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Activity in the Department of Neurochemistry from 1925 until the present day was described in particu
lar. The main scientific areas of research at the Department of Biochemistry of the Nervous System until 1982 
were following: study of the chemical topography of the nervous system; study of subcellular and suborganoid 
localization of neurospecific proteins; investigation of the effect of psychotropic agents on nitrogen, carbo-
hydrate, and protein metabolism in the structures of the nervous system; studying membrane organization 
and function mechanisms of enzyme systems for active transport of sodium, potassium, and calcium in nerve 
cells. Since 1982, research in the Department has been focused primarily on the following areas: biogenesis 
of membrane and secretory proteins; research on neurospecific proteins; research on plasma membrane 
directly involved in the generation and transmission of nerve signals. Since 2010, the research of the Depart-
ment of Neurochemistry was aimed at solving the following urgent problems: elucidation of the role of struc-
tural organization of membrane and lipid- protein interactions in the regulation of nerve signal transmission 
process; elucidation of the role of presynaptic receptors in the regulation of key stages of neurotransmission 
process and determination of the ways to modulate the neurotransmitter reception system; search and iden-
tification of natural membranotropic and neuroactive compounds, analysis of the molecular mechanisms of 
existing membranotropic and neuroactive drugs action; space biology, namely the development of a method 
for determining the toxicity of planetary dust; nanotechnology, namely the synthesis and analysis of the neu-
roactive effect of nanoparticles; environmental neurotoxicology, namely the study of the neurotoxic effects of 
environmental pollutants and the development of the ways to overcome their harmful impact.

K e y w o r d s: synaptic neurotransmission, nerve terminals, exocytosis, neurotransmitter transporters, 
receptors, membranotropic and neuroactive compounds, functional nanocomposites and 
nanohybrids.

Since the founding of the Ukrainian Biochemi-
cal Institute of the People's Commissariat of 
Education of the Ukrainian SSR (1925), and 

later the Institute of Biochemistry of the National 
Academy of Sciences of Ukraine, one of its main 
scientific directions was the biochemical study 
of the nervous system. In 1935, the Laboratory of 
Neuromuscular Activity was founded. After that, in 
1944, the Laboratory of Biochemistry of the Nervous 
System was created on its basis, and in 1966, the 
laboratory acquired the status of the Department of 
Biochemistry of the Nervous System. In 1982, the 
Department of Biochemistry of the Nervous System 
was merged with the Laboratory of Biomembranes, 
and the new Department was named the Department 
of Neurochemistry. 

The supervisor of this research was the Direc-
tor of the Institute and simultaneously the Head of 
the Department of Biochemistry of the Nervous 
System, academician of the Academy of Sciences 
of the USSR and the Academy of Sciences of the 
Ukrainian SSR, Olexandr Volodymyrovych Palladin 
(1925–1972). Subsequently, research in the field of 
neurochemistry was led by D. Sc. Yakiv Vasylovych 
Belik (1973–1982), Academician of the Academy of 
Sciences of Ukrainian SSR Valeriy Kazymyrovych 
Lishko (1983–1991), Ph.D. Nina Germanivna Him-
melreich (1991–2013), and since 2013 until now, Pro-
fessor, D.Sc. Tetiana Olexandrivna Borisova.

The main scientific areas of research at the De-
partment of Biochemistry of the Nervous System 
until 1982 were the following: 

doi: https://doi.org/10.15407/ubj97.05.102
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• study of the chemical topography of the 
nervous system, i.e. determining the specific chemi-
cal composition and the course of biochemical pro-
cesses in morphologically and functionally different 
parts of the central and peripheral nervous system 
(O. V. Palladin, G. Ya. Gorodyska, O. Ya. Rashba, 
E. B. Skvyrska, B. Y. Khaikina); 

• study of subcellular and suborganoid localiza-
tion of neurospecific proteins, as well as the study of 
the functioning of enzyme systems of carbohydrate-
phosphorus, lipid, and protein metabolism in mor-
phologically and functionally different structures 
of nervous tissue (O. Ya. Rashba, E. B. Skvyrska, 
B.  Y.  Khaikina, N. M. Polyakova, Ya. V. Belik, 
T. P. Babiy, K. O. Goncharova, Ts. M. Shtutman, 
O. N. Fedorov, V. I. Tyulenev, L. A. Tsaryuk, 
V. K. Lishko, S. O. Kudinov);

• investigation of the effect of psychotrop-
ic agents on nitrogen, carbohydrate, and protein 
metabolism in the structures of the nervous sys-
tem (Ya. T. Terletska, V. Y. Kocherga, L. S. Smer-
chynska, K. O. Goncharova, A. O. Musialkovska, 
P. K. Parkhomets); 

• studying membrane organization and function 
mechanisms of enzyme systems for active trans-
port of sodium, potassium, and calcium in nerve 
cells (O. V. Palladin, O. V. Kirshenko, V. K. Lishko, 
S. A. Kudinov, O. M. Rozhmanova, N. M. Polya-
kova, G. L. Vavilova, M. K. Malysheva, V. I. Naza-
renko, O. V. Kravtsov).

Since 1982, research in the Department has 
been conducted mainly in the following areas: 

• biogenesis of membrane and secretory 
proteins;

• research on neurospecific proteins;

• research on plasma membrane systems di-
rectly involved in the generation and transmission 
of nerve signals.

In particular, research was focused on:
• channel-forming activity of a specific hydro-

philic tetrodotoxin (TTX)-sensitive protein and prop-
erties of TTX-sensitive channels in planar bilayer 
lipid membranes and liposomes (V.  K.  Lishko, 
M. K. Malysheva, A. V. Stefanov, N. G. Himmel-
reich, L. G. Storchak); 

• mechanisms of protein inclusion into lipid 
membranes and protein transport across mem-
branes (V. K. Lishko, D. I. Balkov, G. V. Los, 
T. O. Borisova); 

• mechanisms of ion channels formation 
by neurotoxins in planar lipid bilayers and lipid 
vesicles and studying properties of these chan-
nels (V. K. Lishko, V. Yu. Sokolov, I. O. Trikash, 
A.  M. Chanturia, O. Ya. Shatursky); 

• presynaptic mechanisms of action of the toxin 
from the venom of black widow spider Latrodec-
tus mactans tredecimguttatus,α-latrotoxin, and its 
impact on the brain nerve terminals (N. H. Him-
melreich, Ya. T. Terletska, L. G. Storchak, 
N. G. Pozdnyakova); importantly, since the 1980s 
and for the next 30 years, the Department studied 
the neuroactive properties of α-latrotoxin;

• the fusogenic activity of α-latrotoxin 
(Ya. T. Terletska, I. O. Trikash).

It has been shown that hydrophilic proteins 
from brain and muscle tissue can spontaneously in-
teract with phospholipid bilayers and liposomes to 
form TTX-sensitive sodium channels. When a TTX-
sensitive protein is incorporated into a liposomal 
membrane, a channel with an asymmetric structure 
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is formed. The specific effect on the sodium perme-
ability of the channel by the modulators of endoge
nous sodium channel activity, veratridine and tet-
rodotoxin, led to the conclusion that a hydrophilic 
precursor of the sodium channel exists. 

