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ITens uccredosanus. BoipaGorats METOAUKY TOMyY€eHUS] N300 pakeHHil HATHBHBIX KJIETOK B (PU3NOJIOTHYECKOH Cpesie, u3Me-
PHUTD JIOKQIBHYIO 3KeCTKOCTh (PUKCUPOBAHHBIX MEMOPAH SPUTPOLMTOB B 3KH/IKOCTH B ONBITAX in vitro. Mamepuan u memooot.
3a60p KPOBH NPOU3BOIWIN Y YEThIPEX 30POBbIX JOHOPOB B Npolecce npoduiakTuyeckux ocMoTpos. Kposb nomemanu B
mukpoBertsl ¢ DJITA. Ipurpouutsl puKcupoBaiu B cpeae 0y(depHOro pacTBOpa Ha MOMJIONKKY C MOKPHITHEM IOJHIH3HHA.
U3zo6paskenue knerok noxyyaau ¢ nomonbio ACM NTEGRA Prima, (NT-MDT, P®). JKectkocts MeMOpaH OlleHHBAIH €
MOMOIIBIO METO/Ia AaTOMHO-CHJIOBOH cniekTpockomuu. Pezyavmamot. Ilonyyenst 3Havenus apdexrusnoro moay:st FOura st
CTATHCTHYECKOii BHIGOPKH PHKCHPOBaHHBIX MeMOpaH aputTpouuTos. IIpu aeiictBun Bepanamuia Ha KpoBb Moyab FOura Gour
pasen 528+21kII. ITpu feiicTBUM Ha KPOBb HOHOB TSIKEJIbIX METAIUIOB CPEIHSIS JIOKAIbHAS JKECTKOCTb BBICYLIEHHONH MeMOpa-
HbI OblIa yBeaudeHa 10 942+56 Ha riayoune 35 uM. Bot600vt. I3MepeHus CHIIOBBIX XapaKTEPUCTHK SPUTPOIMTOB B KUAKOCTH
M03BOJISIIOT 0JIyYaTh BOCIHPOM3BOAMMbBIE PE3YJITATbl HCCIEAOBAHUI YIPYTO-3JaCTUYHBIX CBOiCTB MeMOpaH. C nomoupio
MeTOo/]a AaTOMHOM CHJIOBOH MUKPOCKOIIUH U ATOMHO-CHJIOBOH CIIEKTPOCKOIIMH MOXKHO aHAJM3HPOBATh CBOICTBA *KUBOM KJIETKU
B (dusnonornyeckoii cpene. Knrouesvie ciosa: MmeMOpaHpl, HATHBHbIE KJIETKH, YIIPYTO-3JIACTHYHbIE CBOCTBA, ATOMHO-CHIIO-
Basi CIEKTPOCKOINS.

Objective: to develop a procedure to image native cells in a physiological medium and to measure the local stiffness of fixed
red blood cell membranes in liquid in vitro experiments. Material and methods. Blood was taken from 4 healthy donors dur-
ing prophylactic examinations and placed in EDTA-containing Microvette tubes. The red blood cells were fixed in buffer
solution onto a polylysine-coated substrate. Cell images were obtained using an ACM NTEGRA Prima microscope (NT-
MDT, the Russian Federation). Membrane stiffness was estimated by atomic force spectroscopy. Results. The values of
effective Young's modulus were obtained for a statistical sample of fixed red blood cell membranes. Under the action of ver-
apamil on blood, Young's modulus was equal to 528+21 kP. Under the action of heavy metal ions on blood, the mean local
stiffness of the dried membrane was increased up to 942+56 at a depth of 35 nm. Conclusion. The measurements of the force
characteristics of red blood cells in liquid can yield reproducible results of examining the elastic properties of the mem-
branes. Atomic force microscopy and atomic force spectroscopy can be employed analyze the properties of a live cell in the
physiological medium. Key words: membranes, elastic properties, atomic force spectroscopy, erythrocytes.
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BBenenue Introduction

OHO#T U3 BayKHBIX 33144 PEAHUMATOJIOTUU SIBJISIETCS One of the important problems of reanimatology is
olpe/ieJieHIe YIPYTro-aJacTUYHbIX CBOUCTB apurpounToB | determining the elasticity patterns of erythrocytes in crit-
[IPU KPUTUYECKUX COCTOSTHUSIX. DT cBolictBa oGecnieun- | ical illness. These properties ensure efficient cell transfer in
BaroT 9(pPEKTUBHOCTD TPAHCIIOPTA KJIETOK B cucteMe cocy- | vascular microcirculation and effective tissue oxygenation.
JIOB MUKPOILUPKYJISIIUK U OKcureHanuto tkaveil. {us uc- | Different techniques are used to investigate the deforma-
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creoBaHus 1eOPMIPYEMOCTH 9PHUTPOIMTOB HCIIOJIb3Y-
0T Pa3Hble METOIBbL: (DHIIBTPAIINIO Y€PE3 MOPBI C ANaMeTpa-
MU OKOJIO 5 MKM, METO/IBI JIa3epHoi audpakromerpun [1].
OzHAKO 3TO KOCBEHHbBIE METOBI M3y4YeHus nedopmupye-
MOCTH 3PUTPONUTOB. IIPSIMBIM METOZOM M3ydeHHE YIIpy-
rO-9JIACTUYHBIX CBONCTB 9PUTPOIUTOB SIBJISIETCS] ATOMHO-
cunoBasi criekrpockonus (ACC) [2]. Aromuas cuyoBast
mukpockonusi (ACM) u ACC 1103BOJISIIOT HENTOCPE/ICTBEH-
HO HaGIIOaTh GUOJIOTHYECKHE OOBEKTHI B PEATbHOM BpE-
MEHH ¥ M3y4aTh WX MeXaHumdeckue cBoiictBa. IIpm atom
ACM obecrieanBaet mosydenue n300pakeHuii moBepxHoC-
T MeMOpaH B HaHoAuanasowe |3, 4], a ACC 1nosBosister uc-
caien1oBarh 1eOPMHUPYEMOCTh U SKECTKOCTH OMOJIOTHYeC-
Kux 00beKTOB [5, 6], B TOM umciie MeMOpaH KJIETOK U X
(dbparmentos [7, 8].

Oba 11 MeTozIa PEATU3YIOTCsI € HOMOIIBIO ATOMHO-
ro cuoBoro Mukpockona (ACM) Ha ozHOI annaparype u
Ha OJIHUX U TeX e 06pasiax. Mameperue jECTKOCTH MPO-
BOJIUTCSI TTOCJIE TOJIYYeH st n300paKeHIi MeMOPaH UITH 1X
dparmenTos B mosie ACM [9]. Ha BoiOpanubie yuacTku us-
MepeHus KECTKOCTH JeHCTBYIOT 30HJOM C 3aJaHHON CH-
a0, TTo pedpopmariim GHOJTOTHYECKOil CTPYKTYPBI iesaeT-
cs  3aKJIOYEHHE O JKeCTKOCTH MarepHaja M ero
MexaHmuecknx cBolicTBax. [ledopmmpyemocTs 1 KECT-
KOCTh MeMOpaH 3PUTPOIUTOB MEHSIETCS TIPH 3a00JIeBaHNI-
SIX — TIPU caxapHOM juabere, UIIEMUH MUOKap/a, THIep-
[10,
3aboseBanusivi [12, 13]. Vdydenne HaTUBHBIX GHOJIOTH-

TOHUH 11], y OGOJBHBIX € OHKOJOIMYECKUMU
gyecknx 00bekToB Ha ACM B JKHIKOCTH MTPEICTABISET CO-
GOl TEXHUYECKU U METOAUYECKU CJIOKHOE HAIPaBJICHUE
[14, 15], HOCKONBKY JKUBbIE KJIETKH — MSTKHE 0OBEKTHI,
KOTOpBIE TIJIABAIOT B pacTBope. JlJIs IpoBeieHnst necieo-
BaHMii MX HEOOXOAMMO 3a(PUKCHPOBATH Ha MOMMOKKE U
chopmupoBaTh MoHOCJION [16].

ACM n ACC pacimpsieT BO3MOKHOCTH TIOJTyUeHUST
undopmalu 06 IPUTPOIUTAX, [IOTOMY UTO 0ba MeToAa
TIPUTO/THBI JIJIST UCCIEIOBAHMST XapaKTEPUCTHK JKUBBIX KJIe-
TOK B Oyepe Ha HAHOPA3MEPHOM YPOBHE.

[lesb paboThl — pa3paboTaTh METOAUKY HOIYUEHHUST
u300pakeHUI HATUBHBIX KJIETOK B JKUIKOW cpejie, u3Me-
PUTH JIOKAJIbHYIO JKECTKOCTh MeMOPaH 9PUTPOLMTOB TIPH
Pa3IMYHBIX YCJIOBUAX B KUIKOCTU B OIBITAX i1 Vilr0.

Marepuan u MeTObI

3a60p KPOBH MTPOM3BOJINIIN ¥ YETHIPEX 37I0POBBIX IOHOPOB. B
COOTBETCTBUY ¢ TpebOBaHUAMHU HTUUECKOro Komuteta HUU 06-
1ieit peannmarosoruu uM. B. A. HeroBckoro GbLIo TIOJyYeHO CO-
rjace BceX JIOHOPOB Ha IpoBejieHune uccienoBanuii. Kposb B
obwbeme 200 Mk nomentaan B MukposerThl ¢ I/ TA (Sarstedt AG
and Co., Germany).

