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ABSTRACT

Introduction. Cannabis (also known as marijuana) is the most frequently used psychoactive substance in the world. The role 
of cannabis in medicine is rapidly evolving, and advances in the understanding of its pharmacology have led to numerous 
proposed uses of these drugs. 

State of the art. Cannabis contains Δ9-tetrahydrocannabinol and cannabidiol as the primary constituents responsible for phar-
macological activity. It is now known that there are at least two types of cannabinoid receptors. CB1 receptors are found mainly 
in the CNS, and their primary role is to inhibit the release of neurotransmitters. CB2 receptors’ leading role is to modulate cyto-
kine release and immune cell migration. Colocalisation of cannabinoid receptors with other types of nervous system receptors 
allows them to interact with many other transmitters such as dopamine, noradrenaline, acetylcholine, gamma-aminobutyric 
acid, serotonin, and glutamic and aspartic acids.

Clinical implications. The rapidly expanding understanding regarding cannabinoids led to initial attempts to treat selected dise-
ases with cannabinoid receptor agonists and antagonists. The most promising of these was the potential possibility of treating 
diseases for which current therapy is unsatisfactory, such as neurological diseases including multiple sclerosis, spastic muscular 
tension, extrapyramidal system diseases, neurodegenerative diseases and cerebral ischaemia. Attempts to treat psychiatric dise-
ases (e.g. psychoses, neuroses, mood disorders, and alcohol dependence syndrome) with cannabinoids are much less advanced.

Future directions. Cannabis and cannabinoids can be widely used to treat several diseases or alleviate symptoms, but their 
efficacy for specific indications is not always apparent. Further exploration is needed to understand whether the enhanced 
sensitivity to the cognitive effects of Δ9-THC depends on brain cannabinoid receptor dysfunction, and how these changes con-
tribute to the cognitive deterioration and core pathophysiology symptoms associated with schizophrenia or other neurological 
and somatoform disorders.

Key words: cannabis, cannabinoids, THC, cannabinoid receptors

(Neurol Neurochir Pol 2022; 56 (1): 4–13)

Definition of cannabis and cannabinoids 

Cannabis is commonly known as marijuana. This plant 
extract is the most frequently used psychoactive vegetal 
substance in the world. It is obtained from Cannabis sativa 
or Cannabis indica. It contains over 500 ingredients, of 

which more than 100 active substances have been identified, 
including ∆9-tetrahydrocannabinol (∆9-THC), cannabid-
iol (CBD), cannabigerol, cannabidiol acid, cannabicyclol, 
cannabichromene, and cannabinol [1, 2]. Cannabis potency 
is evaluated in terms of the ratio between the two primary 
psychoactive components: ∆9-THC to cannabidiol CBD. The 
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variable composition of the raw cannabis plant, especially the 
varying ∆9-THC/CBD ratios, renders cannabis therapeutic 
while also being associated with detrimental effects [3]. 
The term ‘cannabinoids’ refers to every chemical substance, 
regardless of structure or origin, that joins the cannabinoid 
receptors, so they constitute ligands for these receptors. They 
are a group of terpenophenolic compounds found in cannabis, 
characterised by a tricyclic structure and benzopyran deriva-
tives with 21 carbon atoms. 

Cannabinoids receptors 

Cannabinoids produce their effects by activating two 
different G protein-coupled receptors (GPCRs) identified as 
cannabinoid receptors known as metabotropic because they 
involve changes in the cell’s metabolism and differences in the 
activation of specific second messenger systems. The activa-
tion of G proteins leads to increased synthesis of cyclic AMP, 
resulting in the activation of cyclic AMP-dependent kinase 
(PKA), which phosphorylates a channel protein. These result 
in a modification in ionic permeability. 

According to the International Pharmacological Union 
and Cannabinoid Receptors Subcommittee, cannabinoids re-
ceptors are divided into receptor subtypes [4]. The first subtype 
of cannabinoid receptors was sequenced, cloned, and named 
CB1. This is encoded by the CNR1 gene and its gene locus is 
chromosome 6 at the 6p14-q15 location. This receptor consists 
of 472 amino acids weighing about 64 kDa. These receptors 
are found mainly in the central nervous system (CNS), and 
their primary role is to inhibit the release of neurotransmitters. 
They are highly expressed in the brain, and mediate most of 
the significant effects of cannabis. The activation of CB1 results 
in the inhibition of adenyl cyclase activity and a consequent 
decrease in cytosolic cAMP content, closure of voltage-gating 
Ca2+ channels, the inward opening of K+ channels, and the 
stimulation of kinases, which phosphorylate tyrosine, serine, 
and threonine residues in proteins. 

