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Pe3rome

Iless uccienoBaHus. VI3y4uTh NBysepHbIe KJIeTOYHbIe 00pasoBaHUsI CEHCOMOTOPHOH Kopbl (CMK)
6OJIBIIIOT0 MO3Ta ITOJI0BO3PEJIBIX O€JIBIX KPBIC IocIe 40-MUHYTHOH OKKJTIO3MH OOIINX COHHBIX apTEPUH.
MeTtoabI ncciaexoBaHusA. OCTPYIO UINTEMHIO MOJIEJIMPOBAJIN Ha 6eJTbIX KpbIcax Wistar myTem 40-MIHYTHON
OKKJTIO3WH 001X COHHBIX apTepuii (OOCA). [TpoBOIM/IN CpaBHUTETHLHYIO MOP(OMETPUYECKYIO OLIEHKY
IIUTO-, JE€HIPO, CHHANITO- ¥ NINOAPXUTEKTOHUKN HEOKOPTEKCA B HOpMe (1=5), uepes 1 (n=5), 3 (n=5) n 7 cyTok
(n=5) mociae OOCA. Hcnosnb30Bany OKpacKku no Huccio, reMaTOKCMIIMHOM M 903UHOM, IMMYHOTACTOXH-
Mmuueckue peaknuu Ha NSE, MAP-2, HSP-70, p38, caspase-3, GFAP, AIF1 u Ki-67. OnjeHuBaJ/In YACJICHHYIO
IVIOTHOCTh TUPaMUIHBIX HEUPOHOB, osturogeHaporutos (O/IL]), mukpormmoruros (MI'L]), conepskanue quc-
TpouIecKr 1 HEKPOOHMOTHYECKN N3MEHEHHBIX HEHPOHOB, C OJJTHUM U O0JIee IIPHIIITKaMy, TeTePO- U TUKa-
PpHUOHOB. [IpOBEpPKy CTaTUCTHYECKUX TUIIOTE3 IPOBOJUJIN C IOMOIIBIO IPOTPaMMBI Statistica 8.0.
Peayaerarsl. [Tocie OOCA cTaTUCTUYECKU 3HAYMMO YBeJIMUYUBAJIOCh COflepyKaHue JUCTPOUIECKU U
HEKpPOOMOTHUYECKN N3MEHEHHBIX HEMPOHOB, COoJlepKaHre HeHPOHOB C IByMs sITpaMH, C IByMs U 6oJiee sif-
PBIIIKaMU, 001IIee KOJIMYECTBO (ITposudepaliysi) U cofiepskaHre TAnepTPoPUpoOBaHHBIX acTPOIuToB, OJIIT
u MI'L]. B TeueHre Bcero repriofa HaOJTIoOIeHUsT 001IIast YMCAeHHas MIJI0OTHOCTh HelipoHoB CMK mociie OOCA
B cioe III ymenbmrasiacek Ha 26,4% (p=0,001), a cmoe V— Ha 18,5% (Mann-Whitney U-test; p=0,01). ITaToJto-
ruyecKre U KOMIIEHCAaTOPHO-BOCCTaHOBUTEIbHBIE U3MEeHeHUsA HOCUIU Ju(dy3HO-04aroBblil Xapakrep 1
NIPOSIBJIAIUCH OoJiee BeIpaskeHo B ciioe I Heokoprekca. CofepskaHue IBYsAAePHbIX FeTePOKaPUOHOB U -
KapHuOoHOB 4Yepes 1-u u 3-e cytok nociae OOCA B cpaBHeHUHU ¢ KOHTpoJseM — 3,5 (1,5-4,0)/MM2 — He n3MeHH-
JIOCh, a Yepe3d 7 CYyTOK YBEJMYUBAJIOCH 10 6,5 (5,0-8,5)/Mm? (Mann-Whitney U-test; p=0,002). YBeuueHue
MIPOUCXOINJI0 HA (POoHE H0JIee BEICOKOTO, UeM B KOHTpoJIe, coepskanusi O/ u MI'1l. B aToT mepuon B cjioe
III 1 V Tak’ke OTMETUJIA MAaKCUMATbHOE KOJIMYECTBO HEHPOHOB C ABYMSI B O0JIee sIIPHIIITKAMH.
3akrouenue. [Tocse 40-muayTHOI OOCA B CMK Ha (hoHe TUCcTPpODIIECKUX M HEKPOONOTHIECKUX U3-
MeHEHHH MIPaMUTHBIX HEHPOHOB U aKTHBAIUN HEHPOITINAIbHBIX KJIETOK IIPOVICXOIUIIO YBEJIHMYeHHe 00-
pa3oBaHUs reTepOKapUOHOB U HEMPOHOB € aMIJIN(UIIPOBAaHHBIM SIAPBIIIKOM. BEIsIBII€eHHbIE U3MEeHEeHU
paccMmaTpuBaJ/Ii Kak OJWH U3 BADUAHTOB PeaKlUy HePOHOB Ha UIlleMUYeCKOe ITI0BPeKIeHHe.

Knrouesbvle crnosa: ocmpasi unemusi; HeOKkopmerc; 06ysi0epHble HelipoHbl; ACHpPO2USL; MUKPOIUSE UM-
MyHO2Ucmoxumusi; mopgomempusy; kpoicor Wistar
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BJIaI‘O}IapHOCTB. ﬂaHHaH pa60Ta BBIINIOJ/JTHEHA ITPU ITOJAEPIKKE Omckoro TroCyaapCTBEHHOI'O MEQUIINH-
CKOT'O YHUBEPCUTETA B pAMKaX IIOATOTOBKHU U aTTECTAIN HAYIHO-TIEJArOTUYIECKUX U HAYYHBIX KaJIpOB.

Summary

The aim of the study. To study the double-nucleated cellular structures of the brain sensorimotor cortex
(SMQ) of sexually mature white rats after a 40-minute occlusion of the common carotid arteries.

Methods. Acute ischemia was simulated in white Wistar rats by 40-minute occlusion of the common carotid
arteries (OCCA). We performed comparative morphometric evaluation of cyto-, dendro-, synapto-, and glioar-
chitectonics of the neocortex in intact animals (n=5), and 1 (n=5), 3 (n=5), and 7 days (n=5) after OCCA. We
used Nissl, hematoxylin and eosin staining, and immunohistochemical reactions for NSE, MAP-2, HSP-70,
p38, caspase-3, GFAP, AIF1, and Ki-67. Numerical density of pyramidal neurons, oligodendrocytes (ODCs), mi-
croglyocytes (MGCs), presence of dystrophic and necrobiotic neurons with one or more nucleoli, hetero- and
dikaryons were assessed. Statistical hypotheses were tested using Statistica 8.0 software.

Results. The percentage of dystrophic and necrobiotic neurons, nerve cells with two nuclei or two or more
nucleoli, the total number (proliferation) and percentage of hypertrophic astrocytes, ODCs and MGCs increased
significantly after OCCA. The total numerical density of SMC neurons decreased by 26.4% (P=0.001) in layer III
and by 18.5% in layer V (Mann-Whitney U Test; P=0.01) after OCCA throughout the observation period. Patho-
logical and compensatory changes were diffusely focal and more pronounced in layer III of the neocortex. The
density of bi-nucleated heterokaryons and dikaryons remained unchanged on days 1 and 3 after OCCA vs con-
trol and was 3.5 (1.5-4.0)/mm?, and increased to 6.5 (5.0-8.5)/mm? on day 7 (Mann-Whitney U Test; P=0.002).
This increase occurred along with a higher density of ODCs and MGCs than in the control. The maximum num-
ber of neurons with two or more nucleoli was also noted in layer III and V during this period.

Conclusion. After 40-minute OCCA in SMC, parallel to the dystrophic and necrobiotic changes of pyramidal
neurons and activation of neuroglial cells, there was an increase in the formation of heterokaryons and neurons
with amplified nucleolus. These changes were considered as a variant of neuronal response to ischemic damage.

Keywords: acute ischemia, neocortex; bi-nucleated neurons; astroglia; microglia; immunohistochemistry;

morphometry; Wistar rats
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BBenenue

W3BecTHO, 4To 10CJIe OCTPO UIIIEMUN T'OJIOB-
HOTO MO3ra, Ha ()OHEe 00paTUMBIX TUCTPOpIIe-
CKUX, aTpO(PpUIECKUX 1 HEKPOOUOTUUECKUX U3Me-
HEeHUU HeHpOHOB, HEHPOIIUAIBHBIX KJIETOK U
KJIETOK MUKPOCOCY/IOB, aKTUBUPYIOTCSI KOMIIEHCa-
TOPHO-BOCCTAaHOBUTEJIbHbIE MeXaHU3MbI [1, 2]. B
COBOKYITHOCTH 3TO IIPUBOAUT K IPOCTPAHCTBEHHON
peoprasusanyy MeKKIeTOUYHbIX B3aUMOOTHOLIIe-
HUI HEPBHOU TKaHU. VI3MEHSI0TCA He TOJIBKO MeK-
HEeHWpPOHHBIE CBSA3U, HO U MOPQOJOrUsi HeUpo-
VIMO-MUKPOCOCYOUCTBIX ~ KOMILJIEKCOB  [3-5].
3HAYNUTEJBbHO aKTUBUPYIOTCA acTpouutsl, O/l n
MI'LI. Kpome runeprpoduu, runepiiasum, usme-
HeHUI (POpPMBI U pa3MepPOB, OTMedaeTcs Iposude-
painusa sTUX KJIEeTOK, YCJIOKHeHUe UX IIPOCTPaH-
CTBEHHOU OpraHU3alliy, yCUJIeHNe MeXaHU4YeCKON
MOJIBMSKHOCTHU Nepr(eprieCcKrX OTPOCTKOB U CUH-
Te3a Tpoduueckux ¢axTopoB [6-12]. Bricokasa
MOABUYKHOCTh HeHpOoIJInaJbHbIX KJIETOK, UX MUT-
palyisi OTHOCUTEJIbHO IEPUKAPUOHOB IIPUBOJIUT, C
OJITHOU CTOPOHBI, K YBeJIMYEHUIO COJlep>KaHUs CBO-
OOTHBIX aKTUBUPOBAHHBIX (POPM, a, C APYTOH CTO-
POHBI — CaTeJUIMTapHBIX U (PAronUTHUPYIOIINX
(pOpM KJIETOK, a TAKSKE K CIUSIHUIO KJIETOK U, BO3-
MOYKHO, HMX IIepenporpaMMupoBaHuio [13-16].

Introduction

After acute cerebral ischemia, amid reversible
dystrophic, atrophic and necrobiotic changes of
neurons, neuroglial cells and microvascular cells,
the compensatory and restorative mechanisms are
activated [1, 2]. Taken together, this leads to spatial
reorganization of cellular interconnections of neu-
ral tissue. Not only interneuronal connections but
also the morphology of complexes between neu-
rons, glial cell and microvessels change [3-5]. As-
trocytes, ODCs and MGCs become highly activated.
In addition to hypertrophy, hyperplasia, shape and
size changes, these cells proliferate, their spatial or-
ganization becomes more complex, mechanical
motility of peripheral processes and production of
trophic factors increases [6-12]. The high mobility
of neuroglial cells and their migration in relation to
perikaryons lead, on the one hand, to an increased
level of free activated as well as satellite and phago-
cytic cells, and also to cell fusion and, probably,
their reprogramming [13-16]. An increase in the
number of cellular structures, where perikaryons
and glial cell bodies significantly converge up to the
invagination of smaller cells (gliocytes) into larger
ones (neurons) and fusion [13, 14, 17, 18]. The fu-
sion of neurons and glial cells is hypothesized [13,
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OTMe4daeTcs yBeJudeHrue KOJIM4eCcTBa KIeTOYHbIX
KOHCTPYKIIUH, B KOTOPBIX IIEPUKAPUOHBI U TeJjia
IIMAJIBHBIX KJETOK 3HAYUTEJbHO COJIMYKAIOTCS
BILJIOTh 0 MHBAruHamuii 0oJiee MeJKUX KJIETOK
(LIMOLUTBI) B KPyIIHbIe (HeHpoHBbI) U causHus (13,
14, 17, 18]. Cy1iiecTByeT TUIIOTe3a O CJIUSIHUU Hel-
POHOB ¥ ITUAJTBHBIX KJIETOK [13, 14, 19]. Ocobas
posb mpu atoM orBoauTcs OJIL [20]. Cimssame OIL]
C HeHpOHaMU KOPBI TOJIOBHOT'O MO3Ta, BEPOSITHO,
MOZKeT OBITh YaCThI0 HOPMAJIBLHOTO OHTOTeHe3a U
BO3MOKHBIM CPEJICTBOM HeHpopereHepaiuu B
MpOIIecCe CTapeHUsI U IPU TUITOKCUYEeCKOM / !iTIIe-
MHY€ECKOM BO3JIEACTBUU. ABTOPBI IPEIII0JIAraioT,
4T0 nocJe Takoro causaaud aapo O/ moasepra-
eTcs1 Helipocnelu(uyecKkoMy IepenporpaMmmMupo-
BaHUIO, B pe3yJIBTaTe 4eTro 00pas3yoTcs ABYsAep-
Hble HEWPOHBI, UTO yIBauBaeT (PyHKIMOHAIbHbIE
BO3MOKHOCTH Helpona [20]. IIpu marosoruu
coussanio OJI1] u HeHPOHOB MOKET CIIOCOOCTBO-
BaTh (popmupoBaHme amMebOMTHOTO (heHOTHUIIA
MUKPOIJINY, AJI1 KOTOPOTO XapaKTepHbI BbICOKAs
MMOJABUKHOCTb, Mpeobjamanuve ¢aroruTapHoOn
(pyHKIMU U CeKpelnuu IUTOKUHOB [21]. Kpome
TOrO, IOTEPsI CBSA3EU MesK1y HepOHaMU U MUKPO-
[JIMe TI0CJIe UIIIEMUN CTIOCOOCTBYET JabHEHIIIer
AKTUBAIMU [IOCJIeHEeH, UTO YCUINBaeT BocIase-
HU€, BLI3BAaHHOE BBHICBOOOKIEHEM TPOBOCITATIH-
TeJIbHBIX [IUTOKWHOB. JTU NU3MEHEeHNs1, BEPOSTHO,
MOTYT OBITH MHUIIMHPOBAHBI TTEPUTIEIUTIOIIPHBIM
OTEKOM, KOTOPBI pa3pbiBaeT CBSA3U HEUPOHOB U
MUKpOIIuu [8].

