalamic-pituitary-adrenal axis responsible for neuroendocrine response in conditions of emotional stress 
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[35]. Based on these premises, in the group of CB1 receptor antagonists, potential neuroleptic drugs may be 
sought. The confirmation of this hypothesis is the anti-psychotic effect of cannabidiol [36].

CBD shows a wide range of therapeutic effects, including anxiolytic, anti-depressive and neuroprotective, 
within a wide scope of mental and neurodegenerative disorders [37,38]. Studies conducted based on neuroimaging 
showed that CBD affects the regions of the brain engaged in the neurobiology of psychiatric disorders [39].

Pre-clinical and clinical studies indicate that CBD is also potentially important in  schizophrenia.  CBD 
attenuates behavioural disorders related to schizophrenia [40,41]. Its effect is similar to that of atypical anti-
psychotic drugs [42]. In humans, anti-psychotic properties of CBD were confirmed by the method of a double-
blind clinical trial, where CBD reduced psychotic symptoms with effectiveness similar to that of an atypical 
anti-psychotic drug – amisulpride; however, with a considerably smaller number of side-effects [6]. Cannabidiol 
(CBD) has a wide range of beneficial effects in mental disorders [43]. CBD may modulate euphoric effects after 
taking THC, has a neuroprotective, anxiolytic effect, supporting the treatment of addiction to alcohol and nicotine 
[44]. Cannabidiol has anti-psychotic properties. Studies on animals [45] showed that CBD has a pharmacological 
profile similar to that of atypical anti-psychotic drugs. This includes neurochemical action and an effect on the 
patient’s behaviour. Examinations performed using magnetic resonance imaging indicated that the effect of this 
compound takes place in the area of the striatum and temporal cortex. However, the mechanism of action has not 
been fully recognised. In 2014, it was confirmed that CBD exerts also a beneficial effect in the states of anxiety 
and depression [46]. The application of cannabinoids in bipolar disease caused the limitation in patients of the 
episodes of depression and persecution mania [47].

Neuroprotection is an essential mechanism of the effect of psychiatric drugs, protecting the structure and 
function of the nerve cells, promoting and protecting against oxidative stress, or an inflammatory process [48]. 

Motor disorders, spasticity 

Natural and synthetic cannabinoids have a clear effect on motor functions. In small doses, they produce 
stimulation, whereas in high doses – motor depression or even catalepsy. This is conditioned by a high density of 
CB1 receptors in the cerebral cortex and the cerebellum, where the superior motor structures are located, and 
in the basal ganglia which are very significant in the processes of activation of voluntary movements, as well as 
in the mechanisms of maintaining skeletal muscle tone. Cannabinoids interfere in glutamatergic, GABAergic and 
dopaminergic neuronal paths, which may have important consequences for the therapy of Parkinson’s disease, 
Huntington’s disease, Tourette’s syndrome, dystonia and spasticity occurring in multiple sclerosis (MS) and 
spinal cord injury [27,49].

The effect of cannabinoids has been best examined in multiple sclerosis. THC and nabilone result in the 
regression or alleviation of spasticity, night pain in legs, tremors, nycturia, paraesthesia, equilibrium disorders 
and memory. In the experimental MS model on animals, both CB1 and CB2 receptor agonists show a therapeutic 
effect, while their effect is eliminated by the selective antagonists of these receptors. In an experimental model 
of MS in mice, an increase in the concentration of AEA and 2−AG was observed in the brain and spinal cord, 
and elimination of spasticity under the effect of reuptake inhibitor. In turn, CB1 receptor antagonist enhances 
pathological symptoms. This may suggest that an increase in the concentration of endocannabinoids is the 
compensatory mechanism, activated in the course of MS [50]. Alleviation of spasticity may be explained by 
intensification of GABAergic transmission resulting from the inhibition of glutamate release [49].

The potential of cannabinoids in the treatment of Parkinson’s disease is attributed to their neuroprotective 
effect against 6-hydroxydopamine, which has been confirmed in studies in vitro and in vivo [51]. CB receptors 
antagonists and agonists are said to effect the change in the symptoms of Parkinsonism, such as levodopa-
induced dyskinesia, and the reduction of dystonia. The role of cannabinoids in the treatment of Huntington’s 
disease is associated with the agonist effect of cannabinoid compounds on CB1 receptors leading to the reduction 
of hyperactivity [52]. In patients with Tourette’s syndrome, after the administration of THC, the reduction of 
ticks was observed, without causing acute and long-lasting cognitive deficits [53].