The CB1s are among the most abundant GPCRs on neurons 
in the CNS, and their expression pattern is consistent with the 
psychoactive and psychomotor effects of cannabis. High levels 
of CB1s are found in brain regions including the cortex, fore-
brain, limbic system (hippocampus, hypothalamus, amygdala), 
striatum (basal ganglia, nucleus accumbens, substantia nigra, 
globus pallidus), and cerebellum. In other words, the regions 
responsible for memory, sleep and wakefulness, emotions, coor-
dination of movements, and body posture [5, 6]. The analgetic 
property of CB1s relates to the pain pathways containing the 
periaqueductal grey matter, afferent spinal cord regions, pe-
ripheral nociceptors, and spinal interneurons [7]. In contrast, 
relatively low levels of CB1s are found in other medulla/brain-
stem nuclei (an exception is the brainstem emetic centre), such 
as those whose areas are involved in controlling respiration (a 
feature that distinguishes CB1 from opiate receptors) and the 
thalamus responsible for essential life processes [5]. 

Beyond the CNS, CB1s are also widely expressed in other 
peripheral organs such as the heart, lungs, gastrointestinal 
tract, kidneys, bladder, uterus, placenta, testicles, vas deferens, 
skeletal muscle, bone, joints, skin, and even in cells of the 
immune system [6]. 

The second cannabinoid receptor subtype to be discov-
ered, abbreviated as CB2, was initially thought to have been 
peripheral and not to mediate any central effects of THC. This 
cannabinoid receptor is also G protein-coupled which is both 
positively and negatively coupled to the mitogen-activated pro-
tein kinase (MAPK) and cAMP pathways [7]. CB2 receptors 
are encoded by the CNR2 gene located on chromosome 1p36. 
CB2 receptors are primarily localised in the immune system: 
the tonsils, spleen, and in various immune system cell lines, 
especially on lymphocytes, natural killer cells (NK), and on 
monocytes, macrophages, mast cells, and microglial cells [8]. 
CB2s appear to be most concentrated in tissues and immune 
system cells such as the leukocytes and spleen. Their chief role 
is to modulate cytokine release and immune cell migration. 
They are also present at low levels in several brain areas; they 
are especially expressed in microglia, blood vessels, and some 
neurons. CB2 receptors are expressed at much lower levels in 
the CNS compared to CB1. 

The distribution of CB1 and CB2 receptors has been de-
termined using various techniques, such as ligand attachment 
studies to the receptor, the use of antibodies against the respec-
tive receptor types, autoradiography, Northern Blotting, the 
in situ hybridisation technique, and Real-Time PCR. By com-
paring the transmembrane domains of the CB1 receptor with 
the CB2 receptor, 44-66% homology has been demonstrated. 
However, CB2 does appear to be expressed by some neurons, 
particularly under certain pathological conditions [9]. The 
CB1 and CB2 receptors central and peripheral dissemination 
and accessibility are essential for their possible therapeutic 
use and side effects when the synthetic cannabinoids (SCs) 
are supposed to be adhibited [10, 11].

Cannabinoids receptors ligands

Plant-derived compounds, i.e. tetrahydrocannabinols 
and synthetic functional analogues with a different chemical 
structure (so-called ‘synthetic cannabinoids’), can be ligands 
for cannabinoid receptors. To date, they have mainly gained 
popularity as substitutes for natural tetrahydrocannabinols 
which are under legal control. They have been referred to as 
‘legal highs’ or ‘designer drugs’. Endogenous compounds physi-
ologically present in the human body called endocannabinoids 
are also ligands for cannabinoid receptors. 

In 1992, the first such endogenous compound was identi-
fied and named anandamide. Endocannabinoids were found 
to be derivatives of omega-6 fatty acids. The best-studied 
endogenous cannabinoids include amide, ester, or ether 
derivatives of arachidonic acid. These include arachidonoyl 
ethanolamide (AEA), 2-arachidonyl glycerol (2-AG), noladin 
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ether (arachidonoyl glycerol ether), virodhamine (an ester 
of arachidonic acid with ethanolamine), or N-arachidonoyl 
dopamine (NADA). These compounds differ in their affinity 
for both types of cannabinoid receptors, the strength of their 
agonist action, and the stability of their structure. They are 
produced ‘on demand’ in the postsynaptic membrane of the 
neuron from phospholipid precursors and are characterised 
by local action, meaning that they are not stored and are 
immediately degraded after having produced an appropriate 
biological effect. Studies confirm that endocannabinoids act as 
so-called retrograde transmitters [12], which means that they 
diffuse through the synaptic gap to the cannabinoid receptors 
located in the presynaptic membrane and inhibit the release 
of neurotransmitters. Colocalisation of cannabinoid receptors 
with other types of nervous system receptors allows them to 
interact with many transmitters such as dopamine, noradren-
aline, acetylcholine, gamma-aminobutyric acid, serotonin, 
glutamic and aspartic acids and others [7]. 

Endocannabinoids play an important, yet still not fully un-
derstood, biological role consisting mainly in the regulation of 
many physiological processes. Large-scale studies have demon-
strated their involvement in antinociception, i.e. inhibition of 
pain [6], learning and memory processes, control of emotional 
states, the pathogenesis of schizophrenia, neurodegenerative dis-
eases, in the phenomenon of neuroprotection, as well as in food 
intake regulation, hormone secretion of the hypothalamic-pi-
tuitary-adrenal axis, modulation of immunological processes, 
inflammatory reactions, cell proliferation, and apoptosis [13].