PeakTHBHO M3MeHEHHble HEUPOHBI UMEIOT
TTOBBIIIEHHYIO CIIOCOOHOCTH K CIUSHUIO. VIMeroT-
cs1 MOp@OoJIOTUYECKHE TTOTBEPSKAEHN ST TPUHIIN-
N1aJbHOW BO3MOYKHOCTHU CJAUSHUA HEHpOHAJb-
HBIX OTPOCTKOB W I[IE€PUKApPUOHOB C APYyTUMU
kJaeTkaMu. CJIMBAIOTCS He TOJILKO TeJsla KJIETOK, HO
U UX OTPOCTKU, CTUMYJIUPYSI IPOAYKIIUAIO [IPOBOC-
naJUuTeJbHBIX IUTOKUHOB [22, 23]. Takasa BO3-
MOJKHOCTh IIOKa3aHa AJiad KJaeTOK Ilypkunsbe,
MOTOHEWPOHOB CIIMHHOTO MO3Tra U MUPAMUIHBIX
HEHPOHOB HEOKOPTEKCA. ABTOPHI MyOJIUKAIII
00Hapy’KMBaJIM B HEOKOPTEKCE TeTepo- U JUKa-
PUOHBI — HEUPOHBI C ABYMS sIIpaMH, pa3jindaio-
IUMHUCSA U OJNWHAKOBBIMU IO MopdoJsoruye-
CKUM U LUTOXMMUYECKUM IpudHakam [20,
22-24]. Tax, mocJie IPepPLIBUCTON TUMmodapuye-
CKOU TMIIOKCUU KOJINYECTBO BYSJEePHBIX Hell-
poHOB B cyosax III-V mMoTOpHO# KOpBI OesbIxX
KPBIC YBEJINYUBAJIOCH Ha 23,4%. ABTOPHI IIpe-
[10JIaraloT, YTO IIOBBIIIEHHOE COAePsKaHNe ABYs-
JlepHBbIX HEHPOHOB MOMKET CJIY3KUThb CTPYKTYP-
HOUW OCHOBOU HeWPONpPOTEKTOPHBIX 3 PEKTOB
aganranuu K runokcuu [19]. K yBenuueHuio
KOJIN4eCTBA FeTepOKapUOHOB KJIETOK Ilypkunbe
B HEOHATaJbHOM MO3’Ke4YKe NMPUBOIUT paaua-
LIMOHHOE ITOBpexAeHue [25]. B MO3KeuKe TakKe
oTMeueHO 0Opa3oBaHUe IBYSJePHBIX reTepoKa-

PUOHOB IIpU pacCeaHHOM CKJepo3e [26].

14, 19]. A special role in this process is assigned to
ODC:s [20]. Fusion of ODCs with cortical neurons
can probably be a part of normal ontogenesis and
a possible way of neuroregeneration in aging or
during hypoxia/ischemia. The authors suggest that
after such fusion, the nucleus of ODC undergoes
neurospecific reprogramming, which results in the
formation of binuclear neurons with double func-
tional capacity [20]. In pathological conditions, fu-
sion of ODCs and neurons can be promoted by
amoeboid phenotype of microglia characterized by
high motility, predominant phagocytic function
and cytokine secretion [21]. Moreover, the loss of
connections between neurons and microglia after
ischemia contributes to further activation of the
latter, which enhances inflammation caused by the
release of proinflammatory cytokines. These
changes can probably be initiated by pericellular
edema, which disrupts connections between neu-
rons and microglia [8].

Neurons with reactive changes have an in-
creased ability to fuse. There is histological evidence
of fusion of neuronal processes and perikarions
with other cells as well. Not only cell bodies but also
their processes can fuse, stimulating proinflamma-
tory cytokine production [22, 23]. This possibility
has been shown for Purkinje cells, spinal cord mo-
toneurons, and pyramidal neurons of the neocortex.
The researchers detected hetero- and dikaryons
(neurons with two nuclei which can be both differ-
ing and identical morphologically and cytochemi-
cally) in the neocortex [20, 22-24]. Thus, after inter-
mittent hypobaric hypoxia, the number of binuclear
neurons in layers III-V of the motor cortex of white
rats increased by 23.4%. The authors suggest that
the increased content of binuclear neurons may un-
derlie the neuroprotective adaptation to hypoxia
[19]. An increase in the number of Purkinje cell het-
erokaryons in the neonatal cerebellum can be
caused by radiation damage [25]. The formation of
binucleate heterokaryons in the cerebellum has also
been noted in multiple sclerosis [26].

All these processes are closely related to the im-
mune system, which provides tissue homeostasis
both under physiological conditions and pathology
[27]. Microgliocytes are considered under this aspect
[11, 12]. However, the biological and functional role
of microglia in the formation of hetero- and
dikaryons has not been studied. Although there are
studies demonstrating direct fusion of microglia with
pyramidal neurons after retroviral infection [28].

Some authors [13, 14] conclude that the prob-
able mechanism of binuclear neuron formation in
embryogenesis and in adult organisms is cell fusion
during their syncytial interaction. Syncytial con-
nections and fusions of neurons are characteristic
both for pathological conditions of nervous system
and for certain stages of normal ontogenesis. The
kinetics of syncytial fusion of living neurons and
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Bce aTn mponecchl TECHO CBsI3aHbI C UMMYH-
HON CcHCTEeMOH, o0OecHeynBamoIlell TKaHeBOU
roMeocTas Kak B (pU3UOJOTUYECKUX yCJIOBUSIX,
Tak U Ipu naroJioruu [27]. B aToM acnekre pac-
CMAaTPUBAIOTCSI MUKPOTTTUOLUTHI [11, 12]. OnHako,
HeoOXOAUMO OTMETHUTbH, YTO OMOJIOTHYecKass U
(pyHKIIMOHAJIBHASA POJIb MUKPOIINY IIpU (hOPMU-
PpOBaHWM reTepo- ¥ JUKAapUOHOB He u3y4yeHa. X0TA
eCTb paboThI O MPSIMOM CJIMSITHHE MUKPOTJINU C
NUpPaMUJHBIMU HelipOHAMU II0CJIE PETPOBUPYC-
HOU nH(perIUM [28].

B paborax [13, 14] mesiaeTcst BLIBOJ, YTO BEPO-
SAITHBIM MeXaHUu3MOM (OPMHUPOBAHUSA IBYysIep-
HBIX HEHPOHOB B aMOpHMOTeHe3e U Y B3POCJIBIX
OpPTraHN3MOB SIBJISIETCS KJIETOYHOE CJIMSITHUE B
MpoIiecce UX CUHIMTUAIBLHOTO B3aUMOJIEACTBUS.
CUHIIUTHAIbHBIE CBSI3W M CJIUSHUS HEUPOHOB
ABJISIOTCS XapaKTePHOW YepTO U JJIs1 TaTOJIOTUH
HEPBHOU CHUCTEMBI, U JIJIsI OTIpeJleIeHHbIX CTaIUHN
HOpPMaJIbHOTO OHTOTeHe3a. B Kysierype HelipoHOB
MMPOAEMOHCTPUPOBaHA KWHETUKA CUHITUTAAIBHO-
r'0 CJIUSTHUS SKUBBIX HEUPOHOB U (pOpMUPOBaHUS
TaKUM CIIOCOOOM JBYSIIEPHBIX KJIETOK. ITO SIBU-
aocbk 100% 1moaTBepsKaAEHUEM BO3MOKHOCTU
00pa3oBaHUS CI0KHBIX KJIETOYHBIX KOMITO3UIIUI
B HepBHOH TKaHM IIyTeM causiHusA. [IpuBeneHsl
JaHHbIE, JeMOHCTPUPYIOLIXE, YTO IIe/IeBble KOH-
TaKThI CIIOCOOHBI MTPEBPAIIAThCS B CUHITUTUAIb-
Hble Tepdopaluy, a COMaTU4YeCKue IesieBbie
KOHTAKTHI ITPH OJIarONPUATHBIX YCJIOBUSX MOTYT
npeoOpa3oBbIBaTh HEHPOHBI B AUKApUOHBL. To
€CTb, niepdopalysi, TOCTENEeHHO 0XBaThIBasI [TUTO-
I1a3My 00emX CITUBAIOIINXCS KJIETOK, IIPeBpala-
eT ux B OMHYKJIeapHBIN HelipoH [13, 14, 29]. 3To
npeobpa3oBaHre pacIpoCTpaHeHO U Ha HEHpo-
IKaJabHble B3AMMOOTHOLIEHHUS C Jo0OaBJIeHUEM
BO3MOYKHOCTH IepenporpaMMUPOBAHUA AApa
[JINAJILHOU KJjeTku [20].

Takum 06pasom, TUTIIOTE3a O POJIUA CIAUSTHUS
KJIETOK B (DU3MOJOTUYECKOU W pemnapaTUBHOU
pereHepanuyi HEPBHOUW TKAaHU HMMeEET MPaBO Ha
cymiectBoBanue. [ToaToMy HEOOXOIUMBI NATbHEN-
IIMe WCCJIEeNOBAaHUsI B 9TOM HampaBJIeHWH. B
HACTOSIIIeN paboTe MIPOBeIeHO TUCTOJIOTUTYECKOE,
MMMYHOTUCTOXUMUYECKOe ¥ MOphOMeTprUUIecKoe
HCCJIeN0BaHNe Pa3J/IMYHbIX IBYSANEPHbBIX IMPAMUI-
HbIX HEPOHOB (TeTepo- U IUKapuoHOoB) cJios Il u
V ceHCOMOTOPHOM KOPbI TOJIOBHOTO MO3Ta ITOJIOBO-
3peJIbIX OeJIbIX KPhIC B HOpMeE U Tocsie 40-MUHYT-
HOU OKKJTIO3UH OOIITNX COHHBIX apTEPUA.

MarepuaJ 1 MeTObI

Pa6ora BeImostHeHa B PI'BOY BO «OMCcKHii rocy-
JTApCTBEHHBIH MEIUITMHCKUN YHUBEPCUTET», OT0OpeHa
9TUYECKUMH KOMUTETAMU By3a (IpOTOKOJ Ne 83 oT 14
OKTAOPs1 2016 roa; mpoTokoJ Ne 107 oT 2 OKTAOPs1 2018
roga). lcmoJsib3oBanu ayTOpPemHBIX II0JIOBO3PEJIBIX
KpbIC cToKa Wistar (camubl macca 270-350 rp.). JKusot-
HBIX COTEPKaJIA B CTAH/IAPTHBIX JJAOOPATOPHBIX YCJIO-

formation of binuclear cells in this way was demon-
strated in neuronal culture. This provided a solid
proof for the possibility of formation of complex
cell structures in neural tissue by fusion. Data
demonstrating that gap junctions are capable of
transforming into syncytial perforations, and so-
matic gap junctions, under favorable conditions,
can transform neurons into dikaryons, have been
published. This suggests that perforation, gradually
embracing the cytoplasm of both fusion cells,
transforms them into a binuclear neuron [13, 14,
29]. This transformation is extended to the neu-
roglial interactions with the added possibility of
glial cell nucleus reprogramming [20].

Thus, the hypothesis of the role of cell fusion
in physiological and reparative regeneration of
nervous tissue can be considered valid. Therefore,
further research in this direction is necessary. In the
present work we carried out histological, immuno-
histochemical and morphometric study of different
binuclear pyramidal neurons (hetero- and
dikaryons) of layer III and V of sensorimotor cortex
of mature white rats in intact condition and after
40-minute occlusion of common carotid arteries.

Materials and Methods

The study was performed at the Omsk State Med-
ical University after being approved by the ethical com-
mittees of the university (Minutes Ne 83, October 14,
2016; Minutes Ne 107, October 2, 2018). Outbred sexually
mature Wistar rats (males weighing 270-350 g) were
used. Animals were kept in standard laboratory condi-
tions, the experiment was carried out according to the
«Rules of work with experimental animals» (Appendix to
the order of the Ministry of Health of the USSR from
12.08.77 Ne755) and with the guidelines of the Interna-
tional Council for Laboratory Animal Science, supported
by WHO, and Directive of the European Parliament
Ne 2010/63/EU dated 22.09.10 «On protection of animals
used for scientific purposes».

