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ABSTRACT

� e therapeutic potential of cannabis has been 
known for centuries. Cannabinoids express their eff ects 
through two types of receptors, cannabinoid receptor 1 (CB1) 
and cannabinoid receptor 2 (CB2). Present studies indicate 
that cannabis-based drugs can make a positive impact in 
the treatment of diff erent diseases. For many years, multi-
ple sclerosis patients have self-medicated with illegal street 
cannabis to alleviate spasticity, a common and debilitating 
symptom that impairs quality of life.

Nabiximols is the cannabis-based medicine approved in 
many countries as an add-on therapy for symptom improve-
ment in patients with spasticity who have not responded ad-
equately to other medications. Adverse events such as dizzi-
ness, diarrhoea, fatigue, nausea, headache and somnolence 
occur quite frequently with nabiximols, but they are gener-
ally of mild-to-moderate intensity and their incidence can be 
markedly reduced by gradual uptitration. � e prerequisite 
for the therapeutic use of cannabis in Serbia arerequires legal 
clarifi cation for the use of the drug in a clinical environment.

Keywords: cannabis, multiple sclerosis, spasticity, 
nabiximols 

SAŽETAK

Vekovima unazad je poznato da kanabis ima terapijski po-
tencijal. Kanabinoidi ispoljavaju svoje efekte vezujući se za dve 
vrste receptora, kanabinoid receptor 1 (CB1) i kanabinoid recep-
tor 2 (CB2). Dosadašnje studije su pokazale da lekovi bazirani 
na kanabisu mogu imati značajnu ulogu u lečenju mnogih bo-
lesti. Godinama unazad,  oboleli od multiple skleroze samoini-
cijativno, ilegalno koriste kanabis za ublažavanje spastičnosti. 
Spasticitet je jedan od najčešćih simptoma bolesti koji dovodi do 
nastanka invaliditeta i može značajno uticati na kvalitet života.

Nabiximol  je lek od kanabinoida biljnog porekla koji je da-
nas u mnogim zemljama, zvanično odobren za lečenje spastič-
nosti kod multiple skleroze. Indikovan je kod pacijenata kod ko-
jih druge terapijske opcije nisu dale zadovoljavajuće rezultate.

Neželjeni efekti nabiximola kao što su vrtoglavica, di-
jareja, umor, mučnina, glavobolja i pospanost su česti, ali 
blagog do umerenog intenziteta, a njihova učestalost se sma-
njuje postepenom titracijom doze leka. Osnovni preduslov 
za terapijsku upotrebu kanabisa u našoj zemlji je promena 
postojećih zakonskih okvira.

Ključne reči: kanabis, multipla skleroza, spasticitet, na-
biximol.

ABBREVIATIONS

CB1-Cannabinoid receptor 1
CB2-Cannabinoid receptor 2

CBD-Cannabidiol

FDA-Food and Drug Administration
HIV-Human immunodeficiency virus
THC-Tetrahydrocannabinol
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Cannabis consumption throughout the centuries

Medications derived from cannabis have been used 
for therapeutic purposes for centuries. In ancient Greece, 
Rome, China and India, cannabis was used to ameliorate 
muscle spasms, cramps and pain (1). At the end of the 19th 
century in Europe, cannabis was used for the treatment of 
pain, asthma, sleep disorders, depression, and loss of ap-
petite (2). UntilBefore 1964, scientists were unable to es-
tablish the chemical structure of the essential ingredient of 
the cannabis plant, but after the principal active ingredient 
of cannabis was defined as trans-delta-9-tetrahydrocan-
nabinol (THC) (3), an Currentlyextensive literature on the 
effects of cannabis-based compounds in clinical studies 
and animal models has been developed.