Endocannabinoid system (ECS)

Cannabinoid receptor ligands, CB1 and CB2 receptors, 
and enzymes involved in endocannabinoid synthesis and 
degradation are part of an important signalling system known 
as the endocannabinoid system (ECS) or endocannabinoid 
physiological control system [14]. There is ample evidence 
supporting a role for the ECS in the neuromodulation of all 
neurotransmitters (both excitatory and inhibitory) involved 
in the reward system, which is supposed to be related to the 
development of addiction. 

Although CB1 and CB2 receptor ligands hold the greatest 
promise for their potential therapeutic use, there are also con-
cerns that they may be used for non-medical indications. To 
date, intensive research has categorised cannabinoid receptor 
agonists into four classes. 

The first class consists of dibenzopyran derivatives, namely 
delta-9- and delta-8-tetrahydrocannabinols. The second class 
includes more potent compounds than THC, i.e. synthetic 
dicyclic compounds with analgesic effects. The third class is 
assigned to agonists ‒ with an amino-alkyl-indole structure ‒ 
exhibiting anti-inflammatory activity. The fourth class includes 
endogenous cannabinoids, attributed to anti- or pro-apoptotic 
effects, depending on the cell type, maturity, and cannabinoid 
properties. 

The apoptotic function of endocannabinoids has been 
demonstrated in studies on glioma, breast, and prostate can-
cer cell lines. Considerable research has been devoted to the 
neuroprotective effects of cannabinoids, which have now been 
clinically confirmed. There have been attempts to use them in 
the treatment and prevention of stroke and the treatment of 
craniocerebral trauma. Their action is related to the inhibition 
of glutamic acid release; however, antagonism to the NMDA 
receptor, antioxidant properties, inhibition of nitric oxide 
release from microglia cells, and blockade of calcium channels 
also appear to be important [7]. 

It is also known that ECS is an ancient, evolutionarily 
conserved, ubiquitous lipid signalling system active in pre- 
and postnatal life. It is a widespread neuromodulatory system 
in CNS. Recent studies have highlighted an essential role 
of endocannabinoid signalling (ECBS) in nervous system 
development, including neurogenesis (axon guidance and 
synaptic plasticity, neuronal migration), which is crucial to 
achieving the complex architecture and efficient wiring of the 
CNS [8]. Endocannabinoids are arachidonic acid derivatives 
synthesised from membrane phospholipid precursors in re-
sponse to cellular requirements (e.g. in response to an action 
potential in neurons or another type of biological stimulus). 
It appears that there may be a certain amount of cross-talk 
between the eicosanoid and endocannabinoid pathways [6]. 
The endocannabinoids are synthesised during periods of 
intense neuronal activity [9]. 

Therefore, ECBS is involved in a great many physiological 
and pathophysiological central and peripheral processes de-
termining cognitive processes (learning, memory), regulation 
of stress, emotional state/mood and behaviour, psychomotor 
activity, immune function, inflammation, pain, wake/sleep 
cycles and appetite regulation, metabolism, and energy ex-
penditure, homeostasis, cardiovascular and digestive function, 
bone development and density, and reproduction [1, 6, 15, 16]. 

Furthermore, there is strong evidence that dysregulation 
of the ECBS contributes to many pathological conditions 
including pain, inflammation, psychiatric disturbances, and 
neurodegenerative processes [6, 10, 14]. The biological func-
tion of ECS is mediated by the cannabinoid receptors CB1s 
and CB2s, which are widely diffused in many tissues of the 
body, as described above [1, 2]. 

Therapeutic applications of cannabinoids

Despite the rapidly expanding knowledge regarding can-
nabinoids, it was not until the late 20th century that attempts 
were made to treat selected diseases with cannabinoid receptor 
agonists and antagonists. The most exciting of all was the po-
tential possibility of treating diseases for which current therapy 
is unsatisfactory. These include neurological diseases such as 
multiple sclerosis, spastic muscular tension, extrapyramidal 
system diseases or neurodegenerative diseases (e.g. Parkinson’s 
Disease or Tourette’s Syndrome), and cerebral ischaemia. 
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Attempts to treat psychiatric diseases (e.g. psychoses, neuroses, 
mood disorders, and alcohol dependence syndrome) with 
cannabinoids are much less advanced  [17, 18]. 

