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COULOMB INTERACTIONS AT THE SILICON WIRE-NERVOUS Tl SSUE INTERFACE

Publication is based on the research provided kg dhant support of the State Fund for Fundamentdearch of
Ukraine (project # F-64/29-2015).

In the past decade the “silicon crystal-nervousuts interface has been attracting huge interest
due to the possibility of its application for new@mputing and regenerative medicine. The key
challenge of this research is to understand thehamsms of the interface formation, and thus to
prespecify properties of the interface and its aflen. Despite nhumerous researches there is no clea
definition of these mechanisms up to date. Hergmesent the study of the “silicon wire-nerve tissue
interface formed both in vivo and in vitro experm® We have shown experimentally that there is a
very good electrostatic adhesion of a nerve tissigdicon wire in the living organism and in a med,
close to the physiological environment, as welkog interaction between the constituents of the
interface was found to result from Coulomb mutu#iaation of the oppositely charged surfaces of the
nerve fiber and silicon wire. We measured the serfdensity of the charge at both surfaces of the
interface using dual-gated SOl-nanotransistors.e $arface density of positive charge at the nerve
membrane and the surface density of the negatiargeht the silicon wire were found to be ~2X3€hr
2 and ~1x1&%cm?, respectively. We analyzed Coulomb interactiorthatinterface during propagation of
a nerve impulse and concluded that nerve impulsddanitiate a flexural wave in the nerve fibeddn
generate an electronic surfacial wave in a spaeegehregion of silicon wire. Moreover, the flexural
wave has to provide metabolism in the nerve fibet, dereby, vital capacity of the interface. On the
other hand, the electronic wave in the space-chagjen of silicon wire allows using it for extrdicgar
recording of neuronal signal.

The interface of living-nonliving matter has becomesubject of research in many fields of
science. Study of the restoration of normal agtiwt an injured or diseased human nervous system
attracts special attention. Intensive researchi;drea became more active several years aga [Li§]
evident that integration of living organisms withnttional materials can create intelligent nanad an

136



| SSN 2079-8334. Ceim meouyunu ma oionozii. 2016. Ne 1(55)

macro-scale living complexes for biotechnologicadl anedical practice. In this regard silicon wires a
the most suitable matter for several reasons. I§irstlicon is a biocompatible material. It may be
naturally extracted from the living organism dueit® easy oxidation, while permanent implants of
silicon wire may be done too using a special treatnof the silicon surface. Furthermosdicon wires
were found to stimulate growth of the newly formeekve tissue [7-9]. In addition, the study of the
“silicon wire-nerve tissue” interface has been ewea within the past years due to developmentef th
silicon based nano- and neuro-computers [10-11lichwimight replace a damaged part of the brain and
ensure their joint operation with a healthy parhefvous system. The key problem of all this redes
“know how” to form such complexes with prespecifiptbperties and to ensure control over their
activity.

The goal of the current work is to study the medranof the “silicon wire-nervous tissue”
interface formation. For this purpose we prepagetignens of the “silicon wire-nerve tissue” inteda
in experiments carried out in vivo by simulationao$ciatic nerve injury in rats and subsequentvego
of the nerve tissue by using an implant comprigitigon nano- and micro-wires. The silicon wiregds
for preparation of the implants were grown by ghage-reactions method in a sealed tube at a
temperature gradient [12, 13]. Just before surgiparation, a surface cleaning of the preparedfet
nano- and micro-wires was done. Thereupon, the swiwere oxidized by storage under ambient
atmosphere at room temperature. The thicknesseobxide does not exceed one to two nanometers.
Surgical operations and preparations of sliceb@fiterface are described elsewhereN®jrphology of
the interfaces was examined by light microscopesl Zaiss NU-2E and Olympus BX 51 and
transmission electron microscopEM-125K, (SELMI, Ukraine).

To understand details of the interface formatioe,pgrformed additional experimerisvitro. In
this experiment, we used the silicon nanowire fedfeéct transistor (SINW-FET) as the sensor elen@nt
clarify all stages of the interface formatiorhe experiment in vitro was carried out on a livimguron
immersed into a physiological environment.