[LesbHYIO KPOBb Pa3/IesIsiyii Ha TJIa3My U 9PUTPOIMTHI C MO-
Mombio nentpudyruposanus (nentpudyra «Hettich Mikro
220R» (Tepmanus) B Tedernne 10 munyt, 1000 06,/Mun). Hagoca-
JIOYHYIO JKU/IKOCTb, COAEPIKAIIYIO MIA3MY, YAAJISIIN U K 9PUTPOIIU-
Tam nobasisin pactop Oydepa (dochatro-conesoit Gydep
(PBS, pH 7,4) s BoccTaHOBJICHHS HCXOHOTO 0ObeMa.

Jlnst crabusmsaniy MeMOpaHbl B IPUTOTOBIEHHYIO CYCITEH-
3110 noGasasn 100 M1 1% Ty TapOBOTO ATbETHAA U MHKYOUPO-
Basn B TeyeHue 30 MUHYT, HOCJIE Y€r0 APUTPOLUTHI OTMBIBAJIH
JUCTIJUTIPOBAHHO BOMION. B OTMBITBIE 9PUTPOIMTHI TOOABISIN

bility of erythrocytes: filtration through pores with diame-
ters of about 5 micron, methods of laser diffraction [1].
However, all of this are indirect methods for studying the
deformability of red blood cells. Direct method to study
the elasticity of erythrocyte membrane is an atomic force
spectroscopy (AFS) [2]. Atomic force microscopy (AFM)
and AFC allows both direct observing the biological
objects in real time and determining their mechanical
properties.

AFM allows to obtain images of the membranes sur-
face in the nano range [3, 4]. AFS allows to investigate the
deformability and rigidity of biological objects [5, 6]
including cell membranes and its fragments [7, 8].

Both of these methods are realized using atomic
force microscopes (AFM) on the same equipment and on
the same samples. Measurement of rigidity in the AFM
field is conducted following acquisition of imagesof the
membranes or their fragments by AFM [9]. Probe with a
given force affects the selected areas of interest to deter-
mine local rigidity. Deformation of biological structures is
informative for a rigidity determining of the material and
evaluating the mechanical properties of the object.
Deformability of erythrocyte membranes and rigidity are
changing in various diseases including diabetes, myocar-
dial ischemia, hypertension [10, 11], cancer [12, 13].

Studying native biological objects in fluid with AFM
is technically complecated [14, 15] since living cells repre-
sent soft objects that float in the solution. For research
purposes it is necessary to fix them on the substrate and
use a cell monolayer [16]. Therefore, the AFM and AFC
expand possibilities of gathering information about ery-
throcytes making possible to study membrane properties
of living cells in the buffer at the nanoscale

The goal of the study was developing a technique for
obtaining images of native cells in a physiological environ-
ment, to measure the local rigidity of the erythrocytes
membranes in fluid in experiment iz vitro.

Materials and Methods

Blood samples were harvested from four healthy donors follow-
ing obtaining the informed consent from each donor in accordance to
requirements of the Ethics Committee of the V. A. Negovsky
Institute of General Reanimatology.. Blood was placed in microvet-
ty with EDTA (Sarstedt AG and Co., Germany). Whole blood
was divided to plasma and erythrocytes by centrifugation for 10
min at 1000 rpm (centrifuge <«Hettich Mikro 220R»,
Germany).Supernatant containing plasma was discarded and the
original volume was restored with phosphate buffered saline
(PBS, pH 7,4). For erythrocyte membrane 0,1 ml of 1% glu-
taraldehyde was added for 30 minutes anderythrocytes were
centrifuged in the presence of distilled water added.

The resulting slurry was aliquoted onto a glass coated with
polylysine (0,5 mg/ml for one hour in a Petri dish followed by dry-
ing on air during 2 hours) and allowed to adhere for 10 minutes,
then dipped in a 1% glutaraldehyde for 5 seconds to fix the cells to
the glass surface. The resulting sample was washed in PBS and
scannned by AFM.

Images were acquired by AFM NTEGRA Prima (NT MDT,
Russia) in a liquid using an insert (model AU028NTF) with open
liquid cell. Scanning was performed in a contact mode. The num-
ber of scan points were 512. Rigidity was evaluated by AFC. This
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6ydep PBS (pH 7,4) B kosmuectse 5 M. DuKcanmio spuTporu-
TOB K CTEKJY B cpezie Oy(hepHOTO PacTBOpa, MPOBOININ C TIOMO-
IO TOMMIU3UHA. [[JIsT 5TOTO YUCThbIE 003 KUPEHHbIE TIOKPOBHbIE
creksia nomeranu Ha 1 gac B vamky Ilerpu ¢ pactBopom nosmim-
3uHa 0,5 mMr/Mir. Tlocste dero BbICYIIMBAIN HX HA BO3/yXe B TeUe-
Hue 2 4acos.

[Tosyuennyio cycreH3nIo HAHOCUJIM HA CTEKJIA C MOJIIJIN3N-
HOBBIM TIOKPBITHEM U OCTABJISIIN /17 ajre3un Ha 10 MuHYyT, 3aT€M
oryckaau B 1% riryTapoBblil ajberuj] Ha 5 CEKYH/L ISl yrydiie-
Hitst pUKcaIni KIETOK K cTek.ry. [lomyyenHblii oGpaserr mpoMbiBa-
B PBS (pH 7,4) 1 npucTynany K CKaHMPOBAHUIO IAHHOTO 00-
pasita ¢ omortibio ACM.

Jls nostyyenust usobpaskenuii ¢ momonbio ACM NTEGRA
Prima (NT MDT, Poccust) B sKuAKOCTH MCHOTB30BAIN U3MEPH-
testbublil BRazbi Mmogein AUO28NTF ¢ oTKpbITOI KUAKOCTHOT
sueiikoil. CKkaHMpPOBaHMe MPOM3BOANIN B KOHTAKTHOM PEKUMe.
Yucno Touek ckannpoBanust — 512. JKectkocts MeMOparsl orte-
HUBQJIM C HOMOIIBIO METOJa aTOMHO-CHUJIOBOI CIIEKTPOCKOIINN.
Mertoz 1103BOJIIeT U3MEPSTh BETMYNHY JeopManini IoBepXHOC-
T MeMOpaHbl U KaHTHJIEBEPa B 3aBUCHMOCTH OT BEPTUKAILHOTO
CMeEINeH s TIhe30CKaHepa, Ha KOTOPOM IoMeleHa MemOpaHa [2].

Jlnst mosydeH st n300paKEHIsI U M3MepeHust eopMarinn
MeMOpatbl B Oydepe ucnosb3oBaii Kantuaesepst tuia SD-R150-
T3L450B-10. Pagnyc soua kautuaesepa 150 1M, koaddunment
yupyroctu 0,15 H/m.

VI3MepeHst TOKAIBHOIT JKECTKOCTH MeMOPaHBI CYXHUX JPHT-
poruToB mposoansn Kautuiesepamu SD-R150-NCL-10. Paguyc
3on1a kantuieBepa 150um. KoadduimenT ynpyroctu kanTue-
Bepa 30 H/m.

PesyibraThl U 00Cy>KA€HUE

JlJIst OLIEHKK YIPYTo-2JaCTUYHBIX CBOKCTB MeMOpa-
HbI nocrpousin 3asucumocts F (h), rae F — cuma, h — ruy-
OuHA MHIEHTALUK 30HAa B MeMOPaHy.

[l onpenenerns momyss IOura (E) ncrmosnszosanu
Mojiesib Tepria (1), koTopast oruchiBaeT 1ehopMaIiio MeM-
OGpaHbI TIPH IEHCTBUN Ha Hee chepUuecKoTo 30H/a:

F=(4/3)ER0>h®? (1),

rine: F — Cuna; E — monyss FOura mem6pansr; R —
pazuyc 30Hz1a; h — rirybuHa uHIEHTAIMN.

ITo 3aBucumoctu F(h), MokHO otieHuTs Bennunny E
JUISI Pa3HbIX TJIyOMH TIOIPY/KEHUS 30H/1a.

V300paskeHrst 3PUTPOLIUTOB, OJTYIEHHBIE B JKIIKO-
ctu, 1 3D npoduap ykazaHHOHW CTPETKOHN KJIETKH, Tpe-
crasiyieHbl Ha puc. 1. [{uamerp apurporura 8517 HM, BbICO-
ta 1125 1M, ryGuna Bagunbl 468 HM.

Wsnayanbio ACM usobpakeHust KIETKU IPU CKa-
HUPOBAHUK B KUAKOCTH MMEIOT Gojiee HU3KOE MPOCTPaH-
CTBEHHOE paspelieHne 110 CPABHEHUIO ¢ U300paKeHneM Cy-
Xux KieTok. KauecTBO T110/yueHHBIX M300pakeHuii
SPUTPOLIUTOB B KUIKOCTH 3aBUCUT OT 00pasiia, OT BbIOOpa
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Puc. 1. U306paskenne HATUBHBIX DPUTPOILMTOB B KUAKOCTH U
npoduib SPUTPOUTA, YKA3AHHOTO CTPEIKON.

Fig. 1. Image of native erythrocytes in a liquid and the profile of
the erythrocyte, indicated by the arrow.

method allows measuring the deformation of the membrane and
cantilever depending on the vertical displacement of a piezoscan-
ner, on which the membrane is placed [12]. To acquire images and
measure the deformation of the membrane the type SD-R150-
T3L450B-10 cantilever was used. The radius of the cantilever
probe was 150 nm, coefficient of elasticity was 0.15 N/m.

Measurement of local stiffness of the dry membrane of ery-
throcytes was performed with cantilevers of SD-R150-NCL-10
type. The radius of the cantilever probe was 150 nm, coefficient of
the cantilever elasticity was 30 N/m.

Results and Discussion

For evaluation of elastic properties of the membrane
the dependence F (h) was plotted, where F — force, h —
depth of probe indentation into the membrane.