The difficulties arise from potential psychoactive effects 
and the inability to account for these compounds’ effects on 
impaired neurotransmission. In internal medicine diseases, 
attempts have been made to exploit cannabinoids’ hypotensive, 
bronchodilatory, intraocular pressure-lowering, and most 
importantly, antiemetic, anti-inflammatory, and analgesic ef-
fects. Cannabinoids alleviate acute and chronic pain of various 
aetiologies, including postoperative, cancer, migraine, neuro-
pathic, and rheumatic pain. Since the psychoactive effects of 
these compounds are a concern, new opportunities have arisen 
in the search for selective agonists that will exhibit analgesic 
effects but lack adverse central effects [2, 14, 19]. Based on 
studies on the role of cannabinoids in regulating food intake, 
attempts have been made to use ligands for cannabinoid recep-
tors to treat anorexia in cancer or AIDS patients. Cannabinoids 
have attracted some interest due to their therapeutic activity 
in resistant epilepsy, addictions, psychotic disorders, anxiety, 
and sleep disorders [11]. This is possible because of the central 
location of cannabinoids receptors and their interaction with 
primary neurotransmitters. 

There are a few sublime pharmacodynamic differences 
between these two main phytocannabinoids ∆9-THC and 
CBN. It has been proved that ∆9-THC is a partial agonist of 
both CB1 and CB2 receptors, and their affinity is responsible 
not only for analgetic, anti-inflammatory, and anti-vomiting 
action, but also for the psychoactive effect (Tab. 1). 

Synthetic cannabinoids (SCs), as with natural cannabis, 
have been the subject of great interest in recent years. So far, 
the therapeutic value of numerous SCs has been documented 
[20]. The second generation of synthetic cannabinoid recep-
tor agonists, particularly CB1/CB2 receptors agonists that 
do not readily cross the blood-brain-barrier, and a large and 
ever-growing population of CB2 receptor-selective ligands, are 
both thought to possess potential therapeutic applications, at 
least for the management of inflammatory, neuropathic and 
cancer pain, as they give better benefit-to-risk ratios than 
centrally active CB1 receptor agonists [7, 20]. 

A systematic review and meta-analysis has shown that 
there is one formulated drug consisting of whole plant extract 
from the Cannabis species Cannabis sativa L. that has been 
purified into the active components: cannabidiol (CBD), 
nabilone, and dronabinol (synthetic analogues of Δ9-THC), 
nabiximol (a combination of synthetic Δ9-THC and CBD in 
equal 1:1 proportions). For trademark purposes, these purified 
products are branded as Nabidiolex®, Tetrabinex®, and Sativex®, 
respectively. The USA Food and Drug Administration (FDA) 
has approved them in the treatment of spasticity in multiple 
sclerosis, in cases of chronic cancer, spastic and neuropathic 
pain, in patients suffering from anorexia due to HIV/AIDS, in 
Tourette’s Syndrome, and as a second-line treatment in nau-
sea and vomiting induced by cancer chemotherapies [6, 11]. 
These products seem to have always been the most frequently 
studied and medically preactivated cannabinoid forms avail-
able in Europe. For example, Sativex® is available in Europe 
as an oro-mucosal pump spray used in restricted indications 

Table 1. Comparison of most commonly used cannabinoids: ∆9-THC and CBD [3–9]

∆9-THC (Δ9-tetrahydrocannabinol) CBD (cannabidiol)

CB1 and CB2 
affinity

Partial agonist CB1 and CB2 Poor bond with CB1 and CB2,  
possible antagonist 

Other receptors 
interaction 

No interaction with TRPV1

TRPV2 agonist

TRPA1 agonist

TRPM8 antagonist

GPR55 agonist

5-HT3A antagonist

PPARγ agonist

Positive allosteric effector of glycine receptors

TRPV1 agonist

TRPV2 agonist

TRPA1 agonist

TRPM8 antagonist

GPR55 antagonist

5-HT1A agonist

PPARγ agonist

Positive allosteric effector of glycine 
receptors

Expected effect Analgetic

Flaccidity

Anti-vomiting

Appetite analeptic

Psychoactive

Anticonvulsive

Flaccidity

Anti-anxiety

Anti-inflammation

Neuroprotective

Anti-oxidative 

Anti-psychotic

Possible tolerance Pharmacodynamic tolerance: desensitisation and CB1 down-regulation; except 
analgetic antispastic action; a pharmacodynamic tolerance of low level is possible

Has not been proved

TRPV1 — transient receptor potential vanilloid type 1; TRPV2 — transient receptor potential vanilloid type 2; TRPA1 — transient receptor potential cation channel subfamily A member 1;
TRPM8 — transient receptor potential cation channel subfamily M member 8; GPR55 — G protein-coupled receptor 55; 5-HT1A —  serotonin receptor type 1A; 5-HT3A — serotonin receptor type 3A; PPARγ  — 
peroxisome proliferator-activated receptor gamma
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for the relief of moderate to severe spasticity symptoms in 
adult multiple sclerosis (MS) patients who are unresponsive 
to other spasticity-alleviating medicinal products and who 
show a clinically significant improvement in spasticity-related 
symptoms in the initial stage of therapy.