Acute incomplete cerebral ischemia was simulated
by 40-minute occlusion of the common carotid arteries
(OCCA) without hypotension. The choice of this model
was due to the fact that binucleate cellular structures
after incomplete ischemia in the neocortex, in contrast
to focal complete ischemia, have not been studied [19,
20]. The experiment was performed under anesthesia
with Zoletil 100 (5-7 units). Intact rats (n=5) served as a
control. At 1, 3 and 7 days after OCCA (n=15, 5 rats per
each time point) the brains were fixed by perfusion with
sequential injection of 100-125 ml of 0.9% NaCl solution
and dalteparin sodium (5,000 units) and 30 ml of 4%
paraformaldehyde solution on phosphate buffer (pH
7.2-7.4). The obtained material was embedded in ho-
mogenized paraffin (HISTOMIX®) using an STP 120. Se-
rial frontal sections (4 um thickness) were prepared using
an HM 450 microtome (Thermo) at the sensorimotor
cortex level.

Cell identification (nerve/glial cells) of SMC was
performed on Nissl, hematoxylin and eosin stained
preparations as well as by immunohistochemical reac-
tion for NSE, HSP-70, MAP-2 (neurons), GFAP (astro-
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BUSIX, 9KCIIEPUMEHT IIPOBOJUJIM B COOTBETCTBUU C
«[IpaBryTaMu IpoBeieHNsA paboT C MCIOIb30BaHHUEM
9KCIIEpUMEHTAJbHBIX SKUBOTHBIX» ([IpmyoskeHue K
npukady Munucrepcrsa 3npasooxpanenusa CCCP or
12.08.77 Ne755) u ¢ pekoMeHmanusaAMHu MeskayHapos-
HOTO KOMHUTETA 10 HayKe O JIA00PaTOPHBIX SKIMBOTHBIX,
noaaepskanHbix BO3, mupexktuBoii EBponeiickoro ITap-
aameHTa Ne 2010/63/EU ot 22.09.10 «O 3amuTe sKUBOT-
HBIX, UCII0JIb3YEeMBbIX JJIs1 HAyYHBIX LiesIeli».

OCTpyIo HeNoJIHYI0 MIIeMUI0 FOJIOBHOTO MO3Tra
MOJIeJIMPOBAJIH IIyTeM 40-MUHYTHOH OKKJIIO3FH OOIITHX
connbIx aprepuii (OOCA) 6e3 runoreH3nn. Berdop aToi
Mojiesi 6BLIT 00YCIIOBJIEH TEM, UTO JIBysIepHbIE KIIETOY-
HbIe 00pa30BaHMs IOCJIe HETTOTHON UIITEMUH B HEOKOP-
TeKce, B OWINYKe OT (POKATbHOU MOJHOUN UIIeMUU, He
U3y4daance [19, 20]. IKCnepruMeHT IPOBOIUJIHN IO Hap-
ko30M: Zoletil 100 (5-7 equnun). KonTposeM ciayskuin
WHTAKTHBIE KPBICHI (1n=5). Uepes 1, 3 u 7 cyTOk nocJie
OOCA (n=15, 1o 5 KpbIC HA CPOK) MO3T (PUKCUPOBAIU
nepdysueil nocaegoBareJbHbIM BBegeHreM 100-125
Mg pactopa 0,9% NaCl u ®parmuna (5000 equHALY) U
30 ma1 4% pacTtBOopa napadopmanbaeruga Ha ¢gocdar-
HOM Gydepe (pH 7,2-7,4). [TosryueHHBII MaTepHaI C Io-
MoIibio aBromara «STP 120» 3ak/1i04ay B TOMOTeHU31-
poBauHbIH mapaduH (HISTOMIX®). Cepuiiabie
¢ poHTaNBHBIE CPE3BI (TOIIIMHA 4 MKM) TOTOBUJIU C I10-
Mo1bio Mukporoma HM 450 (Thermo) Ha ypoBHe ceH-
comoTopHO# Kopbl (CMK).

Nnentudukanuio kietok (HeripoH/mus) CMK
NIPOBOAMJIY Ha IIpernaparax, OKpalleHHbIX TeMaTOKCHU-
JINHOM U 903MHOM, 110 Hucciio, a Takske IpU UMMYHO-
rucroxumMuiecko peakruu Ha NSE, HSP-70, MAP-2
(uetiponsl), GFAP (actponutsel) u AIF-1 (Mukporaus).
UucjieHHYI0 IVIOTHOCTh IUPAMUIHBIX HEHIPOHOB U acT-
POLIUTOB OIlpeeJisiin Ipu okpacke 1o Huccoo. Lutoc-
KeJIeT HelIpOHOB (Tesia U OTPOCTKU) U3Yy4dasu C IIOMO-
mpi0 peaknuu Ha MAP-2, KOTOpBIH 006paTUMO
CBSI3BIBAETCSI C MUKPOTPYOOUYKaMU ITUTOCKEJIETa, CII0-
co0OCTBYS UX ITOJIMMepU3aluy. LluTockesieT acTpoIUTOB
HM3ydJaJiy ¢ ToMolbio peakiny Ha GFAP, koTopsIii o6pa-
3yeT IPOMe)KyTOUHble (huIaMeHThl. Paciipeesenue cu-
HaAITUYeCKUX TepMUHaJIed BOKPYI HeIIpOHOB — C IIO-
momiplo  p38  (cmHamToM3WMH) U caspase-3.
Vcniosib3oBaHue 1151 BepuUKALUU TepMUHaIen cas-
pase-3, Hapsay c p38, o0yCJIOBJIEHO TeM, YTO 3TOT
J1eHI0TPOIHBIN (pepMeHT arnonTo3a IpUHUMAaeT aKTUB-
HOEe y4acTue B CUHAIITUYeCKOH IJIaCTUYHOCTHU U, KaK
p38, Jiokanuayercsa B TepMuHasAxX [30]. Mukpornno-
LUTHI BepU(pUIUPOBAIN C IOMOIIBIO cllelupuiecKon
VIS 9TUX KJIeTOK peakuyy Ha AIF-1 (aymoTpaHcianTar
BOCHAJIUTEJIBHOTO (pakTopa 1), TakKe U3BECTHBIN KaK
MOHU3UpPOBaHHAs1 KaJbIUii-CBA3BIBAIONIAs afanTep-
Hast MoJsiekyna 1 (IBA1). OneHky nposingepaTUBHOM aK-
TUBHOCTHU KJIETOK HepBHOU TkaHu CMK npoBoau/u c
nomMoublo peakuuu Ha Ki-67, KOTOphbIii sIBJIsA€TCA s1ep-
HBIM aHTUTE€HOM ¥ 0OHApY)KUBAETCS HA IPOTIKEHUN
BCEro KJIETOYHOIO IIUKJIA, a TOKOSIIUMUCS KJIeTKaMU
He 9KCIIPeCCUpyeTcs.

1151 UMMYHOTHUCTOXMMHUYECKOI0 UCCIeJ0BAHUSA
HCII0JIb30BAJIU I10JIM- U MOHOKJIOHAJ/IbHbIE aHTHUTeJIA.
NSE, HSP-70 — kpoJin4bH ITOJIMKJIOHAJIbHBIE aHTUTEJIA
K KpPBICHHOMY aHTUTEHY; pa3BedeHue 5-20 MKI/MJI
(Cloud-Clone Corp.). MAP-2 — KpOJUYbU MOJUKJIIO-
HaJIbHble aHTHUTeJsa, padBejeHue 1 MKr/mi (ab32454,
Abcam, CIIIA). GFAP — mMbIIIMHbIE MOHOKJIOHAJIbHbBIE

cytes), and AIF-1 (microglia). The numerical density of
pyramidal neurons and astrocytes was determined by
Nissl staining. The cytoskeleton of neurons (bodies and
processes) was studied using the reaction for MAP-2,
which reversibly binds to microtubules of the cytoskele-
ton causing their polymerization. The cytoskeleton of as-
trocytes was studied by reaction for GFAP, which forms
intermediate filaments. Distribution of synaptic termi-
nals around neurons was studied using p38 (synapto-
physin) and caspase-3. The use of caspase-3 for terminal
verification, along with p38, is due to the fact that this
pleiotropic enzyme of apoptosis takes an active part in
synaptic plasticity and, like p38, is localized in the termi-
nals [30]. Microglial cells were verified using a cell-spe-
cific reaction for AIF-1 (allograft inflammatory factor 1),
also known as ionized calcium-binding adaptor molecule 1
(IBA1). The proliferative activity of SMC neural tissue
cells was assessed using the reaction for Ki-67, which is a
nuclear antigen detectable throughout the cell cycle and
inot expressed by resting cells.

Poly- and monoclonal antibodies were used for im-
munohistochemical studies. NSE, HSP-70 were detected
with rabbit polyclonal antibodies to rat antigen with 5-20
pg/ml dilution (Cloud-Clone Corp.). For MAP-2 we used
rabbit polyclonal antibodies, 1 ng/ml dilution (ab32454,
Abcam, USA). GFAP were detected using ready-to-use
murine monoclonal antibodies, clone GA5 (Bond Ready-
to-Use Primary Antibody; Leica Biosystems Newcastle
Ltd, UK). p38 (synaptophysin) was diagnosed by ready-
to-use murine monoclonal antibody, clone 27G12 (Bond
Ready-to-Use Primary Antibody; Leica Biosystems New-
castle Ltd, United Kingdom). Caspase-3 was detected
using murine monoclonal antibodies, clone 3CSP03, 1:25
dilution (Diagnostic BioSystems Inc., USA). For AIF-1 de-
tection the rabbit polyclonal antibodies, 5-20 pg/ml di-
lution (Cloud-Clone Corp.) were employed. Ki-67 was
measured by ready-to-use murine monoclonal antibody;,
MIB-1 clone (Bond Ready-to-Use Primary Antibody;
Leica Biosystems Newcastle Ltd, UK).

Immunohistochemical reaction was performed on
sections placed on polylysine-coated slides. After reac-
tion with primary antibodies, the sections were incu-
bated with appropriate secondary antibodies, DAB (3,3'-
diaminobenzidine) = chromogen, stained  with
hematoxylin, and embedded in polystyrene. A No-
volinkTM (DAB) Polymer Detection System (Leica
Biosystems Newcastle Ltd., United Kingdom) kit was
used for imaging.

The preparations were photographed using a Leica
DM 1000 microscope (x100 objective, GXCAM-DM800
Unique Wrap-Around 8MP AUTOFOCUS USB camera,
pixel size 1.4x1.4 ym), and images were saved as tiff files
(2592x1944 pixels). For maximum contrast and sharp-
ness, we performed image correction using the Camera
Raw filter (contrast, white balance, and sharpness) in
Photoshop CC. Further morphometric study was per-
formed using Image] 1.52s software. To generate the or-
dered sample, we used randomly selected (macro by x/y
coordinates) color images of the neocortex with 10 re-
gions of interest of 50 pymx50 pm from each section,
saved as stacks. The generation of final samples (ran-
domization) of visual fields for each time period (n=30,
per time point) was done based on the obtained arrays
(100 stacks) of data using a random number generator in
Statistica 8.0 software. Thus, 30 randomly selected visual
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anTuTesa, KiIoH GA5, roToBble K mpuMeneHuio (Bond
Ready-to-Use Primary Antibody; Leica Biosystems New-
castle Ltd, Betmkoopuranus). p38 (cuHantonsnn) —
MBIIIUHBIE MOHOKJIOHAJbHBIE aHTUTeJ A, KJI0H 27G12,
rorosble K npuMeHeHuto (Bond Ready-to-Use Primary
Antibody; Leica Biosystems Newcastle Ltd, Bemukoopu-
TaHusA). Caspase-3 — MBIIINHbIEe MOHOKJIOHAJIbHBIE aH-
tuTesia, kKJI0H 3CSP03, pasBenenue 1:25 (Diagnostic
BioSystems Inc., CIIIA). AIF-1 — KpoJIn4bH ITOJIUKJIO-
HaJIbHBIE aHTUTeJsIa, padBegenue 5-20 Mkr/mi (Cloud-
Clone Corp.). Ki-67 — MbIIIIHbIE MOHOKJIOHAJIbHBIE aH-
TuTeNa, KJI0H MIB-1, roroBble k nnpuMmenenuio (Bond
Ready-to-Use Primary Antibody; Leica Biosystems New-
castle Ltd, BemukoOpuTanusi).

VIMMyHOTMCTOXUMHUYECKYIO peaKI1Io IPOBOIUIN
Ha Cpe3ax, IOMEeNIeHHbIX Ha ITOJINJIN3UHOBBIE ITPEIMEeT-
HBIE cTerJia. [Tocse pearknuu C IepBUYHBIMU AHTUTE-
JIaMH¥ Cpe3bl MHKYOUPOBAJIH C COOTBETCTBYIOIIIIMH BTO-
PUYHBIMU aHTUTEJIaMHU, XpPOMOI€HOM DAB
(3,3'-mnamMuHOOEH3UINH), TOKPATITUBAIN T€MATOKCHJIH -
HOM, 3aKJ/II0YaJH B IOJUCTUPOJI. /1 BA3ya/u3anuu
HCIOJIB30BAIN MYJIBTHMepHBIH Habop NovolinkTM
(DAB) Polymer Detection System (Leica Biosystems New-
castle Ltd, BemukoOpuTanusi).

