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ABSTRACT 

Kinetic model of excitatory synapse functioning with glutamate and N-acetylaspartylglutamate 

(NAAG) as neurotransmitters in a three-component system regarding neuroglial astrocytic cells 

and the glutamate carboxypeptidase (GCPII) enzyme has been developed. The biphasic nature of 

the process providing excitation amplification within the modeling framework is shown. The role 

of excitatory synapse intensity has been investigated. The role of NAAG for enhancing neuronal 

connectivity and the realization of cognitive function is shown. The mechanism of cognition 

control by influencing on the efficiency of mGluR3 metabotropic receptor functioning is dis-

cussed. The role of GCPII inhibition as a method of improving cognitive functions is studied. 

Dynamic features of the glutamatergic system behavior in neurodegenerative diseases (Alzhei-

mer's disease, dementia), schizophrenia, traumatic brain injury, and epilepsy, as a part of devel-
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opment of the kinetic model are analyzed. The positive role of GCPII inhibition with the NAAG 

level increase as an effective approach to neuropathology treatment is shown. 

Keywords: kinetic model, glutamate, N-acetylaspartylglutamate, glutamate carboxypeptidase, 

glutamatergic synapse, biphasic nature, cognitive function, neuropathology 

INTRODUCTION 

The mechanism of the human neurosystem functioning as a molecular biocomputer is the op-

erational interaction of a great number of ion-molecular systems, with the dominant role of inter-

neuron synaptic transmission systems for excitation using specialized synaptic structures. Synap-

ses are ‘chemical semiconductors’ that implement directed one-way signal transmission (excita-

tion transfer) from one neuron to another. Kinetic modeling of the synapse functioning is an ef-

fective method to analyze the mechanism of synaptic transmission and the basis for creating 

methods of neurosystem control. A kinetic model of cholinergic synapse which is one of the 

basic elements of the brain neuronal system functioning has been developed [1–3]. Acetylcholin-

esterase - the enzyme that hydrolyzes acetylcholine, the neurotransmitter with choline and acetic 

acid formation - acts as the fundamental element in the mechanism of cholinergic synapse ‘oper-

ation’. The enzyme interlocking by proton, resulting the acetic acid formation, is a hypothesis 

which explains the information recording and storage mechanism (molecular synaptic memory 

mechanism) in the neuronal system. It has been established that cholinergic synapses are some of 

the key elements in the human memory system [4]. 

The system of glutamatergic synapses is of equal importance for the human brain and is the 

most representative synaptic system in it. Nearly 40 % of synapses in the human brain are excita-

tory glutamatergic synapses that transmit excitation by injecting vesicles containing glutamic 

acid into the synaptic cleft [3]. Glutamatergic synapses are the main excitatory synapses and play 

a critical role in the nervous system. Being the neurotransmitter, glutamate is the extremely im-
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portant component in the memory mechanism [5–19] and is of great importance for the neuro-

degenerative brain lesion development [5–11]. There is every reason to believe that acute neuro-

pathologies such as stroke, schizophrenia, traumatic brain injury, as well as chronic neurodegen-

erative diseases such as Alzheimer's disease and Huntington's disease, are associated with exces-

sively high extracellular concentrations of glutamate as an excitatory neurotransmitter in the 

brain. 

The mechanism of glutamatergic system functioning is associated with the participation of N-

acetylaspartylglutamate (NAAG), the most represented dipeptide in the brain [20–22]. In the 

human brain, NAAG concentrations in the range of 10 – 50 mM are detected. This neuropeptide 

is of the highest concentration and is undoubtedly the most important neuropeptide in the human 

brain. It is obvious that elucidation of this component role in the physiology of the neuronal sys-

tem shall be of special attention. There is a reasonable notion of a significant role of N-

acetylaspartylglutamate hydrolase enzyme - a peptidase (GCPII) that ‘splits off’ glutamic acid 

from NAAG to form free glutamate and N-acetylaspartic acid (NAA) - in the mechanism of glu-

tamatergic system functioning. The NAA role and the mechanism of NAA hydrolysis with acetic 

acid and asparagic acid formation are discussed in detail in [23–28]. The molecular polymor-

phism of NAA-hydrolase is the basis for Canavan disease, a fairly common neuropathology. 