Most clinical studies have shown symptom improvement 
after cannabinoid application, but the results have not been 
statistically significant. Thus, the evidence confirming their 
therapeutic value is of moderate quality for chronic pain 
and spasticity and of low quality in nausea and vomiting 
due to chemotherapy, weight gain in HIV, sleep disorders, 
and Tourette’s Syndrome [11, 17]. Synthetic cannabinoids 
increase dopamine (DA) levels and potentiate DA-express-
ing neurons. Thus, the ability of cannabinoid agonists to 
increase DA concentration implicates pathways where the 
ECS is involved in stress and reward regulation [21]. It 
may be the case that SCBs strengthen the pro-psychotic 
effects via upregulation of the 5-HT2A receptors in a brain 
region-specific manner. 

On the other hand, 5-HT2A receptors agonists and antag-
onists produce contradictory psychosis-like results observed in 
the head-twitch response (HTR) compared to the cannabinoid 
receptor agonists and antagonists. The interaction between 
CB1 signalling and 5-HT2A receptor expression and func-
tion is still under research. It is thought that the interaction 
between SCBs and brain serotonin systems depends critically 
on the dose, frequency of administration, or other procedural 
factors [21]. It has been demonstrated in animals that cannab-
inoid compounds strongly influence memory extinction and 
impair memory retrieval. These observations have facilitated 
the successful treatment of patients with post-traumatic stress 
disorder (PTSD) with synthetic cannabinoids. The cannabinoid 
receptor agonist nabilone has been shown to have a therapeutic 
effect on treatment-resistant nightmares in patients with PTSD, 
with some patients reporting subjective improvements in sleep 
duration and quality, and fewer daytime flashbacks [15]. 

In addition to naturally-derived cannabinoids, their 
synthetic counterparts (nabilone, dronabinol) and other 
substances with different chemical structures (such as WIN 
55,212-2) with high affinity for CB1 and CB2, receptors are 
used in research as well as in medical practice. 

The evidence from controlled clinical trials suggests that 
cannabinoids relieve the symptoms of some illnesses, mainly 
because in many neurological diseases, neurotransmission 
abnormalities lead to overexcitation or lack of inhibition due 
to cannabinoid receptors [17]. However, they are often used as 
adjunctive treatments, which means that they are only intro-
duced when a patient fails to respond to standard treatments.

Neuroprotective aspects of cannabinoids

Many studies have focused on cannabinoids’ (CBs) neu-
roprotective role. This complex process is composed of the 
CB anti-oxygenating properties, inhibiting NO* release from 

microglia cells, subsequent blockade of calcium channels [22], 
and γ-aminobutyric acid (GABA) release [9]. The principal 
protective value seems to have CBs and glutamate (Glu) con-
nection. Glutamate is a fundamental excitatory neurotrans-
mitter in the CNS, playing critical roles in memory, neuronal 
development, and synaptic plasticity. Moreover, excessive 
glutamate release has been linked to neuronal cell death. Glu-
tamate binds to both ionotropic and metabotropic receptors 
(mGluR). There is scant data on interactions between mGluR 
and CB receptors. Activation of NMDA receptors can induce 
endocannabinoid release from postsynaptic neurons. Subse-
quently, endocannabinoids can decrease the activity of NMDA 
receptors. It is clinically essential that the NMDA receptors 
are most closely associated with psychiatry and neurological 
disorders, including schizophrenia and psychosis. Multiple 
mechanisms may allow cannabinoids to modulate NMDA 
receptor activity. Depolarisation-induced CB1 activation may 
influence glutamate inhibition [22] and events downstream 
from CB1R signalling, which may attenuate NMDA receptor 
signalling. It is possible that synthetic cannabinoids displaying 
significant antagonist affinity at the NMDA site would be more 
likely to induce pro-psychotic effects in human users [15].

Preclinical studies evaluating the effects of cannabinoid 
receptor blockade or activation on emotional responses have 
produced somewhat contradictory results. However, the 
consensus is that endocannabinoids play a crucial role in 
maintaining emotional homeostasis [22]. The endogenous 
cannabinoids-mediated control of relevant brain regions 
(mainly the hippocampus, prefrontal cortex, amygdala, and 
hypothalamus) and their interregional connectivity with 
the hypothalamic-pituitary-adrenal axis and sympathetic 
nervous system have been suggested to participate in anxiety, 
fear, and stress-coping [23], like astroglial CB1-dependent 
mechanisms that operate in the effect of cannabinoids and 
endocannabinoids signalling on these processes. The role of 
the CB1s expressed at presynaptic terminals seems to reduce 
neurotransmitter release, while the astroglial CB1 appears 
to potentiate glutamatergic synaptic signalling in emotional 
regulation [23]. 

