
Summary 

In recent years, public, media, and political attention have focused on the negative 

phenomenon associated with the emergence of novel psychoactive substances (NPS). NPS, 

commonly known as legal highs, are products containing psychoactive compounds that have 

not been included in the list of drugs controlled by the Anti-Drug Addiction Act at any given 

time. Their consumption is intended to produce a narcotic effect most analogous to prohibited 

substances. The problem of narcotic abuse is global. According to the United Nations Office 

on Drugs and Crime's 2020 report, an estimated 275 million people worldwide between the 

ages of 15-64 decided to take a narcotic substance at least once in 2019, representing about 5.5 

percent of the population. Of these, around 36 million people suffered from the side effects of 

the compounds taken. 

One of the most common substances in the NPS group is mephedrone, a semi-synthetic 

compound belonging to the cathinone derivatives, also included in the amphetamines group of 

compounds. Epidemiological data report that mephedrone is one of the most commonly used 

drugs, along with cannabis, cocaine, and MDMA (3,4-methylenedioxy-methylamphetamine), 

and its use is likely to increase. Mephedrone, like most legal highs, is often used in combination 

with other substances, including nicotine, MDMA, cannabis, amphetamines, cocaine, or 

caffeine. The growing popularity of NPS, and with them mephedrone, has resulted in 

a significant number of poisonings and even deaths among young people who abuse them. 

However, there is a lack of data on the effects, neurotoxicity of single and chronic use of 

mephedrone, and information relating to the effects of combined use with other psychoactive 

substances, although the problem appears to be significant. 

Mephedrone has a similar mechanism of action to amphetamine and MDMA. Due to its 

lipophilic properties, it crosses the blood-brain barrier into the CNS, where it exerts its effects 

by increasing the release of the monoamines dopamine (DA), norepinephrine (NA), serotonin 

(5-HT) and interacting with transport proteins: DA (dopamine transporter, DAT), NA 

(norepinephrine transporter, NET) and 5-HT (serotonin transporter, SERT). This action results 

in an increase in the concentration of the aforementioned neurotransmitters in the synaptic gap 

and an increase in monoaminergic transmission. Mephedrone causes a rapid and dose-

dependent increase in 5-HT and DA levels in the nucleus accumbens (NAC), striatum, and 

frontal cortex in rats. Multiple neurotransmitter systems are involved in the effects of highs; 

however, there is no evidence of possible involvement of the endocannabinoid system in the 



mechanism of action of mephedrone. Based on the literature, a role for this system in the effects 

of mephedrone can be suggested, as cannabinoid receptors are involved in the effects of other 

psychostimulants.  

In the present study, the behavioral effects induced by mephedrone administration - 

alone or in combination with MDMA or CB1 and CB2 cannabinoid receptor ligands - were 

assessed, together with a potential evaluation of the involvement of the endocannabinoid system 

in the mechanism of action of mephedrone in animal experimental tests. During the experiment, 

the effects of the substance or combination of substances on depressive effects in the forced 

swim test (FST), cognitive effects in the passive avoidance (PA) test, and anxiety levels in the 

elevated plus maze (EPM) test, and locomotor activity were examined.  

Mephedrone was administrated in 3 schemes: 

- single, which consisted of 1 injection of the compound 

- subchronic, which was characterized by one injection of the substance every 24 hours 

for 7 days 

- "binge" - during which 4 injections of the substance were made every 2 hours over 1 

day.  

In the first part of the present study, mephedrone was shown to induce an antidepressant 

effect, as assessed by the FST, on the day of administration independent of dose and 

administration schedule, while on day 7 after single administration or in the binge model, it 

produced a prodepressant effect. A similar effect was observed on day 14 after subchronic 

administration of the drug. A single administration of mephedrone results in improved cognitive 

performance on the PA test on the day of administration and the day after administration 

regardless of the model of administration of the booster, whereas impairment of learning and 

memory processes was observed on the seventh day after a single injection of the substance and 

administration in the binge model. Mephedrone induces a pro-anxiety effect in mice 

demonstrated by the EPM test, which can persist up to 14 days after injection. 

