
Summary 

 During early stages of postnatal development, glutamate receptors of NMDA and AMPA type, undergo 

intensive functional changes due to modifications of their subunit composition (Pachernegg et al., 2012: Paoletti et 

al., 2013). The NR2B–containing NMDARs (NR2B/NMDARs) and GluA2–lacking AMPARs (Ca
2+
–permeable) that 

are highly expressed in immature brain, are implicated in increased excitability, seizures generation, excitotoxicity, 

and neuronal death (Vizi et al., 2013). 

Pharmacological blockade of these types of receptors by their specific antagonists, can exhibit anticonvulsant 

effects at early stages of postnatal development. Therefore, we tested the influence of the IEM1460, a specific 

antagonist of Ca
2+
–permeable AMPARs and the Ro 25–6981 maleate, a highly selective and activity–dependent 

antagonist of NR2B/NMDARs on physiological excitability and epileptic phenomena induced in immature rats.  

Anticonvulsant action of IEM1460 was tested in two models of epileptic seizures: pentylenetetrazol (PTZ)–

induced convulsions and cortical afterdischarges (ADs), induced in animals at P12, P18 and P25. Our results 

indicate that the effects of IEM1460 on various types of seizures depend on their sites of origin in the brain, 

developmental stage, and GluA2 subunit expression profile. To clarify the action of IEM1460 in immature CNS, 

further studies are necessary. Our results also indicate that Ro 25–6981 exhibits age– and activation–dependent 

anticonvulsant action at early postnatal development. In contrast, the influence of Ro 25–6981 on physiological 

excitability induced by single pulse stimulation of sensorimotor cortex does not depend on age. Since its action 

against ADs prolongation can be observed even 110min after the single administration of the drug, this compound 

may thus represent a useful agent in pharmacotherapy of epileptic seizures in immature brain. 

Our study was focused also on seizure-induced alterations in normal ontogeny of the subunits of these 

glutamate receptors, which were affected by their specific antagonists in the electrophysiological experiments. 

The changes triggered by LiCl/pilocarpine status epilepticus (LiCl/Pilo–SE) elicited in rats at P12 were analyzed 

by means of qPCR and Western Blotting in six different regions of the rat brain - frontal cortex, parietal cortex, 

occipital cortex, dorsal hippocampus, ventral hippocampus and thalamus, at four to five different developmental 

stages, including young adults. An additional control group was also included, using animals that received only 

LiCl and paraldehyde.  

Present results confirm previously published reports on developmental expression levels of the GRIA2A, 

GRIN2A and GRIN2B (genes encoding respectively: GluA2 subunits of AMPARs, and NR2A and NR2B subunits 

of NMDARs) and GluA2 subunit protein levels, what corresponds with our electrophysiological studies.  

As for the changes induced by early-life LiCl/Pilo-SE, an increased expression of GluA2 AMPARs subunit 

is an immediate response to elevated excitability and can serve as an early neuroprotective mechanism 

decreasing Ca
2+
–permeability (Porter et al., 2006). The surge in GRIA2A mRNA and GluA2 protein expression in 

dorsal hippocampus detected not only during development but also later in life can indicate that after early-life SE, 

this hippocampal pole is able to activate endogenous anti–epileptic mechanisms even in adulthood. On the other 

hand, since a decreased expression of GluA2 subunit is thought to occur just before excitotoxic neuronal 

degeneration (Hanada, 2014), a marked decrease in the age–dependent expression of GluA2 level detected in 

the ventral hippocampus, suggests that this structure is highly prone to excitotoxicity not only during development 

but also early in adulthood.  

The expression of GRIN2A and GRIN2B genes encoding NR2A and NR2B subunits were highly affected 

by early-life LiCl/Pilo–SE. Present results support data published formerly, displaying that there is general 

significant decrease in the GRIN2A mRNA and an early marked increase in GRIN2B mRNA developmental 

expression level. Our data indicate that the ventral hippocampus is particularly affected by LiCl/Pilo–SE, since 

increased expression of GRIN2B was detected there even in adulthood. As for GRIN2A/GRIN2B expression ratio, 

since its low level may indicate increased excitability (Papatheodoropoulos et al., 2005), present results designate 

that single episode of early–life SE may increase age–related excitability in the whole brain, and it can persists 

even in adulthood. Moreover, LiCl/Para can exhibit similar effects, and present data provide evidence that 

administration of LiCl and paraldehyde have a marked influence on developmental expression levels of Glu2A 

gene and protein, as well as GRIN2A and GRIN2B gene expression. It is possible that LiCl in combination with 

paraldehyde can strongly alter normal brain ontogeny in terms of changing NMDARs and AMPARs properties.  
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