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The mini-review examines the current state of the problem of peripheral nerve (PN) regeneration, in-
cluding details of the internal structure of PN, types of their damage, biochemical aspects, in particular the
function of Schwann cells, macrophages, intermolecular interactions of cell membrane receptors with extra-
cellular matrix proteins, which are involved in the peripheral nerve regeneration process. The development
of artificial nerve tubes (conduits) to suture the distal and proximal ends of the damaged nerve with an
artificial conduit is the main strategy for PN recovery. Emphasis is placed on the use of leading biomaterials
of the new generation, in particular, based on natural polysaccharides (alginate - Alg and chitosan - CS) and
carbon nanoparticles CNP (single and multi wall carbon nanotubes — SWCNTs/MWCNTs, graphene - G,
graphene oxide - GO or fullerene - Ceo) obtained in the Sumy State University laboratory "Bionanocomposite"
(Ukraine) to solve the PN regeneration problem. The results of studies of the obtained materials with carbon
nanoparticles such as Ceo and SWCNTs on electrical conductivity, swelling ability, and the ability to adsorb
tryptophan (an amino acid that is indispensable for the functioning of the central nervous system) are pre-
sented. The peculiarities of the effect of carbon-based materials on the restoration of the functions of dam-
aged nerve tissue are considered. Also, the usefulness of CNTs in neuroscience has been noted due to their
specific properties, namely strength, flexibility, and electrical conductivity, in particular for mediating the
growth and differentiation of neurons. This characteristics of the recently created polymer samples with CNP

showed that these biomaterials have properties beneficial for neural tissue engineering.
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1. INTRODUCTION

The nervous system is an important part of the
human body. Traumatic and disease-induced peripheral
nerves and spinal cord injuries (PNI) cause various
functional disorders. PNI threatens motility and sensory
function because cell division does not occur in mature
neurons because they are fully differentiated. Millions
of people around the world suffer from non-regeneration
of nerve tissue and therefore the problem of PN
regeneration remains one of the biggest challenges in
tissue engineering and regenerative medicine. The
development of artificial nerve tubes (conduits) to suture
the distal and proximal ends of the damaged nerve with
an artificial conduit is the main strategy for PN recovery
[1]. Functionalized neuro tubes are third-generation
channels with chemical or architectural bioactivity
engineered for axonal proliferation. Thanks to the
improvement of bioengineering and microsurgery, in the
future neuro tubes, can increase the level of
regeneration and functional restoration of a critical
nerve gap. At the same time, there is a lack of studies
that would show that the results of neural tube
transplantation were better than the results of
autologous nerve transplantation.

Nowadays, commercial silicone nerve conduits,
which had a low ability to degrade, have been replaced
by some alternative materials. These materials include
natural biopolymers (chitosan, alginate, collagen,
gelatin, and hyaluronic acid) and synthetic polymers
(polylactide (PLA), polyglycolide (PGA), poly (lactic-co-
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Biopolymers are more compatible with cells, less toxic,
and can positively affect cell proliferation and migration.
Therefore, natural polymers occupy a leading position
among candidates for peripheral nerve regeneration
[2,3].

Recent studies have shown that electrical
stimulation plays a vital role in the regeneration of
nerve tissue. Direct intraoperative electrical stimulation
of damaged nerve tissue enhances and accelerates its
functional recovery [4]. There is a wide range of
applications of electrical stimulation, which is
considered an important scheme of the regeneration
process functionalization of nervous tissue. It is believed
that the optimal properties for nerve regeneration have
passive electrical stimulators. This goal can be achieved
both by applying an electric field and by introducing
conductive materials into the conduits.

Among the leading materials, special attention is
paid to carbon-based materials, namely graphene, its
oxide, fullerenes, and carbon nanotubes. These
materials promote the interaction of cells and material
due to the high ratio of surface area to volume [5]. It has
been shown that nerve conductors consisting of
graphene oxide to achieve electrical stimulation can
affect cell adhesion and motility under an electric field.
However, the rate of degradation of such conduits
remains unfavorable. Also, the mechanism underlying
the electrical stimulation function is still unclear [3].

Given the above, the main attention of this mini-
review will be drawn to the problem of PN regeneration
using leading bionanomaterials of the new generation,
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and chitosan polysaccharides - and carbon nanoparticles
(SWCNTs, G, C60), synthesized in the
"Bionanocomposite" laboratory of the Sumy State
University of the MES Ukraine.