In the next part of the present study, the effects of a single injection of mephedrone 

combined with a single injection of MDMA were investigated in the aforementioned tests to 

determine the interaction between mephedrone and MDMA. The study showed that the 

combined administration of a single, inactive dose of mephedrone and MDMA produces an 

antidepressant effect and an improvement in cognitive processes on the day of administration. 

In the next chapter of the present study, to determine the interaction between 

mephedrone and cannabinoids, the effect of single injections of CB1 and CB2 cannabinoid 



receptor ligands, combined with single or subchronic administration of mephedrone, on 

mephedrone-induced depressive behaviour was investigated in the FST test in mice. The 

experiments showed that a single injection of oleamide (CB1 receptor agonist), JWH 133 (CB2 

receptor agonist), and AM 630 (CB2 receptor antagonist) reversed the antidepressant effect of 

a single dose of mephedrone on the day of substance administration. In contrast, a single 

injection of oleamide and AM 251 reversed the prodepressant effect of a single administration 

of mephedrone on the seventh day after substance administration. A single injection of 

oleamide, JWH 133, and AM 630 reversed the antidepressant effect of subchronic mephedrone 

administration on the last day of substance administration, while a single injection of oleamide 

ligands, AM 251, JWH 133, and AM 630 reversed the prodepressant effect of subchronic 

mephedrone administration on the fourteenth day after substance administration.  

The present study also examined the effects of single injections of CB1 and CB2 

cannabinoid receptor ligands, combined with single or subchronic mephedrone administration, 

on the cognitive effects induced by mephedrone administration in the PA test in rodents. The 

results presented here showed that a single injection of both CB1 and CB2 receptor agonists 

and antagonists oleamide, AM 251, JWH 133, and AM 630 reversed the pro-cognitive effects 

of a single dose of mephedrone on the day of administration and the day after substance 

administration. In contrast, a single injection of oleamide and AM 251 reversed the impairment 

of cognitive processes caused by a single administration of mephedrone on the seventh day 

after substance administration. A single injection of oleamide, AM 251, JWH 133, and AM 630 

reversed the pro-cognitive effects of subchronic mephedrone administration on the last day of 

substance administration. A similar effect was observed for the combination of oleamide, JHW 

133 and AM 630, and mephedrone the day after the end of substance administration. In contrast, 

a single injection of oleamide and AM 251, and AM 630 reversed the impairment of cognitive 

processes caused by subchronic administration of mephedrone on the seventh day after 

substance administration.  

A similar analysis was carried out after administration of cannabinoids and mephedrone 

in a 'binge'. The study showed that AM 630 administered in the binge schedule reversed the 

antidepressant effect of forced mephedrone administration the day after substance 

administration, while AM 251 administered in the binge model reversed the antidepressant 

effect of forced mephedrone administration seven days after injection, the antidepressant effect 

of the combined substance concerning the mephedrone group was also observed on the 

fourteenth day of the experiment. In contrast, AM 630 or AM 251 administered in a binge 



schedule reversed the procognitive effects of forced mephedrone administration the day after 

substance administration. These CB1 and CB2 receptor ligands given in the 'binge' model 

reverse the impairment of cognitive processes caused by forced mephedrone administration 

seven days after injection. 

In conclusion, the results obtained in the present study may contribute to the 

understanding of interactions and new mechanisms of action of mephedrone. Therefore, they 

may represent an opportunity to develop and elaborate a more effective pharmacotherapy for 

the intoxication of this stimulant. The presented innovative research proved that the 

endocannabinoid system, via both CB1 and CB2 receptor subtypes, is involved in mediating 

the cognitive effects and depressive behavior induced by mephedrone administration probably 

through an effect on monoaminergic transmission, but further biochemical studies are required 

to confirm this hypothesis. 

 