In the research of neurospecific proteins, the 
main attention was paid to the S-100, 14-3-2 and 
myelin basic protein. Immunochemical methods 
established the localization of these proteins in 
nervous tissue as well as changes in their content 
during brain injuries and pathologies. Thanks to 
the development of a method for obtaining a pure 
preparation of the basic protein from the myelin 
sheath of the brain white matter, experiments were 
conducted to study the effect of administering this 
protein to experimental animals, and it was found 
that it caused allergic encephalomyelitis. The thera-
peutic effect of high doses of myelin on experimen-
tally induced allergic encephalomyelitis was estab-
lished (Ya. V. Belik, Ya. T. Terletska, O. P. Kozulina, 
L. P. Syrovatska).

In studies of nervous tissue proteins, whose 
function is to ensure active transport of ions, the 
main attention was paid to Mg2+,Na+,K+- and Mg2+, 
Ca2+-activated ATPases - enzymes that provide the 
specificity of the ionic composition of a nerve cell. 
Experiments were conducted to establish the locali-
zation of ATPases in different parts of the nervous 
system. The peculiarities of ATPase systems in 
peripheral nerves functioning under normal condi-
tions and during the development of degenerative 
processes were studied. The mechanism of interac-
tion of Mg2+,Na+,K+ -ATPase with ouabain and local 
anesthetics and the role of the lipid environment in 
the functioning of this enzyme were determined. A 
significant attention in these studies was devoted to 
the assessment of the ATP hydrolysis mechanism it-
self, which is a complex reaction in which Na+,K+ and 
Mg2+ ions participate (O. V. Kirsenko, V. K. Lishko, 
S. O. Kudinov, V. Y. Kocherga, V. I. Nazarenko, 
G. L. Vavilova, O. V. Kravtsov).

Using a model system of cotranslational trans-
location, consisting of liposomes and a cell-free pro-
tein synthesis system, it was shown that liposomes 
can serve as acceptors of synthesized membrane/
secretory proteins. The latter cotranslationally cross 
the phospholipid membrane bypassing the facili-
tating translocation protein system. The important 
role of the signal peptide in the transport process 
was also established (Т. О. Borisova, І. О. Trikash, 
V. K. Lishko) [1]. 

The ability of α-latrotoxin to induce calcium 
conductivity in planar lipid bilayers (BLM) has 
been shown. Ion channels formed by the toxin in 
the BLM have been characterized. The potential-de-
pendent nature of the channel formation process and 
the vectorial nature of the process of incorporating 
the α-latrotoxin molecule into the bilayer have been 
shown. The asymmetric form of α-latrotoxin chan-
nels has been proven by analyzing the current-volta
ge characteristics. High cation specificity of the 
channels has been established [2]. The interaction 
of α-latrotoxin with nerve terminals (synaptosomes) 
was studied, in particular the process of binding and 
internalization of α-latrotoxin by synaptosomes, 
properties of ion channels formed by α-latrotoxin in 
the plasmalemma of synaptosomes, relationship and 
interdependence between the ability of α-latrotoxin 
to form ion channels and stimulate the release of 
neurotransmitters from nerve terminals and the role 
of the processes of phosphorylation and dephospho-
rylation of neuronal proteins in the implementation 
of the secretogenic function of α-latrotoxin were in-
vestigated. Using various model systems, the ability 
of the α-latrotoxin molecule to fuse membrane struc-
tures was established, i.e., the fusogenic activity of 
the toxin was shown. The dependence of fusogenic 
activity on the degree of protonation and hydropho-
bicity of the α-latrotoxin molecule was established 
[3-6].

A system for modeling the process of neurose-
cretion, consisting of synaptic vesicles and plasma 
membranes of the brain nerve terminals, has been 
developed. The stimulating effect of MgATP on the 
fusion process of these structures and its sensitivity 
to physiological concentrations of calcium have been 
shown [7].

A new dosage form for acute and chronic forms 
of pneumonia, bronchial asthma, cystic fibrosis and 
other lesions of the lung tissue treatment has been 
developed. A patent for “Method of obtaining an 
antihypoxic drug in liposomal form” has been ob-
tained.

Since 2010, the Department of Neurochemist
ry has been conducting studies of molecular mecha
nisms of disorders in excitatory and inhibitory 
neurotransmitters transport under pathological con-
ditions and under conditions of excitotoxicity in pr-
esynaptic nerve terminals of the brain. The complex 
modulation of synaptic transmission in brain nerve 
terminals by new agents for theranostics of neuro-
pathologies was studied. The research was aimed at 
solving the following urgent problems:
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• elucidation of the role of structural organiza-
tion of membrane and lipid-protein interactions in 
the regulation of the nerve signal transmission pro-
cess;

• elucidation of the role of presynaptic receptors 
in the regulation of key stages of the neurotransmis-
sion process and determination of the ways to modu-
late the neurotransmitter reception system;

• search and identification of natural mem-
branotropic and neuroactive compounds, analysis of 
the molecular mechanisms of existing membrano-
tropic and neuroactive drugs’ action;

• space biology, namely the development of a 
method for determining the toxicity of planetary 
dust;

• nanotechnology, namely the synthesis and 
analysis of the neuroactive effect of nanoparticles;

• environmental neurotoxicology, namely the 
study of the neurotoxic effects of environmental pol-
lutants and the development of ways to overcome 
their harmful impact.

The plasticity of synaptic processes is achieved 
due to systems of precise modulation of key stages of 
the neurotransmission process - the release of neuro-
transmitters into the synaptic cleft and active reup-
take of neurotransmitters from the synaptic cleft. 
The understanding of biochemical mechanisms of 
the modulation of these processes is extremely in-
sufficient, therefore, the main focus of the research 
was aimed to study the pathways and mechanisms 
that underlie modulatory processes and ensure the 
maintenance of a balance between excitation and in-
hibition. Using appropriate methods of analysis (ra-
dioisotope analysis, fluorescence spectrometry, laser 
correlation spectroscopy, confocal microscopy, flow 
cytometry, method of recording ionic conductivity 
of a bilayer lipid membrane), a cell-free system for 
studying the process of exocytosis and experimental 
models as hypergravity loading; early age hypoxia 
accompanied by seizures; cholesterol deficiency, 
which is inherent in a number of diseases accompa-
nied by the development of neuropathologies, made 
it possible to find out which presynaptic processes 
play the key role in the development of neuropatholo
gies [8-17].

Using various model systems of hypoxia and 
excitotoxicity conditions, an analysis of compensa-
tory mechanisms was performed. Activation of these 
mechanisms allows to balance neuronal activity and 
to investigate the multidirectional effects of existing 
neuroactive drugs and new synthesized neuroactive 
compounds on the neurotransmission process.

Early age hypoxia is one of the crucial fac-
tors in mental retardation development, and, in se-
vere cases, epilepsy, resistant to drug treatment. It 
has been shown that hypoxia and seizures in rats 
during the perinatal period caused changes in the 
implementation of energy processes. A persistent 
and long-term consequence of perinatal hypoxia 
was an increase in the level of extracellular GABA. 
Normalization of the level of extracellular GABA 
is possible with an increase in the level of ATP in 
the terminals, which occurs under the conditions of 
consumption of pyruvate by the terminals of cortical 
and hippocampal neurons as the only energy sub-
strate [18]. 