The key issue of the brain neurosystem functioning is the problem of the primary sensory sig-

nal amplification. The primary sensory signal (visual, audible, temperature, or cognitive) is pro-

duced by narrowly limited number of sensory receptors and neurons. This signal eventually 

causes a powerful molecular-physiological response providing excitation and initiation of a great 

physiological zone functioning in the central nervous system. This is evident, in particular, in the 

neuronal system response to visual stimulation. Molecular changes in the visual rhodopsin when 

visual cortex of the brain is excited cause inclusion of a large neuronal-astrocyte system signal 

(the excitation zone diameter up to 3 cm) in the response mechanism followed by the signal am-

plification that leads to microvascular dilatation of the excitation zone (the BOLD effect) [29–
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35]. In this regard, neurovascular coupling is an integral and fundamentally important compo-

nent of the brain functioning. Violation of this conjugation is the basis for numerous neuropa-

thologies. 

One of the most realistic hypotheses explaining the possibility of signal amplification prior to 

the molecular-physiological response is based on the enzyme action. Enzyme inclusion is capa-

ble of 102 to 106 times enhancing the primary physical effect on the system due to its catalytic 

activity. This was first demonstrated on a model system in [36]. Enzyme activation by unblock-

ing the active center is capable of 102-fold per second signal amplification due to enzymatic re-

action product accumulation. 

It seems highly expedient to develop a kinetic model for the glutamatergic system with NAAG 

participation and description of possible mechanisms of excitation to be amplified. The model is 

based on a collection of literature data on the interaction of glutamatergic synapses and the astro-

cytic system. 

RESULTS AND DISCUSSION 

Structural and biochemical model of the glutamate neuron-astrocytic system. Actually, a 

rich experimental material is present that makes functioning of glutamatergic synapses under-

standable. Demonstration of the interaction of glutamatergic neuronal synapses with astrocytes is 

the important research result [37–42] (Figure 1). 

The glutamate-astrocytic system functioning is provided by the interaction between signal-

conducting ionic medium of the neuron, presynaptic and postsynaptic membranes of the glu-

tamatergic synapse, AMPA and NMDA - ‘classical’ receptor structures of postsynaptic mem-

brane, mGluR1/5 and mGluR3 metabotropic receptors [43–49], and the key enzyme GCPII (glu-

tamate carboxypeptidase) localized on the astrocyte membrane [5, 50–52]. 
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Figure 1. The diagram of glutamate-astrocytic system functioning  

It is generally accepted that glutamate and NAAG are released into the synaptic cleft as a re-

sult of electromechanical transport initiated by neuronal excitation and fusion of synaptic vesi-

cles with the presynaptic membrane in the synaptic active zone. The glutamate concentration in 

the synaptic cleft is 0.6 M at rest and exceeds 10mM when excitation is transmitted during pre-

synaptic depolarization of neurons. Excessive neurotransmitter is effectively removed from the 

synaptic cleft and transferred to the action zone of the astrocytic system. 

The key point of excitative glutamatergic synapses is simultaneous injection of peptide neuro-

transmitter NAAG and glutamate into the synaptic cleft. As part of the excitation transmission, 

the NAAG function is to activate the mGluR3 metabotropic receptor located on the postsynaptic 

membrane. Glutamate carboxypeptidase enzyme (GCPII), which hydrolyzes NAAG forming 

NAA and free glutamic acid, plays the key role in the response dynamics. The activity level of 

this enzyme determines glutamate concentration in the system. It is significant that GCPII is the 

target for drugs under development. 
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Kinetic model and minimal system of equations . Variable concentrations during the glu-

tamatergic-astrocytic system functioning are Glu (glutamic acid concentration), NAAG (neuro-

transmitter NAAG concentration), NAA (N-acetylaspartic acid concentration), D (metabotropic 

receptor functioning products concentration), and N (the number of excited [signal conducting] 

neurons). 

