
Summary 
 

 

 Drug dependence is a chronic, recurrent disease of the central nervous system (CNS) that 

develops as a result of prolonged use of addictive substance. It contributes to increase in taken 

doses by an drug dependent person, intensifying the disease development. Despite many 

conducted scientific research in the world, no effective drugs have been discovered that would be 

used preventively in the therapy of dependence. Morphine is an effective drug in the pain 

treatment and is highly addictive. The risk of developing tolerance and dependence limits the 

clinical use of morphine. Detailed understanding of the mechanisms underlying morphine 

dependence may contribute to the development of new therapeutic strategies with greater 

effectiveness and fewer side effects. 

 Dopamine in the mesolimbic pathway is known to play an important role in the addictive 

drug effects by giving a euphoria and pleasure. The mesolimbic dopamine system, that projects 

from the ventral tegmental area (VTA) to the nucleus accumbens, is affected by signals from other 

brain structures. Due to integration of many areas of the brain with the mesolimbic system, chronic 

administration of addictive drugs results in deregulation of the CNS and the emergence of 

numerous disorders in addicts, including anxiety and depressive behaviors, memory disorders or 

reduced cognitive abilities. The mesolimbic system is modulated by other neurotransmitter 

systems, e.g. serotonergic and noradrenergic. The mesolimbic system activity is affected by other 

endogenous substances with neuromodulatory properties, for example the recently discovered 

glucagon-like peptide-1 (GLP-1 peptide). 

 The GLP-1 peptide is known to regulate the functioning of the digestive system, reduce the 

rewarding effect of food because of stimulation of GLP-1 receptors in the mesolimbic system, and 

influence memory and emotions. Probably, this pleiotropic effect of the GLP-1 peptide is due to the 

existence of interactions in the brain that are not fully understood. 

 Therefore, the effect of a substance modulating the activity of the GLP-1 peptide - a 

dipeptidyl peptidase-IV (DPP-IV) inhibitor - on morphine addiction in experimental animals was 

assessed. 

 Linagliptin was chosen as the pharmacological tool that increasing the activity of the GLP-1 

peptide via inhibiting DPP-IV enzyme. Behavioral experiments in zebrafish (Zebrafish, Danio rerio), 

mice (Swiss herd) and rats (Wistar herd) and neurochemical and molecular studies in rats were 

performed. 

 Behavioral studies investigated the role of linagliptin in psychological and physical 

morphine dependence. First, a locomotor test in morphine-treated zebrafish was performed. Next, 

the effect of linagliptin on the morphine rewarding effect was assessed in a conditioned place 

preference (CPP) test in rats. In mice and rats, an intensity of naloxone-induced morphine 

withdrawal symptoms (jumpings) was observed. The role of linagliptin in tolerance to the 

antinociceptive morphine effects in mice was also investigated in a hot plate test. Studies have 

shown that linagliptin reduced the severity of withdrawal symptoms in all experimental models.  

In addition, it was documented that linagliptin had an inhibitory effect on the rewarding effects  

of morphine in the CPP test in rats and decreased tolerance to the antinociceptive morphine effects 

in the hot plate test in mice. 

 In the next step the effect of linagliptin on the behavior of mice resulting from short-term 

and long-term discontinuation of morphine was evaluated. In the present experiments, the 



locomotor activity of the animals, the antinociceptive effect of morphine, the anxiety and 

depressive behavior of the rodents as well as the learning and memory processes were assessed. 

Linagliptin was observed to reduce exacerbated anxiety and depressive behaviors, short-term 

memory disturbances, and spatial memory disturbances by morphine-induced withdrawal.

 Subsequently, neurochemical and molecular studies were conducted in order to evaluate 

the concentration of neurotransmitters (dopamine, serotonin, noradrenaline) and their 

metabolites using the HPLC method and to evaluate D1 and D2, 5-HT1A, 5-HT2A, α1A and α2A 

mRNA expression using RQ-PCR, in the striatum and hippocampus. Linagliptin was shown to have 

various effects on the concentration of dopamine, serotonin, noradrenaline and their metabolites 

in the examined brain structures, and changed dopaminergic, serotonergic and noradrenergic 

transmission in animals expressing withdrawal symptoms. In molecular studies, various changes  

in mRNA expression of the tested receptors were observed under the influence of the DPP-IV 

inhibitor - linagliptin. 

 The experiments presented in this dissertation showed that linagliptin is supposed to play 

an important role in the addictive effects of morphine probably because of its affecting the activity 

of the GLP-1 peptide. These experiments are in line with the current trends in addiction research 

and, perhaps, in the future, they will indicate a new trend in treatment of addiction. 

 

 

 

 

 

 