Changes in the ratio of active GABA transpor
ters GAT1/GAT3 expressed in the plasma membrane 
of nerve terminals after perinatal hypoxia and the 
possibility of modulating their activity in different 
parts of the brain with β-alanine have been shown 
[9]. Age- and hypoxia-dependent reduction in 
[3H]GABA uptake was found in the rat hippocam-
pus, thus establishing the particular vulnerability of 
this structure to hypoxia compared to the cortex and 
thalamus [20].

Activation of receptors located on presynaptic 
terminals is one of the main pathways for fine regu-
lation of the neurotransmission process. Presynaptic 
ionotropic receptors activated by glutamate, a media-
tor of the excitation signalling, are involved in the 
regulation of inhibitory processes in the presynapse 
by inducing synchronous and asynchronous exocy-
tosis, triggered by the inflow of Na+ and Ca2+ into 
the nerve terminal mediated by receptor ion chan-
nels. The key link in the signaling pathway between 
receptor activation and exocytosis is stimulation 
of reactive oxygen species (ROS) production. The 
leading role of AMPA/kainate receptors in the pro-
cess of stimulating the generation of ROS and the 
role of NADP oxidase in the signaling pathway of 
NMDA receptors have been shown [21].

Studies in a cell-free system of action of the 
antiepileptic drug levetiracetam, a specific ligand 
of the transmembrane protein of synaptic vesicles 
SV2, indicated the involvement of the SV2 protein 
in both the processes of homo- and heterotypic fu-
sion, and in the clustering of synaptic vesicles. Using 
levetiracetam, it was shown that SV2A functioned 
as a regulator of the process of clustering of synap-
tic vesicles and calcium-regulated fusion of vesicles 
with the plasma membranes of synaptosomes. Leve-
tiracetam activated the process of calcium-regulated 
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release of GABA from nerve terminals of the cortex, 
hippocampus and thalamus of the rat brain. The ef-
fectiveness of levetiracetam was significantly higher 
in animals exposed to perinatal hypoxia [22].

It has been shown that amphotericin B, as well 
as recombinant subunit B of diphtheria toxoid, when 
added to only one side of a “planar cholesterol-
containing phospholipid bilayer membrane (thick-
ness ~51 Å), were capable of forming long-lived ion 
channels in the open state, in the formation of which 
the length of the acyl tails of fatty acid residues of 
phospholipid molecules plays a critical role. In the 
bilayer phospholipid membrane, the properties of 
the channels formed by calixarene C-99 allowed us 
to consider it as a potential-dependent anion trans-
porter [23, 24]. 

In the Department, research in the field of 
space biology has also been conducted. Gravitation-
al overload, which is an inevitable factor of space 
flights, caused significant changes in neuronal pro-
cesses, in particular in the regulation of the release 
and accumulation of the excitatory mediator – glu-
tamate in presynaptic terminals. It was found that 
under conditions of gravitational loading of animals, 
significant changes occurred in the processes of glu-
tamate release from presynaptic nerve terminals: 
Ca2+-dependent release of glutamate from synapto-
somes decreased due to a decrease in the content of 
the neurotransmitter in synaptic vesicles, and the cy-
tosolic level of glutamate increased, which indicated 
a redistribution of the neurotransmitter between 
the vesicular and cytosolic pools due to the action 
of hypergravity [25]. A unique effect of the Lunar 
dust simulant in comparison with the Martian dust 
simulant and synthesized magnetite nanoparticles 
has been shown, namely, an increase in the binding 
of glutamate to nerve terminals. By causing changes 
in the extracellular level of glutamate, which is 
extremely important for proper synaptic transmis-
sion, Lunar dust can have a detrimental effect on the 
homeostasis of this neurotransmitter in the central 
nervous system [26]. 

The molecular mechanisms of action of mag-
netic nanoparticles of natural origin, coated with a 
protein shell, ferritin, and the specific effects of the 
protein and inorganic components of this natural na-
noparticle have been discovered, which allowed the 
use of ferritin for the modulation of neurotransmitter 
transport in the nerve terminals of the brain [27].

The neuromodulatory properties of carbon dots 
synthesized from beta-alanine have been discovered, 

namely, a significant inhibition of the active accu-
mulation of GABA by the nerve terminals of the rat 
brain was revealed. The neuroactivity of carbon dots 
makes them capable of modulating the process of 
synaptic transmission simultaneously with the visua
lization of the studied processes [28-31].

All of the above-mentioned results of the De-
partment’s work have become the scientific basis for 
creating a concept regarding the molecular mecha-
nisms of regulation of active transport and reception 
of neurotransmitters in the presynapse.

Over the past 5 years, starting from 2020, the 
Department has initiated research and obtained new 
scientific results aimed at preserving the state of the 
environment. The constant increase in the number 
of patients with neurological diseases is a global and 
still unresolved problem of modern society. There 
is increasing evidence of the relationship between 
environmental metal pollution and the etiology of 
neurological diseases at an early age (for example, 
autism), or in old age (e.g. Alzheimer’s disease). 
Environmental pollutants, in particular neurotoxic 
heavy metals, act as a complex mixture [32]. Mili-
tary operations lead to a significant increase in pol-
lution with neurotoxic metals and the concentration 
of neurotoxic particulate matter in the air, which in 
turn also contributes to significant environmental 
pollution. In this context, for an adequate assess-
ment of the risk of neurotoxicity, the effect of heavy 
metals in their multi-pollutant mixture should be 
investigated. This approach was developed and suc-
cessfully used in the Department to study the effect 
of carbon-containing smoke particulate matter and 
heavy metals on the main characteristics of synaptic 
transmission.

In addition, post-traumatic stress disorder that 
occurs in the population during martial law and mili-
tary operations significantly exacerbates this prob-
lem. Prevention of the development and successful 
treatment of neurological diseases is the most urgent 
scientific task, the successful solution of which is 
hampered by the lack of fundamental and applied 
knowledge regarding the regulation of key processes 
of synaptic transmission in the central nervous sys-
tem.

The Department has developed a new metho
dology, obtained and characterized a panel of wa-
ter-suspended preparations of carbon-containing 
smoke particles from the combustion of materials of 
natural and anthropogenic origin (Fig. 1 and 2). The 
presence of nanosized particles in the preparations 
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Fig. 1. Methodology for obtaining water-suspended preparations of carbon-containing smoke particles from 
plastic combustion [33]

Fig. 2. Experimental design to study the neurological hazards of multi-pollution by cadmium, lead, copper, 
and smoke particulate matter from burning of wood and medical masks [36, 37, 40]
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of smoke aerosols from the combustion of wood and 
plastic has been shown, and it has been proven that 
they disrupt the process of synaptic transmission and 
cause an imbalance of excitation-inhibition proce
sses in the brain nerve terminals. The unique optical 
properties of the particles can be used in “smart” 
monitoring of air pollution. The results obtained on 
the neurotoxicity of smoke from burning plastics 
were published in 2020 [33-35]. 