2. PERIPHERAL NERVES REGENERATION

The peripheral nervous system connects the brain
and spinal cord to the tissues and organs of the human
body. Each nerve consists of several bundles, up to
several hundreds of microns in diameter, while each
bundle contains numerous axons and Schwann cells
that extend the myelin sheaths around the axons [6]
(Fig. 1).
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Fig. 1 — Internal structures of a peripheral nerve. The entire
nerve is surrounded by a membrane epineurium. Each bundle
of axons is separated from the surrounding tissue by its
perineurial membrane. Each axon together with its myelin
sheath is covered with a thin endoneurial membrane [7]

Trauma is the cause of 87% of all cases PNI [8].
Damage to the myelin sheath is the least severe type of
nerve damage that spontaneously recovers through
remyelination [6]. A more serious type of injury is
axonotmesis: damaged axons undergo so-called
Wallerian degeneration [6]. Complete transection of
nerve tissue with obliteration of all three collagen
membranes the most severe type of PNI. Peripheral
nerve injury induces retrograde signals from axons to
cells that activate the expression of several regeneration
genes [7]. Damage to the axon activates Schwann cells,
which, together with macrophages, clear the way for its
regeneration [6]. But not all PNIs heal spontaneously:
with mild axonotmesis, intact endoneurium, and
perineurium are perceived by Schwann cells and
regenerating axons that repeat the microarchitecture of
connective collagen tissue. At the same time, with severe
axonotmesis, the absence of structural collagen
membranes hinders the recovery process, i.e.
disorganized growth (formation of a painful nerve)
occurs [6].

Intermolecular interactions of cell membrane
receptors with components of the extracellular matrix
(ECM) are the basis of PN regeneration. Membrane
receptors that attach cells to ECM proteins are integrins
— heterodimeric macrostructures of the cell membrane
[9]. One of the most important proteins included in the
composition of the ECM is collagen, which provides the
structural strength of the tissue against tearing.
Laminins are another group of ECM proteins, which are
large glycoproteins, and they form the main part of the
ECM of the nervous system. Fibronectin also enters the
nervous system with an arginine-glycine-aspartic acid
(RGD) domain that binds various integrin molecules, of
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which there are about 24 types [10]. In the process of
obtaining PNI, the structure of collagen membranes is
destroyed, which leads to complications in peripheral
nervous system regeneration [6].

3. NEW GENERATION BIONANOMATERIALS
FOR REGENERATION AND STIMULATION
OF NERVOUS TISSUE

To solve the problem of nerve tissue regeneration,
biomaterials (BM) are used, which in a certain way
imitate the architecture of the ECM, that is, they act as
substrates to which axons are attached [7]. Biomaterials
can be either natural or synthetic. Among the natural
BMs that contain ECM proteins and are used in tissue
engineering, including the peripheral nervous system,
are collagen hydrogels, and laminin hydrogels [11]. At
the same time, these hydrogels are quickly resorbed in
vivo and have low mechanical strength [12]. Natural
biopolymers include those that are not part of ECM. For
example, the polysaccharides alginate or chitosan,
which will be discussed in the following sections of the
review.

Synthetic BMs are polylactic acid, polycaprolactone,
polyethylene glycol, and others. Their properties
(porosity, stiffness, degradation rate) are easier to
"adjust”" compared to natural BM [13]. But at the same
time, synthetic biopolymers require a certain surface
modification and do not contain  binding
macromolecules.

Hydrogel scaffolds can provide mechanical support
for cell growth, proliferation, and differentiation, and
their porosity facilitates nutrient diffusion. The
mechanical strength and porosity of hydrogels are
flexible and adjustable characteristics, so they have
great prospects for use in peripheral nerve regeneration.
Hollow tubular PNs (conduits) are another form of
transplanted material for PN regeneration. They are
produced from various biomaterials, for example,
collagen or PLGA [14]. The conduit serves as a
connecting bridge between stumps of the peripheral
nerve. It also isolates the lesion site from the
environment and prevents spurious regeneration
beyond the peripheral nerve passage. It was concluded
that combined plastic surgery using Schwann cells
matrigel and polylactate caprolactone tubes is a worthy
alternative to traditional autoneuroplasty [15].
However, the desired restoration of PN in the clinic
cannot be achieved due to the absence of Schwann cells
in synthetic tubes, which are regulators of the directed
growth of axons [16]. However, Schwann cells of neural
origin are not readily available. Given these limitations,
these cells are not an ideal source for experimental
procedures or clinical applications.