IIpenapars! ¢pororpadupoBalu Ha MUKPOCKOIIE
Leica DM 1000 (o6bekTHB x100, kamepa GXCAM-DM800
Unique Wrap-Around 8MP AUTOFOCUS USB, pixel size
1,4x1,4 pm), n3o6paskeHne COXpaHsIN B (paiiyiax ¢ pac-
mpenueM tiff (2592x1944 nukcesent). JIas qocTmxe-
HUSI MAaKCUMaJIbHON KOHTPACTHOCTH M Y€TKOCTH M300-
pakeHUs1 IPOBOAMWJIU KOPPEKIHIO C IIOMOIIBIO
¢uierpa Camera Raw (ROHTpacTHOCTB, 6astaHc Hesioro,
uyeTkocTh) B Photoshop CC. [JanbHelinee MopdomMeTpu-
4ecKoe MCCJIeloBaHue OCYIeCTBJIsIJIM C UCII0Ib30Ba-
HueM nporpamMmsl Image]J 1.52 s. [lns ¢popMupoBanus
BapUAIMOHHBIX PSAOB UCIOIB30BAIN CIAYIalHBIM 00-
pasoM oToOpaHHBIE (MAaKpOC MO KOOpAWHATaM X/y)
[IBeTHBIe N300paskeHNs1 HeokopTekca — 10 obJracreit
HHTEpeCcoB pasMepoM 50 MKMx50 MKM C KasKI0ro cpesa,
COXpaHeHHbIe B BUJe CTeKOB. PopMHpOBaHUE OKOHYA-
TeJIbHBIX BEIOOPOK (PaHIOMU3aIHs) IToJIeH 3peHus I
KasKI0ro cpoka (n=30, Ha CPOK) MPOBOIUJIN U3 MOJIY-
4YeHHbIX MaccuBOB (100 CTEKOB) TaHHBIX C IIOMOIILIO T'e-
Heparopa cJIyJalHbIi yuces B IporpamMe Statistica 8.0.
TaknM 06pa3om, 71 KasKI0TO METOJa OKPACKH Ha CPOK
orbmpasu 1o 30 cryJaifHO BRIOPAHHBIX TI0JIeH 3pEeHUS
(o6aacTe mHTepeca) CMK. OOIIIyI0o YUCIEHHYIO MJI0T-
HOCTb IUPAMUAHBIX HeHpOoHOB B c10ax [I1u V CMK (11e-
pecuer Ha 1 MM?) oIlpefessAan 10 HAJIMYUIO AAPbIIIEK
Ha cpe3ax IepuKapuoHOB (0OKpacka 1o Huccmo). Hc-
MOJTb30BaHME MOJOOHOTO MOAX0a 00YCIOBJIEHO TEM,
UTO SIIPBIIIKO SBJAJIOCH YPE3BbIUAHHO YCTOHUMBOMN
CTPyKTYypoOU HelipoHa. Ero pasmeps! u ¢hopma He n3me-
HAJIACh Jake B KJIETKAX C ABHBIMU YJIBTPACTPYKTYp-
HBIMU IIpU3HAKaMM WIIEMHYECKOI0 IIOBPesKIeHUs
AApa U TATOILIAa3MBbI [2]. OTIe/IbHO PaCCYNUTBHIBAIN CO-
JiepsKaHre HeHPOHOB C IBYMA sIpaMH, C OTHIM U 6oJiee
ogHOTO AnpbImKa. Omnpepensiy copepskanne (%)
HOPMO- Y F'UIIepXPOMHBIX HEHPOHOB (HECMOPIIEHHbIX U
NUKHOMOPQHBIX). /17151 MOp(oMeTpruiecKkoro anaansa
TaK’Ke UCI0/Ib30BAJIM UMMYHOI'MCTOXUMUYECKYIO peaK-
muio Ha Ki-67 (mponudeparnBHas akTUBHOCTSD sifiep) U
AIF-1 (uncjeHHas NJOTHOCTh MUKPOIIMOIUTOB). Bece
octanbHble peaknuu (NSE, HSP-70, MAP-2, p38, cas-
pase-3, GFAP) ncnonbpaoBanu s uieHTU(DUKAIIAH CO-

fields (region of interest) of SMC were selected for each
staining method per time point. The total numerical den-
sity of pyramidal neurons in layers III and V of SMC (cal-
culated per 1 mm?) was determined by the presence of
nucleoli on perikaryon sections (Nissl staining). This ap-
proach was used due to the extreme stability of the neu-
ronal nucleolus. Its size and shape did not change even in
cells with obvious ultrastructural signs of ischemic dam-
age of nucleus and cytoplasm [2]. The content of neurons
with two nuclei, with one and more nucleuolus were cal-
culated separately. We determined the percentage (%) of
normochromic and hyperchromic neurons (nonshrinked
and pycnomorphic). Immunohistochemical reaction for
Ki-67 (proliferative activity of nuclei) and AIF-1 (numeri-
cal density of microglial cells) was also used for morpho-
metric analysis. All other reactions (NSE, HSP-70, MAP-2,
p38, caspase-3, GFAP) were performed to identify the cor-
responding structures by specific proteins.

Statistical hypotheses were tested using nonpara-
metric criteria (Mann-Whitney U-test, Kruskal-Wallis
ANOVA, Fisher's test) using Statistica 8.0 software (Stat-
Soft) [31]. Quantitative data in the study are reported as
median (Me —50% quartile) and interquartile range
(Q1-Q3, or 25-75% quartiles), fractions, percentages. The
null hypothesis was rejected with Bonferroni correction
at P<0.01.

Results and Discussion

In layers IIl and V of the SMC of control animals,
typical medium-sized (perikaryon 170-250 pym?) and
large (350-520 pm?) normochromic pyramidal neu-
rons with a large light nucleus containing a single
nucleolus and small amounts of heterochromatin
dominated (Fig. 1 a, b).

In immunohistochemical reactions, the bod-
ies and processes of pyramidal neurons were con-
sistently filled with the marker for MAP-2 (Fig. 1 ¢
and NSE (Fig. 1 d). Around the neurons (at the
perikaryon and apical dendrites) numerous synap-
tic terminals (rounded, high-density structures)
were located, which were clearly visible in im-
munohistochemical reactions for p38 (synapto-
physin) and caspase-3. In these reactions, the SMC
neuropil is represented by a homogeneous sub-
strate of densely arranged DAB chromogenic dots
(Fig. 1 e, fi. Immunohistochemical reactions (NSE,
MAP-2, p38, and caspase-3) produced images in
which the perikaryon compartment was visually
«cut off» from the surrounding neuropil structures.
This allowed us to clearly visualize complex cellular
structures of the binucleate hetero- and dikaryons
(Fig. 1 ¢) type, previously found in the neocortex by
other authors mainly using classical histological
staining methods [17-19].

Astrocyte bodies (8-10 pm) and processes
were seen as a network that filled the space be-
tween the SMC perikaryons. Astrocyte bodies were
round with a narrow band of cytoplasm around the
nucleus containing GFAP. Astrocytes were often de-
tected in close contact with the perikaryon, but

never inside it (Fig. 2).
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OTBETCTBYIOIIAX CTPYK-
TYp IO cienudruuecKuM
Oeskam.

IIpoBepky craru-
CTUYECKUX TUIIOTE3 OCY-
IIeCTBJISAIN HelapaMerT-
PUYECKUMU KPUTEPUAMU
(Mann-Whitney U-test,
ANOVA Kraskel-Wallis,
x2-Kputepuii, dumiepa) c
TIOMOIIIBI0 IIPOTPAMMBI
Statistica 8.0 (StatSoft) [31].
KosmmuecTBeHHble [maH-
HbI€ B MCCJIeJOBAaHUU
npencraBJ€Hbl MeauraHa
(Me — 50% KBapTW/b) U
WHTEPKBApPTUILHBIN pas-
6poc (Q1-Q3 — 25-75%
KBapTUJIN), [OJH, IIPO-
nenTsl. Hynesaa rwurmo-
Te3a OTBeprasach C yde-
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OHOsIIEPHbIE  CPeJi-

Hue (IIepuKapuoH 170-
250 MKM?) U KpYyIIHBIE
(350-520 MKM?) HOpMO-
XpOMHBbIe INPaMUTHbIE
HeWpPOHBI C KPYIHBIM
CBETIBIM IPOM, COLep-
SKAIIUM OIHO SIAPBIIIKO
1 HeOOoJIbIIIoe KoJIhve-
CTBO reTepoxpoMaruHa
(puc. 1, a, b).

Puc. 1. Heiiponsl cios III (a, ¢, d, f) u V (b, ) ceHCOMOTOPHOI KOPBI TOJIOBHOTO MO3ra 0eJIbIx
KpBIC B HOpMe.

Fig. 1. Neurons of layer III (q, ¢, d, f) and V (b, e) of the sensorimotor cortex of intact white rats.
Note. Normochromic pyramidal neurons predominate, uniformly filled with MAP-2-positive ma-
terial (d), p38- (e) and caspase-3-positive (c) synaptic terminals are located around the bodies and
dendrites of pyramidal neurons in the neuropil. Pyramidal neurons are indicated by the arrows.
Nissl staining (a, b), immunohistochemical reaction for NSE (¢), MAP-2 (d), p38 (e), and caspase-3
(f). Magnification x100; scale 20 pm

ITpumeuanue. [IpeBaanpyioT HOPMOXPOMHBIE IUPaMUIHbIe HEHPOHBI, pPABHOMEPHO 3aII0JIHEH-
Hble MAP-2-1103UTUBHBIM MaTepuasioM (d), BOKPYT TeJI U IeHAPUTOB IUPpaMUIHBIX HEHPOHOB, B
Helpomnuje pacroJiaratorcsi p38- (e) u caspase-3-MO3UTUBHBIE (€) CHHANITHYECKUE TEPMUHAJIH.
Crpesiku — nupamMugHblie HelipoHbl. Okpacka 1o Huccio (4, b), ”(MMyHOTMCTOXMMUYECKas peak-

IIpu wmmMmyHOrHU-
CTOXUMHUYECKUX peaK-
LOUAX TeJIa U OTPOCTKU
NUPAMUAHBIX HEWPOHOB OBLIM PaBHOMEPHO
3aroJ/iHeHbl MapkepoM Ha MAP-2 (puc. 1, ¢) u NSE
(puc. 1, d). Bokpyr HeiIpOHOB (Ha IEPUKAPUOHE U
aNMMKaJIbHBIX JEeHAPUTAX) pacloJarajochk 00Jb-
II10€ KOJINYeCTBO CHHANTUYECKUX TepMHUHaJsei
(OKpyI/Ible CTPYKTYPbl BBICOKOH IIJIOTHOCTH),
KOTOPBIe XOPOIII0 BUAHBI IPU UMMYHOTHUCTOXUMU-
YecKol peaknuu Ha p38 (cMHANTO(MU3WH) U Cas-
pase-3. Ilpu atux peaknusax Hetiponuiab CMK
IIpeJicTaB/IeH OHOPOAHBIM CyOCTPaTOM U3 IJIOT-
HO pacmoJIOsKEeHHBIX ToueK XpoMoreHna DAB (puc.
1, e, f). UmmyHOTHCTOXMMIYEeCKUEe peakunu (NSE,
MAP-2, p38 u caspase-3) cos3maBasu usobpaske-
HUsI, HA KOTOPBIX KOMIIAPTMEHT IIepUKapUOHA
BU3YaJIbHO «OTCEKAJICS» OT OKPY KAIOIINX CTPYK-
Typ Helponu/is. ITO I03BOJIAJIO XOPOIIO BUAETH

st Ha NSE (¢), MAP-2 (d), p38 (e) u caspase-3 (fj. O6bekTuB x100; mkama — 20 MKM.

In intact animals, small (21.2 [30.8-42.6] pm?)
inactive microglial cell with an oval nucleus (5x7.5 pm)
and thin processes prevailed in SMC, which were
detected as part of glio-microvascular complexes
(Fig. 3 a), in a free state in neuropil (Fig. 3 b), and in
close contact with perikaryons without ODCs
(Fig. 3 ¢) and in combination with them (Fig. 3 g). At
the same time, we observed binucleate cell struc-
tures in which MGC nuclei were in contact with
neuronal nuclei, which indicated deep invagina-
tion of MGCs into the perikaryon (Fig. 3 ¢). The lat-
ter was also characteristic of the ODCs (Fig. 3 g).

After acute ischemia induced by 40-minute
OCCA, pyramidal neurons of layers III and V of the
SMC underwent hydropic and protein dystrophy,
necrobiosis with hypo-, hyperchromia, and

GENERAL REANIMATOLOGY, 2021, 17; 2

www.reanimatology.com



62

https://doi.org/10.15360/1813-9779-2021-2-55-71

Clinical and Experimental Studies

Puc. 2. ActpouuTsl cJios III ceHCOMOTOPHO# KOPBI TOJIOBHOT'O
Mo3ra 0eJIbIX KPBIC B HOpMe.
Fig. 2. Astrocytes of layer III of the sensorimotor cortex of in-
tact white rats.
Note. The bodies (red arrows) and processes (yellow arrows) of
astrocytes (#) fill the space between perikaryons (black arrows)
like a network; astrocyte bodies are in close contact with
perikaryon. * — nuclei of pyramidal neurons. Immunohisto-
chemical reaction for GFAP. Magnification x100; scale 20 pm.
IIpumeuanwue. TeJsia (KpacHbIE CTPEJIKUA) U OTPOCTKU (sKeJIThble
CTPEJIKU) aCTPOLIUTOB (/) B BUJI€ CETH 3aIIOJIHAIOT IIPOCTPaH-
CTBO M€Ky TepUKapUOHaMU (YepHbIE CTPEJIKH), TeJIa aCTPO-
IIUTOB B TECHOM KOHTAKTE C IEPUKAPHOHOM. * — sipa nupa-
MM/IHBIX HEHPOHOB. IMMYyHOTUCTOXUMUYECKAs peaKIus Ha
GFAP. O6bekTuB x100; mkasia — 20 MKM.