For the first time, a decrease in the membrane 
potential of nerve terminals and isolated neurons, 
mitochondrial potential, and acidification of synaptic 
vesicles under the action of smoke preparations from 
the combustion of medical masks has been demon-
strated in the frame of NRFU project 2020.02/0147 
(PI - Head of the Department, Prof., D.Sc. T. Bori-
sova). It has been proven for the first time that smoke 
preparations of both natural and anthropogenic ori-
gin have neurotoxic properties and can provoke a 
malfunction in the presynapse due to the weaken-
ing of the transporter-mediated uptake of glutamate/
GABA by nerve terminals, disrupt the balance of 
excitatory and inhibitory neurotransmission, which 
proves the connection between air pollution by par-
ticulate matter and nervous system disorders and 
neurodegenerative diseases. ROS generation was 
weakened in the presence of smoke components 
from the combustion of both wood and plastic. The 
disposal of waste disposable medical masks by in-
cineration led to the release of neuroactive nanosized 
solid particles into the environment, contributing to 
the pollution of air and water resources with nano-
plastics, as well as the development and spread of 
neuropathologies. [36].

It has been shown for the first time that the 
increase in extracellular levels of excitatory (glu-
tamate) and inhibitory (gamma-aminobutyric acid, 
GABA) neurotransmitters, the decrease in the re-
lease of neurotransmitters by exocytosis, and the 
change in the membrane potential of nerve terminals 
in the presence of smoke preparations of natural and 
anthropogenic origin were associated with the crea-
tion of single ion-conducting pores in the planar lipid 
bilayer. 

A comparative analysis of the neuroactive ef-
fect of smoke preparations from wood and plastic 
combustion revealed a fundamental difference as-
sociated with a decrease in synaptic inhibition due 
to a decrease in synaptosomal extracellular level of 
GABA under the influence of smoke from plastic 
combustion. This may be the cause of the develop-

ment of neuropathology in response to air pollution 
with solid particles from plastic combustion and can 
be used in predicting health risks during man-made 
disasters [35].

It has been shown for the first time that prepa-
rations of smoke particles from the combustion of 
various types of wood differed from each other in 
their characteristics. Solid smoke particles from the 
combustion of different types of wood differently af-
fect the release of glutamate and GABA from nerve 
terminals. Solid smoke particles from poplar wood 
were found to be the most neurotoxic and caused 
a more than fivefold increase in the extracellular 
level of the excitatory neurotransmitter glutamate, 
disrupted the release of neurotransmitters by exo-
cytosis, caused membrane depolarization in nerve 
terminals, which, in turn, cause the development of 
excitotoxicity and leads to neurological consequen
ces due to a violation of the balance of excitation and 
inhibition in the central nervous system [34]. 

For the first time in the frame of NRFU project 
2021.01/0061 (PI - Head of the Department, Prof., 
D.Sc. T. Borisova), the combined neurotoxic effect of 
Pb2+ and solid carbonaceous smoke particles from 
combustion of wood and medical masks on nerve 
terminals has been proven. It has been shown that 
smoke preparations did not change the Pb2+-induced 
increase in extracellular levels of glutamate and 
GABA, thereby demonstrating an additive effect 
and the absence of interference of the neurotoxic ef-
fects of Pb2+ and solid smoke particles. Both smoke 
preparations reduced the Cd2+-induced increase in 
extracellular levels of glutamate and GABA in nerve 
terminals. In fluorimetric measurements, metals and 
smoke preparations demonstrated an additive ef-
fect on the membrane potential of nerve terminals, 
causing membrane depolarization. Thus, the diver-
sity of the interference effects of pollutants, namely 
heavy metals and solid smoke particles, on key pre-
synaptic processes was revealed. The reciprocal neu-
rological danger of multi-pollution with cadmium 
and lead on the one hand and solid smoke particles 
from burning poplar wood and medical masks on the 
other hand has been proven due to the disruption of 
the excitation-inhibition balance and the membrane 
potential of nerve terminals [37]. 

The combined use of mercury and carbona-
ceous particles (carbon dots), as models of air pol-
lutant particles, has been shown to attenuate acute 
mercury-induced neurotoxicity in nerve terminals. 
These carbon dots and Hg2+ acted as a complex in 
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nerve terminals, as confirmed by fluorimetric data 
on changes in their spectroscopic characteristics in 
the presence of Hg2+ [38].

Copper is one of the main pollutants of the 
territory of Ukraine during active military opera-
tions. Copper is an indispensable transition metal, 
necessary for several important biological proce
sses, however, its excess is toxic to cells. Excessive 
consumption of copper and disruption of copper ho-
meostasis regulation cause its accumulation in the 
brain, and excess copper causes memory deficits and 
cognitive impairment. It is known that environmen-
tal influences and/or changes in copper homeostasis 
contribute to the development of neurodegenerative 
diseases, such as Alzheimer’s disease and Parkin-
son’s disease [39]. The ability of Cu2+ to influence 
neurotoxicity induced by water-suspended wood 
smoke particulate matter (PM),  and vice versa, was 
investigated using rat presynaptic nerve terminals 
from the cerebral cortex. The interaction of Cu2+ and 
PM, changes in particle size and surface properties 
were shown in the presence of Cu2+ by microscopy, 
DLS and IR spectroscopy. Both Cu2+ and PM alone 
increased the levels of the excitatory neurotransmit-
ter L-[14C]glutamate and the inhibitory [3H]GABA 
in nerve terminal preparations. When co-adminis-
tered, Cu2+ significantly enhanced the PM-induced 
increase in the levels of both neurotransmitters in 
the synaptosomal preparation, thereby demonstrat-

ing a cumulative synergistic effect and significant 
interference of the neurotoxic threat associated with 
Cu2+ and PM. In fluorimetric measurements, Cu2+ 
and PM also demonstrated a cumulative synergistic 
effect on membrane potential, mitochondrial poten-
tial, synaptic vesicle acidification, and spontaneous 
generation of ROS. Thus, a synergistic effect of Cu2+ 
and PM on key presynaptic processes and a multi-
pollutant neurological threat through disruption of 
the excitatory-inhibitory balance, membrane and 
mitochondrial potential, vesicle acidification, and 
generation of reactive oxygen species was demon-
strated [40].

It has been proven that solid carbonaceous 
smoke particles - air pollutants - can be carriers of 
enveloped SARS-Cov-2 viral particles to the brain 
and enhance their neurotoxic effects (Fig. 3). The in-
ternational publication of these results was included 
in the top 25% of research results, assessed by the 
Springer publishing house “Altmetric”, has 23 cita-
tions in the Web of Science database, 27 citations in 
CrossRef [41]. 

Recently, the prospects of using agricultural 
waste to create carbon nanomaterials have gained 
great interest around the world. Accumulation of ag-
ricultural waste damages the environment, raising 
the need for its recycling. It is a promising source 
for the production of valuable products that require 
fewer chemical reagents (“green principles”) [42]. 