The minimum system of equations includes: 
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NAAGK
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Glue)Glu(a

dt

dGlu
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The first term of Equation (1) describes the Glu injection dynamics into the synaptic cleft 

(when modeling the kinetic features of cholinergic system functioning, a similar approach was 

used [1–3]). The second term of the Equation describes Glu dissipation and absorption dynamics 

in the synaptic cleft, including the neurotransmitter transfer into the astrocyte action system. The 

third and the fourth terms of the Equation reflect enzymatic accumulation of the neurotransmitter 

by means of the GCPII hydrolytic system and the functioning of metabotropic receptors. The 

factor N in Equation (1) reflects dynamic participation of a group of neurons during excitation. 
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The terms in Equation (2) have a similar meaning. 

The dynamics of changes in the concentration of metabotropic receptor activation products is 

described by Equation (3) 
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2
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
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Proportionality of the number of neurons located in the excitation zone to the excitative neuro-

transmitter concentration shall be taken into consideration accordingly: 

NAAGGluN 2 ,       (4) 
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The kinetic model of the glutamatergic synapse interaction with the astrocyte system (1)–(5) 

describes the process dynamics in two modes: fast (in milliseconds) and slow (in seconds). Vari-

ation of the model parameters (a1, Glu0, a2, NAAG0, Vm,  etc.) helps in achieving the most sig-

nificant parameters that may significantly affect the process nature. 

The glutamatergic system is the key system for many neurophysiological phenomena. Bi-

phasic nature of response, the excitation amplification system. The fundamentally important 

components of the synaptic neurosystem response to an external excitative signal are: Glu neuro-

transmitter; NAAG neurotransmitter injected into the synaptic cleft simultaneously with Glu; 

AMPA and NMDA postsynaptic membrane receptors; mGluR1/5 and mGluR2/3 metabotropic 

receptors; the fundamentally important GCPII enzyme localized on the astrocyte membrane and 

hydrolyzing NAAG with Glu neurotransmitter and NAA formation. A significant number of 

neurophysiological effects is determined by the dynamic interaction of these system components. 

The interaction between synaptic transmission of excitation and the enzymatic NAAG transfor-

mation process determines the biphasic kinetic response, amplification to impulse excitation re-

sponse, excitation spreading with the capture of larger area of the neuronal system, and creation 

of the excitation zone observed experimentally from the BOLD effect. 

The phenomenon of signal amplification consists in transition from excitation of a relatively 

small group of neurons due to a sensory signal to a macroscopic excitation zone creation, which 

is eventually implemented in the BOLD effect (pulsed dilatation of microcapillaries in the exci-

tation zone initiated by a neurosignal). The experimentally observed kinetic effects of the BOLD 

signal are described in [31–34]. Figure 2 shows the results of system of Equations (1)–(5) inte-

gration. They demonstrate the biphasic nature of the glutamatergic neuronal-astrocytic system 

functioning. The synaptic ‘discharge’ occurs in the range of 1ms [54, 55], and the powerful re-

sponse of the neurosystem has the maximum response in the 1s range. 
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Figure 2. Biphasic nature of the glutamatergic neuronal-astrocytic system functioning (1)–(5) at 

parameter values: 1 = 7103;   = 8106s–1; Vm = 4.510–6 mMs–1; Km = 130 nM; 1 = 100 s–1; 2 

= 1.8;  = 1.5 s–1;  = 0.2 s–1;  =5105; K2 = 2 mM; R2 = 0.8 mMs–1;  = 2 s–1;  = 2 = 1 s–1; v 

= 0.001 mMs–1; Vma = 0.248 mMs–1; Kma = 1.810–13 mM;  = 5 s–1. 

 

Figure 3. Results of calculating the system of Equations (1)–(5) in the real time scale with vary-
ing a1(Glu0) and a2(NAAG0), which reflect the strength of Glu and NAAG release into the syn-

aptic cleft during exocytosis. The parameter values are the same as in Figure 2. 