4. CARBON BIOMATERIALS BASED ON
HYDROXYAPATITE AND NATURAL
POLYSACCHARIDES

4.1 Carbon Nanotubes

Carbon nanotubes (CNTs) have attracted great
scientific interest in the last decade due to their
mechanical, electronic, and physicochemical properties
[17]. CNTs can be classified as multi-walled carbon
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nanotubes (MWCNTs) and single-walled carbon
nanotubes (SWCNTSs) depending on the number of
internal layers, which are rolled graphene sheets. The
diameter of CNTs can vary from 0.4 to 2 nm for SWNTs
and from 1.4 to 100 nm for MWCNTSs [18]. Biological
applications of CNTs are limited by their initial
hydrophobic surface, which is prone to aggregation when
exposed to aqueous solutions. Thus, for the use of CNTs in
biomedical research, their chemical functionalization is
necessary both to reduce toxicity and to provide the
desired characteristics of CNTs in the biological
environment [19]. After surface modification of CNTs with
targeting ligands and drugs, the resulting functionalized
CNTs (f-CNTs) are less toxic and immunogenic and show
great advantage as drug delivery systems for the
treatment of cancer in vivo [20]. Due to their
physicochemical properties, CNTs are widely used in
many scientific fields, including composite biomaterials,
nanoelectronics, drug delivery and others [21]. At the
same time, the potential application of CNTs as
therapeutic agents in the field of neuroscience is carried
out on a much smaller scale.

4.2 Graphene and Its Derivatives

Graphene (G) is an allotrope of carbon that forms a two-
dimensional hexagonal lattice at the atomic scale that can
conduct heat and electricity efficiently. The electronic
configuration of carbon is 1522s22p2. In the excited state,
four equivalent quantum mechanical states are formed due
to sp» hybridization, which plays an essential role in four
covalent bonds between carbon atoms [22]. The stability of
G depends on how densely packed the carbon atoms are
during sp? hybridization. The attractive properties of
graphene are due to its high surface area in combination
with electronic and thermal conductivity, as well as
mechanical strength. Due to the high ratio of the surface
area to the volume of the material (S/V parameter) and
high conductivity, graphene is very promising for hybrid
biomaterials. Due to its unique microstructure, graphene
exhibits enhanced physical and chemical properties. For
example, Young's modulus and internal strength G are
approximately 1TPa and 130 GPa, respectively. The elec-
tron mobility of graphene at room temperature is 2.5-105
cm2V-1s71) and thermal conductivity is about 3000 WmK:1.
Oxygen functional groups on the surface of graphene oxide
(GO) provide sites for a variety of interactions to bind
molecules such as polymers, and nanoparticles (NPs). GO
is obtained from graphite oxide using the Hammer method,
the reduced form of GO is graphene through an oxidant
such as hydrazine or ascorbic acid [22].

4.3 Fullerene C60

A fullerene is an allotrope of carbon whose molecule
consists of carbon atoms joined by single and double bonds
to form a closed or partially closed network with fused rings
of five to seven atoms. A molecule can be a hollow sphere,
an ellipsoid, a tube, or many other shapes and sizes.
Fullerenes with a closed lattice topology are informally
denoted by their empirical formula Cn, where n is the
number of carbon atoms. Fullerene Ceo is the best-known
member of the family, named after Buckminster Fuller.
Closed fullerenes, especially Ceo, are also informally called
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buckyballs for their resemblance to a standard soccer ball.
Nested closed fullerenes are called bucky onions.
Cylindrical fullerenes are also called carbon nanotubes or
buckytubes [23].