Fig. 3. Solid carbonaceous smoke particles – air pollutants can be carriers of enveloped SARS-Cov-2 viral 
particles to the brain and enhance their neurotoxic effects [41]
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In recent years, carbon dots (CDs) have attracted 
much attention due to their unique properties, such 
as high biocompatibility, low toxicity, nano-size, etc. 
[43, 44]. High-quality CDs can be synthesized using 
biomass and “green” approaches; however, this issue 
still remains unclear and awaits resolution. 

Recently, it was proposed within the frame-
work of the NRFU project 2023.03/0036, “Func-
tionalized carbon-based nanomaterials obtained by 
“green methods” from Ukrainian agricultural wastes 
to overcome multilevel neurotoxicity under the ac-
tion of xenobiotic/biologically important transition 
metals and arsenic” (PI - N. Krisanova) to synthe-
size carbon nanoporous materials and nanoparticles 
from Ukrainian agricultural wastes that can be used 
to reduce neurotoxicity caused by heavy metals such 
as Hg, Pb and Cd, the metalloid As, and biologically 
important transition metals such as Cu and Fe, in 
high concentrations, and their multi-pollutant mix-
ture, while preserving synaptic processes controlled 
by the physiological metal Ca. 

Environmental exposure to neurotoxic metals 
such as Cd, Pb, Hg and metalloid As is a global 
health concern affecting millions of people world-
wide as underlined by the WHO, Ten Chemicals of 
Public Health Concern, 2020. As, Pb, Hg, and Cd 
are ranked first, second, third, and seventh, based 
on their frequency and potential toxicity for human 
exposure in the priority list of the USA Agency for 
Toxic Substances and Disease (ATSDR’s Substance 
Priority List). For instance, at least 140 million 
people in 50 countries have been drinking water 
containing As at levels above the WHO guideline 
(WHO Arsenic Fact Sheets, 2018). 

Comparative analysis of neurotoxic effects and 
adsorption capacity of carbon materials, starting 
from carbon nanoporous micro-sized particles and 
ending with carbon nanoparticles, has never been 
carried out before. 

These studies are carried out in the Depart-
ment within the framework of above-mentioned 
project NRFU 2023.03/0036. Carbon materials were 
synthesized at the Pisarzhevsky Institute of Physical 
Chemistry, NAS of Ukraine, Kyiv. It was found that 
micro- and nanoparticles synthesized using “green” 
principles by pyrolysis methods from agricultural 
waste, namely, from dry apples and corn cobs, did 
not affect the extracellular levels of neurotransmit-
ters glutamate and GABA and the membrane poten-
tial of nerve terminals [45]. Carbon particles from 
dried apples and corn cobs reduced the toxic effects 

of Hg, Pb, and Cd on the extracellular levels of the 
neurotransmitters glutamate and GABA and on the 
membrane potential of nerve terminals. Due to their 
biocompatibility and ability to chelate heavy metals, 
unfunctionalized carbon particles have significant 
prospects for application in biotechnology, medicine, 
and ecology. 

These data are of particular importance during 
recovery after military operations, since under these 
specific conditions, air pollution by solid carbon-
containing particles, heavy metals, and their com-
plexes significantly increases. In total, 10 scientific 
papers were published on this topic during the period 
2020-2025 [33, 40, 41, 46, 47].  

The Department has been conducting research 
within the framework of classical neurochemistry. 
Modulation of synaptic neurotransmission with neu-
roactive substances and nanoparticles has been car-
ried out. 

In particular, in the frame of the Latvia-
Ukraine project of MES of Ukraine and classical 
neuroscience research, the action of the Sig-1 recep-
tor blocker NE-100, which can be used as a phar-
macological modulator of GABAergic neurotrans-
mission, was analized. It has been established that 
GABA transport was particularly sensitive to the ac-
tion of the Sig-1 receptor antagonist NE-100, which 
caused significant changes at the presynaptic level 
and can be used as a pharmacological modulator of 
GABAergic neurotransmission [48].

An approach has been developed to monitor the 
process of formation of a dynamic glutamate bioco-
rona on the surface of γ-Fe2O3 nanoparticles and the 
components responsible for its desorption have been 
identified, which can be used for the delivery of glu-
tamate to the nervous system, or for the adsorption 
of glutamate upon stroke, brain injuries, epilepsy, 
and cancer treatment with its subsequent removal 
using a magnetic field, since excessive concentration 
of extracellular glutamate is a characteristic feature 
of the above pathologies [49].

Modulation of synaptic neurotransmission by 
gadolinium-containing nanohybrids was performed. 
It was proven that gadolinium-containing nanohy-
brids with proven ability to treat brain metastases 
did not alter the transporter-dependent accumula-
tion and release of the excitatory neurotransmitter 
glutamate from nerve terminals in the rat brain, 
which indicated the absence of their neurotoxicity 
[50] (Fig. 4).
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Fig. 4. Design of experiments to study the effect of gadolinium-containing nanohybrids on synaptic transmis-
sion [50]

Modulation of synaptic neurotransmission was 
performed using simultaneous depletion of choles-
terol in the plasma membrane of nerve terminals 
and hypothermia. An additive neuroprotective effect 
was shown with the combined action of cholesterol 
depletion in the membrane of nerve terminals and 
hypothermia, and cholesterol depletion cannot nor-
malize hypothermia-induced changes in the lipid or-
der of the plasma membrane of nerve terminals [51]. 

The mechanism of action of the antiviral drug 
remdesivir has been proven. It has been shown for 
the first time that remdesivir was able to increase 
the conductance of the planar bilayer membrane by 
forming stable voltage-dependent non-ion-selective 
pores. It has been shown that remdesivir reduced the 
release of neurotransmitters by exocytosis. Remde-
sivir did not provoke the development of excitotoxi
city and did not change the passive permeability of 
the membrane for neurotransmitters. However, a 
decrease in the extracellular level of [3H]GABA un-
der the action of remdesivir may weaken synaptic 
inhibition and change the balance of excitatory and 
inhibitory signals. Our data indicate that the dosage 
of remdesivir during antiviral therapy should be pre-
cisely controlled to prevent a possible neuromodula-
tory effect at the presynaptic level [52]. 

It has been shown that the complexation of hu-
man serum albumin with quercetin occurred with a 
change in the secondary structure of the protein due 
to a change in the hydrophobic local environment 
near the amino acid residue Trp214, which is impor-

tant for the creation of self-assembled nanostructures 
in biotechnology [53]. 

Attention is also paid to the study of gut-
brain communication, which is the most promising 
modern research for indirect correction of neurologi-
cal disorders [34, 54]. 

Scientific and educational activity among stu-
dents is led by V. I. Nazarenko. It concerned ways 
and methods of scientific and educational activity of 
the Institute in cooperation with the Extracurricular 
Educational Institution “Junior Academy of Sciences 
of Ukraine”. This activity rooted back to the time 
of Oleksandr Volodymyrovych Palladin’s work, and 
currently continues in collaboration with the Youth 
Section of the Ukrainian Biochemical Society [55]. 

In 2025, the Department received a grant for 
its research within the framework of the Horizon 
Europe Programme.