It should be stressed that Figure 2 shows data in the logarithmic time scale. For the sake of 

comparison, Figure 3 shows the same data in the real time scale. 
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Stable and unstable modes of glutamate-astrocyte synapse. Kinetic analysis of the gluta-

mate-astrocyte synapse behavior within the system of Equations (1)–(5) shows that the synapse 

may demonstrate both stable and unstable (bifurcation) modes. To a considerable extent, this is 

determined by mediator ‘outflow’ rates near the reaction zone (  and  parameters). A decrease 

in the rate of glutamic acid removal from the reaction zone may lead to an “explosive” excitation 

of the system (Fig. 4). Figure 4 demonstrates the kinetic behavior with   parameter variation. 

With high values of   (  < 4106 s–1), the initial impulse 1ms long causes a secondary amplified 

excitation wave with the time range of 103 – 105 seconds with the system transition to the stable 

initial state. NAAG (Fig. 4, b) and NAA (Fig. 4, c) concentrations, and the number of excited 

neurons (Fig. 4, d) turn back to the initial state. However, a decrease in   from 4106 s–1 to 

3.95106 s–1 at the bifurcation transition point leads to a bifurcation explosion and unlimited 

growth of Glu, N, and NAAG levels. 

NAA concentration reaches the exceptionally high stationary level. The system behaves in a 

completely similar way when the rate of removal of the second mediator NAAG is varied (Fig. 

5). 

It is of fundamental interest to the study of the system when the expression level of GCPII (Vm 

parameter) – the NAAG hydrolysis enzyme – is varied and when this enzyme is inhibited by a 

potential drug I0. In the latter case, the equation of the NAAG enzymatic conversion rate is as 

follows: 

.
)NAAGK)(K/I1(

NAAGV
V

mi0

m
i


      (6) 

The analysis shows that the enzyme activity level effect on kinetic responses depends on the 

zone (stable or close to the bifurcation process), where the enzyme activity variation occurs. 

https://doi.org/10.26434/chemrxiv-2023-7r957 ORCID: https://orcid.org/0000-0001-5599-0580 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2023-7r957
https://orcid.org/0000-0001-5599-0580
https://creativecommons.org/licenses/by-nc-nd/4.0/


10 

 

 
 

Figure 4. Kinetic responses of the glutamate-

astrocyte synapse to   parameter variation: 1 – 

  = 3.95106; 2 –   = 4106; 3 –   = 8106; (the 

system of Equations (1)–(5)) a) – Glu; b) – 
NAAG; c) – NAA; d) – N; other parameters 

are given in the caption to Fig. 2. 

Figure 5. Kinetic responses of the glutamate-

astrocyte synapse at variation of  parameter: 1 

–  = 0.49; 2 –  = 0.5; 3 –  = 0.6; 4 –  = 1; 

a) – Glu; b) – NAAG; c) – NAA, d) – N, other 
parameters are given in the caption to Fig. 2. 

Figure 6 shows the calculation data with Vm variation in the stable zone,  = 1. It is seen that 

the system does not virtually react when the key variables change with a sufficiently wide varia-

tion of Vm. However, when approaching the unstable zone, the enzyme expression level becomes 

rather significant (Fig. 7),  = 0.5. 
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Figure 6. Kinetic responses of the glutamate-
astrocyte synapse during GCPII inhibition (Vm 

variation): 1 – Vm = 10–4; 2 – Vm = 510–5; 3 – 

Vm = 10–5; a) – Glu; b) – NAAG; c) – NAA; d) 

– N; in the stable zone ( = 1). 

Figure 7. Kinetic responses of the glutamate-
astrocyte synapse during GCPII inhibition (Vm 
variation): 1 – Vm = 10–6; 2 – Vm = 10–5; 3 – Vm 

= 10–4; a) – Glu; b) – NAAG; c) – NAA; d) – 
N; in the zone approaching the bifurcation pro-

cess ( = 0.5). 

Similar responses are obtained when the GCPII activity is varied by using inhibitors (Fig. 8). 