4.4 Hydroxyapatite

Among the family of calcium orthophosphates (CaOPs),
hydroxyapatite (HA) is of greatest interest, as it is a close
crystal-chemical analog of the mineral component of the
bone tissue of the human and animal skeleton, as well as
one of the most thermodynamically stable and least soluble
CaOPs.  Synthetic  hydroxyapatite  Cas(PO4)3(OH),
commonly referred to as Caio(PO4)s(OH)z, demonstrates
the presence of two molecules in the crystalline unit cell
and is most similar to biological apatites. That is why HA
is widely used for biomedical applications, particularly
bone engineering [24]. The crystal structure of HA belongs
to the space group P63/m of hexagonal syngony with lattice
parameters a = 0.9432 nm, ¢ = 0.6881 nm.

4.5 Natural Polysaccharides

Nerve conductors must meet several requirements,
namely, be non-toxic, have good mechanical strength and
elasticity, have a less immunogenic reaction, be
biodegradable, and ensure rapid regeneration of the nerve.
Therefore, natural polymers occupy a leading position
among candidates for the regeneration of peripheral nerves
[2,3]. Alginate and chitosan are often used among natural
polymers in nerve tissue engineering. Alg is a structural
polymer of brown seaweed that contains the
monosaccharides d-mannuronic acid and a-l-glucuronic
acid, which are linked by B-(1-4) glycosidic linkages. The
main advantage of this material is its structural proximity
to connective tissue. This makes it possible to provide an
appropriate microenvironment for stimulating the
regeneration of defective distal and proximal segments. In
addition, the rate of alginate degradation can ensure
axonal sprouting [5]. CS is a natural cationic molecule and
a structural element of chitin present in the cytoskeleton of
crustaceans. It consists of 35 repeating glucosamine and N-
acetylglucosamine groups linked by a glycosidic bond. The
unique properties of CS have attracted many researchers
in the field of peripheral tissue engineering.

5. METHODS OF MANUFACTURING
CONDUCTIVE CARBON BIOMATERIALS

Since the function of neurons is to conduct electrical
signals, conductive coatings or materials with conductive
particles are popular applications for nerve regeneration.
Electrical stimulation has been shown to modulate
growth factor production [25]. Popular conductive
particles include carbon nanotubes or composites based
on graphene oxide. The use of temporary electrical
stimulation (ES) increases the speed of functional
recovery due to the enhancement of nerve conduction. At
the same time, nerve defects of critical size require the
use of conductive conduits, and the application of ES in
clinical conditions is a certain problem [26]. An
alternative to ES is a pharmacological approach, namely
the delayed release of a certain drug that promotes the
conduction of nerve impulses. For example, the drug 4-
aminopyridine (4AP), known as a blocker of voltage-
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dependent potassium channels, as well as an enhancer
neurotrophin release, was found to be suitable for the
treatment of PNI and spinal cord injuries. Among the
nano- and microparticles of inorganic origin, which can
potentially be included in the composition of nerve
conductors, there are particles of  calcium
orthophosphates, including hydroxyapatite, as well as
zinc oxide (ZnO), magnetite, and carbon NPs. The issue of
the effect of these NPs of inorganic origin on several
properties of nerve conductors is one of the key issues for
modern regenerative medicine in general.

Let us consider in more detail the process of creating
model samples of nerve conductors based on sodium
alginate with incorporated NPs and their properties
studies results: electrical conductivity, hydration, and
absorption capacity of organic bioactive substances using
the tryptophan (Trp) amino acid [27]. In the cited work
[27] the authors used the following synthesis of
conductive conduits: a 3% solution of sodium alginate was
prepared by dissolving the powder in ultrapure water for
24 hours at a temperature of 37°C. An appropriate
amount of Ceo fullerene powders and SWCNTs were
added to the obtained solution to obtain carbon
nanoparticle concentrations of 0.005 and 0.01 mg/l. The
resulting colloidal suspension was homogenized in an
ultrasonic bath for 5 hours, then poured into plastic
cylinders with a diameter of 1 cm. The suspension was
subjected to freezing followed by lyophilization for 24
hours. Then the lyophilized samples were cross-linked for
4 hours. For this, they were put into a 1.5% solution of
chitosan with polyethylene glycol, which was used as a
plasticizer (10% by volume of chitosan). The samples were
washed in ethyl alcohol and ultrapure water and dried at
37°C. For some of the samples, a final treatment was
applied - the application of a hydrophobic layer of PLA
(polylactic acid) to the surface of the samples. The
samples were immersed three times for 5 seconds in a
10% solution of PLA in cyclohexanone and dried in air.
Depending on the content of carbon nanoparticles (0.005,
0.01), the samples were named Alg 0.005Full,
Alg _0.006SWCNTSs, and the control sample without
carbon  nanoparticles was named Alg control.
Schematically, the structure of the resulting conductive
conduit is shown in Fig. 2.