Determination of the Young's modulus was performed
using the Hertz model (1), which describes the deformation
of the membrane under the action of its spherical probe:

BsiGopka /i1 u3aMepeHust tg CHIOBOI KPUBOIi sl CTEKJIA U MEMOPaHDBI PUTPOLUTA B KUKOCTH.
Determining tg of force curve for glass and erythrocyte membrane in liquid microenvironment.

Conditions Number Number Number scans Number of Number of All objects
of donors  of samples of on sample studying local measure- cells points
cells on sample  ments on cell
Glass 5 3 15
Sample with erythrocytes 4 4 2 5—15 6 120 720

Note (npumeuanue): Conditions — yciosus; glass — crexio; sample with erythrocytes — obpasert ¢ aputporuramu; number — umco:
donors — goropos; samples scans on sample — ckaros Ha o6pasiie; studying cells on sample — uccnenyempix kaerok ma o6pasiie; local
measurements on cell — JokambHBIX M3Mepenuii Ha kieTke; all objects — Beero 06bekToB; cells — kieTok; points — Tovex.
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Puc. 2. Kpusble uaMepeHust 3KeCTKOCTH B KUKOCTH: @ — CTeKJIa; b — MeMOpaHbl 9PUTPOLIUTA.
Fig. 2. The curves in measurement of rigidity in liquid: glass (a) vs. erythrocyte membrane (b).
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Puc. 3. Imnupuueckas sapucumoctb F(h) (1) u reopernyeckas
annpokcuManus (2) st MeMOpaHbl PUTPOIUTA B KUIKOCTH.
Fig. 3. Empirical relationship F (h) (1) and theoretical approx-
imation (2) for the erythrocyte membrane in the fluid.

Note (npumeuanue): h (depth of indentation probe, nm) — ruy-
6una nugentanuu sou1a , um; F (h) (empirical dependence) — am-
npudeckast 3aBrucuMocThb; kPa — kITa; nN — uH (HanaHbIOTOH).

ONTUMAJIBHBIX Crenn(UIecKux pesknMoB paborer ACM n
KBaJM(PUKAIUT UCCITIE0BATEIS.

Ha puc. 2 mpuBezieHbI CUIIOBBIE KPUBbIE, TIOTyYE€HHbIE
B JKUIKOCTH: /7151 cTekaa (tgp = 6) (puc. 2, a), n cumoBas
KpuBas s MeMOpanbl aputponuta (tgp=3,3) (puc. 2, 6).

O61mee KOMM4ecTBO U3MEPEHU JTOKaIbHOM JKECTKO-
cTi MeMOpPaHbl 9PUTPOIINTA PEACTABICHO B TaOI. 1.

[TpousBoanan npeobpasoBaHnue NCXOAHON IMITMPH-
veckoil dyuxmun [ (AZ) B 3aBucumocts F(h), rne AZ —
oj/rbeM nbe3ockanepa (im); I — tok paccornacoBanms ¢o-
toanona (HA); h — ruy6una nnaeHTamu 30012 (HM).

F=K(I,/1,)* AZ

I, u I, — TOKHW paccoriacoBaHmsI ST MEMOpaHbI 1
CTEKJIa COOTBETCTBEHHO.

[Tosyuennas smrupudeckas sagucumocts F(h) mpexn-
cTaBJieHa Ha puc. 3. DTa aMIIUpPUYECcKas 3aBUCUMOCTb ObLia
aIMpOKCUMIPOBAHHA TEOPETIUECKOH 3aBUCUMOCTHIO (1).

F=(4/3)ERO5h®? (1)

F — force; E — Young's modulus of the membrane;
R — probe radius, h the depth of indentation.

We can estimate E for different depths of probe
immersion according to the dependence of F (h).

Images of erythrocytes obtained in liquid and the 3D
profile of cells are shown in Figure 1. The diameter of the
erythrocyte was 8517 nm, height was 1125 nm, the depth
was 468 nm.

AFM images of the cells originally scanned in the
fluid have a low spatial resolution compared to the images
of dry cells. Quality of red blood cells images in a liquid
depends on the sample, depends on optimum operating
conditions of the AFM and experience of a researcher.
Figure 2 (a) shows the power curve obtained for the glass
in the fluid (tgp=6), and Figure 3 (b) illustrates the power
curve for the erythrocyte membrane, (tgp=3.3).

The total number of local rigidity measurements of
the erythrocyte membrane is shown in Table 1.

Original empirical function I (AZ) was converted
into dependence F (h), where AZ — rises of a piezoscanner
(nm), I — differential current of photodiode (nA), h —
depth of indentation probe (nm).

F=K(I,/I,,)* AZ

Im u Icr — differential currents for membrane and
glass, correspondingly.

The resulting empirical dependence F (h) is shown
in Figure 3. These empirical relationships were approxi-
mated by theoretical dependence (1).

It was assumed that the mechanical properties of the
erythrocyte membrane are uniform. The average values of the
Young's modulus of the membrane of red blood cells in the
fluid were 310—680 kPa. The specified dispersion was defined
as different objects of measurement (cells) and difference of
the local properties of the erythrocyte. The Young's modulus
on the torus of the cell membrane was 576 kPa (Fig. 1).

Dry erythrocyte membrane is not uniform, and the
modulus E for different values of h are different. Empirical

www.reanimatology.com

GENERAL REANIMATOLOGY, 2015, 11; 3



DOI:10.15360,/1813-9779-2015-3-39-44

OPMI‘TAHQ,ABHI)IC MCCACAOBAHM I -

F, nN
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1 h, nm

Puc. 4. Imnupuueckas 3apucumocts F(h) 1y memGpanpl apuT-
pouura Beicyniennoro Ha Bosayxe; Eef i — rpaduxu moxesmn (1)
JUTS pa3JIMYHBIX 3HaYeHui a¢dexruBHoro moxys IOnra.

Fig. 4. Empirical relationship F (h) for the dry erythrocyte
membrane on air; Eef i — graphic model (1) for different values
of the effective Young's modulus.

Note (mpumeuanue): h (depth of indentation probe, nm) — rury-
6una nngenTarmn 3ouza, iM; F (h) (empirical dependence) — am-
nupuueckas 3aBucuMocTb; NN — HH (HaHanblOTOH).

[Ipu sTOM mpeanonaraeTcs, 4To MeXaHUYECKHe
CBOIICTBa MeMOPaHbl PUTPOIUTA OJHOPOAHBI. 3HAYCHMUS
Moyt HOHra (ukcupoBaHHBIX MeMOpaH HOPMAJbHBIX
HPUTPOIUTOB U3MEPEHHbIE B JKUIKOCTH JIEKATU B TIpejie-
nax 310—680 klla. Ykasanubiii paz6époc OMpesessicsa Kak
pasayHbIME 00beKTaMu (KJIETKaMU) M3MEPEHUs], Tak |
pas3iamuneM JIOKAJThHBIX CBOHCTB aputpormrta. Momyrsb
IOmra ma Tope MeMOpaHbI KJIETKN yKazaHHo# Ha puc. 1 co-
crasu 576 klla.

MemOpaHta cyxoro spuTpoiuTa HEOAHOPOIHA, 1 MO-
nyab E s pasHbix BennuuH h pasiumded. IMnupudeckast
sapucumocth F(h) mMemGpaHbl cyxoro spurporura mnpesi-
CTaBJIeHA HA PUC. 4, T/Ie TPEJICTABIEHBI M3MEHEHUST MOJLY JIst
FOHra suis pasinuHbIX TIyOUH MHAEHTAUMK 30H1a. TOUYKM
nepecedenus rpadukos Mojesnn lepra ¢ aMOupudeckoit
KPUBOH AIOT KOJMYECTBEHHYIO OIEHKY 3(h(hEKTHBHOTO
Moyt FOHra MmemOpanbl Ha riy6unax hi.
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dependence F (h) of the dry erythrocyte membrane is
shown in Figure 4, which displays changes of Young's mod-
ulus for different depths of indentation probe. The point of
intersection of the graphs of the Hertz model with empiri-
cal curve provides a quantitative estimation of the effec-
tive Young's modulus of the membrane at depths hi.
Measuring the elasticity of the membrane of dry red blood
cells was performed by a cantilever SD-R150-NCL-10.
The radius of the probe cantilever was 150 nm. The coeffi-
cient of elasticity of the cantilever was 30 N/m.

The empirical dependence of F(h) under the action
of verapamil on the blood was approximated by a model
(1), as in control cells (Fig. 3), and the average value of
Young's modulus was 528+21kP. During action of heavy
metal ions on the blood the empirical dependence F(h) for
the dried cells was close to the function shown in Figure 4.
The average value of local stiffness was increased
(942+56kP at a depth of 35 nm). Therefore, measuring the
power characteristics of red blood cells in the fluid allows
obtaining reproducible results when determining the elas-
ticity patterns of membranes.

Using the methods of AFM and AFS it is possible to
analyze properties and morphology of living cells directly in a
physiological environment.

Imnupuueckas 3asucumoctb F(h) mpu geiictuu
BepanamMuia Ha KpoBb alllpoKCUMUPOBasiach Mojesbio (1),
KaK U 'y KOHTPOJIbHBIX KJIETOK (puc. 3), a cpe/iHee 3HaYeHNE
mozyast FOura cocraBusio 528+21kI1. Tlpu geiicTBum Ha
KPOBb MOHOB TSIKEJIBIX METAJJIOB AMITMPUYECKAST 3aBUCH-
moctb F(h) asst BbicynieHHBIX KieTOK Oblia OJu3Ka K
(ynkuu, npeacraBaeHnoil Ha puc. 4. CpeHsis BeJuUnHA
JIOKQJILHOI KeCTKOCTH Obljla yBeJMYeHa U COCTaBUJIA
E=942+56 na riybune 35 vM. MI3MepeHue CUIOBbIX XapakK-
TEPUCTUK HPUTPOIUTOB B JKUIKOCTH TO3BOJISIET TIOTYYaTh
BOCIIPOM3BO/IMMbIE PE3YJIBTAThI MCCJAEOBAHUIT YIIPYTO-
ANACTUYHBIX CBOMCTB MEeMOpaH.