In the zone approaching the bifurcation process, a significant effect of inhibition on the kinetic 

responses of the system may be observed. It should be noted that strong inhibition of the enzyme 

(I0/Ki = 2.5; 10) may lead to a high steady-state level of NAAG. 
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Figure 8. Kinetic responses of the glutamate-astrocyte synapse during GCPII inhibition (I0/Ki 

parameter variation: 1 – I0/Ki = 104; 2 – I0/Ki = 10; 3 – I0/Ki = 2.5; 4 – I0/Ki = 0; Equation (6) in 

the zone approaching the bifurcation process,  = 0.5s–1. 

The fact that the system may transit to the hyperactive excitation state under certain parameters 

associated with excessive accumulation of Glu and NAAG neurotransmitters (small parameters   

and ) is the important conclusion of the analysis. These kinetic observations may explain the 

occurrence of epileptic seizures (see the Section Dynamic behavior of the glutamate synaptic 

system in neuropathologies below). 

Kinetic data below refer to the analysis of the kinetic system behavior in the stable mode at 

high   and  values (modes away from the bifurcation process). 

Kinetic behavior of the glutamatergic system during minute-long exposures to light (light 

excitation, cerebral cortex). Mathematical description of the experimental data. The devel-

opment of in vivo magnetic resonance spectroscopy technique allowed identification of the main 

metabolites determining chemical processes in the excitation zone. Increasing the resolving 

power of the method upon switching to spectroscopy in 7 Tesla fields provide determination of 

19 chemical agents in the excitation zone limited by the BOLD effect [56]. It is shown that visu-

al excitation within the BOLD signal boundaries with increasing oxygen concentration reduces 
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glucose concentration as the main component providing the process energy. As a result, lactic 

acid concentration increases significantly, by (9  4) %. Excitation is realized by glutamic acid 

concentration increase, which is the main excitative neurotransmitter, (4  1) %. The light signal 

elimination returns glutamate concentration to the initial level accordingly. Figure 9 shows the 

experimental data [56] and mathematical description of the observed effects. The system of 

Equations (1)–(5) is used as the basis for modeling experimental data with the following modifi-

cation: 

,ND
NAAGK

NAAGV
Glu)e1(Glua

dt

dGlu
1

m

m)tnt(
01

1 














     (7) 

where n is the number of injection cycles; t is the time between impulses (t = 6 s). 

 

Figure 9. Kinetic changes in glutamic acid concentration of the visual excitation zone within the 

BOLD effect (cerebral cortex) (experimental data [56] – dots and mathematical description of 
the process – bold black curve). 

The experimental data presented unambiguously illustrate the glutamic acid concentration in-

crease in the excitation zone and allows estimation of the process dynamics. 

The role of Glu-excitative synaptic system and NAAG in the cognitive function. Mecha-

nisms of the cognitive control. It is known that mGluR3 receptor stimulation and recognition 

and learning function (the cognitive function) decreases with NAAG levels [17–19]. On the oth-

er hand, inhibition of GCPII glutamate carboxypeptidase increases NAAG concentration, hence, 
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the physiological response consisting of the working memory improvement. It is also known that 

increasing expression of the GCPII enzyme gene in humans causes a cognitive decline [19]. Ac-

tivation of the mGluR3 receptor is associated with accumulation of metabolite D within the 

model developed. Thus, there are several ways to influence on the system. 

1) GCPII inhibition (Vm decrease) –NAAG concentration increase and, as a result, metab-

olite D concentration increase. 

2) Catalytic activity increase for the metabotropic receptor ( parameter increase). 

3) Metabotropic receptor gene expression increase (Vm parameter increase), which de-

creases the cognitive function. 

The experimental data available for the NAAG level effect on cognition within the model de-

veloped allows identification of control points and mechanisms at the excitative glutamatergic 

system level. 

Variation of (cognitive) signal intensity. Impulse discharge of the glutamatergic synapse is de-

termined by a1(Glu0) and a2(NAAG0) parameters and kinetic parameters 1 and 2. First of all, 

this is determined by the amount of Glu and NAAG neurotransmitters in the presynaptic zone of 

the synapse, as well as by 1 and 2 parameters determining the effectiveness of ‘extinguishing’ 

the synaptic discharge. Figure 10 shows dynamics of the pulsed discharge and amplified excita-

tive response (second wave) when a1(Glu0) and a2(NAAG0) parameters are varied. The ‘dis-

charge’ and excitation amplification causes a response in NAAG and metabolite D concentra-

tions (Fig. 10), and the number of excited neurons N accordingly. 