Conduits
for nerve
regineration

Polymer
scaffold

Nerve fiber rupture

Fig. 2 — Schematic representation of the obtained nerve
conduit [27]

6. RESULTS AND DISCUSSION

6.1 Conductivity Research
Samples of different compositions were tested for
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their conductive properties. The direct current (DC)
insulation resistance of the materials was measured
with an M 4100/4 type megohmmeter and the M 9508
MASTECH device. The current flowing through the
samples was measured using a MASTECH MS 8040. To
determine the current, a special G6-34 signal generator
was used. The value of the amplitude of the alternating
current (AC) signal is set equal to 60 mV. The frequency
of the applied voltage varied in the range of 50-1500 Hz.
Sinusoidal, rectangular, and triangular waveforms were
used. Before the study, the samples were moistened with
a phosphate-buffered solution, that is, their condition
was close to physiological. The results of electrical
conductivity measurements of the obtained samples
(Fig. 3) together with literature data are presented in
Table 1.

Fig. 3 — EM results of the synthesized samples before cross-
linking a) Alg_control, b) Alg_0.005 Full, ¢c) Alg_0.005 SWCNTS,
and after cross-linking — d) Alg_0.005 SWCNTs

Table 1 — Composition and conductive properties of
experimental samples

Sample Conductivity,| Current, | Capacity,

S/cm pA pF
Alg_control 1.25-103 0.01 4.3
Alg 0.005 Full 1.54-103 0.02 4.5
Alg 0.005 3.49-103 0.04 4.3
SWCNTSs
Electroactive 3 104 [28]
colloidal hydrogels 6102 [29]
for neural tissue| 92.41-105-8-103
engineering [30] No data
(literature data) 1.5102 —5.7 10

[31]

Since the obtained tubular samples are designed to
function in vivo, namely to create a nerve signal, their
ability to conduct electricity plays an important role in
this process. It was found that for these samples with an
outer diameter of 5 mm and a wall thickness of 1 mm,
the best conductivity was observed for the sample with
SWCNTs [27]. At the same time, additional studies
showed that the highest resistance and the lowest
current are characteristic of samples with ZnO particles
[27], the semiconductor properties of which are well
known [32]. These data correlate with studies in [24],
from which it follows that the presence of ZnO particles
in the apatite-biopolymer composite reduces swelling
and porosity by 1.5 and 1.4 times, respectively. A similar
situation is typical for composites with C60 fullerene
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[33]. Swelling and porosity parameters affect the degree
of hydration, and since water itself is a conductor, its
content affects the overall conductive properties of
apatite biopolymer samples.

6.2 Study of Adsorption on the Example of
Tryptophan (Trp)

The adsorption capacity (qe) of the sample was
determined by the formula q. = (Ci — C.)V/M, where C; and
C. are the initial and the experimental concentrations of
Trp (mmol/L), while M and V - are the weight of the
adsorbate (204.2 g/mol) and the volume of the solution. Trp
adsorption data were analyzed using 4 isotherms:
Langmuir, Freundlich, Sips, and Henry [27]. The average
percentage deviation between experimental and predicted
data was determined by minimizing the objective function.
The reliability of each model was checked by the
corresponding correlation coefficient (72). As a result, it was
found that the Sips isotherm (a combination of the
Langmuir and Freundlich isotherms), which predicts the
heterogeneity of the adsorption surface, best correlates
with the experimental data for all the samples listed in
Table 1 (r2=0.97-0.94).

6.3 Features of Conducting Materials Based on
Graphene

Currently, it has been established that G-based
materials, due to their high electrical conductivity,
mechanical strength, elasticity, and biocompatibility, have
found wide application in tissue engineering. In particular,
G has been widely applied to the regeneration of the PNS
by improving the interaction between neurons. Strong
bonds and large specific surface area with high electrical
conductivity favor the use of G-based composite materials
for PNI regeneration [1]. Oxidation of G to GO increases
the hydrophilicity of the surface and creates functional
groups (OH, COOH, C=0), which, in turn, opens up the
possibilities of selecting material properties necessary for
bioprinting [1]. Scaffolds based on G and GO, due to the
transmission of electrical signals, provide electrical
stimulation of axon restoration processes [34]. But at the
same time, the concentration of G in the composite should
not exceed 50 pg/ml, since higher concentrations cause
toxicity, low cell adhesion, and cell apoptosis [35].