The interfaces prepared in vivo were examined ioua postoperation periods ranging from 3
weeks up to 12 months. The growing nerve fibersném within the short period were unmyelinated,
while the others had myelin sheath whose thickdepended on the length of the postoperation period.
Typical micrographs of the “silicon wire-nerve fibhénterfaces made with the light and transmission
electron microscopes are shown in Figs la andekpectively.

m— & gty

FIG.1. Micrographs of the interfaces: (a) made Wiht microscope, the slice is impregnated wittiaisilver, plane of the slice coincides
with the long axis of the silicon wire; here 1 fetsilicon wire, 2 is a bundle of the newly formaetve fibers; (b) made with transmission
electron microscope, the slice treated with 1% watdution of osmic acid, plane of the slice wasppedicular to the long axis of the silicon
wire; here 1 is the silicon wire, 2 is myelin shea is axoplasm, 4 is new layers of the myeliaath formed of Schwann cells. Scale bar: 40
um — (a), 50 nm — (b).

Before examining the micrographs, it is worthy tdenspecific features of slices preparation that
is induced by high difference in mechanical streraftthe nerve fiber and the silicon wire, evenuijio
the slices were made at deep freezing conditidis. prepared slices of two orientations, i.e. aland
normal to the large axis of the wires. Examinatifra great number of slices revealed breaking ef th
silicon wire which had occurred in the course ditlpreparation. Sometimes, a part of the crystake
retained or failed, but biomaterial conserved. Eixation of the interface with different magnifiaaris
allowed seeing general picture of the growing néitvers in the vicinity of the silicon wire and atsof
various cells supporting growth of the nerve. Ig.Fia a micrograph of the interface made with light
microscope demonstrates how a bundle of the newdwmy young nerve fibers tightly adhere to the
silicon wire. The micrograph of the interface masligh transmission electron microscope (Fig. 1b)
shows how the newly formed layers of cell membraheegenerating nerve fiber adhere to silicon
crystal. The distance between membrane and siliéanis less than a few nanometers. Having analyzed
a great number of micrographs, we can conclude ythahg regenerating nerve fibers adhtrethe
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surface of silicon crystals. Furthermore,membrane, which covers the nerve fiber, iadjacent
immediately to silicon crystal. To understand sensitivity bé therve fiber to silicon wire, we have to
consider composition and the energy state of botistduents of the interface. The energy statehef t
near-surface region of the silicon wire at room@dphere is shown in Fig. 2a. In our experiment, we
used silicon wires doped by boron that means thsitipn of the Fermi level in the bulk of the craidEs

is placed nearby the top of the valence band.

L | 'Sl O A specific lattice restructuring of
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Fig. 2. (a) The near-surface region of silicon wisnere: 1—- the energy structure oft lightl dgy 9 dFE' doni P d
the near-surface region of the silicon wire; 2 rative oxide layer on the wire surface. (b)S 19 ty epen_ S On_ Opmg [15] an
A structure of the membrane of nerve fiber (axanjhie living organism, where: 3 — thegrowth of a thin native oxide as well
extracellular physiological environment; 4 — theomax membrane composed of ; _ HR
phospholipids molecules; 5 — the axoplasm. (c) Aphology of the “silicon wire — [16_]' H_owever, _m p-type of .SI|ICOn,
nervous tissue” interface generated in the livingaaism, where: 1 — silicon wire, 2-3 ~-Which is used in our experiment, a

the interface of a negatively charged native oxidd positively charged outer surface Obositive chargeat the surfacial bands
the nerve fiber membrane, 4 — the axon membranehg axoplasm. exceedshe negative one [15]

Thus, the silicon wire being at vacuum or covergdhe thin native oxide is entirely neutral,
though the external surface of the silicon wireclsarged positively. Structure of the nerve fiber
membrane inside a living organism is shown in Blg. In our case preparation of the interface from t
sciatic nerve of rats, the axon membrane is congpo$@hospholipid molecules that are known [t7]
consist of polar heads and nonpolar tails and fil@membrane in a shape of bilayer. It is worthevtol
emphasize that the outer side of the membranedsgetl positively. Surface density of this charge,
according to Richardson’ structure model [18] eguabout 2x18 cm. So, a large positive charge of
about 2x1&°cn? is permanently located at the outer side of thenbrane.