Cannabinoid receptors and endocannabinoids

Cannabis-based medications have been the subject of 
intense research since the endogenous cannabinoid sys-
tem was discovered more than twenty years ago (4, 5). Two 
principal types of receptors have been found to be part 
of the endocannabinoid system. Cannabinoid receptor 1 
(CB1), predominantly located in the terminals of nerve 
cells (central and peripheral neurons and glial cells), the 
reproductive system, some glandular systems and the mi-
crocirculation, was identified in 1990 (4). Three years later, 
cannabinoid receptor 2 (CB2) was found initially in mul-
tiple lymphoid organs with the highest expression detected 
in B lymphocytes, moderate expression in monocytes and 
polymorph nuclear neutrophils and the lowest expression 
in T lymphocytes; subsequent studies have identified them 
in microglial cells (5, 6). The highest distribution of canna-
binoid receptors was found in the hippocampus, the basal 
ganglia, and the cerebellum, areas associated predomi-
nantly with memory and motor coordination (7). Canna-
binoid receptors also occur in high density in many areas 
related to pain, such as the periaqueductal grey mass, the 
rostral ventrolateral medulla, and superficial layers of the 
spinal dorsal horn. They are also found in the dorsal root 
ganglion, from which they are transported to both central 
and peripheral terminals of primary afferent neurons (8, 
9, 10). These discoveries consequently lead to the identi-
fication of natural ligands for the CB1 receptor: arachi-
donoylethanolamide, named anandamide, and 2- arachi-
donoylglycerol (11).

As reviewed by Wegener and Koch in 2009 (12), CB1 
receptors are expressed in the presynaptic membrane of 
neurons, and they utilize a negative feedback mechanism 
to regulate transmitter release at GABAergic, glutama-
tergic and dopaminergic synapses. Cellular activity of the 
postsynaptic neuron promotes continuous synthesis and 
release of the endocannabinoids from phospholipids of the 
cell membrane, which then bind to the CB1 receptors in 
the presynaptic membrane. Stimulation of the CB1 recep-
tors blocks the activity of the presynaptic neurons through 
activation of A-type potassium channels and potassium 

inward rectifiers and through the inhibition of voltage-de-
pendent calcium channels and adenylate cyclase. The out-
comes are reduced transmitter release in the presynaptic 
terminals and reduced cellular excitability.

The endocannabinoid effect is regulated through the 
transport of endocannabinoids into the cell via specific 
transporters and subsequent degradation through the 
membrane-bound enzyme fatty acid hydrolase. (13).

� erapeutic potential of cannabis 

Cannabis preparations exerts numerous therapeutic ef-
fects, and the augmentation of cannabinergic tone is thera-
peutically beneficial in the treatment of multiple disease 
states (14). Numerous studies, most of them carried out in 
the 1970s and 1980s, have demonstrated that cannabinoids 
are equally or more effective in treating chemotherapy-re-
lated nausea and vomiting as the standard antiemetics (15, 
16, 17). Some studies have shown that cannabis is effec-
tive in the treatment of anorexia and cachexia in patients 
with human immunodeficiency virus (HIV) (18), tumours 
(19) and Alzheimer’s disease (20), as well as in the treat-
ment of chronic neuropathic pain and multiple sclerosis 
(21,22). However, cannabis may be ineffective in treating 
patients with acute pain (23). Small randomized controlled 
trials have shown a positive effect of cannabis preparations 
in the treatment of tics in Tourette syndrome (24) and le-
vodopa-induced dyskinesia in Parkinson’s disease (25). 

Cannabis treatment of spasticity
in multiple sclerosis

Spasticity is a consequence of a damaged corticospinal 
tract, which plays a role in controlling voluntary move-
ments (26). Therefore, it is characterized by sudden in-
voluntary movements, muscle stiffness, or muscle spasm 
sufficient to cause pain, particularly in the lower back and 
legs. Spasticity ,and itcan result in difficulty moving the 
limb at all. This condition is often associated with spinal 
cord injury, amyotrophic lateral sclerosis, cerebral palsy 
and brain damage (27).