CJIO’KHBIE KJIETOYHbIEe 00pa30BaHUs TUTA JIBYS-
JIepHbBIX 'eTepo- U JUKAPUOHOB (puUc. 1, ¢), onucas-
HBIX paHee B HEOKOPTEKCe IPYIrUMU aBTOPaMu B
OCHOBHOM IIPH KJIACCUYECKUX I'UCTOJIOTAYECKUX
MeTo/ax OKpamuBanua [17-19].

Tesa actponuToB (8—-10 MKM) ¥ X OTPOCTKUA
ObITM TIpe/CcTaBJEHBI B BHJE CETH, KOTOpas
3aII0JIHAJIO IPOCTPAHCTBO MEKIY IIepUKapuoHa-
Mu CMK. Tena acTpouuTOB HMeJH KPYLJIYIO
dopmy, y3Kas nojoca HUTOIJIa3Mbl BOKPYT siIpa
conepskasia GFAP. AcTporThI 4acTO BBISIBJISJINCH
B TECHOM KOHTAKTe C [IEpPUKAPUOHAMHU, HO HUKO-
rJa ux He OBLIO BHYTPU ITEPUKApHUOHA (PUC. 2).

B HOpMme B CMK npeBasipoBanu Mmejakne —
21,2 (30,8-42,6) MKM? — HeaKTUBHbI€ MUKDPOLJINO-
LIUTHI C OBAJIBHBIM AIPOM (5x7,5 MKM) U TOHKUMU
OTPOCTKaMH, KOTOpbI€ BBIABJAJINCH B COCTaBe
IVINO-MUKPOBACKY/IAPHBIX KOMILJIEKCOB (puc. 3, a),
cBoOOMHO B Helipomnuie (puc. 3, b), a TakyKe B Tec-
HOM KOHTAaKTe C TepuKapruoHamu 6e3 (puc. 3, ¢) U B
coueranuu ¢ OJIL (puc. 3, d). [Ipu arom oTmMeuanu
IBysIepHBIE KJIETOYHbIE KOMIIO3UIINH, B KOTOPBIX
sanpa MI'L] KOHTaKTUPOBAJIM C sIIPaMU HEUPOHOB,
YTO CBHUJIETEIHCTBOBAJIO O UIyOOKOM MHBarMHAIIN
MI'TI B mepukapuoH (puc. 3, ¢). [lociienaee 66110
Takke cBolicTBeHHO U 1y1s1 O/I1] (puc. 3, d).

[Tocne ocTpoit wuilieMuu, BbI3BAHHOU 40-
MuHYyTHOU OOCA, nupaMuHble HEHPOHBI CJIOEB

Puc. 3. Ciroii 111 (a, b, ¢) n V (d) ceHCOMOTOPHOI KOPBI FOJIOB-
HOTI'0 MO3ra 0eJIbIX KPBIC B HOpMe.

Fig. 3. Layer III (a, b, ¢) and V (d) of the sensorimotor cortex of
the intact white rat brain.

Note. Inactive microgliocytes (red arrows) with processes are
predominant and are detected as part of the glio-microvascular
complex (a), in the neuropil (b), in close contact with the peri-
carion without oligodendrocytes (¢) and in combination with
them (d). * — pyramidal neurons, black arrows indicate oligo-
dendrocytes. Immunohistochemical reaction for AIF-1. Magni-
fication x100; scale 20 pm.

IIpumeuanue. [IpeBaIMpyIOT HEAKTUBHBIE MUKPOLIAOIUTHI
(KpacHBIE CTPEJIKH) C OTPOCTKAMU, KOTOPBIE BBISIBJISTIOTCS B CO-
cTaBe [INO-MUKPOBACKYJISIPHOTO KOMILIEKCA (), B Hefponusie
(b), B TECHOM KOHTAKTe C IEPUKAPUOHOM 0€3 () U B COUeTaHUU
¢ omurofieHapoIUTaMu (d). * — nupaMuIHbIe HEUPOHBI, Yep-
HBI€ CTPEJIKYU — OJIUTOIEHAPOIUTHL. IMMyHOTHCTOXUMUYECKasT
peaxius Ha AIF-1. O6'bekTuB x100; mkana — 20 MKM.

perikaryon shrinkage, and phagocytosis. However,
hyperchromic staining pattern without neuronal
shrinkage and with it predominated. Different de-
grees of vacuolization, hyperchromia, and
perikaryon shrinkage (high heteromorphism of al-
tered neurons) were noted in neighboring areas of
SMC. A large number of glial cells, such as ODCs,
astrocytes and MGCs included into in glio-mi-
crovascular complexes, in neuropil, in close contact
with perikaryons and dendrites, in phagocytic
structures were noted (Fig. 4). Thus, 3 days after
OCCA, the neuroglial index of SMC increased from
1.62 (1.53-1.81) to 2.72 (2.48-3.10) (median; Mann-
Whitney U Test; P=0.001).

Changes in neurons and glial cells were ac-
companied by increased proliferation of SMC neu-
ral tissue cells. In intact animals, only 6.2 (95% CI:
2.4-12.9) out of 100 neuroglial cells in SMC had
Ki67-positive nuclei. 3 days after OCCA, this con-
tent increased to 18.6% (95% CI: 11.6-27.6%)
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Puc. 4. ITupaMuiHbIe HeHPOHBI H IIMOIUTEI CJ1051 V CEHCOMOTOPHO#H KOPBI TOJIOBHOTO M0O3Ta 0eJIbIX KPBIC B IOCTHIIEMHUYe-
CKOM nepuoje (3-e CyTok).

Fig. 4. Pyramidal neurons and gliocytes of layer V of the sensorimotor cortex in white rats post ischemia (day 3).

Note. Various degrees of hyperchromic vacuolization and pericarion shrinkage (arranged in ascending order of severity); large num-
ber of glial cells seen as round dark oligodendrocytes (red arrows), lighter astrocytes (yellow arrows), dark oval or irregularly shaped
(black arrows) and rounded (blue arrows) microglia cells around a pycnomorphic neuron. Green arrows indicate capillaries with
endothelial cells and perivascular edema. Hematoxylin and eosin staining. Magnification x100; scale 20 pm.

ITpumeuanue. Pa3Has CTeNeHb BAKYO/IU3AIUN THIIEPXPOMUY U CMOPINUBAHMS IEPUKAPUOHOB (PACIIOJIOKEHB] B IIOPSAIKE Ha-
pacTaHus IpU3HaKa); GOJIBIIOE KOJINYECTBO NINATHHBIX KJIETOK — KPYIVIBIX TEMHBIX OJIUTOI€H/IPOIIUTOB (KPACHbIE CTPEJIKH),
6oJIee CBET/IBIX ACTPOIUTOB (SKeJIThIE CTPEJIKH), TEMHBIX OBAJIbHBIX UJIH HEIPABUIILHOHN (POPMBI (YepHBIe CTPEIKN) U BOKPYT
IIKHOMOP()HOTO HelipOHa OKPYIVIBIX (CHHHUE CTPEJIKY) MUKPOLIHOINTOB. 3eJIeHbIe CTPEJIKY — KAUJISAPBI C 9HA0TeTHATbHBIMI

KJIETKAaMHU, IEPUBACKY/ISIPHBII 0TeK. OKpacKka reMaTOKCHU/IMHOM U 903UHOM. OO0 beKTHB x100; mKaia — 20 MKM.

[II u V CMK nonBeprajau rTHAPONNYECKON U OeJT-
KOBOU MUCTPOG U, HEKPOOMOTHIECKUM U3MeHe-
HHUAM C T'uiio-, FHHerpOMHEfI U CMOpIIYUBaHUEM
[IepUKAPUOHOB, a TAKsKe IIpoleccaM (paronurosa.
OnHako, mpeobJ1aiany TUIEPXPOMHbIE THHKTOPH -
aJTbHbIEe U3MeHeHUs1 0e3 M CO CMOPIIUBAHUEM
HelpoHOB. B cocennux yuyactkax CMK ormeuanu
pasHyIo CTelleHb BaKy0JIN3aluy, TUIIEPXPOMUU U
CMOpIIMBaHUSA IEPUKAPUOHOB (BBICOKAS reTepo-
MOp¢HOCTh N3MEHEHHBIX HEHPOHOB). OTMeya
00JIBIIIOE KOJIUYECTBO NINAJIbHBIX KiaeToK — OJIL,
actpouuToB 1 MI'Tl B cocTaBe INIMO-MUKPOBACKY-
JISIPHBIX KOMILJIEKCOB, B HeHpoIuiie, B TECHOM KOH-
TaKTe C IepUKAPUOHAMM U JIEHIPUTAMU, B COCTaBe
(paroruTrpytomnyx cTpyKTyp (pHcC. 4). Tak, yepes 3-e
cyTok rnocjie OOCA HeliporuanbHbli nHAEKC CMK
yBesimyuBasicd or 1,62 (1,53-1,81) mo 2,72 (2,48-3,10)
(memmana; Mann-Whitney U-test; p=0,001).

W3meHeHNsA HEIPOHOB U NIMAJIBHBIX KJIETOK
COTIPOBOKIATNCH YBEJTWYEHHEM MTPOJTH(pepaTuB-
HOU aKTUBHOCTHU KJIE€TOK HepBHOU Tkauu CMK. B
HopMe u3 100 HelpornuaabHbIX KjaeTok CMK
TOJIBKO 6,2 (95% JIM: 2,4-12,9) umeau Ki67-mo3u-
TUBHBIE A1pa. Yepea 3-e cyTok nocsie OOCA aToT
IokasareJjib yBeanuyusajica 1o 18,6% (95% [JU:
11,6-27,6%) (x%=5,9, d=1, p=0,01). BoJsiee BbicOKas
IJIOTHOCTh KJIETOK HEHpPOIJINU yBeJIMYuBasa
(pu3mHecKnii KOHTAKT C HEMPOHAMHU, CIIOCOOCTBYS
HUX CJAUSHHUIO [29].

Taosmna 1. Cogepskanue (10J151) HOPMOXPOMHBIX He -
POHOB ¢ IByMs M 0oJiee siiphInkaMu B ciioe 111 u V
CEHCOMOTOPHOI KOPbI MO3ra KpPbIC B HOPMeE H IIOCTH-
HIEMUY€eCKOM IepHoJie.

Table 1. Percentage of normochromic neurons with two
or more nucleoli in layer III and V of the sensorimotor
cortex in intact animals and post ischemia.

Time point Layers
111 \4
Baseline 15/200 8/200
p=0.201-v
Day 1 52/200 22/200
P=0.00001* P=0.01%, %2=14.0;
P=0.0002"-Y
Day 3 57/200 29/200
P=0.00001* P=0.0004*
%?=0.20; P=0.65*  y°=0.81; P=0.37*
%?=10.8; P=0.001""-V
Day 7 100/200 49/200
P=0.00001* P<0.00001*

%%=18.5; P<0.0001* y?=5.75; P=0.01*

%%=26.7; P<0.0001"-V

Note.* —vs the control (Fisher criterion); # — vs the previous time
point; "V — between the layers (Fisher criterion, y? criterion). The
null hypothesis was rejected after Bonferroni correction at P<0.01.
In each time point 200 nucleolated neurons were assessed.
IIpumeuanue. Time point — Bpems ucciiegoBaHust; baseline —
HOpMa; day — cyTKH; layers — cjion. * — cpaBHeHUe ¢ KOHTPO-
JeM (kputepuii duiiepa); ¥ — npeabIIyIIUM CpokoM; -V —
MesK1y caosiMu (kputepuit duiiepa, kputepuit y2). Hymnesas
TUII0Te3a OTBepraiack C yaeroM Koppekuuu bondepponu npu
p<0,01. B kaxgoM cpoke oreHnBaIu 110 200 HEUPOHOB C AJ-
PBIIIKAMHU.
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B pesynbrare nosiBjieHUs1 0OJIBIIIOTO KOJIUYe-
CTBA WIIEMHUYEeCKH U3MeHEHHBIX HelpoHOB
(BaKyoJIM3MPOBAHHBIX, T'HUIIO-, TUIIEPXPOMHBIX)
nocsie 40-munHyTHOM OOCA B pa3INyHbIX CJIydali-
HBIX IT0JIAX 3peHusA CMK craTucTuyecky 3Ha4uuMo
YMEHBIIAJ0Ch COJepsKaHue HOPMOXPOMHBIX
NUpaMUIHBIX HEHPOHOB (1o 10-90%). Takoii pas-
OpocC CBUIETEeIbCTBOBAJ O BRIPAKEHHOM 0Yaro-
BOM XapakTepe THUHKTOPUAJIbHBIX M3MEHEHUU.
[Tpu aTom o6111as1 Ync/ieHHasI IVIOTHOCTh Helpo-
HOB Yepe3 7 CyTOK HabJioneHus B cioe 11l ymeHb-
maJsack Ha 26,4% (p=0,001), B HOpMe — 442
(352-485), a cioe V— Ha 18,5% p=0,01), B HOpMe
290 (244-331) na 1 mm? (Mann-Whitney U-test).