Summarizing the above consideration, we can drawdhowing conclusion. If the near-surface
region of the silicon wire conserves its chargeestaside the living organism, then the siliconevand
the nerve fiber are similarly charged and haveepulse each other. Nevertheless, we do observergyst
adherence of the nerve fiber to the silicon wira @llows supposing that the physiological envirenm
(interstitial fluid, cell cytoplasm, etc.) contrites to the formation of the interface. Analyzingvhthe
environment may influence the charge state ofmiliwire, we paid attention to the main propertiés o
the physiological environment. About 80% of the iemvment consists of water, and its pH equals about
7. On the other hand, thin native oxide layer, twters the wires, is known [19] to consist priryaof
intermediate oxidation states of Si atoms, in pafdr, St* (SiO), SF* (SiO), SP* (SikOs). Thus, we can
suppose that sub-oxidized Si atoms chemically regitt OH radicals of the environment, charge the
surface of the wire negatively and, thereby, prev@bulomb attraction between silicon wire and nerve
fiber. To validate this assumption, we used a meapkriment on contact of the nerve cells witrceii
wire in the electrolyte with pH = 7, close to thieypiological environment. In this experiment SiNW-
FET based on SOl-structure with two gates [20-223 been used as the sensor element to evaluate
charge states of the silicon wire during the irstegf formation. A schematic representation of this
transistor and its optical image after adherencéhefnerve cell are shown in Figs 3a and 3b. Ia thi
transistor, the substrate is used as a control @etek-gate, BG), modulating their conductivity. An
analyte which adheres to the free surface of teststor plays the role of the second gate (vittoel
gate). If the charge at the surface of the nansistor changes due to adsorption of the analyteyibo
change the conductivity of the nanotransistor anitl shift its current-voltagel 4s(Vbg) Characteristic
along voltage axis. A sign and value of the ghiftallow determining both the sign and the density
the adsorbed charge. To elucidate how the chaage sf the nanotransistor surface changes in contac
with the physiological environment and after adhees of a neuron, we studied current-voltage
characteristic$qs(Vbg) in three cases: (1) initial state of the surfat¢he nanotransistor (without any
analyte, i.e. a free surface covered with nativeleonly), (2) the surface of the nanotransistomain
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contact with the physiological environment, andt{8 surface of the nanotransistor after adherehee
neuron when it is immersed into the physiologicalimnment.
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FIG. 3. Schematic presentation a dual-gated SiNWW-Bibsensor based on SOl-structure (a); micrografph neuron adhering to the
surface of biosensor (b); current-voltage charsttes kis(Vyg) for three cases of the surface of biosensorl(ty:the surface covered by native
oxide (without any analyte), 2 - the surface intashwith the physiological environment, 3 - theface in contact with adsorbed neuron that
was immersed into the physiological environment.

The current-voltage characteristics for these theses are shown in Fig. 3c. It is seen that when
we immerse the nanotransistor into the physioldgecevironment, the current-voltage characteristics
shifts to the greater voltagé, that corresponds, by conditions of our experimeng negative charging
of the surface of the nanotransistor. Then, we ense a neuron into the physiological environmeunt an
observe its adherence to the surface of the narsistar (Fig. 3b). The adherence of the neuron is
accompanied by shifting of the current-voltage abtaristic in the opposite direction, in particutarthe
smaller voltagé/ng, that means an accumulation of a positive chargleeasurface of the nanotransistor.
Knowledge of the shifting of the current-voltageaddcteristics and geometric parameters of the
nanotransistor allows calculating the surfacialrghaat the surface of the nanotransistor inducethéy
adherence of the analyte. We calculated the sudansity of this charge after adherence of compisnen
of the physiological environment and after adheeeat a neuron as well. We found that the charge
accumulated in physiological environment on thdam#r of the silicon nanotransistorriegativeand its
density equals-1x10“cnt2. On the other hand, the adsorption of a neuronatesi accumulation of a
positive chargeon the surface of nanotransist®he density of this charge is equal to ~2%tar2