Cannabis preparation has been discussed as a promis-
ing agent in multiple sclerosis treatment, particularly for 
spasticity. Spasticity is the most commonly reported symp-
tom, occurring in 90% of patients, causing significant dis-
ability and quality of life impairment. Spasticity may also 
contribute, directly or indirectly, to hroughother symp-
toms of multiple sclerosis, such as bladder or bowel dys-
function (28), and it can be associated with pain, weakness, 
clonus, sleep disturbance, fatigue and loss of dexterity (29). 
At worst, severe spasticity can lead to complete immobility 
(30). Prolonged immobility may lead to pressure sores and 
thromboembolism (31). 

Standard drugs used to treat spasticity include centrally 
acting agents, such as benzodiazepines, baclofen, tizani-
dine and gabapentin, and peripherally acting agents such 
as dantrolene (29, 32). There is a very limited evidence 
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base for these drugs, and they provide only moderate relief 
from spasticity (33). Because many patients are refractory 
to treatment with existing oral drugs (29, 32, 33), there is 
a clear need for new treatments for spasticity in multiple 
sclerosis. 

Demographic evidence has shown that many people 
with multiple sclerosis use cannabis for self-medication 
(34). The antispastic effect of cannabis has been support-
ed through a demonstration of the inhibitory properties 
in exogenous agonists for cannabis receptors found in the 
central nervous system (35). Stimulation of CB1 receptors 
by cannabis-based drugs have the potential to regulate ab-
errant levels of glutamatergic excitability during spastic-
ity (36). The endocannabinoid system is upregulated in 
lesioned areas to provide further control of aberrant neu-
rotransmission, suggestings that further enhancement of 
endocannabinoid tone by stimulating endocannabinoid 
synthesis or blockade of endocannabinoid degradation 
may exhibit anti-spastic activity. CB1 receptors in the basal 
ganglia are probably the target for cannabinoid control of 
tremor, spasticity, and painful muscle spasms in multiple 
sclerosis. CB1 is densely expressed in the output neurons 
of the substantia nigra, pars reticulata and globus pallidus 
(37). Activation of CB1 within these neurons can suppress 
excessive motor output and consequent muscle spasm 
(38). Cannabinoids can reduce chronic pain, one symptom 
of multiple sclerosis, but in this case, it is clinically impor-
tant that cannabinoids can also reduce pain which is a con-
sequence of muscle spasm (38). 

Available cannabinoid-based medication
for spasticity

For patients with multiple sclerosis, nabiximols is the 
first cannabis-based medicine to be licensed for the treat-
ment of symptoms (39). The drug is a pharmaceutical 
product standardised in composition, formulation and 
dose. Nabiximols differs from all other pharmaceutically 
produced cannabinoids currently available because it is a 
mixture of compounds. Its principal active cannabinoid 
components are the cannabinoids tetrahydrocannabinol 
(THC) and cannabidiol (CBD) (Figure 1). 

Although there is considerable structural overlap be-
tween THC and CBD, their conformational structures 
differ significantly. As a result of this, CBD does not bind 
to or activate the CB1 receptor, which leads to a complete 
lack of psychoactivity by CBD, unlike THC, which is the 
psychoactive principle of cannabis. However, CBD shows 
significant pharmacological activity, such as anti-inflam-
matory and immunomodulatory effects, that appear to be 
mediated by the adenosine A2A receptors and could pos-
sibly influence the progression of the illness (40). Finally, 
it has been suggested that the combination of CBD and 
THC shows a better therapeutic profile than each can-
nabinoid component alone, with a lower predominance 
of unwanted, adverse side effects (41). Smoking cannabis 
achieves the fastest absorption, and the effects are mani-

fested in a few minutes. Inhalation of 8 mg of THC results 
in a 24 times faster achievement of peak blood concentra-
tions than 0 msublingual administration of 10 mg of THC. 
When inhaledAdditionally,This peak is achieved in 17 
minutes when inhaled, and in 263 minutes when ingested 
sublingual (37).