[Tocsie OOCA cpeny cOXpaHUBIIIMXCS HOPMO-
XPOMHBIX HEPOHOB OTMEYaJsIN 04aroBoe yBesye-
HUE JT0JU KJETOK ¢ 2-1 U OoJiee sIpBIIIKAMU B
snpe. MakcuMasibHOE collepskaHre TaKuX Helpo-
HOB oTMeyvaJsiu B ciioe Il 1 Vuepes 7 cyTok (Taba. 1).

Ha ¢oHe oOpaTUMbIX 1 HEOOpaTUMBbIX U3MeE-
Hennit B CMK mosiBiisisiock 60Jib110€ KOJUYe-
CTBO IEPUKApPUOHOB C MpPU3HAKAMU Pa3HBIX
(mocaenoBaresbHBIX) CTaAUM (OpMHUpPOBAHUS
CJIOKHBIX IIEPUKAPUOHOB C IBYMS sIIpaMH B IJIOC-
KOCTH Cpe30B (pHUC. 5). ITU CTaIuU paHee ONMCaHbl
IIPY JPyTUX [1aTOJI0TUYECKUX

(?*=5.9, d=1, P=0.01). A higher density of neuroglia
cells increased physical contact with neurons, pro-
moting their fusion [29].

As a result of a numerous ischemic neurons
(vacuolated, hypo-, hyperchromic) emerging after
40-minute OCCA, the content of normochromic
pyramidal neurons decreased significantly (up to
10-90%) in various random visual fields of SMC.
This variation indicated a marked focal pattern of
the staining changes. The total numerical density
of neurons after 7 days of observation in layer III
decreased by 26.4% (P=0.001) (in the intact group
it was 442 [352-485] per 1 mm?) and in layer V by
18.5% (P=0.01) (in the intact group it was 290
[244-331]) per 1 mm?) (Mann-Whitney U Test).

A focal increase in the fraction of cells with 2
and more nucleoli was observed among the pre-
served normochromic neurons after OCCA. The
maximum content of such neurons in layers IIT and
V was noted after 7 days (table 1).

Along with reversible and irreversible changes
in SMC a large number of perikaryons with the
signs of different (sequential) stages of complex
perikaryon formation with two nuclei in the section

were found (Fig. 5). These stages have been previ-

COCTOSTHUSIX: cOIMXKeHNE
KJIETOK — CJIUSIHHE X MEM-
OpaH — OPOHUKHOBEHUE B
nepukapuoH — obOpasoBa-
HUEe TeTepo- W [UKapPUo-
HOB [17, 20, 29]. B iponeccax
cymsaHuA yyacrsoBaan O/l u,
ropasno peske, MITI (puc. 5).
MBpI nipefiroJiaraeM, uTo rocye
WIleMUH peaJnsyercs JBa
THIIa B3aMOOTHOIIIEHWI HEeH-
POHOB ¥ pa3HbIX TUTIOB MIT]—
aroruTapHoe (CaHOTeHe3) C
paspyleHreM IepuKapyuoHa 1
He (parorTapHoe (KOMIIeHCa-
1y, perapanusi 6e3 paspy-
LIeHUA) cIusAHNe. BepoAaTHO,
TEPBBIN TUII CBsI3aH C aMme00-
ugHbiMu MI'1], a BTopoii — ¢
He aKTUBUPOBaHHbIMU MI'TI.

, V caoit

B nosib3y dopmuposBa-
HUSA 1ociae 40-MUHYTHOH

OOCA rerepo- U IUKapuo-
HOB  CBUJETEJIbCTBOBAJIN
TaK)Ke JaHHbIe HAaIero
MMMYHOTHCTOXUMUYECKOTO
HCCIeq0BaHUs, MO3BOJIUB-
e 1o Helpocnenudpuie-
CKUM MeTKaM [OJIyYUTh
HOBYI0 MH(OPMAIHIO O TIPO-
CTPAHCTBEHHOM PaCIOJIOKe-
HUU KOHTAKTUPYIOIIUX KJIe-
TOK U HeliponuJisi. Oco6eHHO

Puc. 5. Ciio:xHBIe KJeTOYHbIe KOMIIO3UILUH (reTepo- U AUKapHuoHEbI) B cioe III u V cenco-
MOTOPHO#1 KOPBI FTOJIOBHOTO MO3T'a 6eJIbIX KPBIC B IOCTHILIEMHUYECKOM Ieprojie (3-€ CyTOoK).
Fig. 5. Complex cell patterns (hetero- and dikaryons) in layer III and V of the sensorimotor
cortex of white rats during the postischemic period (day 3).

Note. Different degrees of spatial distribution complexity of neural tissue cells. * — pyram-
idal neurons; black arrows — oligodendrocytes; yellow arrows — astrocytes; red arrows —
microglyocytes; green arrows — endothelial cells and pericytes. Nissl staining. Magnification
x100; scale 20 pm.

IIpumeuanue. Pa3Has CTeIIeHb yCI0KHEHNs IPOCTPAHCTBEHHOTO pacCIIpeie/IeHHs Kle-
TOK HEPBHOH TKaHU. * — NMUpaMUIHble HEHPOHBI; YepHbIE CTPEJIKUA — OJIATOJeHAPO-
LIATBI; KeJIThble CTPEJKH — aCTPOLUTHI; KPACHBbIE CTPETKA — MUKDPOIIMOIUTHI; 3eJIe-
HBIEe CTPEJIKU — IHAO0TEJNONUTHI 1 nepunuThl. Okpacka o Huccio. O6sekTus x100;
mKassa — 20 MKM.
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HarIAAHO (KOHTPACTHO) 3TU
KOMIIapTMEHTHI BUJIHBI IIPU
peaknuu Ha p38 u caspase-3
(puc. 6).

B nponecce Hemnocpen-
CTBEHHOTO CJIMSAHUSA C IIepu-
KapuoOHaMu Yy4acTBOBaJIH,
BEPOSITHO, HE BCe TUITbI HEN-
pOIIMaIbHBIX KJIETOK.
[locnenHee He  yoajoch
II0Ka3aTb OJIA acTPOLIUTOB
(obeux Tumnos). Mx Tejsa
TOJIBKO KOHTAaKTUPOBAJIU C
IIepuKapyuoHaMy, He [IPOHU-
Kasg 3a IpejeJsbl BHEIIHUX
KOHTYPOB (pHuc. 2, 7, a—c). Ml
noJjlaraeM, 4YTO CJAHSHUIO
KJIETOK NIPenATCTBOBAJ
SKeCTKUM Tnodubpusisp-
HBIA ITUTOCKEJIET ACTPOIIU-
TOB, KOTOPBIH, TOJBKO B
KPYIHBIX BETBAX OHOI'O aCT-
pouuTa oXBaTbIBaJI Ha Cpe3e
780-1500 MKM? 1 OBLI CyIIle-
CTBEHHO OO0JIbllle TepUKa-
puoHa (mJomanb KPymHOTO
nepruKapuoHa Ha puc. 1 b—
370 Mxm?). OgHaKo, 9TO He
3HAYUT, YTO aCTPOLMUTHI He
y4yacTBOBaJIM B IIpoliecce
o0pa3oBaHusi TreTepo- U
JIUKAapUOHOB. MeJjikue OoTpo-
CTKY IPOTOIJIa3MaTUYeCKUX
ACTPOLIUTOB  «OKYTHIBAJIN»
HUIIY, B KOTOPBIX IPOUCXO-
nuiio camsaaue O/I1 u nepu-
KapuOHOB, KOHTPOJHUPYH,
BEpPOATHO, MUKpOCpeny
aToro mpoliecca (puc. 7, b, ¢).

[lo nuTeparypHbIM JaH-
HbBIM U CYIIIeCTBYIOIIM T'UII0-
Te3aM, IocJe UIIeMUU reTe-
pokapuoHbl  (hOPMUPYIOTCS
n3 O/I1] 1 nepuKapuoHoB [17,
20, 29]. MpBI moJiaraem, 4To
moloOHOE  TIPEeJCTaBJIEHHE
HY’KHO PacIIUpPUTh U BKJIIO-
YUTH B YUCJIO IPETEHIE€HTOB
(mnu nmomoinuukos) MI'TI. B
II0JIb3y 9TOr0 CBUJETEJIb-
CTBYET TO, YTO 9TH JBE KJIE€TKU
4acTO BCTpEYaIuCh BMeCTe,
“MeJsr NIPUMEPHO OJUHAKO-
Bble pa3Mephbl, BbIABJIAINCH
PAIOM C HEIOBPEKIEHHbIMU
HeiipoHamu (puc. 3, 5, 7), TO
eCThb, (PYHKIIMOHUPOBAIN B
KOMILJIEKCAX, BRBAMHO JOIT0JI-

HSSA IPYT APyTa.

Puc. 6. IMMyHOrHCTOXHMHY€ECKOE IIPeICTaBJIeHHE NPOCTPAHCTBEHHOI0 COOTHOIIEHH A
crenu@uIecKux 0eJIKOB HEPBHOM TKAaHU B ABYsSAEPHBIX KJIETOYHBIX 00pa30oBaHUAX
(uepHble cTpenkn) caos Il (a, e, ¢, f; g u'V (b, d) ceHCOMOTOPHOIi KOPHI TOJIOBHOTO MO3ra
OeJibIX KpbIC Yepe3 1-u (a, b), 3-e (d, e, f; ) 1 7 CyTOK (€) B IOCTHIIIEMHYECKOM IIEpPHOJIE.
Fig. 6. Inmunohistochemical representation of the spatial relationship of specific neural
tissue proteins in double-nucleated cell structures (black arrows) of layer Il (a, ¢, ¢, f; g
and V (b, d) of the sensorimotor cortex of white rats on days 1 (a, b), 3 (d, e, f; g, and 7 (¢
post ischemia.

Note. The red arrow indicates a mononuclear neuron. Immunohistochemical reaction for
NSE (a), MAP-2 (b), HSP-70 (¢), p38 (d), and caspase-3 (e-g). Magnification x100; scale 20 pm.
IIpumeuanue. KpacHast cTpesika — OIHOSIIEPHBII HEMPOH. IMMYHOTHCTOXUMUYECKAST
peaknus Ha NSE (a), MAP-2 (b), HSP-70 (¢), p38 (d) u caspase-3 (e-g). O6bexkTus x100;
mKajsa —20 MKM.

Puc. 7. [IpocTpaHCTBEHHOE COOTHOLIEHHE ACTPOLMTOB M MX OTPOCTKOB (KpacHbIe
CTpeJIKH), OJIMIOJEHJPOLUTOB (YepHble CTPeJIKH), MHKPOIVIMOLHUTOB (3e/ieHbIe
CTpEeJIKH) U MMPaMUTHBIX HeHpoHOB (*) ci1os III (a, b, d) u V (¢) ceHCOMOTOPHO# KOPBI
TOJIOBHOTO MO3ra 0eJIbIX KPBHIC B IOCTHIIIEMHYECKOM IepHo/e (3-e CyToK).

Fig. 7. Spatial relationship between astrocytes and their processes (red arrows), oligoden-
drocytes (black arrows), microglyocytes (green arrows), and pyramidal neurons (*) of
layer III (a, b, d) and V (c) of the sensorimotor cortex in white rats post ischemia (day 3).
Note. Inmunohistochemical reaction for GFAP (a-c) and AIF-1 (d). Magnification x100;
scale 20 pm.

IIpumeuanue. ImmyHorHcToXuMu4eckas peakuusi Ha GFAP (a—c) u AIF-1 (d). O0bekTuB
x100; mkajsa — 20 MKM.
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Tabmuna 2. O01asA YrcjeHHas MJIOTHOCTH (Ha 1 MM?) BceX TUIIOB MHUKPOIVIMOIUTOB U OJIUTO/IEHPOIIMTOB B
CMK (cJiom I1I + V) Gesibix KpbIc B HOpMe 1 riocsie OOCA.
Table 2. Total numerical density (per 1 mm?) of all types of microglial cells and oligodendrocytes in the SMC

(layers III + V) of intact white rats and after OCCA.

Groups Cells
Microgliocytes, Oligodendrocytes,
reaction for AIF-1 Nissl staining
Control, n=30 vision field 64.0 (32.0-64.0) 60.2 (30.0-68.5)
P=0.6v°
Day 1, n=30 96.0 (95.0-128.0) 65.4 (25.0-75.0)
P=0.0001* P=0.01%; P=0.0003"-°
Day 3, n=30 78.0 (64.0-96.0) 57.5 (50.0-70.0)
P=0.0002%; P=0.01** P=0.3% P=0.01*%
P=0.003"°
Day 7, n=30 78.0 (64.0-96.0) 77.5(52.5-87.5)
P=0.001%; P=0.64** P=0.001%; P=0.001*%;
P=0.8"—°

ANOVA Between the time points (day 1, 3, 7)

H (2.N=102)=11.5; P=0.003*

H (2.N=100)=9.2; P=0.01*

Note. * — vs the control; ** — vs the previous time point; ¥° — between the MGCs and ODCs (Mann-Whitney U Test); * — between
the time points after ischemia (ANOVA Kruskal-Wallis). The null hypothesis was rejected after Bonferroni correction at P<0.01. The

data presented as Me (1 and 3 quartiles).