The results of the Department’s research create 
a neurochemical basis and open ways to overcome 
neurological disorders. There is considerablet 
interest worldwide in solving the problem of con-
trolling neuronal activity, preventing and diagnos-
ing neuropathologies, and identifying trigger factors 
for the development of neurodegenerative diseases. 
Since such advanced technologies do not yet exist, 
these findings can be implemented not only in 
Ukraine, but also in other countries and can have a 
significant economic contribution to the sustainable 
development of the State.

Department of Neurochemistry
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Відділ нейрохімії з 1925 року 
до наших днів

Н. Крисанова, Н. Позднякова

Інститут біохімії ім. О. В. Палладіна НАН 
України, відділ нейрохімії, Київ;

e-mail: nataly.pozdniakova@gmail.com

Описано діяльність відділу нейрохімії з 
1925 року до сьогодні. Основними наукови-
ми напрямками досліджень відділу біохімії 
нервової системи до 1982 року були: вивчення 
хімічної топографії нервової системи; вивчен-
ня субклітинної та суборганоїдної локалізації 
нейроспецифічних протеїнів; дослідження впли-
ву психотропних речовин на метаболізм азоту, 
вуглеводів та протеїнів у структурах нервової 
системи; вивчення мембранної організації та 
механізмів функціонування ензимних систем 
активного транспорту натрію, калію та кальцію 
в нервових клітинах. З 1982 року дослідження 
відділу зосереджені переважно на таких на-
прямках: біогенез мембранних та секретор-
них протеїнів; дослідження нейроспецифічних 
протеїнів; дослідження плазматичних мембран, 
що безпосередньо беруть участь у генерації 
та передачі нервових сигналів. З 2010 року 
дослідження відділу нейрохімії спрямовані 
на вирішення наступних актуальних про-
блем: з’ясування ролі структурної організації 
мембрани та ліпід-протеїнових взаємодій 
у регулюванні процесу передачі нервових 
сигналів; з’ясування ролі пресинаптичних 
рецепторів у регулюванні ключових етапів про-
цесу нейротрансмісії та визначення шляхів мо-
дулювання системи рецепції нейромедіаторів; 
пошук та ідентифікація природних мембрано-
тропних та нейроактивних сполук; аналіз мо-
лекулярних механізмів дії мембранотропних та 

нейроактивних препаратів; космічна біологія, а 
саме розробка методу визначення токсичності 
планетарного пилу; нанотехнології, а саме син-
тез та аналіз нейроактивного ефекту наноча-
стинок; екологічна нейротоксикологія, а саме 
вивчення нейротоксичної дії забруднювачів на-
вколишнього середовища та розробка шляхів 
подолання їх шкідливого впливу.

К л ю ч о в і  с л о в а: синаптична нейро
трансмісія, нервові терміналі, екзоцитоз, 
транспортери нейромедіаторів, рецептори, 
мембранотропні та нейроактивні сполуки, 
функціональні нанокомпозити та наногібриди.

Referenses

1. Borisova TA, Trikash IO, Lishko VK. Interaction 
of ribosomes with membranes in vitro. Ukr 
Biokhim Zhurn. 1996; 68(5): 41-47. (In Russian).

2. Chanturiya AN, Nikolaenko AN, Shatursky OYa, 
Lishko VK. Probing the structure-function 
relationship of alpha-latrotoxin-formed channels 
with antibodies and pronase. Toxicon. 1996; 
34(10): 1157-1164.

3. Grishin EV, Himmelreich NH, Pluzhnikov KA, 
Pozdnyakova NG, Storchak LG, Volkova TM, 
Woll PG. Modulation of functional activities of 
the neurotoxin from black widow spider venom. 
FEBS Lett. 1993; 336(2): 205-207.

4. Storchak LG, Pashkov VN, Pozdnyakova NG, 
Himmelreich NH, Grishin EV. alpha-Latrotoxin-
stimulated GABA release can occur in Ca2+-free, 
Na+-free medium. FEBS Lett. 1994;351(2):267-
270.

5.  Storchak LG, Pozdnyakova NG, Himmel
reich  NH. Differential effect of protein kinase 
inhibitors on calcium-dependent and calcium-
independent [14C]GABA release from rat brain 
synaptosomes. Neuroscience. 1998; 85(3): 989-
997.

6. Terletskaya YaT, Himmelreich NH, Sokolov YuV. 
Presynaptic Activity of α-Latrotoxin: 
Purification and Properties. Methods Neurosci. 
1992; 8: 283-297. 

7. Terletskaya YT, Trikash IO. Calcium-triggered 
fusion of synaptic vesicles and synaptosomal 
plasma membranes in vitro. Neurophysiology. 
1998; 30: 232-234. 

8. Borisova T, Borysov A. Putative duality of 
presynaptic events. Rev Neurosci. 2016 ;27(4): 
377-383.



113

9.  Borisova T, Borysov A, Pastukhov A, 
Krisanova  N. Dynamic Gradient of Glutamate 
Across the Membrane: Glutamate/Aspartate-
Induced Changes in the Ambient Level of 
L-[14C]glutamate and D-[3H]aspartate in Rat 
Brain Nerve Terminals. Cell Mol Neurobiol. 
2016; 36(8): 1229-1240.

10. Pastukhov A, Borisova T. Levetiracetam-
mediated improvement of decreased NMDA-
induced glutamate release from nerve terminals 
during hypothermia. Brain Res. 2018; 699: 69-
78.

11. Borisova T, Pozdnyakova N, Shaitanova E, 
Gerus I, Dudarenko M, Haufe G, Kukhar V. 
Effects of new fluorinated analogues of GABA, 
pregabalin bioisosters, on the ambient level and 
exocytotic release of [3H]GABA from rat brain 
nerve terminals. Bioorg Med Chem. 2017; 25(2): 
759-764.

12. Tarasenko AS, Sivko RV, Krisanova NV, 
Himmelreich NH, Borisova TA. Cholesterol 
depletion from the plasma membrane impairs 
proton and glutamate storage in synaptic vesicles 
of nerve terminals. J Mol Neurosci. 2010; 41(3): 
358-367.

13. Pozdnyakova N, Dudarenko M, Borisova T. New 
effects of GABAB receptor allosteric modulator 
rac-BHFF on ambient GABA, uptake/release, 
Em and synaptic vesicle acidification in nerve 
terminals. Neuroscience. 2015; 304: 60-70.

14. Borisova T. The neurotoxic effects of heavy 
metals: alterations in acidification of synaptic 
vesicles and glutamate transport in brain nerve 
terminals. Horizons Neurosci Res. 2014; 14: 89-
112. 

15. Soldatkin O, Nazarova A, Krisanova N, 
Borуsov  A, Kucherenko D, Kucherenko I, 
Pozdnyakova N, Soldatkin A, Borisova T. 
Monitoring of the velocity of high-affinity 
glutamate uptake by isolated brain nerve 
terminals using amperometric glutamate 
biosensor. Talanta. 2015; 135: 67-74.

16. Pozdnyakova N, Dudarenko M, Borisova T. 
Age-Dependency of Levetiracetam Effects 
on Exocytotic GABA Release from Nerve 
Terminals in the Hippocampus and Cortex in 
Norm and After Perinatal Hypoxia. Cell Mol 
Neurobiol. 2019; 39(5): 701-714.