Recently, three-layer tubular conduits with graphene
nanoparticles have attracted attention. For example, one
such construct contains alginate-polyvinyl alcohol as an
inner layer, a polycaprolactone membrane as a middle
layer, and a double outer layer consisting of
polycaprolactone fumarate and eggshell [36]. This
engineering design provides the direction of movement for
PC12 cells through the electrical conductivity of these
frameworks. Electrical stimulation increased cell
proliferation 1.8 times compared to the unstimulated group
[36]. GO with a conductivity of about 4.5-10-4S/cm was also
successfully used to repair a sciatic nerve defect (15 mm)
due to its ability to support the proliferation of Schwann
cells, as well as its angiogenic effect [37]. By changing the
state of conductivity, it is possible to regulate the
adsorption of fibronectin, which affects the shape and
growth of the cell [38], electrical stimulation increases the
adsorption of this protein, which accelerates the expansion
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of neurites [39].

HA-based conduits were found to enhance Schwann
cells expression by overexpressing neural proteins (Tujl,
GFAP) on the conducting scaffolds. Graphene-PCL
promotes the emergence of more axons and neuron area
compared to non-conductive conduits (Fig. 4) [1].

Fig. 4 - Neuron regeneration alongside graphene as
conductive. The injured neuron exposed conductive platform vs.
The injured neuron without the conductive platform,
conductive platform along with the injured neuron results in
nerve regeneration because of electrical stimulation [1]

6.4 Biological Mechanisms that are Mediated by
CNTs

Some diseases of the nervous system are treated by
restoring the structure of neurons by slowing the growth of
neurons. Several neurotrophic factors have been identified
that affect the growth of neurons. At the same time, there
is a problem of how to regulate this process, since there are
no methods of controlling the growth environment on a
nanometric scale [18]. CNTs have alternatively
demonstrated potential utility in neuroscience due to their
specific properties, including strength, flexibility, and
electrical conductivity. It was demonstrated that the level
of specific conductivity of PN is important for mediating the
growth and differentiation of neurons: cells on substrates
with a conductivity of 0.43-0.5 S/cm showed the strongest
adhesion, cell migration, and protein expression [40]. To
maintain the physiological state of neuronal -cells,
MWCNTs were coated with bioactive molecules (4-
hydroxynonenal) to increase neuronal branching. The
results of the functionalized MWCNTs effect study on the
morphology of the cytoskeleton of neurons showed
abnormal growth of neurons, and therefore there was a
need to modify the surface of MWCNTS to achieve proper
cellular activity. The blood-brain barrier (BBB) (Fig. 5)
[40], which separates the blood from the cerebrospinal fluid
and the internal environment of the CNS, is the main
obstacle to the delivery of drugs in cases of its disorder.

Perivascular \
macrophage Microglia

Fig. 5 — Schematic representation of the blood-brain barrier (BBB)
and other components of the vascular-nerve unit (NV) [40]
CNTs, which have attractive properties, are an
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excellent example of solving this problem. They can be used
as separate scaffolds or in combination with other
biomaterials to stimulate and regenerate nervous system
damage, for example, being used as drug carriers to
neurons or directly interacting with biomolecules that are
associated with CNS diseases [40]. At the same time, it
should be remembered that CNTs are intrinsically toxic,
which is related to the ability of fullerenes to induce lipid
peroxidation, the formation of free radicals, the tendency to
aggregate and interact with cell membranes, and DNA
damage. All these are obstacles to the potentially wide use
of CNTs in the therapy of neurological diseases [18,40].