In more recent years, studies on endocannabinoids (AEA, 
2-AG) have suggested that metabotropically induced sup-
pression of inhibition (or excitation) is a ubiquitous form 
of short-term or long-term synaptic plasticity mediated by 
endocannabinoids [9, 24]. This phenomenon is referred to 
as ‘endocannabinoid-mediated plasticity’ because the mech-
anism appears to occur at multiple synapses throughout the 
CNS, spreading from the cortex to the spinal cord [5, 9, 24]. 
Cannabinoids, through their receptors, can modulate the ac-
tivity of multiple cell types (neuronal subtypes, astrocytes, and 
microglia), and in turn, can execute context-related alterations 
in synaptic transmission, resulting in fine-tuned patterns of 
neuronal activity [23]. 

To conclude, it should be noted that these neuroprotective 
aspects of cannabinoids have been observed and determined 
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mainly in vitro and based on animal experiments. To date, 
clinical evidence of their neuroprotection in humans has yet 
to be obtained, and preclinical studies are still necessary to 
confirm this prior to practical use. 

Potential hazards of cannabinoids

An increased risk of short-term adverse effects (AEs) 
requires consideration while discussing cannabinoids thera-
py. The common AEs include dizziness, dry mouth, nausea, 
fatigue, somnolence, euphoria, vomiting, disorientation, 
drowsiness, confusion, loss of balance, and hallucination [11]. 
Cannabis and Δ9-THC produce dose-related impairments in 
short-term memory, attention, hand-eye coordination, vigi-
lance, and the perception of time and distance. This profile of 
impairments may contribute to vehicle and other accidents. 

Cannabis can also induce schizophreniform psychosis in 
normal individuals, precipitate schizophrenia in predisposed 
individuals, and exacerbate positive symptoms in people with 
schizophrenia [25]. It remains controversial whether cannabis 
use alone is a sufficient risk factor for psychosis, or rather 
a component cause in the pathogenesis [1]. Some studies 
suggest that in patients with established psychotic disorders, 
cannabis use may be related to anxiety symptoms, which could 
exacerbate positive symptoms [26]. As has been shown, such 
correlations may apply to patients who remain at heightened 
risk for psychotic disorder, and they have not been evaluated 
in a prodromal period of illness with prevalent cannabis abuse. 
Therefore, cannabis use may be a risk factor for exacerbating 
sub-threshold psychotic symptoms, specifically perceptual 
disturbances, in high-risk cases [18]. The risks of developing 
psychotic disorder after the administration of a synthetic 
cannabinoid remain a matter of debate. Most of the clinical 
and preclinical data points to a strong correlation between 
adolescent cannabinoid exposure and their inappropriate use 
with persistent, adverse neuropsychiatric outcomes in adult-
hood even after prodromal symptoms of psychosis, parental 
psychosis, and other substance abuse taken together [20]. 

Younger people are most vulnerable to altered cognition, 
emotional functioning, addiction, and risk for psychosis 
(schizophrenia, bipolar) through early cannabinoid use [3, 
18, 25]. The younger the age at intoxication, the poorer the 
cognitive and psychiatric outcomes in adulthood should be 
expected. However, definite conclusions cannot yet be made 
as to whether cannabis use alone negatively impacts upon the 
human adolescent brain [25]. 

Chronic use of cannabinoids can result in the develop-
ment of addiction. In the addiction phenomenon, repeated 
exposure to drugs of abuse causes hypersensitivity to psycho-
active substances and drug-associated stimuli. Sensitisation 
is defined as the enhancement of a direct drug effect, and it 
arises through adaptive reactions. An abused drug may have 
an increased pharmacological effect, for instance due to a rise 
in the number of receptors or a strengthening of their coupling 

to effector proteins. Conversely, an increased behavioural ef-
fect may be due to the drug’s effect on neuronal circuits, with 
altered patterns of stored information resulting from prior 
associative learning. 

The development of cannabinoid addiction impacts upon 
several neurobiological processes. It is necessary to analyse 
how cannabinoids act during initial exposure and after repeat-
ed exposure. Much research has focused on the mechanisms 
by which cannabinoids induce changes in brain function. The 
changes caused by cannabinoids in brain neuronal circuits, 
such as neurotransmitters receptors, signalling cascades, and 
gene expression, have been intensively investigated. Since 
genetic variability may increase the risk of addictive behav-
iours, exposure to THC may result in neuroadaptation, i.e. an 
addicted state. This adaptation occurs at the cellular, molecular, 
or genetic level and is associated with synaptic plasticity and 
altered gene expression due to epigenetic processes. 

The developments in cellular and molecular neurobiol-
ogy have focused on how cannabinoids produce persistent 
alterations in brain function and how they may facilitate the 
development of drug dependence. Neuronal circuits and their 
elements are significantly adapted in response to exposure to 
cannabinoids. THC acts via presynaptic CB1 receptors to in-
hibit the release of GABA and glutamate and cause long-term 
forms of synaptic plasticity by modulation of the number and 
strength of connections between the neurons [27]. Due to 
prolonged THC exposure, uncoupling and downregulation 
of brain CB1 receptors play a crucial role in developing can-
nabinoids addiction and tolerance.