Takum 06pasoM, ¢ OMOIIbIO METOJa ATOMHOU CHU-
JIOBOIT MUKPOCKOTIMH M ATOMHO-CHJIOBOI CIIEKTPOCKOITUN
MOKHO aHAJIM3UPOBATH 2JACTUYHO-YIPYTHE CBOMCTBA
JKUBOH KJIETKH, HEIOCPEICTBEHHO B (GUBHOJOTHUECKOI
cpeje.
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OPMI‘TAHaAbele MCCACAOBAHM I

IKCIIPECCHA MO3IOBOIO HEI‘/’II?,OTPOG)I/I‘IECISOI‘O
DAKTOPA (BDNF) ITIOBBIITAET YCTONYNBOCTb HEMPOHOB
K I'MBEJIN B IIOCTPEAHUMAIIMOHHOM ITEPUOJE

1. B. Octposa, M. III. ABpyiieHko

HUU obmeit peanmmaTonorun uM. B. A. Herosckoro, Mocksa
Poccus, 107031, Mocksa, yii. IlerpoBka, 1. 25, cTp. 2

Expression of Brain-Derived Neurotrophic Factor (BDNF)
Increases the Resistance of Neurons to Death in the Postresuscitation Period

1. V. Ostrova, M. Sh. Avrushchenko

V. A. Negovsky Research Institute of General Reanimatology, Moscow
25, Petrovka St., Build. 2, Moscow 107031, Russia

OxunM U3 HanOolee aKTyaJlbHBIX BOPOCOB B COBPEMEHHOH HEHPOOHOIOTHY 1 MEUIIMHE OCTAETCS MOKMCK BEIIECTB, CII0CO0-
HBIX 3alIMTHTD KJIETKU FOJIOBHOTO MO3Ta OT IIOBPE:K/IAaI0Iero el cTBH runoKcuu. B nacrosiee Bpems B iuTepaType mupo-
KO 00CY3K/1aI0TCS BO3MOKHOCTH IPUMEHEHNS HeiipoTpoduyeckux $Hakropos, B yactHoctH, 6eaxa BDNF (brain-derived neu-
rotrophic factor), nisa neyeHus HeBposornyeckux 3aGoseBaHuii. OZHAKO OCTaeTCs] HESICHBIM, KAaK H3MEHSIETCS YPOBEHb
9KCIPECCHH JaHHOTO GelKa B HEHPOHAX rOJIOBHOIO MO3ra B NOCTPEAHUMALOHHOM [IEPUO/IE TOC/HE OCTAHOBKH CHCTEMHOTO
kpoBooGpamenus. [eav uccredosanus. Oupenenursb yposenb sxcnpeccud BDNF B BbICOKOUYBCTBUTEIbHOM K HIIEMAH HEH-
POHaJbHOIT nomy sy kjaeTok IlypkuHbe Mo3:KeuKka U OIIEHUTDh €ro 3HaYeHHe B YCTOIHYNBOCTH HEf{POHOB K HIIEMHH-penep-
dysun. Mamepuanvt u memoosvt. Y m0JI0BO3PENbIX GEbIX HEINHEHHBIX caMIOB Kpbic (n=11) 1107 9pUPHBIM HAPKO30OM BbI-
3bIBAJI OCTAHOBKY cep/iua Ha 12 MUH IyTeM BHYTPUTOPAKAJIbHOTO MEPesKaThsl COCYAUCTOrO IyYKa CepAla ¢ Nocje yIonHM
o:kuBiIeHHeM. KOHTPOJIbHYIO IPYIITy COCTaBHIIU JIOSKHOONIepHPOBaHHbIe :kuBoTHbIe (n=11). Ha 7-e cyTku nocie peannmaiyu
MeTo10oM MOpGOMETPHYECKOro aHaINu3a Ha oKpameHHbIx 1o Hucceio napaduHOBBIX cpe3ax TOMUMHON 5—6 MKM onpezes-
1 obuiee ynciao kiaerok Ilypkunbe Ha 1 MM JUIMHBI HX €105, FIMMYHOTHCTOXHMUYECKOE MCCIEOBAHUE DKCIPecCcHn Oelka
BDNF B kixetkax Ilypkunbe npoBoauiM HeNPsAMbIM NePOKCHAA3HO-aHTHIIEPOKCHIA3HBIM METO/IOM C HCIOJIb30BaHHEM Iep-
BUYHBIX NOJHKIOHAMBHBIX aHTUTe] IpoTUB BDNE. IloacuntsiBamu yucio kiaetok Ilypkunbe ¢ pasHoii MMMyHOpeaKTHBHOC-
110 K 0enxy BDNE. Hurencusnocts axcnpeccud BDNF olenuBany no nokasareaio cpeneii onTuueckoii miornocru. Pe-
3ynvmamol. 12-MUHYTHAS OCTaHOBKA CHCTEMHOTO KPOBOOOpAUIeHHs y KPbIC NPHBOAWIA K YMEHBIIEHHIO YHCJIA KJIETOK
ITypkunbe na 12,5%. [Ipy MMMYHOTHCTOXUMUYECKOM UCCIIEI0BaHUN OOHApY KeHO, uTo uncio BDNF~ HeiipoHoB y peanumu-
POBaHbIX KpbIiC 0bLI0 cHUKkeHO. IIpu aToM uncao BDNF* u BDNF*+ HeilipoHOB COOTBETCTBOBAJIO KOHTPOJILHOMY YPOBHIO.
CaenosaresbHo, moru6amu 1oapk0 BDNF-neratusHbie, 1. €. He akcnpeccupyomue 6eaok BDNF Heliponsl. Ananus cpeaneit
ONTUYECKOH ITIOTHOCTH MIOKA3aJl, YTO CPeM OCTABIIMXCS HEHPOHOB ypoBeHb skcnpeccuu Genka BDNF 6bu1 moBbilieH B cpaB-
HEHHH ¢ KOHTPoJIeM. BoisiBiieHHbIe (DaKThI CBUNETENHCTBYIOT O HEHPOIPOTEKTUBHOM JIEHCTBUM 3TOTO O€JKa B IOCTPEaHnMa-
IIOHHOM 1repuozne. 3axatouenue. CrnocoGHoCTh K 9Kcnpeccun Oeaxa BDNF sBisiercs: BakHbIM (HaKTOPOM, MOBBINIAIONIAM
YCTOHYHBOCTH HEHPOHOB K THOEH B IOCTPEAHUMAIIMOHHOM TE€PUOie. ITO 0GYCIABIMBAET NEPCIEKTUBHOCTH UCIIOIb30BAHMS
BDNF 151 pa3paGoTKi HOBbIX OAXO0/I0B K 3al[uTe MO3ra npu unemun-penepdysuu. Knouesvte crosa: 6enoxk BDNF, nocr-
peaHHMAIMOHHBII Teproz, rndeipb HeiipoHoB, kiaetkn Ilypkunbe Mo3:keuka, MopdomMeTpuyecKuii aHaIN3, IMMYHOTHCTOXH-
MHs, CPEIHsAA ONTHYECKast IIOTHOCTD.

A search for substances that are able to protect brain cells from the damaging effect of hypoxia remains one of the most rel-
evant issues in modern neurobiology and medicine. Whether neurotrophic factors, brain-derived neurotrophic factor
(BDNF) protein in particular, can be used to treat neurological diseases is the subject of wide speculation in the literature
now. However, how the expression of this protein in the brain neurons changes after systemic circulatory arrest in the
postresuscitation period remains uncertain. Objective: to estimate the level of BDNF expression in the highly ischemia-sen-
sitive neuronal population of cerebellar Purkinje cells and the value of BDNF in the resistance of neurons to ischemia-reper-
fusion. Materials and methods. In mature outbred male albino rats (n=11), the heart was stopped under ether anesthesia
at 12 minutes via intrathoracic ligation of the vascular fascicle, followed by revivification. A control group included pseu-
do-operated animals (n=11). On days 7 after revivification, a morphometric analysis of Nissl-stained paraffin sections 5—6
pum thick was used to determine the total number of Purkinje cells per 1 mm of their layer length. The expression of BDNF
protein in the Purkinje cells was immunohistochemically examined by an indirect peroxidase-antiperoxidase test using pri-
mary polyclonal antibodies against BDNF. The count of Purkinje cells with different immune responses to BDNF protein
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was calculated. The intensity of BDNF expression was estimated from the mean optical density. Results. 12-minute sys-
temic circulatory arrest in the rats resulted in a 12.5% reduction in the number of Purkinje cells. The immunohistochemical
examination revealed a lower numbers of BDNF™ neurons in the resuscitated rats. In this case, the count of BDNF+ and
BDNF+* neurons corresponded to their reference level. Consequently, only BDNF-negative neurons, i.e. those that failed
to express BDNF protein, died. Analysis of the mean optical density indicated that the remaining neurons had a higher
BDNF protein expression than those in the controls. The found facts suggest that this protein has a neuroprotective effect
in the postresuscitation period. Conclusion. The capability for BDNF expression is an important factor that enhances neu-
ronal resistance to death in the postresuscitation period. This offers promise for BDNF use to elaborate novel approaches
to protecting the brain in ischemia-reperfusion. Key words: BDNF protein, postresuscitation period, neuronal death, cere-
bellar Purkinje cells, morphometric analysis, immunohistochemistry, mean optical density.
DOI:10.15360/1813-9779-2015-3-45-53

BBenenne

OcTaHoBKa cep/lla YacTO COIPOBOXKIAETCSI Hapy-
HIEHUSIMU (DYHKITMU MO3Ta, U4TO SIBJISIETCS OJIHOM U3 oc-
HOBHBIX TMPUYMH CMEPTHOCTU CPEIM PEaHMMAIIMOHHBIX
G6ombbIx [1, 2]. Mmemus-penepdysust BbI3bIBaeT I10-
BpEK/EHUE HEPBHBIX KJIETOK B Pa3/MYHbIX 00JACTSAX TO-
JIOBHOTO MO3ra — CEHCOMOTOPHOH KOpe, TUIIOKaMIIE,
cTpuatryMe, Tajamyce, MoO3jKeuke. BoccraHoBienue
(byHKIIMN MO3Ta TIOC]IE peaHUMAIMU TECHO B3aUMOCBSI3a-
HO C COCTOSIHUEM BBICOKOUYBCTBUTEJBHBIX K THIOKCHH
HefpoHabHbIX nonyssnuii [3]. [ToaTomy uccrenoBanme
MEXaHU3MOB Da3BUBAMOIINXCS HAPYIIEHUN HEe0OXO0AUMO
JUUTSE TOHUMAHUSI IPUYUH MOCTTUIIOKCUYECKUX dHIehaio-
naruii, a Takke noucka a(hOEKTUBHBIX CIOCOOOB UX TPO-
(bunmakTUKM U KOPPEKITHH.