The efficiency of mGluR3 metabotropic receptor functioning. The quantitative efficiency of 

metabotropic receptors ‘operation’ within the model is determined by the parameter . In ac-

cordance with Equation (3), the NAAG peptidase concentration is a fundamentally important 

term. Figure 11 shows the results of integration of the system of Equations (1)–(5) with  param-

eter variation (activation of metabotropic receptors). 
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Figure 10. Dynamics of changes in NAAG concentration (A) and metabotropic receptors D 

functioning products concentration (B) in the glutamate synapse. The calculation parameter val-
ues are the same as in Figure 2. 

 

Figure 11. Dynamic response of the system in the concentrations of Glu (A), NAAG (B), D (D) 

and the number of excited cells N (C) with  parameter variation characterizing the efficiency of 
mGluR3 metabotropic receptor. 
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Inhibition of glutamate carboxypeptidase GCPII as a method for improving cognitive function. 

Exogenous influence on the system behavior may be achieved by inhibiting peptidase, which 

cleaves glutamic acid from NAAG. Drugs inhibiting this enzyme are currently under active de-

velopment [12]. GCPII inhibition has been shown to have a positive effect on cognitive func-

tions. 

Enzyme inhibition (or its expression level decrease) is reflected by Vm parameter decrease 

within the model developed. Figure 12 shows the calculated data for Glu, NAAG, D, and N vari-

ables with varying Vm. It should be noted that a significant decrease in enzyme activity can lead 

to interlocking of the synaptic response. 

 

Figure 12. The effect of GCPII activity on dynamic responses of the glutamatergic system. Var-
ying the maximum rate of NAAG hydrolysis (Vm) as affected by GCPII can be implemented by 
inhibiting the enzyme or its expression level. Calculation parameters are the same as in the cap-

tion of Figure 2. 
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Thus, the cognitive function of the brain, to a certain extent, depends on the functioning of the 

glutamate-astrocytic system, in which GCPII enzyme plays the important role. In the general 

case, occurrence of the excitation zone and amplification of the glutamate signal causes excita-

tion transferring to the information recording and storage system which implements the neuro-

logical memory mechanism. Within the hypothesis of information recording according to the 

proton mechanism of cholinergic synaptic system functioning [4], excitation during amplified 

extension of the excitation zone intersects with the cholinergic system and initiates the memory 

activation process. 

Dynamic behavior of the glutamate synaptic system in neuropathologies . Glutamate syn-

apses, due to the widest representation in the central nervous system, as well as due to the im-

portant role in the implementation of cognitive functions (memory, learning), are of importance 

for the nervous system disorders. Biochemical manifestations of the main components of the sys-

tem (Glu, NAAG, D, etc.) in the development of neurodegenerative diseases (Alzheimer's dis-

ease, dementia, multiple sclerosis), schizophrenia, epilepsy, stroke, and traumatic brain injury are 

known [12]. 

Neurodegenerative diseases. For Alzheimer's disease, a significant decrease in the NAAG lev-

el in almost all organs of the brain has been shown. This may be caused by the activity (expres-

sion level) increase of glutamate carboxypertidase GCPII. The enzyme activity increase causes a 

decrease in the level of NAAG - the product D of the metabotropic receptor mGluR3 activation, 

and reduces the number of excited neurons N involved in the response level within the kinetic 

model considered. These results are shown in Figure 12. On the other hand, the NAAG level in-

crease is achieved by the use of glutamate carboxypeptidase inhibitors. As important exogenous 

factors of influence, the use of enzyme inhibitors has a positive effect on cognitive functions [5, 

12]. This has been shown experimentally. 
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The fact that GCPII activity decrease causes the glutamate level increase in the system (see 

Figure 11A) is the unexpected result of the kinetic analysis. This is a consequence of the great 

role of mGluR3 and product D of its functioning (see Equations (1) and (3)). 