The addictive potential of cannabis varies considerably, es-
pecially in younger people. According to the American Psychi-
atric Association (APA), a diagnosis of probable cannabis ad-
diction is termed ‘cannabis use disorder’ (CUD). In this group, 
the risk of CUD is more frequent, ranging from 33% to 50% 
of individuals who are regularly intoxicated. THC is thought 
to be the primary cannabis responsible for pharmacodynamic 
tolerance development up to psychic and physical addiction. 
At the same time, CBD might be the one to be used in addic-
tion therapy. Further exploration is also needed to understand 
whether enhanced sensitivity to the cognitive effects of Δ9-THC 
depends on brain cannabinoid receptor dysfunction, and how 
these changes contribute to the cognitive deterioration and core 
pathophysiology symptoms associated with schizophrenia or 
other neurological and somatoform disorders.

Summary 

There is substantial evidence for the benefits of cannabis or 
cannabinoids for chronic pain, chemotherapy-induced nausea 
and vomiting, and patient-reported symptoms of spasticity 
associated with multiple sclerosis. For some cannabis and 
cannabinoid indications, the main route of administration 
studied was the oral route. For chronic pain, most studies have 
examined oral cannabis extract, although some have examined 
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smoked or vaporised cannabis. It is unknown whether and to 
what degree the results of several studies can be generalised to 
other products and routes of administration. Many different 
conditions can influence the potential therapeutic effects of 
cannabinoids usage. 

In several conditions, such as some forms of epilepsy, 
especially in children, and PTSD, the evaluation of cannabi-
noids efficacy should be prioritised [28, 29] due to the severity 
of these diseases and the urgent need for new therapeutic 
approaches. However, the most common limitations are con-
nected with the study design (e.g. a lack of appropriate control 
groups and/or of long-term follow-ups), small sample sizes, 
and research gaps in examining the potential therapeutic 
benefits of different forms of cannabis. 

These limitations highlight the need for substantial re-
search to provide comprehensive and conclusive evidence on 
the therapeutic effects of cannabis and cannabinoids.

Table 2 sets out our elaboration of the results of studies 
and summarises the quality of the evidence related to the 
therapeutic use of cannabinoids based on the meta-analyses 
carried out by the National Academies of Sciences, Engineer-
ing, and Medicine; Health and Medicine Division; Board on 
Population Health and Public Health Practice; Committee 
on the Health Effects of Marijuana: An Evidence Review and 
Research Agenda [30].

The medical use of cannabis in Europe refers to the EU 
Parliament’s 2019 resolution, aimed at distinguishing between 
medical cannabis and cannabis-based medicines. It is sug-
gested that only cannabis-based medicinal products should 
be considered for medical use [31, 32]. 

According to the latest literature [33], the European 
Medicines Agency (EMA) approved only one drug in 
2019 for the treatment of intractable childhood epilepsy, 
while other medicinal products containing other types 
of cannabinoids were cross-recognised and approved at 
a national level. However, due to the lack of a uniform ap-
proach to the cultivation, manufacturing and use of medical 
cannabis, a 2018 report by the European Monitoring Centre 
for Drugs and Drug Addiction (EMCDDA) discussed the 
various regulatory and legal frameworks of relevance to 
the medical use of cannabis and cannabinoids. The report 
presents medicinal products with marketing authorisation 
available in the EU: 

	— Cesamet and Canemes (active ingredient – nabilone): 
oral capsules containing a synthetic cannabinoid similar 
to THC

	— Marinol and Syndros (active ingredient – dronabinol): 
oral capsules or an oral solution containing synthetic THC 
(may sometimes refer to plant-derived THC)

	— Sativex (active ingredient – nabiximol): sublingual spray 
containing approximately equal quantities of THC and 
CBD

	— Epidolex (active ingredient – cannabidiol): oral solution 
containing plant-based CBD. 

Other cannabis preparations available in the EU are raw 
cannabis, magistral preparations, and standardised cannabis 
preparations including preparations of cannabis flowers, 
granulates, and oil extracts [31, 32, 33]. 

Cannabis and cannabinoids preparations 
registered and available in Poland 

According to EU regulations and published data [31], in 
Poland some medicinal products containing cannabinoids 
should be available, including dronabinol (synthetic ∆9-THC, 
capsule), nabilone (synthetic cannabinoid, similar to ∆9-THC, 
capsule), and nabiximol (extract of cannabis - ∆9-THC and 
CBD – sublingual spray: Sativex®, which has a marketing au-
thorisation). Some of these can be made available to patients 
through a special permit known as patient import. Sativex® is 
only available in a few pharmacies in Poland, whereas Canna-
bidiol is widely available (CBD, oral solution: Epidyolex®), as 
it was authorised for use in all EU member states in 2019 as 
an orphan medicinal product [33].

Listed below are cannabis pharmaceutical products that 
are available and approved for the Polish market: 

	— Cannabis extractum normatum THC 10%, CBD<1% 
(Cannabis extractum normatum, Pharmaceutical Concern 
Okoniewscy “Vetos-Farma” Sp. z o.o.)