Hamu BbisiBeHBI (DaKTOPBI, CIIOCOOCTBYOIINE 110~
BBIIICHUIO YCTOMYMBOCTU HEHPOHOB K TOCTPEAHNMAIIH -
OHHOIl THOENU U ABJIAOIUECS <MHIUKATOPAMU» I10-
BpeX/JeHUsS Mo3ra. Tak, YCTaHOBJIEHO 3HadyeHHe
MOCTPEAHUMAIMOHHBIX M3MEHEHUN YPOBHS 3KCIIpec-
cun 6esKoB TemnoBoro moka cemeiicrsa HSP70, ruio-
Ko30-perysupyemoro 6eaka GRP78, rimanbHoro Heii-
porpodugeckoro daxtopa GDNF [3—5].

B Hacrostiiee BpeMst B JiUTEpaType MUPOKO 0OCYIK-
JaeTcs TepaneBTHUECKUH MOTeHIINA HeHPOTPOhIIecKNX
(haxropoB B kauectBe HeiiporiporekTopoB [6—10]. Heiipo-
TPO(UHBI — HTO YHUKAJIBHOE CEMEHCTBO MOJUTIENITH/IHBIX
pocTOBBIX (hAaKTOPOB, KOTOPbIE BJAMSIOT Ha mHposudepa-
o, 1ndHEPEHIIPOBKY, BbIKMBaHMUE 1 THOE/Ib HEPOHOB.
Onu HEOGXOANUMBI JIJISI HOPMAJIBHOTO (hYHKIIMOHUPOBAHUS
HEPBHOI CHCTEMBI, YUYACTBYIOT B BbICIIIEIl HEPBHOU Jes-
TesibHOCTH. VI3MeHeHust ypPOBHS HEHPOTPOPUHOB CBSI3AHbI
C PSIZIOM HEUpOzIereHePaTUBHBIX 3a00JIeBaHUM, TAKUX KaK
6osiesHb Asbiireiimepa, 6osiesnb [lapkuncoHa, xopest XaH-
TuHrToHa [11].

B nocsieinne rozibl nprcTasbHOe BHUMAaHKE Clielna-
JINCTOB PA3JIMYHBIX MPOMUIIEH TIPUBJIEKAET OJIUH U3 TJIaB-
HBIX TIpe/icTaBUTesIel cemMeiicTBa HEHPOTPODUHOB — Hell-
porpoduueckuii pakrop romosHoro mosra (brain-derived
neurotrophic factor — BDNF).

BDNF — 310 Gesiok ¢ MOJIEKyJISpHOiT Maccoii 14
k/la, mpunamiexamuii K Kaaccy HUTOKUHOB, CEMEHCTBY
(haxropoB pocra m nozpcemeiicTBy HeiiporpodunoB. OH
AKCIPECCUPYETCS B PA3BUBAIOIIEMCS U 3PEJIOM MO3Te MJie-
konuTaomux [12]. Ero mHoro B rumnmokamie, Kope, MO3-
JKeuKe, CTpUaTyMe, MUHIQJIEBU/IHOM TeJle U TUIIoTaIaMyce
[13, 14]. BDNF cunresupyercs, riaaBHbiM 06pa3oMm, B Heii-

Introduction

Cardiac arrest is commonly accompanied by distur-
bances of brain function that are considered as one of the
main causes of death of critically ill patients [1, 2].
Ischemia-reperfusion causes nerve cell damage in various
regions of the brain including sensorimotor cortex, hip-
pocampus, striatum, thalamus and cerebellum. Recovery of
brain functions after resuscitation is closely linked to the
conditions of neuronal populations highly sensitive to
hypoxia [3]. Studies of mechanisms of developing brain dis-
orders are urgently needed to reveal the causes of posthy-
poxic encephalopathies, as well as to determine more effi-
cient approaches to their prevention and correction.

Previously we have identified factors that can
improve the sustainability of neurons to post-resuscitation
death and which are considered as «indicators» of a brain
damage. They include heat shock protein HSP70, glucose-
regulated protein GRP78, glia-derived neurotrophic factor
GDNF differentially expressed in brain compartments
post-resuscitation [3—5].

Currently the therapeutic potential of neurotrophic
factors as neuroprotective agents is thoroughly discussing
[6—10]. Neurotrophins belong to unique family of
polypeptide growth factors affecting proliferation, differ-
entiation, survival and death of neurons. Neurotrophins
are indispensable for normal functioning of the nervous
system and involved in activities of CNS. Quantitative
changes of neurotrophins have been shown to be associat-
ed with a number of neurodegenerative diseases including
Alzheimer's disease, Parkinson's disease, Huntington's
chorea [11].

In recent years, attention of scientists has been
attracted by one of the main representatives of neu-
rotrophins, the brain-derived neurotrophic factor(BDNF).

BDNF is a 14 kDa protein that belongs to the class
of cytokine family of growth factors and neurotrophins
subfamily. It is expressed in the developing and adult mam-
malian brain [12]. There is a large amount of this protein in
the hippocampus, cortex, cerebellum, striatum, amygdala
and hypothalamus [13, 14]. BDNF is synthesized primari-
ly in neurons. It has been also found in platelets, astro-
cytes, microglia, endothelium, hepatic cells, muscle [6].
BDNF is indispensible for learning and memory processes,
promotion of growth and differentiation of new neurons
and synapses [8, 15—17]. BDNF has revealed its anti-
hypoxic properties [18], anti-inflammatory activity [6]
and capabilities to inhibit apoptosis [19, 20], stimulate the
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ponax. OH Takke 0OHAPY/KEH B TPOMOOIMTAX, ACTPOIIUTAX,
KJIETKaX MUKPOTJINH, 9HAOTEJNS, IeYeHH, MBIIIETHON TKa-
Hu [6]. BDNF Baker st nporieccoB 0OyYeHUs 1 HaMATH,
criocoberByer pocty 1 aAudGepeHInPOBKe HOBBIX HEHPO-
HOB 1 cuHancos [8, 15—17]. Ycranosaeno, uto BDNF 06-
JIaJlaeT aHTUTUTIOKCUYEeCKMHU cBoiicTBamu [ 18], mporuso-
BOCTIAJTUTENBHBIM JlelicTBUeM [6], yrHetaeT amonTos |19,
20], a TakyKe CTUMYJIMPYET PEreHepaIuio U PoCT MOBPEK-
JICHHBIX HEPBHBIX BOJIOKOH [6]. B MHOTOUMC/IEHHBIX BKCITE-
PUMEHTAJIbHBIX HCCJIELOBAHUAX IPOAEMOHCTPHPOBAHO
HeitporiporektusHoe neiicrsue BDNF [§, 21—26].

B akcmepuMeHTe Ha Pa3IMYHBIX MOJETSIX U30JIUPO-
BaHHOW MIIEMUH MO3Ta OB BbISIBJICHBI U3MEHEHUS DKC-
npeccut BDNFE Ozinako sanHbie 3THX UCCJIEI0OBAHUN He-
OTHO3HAYHBI ¥ PA3IMIAIOTCS 110 JIOKAJIU3AINN 1 IUHAMUKE
BBISIBJIEHHBIX ¢/IBUTOB [27—30].

B cBs3U ¢ 9TUM 11€1b10 HACTOSIIIElH PabOThI OBLIO HC-
cienoBaTh ypoBeHb akcmpeccnu BDNF B BeicokouyBcTBH-
TEJIBHONM K WINEeMUM HEHPOHAIbHON MOMYJAINN KJIETOK
ITypKuibe MO3KeUKa U OTIEHUTD €r0 3HAYCHIE B YCTONIN-
BOCTU HEWPOHOB K nilleMuu-perepdysnn.