So, the experiment in vitro proved the above made
assumption about chemical reaction of native oxide
with OH radicals and, hereby, negatively charging a
surface of the native oxide of silicon wire.
Furthermore, the density of the positive charge
accumulated at the silicon-nanotransistor after
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Fig. 4. Charge state of the interface (a) duringheave
impulse (b) propagation. Here 1 is silicon wirdsaative oxide
with negative charge on its surface, 3 is the erltalar
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adsorption of the neuron coincides with the known
value of the density by Richardson’ structure model
[18]. So, from the in vitro experiment, we can draw
conclusion on the Coulomb origin of the interface
formation and present morphology of the “silicomrevi

— nervous tissue” interface as it is shown in Rig. It

is also evident that a propagation of the nerveuis®
through the nerve fiber has to occur in a quitéed#nt
way as compared to the case when the nerve impulse
passes through a free nerve fiber. A charge sfateeo
formed interface during propagation of nerve impuls
schematically is shown in Fig. 4.
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At a normal (resting) state of the nerve fiber,ithes a permanent positive charge at the outer
side of the membrane, there is an additional p@sitharge located inside the extracellular medinth a
the negative charge located inside the axoplasresdicharges produce potential difference across the
axon membrane, the so called “resting potentiales(vV 70 mV) that acts throughout the entire length of
the nerve fiber in a normal (resting) state of leeve. However, when a nerve impulse passes alang t
nerve fiber, it reverses the potential differenazoss the axon membrane, the so called, “action
potential” (Vacion ~ - 40 mV). So, propagation of the nerve impulsenglthe nerve fiber has to be
accompanied by a flexural wave in the nerve duetharge of the external side of the membrane and
subsequent changing of the Coulomb attraction efrtérve fiber to the silicon wire by the Coulomb
repulsion. Additionally, propagation of the nervapulse has to generate an electronic surfacial wave
a space charge region of the silicon wire. Thetatiay be used for extracellular recording of nearo
signal. Details of this process have to dependchgtyoon properties of silicon wires and call forther
research.

Sy _

We carried out an experimental research on thedtom of the interface “silicon wire - nervous
tissue”. We analyzed an intermolecular mechanismdbierence of nerve tissue (nerve fiber, neuron) to
silicon wire from the physico-chemical point of wieWe presented detailed structure of the interfamk
have experimentally shown that the main force efdtable interface formation is related to the Gl
mutual attraction of oppositely charged surfaceshef nerve tissue and silicon crystal. We alsal pai
attention to specifics of the nerve impulse profiagaalong the nerve fiber and showed that the
Coulomb interaction of the nerve fiber and theceiti wire has to be accompanied by two kinds of the
waves, in particularly, a flexural wave in the refiber and an electronic surfacial wave in a space
charge region of the silicon wire. Stimulation oflexural wave has to provide metabolism in thevaer
fiber and, hereby, vital capacity of the interfa@n the other hand, the electronic wave in the espac
charge region of silicon wire allows using it foxtmcellular recording of neuronal signal. Thuse th
presented experimental results demonstrate hownsare control of the interface properties for its
application both in neuro-computing and medicattica.

The authors thank Prof. A.S. Ratushnyak for praxgdexperiment with a living neuron and
useful discussion of the results; thank Prof. OBfelyayev for useful discussion and useful ideas i
further development of the research.

0 Beserences

1. Jennifer L. Collinger, Michael A. Kryger, M.D., RicltaBarbara, Timothy Betler, Kristen Bowsher, Elke 4. Brown,
Samuel T. Clanton, Alan D. Degenhart, Stephen [ddsp Robert A. Gaunter et al., CTS 7, 52 (2014).

2. R. A. Miranda, W. D. Casebeer, A. M. Hein, J.W. Jul\R. Krotkov, T.L. Laabs, J.E. Manzo, K.G. Parkr&.A. Pratt,
J.C. Sanchez, et al., J. Neurosci. Methods S0166(02)Y00270-2 (2014).