Nabiximols is formulated as an oromuscular spray 
which is administered by spraying into the mouth. Each 
spray delivers a near 1:1 ratio of CBD to THC, with fixed 
a dose of 2.7 mg THC and 2.5 mg CBD (42). An essential 
part of the therapeutic use of the drug is that it is patient-
directed and dose-optimized through self-titration. The 
titration period may take up to 2 weeks to find the opti-
mal dose. On the first day of the titration period, one spray 
in the morning and one spray in the afternoon/evening 
should be administered. This dosage should be increased 
by one spray each day depending on efficacy and adverse 
effects. The average effective dose is 8-9 sprays per day, up 
to a maximum of 24 sprays per day (43). 

Among all tested analogues, such as oral formulations 
Dronabinol and Nabilone, it has been concluded that only 
sublingual spray nabiximols hasve a sufficient evidence 
base to justify its theiruse in the treatment of spasticity to 
improve patient quality of life, particularly in patients who 
are refractory to current treatments (44).

Indications and contraindications
for use of nabiximols

Nabiximols is registered for the relief of spasticity, 
tremor and pain in patients with multiple sclerosis who 
have not responded sufficiently to standard medication 
and who show a worthwhile degree of improvement dur-
ing a 4-week trial period (44). It is contraindicated in pa-
tients with known or suspected allergies to cannabinoids 
or any of the other ingredients and for patients with severe 
psychiatric disorders other than illness-associated depres-
sion. Use is not advised for nursing mothers, they are ado-
lescents or children under 18 or elderly patients (44). 

Adverse eff ects of nabiximols

Because cannabis is a restricted drug, the use of can-
nabis for medical purposes inevitably raises a number of 
problems such as possible intoxication and neurotoxicity, 
the development of tolerance and dependence, as well as 
legal and ethical dilemmas. Using cannabis for medicinal 
purposes and the use of marijuana and hashish, which are 
derivatives of cannabis and are used as forbidden “soft” 
drugs, should not be equated. Many psychological effects 
of cannabis and THC are biphasic and bidirectional, de-
pending upon the modality of administration, dosage, in-
dividual variability, the degree of tolerance, as well as other 
environmental factors (45). Acute effects can range from 
euphoria, relaxation, excitation, sharpened perception and 
increased motor activity to sedation, distortions of percep-
tion, ataxia, and loss of coordination (6). In larger doses, 
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cannabis can cause dysphoric reactions, anxiety, panic and 
hysteria (46). All of these central effects occur only after 
the activation of CB1 receptors (4).

 The optimal doses of CB1 receptor agonism in motor 
control centres would invariably be associated with stimu-
lation of CB1 receptors in cognitive centres, which could 
also be associated with some unwanted side effects. Acute 
exposure could also produce a full range of transient psy-
chotomimetic symptoms that last only during the period 
of intoxication but also and acute psychosis that lasts lon-
ger (47). THC produces the full range of transient, posi-
tive psychotomimetic symptoms, negative symptoms and 
cognitive deficits observed in schizophrenia, while CBD 
has been shown to have anxiolytic properties and even to 
inhibit the psychotomimetic effects of THC. Cannabis also 
produces transient, dose-related cognitive impairments, 
especially in the domains of verbal learning, short-term 
memory, working memory, executive function, abstract 
ability, decision-making and attention. Variable duration 
to full recovery (absence of persistent neuropsychiatry 
deficits) has been demonstrated to last from a week to an 
average of 2 years of abstinence (47). 

The safety profile of nabiximols, in randomized studies, 
conducted on patients suffering from multiple sclerosis, 
indicates that the drug is well tolerated and the most com-
mon side effects are dizziness, fatigue, nausea, diarrhoea, 
drowsiness, headache and somnolence (48). 

There is no evidence that nabiximols causes intoxica-
tion, cognitive impairments or any of the other central 
side effects commonly associated with recreational use. 
T, he reason for this may beis the presence of cannabidiol 
in nabiximols, which is not psychotropic and may reduce 
THC levels in the brain and attenuate its psychotropic side 
effects (49, 50). All cannabinoids in current therapeutic 
use have a therapeutic index that is relatively narrow for 
most uses, with adverse effects limiting dose titration. Un-
der everyday clinical practice conditions, nabiximols at a 
mean daily dose of <7 sprays in ehas been shown to relieve 
spasticity in approximately 70% of patients previously re-
sistant to treatment. In large observational studies, >80% 
of patients reported no adverse events. Subjectivity of the 
spasticity assessment and coexistence of other symptoms 
in patients with multiple sclerosis must be taken into ac-
count as a serious obstacle when evaluations of drug ef-
ficacy are conducted. (51). Further limitations in designing 
adequate comparative studies that cannot be ignored are 
the legal aspects of psychotropic drug use and the possible 
influence of pharmacological companies.