	— Cannabis flos AURORA DEUTSCHLAND GmbH THC 
1%, CBD 12% (Cannabis sativa flos, Aurora Deutschland 
GmbH) 

	— Cannabis flos AURORA DEUTSCHLAND GmbH THC 
20%, CBD 1% (Cannabis sativa flos, Aurora Deutschland 
GmbH)

	— Cannabis flos AURORA DEUTSCHLAND GmbH THC 
22%, CBD 1% (Cannabis sativa flos, Aurora Deutschland 
GmbH)

	— Cannabis flos AURORA DEUTSCHLAND GmbH THC 
8%, CBD 8% (Cannabis sativa flos, Aurora Deutschland 
GmbH) 

	— Cannabis flos, Canopy Growth THC 10%, CBD 7% (Can-
nabis sativa, Canopy Growth Polska Sp. z o.o.)

	— Cannabis sativa L., Red No 2 THC 19%, CBD 1% (Cannabis 
sativa flos, Canopy Growth Polska Sp. z o.o.).

Conclusion

Although reports concerning the possible medicinal use 
of cannabis and cannabinoids have raised hopes, we must 
underline that the current evidence for medical use of these 
substances seems to be weak, insufficient, or moderate, and 
they are still under scientific study with limited clinical 
findings and gaps in documented effects. In Europe, they are 
used mostly outside the registered indications, as there is still 
a need for universal drugs with broad use in many neurolog-
ical diseases, and therefore the decision to use them requires 
individual analysis.
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Table 2. Analysis of quality of evidence associated with therapeutic use of cannabis and cannabinoids

Statement Research evidence

Cannabis is an effective treatment for chronic pain in adults   →  Substantial evidence
Cannabinoids are an effective treatment for cancers, including glioma   →  Insufficient evidence
Oral cannabinoids are effective antiemetics in treatment 
of chemotherapy-induced nausea and vomiting   →

Conclusive evidence

Cannabis and oral cannabinoids are effective in increasing appetite 
and decreasing weight loss associated with HIV/AIDS   →

Limited evidence

Cannabinoids are an effective treatment for cancer-associated anorexia-cachexia syndrome and anorexia 
nervosa   →

Insufficient evidence

Dronabinol is an effective treatment for symptoms 
of irritable bowel syndrome   →

Insufficient evidence

Cannabinoids are an effective treatment for epilepsy   → Insufficient evidence
Oral cannabinoids are an effective treatment for improving patient-reported multiple sclerosis spasticity 
symptoms   →
but for effect on clinician-measured spasticity   →

Substantial evidence
Limited evidence

Cannabinoids are an effective treatment for spasticity in patients 
with paralysis due to spinal cord injury   →

Insufficient evidence

THC capsules are an effective treatment for improving symptoms 
of Tourette’s Syndrome   → 

Limited evidence

Cannabis is an effective treatment for symptoms associated 
with amyotrophic lateral sclerosis   →  

Insufficient evidence

Oral cannabinoids are an effective treatment for chorea and certain neuropsychiatric symptoms asso-
ciated with Huntington’s Disease   →

Insufficient evidence

Cannabinoids are an effective treatment for motor system symptoms associated with Parkinson’s Disease 
or levodopa-induced dyskinesia   →

Insufficient evidence

Nabilone and dronabinol are an effective treatment for dystonia   → Insufficient evidence
Cannabinoids are ineffective treatment for improving the symptoms associated with dementia  → Limited evidence
Statistical association between cannabinoids and better outcomes 
(i.e. mortality, disability) after traumatic brain injury or intracranial haemorrhage  →  

Limited evidence

Cannabinoids are an effective treatment for achieving abstinence
 in use of addictive substances  →  

No evidence

Cannabidiol is an effective treatment for improving anxiety symptoms, as assessed by a public speaking 
test, in individuals with social anxiety disorders   →  

Limited evidence

Nabiximol, dronabinol, and nabilone are ineffective treatment 
for reduction of depressive symptoms in individuals with chronic pain 
or multiple sclerosis   →  

Limited evidence

Cannabinoids are an effective treatment to improve short-term sleep outcomes in individuals with 
sleep disturbance associated with obstructive sleep apnoea syndrome, fibromyalgia, chronic pain, and 
multiple sclerosis   →  

Moderate evidence

Nabilone is effective for improving symptoms 
of post-traumatic stress disorder   →  

Limited evidence

Cannabidiol is an effective treatment for mental health outcomes 
in individuals with schizophrenia or schizophreniform psychosis →

Insufficient evidence

Source: authors’ elaborations
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Our review of the available literature presents the perspec-
tives for cannabis and cannabinoids in medical practice, but it 
also shows the limitations of their application and gaps in the 
evidence. The need for additional research and clinical studies 
is also emphasised: better-designed trials on larger research 
groups, studies on dosage and drug interactions, and studies 
with longer-term follow-ups are still required.
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