Marepuan u MeTOIbI

IKCIIEPUMEHTDI TIPOBOANIIICH Ha OENBIX HEJTNHEHBIX KPbI-
cax-camiax maccoii 190—250 r corsacHo peKoMeHAanusaAM JTide-
ckoro komutera OTBHY HUU o6iieil peaHUMaToOJIOTHH UMEHH
B. A. Heroscxkoro B cootBetctBuu ¢ «IIpaBmimamu mpoBenens pa-
GOT ¢ UCIOJIB30BAHUEM DKCIIEPUMEHTAIBHBIX KUBOTHBIX> (IIpu-
ka3 Munszapasa CCCP Ne755 or 12.08.1977). Y 11 kpsic 1o
2(UPHBIM HAPKO30M BBI3BIBAJIM OCTAHOBKY cep/iia Ha 12 MuH my-
TEM BHYTPUTOPAKAIBHOTO MEPEKATUS COCYANCTOrO TIy4YKa CePAIa
[31]. OskuBieHne IPOBOANIIM HENIPAMBIM MACCAKeM Ceplia B CO-
YeTaHny ¢ UCKYCCTBEHHOI BEHTUJISIIINEN JIETKNX BO3YXOM B pe-
JKUME TUIepBeHTH MY armnapatom «Animal Respirator» («SMT
Geratehandel») ¢ BHyTpuTpaxeanbHbIM BBEJI€HUEM PACTBOPA aji-
penasimia B mo3e 0,1 mMr/kr. KoHTposbHYIO TPYIITy COCTABUIII
JIOKHOOIIEPUPOBAHHBIE JKUBOTHBIE (n=11).

Ha 7-e cyTku mocsie peaHumarnuu 3abupajim o6pasibl MO3ra,
KoTOpbIe hrKcIpoBanu 60 B pactBope Kapiya (715 ructomnoru-
YECKOTO MCCeA0Banns ), inbo B popMaiie (1J1si MMMYHOTHCTO-
XUMHUYECKOTo uccyeoBanust). VecnenoBaauch mocTpeannMariu-
OHHBIE W3MEHEHUs COCTOSIHUSI BBICOKOUYBCTBUTENbHOH K
TUIIOKCUY TIOIYJIAIun KaeTok Ilypkunbe kopsl Mo3keuka. [ncTo-
JIOTUYECKUET aHAJIN3 TTPOBOJIUIIN HA MapadUHOBBIX CPe3ax TOJIIH-
HOW 5—6 MKM, OKpaIleHHbIX KPe3nIoBbiM (GrosreToBsiM 110 Huc-
cmo. Omnpenensiiin obiiee yncso kiaetok Ilypkunbe Ha 1 MM
JUIUHBI MIX CJIOST.

VIMMyHOTHCTOXUMIYECKOE HCCIIEI0BAHIIE IKCITPECCHTT GesTKa
BDNF B knerxax Ilypkuiibe mpoBoauin HEPSMBIM MTEPOKCHA3-
HO-aHTUIIEPOKCHU/IA3HBIM METO/IOM C MCIIOJIb30BAHUEM TIEPBUYHbBIX
noJMKIOHANBHBIX antutes npotuB BDNF (passenenme 1:100)
(Santa Cruz Biotechnology Inc., USA) u Busyanusupyiomeii cuc-
tembl LSAB*Kit (DAKO, Glostrup, Denmark). ImmyHoImroxu-
MIYeCKasi PEAKIIsi KOHTPOIMPOBATACH MHKYOAIell Cpe3oB co
BCEMHU peareHTaMH KpoMe IepBUYHbIX aHTuTes. [loacumnreiBasm
yucsio k1etok [lypKiHbe ¢ pasHOil UMMYHOPEAKTUBHOCTBIO K Ge-
ky BDNE Ilpu atom Boimesnsimn BDNF-neratususie (BDNF ),
BDNF-nosutusneie (BDNF*) u BDNF-cunbnonosutusmbe
Heitpons! (BDNF**) (puc. 1).

B pabore WCIOMBb30BAII CHCTEMY aHAIM3a H300PaKeHMiT
(vukpockonr Olympus BX-41 (Japan), doroxamepa Olympus
500UZ (Japan), nporpammbl Image Scope M (SMA, Russia) u
Excel).

WNurencusnocts akcnpeccun BDNF onenusanu mo moxa-
3aTeJI0 Cpe/iHell ONTHYeCKON MIOTHOCTH, KOTOPYIO OIpeesisi-

Puc. 1. Knerxu Iypkunbe ¢ pasHbIM yPOBHEM 9KCIPECCHH MO3-
roBoro Heiporpoduyeckoro dpaxropa BDNF. Ilepokcumasno-
AHTHIIEPOKCH/IA3HBIH METOJI, TOKPAacKa reMaTOKCHINHOM. X400.
Fig. 1. Purkinje cells with different levels of BDNF expression.
Peroxidase-antiperoxidase method, hematoxylin staining.
x400.

Note (npumeuanue). Here and fig. 2, 3 (31ech u na puc. 2,3):
BDNF — brain-derived neurotrophic factor (neiiporpouuecknii
(dakrop romosHoro mosra); BDNF -neurons — white arrow
(BDNF~-Heiiporbl — Genast crpenka), BDNF-neurons -black
thin arrow (BDNF*-ueiipoHbl — uvepHas TOHKasi CTPEJIKA);
BDNF**-neurons — black thick arrow (BDNF**-ueiiponnr —
yepHasl TOJICTasl CTPEJIKa).

regeneration of damaged nerve fibers [6]. Numerous exper-
imental studies have demonstrated neuroprotective action
of BDNF [8, 21—26].

The BDNF expression changes have been revealed in
various models of isolated cerebral ischemia. However,
these studies were ambiguous and the BDNF expression
varied depending on localization and dynamics of the
changes [27—30].

The aim of this study was to investigate the level of
BDNF expression in hypoxia-sensitive neuronal popula-
tion of cerebellar Purkinje cells and reveal the contribu-
tion of BDNF to the resistance of neurons to ischemia-
reperfusion.

Materials and Methods

Experiments were carried out on male albino rats (190—250 g
body mass) according to the recommendations of the Ethics
Committee of V. A. Negovsky Research Institute of General
Reanimatology in accordance to the «Rules of the work using
experimental animals» (Order Ne755 of the Ministry of Public
Health (USSR), 12.08.1977). Rats (n=11) were anesthetized with
an ether and cardiac arrest was evoked for 12 min by intrathoracic
clamping of the supracardiac bundle of vessels with a special hook
[31]. Animals were resuscitated with the aid of chest compressions
combined with mechanical air ventilation by «Animal Respirator»
(SMT Geratehandel) accompained by intratracheal administra-
tion solution of adrenaline at a dose of 0,1 mg/kg. Sham-operated
animals served as control (n=11).

On the 7th day after resuscitation brain samples were collect-
ed and fixed in Carnoy's solution (for histology) or formalin (for
immunohistochemical studies).

Histological study was performed using the slices 5—6
microns thick prepared from paraffin-embedded brain tissue spec-
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Puc. 2. Yucio kiaerok Ilypkunbe Mo3:kedka ¢ pa3HOil HMMYHO-
peaktuBHOCTHIO K BDNF y KOHTPOJIBHBIX ¥ ONIBITHBIX KPBIC.
Fig. 2. Number of cerebellar Purkinje cells with different
BDNF immunoreactivity in control and experimental rats.
Note (npumevanue): * — P,<0,05; ** — P,<0,01 — vs. control (1o
cpaBHEHHIO ¢ KoHTpoJieM). Data are presented as mean + standart
error of mean JaHHbIE TPEJCTABJICHBI B BUJE CPEIHETO + CTaH-
naprtHas ommbKa cpennero. Number of neurons per 1 mm lenght —
YHCJI0 HEWPOHOB Ha 1 MM Bl control group — KOHTpObHAS
rpyia; experimental group — aKcrepuMeHTANIBHAS TPYIIIIA.

s B iporpamme Nis Elements 3.2. (Nikon, Japan) na ocHosa-
HUM BU3YaJbHOW OIIEHKM M aHAJN3a ONTHYECKOI MJIOTHOCTH
Bce 00bekThl (KaeTku Ilypkunbe) Oblau pasaesieHbl Ha 3 Moj-
rpynmnsl: BDNF™ (cpennss ontmueckas nimotnocts <0,3 y. e.),
BDNEF* (0,3 y.e. <cpeansst ontuueckas miotoctb <0,36 y. e.)
u BDNF** meitponst (cpenusst ontudeckas mrotHocts >0,36 y.
e.). Boruncasiin 0THOCUTEIbHYIO YacTOTY TPU3HAKA B KaXK/10H
rpy1ie.

Cratucrideckyio 06paboTKy JaHHbBIX TPOBOJIUIIN B TPOTPaM-
Me Statistica 7.0. [locToBepHOCTD Pa3numii OIEHUBAIN C TIOMO-
mpio t-kputepust CTblojienTa, a Takke KputepreB ManHa- YuTHn,
Kosmoroposa-Cmuprosa. IIpu cpaBHeHHM YacTOTHBIX BEJUYHH
ncnosbp3oBaiu kKputepuii [lnpcona.

PesyibraThl U 00CyK/IEHHE

B xone rucronornyeckoro MoppoMeTpIIecKoro uc-
CJIEZIOBAHUS BBISIBJICHO, UTO Y PEAHUMHUPOBAHHBIX KPbIC HA
7-e CyTKHU TIOCTPEAHNMAIIMOHHOTO MePUo/ia B MOTTYJISIITI
KJeToK [IypKuHbE MPOUCXOAUT CHUZKEHHUE OOIIEero 4nca
HellpoHoB Ha 12,5%, 4TO CBUAETEABCTBYET 00 UX TUOEIH
(16,6+0,6 n 13,6+0,6 B KOHTpOJIE U OTIBITE, COOTBETCTBEH-
Ho, p;<0,001).

[Ipr IMMYHOTHCTOXUMUYECKOM UCCIIEI0BAHUI OOHA-
PYJKCHO, YTO Y peaHNMIPOBaHBIX KpbIc uncio BDNF™ nefi-
ponos cakeno Ha 50%. Yncao BDNF u BDNF** meiipo-
HOB COOTBETCTBOBAJIO KOHTPOJBHOMY YPOBHIO (puc. 2).
Cure10BaTeIbHO, MOKHO MIPE/NOJIOKNUTD, YTO THOEIH MO/-
Beprasmch Tombko BDNF-HeratuBHbIE, T.e. He aKCIIpeccu-
pyloiue aToT 6eI0K HeliPOHBbL.