3. N. Birbaumer, A. Murguialday, C. Weber, P. Montol#, Rev. Neurobiol. 86, 107 (2009)

4. R.Biran, D.C. Martin, P.A. Tresco, J. Biomed. MaRes. A 82169 (2007).

5. Chen, Kevin H.; Dammann, John F.; Boback, Jessica [enore, Francesco V.; Otto, Kevin J.; Gaunt, Roher
Bensmaia, Sliman J., Journal of Neural Engineebifogime 11, Issue 2, article id. 026004 (2014).

6. R.J. Vetter, J. C. Williams, J. F. Hetke, E. A. Numa&ker, D. R. Kipke, IEEE Trans. Biomed. Eng. 51, @B#4).

7. V. Lichodievskiy N. Vysotskaya, O. Ryabchikov, A.Kak, Yu. Chaikovsky, A. Klimovskaya, Yu. Pedchenko,
Lutsyshyn, and O. Stadnyk, Advanced Materials Rebed®4, 157 (2014).

8. A. Klimovskaya, N. Vysotskaya, Yu. Chaikovsky, A. #sak, V. Lichodievskiy, and |. Ostrovskii, Morphglp of the
interface “silicon wire — nerve fiber”// Advancedatérials Research (accepted for publication 12.0BR0

9. A. Klimovskaya, Yu. Chaikovsky, N. Vysotskaya, A. Kak, V. Lichodievskiy, Patent Application U20150682kraine
(13 July 2015).

10. Moria Kwiat, Roey Elnathan, Alexander Pevzner, AsReretz, Boaz Barak, Hagit Peretz, Tamir Ducobni,i@aBtein,
Leonid Mittelman, Uri Ashery, and Fernando PatoJskyghly Ordered Large-Scale Neuronal Networks mdividual Cells
—-Toward Single Cell to 3D Nanowire Intracellulardrfaces, ACS Appl. Mater. Interfaces, 4, 3542 (2012)

11.Wim L. C. Rutten, Annu. Rev. Biomed. Eng. 4, 407 (2002)

12.V. Sandulova, P. S. Bogoyavlenskaya, and M. |. DunYSSR patent 5, 160829 (6 July 1964).

13.1. Klimovskaya, I. P. Ostrovskii, and A. S. Ostrkaga, Phys. Status Solidi (a) 153, 465 (1996).

14.S. G. Davison and J. D. Levine, Surface Statesq@wec Press, New York & London, 1970) p. 94-102.

15.G. W. Gobeli, F. G. Allen, Physical Review 127, 14962); F. G. Allen, G. W. Gobelibid.127, 150 (1962).

16. Nesterenko, O. V. Snitko, V. T. Razumnyuk, Surface&ce 9, 407 (1968).

17. Rondey Cotterill, Biophysics (John Wiley s Sons L&hjchester, England, 2002) p.249-268.

18.D. Branton and D. W. Deamer, Membrane Structureiigpr-Verlag Wien, New York, 1972) p. 6-12.

e aoeenis

140



| SSN 2079-8334. Ceim meouyunu ma oionozii. 2016. Ne 1(55)

19.R. Ghita, C. Logofatu, C. Negrila, F. Ungureanu, C. iGotj A. Manea, M. Lazarescu, C. Ghica, S. Basu, @lyst

Silicon - Properties and Uses (InTech, Rijeka, 2@l D3-42.

20.V. Naumova, B. I. Fomin, D. A. Nasimov, N. V. Dudcike, S. F. Devyatova, E. D. Zhanaev, V. P. Popow A_atyshev,
21.L. Aseev, Yu. D. lvanov, A. I. Archakov, Semicor&ti. Technol25, 055004(2010).

22.Yu. D. Ivanov, T. O. Pleshakova, A. F. Kozlov, K. Malsagova, N. V. Krohin, V. V. Shumyantseva, |.Shumov, V. P.
Popov, O. V. Naumova, B. I. Fomin, D. A. Nasimov,lAAseev, and A. |. Archakov, Lab on a Chif2, 5104 (2012).