IIpumeuanue. Cells — kiteTky; Nissl staining — okpacka o Huccuio; vision field — moste spenus; between the time points — mesxy
CpOKaMH (CyTKH). * — CpaBHEHUe C KOHTPOoJIeM; ** — ¢ IpeIbIyIIUM CPOKOM; ¥~ — MesKly MUKPOIVIMOIIUTAMU U OJTUTOEHAPO-
mutamu (Mann-Whitney U Test); * — mesxay cpokamu nocste nmemun (ANOVA Kruskal-Wallis). HyneByro rumoresy orBeprastu ¢
ydeToM Koppekuuu Bordepponu npu p<0,01. Marepuast npeacTaBu/Id Kak Meuany (1 u 3 KBapTuiin).

B noctumemMnyeckoM nepuojie U3SMEHSJINCh
rnmokasaresn (popMbl, KOJUYECTBA U PA3ZMEPOB
MUKPOINIMOLUUTOB BO BCEX M3YYECHHBIX CJOAX
CMRK. Kaxk u B kouTpoJie, MI'L] BBIABJIAINA BOKPYT
COCYZ0B, B TECHOU CBsI3U C IepUKApUOHAMU HOP-
MOXPOMHBIX ¥ TUTIEPXPOMHBIX TUPAMUIHBIX HEl-
poHOB (puc. 8). OTMeTH/IN yBeIUYeHUEe 00IIei
YUCJIEHHOU TIJIOTHOCTH MUKPOIJIMOIUTOB Ha 1 MM?
rioJist 3perust CMK (ta6a1. 2). IIpu aToMm Bo3pacra-
JIa T0JIsT aKTUBHBIX (popM (aMeboumHbIe Oe3 JTUH-
HBIX OTPOCTKOB, HEMPABUJIbHOU (POPMBI) KJIETOK
(ot 15% B KOHTpOJIE O 65% yepes l-u CyTKy;
Mann-Whitney U-test, p=0,0001). MakcuMaIbHYIO
001IIyT0 YN CIEHHYIO INIOTHOCTH Becex MI'T] otmeTH-
su B CMK ugepes 1-u cytku nnocae OOCA.

ITocsie OOCA yBenmuumnBaJIMCh TaKKe pasMe-
pb1t MI'TL. VX mutoiank mpu okpacke Ha AIF-1 Bapsb-
nposaJsack ot 23,4 1o 93,1 MKkM?, MeguaHa (HUK-
HUH 1 BepXHUU KBapTUin) — 42,6 (31,3-51,0) MKM?,
a B KoHTpoJsie — 21,2 (30,8-42,6) Mrm? (Mann-Whit-
ney U-test, p=0,0001). Ha aToM ypoBHe IIOKa3aTe 1
0CTaBaINCh yepes 3-e u 7 CyTOK. [1o maHHbIM jiuTe-
parypsl, mogo0HbIE N3MEHEHUS SIBJSIOTCA IPO-
SIBJIEHWEM Pa3BUTHSI 0COO0U (POPMBI BOCHATUTEITb-
HOU peakiuu — BOCHajieHusi 1 (POPMUPOBAHUSA
aMeOOUTHOIT MUKPOIJIHH, JJ15 KOTOPOU XapaKTePHO
OoJbIlIe pa3Mephl, HeMpaBUWJIbHAsA popMa Tesa,
npeobaaganye parorUTapHON (PYHKIIVH U CEKpe-
UM IIATOKWHOB [8].

CpaBHeHHMe nuHaAMUKHU KoJsimdectBa MI'T] u
OJ1L1 B CMK noxasaJio, YTo UK yBeJINYCHUs IIJIOT-
HOCTHU 3THX KJIeTOK nocjae OOCA oTiuyascs: oJs
MT'L] — uepes 1 cytkn, OJII] — 7 cyTOK (TabJ. 2).
MosKHO npearoJiokuTs, uro MI'T] canupoBaiu
HEPBHYIO TKaHb I10CJIE UIIeMUM JJII BO3SMOYKHO-

ously described in other pathological conditions
and include cell convergence, fusion of their mem-
branes, penetration into perikaryon, and formation
of hetero- and dikaryons [17, 20, 29]. ODCs and,
much less frequently, MGCs participated in the fu-
sion processes (Fig. 5). We suppose that after is-
chemia two types of interactions between neurons
and different types of MGCs develop: phagocytic
(in recovery) with perikaryon destruction and non-
phagocytic (in compensation and repairn without
destruction) fusion. Probably, the first type is asso-
ciated with amoeboid MGCs and the second with
non-activated MGCs.

The formation of hetero- and dikaryons after
40-min OCCA was also confirmed by our immuno-
histochemical results, which provided new infor-
mation on the spatial arrangement of the contact-
ing cells and neuropil by neurospecific markers.
These compartments are particularly clearly visible
in the reaction with p38 and caspase-3 (Fig. 6).

Not all types of neuroglial cells probably par-
ticipated in direct fusion with perikaryons. The lat-
ter could not be shown for astrocytes (both types).
Their bodies were only in contact with the
perikaryons, not penetrating beyond the outer con-
tour (Figs. 2, 7 a—c). We believe that cell fusion was
hindered by the rigid gliofibrillary cytoskeleton of
astrocytes, which, just in the large branches of one
astrocyte, covered 780-1500 pm? of the section and
was significantly larger than the perikaryon (the
area of the large perikaryon in Fig. 1, bis 370 pm?).
However, this does not mean that astrocytes were
not involved in the formation of hetero- and
dikaryons. Small processes of protoplasmic astro-

cytes «enveloped» the niches in which the fusion of
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||
ODCs and perikaryons
took place, controlling,

probably, the microenvi-
ronment of this process
(Fig. 7 b, ¢).

According to the liter-
ature and existing hypothe-
ses, heterokaryons are

formed after ischemia from
ODCs and perikaryons [17,
20, 29]. We believe that this
view should be expanded to
include MGCs as candidate
helpers. This is supported

by the fact that these two
cells were often found to-
gether, had approximately
the same size, and were de-
tected next to intact neu-
rons (Figs. 3, 5, 7). In other
words, they functioned to-
gether, mutually comple-

Puc. 8. IIpocTpaHcTBeHHOE paciipee/JeHHe MUKPOIIHOLMTOB (4YepHbIe CTPEeJIKH) H OJIH-
TrOJEeHAPOLUTOB (KpacHbIE CTPEJKH) BOKPYT IEPHKAPHOHOB MUPAMHAHBIX HEHPOHOB (*)
CMK 6eJibix KpbIc B HOpMe (D), uepes 1-u (a, ¢, f; 8), 3-€ (d) 1 7 cyTOK (€) B mocTHIIIEMHYE-

CKOM 1nmepuoje.

Fig. 8. Spatial distribution of microgliocytes (black arrows) and oligodendrocytes (red ar-
rows) around pericaryons of pyramidal neurons (*) of white rat SMCs in intact animals (b)

and after 1 (a, ¢, f; 8), 3 (d), and 7 (e) days post ischemia.

Note. The red arrow indicates a single neuron. Inmunohistochemical reaction for AIF-1. Mag-

nification x100; scale 20 pm.

ITIpumeuanue. KpacHas cTpesika — OQUHOYHBIA HEHPOH. VIMMyHOTHCTOXUMUYECKas peak-

s Ha AIF-1. O0bekTuB x100; 1mKaJia — 20 MKM.

CTH TOCeayoImero 06ojiee TOJHOIIEHHOTO ee
CTPYKTYPHO-(PYHKIIMOHAIBHOTO BOCCTAHOBJIEHNUS
cygactuem OJIIL.

CyMMupys1 pe3yJbraTbl I'MCTOJIOTHYECKOTO
(reMaTOKCHUJIH U 3031H, MeTo Huccisa) u uMmy-
Horucroxumuueckoro (NSE, HSP-70, MAP-2)
uccjienoBanus (150 mojiedl 3peHus HA KasKIIbIN
CpOK C Tocjaefyiolieid paHjgomusanue no 30),
YCTaHOBUJIN | UTO YU CJIEHHAA IIJIOTHOCTh FeTepo- U
InKapuoHOB B CMK KOHTDPOJIBHBIX KUBOTHBIX
cocrasJsna 3,5 (1,5-4,0)/mm?, yepes 1-u 1 3-e CyTOK
nocsie OOCA ocraBasiach Ha ypOBHE KOHTPOJIBHOI'O
3HaveHust —4,0 (2,0-4,5) (p=0,20) 1 4,0 (2,5-5,0)/Mmm?
(p=0,35), a uepes 7 CYyTOK, B CpPaBHEHUU C KOHTPO-
JieM, CTaTUCTUYEeCKU 3HAUUMO YBeJINYNBaJIaCh 10
6,5 (5,0-8,5)/Mmm? (Mann-Whitney U-test; p=0,002).
YBeJIM4eHne KoJnYecTBa reTepo- U JUKapUOHOB
porcxonuao Ha (oHe 6osiee BHICOKOTO, Y€M B
KOHTpoJIe, copepskannst O/ u MI'LL.

Takum 00pa3oM, pe3ysIbTaThl HACTOSIIETO
HCCJIeJOBAHUS CBUJETEJbCTBOBAJU O TOM, UTO
nocae 40-muHyTHOH OOCA B CMK Ha ¢Qone
yMeHbIIIeHUs1 O00Iell YMCIeHHOHW IIJIOTHOCTH
NUPAMUIHBIX HEHPOHOB U AKTUBAIIUU HEUPOTJIU-

menting each other.

In the postischemic
period, the shape, number
and size of microglial cells
in all the studied layers of
SMC changed. As in the
control, MGCs were de-
tected around the vessels,
in close association with
the perikaryons of nor-
mochromic and hyper-
chromic pyramidal neu-
rons (Fig. 8). There was an
increase in the total numerical density of microglial
cells per 1 mm? of the SMC visual field (Table 2). At
the same time, the proportion of active forms
(amoeboid cells without long processes, with irreg-
ular shapes) increased from 15% in the control to
65% after 1 day (Mann-Whitney U Test, P=0.0001).
The maximum total numerical density of all MGCs
was observed in the SMC 1 day after OCCA.

The size of MGCs also increased after OCCA.
Their area when stained for AIF-1 ranged from 23.4
to 93.1 um?, with a median (lower and upper quar-
tiles) of 42.6 (31.3-51.0) um? with the control value
of 21.2 (30.8-42.6) ym? (Mann-Whitney U Test,
P=0.0001). The parameters remained at this level
after days 3 and 7. According to the literature, such
changes represent a special inflammatory re-
sponse, inflammation and amoeboid microglia for-
mation, which is characterized by large size, irreg-
ular body shape, predominance of phagocytic
function and cytokine production [8].

Comparing the changes in the number of
MGCs and ODCs in the SMC showed that the max-
imum increase in the density of these cells after
OCCA was different for MGCs (after 1 day) and
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AJbHBIX KJIETOK MPOUCXOINJI He3HAYUTETbHbIN
casur O6ajaHca MKy CAUSTHIEM WU WHAUBUAY-
AJIbHOM 11€JIOCTHOCTHIO HEMPOHOB U TJIMAJIbHBIX
KJIETOK B CTOPOHY yBeJW4eHUs1 oOpa3oBaHUSA
reTepOKapHUOHOB.

B cpaBHeHHU C KOHTpOJIEM 4Yepe3 7 CYTOK
nocsie 40-munytHoir OOCA B CMK yBesnnuuBa-
JIOCh COJlepsKaHue reTepokapruoHoB. OMHAKO KaK
TPaKTOBATh 3TO YBEJIWYEHHE, €ro POJIb B aClIEKTe
(PYHKIIMOHAJIBHOCTU HENTOHATHO. [TocieqHee cBsi-
3aHO C Te€M, YTO KJIETKHU C IBOUHBIMU SIPAMU B
HOpPMe COCTaBJIsAIU 0K0J10 1%, a mocie OOCA —
1,5% Bcex nupaMuHbIX HeiipoHoB CMK. Kak onu
MOTJIM KPUTHUYECKU M3MEHUTH MEKHEUPOHHbBIE
CBsI3U, HEM3BECTHO.

TeM He MeHee, poJIb CAUSHUSA KJIETOK B HEPB-
HOU TKaHM uaydaercs. VI3BeCTHO, UTO B HeU 3KC-
npeccupyorcsi py3oreHbl — CHelraJIu3upoBaH-
HbIe MOJIEKY/IbI, HEOOXOTUMBbIe [JIS1 CJIVSTHUS
KJIETOK, KOTOpBbl€ AaKTUBUPYIOTCA B YCJIOBUX
BUPYCHOU MH(peKINHU, CTpecca Uiy APYyTUX I1aToJI0-
TUYECKUX COCTOSTHUU. ADeppaHTHAsI 9KCIIPECCUST
(y30reHOB NPUBOIUT K CIUSHUIO HEHPOHOB U
“3MeHeHUsIM X QyHKIUU. JUKapruoHBbI, TOJTy4YeH-
HbI€e B pe3yJibTare CJIUSHUS IBYX HEHPOHOB, COXpa-
HSIOT CBOIO YKM3HECIIOCOOHOCTh, CTAHOBSATCS 9JIEK-
TPUYECKN CBSI3aHHBIMH, Tepsisi TIIPA  9TOM
WHIWBUAYAJIBHOCTh, 4YTO, II0 MHEHHUIO aBTOPOB,
IIPUBOAUT K N3MEHEeHUIO HeHPOHHBIX LieTieil U Hapy-
IIEHUIO0 NX HOPMAJIBHOTO (DYHKIIMOHUPOBAHUS [32].

