
1. SUMMARY  

 

 Glucocorticoids are a group of steroid hormones produced in the adrenal cortex. Those 

hormones are essential endocrine regulators of body functions and act on a number of metabolic 

processes by influencing the metabolism of proteins, carbohydrates as well as lipids. Thanks to 

their powerful and widespread anti-inflammatory and immunosuppressive actions, 

glucocorticoids are widely used to treat various inflammatory and autoimmune disease. Even 

though treatment with glucocorticoids is associated with excessive systemic adverse effects, 

such as hyperglycaemia, electrolyte disturbances, hypertension, dyslipidaemia or insulin 

resistance, those drugs play an important role in clinical practice and are a subject of many 

experimental and clinical trials.  

 Glucocorticoid secretion is regulated through a negative feedback loop by the 

hypothalamic-pituitary-adrenal axis. The activation of the axis causes secretion of corticoliberin 

(CRH), which in turn increases the expression of proopiomelanocortin (POMC) and stimulates 

secretion of adrenocorticotropic hormone (ACTH). Finally, adrenocorticotropic hormone 

triggers the synthesis and release of glucocorticoids from the zona fasciculate of the adrenal 

cortex. The proper functioning of the hypothalamic-pituitary-adrenal axis is also regulated by 

higher structures of central nervous system, such as the limbic system or hippocampus. The 

mechanism of action of glucocorticoids is complex and not fully understood. On a cellular level, 

glucocorticoids exert their effects via genomic and non-genomic mechanisms. Glucocorticoids 

regulate the transcription of many genes involved in the control of inflammatory processes 

through two types of receptors – glucocorticoid receptor (GR) and mineralocorticoid receptor 

(MR). Those receptors are widely distributed particularly in the limbic system – hippocampus, 

amygdala and prefrontal cortex. The non-genomic mechanism of action involves ion channels 

and membrane permeability and is mediated through secondary mediators. Glicocorticosterois 

exert their effects on the central nervous system through interactions between various 

neurotransmitters such as serotonin, norepinephrine, dopamine, γ-aminobutyric acid or 

neuropeptide Y.  

 Dexamethasone, a synthetic glucocorticoid analogue, differs from endogenous 

glucocorticoids in that it has a higher affinity for glucocorticoid receptor (GR), does not bind 

to transcortin (CBG) and has a longer half-life of 3,5 hours. Dexamethasone, like other 

glucocorticoids, is lipophilic and easily penetrates blood-brain barrier. This transport is 

regulated by P-glycoprotein (P-gp).  



 Glucocorticoids are primary hormones released in response to stressful situations that 

help maintain homeostasis. Lately, a connection between an exposure to various stressors and 

the development and severity of neurodegenerative diseases, such as sporadic form of 

Alzheimer’s disease, depression or post-traumatic stress disorder (PTSD), has been discovered. 

It has been noted that chronic exposure to elevated levels of glucocorticoids results in 

neurodegenerative changes in the central nervous system, particularly in the limbic system and 

hippocampus - structures regulating behaviour, memory and other cognitive functions. Those 

changes include hippocampal subfield CA1 and CA3, prefrontal cortex and striatum volume 

reduction, dendritic atrophy and decreased neurogenesis. Moreover, it has been pointed out, 

that those neurodegenerative changes are accompanied by decreased levels of brain derived 

neurotrophic factor (BDNF) in the corresponding brain regions.  

 A number of studies indicate that excitatory amino acids can be involved in the 

development of neurodegenerative changes caused by glucocorticoids. Excessive activation of 

glutamatergic receptors leads to increased levels of intracellular calcium, which activates 

different mechanisms resulting in neuronal damage. Recent studies have demonstrated 

neuroprotective effects of excitatory amino acid receptor antagonists.  

 The aim of the current study was to evaluate perampanel – a non-competitive antagonist 

of the α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors – in the 

animal model of neurotoxicity induced by administration of dexamethasone at the dose of 16 

mg/kg/day for 14 days to mice. Perampanel was given in three different doses – 2, 4 and 8 

mg/kg/day. Its effects were assessed using behavioural tests: motor coordination – “chimney” 

test,  locomotor activity and memory – “passive avoidance” test. In addition, animal’s body 

weight and mortality was monitored. Moreover, histopathological and immunohistochemical 

studies in the CA3 subfield of hippocampus of mice’s brains were performed and the 

concentration of brain derived neurotrophic factor (BDNF) in their plasma was assessed.  

 The results of the study have shown that dexamethasone, administered at the dose of 16 

mg/kg/day for 14 days, caused a significant reduction in the animal’s body weight, induced 

decline in their motor coordination in the “chimney” test, reduced their locomotor activity and 

impaired their memory in “passive avoidance” test, not causing mortality. At the same time, it 

damaged neurons, causing intracellular oedema with formation of vacuoles and shrinking of 

pericarions in the CA3 subfield of hippocampus and decreased proliferative activity of this 

region, measured with proliferating cell nuclear antigen (PCNA). Additionally, significantly 

lower levels of BDNF in plasma, measured with ELISA test, were observed in mice receiving 

dexamethasone.   



 Perampanel, at all doses used in the study (2, 4 and 8 mg/kg/day), did not cause mortality 

and did not significantly influence animal’s body weight. This drug, on the other hand, 

potentiated weight loss caused by dexamethasone. However, this reduction was only significant 

for the dose of 2 and 8 mg/kg/day. Only the highest dose of perampanel (8 mg/kg/day) used in 

the study exhibited protective properties improving behavioural results (motor coordination, 

locomotor activity, long term memory), as well as increasing proliferative activity in the CA3 

sub region of hippocampus, preventing neuronal damage caused by dexamethasone 

administration. Moreover, perampanel normalized BDNF plasma concentrations in mice 

treated with dexamethasone.  

 The current study, indicating protective features of perampanel – AMPA receptor 

antagonist, confirms the role of excitatory amino acids in the neurodegenerative mechanism of 

glucocorticoids. Perampanel, administered at the dose of at least 8 mg/kg/day, can turn out to 

be useful in safe glucocorticoid therapy.  

 