23.V. P. Popov, O. V. Naumova, Yu.D. Ivanov, In Semidoctor-On-Insulator Materials for NanoElectronipphication, ed.
by A. Nazarov, J.-P.Colinge, F. Balestra, J.-P. Ragki Gamiz and V.S. Lysenko, Springer 2011, p.333-

D0

KYJOHIBCBKI B3AEMO/IIi HA HHTEP®EMCI
«HATKONOJAIEHUM KPUCTAJ KPEMHIIO-
HEPBOBA TKAHHUHA»

Kinmoscbka A1, YaiikoBeskuii FO.B., HaymoBa O.B.,
Bricoubka H.A., Kopcak A.B., JlixogieBcbknmii B.B.,
®omin b.1.

B ocranni poxu iHTepdeiic «HUTKOMOMIOHMH KpHCTa
KPEMHIIO-HEpBOBA TKaHMHA» IPUBEPTAE OCOOJIMBY yBary B
3B'I3Ky 3 THM, MO KPEeMHil € HallepCrHeKTHBHIMINM
MarepiaqoM Uil pPO3pOOKH  HEeHpo-KOMIT'IoTepiB 1 Juis
pereHepanii HepBOBOI TKAaHMHU. [OJOBHE 3aBHaHHSA ILHUX
JIOCII/DKEHb - 3'ICYBaHHS MeXaHi3MiB ()OPMyBaHHS TaKHX
iHTepdeiiciB 1 pozpoOka  METOAIB  YHNpaBIiHHA  IX
BIAacTHBOCTSIMHU. He3Bakaroun Ha Oe3miu myOuikarii, o
TENEpIIIHBOT0 dYacy HeMae YITKOTO PO3yMIHHS MeXaHi3MiB
GdopmyBaHHS 1UX iHTepQeliciB. Bincyrmicte 3HaHE €
TOJIOBHOIO MEPEIIKO/I00 Ha HUIAXY CTBOPEHHS HPHUCTPOIB, 1110
pEreHepyIoTh MOIIKOXKEHY HEPBOBY TKaHHMHY, a00 IPUCTPOIB,
3[JAaTHUX IIOBHICTIO 3aMiHMTH 1i IOIIKOMKEHI [iIAHKM 1
37ar0/PKEHO TMPAIIOBaTH 31 310POBOI0 YACTHHOIO HEPBOBOI
cucteMu. Y Ii poOOTI MH IPEACTABISEMO pE3yJbTATH
JIOCIIKEHb 1HTep(heicy «HUTKOMOAIOHNI KPHCTAI KPEeMHIIo-
HEpBOBa TKaHWHA» B CEKCIIEPUMEHTax iN Vivo Ta in Vitro.
ExcrieprMeHTH NOKa3aid, IO aares3is HEpBOBOI TKAHWHH IO
HUTKONOJIOHUX KPUCTATIB KPEMHIIO SIK B JKUBOMY OpraHi3Mi,
Tak 1 B (i3iosOriYHOMY  CepeloBHMINI, [OB'sI3aHA 3
CIIEKTPOCTATUYHOI B3AEMOMIEI0 MiX TOBEPXHAMU 000X
cknanoBux iHtepdeiicy. CuibHa B3aEMOJIsI KOMIIOHEHTIB
iHTepdeiicy  oOymOBIEHa  KYJIOHIBCHKOIO  B3a€MOJII€I0
MIPOTHIIKHO 3apsKEHHX IOBEPXOHb HEPBOBOTO BOJIOKHA 1
KPEMHI€BOTO HUTKONOAIOHOTO Kpucramy. Lle Oyio mokasano
EKCIICpUMEHTAIBHO 3 BHKOPUCTAHHSIM  KPEMHIEBOTO
MOJILOBOTO HAHOTPAH3UCTOpA 3 JBOMa 3aTBOpamu. B 1pomy
eKCHEePUMEHTI MM BH3HAYMJIM 3HAKM 1 BHUMIPSJIM T'YCTHHY
3apsay Ha 000X MOBepxHsX iHTepdeiicy. BusBuiocs, 1o
MOBEPXHS MeMOpaHH HEpBa 3apsiPKeHa MO3MTHBHO 1 I'yCTHHA
3apsity jgopisaioe ~ 2x10° cM?, oBepXHs KpHUCTana KPEMHito
— 3apsypKeHa HEraTHBHO, 1 TYCTHHA 3apsiiy JOPIBHIOE ~
1x10%cn2. 3 ormsay Ha KyJOHIBCBKY B3a€MOJI0  Mik
HEPBOBHM BOJIOKHOM 1 KPHCTaJOM KPEMHIIO, MU MOXEMO
3poOMTH BHCHOBOK MPO T€, IO INPOXOPKEHHS HEPBOBOTO
iMITyJIbCY 110 HEPBOBOMY BOJIOKHY, SKE€ CYIPOBOIKYETHCS
3MIHOIO 3HaKa 3apsAay Ha MOBEPXHI BOJOKHA, Ma€ MPU3BOAUTH
10 TOSBM 3TMHAIBHOT XBWJII B HepBi 1 40 rTeHeparii
MIOBEPXHEBO €JISKTPOHHOI XBIJII B IIApi IPOCTOPOBOTO 3apsiLy
B HUTKOIIOJIOHOMY KpHCTali KpeMHil0. BUHHKHEHHS mHX
XBWJIb MA€ TIPUBOJUTH 10 JABOX NO3UTHBHUX €(EKTiB, a came,
3rMHaJbHA XBWISI ITIOBHHHA IIOKpaIllyBaTH MeETaboJi3M B

