
4.2. RESEARCH AIM 1- SYNTHESIS OF SUBSTANCES INFLUENCING GLUTAMATERGIC NEUROTRANSMISSION 

4.2.1. Abstract 

Searching for novel drugs potentially useful for therapy of central nervous systém (CNS) diseases 

belongs to most investigated topic in contemporary pharmacology and neuroscience. Our previous results 

and patents demonstrated that dual compounds modulating glutamatergic with cholinergic or GABA-ergic 

systém or kynurenic pathways inhibitors and neuroactive steroids can modulated glutamatergic 

neurotransmission in special manners. The proposed project is based on the study of biological properties 

of newly developed drugs and evaluating of their pharmacotherapeutical potential. 

A number of recent studies have demonstrated the important role played by glutamate in the 

pathogenesis of several CNS diseases. Therefore, in a close collaboration of participating institutions we 

have started development and testing of the new specific classes of the glutamatergic drugs. A number of 

papers demonstrated ability of glutamatergic drugs mainly NMDA receptor (NMDAR) antagonists. 

Nonetheless, their therapeutic potential is rather limited due to high coincidence of negative side effects. 

Regarding the fact, that NMDAR are very abundant in the CNS, their general antagonism may impair signal 

transmission between nerve cells and thus to impair many CNS functions. On the other hand, a large 

divergence of NMDAR offers a possibility to search for drugs selectively binding only to a subset of 

NMDARs, which may have therapeutic potential and lower coincidence of negative side effects. This branch 

of research gives rise to the possibility of obtaining the drugs with neuroprotective properties and minima I 

side effects, i.e., with more favorable benefit/risk ratio. 
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4.2.2. Current state of knowledge

ln the field of glutamatergic neurotransmission dysfunction in the CNS, the research was mainly

focused on mapping its role in the pathophysiology of a wide range of neurodegenerative and 

neuropsychiatric diseases. The effect of glutamatergic neurotransmitters is already clinically used in the 

therapy of Alzheimer's disease (memantine), epilepsy {lamotrigine) and in the therapy and prophylaxis of 

bipolar affective disorder {lamotrigine). Preclinical and clinical monitoring has shown that substances that 

increase neurotransmission mediated by ionotropic NMDA {N-methyl-D-aspartate) receptors positively 

treat the symptoms of post-traumatic stress disorder. ln connection with the perspective of clinical use in 

the treatment of posttraumatic stress disorder, anxiety disorders, depressive disorders and schizophrenia, 

substances modulating the function of metabotropic glutamatergic receptors are tested. ln 

pathophysiology, schizophrenia plays a very important role in the dysfunction of NMDA-mediated cortical 

glutamatergic neurotransmission. Research seeks to clarify this role and the possibility of medically 

influencing pathophysiological mechanisms. The use of glutamatergic drugs would allow the therapeutic 

effect of schizophrenia to affect not only the positive symptoms but also the mechanism responsible for 

cognitive deficits and negative symptoms. 

Glutamate is the main building block in protein synthesis. When used as a neurotransmitter in the 

CNS, it is converted from glutamine. Glutamine is converted into glutamate via the mitochondrial enzyme 

glutaminase in neurons. Glutamate is stored in synaptic vesicles for later release during neurotransmission. 

A large portion of the glutamate released into the synaptic cleft is trapped by glial cells that adjacent to the 

neuron. ln the case of glutamate neurons, the neighboring cells of glie glutamine provide a precursor for 

conversion to the neurotransmitter glutamate. Glutamate is first converted to glutamine in the glial cell 

with the enzyme glutamine synthetase. Glutamine is then transported to the neuron for conversion to the 

neurotransmitter glutamate (or GABA). Because of its charge, glutamate cannot diffuse through the cell 

membrane. Nano endings and glial cells have a high affinity uptake system. The effect of glutamate is not 

discontinued by enzymatic decomposition of the substance as in other neurotransmitter systems. From the 

synaptic cleft glutamate is removed by two transport pumps, the so-called glutamate transporters, which 

bind to the guanine nucleotide, called G proteins. Subsequent changes of secondary messengers generate 

slower synaptic transmission compared to ionotropic receptors. The high availability of glutamate, as a 

neurotransmitter in combination with a widespread distribution of metabotropic receptors, is the care of 

this centra I modulation system of secondary messengers in the CNS. 

The complexity of expression of glutamate receptors and the possibility of their modification under 

physiological and pathological circumstances are factors that make it difficult to assess their role in the 

pathogenesis of neurological and psychiatrie illnesses. On the other hand there is a rising interest of 

scientific community on glutamatergic drugs. This trend can be demonstrated in following examples. 

ln the pathophysiology of schizophrenia, dysfunction of glutamatergic neurotransmission occurs. 

Hypothesis of glutamatergic hypofunction implies hypofunction of brain glutamatergic neurons in 

schizophrenia. The most important consequence of this hypothesis is the therapeutic effect of 

schizophrenic symptomatology on drugs that increase glutamatergic neurotransmission. A hypotension of 

glutamatergic hyperfunction has also been formulated, based on the ability to influence schizophrenic 

symptoms with glutamate leaching agents. The effect of certain substances affecting the glutamatergic 
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