[Ipu cpaBHEHUM MHTEHCUBHOCTH KCIIPECCUE OeJKa
BDNF B kierkax Ilypkunbe B AByX rpyiiax ObLio oOHa-
PYKEHO, YTO PEaHUMUPOBAHHbBIC JKMBOTHBIC OTJINYAIOTCS
OT KOHTPOJBHBIX IO PACTIPE/IETICHIIO CPEeHEH OTTHIeCKOH
motHoctn (p,<0,001) (puc. 3).

imens, stained with cresyl violet by the Nissl procedure. The total
number of Purkinje cells per 1 mm of their layer length was deter-
mined.

Immunohistochemical examination of BDNF protein expres-
sion in Purkinje cells was performed by indirect peroxidase-antiper-
oxidase method using polyclonal primary antibodies to BDNF at a
1: 100 dilution (Santa Cruz Biotechnology Inc., USA) and
LSAB'Kit (DAKO, Glostrup, Denmark). Immunocytochemical
reaction was monitored by incubating the sections with all reagents
except the primary antibody. Purkinje cells with different BDNF
immunoreactivity were counted. Neurons were separated on
BDNF-negative (BDNF~), BDNF-positive (BDNF*) and BDNF-
strong positive (BDNF**) (Fig. 1).

We used image analysis system that included microscope
Olympus BX-41 (Japan), camera Olympus 500UZ (Japan), the
program Image Scope M (SMA, Russia), and Excel.

The intensity of BDNF expression was evaluated in terms of
mean optical density as defined by the program Nis Elements 3.2.
(Nikon, Japan). Based on visual assessment and analysis of the
optical density, the objects (Purkinje cells) were divided into 3
subgroups: BDNF~ (mean optical density <0,3), BDNF* (0,3 <
mean optical density <0,36) and BDNF** neurons (mean optical
density > 0.36). The relative frequencies of each pattern in each
group were calculated.

Statistical data processing was performed using Statistica 7.0.
The significance of differences was assessed by Student's ¢-test,
Mann-Whitney test, Kolmogorov-Smirnov test. When comparing
the frequency values we used Pearson criterion.

Results and Discussion

The histological study revealed the decreased total
number of neurons in the population of Purkinje cells of
resuscitated rats: on the 7th postoperative day, it was
12.5% less vs. control indicating cell death (16.6+0.6 u
13.6+0.6 in control and experimental groups, correspon-
dently, P<0.001).

Immunohistochemical study revealed that the num-
ber of BDNF™ neurons in resuscitating rats was reduced
by 50%. The number of BDNF* and BDNF™* neurons did
not differ compared to the control (Fig. 2). Data suggest
that the BDNF-negative neurons were subjected to death.

When comparing the intensity of BDNF protein
expression in Purkinje cells in the two groups it was found
that resuscitated animals differ from the control in distrib-
ution of a mean optical density (2,<0.001) (Fig. 3).

Relative frequency distribution of the mean optical
density in groups demonstrates that in resuscitated animals
the sharing of BDNF™ cells among surviving neurons is
decreasing with the increase in proportion of BDNF* neu-
rons (by 5.96% and 7.34%, P<0.05 vs. controls) (Fig. 4).

These data demonstrate that the level of BDNF
expression increases within the population of Purkinje
cells in resuscitated rats compared to control.

Overall, the results of our study suggest that the
death of BDNF™ cells occurs post-resuscitation. At the
same time in the population of survived neurons BDNF
expression level increases.

According to this study, the 12-minute systemic cir-
culatory arrest in rats leads to reduction in the number of
cerebellar Purkinje cells. Analysis of the number of neu-
rons with different BDNF immunoreactivity showed that
BDNF™ neurons, i.e. not expressing the protein, die,
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Puc. 3. Pacnpenenenue cpenneii ontuuyeckoii miorioctd BDNF B HeliponanbHoii momyisinun kiaetok Ilypkunbe B KoHTpOJIE (a) U

omnsire (b).

Fig. 3. Distribution of the mean optical density of BDNF in neuronal population of Purkinje cells in control (a) and experimental

(b) groups.

Note (npumeuanue): mean optical density — sHauenme ontimdaeckoit nmotHoctn; number of cells — umceno kaeTok.

AHann3 OTHOCUTEJBHBIX YaCTOT PacIpe/iesieHust
cpemHel ONTHYeCKOH MJI0THOCTH B TPYTITIAX MOKA3aJl, 4TO y
pPEaHUMUPOBAHHBIX JKUBOTHBIX TI0 CPABHEHUIO C KOHTPO-
JIeM Cpelll COXPAHMBIIUXCS HEHPOHOB CHUKAIACH OIS
BDNF™ krerok (#a 5,96%, p<<0,05) 1pu MOBBIIICHUH 10JTH
BDNF* netiponos (#a 7,34%, p<0,05) (puc. 4).

[Tosyuentbie JaHHBIE YKA3bIBAIOT HA TO, YTO B MOIYJIS-
1K KIeTOK [IypKuHbe y peaHMMUPOBAHHBIX KPbIC B CPaBHE-
HIU ¢ KOHTPOJIEM BO3pacTaeT yposeHb akcnpeccnn BDNE

B 11e510M, pe3yJibraThl HAIIETO UCCIEIOBAHMS CBU/IE-
TEJBCTBYIOT O TOM, YTO B OCTPEAHUMAIMOHHOM MTE€PUOJIE
npoucxoaut rubesb BDNF ™ kierok. Ipu a1oM B 110mmyJisi-
1IN BBUKUBIIUX HEHPOHOB ypoBeHb akcmpeccun BDNF
TTOBBITIACTCSI.

CorjacHO JaHHBIM HACTOSIIETO MCCJe/0BAHUS,
12-MUHYTHas1 OCTAaHOBKA CUCTEMHOIO KPOBOOOPAILCHHS Y
KPBIC IPUBOJIUT K CHUZKEHUTO YK CIa KIeTOK [lypKkuHbe Mo3-
skeyka. IMMYHOTHCTOXUMUYECKUI aHATIM3 YNCJIa HEHPOHOB
¢ pa3Hoii mMMyHOpeakTnBHOCTEI0O K BDNF mokasas, daro
rubayr BDNF™, 1. e. He aKcIpeccupymolye 10T OeIoK
kietkn [Typxkuabe. [Ipr aToM cpean ocTaBumxcst HeMPOHOB
yposenb skcnpeccun Oenka BDNF nosbiiaercs. Boisigien-
HbI€ (DAKTBI CBUJIETETIBCTBYIOT O HEHPOTIPOTEKTUBHBIX CBOI-
CTBax 9TOTr0 GEJIKA B IIOCTPEAHMMAIIMOHHOM TIEPHO/IE.

AHaJloTuHbIe Pe3yJBTaThl ObLIM IOJIyYeHbl U Ha
NIPYTUX MofiesisIx nieMnn. Tak, nmossienne yposast BDNF
ObLIO BBISBJIEHO B TUIIIIOKaMIIe KPbIC yepe3 12—24 u nocie
8-MUHYTHOII OCTAHOBKH CEp/Ila, BbI3BAHHON achukcuei
[24]. 3maunTenproe yBemmuenue uncaa BDNF-ummyHo-
MO3UTUBHBIX HEPOHOB ObLIO HAWIEHO B UePHOI cyOCTaH-
mu 4epes 1 megemo nocae 90-mMuu GokanbHON 1Eped-

(] Highly positive Il Positive [[] Negative
100 -

80

(=]
(=]
|

Neurons, %

_
(=
|

20

0 T 1

Control group Experimental group

Puc. 4. Conep:xanue HeiipOHOB C Pa3HOl cpeaHell ONTHYECKOH
IUIOTHOCTHIO B TONYJIsiiuu KieTok Ilypkunbe y KOHTPOJIBHBIX U
OIIBITHBIX KPBIC.

Fig. 4. Content of neurons with different mean optical density
in the population of Purkinje cells in control and experimental
rats.

Note (mpumeuanue): Control group — KOHTPOJbHAS TPYIIa;
experimental group — ombITHAas rpyIma; neurons — HEHPOHBI,
highly positive — cuibHO Mo3UTHBHbBIE; POSitive — TO3UTUBHBIE;
negative — HeraTUBHBIE.
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PaJIBHOIT UIIEMWH, BBI3BAHHOM IepeskaTHeM COHHOM apTe-
puu [30]. MukposMOOIHsi TOJOBHOTO MO3ra BBI3bIBAJIA
yBesmyenue yposHs Geiaxa BDNF B rumnmokamme wa 7-e
cyTtku nocJse nmemun [29]. dxcnpeccuss BDNF u ero pe-
nentopa TrkB B mome CA1 runmmokamma cHMKajzach Ha
PaHHUX cpoKax (4 yaca — 1 CyTKM) MoCJse UIeMUn MO3ra y
[IeCYaHOK, O/THAKO BOCCTAHABJIMBAIACH B BBUKUBIINX Heli-
pOHax K 3-1M cyTKam [26].