HEpBOBIf  TKaHWHI, 1 TakUM YHHOM, 3a0e3MeuyBaTH
KUTTE3JATHICTh 1HTepdelicy, a MoBepXxHeBa eJIeKTPOHHA
XBWJISI, IO TEHEPYEThCSl B HUTKOMOAIOHOMY KpHCTai

KPEeMHil0, MOXXe OyTH BHKOPHCTaHa [UIsi HEIHBa3UBHOTO
croco0y peecTpariii HepBOBHUX IMITYJIbCIB.
KonrouoBi cioBa: intepdeiic, HUTKOMOMIOHNIT KpHCTAT
KPEMHi0, HepBOBa TKAHHHA.
Crarrs Hagivnua 15.01.2016.
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KYJOHOBCKHUE B3AUMOJIEMCTBHS HA
UHTEP®ENCE «<HUTEBUIHBIA KPUCTAJLI
KPEMHUSA-HEPBHASA TKAHb»

Kaunmosckas A.U., Yaiikosekuii F0.b., Haymosa O.B.,

Bricoukas H.A., Kopcak A.B., JIuxonuesckuii B.B.,

®omun b.U.

B mocnennme rompl MHTEP(EHC <HUTEBHAHBINA KPHUCTAIIT
KpeMHUsI-HEPBHAsI TKaHb» MIPUBJIEKAaeT 0cO00€ BHUMAHHE B CBS3H
C TeM, 4YTO KPEeMHMH SABIETCS CaMbIM IEPCIEKTUBHBIM
MaTepHaroM i1 pa3pabOTKU  HEHpO-KOMIBIOTEPOB M JUIS
pereHepauuy  HEpPBHOM  TKaHW. [JlaBHas  3ajada  9THX
HCCIIEZIOBAHUH OTO BBIICHEHME MEXaHM3MOB (DOPMHPOBAHUS
TakuxX HHTEpdeHcoB M pa3paboTKa METONOB YIPABICHUS HX
cBodictBamy. HecmoTps Ha MHOXeECTBO —myOimKammii 10
HACTOAILETO BPEMEHU HET 4YETKOro IIOHUMAaHUs MEXaHH3MOB
(opmupoBanmst THX HHTEpdericoB. OTCYyTCTBHE STHUX 3HAHUH
SIBIISIETCS] TJIABHBIM TIPETIITCTBUEM HA ITyTH CO3/IaHUsI YCTPOMCTB,
PETEHEPUPYIOIINX — MOBPEKJIEHHYIO HEPBHYIO TKaHb, WM
YCTPOICTB, CIIOCOOHBIX MOJHOCTBIO 3AMEHUTh €€ MOBPEXKICHHBIE
YJacTKHU U COTJIACOBAHHO PabOoTAaTh CO 3/I0POBOM YACTHIO HEPBHOI
cucteMbl. B Hacrosimiel paboTe MBI IIpeCTaBisieM Pe3yJIbTaThl
HccreIoBaHNH HMHTEpdeiica «HUTEBUIHBIA KPUCTALT KPEMHUS-
HEpBHasl TKaHB» B OKCIIEPUMEHTaX IN VIVO u in Vvitro.
OKCIIEPUMEHTBl II0KA3aId, YTO aAre3dss HEPBHOM TKaHH K
HHUTEBUIHOMY KPHUCTAJUTy KPEMHUsI KaK B KMBOM OpraHH3Me, TaK