Schizophrenia. This neuropathology is a complex disease involving many systems of the cen-

tral nervous system. The glutamatergic system (the ‘glutamate hypothesis’) plays a significant 

role in the disease development [55, 57]. It has been shown that molecular polymorphism of the 

mGluR3 receptor gene (see Figure 2) is associated with the manifestation of schizophrenia 

symptoms [58, 59]. Hence, disease manifestations are relieved by receptor ligands [60, 61] and 

glutamate carboxypeptidase inhibitors [62]. Kinetic modeling during enzyme inhibition predicts 

NAAG dynamic growth, growth of D, and dynamic increase in the number of neurons involved 

in excitation in response to an external signal. 

Traumatic brain injury. The pathology is comprehensive, including oxidative stress, mito-

chondrial dysfunction, and multiple inflammatory processes. Obviously, this pathology also af-

fects the glutamate synaptic system dysfunction. The direct neuroprotective effect of GCPII in-

hibitors in animals with traumatic brain injury was shown in [63–65]. Figure 11 shows kinetic 

manifestation of such effects. 

Epilepsy. Neurophysiological studies demonstrate the critical role of the glutamate synaptic 

system providing main excitation mechanisms in the development and manifestation of epilepsy 

[66, 67]. It has been shown that the mGluR3 receptor system activation (within the model devel-

oped, the dynamic growth of D component) reduces glutamate amount in the synaptic cleft [68] 

and relieves a number of pathological manifestations of epilepsy. The GCPII inhibitor affects the 

system similarly [69]. Figure 12 illustrates possible mechanism for this effect showing NAAG 

increase with of glutamate carboxypeptidase GCPII activity decrease (inhibition). 

These examples illustrate one common important phenomenon: NAAG concentration increase 

in the system, primarily due to GCPII inhibition, has a positive impact on the general properties 

of the neurosystem. Namely, it has a positive effect on cognitive functions, has a neuroprotective 

https://doi.org/10.26434/chemrxiv-2023-7r957 ORCID: https://orcid.org/0000-0001-5599-0580 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2023-7r957
https://orcid.org/0000-0001-5599-0580
https://creativecommons.org/licenses/by-nc-nd/4.0/


19 

 

and medicinal effect on the development of classical neuropathologies. It's very obvious that 

GCPII inhibitors have a great pharmacological future. 

EXPERIMENTAL AND THEORETICAL METHODS 

A kinetic model of excitatory glutamatergic synapse functioning was built on base the results 

from previous studies [1–4, 12, 27, 56]. The system of ordinary differential equations  was inte-

grated using a specially developed program (in the Delphi Community Edition). Visualization of 

the solutions of the kinetic model was performed by base graphic software. 

CONCLUSIONS 

In this work, the kinetic modeling of excitatory glutamatergic synapse functioning in a three-

component system regarding neuroglial astrocytic cells and the glutamate carboxypeptidase en-

zyme conducted. The biphasic nature of the glutamatergic neuronal-astrocytic system providing 

excitation amplification is shown. Kinetic analysis of the glutamate-astrocyte synapse behavior 

on basis the proposed kinetic model allowed to show that the synapse may demonstrate both sta-

ble and unstable (bifurcation) modes.  

The results of the model calculation were compared with the experimental data on the changes 

in the glutamic acid concentration during visual excitation. The mechanism of cognition control 

by influencing on the efficiency of mGluR3 metabotropic receptor functioning is discussed. 

GCPII inhibition as a method of improving cognitive functions in the brain is studied. It is shown 

that GCPII activity decrease causes the glutamate level increase in the system within the pro-

posed kinetic model. Dynamic features of the glutamatergic system behavior in neurodegenera-

tive diseases (Alzheimer's disease, dementia), schizophrenia, traumatic brain injury, and epilep-

sy, as a part of development of the kinetic model are analyzed. The positive role of GCPII inhibi-

tion with the NAAG level increase as an effective approach to neuropathology treatment is 

shown. 
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