Regulation of cannabis use in diff erent countries

There is no unified position regarding the use of can-
nabis and its analogues, from full legalization and free traf-
fic, through legislation or controlled traffic to a complete 
ban. In June 2010, the Medicines and Healthcare products 
Regulatory Agency of the United Kingdom licensed nabix-
imols as a prescription-only medicine for the treatment of 

spasticity due to multiple sclerosis (52). This regulatory 
authorization represents the world’s first full regulatory 
approval for the medicine. Currently, the drug is available 
for medical use in the United Kingdom, Spain, the Czech 
Republic, Germany, Denmark, the Netherlands, Sweden, 
Italy, Austria, Norway, Iceland, Poland, Finland, Switzer-
land, France, and in some countries in Asia and in Israel 
(52). In the USA, nabiximols is not officially approved by 
the FDA for the treatment of spasticity in multiple scle-
rosis (53, 54). In countries where the medical use of can-
nabis is approved, there are legally defined conditions for 
the cultivation of cannabis. For example, in England and 
the Netherlands, cannabis is grown with the permission of 
the Government under strictly controlled conditions (55). 

If it is in use, there are strictly defined indication areas 
in which it can be used, and cannabis can be obtained for 
medical use only by physician prescription. In Serbia, ac-
cording to the existing legislation, possession, production 
and trade of marijuana is illegal (56). Laws provide for the 
strict distribution of cannabis for therapeutic use. C thean-
nabis is availableonly issued by prescription andto doctors 
and specialists and only after a clear indication of how it 
will be used. Also it is necessary to define who can grow 
cannabis and under which conditions it can be produced 
and distributed. The eventual formation of a user registry 
is a priority. Regardless of the dilemmas that exist regard-
ing the legislation of marijuana, patients have a right to 
all beneficial treatments and to deny them access to treat-
ments violates their basic human rights. Therefore, it is 
necessary to harmonize the scientific, clinical knowledge 
and national legislative opinions to provide proper use of 
this psychotropic substance. Considering all of the positive 
findings, regulatory bodies and the Ministry of Health in 
Serbia are trying to initiate discussion and establish a legal 
environment for the use of this compound. 

Concluding remarks 

Cannabis preparations have been used to relieve nau-
sea, improve appetite and reduce pain for thousands of 
years.  The development of synthetic drugs in the 20th 
century supplanted these and herbal remedies, but in the 
past several decades there has been a resurgence of inter-
est in using cannabis and cannabinoid preparations for 
medical purposes. There is evidence from controlled tri-
als that cannabinoids are effective in relieving nausea and 
vomiting, alleviating acute pain and improving appetite 
in people with HIV-related disorders. The potential role 
of cannabinoids in the treatment of spasticity in multiple 
sclerosis was highly controversial following the publication 
of initial studies. Most of the clinical trials conducted in 
recent years have shown that nabiximols is a useful treat-
ment option for its approved indication, treating spastic-
ity in multiple sclerosis. Apart from reducing spasticity, 
nabiximols also offers moderate relief of pain associated 
with muscle spasm and also with centrally generated neu-
ropathic pain. Quality of life, particularly with respect to 
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sleep, is improved for patients taking the drug, and urinary 
incontinence is moderately reduced (57). The pharmaco-
economical aspects also favour this therapeutic option 
because a lower severity of spasticity can lead to reduce 
resource consumption such as psychotherapy and medica-
tion. (58) All of the aspects of cannabis use as a treatment 
of spasticity in multiple sclerosis must be thoroughly dis-
cussed in Serbia. 
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