17. Krisanova N, Pozdnyakova N, Pastukhov A, 
Dudarenko M, Maksymchuk O, Parkhomets P, 
Sivko R, Borisova T. Vitamin D3 deficiency in 
puberty rats causes presynaptic malfunctioning 

through alterations in exocytotic release and 
uptake of glutamate/GABA and expression 
of EAAC-1/GAT-3 transporters. Food Chem 
Toxicol. 2019 123: 142-150.

18. Pozdnyakova N, Yatsenko L, Parkhomenko  N, 
Himmelreich N. Perinatal hypoxia induces 
a long-lasting increase in unstimulated gaba 
release in rat brain cortex and hippocampus. 
The protective effect of pyruvate. Neurochem 
Int. 2011; 58(1): 14-21.

19. Pozdnyakova N, Dudarenko M, Yatsenko L, 
Himmelreich N, Krupko O, Borisova T. Perinatal 
hypoxia: different effects of the inhibitors of 
GABA transporters GAT1 and GAT3 on the 
initial velocity of [3H]GABA uptake by cortical, 
hippocampal, and thalamic nerve terminals. 
Croat Med J. 2014; 55(3): 250-258.

20. Pozdnyakova N. Consequences of perinatal 
hypoxia in developing brain: Changes in GABA 
transporter functioning in cortical, hippocampal 
and thalamic rat nerve terminals. Int J Dev 
Neurosci. 2017; 63: 1-7.

21. Tarasenko A, Krupko O, Himmelreich N. 
Presynaptic kainate and NMDA receptors are 
implicated in the modulation of GABA release 
from cortical and hippocampal nerve terminals. 
Neurochem Int. 2011; 59(1): 81-89.

22. Gumenyuk VP, Trikash IO. Effects of 
Levetiracetam on Aggregation and Fusion of 
Membranes of Synaptic Vesicles in a Cell-Free 
Exocytosis Model. Neurophysiology. 2014; 46: 
115-119. 

23. Shatursky OY, Romanenko OV, Himmel
reich  NH. Long open amphotericin channels 
revealed in cholesterol-containing phospholipid 
membranes are blocked by thiazole derivative. J 
Membr Biol. 2014; 247(3): 211-229.

24. Shatursky OY, Krisanova NV, Pozdnyakova N, 
Pastukhov AO, Dudarenko M, Kalynovska  L, 
Shkrabak AA, Veklich TO, Selikhova AI, 
Cherenok SO, Borisova TA, Kalchenko  VI, 
Kosterin SO. Substitution of bridge 
carbons for sulphur in calix[4]arene-bis-α-
hydroxymethylphosphonic acid transformed 
mobile carrier into ionic channel accompanied 
with evoked muscle contraction and impaired 
neurotransmission powered by membrane 
action of resulting thiocalix[4]arene-bis-α-
hydroxymethylphosphonic acid. Toxicol In 
Vitro. 2024; 98: 105815.

25. Borisova T. Nervous System Injury in Response 
to Contact With Environmental, Engineered 

Department of Neurochemistry



114

ISSN 2409-4943. Ukr. Biochem. J., 2025, Vol. 97, N 5

and Planetary Micro- and Nano-Sized Particles. 
Front Physiol. 2018; 9: 728.

26. Krisanova N, Kasatkina L, Sivko R, Borysov A, 
Nazarova A, Slenzka K, Borisova T. Neurotoxic 
potential of lunar and martian dust: influence 
on em, proton gradient, active transport, and 
binding of glutamate in rat brain nerve terminals. 
Astrobiology. 2013; 13(8): 679-692.

27. Krisanova N, Sivko R, Kasatkina L, Borуsov A, 
Borisova T. Excitotoxic potential of exogenous 
ferritin and apoferritin: changes in ambient level 
of glutamate and synaptic vesicle acidification in 
brain nerve terminals. Mol Cell Neurosci. 2014; 
58: 95-104.

28.  Borisova T, Nazarova A, Dekaliuk M, 
Krisanova N, Pozdnyakova N, Borysov A, Sivko 
R, Demchenko AP. Neuromodulatory properties 
of fluorescent carbon dots: effect on exocytotic 
release, uptake and ambient level of glutamate 
and GABA in brain nerve terminals. Int J 
Biochem Cell Biol. 2015; 59: 203-215.

29. Shatursky OY, Demchenko AP, Panas I, 
Krisanova N, Pozdnyakova N, Borisova T. 
The ability of carbon nanoparticles to increase 
transmembrane current of cations coincides with 
impaired synaptic neurotransmission. Biochim 
Biophys Acta Biomembr. 2022; 1864(1): 183817.

30. Borisova T, Dekaliuk M, Pozdnyakova N, 
Pastukhov A, Dudarenko M, Borysov A, 
Vari SG, Demchenko AP. Harmful impact on 
presynaptic glutamate and GABA transport by 
carbon dots synthesized from sulfur-containing 
carbohydrate precursor. Environ Sci Pollut Res 
Int. 2017; 24(21): 17688-17700.

31. Borysov A, Pozdnyakova N, Pastukhov  A, 
Borisova T. Comparative Analysis of 
Neurotoxic Potential of Synthesized, Native, and 
Physiological Nanoparticles. In: Santamaria  F, 
Peralta X. (eds). Use of Nanoparticles in 
Neuroscience. Neuromethods. Springer, 
Humana Press, New York, NY, 2018; 135: 203-
227. 

32. Carmona A, Roudeau S, Ortega R. Molecular 
Mechanisms of Environmental Metal 
Neurotoxicity: A Focus on the Interactions of 
Metals with Synapse Structure and Function. 
Toxics. 2021; 9(9): 198.

33. Borysov A, Tarasenko A, Krisanova N, 
Pozdnyakova N, Pastukhov A, Dudarenko M, 
Paliienko K, Borisova T. Plastic smoke aerosol: 
Nano-sized particle distribution, absorption/

fluorescent properties, dysregulation of 
oxidative processes and synaptic transmission in 
rat brain nerve terminals. Environ Pollut. 2020; 
263(Pt A): 114502.

34.  Paliienko K, Korbush M, Krisanova N, 
Pozdnyakova N, Borysov A, Tarasenko A, 
Pastukhov A, Dudarenko M, Kalynovska L, 
Grytsaenko V, Garmanchuk L, Dovbynchuk T, 
Tolstanova G, Borisova T. Similar in vitro 
response of rat brain nerve terminals, colon 
preparations and COLO 205 cells to smoke 
particulate matter from different types of wood. 
Neurotoxicology. 2022; 93: 244-256.

35. Tarasenko A, Pozdnyakova N, Paliienko  K, 
Borysov A, Krisanova N, Pastukhov A, 
Stanovyi  O, Gnatyuk O, Dovbeshko G, 
Borisova  T. A comparative study of wood 
sawdust and plastic smoke particulate matter 
with a focus on spectroscopic, fluorescent, 
oxidative, and neuroactive properties. Environ 
Sci Pollut Res Int. 2022; 29(25): 38315-38330.