Epilepsy

The history of the use of cannabis for therapeutic and industrial purposes goes back to 2000 BC. In 1851, in the 
United States Pharmacopeia marijuana was classified as a legal medical agent, and many physicians supported its 
use in the treatment of epilepsy, chronic migraine and pain [54]. Reports by neurologists of the Victorian Epoch 
concerning the use of cannabis in the treatment of epilepsy were promising [55]. However, when phenobarbital and 
phenytoin were introduced to the market, the use of products based on marijuana decreased [56]. 
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Epilepsy is a disease difficult to treat and, in this case, the drug containing cannabidiol has already started 
to be applied. In the United States, Epidiolex® containing CBD was developed which has the status of an orphan 
drug. Studies conducted in both adults and children indicate that CBD may improve the state of health and life 
comfort of patients with epilepsy [57]. It is postulated that the mechanism of action is related to the inhibition 
of glutamate release. The regulation of glutamatergic transmission may decrease the excitability of neurons, 
and consequently, reduce the frequency of seizure episodes. At the present stage of studies, it seems that a drug 
containing cannabidiol is a safe one. Studies of cannabinoids are a step towards the replacement of drugs with 
strong undesirable effects with drugs with a wide range of safe use [58].

According to up-to-date data, there are 65 million people suffering from epilepsy worldwide, and the 
incidence is 20–70 new cases per 10,000 population. The frequency of occurrence of epilepsy in children is 41–
187/100,000 [59]. In 30% of patients, epilepsy remains drug-resistant despite the adequate pharmacological 
treatment applied. The first information in the media concerning the treatment with cannabinoids of children 
with Dravet syndrome occurred in 2013.  A girl, Charlotte Figi, was administered a special oil (containing a high 
amount of CBD and low of THC, i.e. ratio 16:1) produced from the cannabis strain named Charlott’s web [60]. 
Experimental studies indicate the possible anti-epileptic effect of cannabinoids, especially CBD. While evaluating 
the effectiveness of treatment with CBD, in the clinical studies, attention is usually paid to the reduction of 
the number of seizures easy to document, such as tonic seizures, atonic, and tonic-clonic seizures. The group 
of patients participating in double-blind, placebo-controlled trials covered a total of 48 patients, including 29, 
who received CBD. The dose of CBD was 200–300 mg/daily [61-64]. Except for one study, in which 2 out of 4 
patients were free from seizures, in the remaining cases no satisfactory effects of treatment with CBD as add-
on therapy were observed, and no significant differences were noted compared to the group of patients who 
received placebo [61,64]. The most frequently reported undesirable symptoms included: fatigue and sleepiness; 
diarrhoea and eating disorders. In a prospective clinical study, 9 out of 23 patients experienced more than 50% 
reduction in the frequency of seizures [65]. The mean reduction in the number of seizures was 32% at the dose 
of Epidiolex of 25 mg/kg/daily [65]. Moreover, Geffrey et al. [66] in 13 patients with drug-resistant epilepsy 
evaluated the effect of simultaneous administration of CBD and an antiepileptic drug – clobazam. A decrease in 
the concentration of CBD was an indication for decreasing the dose of clobazam. As a result of the administration 
of CBD, a 50–55% reduction of seizures was observed in 11/13 patients, while in 2/13 – an increased number 
of seizures [66]. Based on the results of studies, the use of CBD seems to be mainly valuable in the treatment of 
drug-resistant epilepsy in children [67]. In a retrospective study of 75 children and adolescents with epilepsy, 
who were administered extracts from cannabis, 57% of parents observed  some improvement in the frequency 
of seizures by 33% - 50%. The parents have also noted an increase in the child’s motility and behaviour; however, 
undesirable effects occurred such as sleepiness (12%) and gastrointestinal disorders (11%) [68].

Conclusions

Cannabinoids, mainly of plant origin (phytocannabinoids), seems to be very interesting biologically active 
compounds with many potential therapeutic properties. They are characterised by high safety considering 
the toxicity of compounds, while undesirable effects remain within the adopted standards. Studies concerning 
the therapeutic effect of cannabinoids are more common than at any time previously in history. There is an 
increasing number of studies indicating that the cannabis plant or single cannabinoids may have therapeutic 
properties for selected neurological diseases in specified conditions. 
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