U B (U3MOJIOTMYECKOIl cpeie CBfA3aHA C AIEKTPOCTATHYECKUM
B3aUMOZICHCTBUEM MEK/TY TOBEPXHOCTAMHU 00EMX COCTABIISIIONINX
unrepdeiica. CunbHOE  B3aMMOJICHCTBHE KOMIIOHEHTOB
nHTepdeiica 00yCIIOBIICHO KyJIOHOBCKUM B3aUMHBIM
IPUTSDKEHUEM  [IPOTHBOIOJIOKHO  3apSDKCHHBIX  [TOBEPXHOCTEH
HEPBHOTO BOJIOKHA M KPEMHUEBOIO HHMTEBUIHOIO KpUCTAsLIA.
D10 OBUIO TOKAa3aHO HKCIIEPUMEHTAIBHO C HCIIOIB30BaHHEM
KPEMHHUEBOTO TI0JIEBOT0 HAHOTPAH3MCTOPa C ABYMs 3aTBopaMu. B
9TOM OSKCNIEPUMEHTE Mbl ONPENENHIN 3HAKK U U3MEPUIIH
IUIOTHOCTH 3apsiJa Ha o0enx IIOBEpXHOCTAX HHTepdeiica.
Okazajioch, YTO TOBEPXHOCTh MEMOpaHbl HEpBa 3apsDKeHa
TMONIOKUTENBHO M TUIOTHOCTh 3apsja pasHa ~ 2X10° cwm?,
MOBEPXHOCTh KPUCTAUIA KPEMHMS — 3apsDKEHA OTPULATEIBHO U
IIOTHOCTE 3apsija paHa ~1x10“CNT? . YuuTkiBas KyJTOHOBCKOE
B3aMMOJICHCTBHE MEXKIYy HEPBHBIM BOJIOKHOM M KPUCTALIOM
KPEMHUsI, MBI MO>KEM CZIENIaTh BBIBOJ O TOM, YTO MPOXOXKIECHUE
HEPBHOTO  HMMITylIbCa II0 HEPBHOMY  BOJIOKHY, KOTOpOE
COTIPOBOJK/IAETCA M3MEHEHHEM 3HAaKa 3apsija Ha IMOBEPXHOCTH
BOJIOKHA, JIOJDKHO MPHBOJAUTH K TIOSBICHUIO W3TMOHON BOJIHBI B
HEpBE U K I'EHepaluy IIOBEPXHOCTHOU AJICKTPOHHOI BOJHBI B
Cll0e IPOCTPAHCTBCHHOIO 3apsfa B HUTEBUJHOM KPHCTaLIC
KpeMHUs. BO3HUKHOBEHHE 9TUX BOJIH JIOJDKHO IIPUBOJUTH K IBYM
TIOJIOXKHUTEIIBHBIM 3(eKTam, a UMEHHO, M3THOHas! BOJHA JODKHA
yiIydmiaTe MeTaboNM3M B HEPBHOW TKAaHW, W TAKUM 00pasoM,
o0ecreunBaTh JKH3HECTIOCOOHOCTh uHTepdeiica, a
MOBEPXHOCTHAsl ~ DJIEKTPOHHAs  BOJHA, TeHepupyemas B
HHUTEBUIHOM KpHCTaJIe KPEMHHs, MOXeET ObITh HCIIOIb30BaHA
JUTSL HSMHBA3UBHOTO CII0C00A PErMCTPAIME HEPBHBIX UMITYIIbCOB.

KnroueBble cioBa: mHTEepdeiic, HUTEBHIHBIH KPUCTAIII
KPEMHHSI, HepBHAsI TKAHb.

Peuensenr €pomenko .A.
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