Y 60JIbHBIX B KPUTHYECKOM COCTOSTHUH ObLJT BBISIBJICH
noBwIIeHHBIH ypoBeHb BDNF B ma3me kpose 1o cpaBhe-
HUIO CO 3/I0POBBIMU BOJIOHTepamH [32]. ABTOPBI TIPeIoo-
SKILJIH, YTO /17151 Bocctanossienus Gyukuuii [ITHC tpebytor-
yposun BDNE a
HOJIEP/KUBATD aIeKBATHBIN YPOBEHb 9TOTO Oesika CBsI3aHa

cs BBICOKHE HEeCTOCOOHOCTD
¢ muchyukmmeii mosra. [Toatomy BDNF MoxkeT 65ITh XOpO-
UM MapKepoM AUC(YHKIMU MO3ra y GOJIbHBIX B KPUTHYE-
CKOM COCTOSIHUU, U B I[EJIOM — MMETh BasKHOE TTPOTHOCTHU-
4yeckoe 3HaueHue B KianHuKe. HeaBuue vccsiegoBanus aTo
MOATBEPKAAIOT. Tak, y MalMeHTOB € BETreTOCOCYANCTOM
JIMCTOHUEH U 3aKPBITON YePeITHO-MO3TOBOI TPAaBMOH TTOBBI-
menne KoHreHTpanmu BDNF B chiBopoTke KpoBU KOppe-
JINPOBAJIO C YMEHbBIIEHUEM BBIPA)KEHHOCTH TPEBOTU W
yJIydIieHneM KOHTHUTHBHBIX (yHkuuii [33]. Huskwuii ypo-
Beb BDNF B n1azme KpoBu OblLil CBSI3aH ¢ BBICOKOU CMepT-
HOCTBIO CPe/iU TIAIMEHTOB OT/EJIeHUsI NHTEHCUBHOI Tepa-
Care Unit) [33]. B
uccnenosanun Pikula et al. [34] Gbuio 0OHAPYKEHO, UTO

mun  (Intensive 10-neTHem
Huskue KoHteHTparuu BDNF B chiBOpoTKe TOKUIIBIX JTTO-
JIeii CBSI3aHbI C OBBIIIIEHHBIM PUCKOM BHE3AITHOTO MWHCYJIb-
ta. Huskue u KkpaifHe BBICOKHME 3HAYEHUS] CBIBOPOTOYHOM
konuerrpanun BDNF gsisitorest poraoctuuecku Hebiia-
TOTIPUSTHBIMU [171s1 (DOPMHUPOBAHUST CTPYKTYPHBIX TTOPaKe-
HUI TOJIOBHOTO MO3Ta Y HOBOPOKJIEHHBIX IPYIIIBI PUCKA
[35]. Ompenenenne yposusi BDNF B cbIBOpOTKE KPOBH
MOJKHO HCITOJIb30BATh ¥ B KIIMHUYECKOW HEOHATAJIOTUN JIJIsT
JIMATHOCTUKU TSIKECTH MOPAYKEHUS U TIPOTHO3a Pa3BUTHS Y
nereit oprannyecknx (opm nopakenust [THC [36].

Cy1ecTByIOT 9KCIIEPUMEHTAJIbHBIE JI0KA3aTeIbCTBA
samutHoTo AeiictBus BDNF Ha HelipoHBI TIPU €ro 9K30-
reHHOM BBejieHnu. Tak, mocTuieMudyeckass BHYTPYIKETY-
noukosas uHdysuss BDNF npenorspaiana rubesb Helpo-
1oB mnosist CA1 rumnmokamMiia u aKTUBAIUIO ACTPOTIUU TIPH
rio6anbHON uieMun Mosra y Kpoic [37]. Beegernne BDNF
B OCTPOM IOCTHUIIEMUUYECKOM TIEPHOJIE TIOCTIE OKKIIO3UHI
cpeanneit mo3rosoit aprepun (MCAQ) y KpbIC IPUBOJIUIIO
K YMEHBIIEHUIO 30Hbl HH(MAPKTA U CHIYKEHUIO HEBPOJIOTH-
yeckoro gedurnmra [21, 22].

[To MEEHWIO MHOTHX HICCTIeTOBATENEH, HEHPOTIPOTEK-
TUBHBIN A(HEKT PA3INUYHBIX BO3/IEHCTBUIA, TAKMX KaK, TH-
MOTEPMHUsI, HMIIEMUYECKOe ITPEKOHIUIIMOHUPOBAHNE,
TPAHCIJIAHTAIIMS MUKPOTJIMHU, BBEJIEHUE IPOTECTEPOHA,
JIBUTATEJIbHAS aKTUBHOCTB, ortocpeioBad nMmeHHO BDNF u
ero perenrropom TrkB [7—9, 24—26, 38].

3amuTnoe aeiictBue BDNF 06bsacHAIOT ero anTu-
aroNTOTUYECKUMH, TTPOTUBOBOCIAIMTENbHBIMK, & TaKKe
AHTUIIMTOTOKCUYECKUMHU CBOiicTBamH [2, 6, 19, 23].

B smurepatype mmpoko 00CYKIAATCS MEePCIEKTHBbI
npumerernss BDNF B kiunanke. B macTos1ee Bpems pas-

wherein the expression level of BDNF protein increases
among the remaining neurons. These findings demonstrate
neuroprotective properties of BDNF post-resuscitation.

Similar results were obtained in other models of
ischemia. Thus, the increased BDNF level was detected in
rat hippocampus 12—24 hours after 8-minute — cardiac
arrest caused by asphyxia [24]. Significant increase in
BDNF-immunopositive neurons were found in the sub-
stantia nigra one week after a 90-min focal cerebral
ischemia induced by clamping the carotid artery [30].
Brain microembolia evoked increases in BDNF protein
expression in the hippocampus 7 days after ischemia [29].
Expression of BDNF and TrkB receptors in the hippocam-
pal CA1 field decreased 4 hours — 1 day after cerebral
ischemia in gerbils, but restored in surviving neurons in 3
days [26].

Elevated levels of BDNF in blood plasma were
detected in critically ill patients compared to healthy vol-
unteers [32]. The authors suggested that the restoration of
the central nervous system requires high levels of BDNE,
and failure to maintain adequate levels of this protein is
associated with dysfunction of the brain. Therefore, BDNF
may serve as a promising marker of a brain dysfunction in
critically ill patients, and in general might possess a prog-
nostic value in the clinics. Recent studies confirm the lat-
ter suggestion. In patients with vascular dystonia and
closed traumatic brain injury the increased BDNF concen-
tration in serum was correlated with a decrease in the
severity of both anxiety and cognitive functions improve-
ments [33]. Low levels of BDNF in blood plasma were
associated with high mortality in ICU (Intensive Care
Unit) [33]. A 10-year study of Pikula et al. [34] have been
found that low serum concentrations of BDNF in the
elderly are associated with increased risk of sudden stroke.
Low and very high values of serum BDNF were found to be
prognostically unfavorable for the formation of structural
brain damage in newborns at risk [35]. Determining the
level of BDNF in the serum was suggested to be employed
in clinical neonatology for the diagnosis and prognosis of
the severity of the development of organic forms CNS
lesions in children [36].

There is an experimental evidence for the protective
effect of BDNF in neurons when administered exogenous-
ly. Postischemic intraventricular infusion of BDNF pre-
vented neuronal death of hippocampal CA1 neurons and
astroglial activation after global cerebral ischemia in rats
[37]. The administering of BDNF in the acute post-
ischemic period after middle cerebral artery occlusion
(MCAO) in rats decreased infarct aria and reduced neuro-
logical deficits [21, 22].

According to numerous studies, the neuroprotective
effects of various conditions, such as hypothermia,
ischemic preconditioning, microglia transplantation, prog-
esterone administrating, physical activity, are mediated by
BDNF and its receptor TrkB [7—9, 24—26, 38].

Protective effect of BDNF was explained by its anti-
apoptotic, anti-inflammatory, as well as anti-cytotoxic
properties [2, 6, 19, 23].
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OPMI‘TAHaABHI)IC MCCACAOBAHM I -

pabaThIBAIOTCST PA3IMUHbIE CTPATETHN ISl PEIICHUS TTPO-
6J1eMbl I0CTABKK HEHPOTPOMUHOB B MOBI (CHCTEMBI Iepe-
HOCA C TOMOII[BIO BUPYCHBIX BEKTOPOB, CTBOJIOBBIX KJIETOK
KOCTHOTO MO3Ta, CHHTeTHYECKUX W HATyPAJbHBIX HOJNMe-
POB; CHHTETHYECKUE TIENTH/IHbIe MUMETHKH 1 T.11.) [6, 10].

3akiaouyeHue

OcraHOBKAa CHCTEMHOIO KPOBOOOPAIIECHUS PUBO-
JIUT K CYIIECTBEHHOMY TIOBPEKICHUIO MO JISIITTH KIETOK
[IypKuHbE MO3KEUKa — CHUKEHUIO OOIIEero Yrcia Helipo-
HoB. [Ipu aTom ruGuyT BDNF-neratusubie kiaerku. Crio-
cobrocTh K akcnpeccnn 6enka BDNF aBasgercs BaKHBIM
(haxTOpPOM, MTOBBIIAIONIMM YCTOHYNBOCTD HEITPOHOB K TH-
6esii B TIOCTPEaHUMAIIMOHHOM TIeproe. DTo 00yCaaBIu-
BaeT MepPCIeKTUBHOCTD ncmosib3oBanusd BDNF mis paspa-
GOTKM HOBBIX [OJAXOJAOB K 3allUTe MO3Ta [pH
uieMuu-pernepdysun.
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The perspectives of BDNF use in clinics are com-
monly discussed. Currently different strategies are being
developed to solve the problem of delivering neu-
rotrophins to the brain (transfer systems with viral vec-
tors, bone marrow stem cells, natural and synthetic poly-
mers, synthetic peptide mimetics, etc) [6, 10].

Conclusion

Systemic circulatory arrest leads to significant dam-
age to the cerebellar Purkinje cell population, i.e. reduc-
tion of the total number of neurons whereas BDNF-nega-
tive cells die. The ability to express the BDNF is
indispensible for increasing the resistance of neurons to
death in the postoperative period. The data open new per-
spectives of using BDNF as a main component when devel-
oping novel approaches to brain protection from the
ischemia-reperfusion-induced damage.
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