36. Pastukhov A, Paliienko K, Pozdnyakova N, 
Krisanova N, Dudarenko M, Kalynovska  L, 
Tarasenko A, Gnatyuk O, Dovbeshko G, 
Borisova T. Disposable facemask waste 
combustion emits neuroactive smoke particulate 
matter. Sci Rep. 2023; 13(1): 17771.

37. Pozdnyakova N, Krisanova N, Pastukhov  A, 
Dudarenko M, Tarasenko A, Borysov A, 
Kalynovska L, Paliienko K, Borisova T. 
Multipollutant reciprocal neurological hazard 
from smoke particulate matter and heavy metals 
cadmium and lead in brain nerve terminals. 
Food Chem Toxicol. 2024; 185: 114449.

38. Krisanova N, Pastukhov A, Dekaliuk M, 
Dudarenko M, Pozdnyakova N, Driuk M, 
Borisova T. Mercury-induced excitotoxicity in 
presynaptic brain nerve terminals: modulatory 
effects of carbonaceous airborne particulate 
simulants. Environ Sci Pollut Res Int. 2024; 
31(3): 3512-3525.

39. Feng D, Zhao Y, Li W, Li X, Wan J, Wang F. 
Copper neurotoxicity: Induction of cognitive 
dysfunction: A review. Medicine (Baltimore). 
2023; 102(48): e36375.

40. Krisanova N, Pozdnyakova N, Pastukhov   A, 
Dudarenko M, Tarasenko A, Borysov  A, 
Driuk  M, Tolochko A, Bezkrovnyi O, 
Paliienko K, Sivko R, Gnatyuk O, Dovbeshko G, 
Borisova T. Synergistic neurological threat from 
Сu and wood smoke particulate matter. Food 
Chem Toxicol. 2024; 193: 115009.



115

41. Borisova T, Komisarenko S. Air pollution 
particulate matter as a potential carrier of SARS-
CoV-2 to the nervous system and/or neurological 
symptom enhancer: arguments in favor. Environ 
Sci Pollut Res Int. 2021; 28(30): 40371-40377.

42. Tohamy HS, El-Sakhawy M, Kamel S. Eco-
friendly Synthesis of Carbon Quantum Dots as 
an Effective Adsorbent. J Fluoresc. 2023; 33(2): 
423-435.

43. Paliienko K, Topchylo A, Alekseev S, Géloën A, 
Milovanov Y, Lysenko T, Skryshevsky V, 
Borisova T, Lysenko V. Green synthesis of 
biocompatible Gd3+-doped ultrasmall carbon-
based nanohybrids from coffee wastes. Carbon 
Resour Convers. 2024; 7(2): 100197. 

44. Kuznietsova H, Dziubenko N, Paliienko K, 
Pozdnyakova N, Krisanova N, Pastukhov A, 
Lysenko T, Dudarenko M, Skryshevsky V, 
Lysenko V, Borisova T. A comparative multi-
level toxicity assessment of carbon-based Gd-
free dots and Gd-doped nanohybrids from coffee 
waste: hematology, biochemistry, histopathology 
and neurobiology study. Sci Rep. 2023; 13(1): 
9306.

45. Krisanova NV, Pariiska OO, Pozdnyakova NG, 
Dudarenko MV, Borysov AA, Sivko RV, 
Kurys  YI, Mazur DO, Terebilenko AV, 
Koshechko VG, Kolotilov SV, Borisova TA. 
Neurotoxic risk and adsorption properties of 
coarse non-functionalized carbon particles 
derived from apple waste. Biotechnol Acta. 
2024; 17(4): 51-61.

46. Borisova T. Environmental Nanoparticles: Focus 
on Multipollutant Strategy for Environmental 
Quality and Health Risk Estimations. In: 
Stoika  RS. (eds). Biomedical Nanomaterials. 
Springer, Cham, 2022: 305-321.

47. Shelestov A, Kolotii A, Borisova T, Turos O, 
Milinevsky G, Gomilko I, Bulanay T, Fedorov O, 
Shumilo L, Pidgorodetska L, Kolos  L, 
Borysov  A, Pozdnyakova N, Chunikhin  A, 
Dudarenko M, Petrosian A, Danylevsky V, 
Miatselskaya N, Choliy V. Essential variables 
for air quality estimation. Int J Digit Earth. 
2020; 13(2): 278-298. 

48. Pozdnyakova N, Krisanova N, Dudarenko M, 
Vavers E, Zvejniece L, Dambrova M, Borisova T. 
Inhibition of sigma-1 receptors substantially 
modulates GABA and glutamate transport in 
presynaptic nerve terminals. Exp Neurol. 2020; 
333: 113434.

49. Paliienko K, Pastukhov A, Babič M, Horák D, 
Vasylchenko O, Borisova T. Transient coating 
of γ-Fe2O3 nanoparticles with glutamate for 
its delivery to and removal from brain nerve 
terminals. Beilstein J Nanotechnol. 2020; 11: 
1381-1393.

50. Borisova T, Pozdnyakova N, Krisanova N, 
Pastukhov A, Dudarenko M, Paliienko K, 
Grytsaenko V, Lux F, Lysenko V, Rocchi P, 
Komisarenko S, Tillement O. Unique features of 
brain metastases-targeted AGuIX nanoparticles 
vs their constituents: A focus on glutamate-/
GABA-ergic neurotransmission in cortex nerve 
terminals. Food Chem Toxicol. 2021; 149: 
112004.

51. Pastukhov A, Krisanova N, Pyrshev K, 
Borisova  T. Dual benefit of combined 
neuroprotection: Cholesterol depletion restores 
membrane microviscosity but not lipid order and 
enhances neuroprotective action of hypothermia 
in rat cortex nerve terminals. Biochim Biophys 
Acta Biomembr. 2020; 1862(9): 183362.

52. Krisanova N, Pozdnyakova N, Pastukhov  A, 
Dudarenko M, Shatursky O, Gnatyuk O, 
Afonina  U, Pyrshev K, Dovbeshko G, 
Yesylevskyy S, Borisova T. Amphiphilic anti-
SARS-CoV-2 drug remdesivir incorporates into 
the lipid bilayer and nerve terminal membranes 
influencing excitatory and inhibitory 
neurotransmission. Biochim Biophys Acta 
Biomembr. 2022; 1864(8): 183945.

53.  Holovko OO, Dmytrenko OP, Lesiuk AI, 
Kulish  MP, Pavlenko OL, Naumenko AP, 
Pinchuk-Rugal TM, Kaniuk MI, Veklich TO. 
Mechanisms of the interaction of bovine serum 
albumin with quercetin. Mol Cryst Liq Cryst. 
2024; 768(2): 29-43. 

54. Dorofeyev A, Dorofeyeva A, Borysov A, 
Tolstanova G, Borisova T. Gastrointestinal 
health: changes of intestinal mucosa and 
microbiota in patients with ulcerative colitis and 
irritable bowel syndrome from PM2.5-polluted 
regions of Ukraine. Environ Sci Pollut Res Int. 
2023; 30(3): 7312-7324.

55. Nazarenko VI, Borisova TO. Scientific and 
educational activity of the Palladin Institute of 
Biochemistry among students. Ukr Biochem J. 
2021; 93(4): 120-127.

Department of Neurochemistry