7. CONCLUSIONS AND NEW CHALLENGES

The development and production of new generation
composite biomaterials that can promote the healing
process of damaged nerves is the main goal of researchers
in the field of regenerative medicine. In this mini-review,
attention was focused on the preparation of alginate-based
porous, double-layer conduits with carbon nanoparticles
such as fullerene Ceo and SWCNTs. The obtained
characteristics of these samples showed that these
biomaterials have properties useful for neural tissue
engineering. Carbon particles, as well as the created PLA
layer, significantly reduce the degree of swelling of the
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BiopoaknaaHi npoBiHi HEPBOBI KAHAJIM HA OCHOBI ByIJIEI€BO-aIaTUT-010m0IiMe pHUX
OiomarTepiaiiB: cuHTE3 Ta BJIaCTUBOCTI

JI.®. Cyxony6, M.O. Kymena, JI.B. Cyxony6
Cymcevbruli Oepocasruil yrisepcumem, 8yn. Murkonu Cymuyosa, 2, 40007 Cymu, Yrpaina

B wmini-orssigl posriisiHyTO cydacHUi cTaH mpobsiemu pereHeparrii nepugepuunux Hepeis (PN), Brioga-
YN JeTaJl BHYTPIIIHBOI CcTPyKTypu PN, BUOM iX IIOMIKOIKEeHDb, 0l0XIMIUHI ACIIEKTH, 30KpeMa (YHKIIIO
Schwann-giiTu, Makpodaris, MiKMOJIEKYIAPHAX B3a€MOIIN PEIENTOPIB KIITHHHOI MeMOpaHu 3 OlaxamMu
ECM, sixi 3axisHi B mporieci pereHepariii nmepudgeprudHnux HepBiB. Po3po0ka IITydHUX HEPBOBUX TPYOOK (KOH-
IyiTIB) JJId 3MIABAHHSA JUCTAIHHUAX 1 MMPOKCUMAJIFHUX KIHITIB IIOITKOPKEHOI0 HEPBA € OCHOBHOI CTPATETIEn
BimHOBIeHHA PN. 3po0eHo aKkIleHT Ha BUKOPHUCTAHHS IIPOBIIHUX 6i0MaTepiaiB HOBOTO IIOKOJIIHHS, 30KpeMa
HA OCHOBI IIPUPOIHUX IoJricaxapumis (ambridar — Alg, xitozan — CS) Ta ByrjelieBUX HAHOYACTUHOK (OIHOC-
TirHi kapborosi HaHoTPyOKH — SWCNTS, rpaden — G, okcun rpadeny — GO un dymeper — Ceo) OTprMAaHUX B
nabopatopii «Bioranokommozu™ CyMchKoro gepsrkaBHoro yHisepcurery (YipaiHa) IJ1si BUpilIeHHs Ipo0ieMu
pereneparrii PN. [IpuBeneni pesysbTaTu JOCTIIKEHb OTPUMAHUX MATEPIaNiB 3 HAHOYACTUHKAMHU BYTJIEITIO
Ceo Ta SWCNT's Ha es1eKTpOIIPOBIIHICTD, HAOPSAKAHHS Ta 3AATHICTH 10 a1copOIIil Tpurroany (aMiHOKHUCIOTH,
10 € He3aMIHHOIO 1T (DYHKITIOHYBAHHS II€HTPAJIFHOI HEPBOBOI crcTeMu). PO3rIITHYTO 0COOJIMBOCT] BILIUBY
BYTJIELIEBUX MaTepilasiB Ha BIHOBJIEHHs (PYHKINH ITOMIKOIKEHOI HePBOBOI TRAHMHY. TaKoK, BiIMiYeHa KO-
pucHicts CNTs B HelipoHayKax 3aBAAKH 1X CIICITU(PIYHIM BJIACTABOCTSAM, a CAMe MIIITHOCTi, THYYKOCTI Ta eJie-
KTPOIIPOBITHOCTI, 30KpeMa IJIs OMOCePeIKYBAHHSA POCTY Ta AudepeHIriioBaHH0 HeipoHis. Ili xapaxrepuc-
THUKHW HEIOIaBHO CTBOPeHUX 3paskiB mosimepie 3 CNP moxasasu, mo 111 6iomarepiajayn MaioTh BIIACTHBOCTI,
KOPUCHI JJIs1 iHsKeHepil HepBOBOI TKAHWHU.

Kmiouori cimoma: [lomkomrenns mepudepuynnx wmepsiB, KapOowoBl HamouacTwHKH, [iIpoKcuaaTwr,
Biomosmimepw.
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