KakoBbI TTOCI€ICTBUS CAUSHUS HEHPOHOB U
IVIMAJbHBIX KJIETOK Hen3BeCTHO [23]. HekoTophie
aBTOPBI OTHOCSIT TeTEPO- U JUKAPHUOHBI K 0COOBIM
¢dopMmam pereHepanv HepBHOU TKAaHU — JOCTH-
SKeHHe JUIVIOUIUY, MAUHYSI MUTOTHYECKOe JeJe-
HUE KJIETOK, 0€3 UCTI0/Ib30BaHUS pe3epBa CTBOJIO-
BBIX KJIETOK T'OJIOBHOT'O MO3ra. JTO II03BOJISIET
COXPaHATb APXUTEKTOHUKY yrKe UMEeIOIIUXCS Hel-
POHHBIX ceTel, yCUJIUBAaTh 4acCTh €€ y3JI0B, He
Hapyasa ux pyHkouio [13, 19].

HecoMHEHHO OJJHO, UTO B HEPBHOU TKaHU
CyliecTByeT  OajlaHC MEKIYy CAUSTHUEM U MHIM-
BUIyaJIbHOCTBIO KJIETOK, TOMEOCTaTUYECKHU CMe-
IIeHHBbIA B CTOPOHY COXpPaHEHHUsI CTPYKTypHO-
(pyHKIMOHAJIBHOU IeJI0OCTHOCTU 3peJIbIX
HelipoHOB. O/THAKO, HEM3BECTHO, KaK OH MOJIJIEP-
sKUBaeTcs. BeposTHO, YTO B TOBPEKI€HHOU HEPB-
HOU TKaHM CYILIECTBYIOT MeXaHU3MBbI, II01aBJISIO-
I¥e HEKOHTPOJHUPYyeMOe CIUSAHUE KJIETOK, TeM
caMbIM MOAepsKrUBasi HEMPOHBI KaK OTJebHbIE
ennuHUIBL. He06X0IUMO KPUTUYECKH OIeHUBATh
JAHHBbIE O CJAMSHHUU KJETOK, MOCJIEICTBUSA KOTO-
PBIX He TOHATHBI 70 cux mop. Oco0eHHo 3To Kaca-
eTcs1 MPOIIECCOB pereHeparyu Tkadeu (23, 33].

B nmamewm ncciienoBanuy, Hapsny C yBejadde-
HUEM COJepsKaHUus TeTepPOKAPUOHOB, BBISBUJIN
3HAYNTETHHO OoJiee BeIpaskeHHOE (Ha 20-40%) yBe-
JgmdeHue noau HelipoHoB CMK c nByms u 6osee
ANPBIIIKAMA. ITO, BEPOATHO, CBUIETEIHCTBOBAJIO

ODCs (7 days) (Table 2). We can suggest that MGCs
«cleansed» the nerve tissue after ischemia for better
structural and functional recovery in the future
with the participation of ODCs.

Summarizing the results of histological
(hematoxylin and eosin, Nissl method) and im-
munohistochemical (NSE, HSP-70, MAP-2) studies
(150 visual fields for each time point followed by
randomization to 30), we found that the numerical
density of hetero- and dikaryons in SMC of control
animals was 3.5 (1.5-4.0)/mm?, on days 1 and 3
after OCCA remained at the control value of 4.0
(2.0-4.5) (P=0.20) and 4.0 (2.5-5.0)/mm? (P=0.35),
respectively, and on day 7, compared with control,
increased significantly to 6.5 (5.0-8.5)/mm?
(Mann-Whitney U Test; P=0.002). The increase in
the number of hetero- and dikaryons was accom-
panied by a higher level of ODCs and MGCs than in
the control.

Thus, the results of our study showed that after
a 40-minute OCCA, there was a slight shift in the
balance between the fusion and individual integrity
of neurons and glial cells towards an increase in het-
erocaryon formation in SMC, accompanied by a de-
crease in the total number of pyramidal neurons
and activation of neuroglial cells.

Compared to the control, 7 days after the 40-
minute OCCA, the percentage of heterokaryons in-
creased in the SMC. However, it is not clear how to
interpret this increase and its role from a functional
point of view. Interestingly, the percentage of bi-nu-
cleated cells among the pyramidal neurons of SMC
was about 1% in intact animals and 1.5% after
OCCA. It is unknown how they could critically alter
the inter-neuronal connections.

Nevertheless, the role of cell fusion in nervous
tissue is being studied. The nervous tissue is known
to express fusogens, specialized molecules neces-
sary for cell fusion, which are activated in viral in-
fection, stress or other conditions. Aberrant expres-
sion of fusogens leads to neuronal fusion and
changes in neuronal function. Dikaryons produced
by the fusion of two neurons remain viable and be-
come electrically interconnected, while losing their
individual features, which, according to the au-
thors, disrupts neuronal circuits and and their nor-
mal function [32].

The consequences of neuronal and glial cell
fusion are unknown [23]. Some authors consider
hetero- and dikaryons as special patterns of nerve
tissue regeneration, i.e., diploidy achieved with-
out mitotic cell division and using no brain stem
cell reserve. This allows preserving the architec-
ture of the existing neural networks, strengthen-
ing some of their nodes without disrupting their
function [13, 19].

One thing is certain, there is a balance in the
nervous tissue between cell fusion and individual

existence, which shifts toward preserving the struc-
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0 TOM, 4YTO B (PYHKIIMOHUPYIOIINX HeHpOoHaX,
BRJTIOUAJIMCH MIPOIIECCHI afanTaIiuy OeJJOKCUHTE3U-
pyIoIIell CUCTEMBI, KOTOPBIE MPOSIBJISIJINCH TUTIep-
Tpoduel u aMIMpUKAITAEN AAPHIIEK U ONTUCAHbI
HaMmM paHee Takske 17151 20-muHyTHON OOCA [2]. ITo
JAHHBIM JINTEPATYpPHI, TTOCIeHee 00ecleynBaeT
ycuieHre oOpadoBaHue pubOCOM, pereHeparuio
YACTUYHO MOBPEKIEHHBIX U 3aIUTY (DYHKIIMOHU-
PYIOIINX KJIETOK, HEHPOIIACTUYHOCTE [34]. [ToaTo-
My HMMEHHO THUIIepTPOUI0 M aMIIU(PUKALMIO
Anpseliiek nocsue 40-munytHoi OOCA, He UCKJIIO-
4Jast pOJIv CJIUSTHUS KJIETOK, 11eJIecoO00pasHo pac-
CMaTpUBaTh KaK KJTIOYEBYIO aIalITAIIAI0 OEJTIOKCHH-
Te3UPYyIoIel CUCTEMbI HEPOHOB.

CoBpeMeHHBIe JaHHbIE CBALETEJbCTBYIOT O
TOM, YTO OOCTOSITeJIbCTBA CJIUSIHUS HEHPOHOB
BechbMa CrieluuvHbL. X0TsI O4eHb MaJIO U3BECTHO
0 (pU3MOJIOTUUECKOM IIPEHMYIeCTBe UJIU BO3-
MOKHOM BpeJTHOM 3 deKTe CIUSAHUS, ICHO, YTO
OHO MOKET UMETh ITOCJIeICTBUA JIJIsI HEPOHA KaK
Ha CyOKJIETOYHOM, TaK U Ha 3JIEKTPO(PU3NO0JIOT U -
4eCKOM YpOBHe [32].

O06pasoBaHMeE CJI0KHBIX KJIETOUHBIX CUCTEM
B naToJjiorudyecku usaMeHeHHoii CMK c yuactuem
HEWPOHOB U HEWPOIIUM Ie1eCO00pPa3HO pac-
CMaTpUBaTh B aCHeKTe KJIETOYHO-KJIETOUYHBIX
daronmuTapHBIX U UHBIX TUIIOB B3aUMOOTHOIIIE-
HUU C y4eTOM MOPOCTPAHCTBEHHO-BPEeMEeHHBIX
ocoOeHHOCTe. B mpoliecce aTuX B3aMOOTHOIIIEe-
HUU Ka)KJas IIMaabHas KJIETKa UTpaeT 0colyro
poub: MI'Tl Murpupyer 1 norjaoliaeTr CTpoMy u
anuKajabHbIE NEHIPUTHI HEOOPATUMO MMOBPEIK-
JIEHHbIX HEUPOHOB, ACTPOIUTHI — WX MHOTOYHC-
JieHHbIe MeJikue neHaputhl, O/II1 — obecreyun-
BalOT IIOCJIeyIOllee BOCCTAHOBJIEHNE aKCOHOB
coxpaHuBIIUXCSA HeWpoHoB [35, 10, 11]. A Bce
BMeCTe, YCUJIMBAsA CUHTE3 HeHPOTpOo(pUUeCKUX
¢daKkTOpOB, — penapaTUBHYI0 PeOPraHU3aIUI0
HEepBHOU TKaHU B 11eJioM [1, 6, 7,9, 27]. OnHako, B
0COOBIX CITy4asix HEKOTOPBIE TINaTbHbIE KIIETKHI
Y1 HEUPOHBI CJIMBAIOTCSI, BEPOSATHO, He JJisA (paro-
OUTO3a, a IJIs1 COBMECTHOIO YCUJICHUA pelapa-
TUBHOI'O IOTeHIIHAJIa.

ITonyueHHble B paboTe AaHHBIE MOCITY>KaT
IIJIs1 yTOYHEHUsI OCHOB U 0COOEHHOCTEN CTPYKTYP-
HO-(PYHKIIMOHAJIbHOU peopraHu3aluy HepBHOU
TkaHu CMK c y4yeToM BO3MOSKHOU aKTHBAIUU
OJIHOT'O U3 MHOT'OYHCJIEHHBIX eCTECTBEHHBIX MeXa-
HU3MOB pernapanum — CJIUSHUSA KJIEeTOK — Mocje
OOCA.

3arJoueHnue

[Tocsie 40-munytHON OOCA, Ha poHe nud-
(py3HO-0UaArOBBIX AUCTPOPUUECKUX NU3MEHEHUN U
HeoOpaTUMOr0 TOBPEKIeHUs] YaCTU TMHUPaMU/I-
HBIX HEPOHOB, YBEJIMYNBAJIOCH KOJIMYECTBO HEH -
PONIHAIBHBIX KJIETOK W TIOBBIIIAJIACH BEPO-
SITHOCTH 00Pa30BaHUs reTepo- U IMKapHUOHOB.

tural and functional integrity of mature neurons.
However, it is unclear how the balance is main-
tained. It is likely that there are mechanisms in the
damaged nervous tissue that suppress uncon-
trolled cell fusion, thereby maintaining neurons as
separate units. It is necessary to critically evaluate
the data on cell fusion whose consequences are still
unclear. This is especially true for tissue regenera-
tion processes [23, 33].

In our study, along with the increase in the
fraction of heterocaryons, we revealed a signifi-
cantly greater (by 20-40%) increase in the propor-
tion of neurons with two or more nuclei in the SMC.
This probably indicated that in functioning neu-
rons, the adaptation of the protein synthesizing sys-
tem manifested by hypertrophy and amplification
of nucleoli was activated, which we described ear-
lier also for the 20-min OCCA [2]. According to the
literature, the latter provides enhanced ribosome
formation, regeneration of partially damaged and
protection of functioning cells, and neuroplasticity
[34]. Therefore, hypertrophy and amplification of
nucleoli after 40-min OCCA (apart from the cell fu-
sion) can be considered as the key adaptation fea-
ture of the protein synthesizing system of neurons.

Current evidence suggests that the circum-
stances of neuronal fusion are highly specific. Al-
though very little is known about the physiological
advantage or possible detrimental effect of neuron
fusion, it can clearly have impact at the ultracellualr
and electrophysiological levels [32].

The formation of complex cellular structures
in altered SMC involving neurons and neuroglia
should be considered from the perspective of inter-
cellular phagocytic and other types of interactions,
taking into account the spatial and temporal pat-
terns. During this interaction, each glial cell plays a
special role: MGCs migrate and ingest bodies and
apical dendrites of irreversibly damaged neurons,
astrocytes ingest their numerous small dendrites,
while ODCs ensure subsequent recovery of axons
of the preserved neurons [35, 10, 11]. And all to-
gether, by enhancing the production of neu-
rotrophic factors, they promote integral reparative
reorganization of neural tissue [1, 6, 7, 9, 27]. How-
ever, in special cases, some glial cells and neurons
fuse, probably not for phagocytosis, but for the
joint enhancement of reparative potential.

Our data will serve to clarify the fundamental
and specific features of structural and functional
reorganization of the SMC nervous tissue, taking
into account the possible activation of cell fusion,
a natural repair mechanism after OCCA.

Conclusion

After 40-minute OCCA, along with diffuse
focal dystrophy and irreversible damage to some of
the pyramidal neurons, the number of neuroglial
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Clinical and Experimental Studies

AKTHBaIMA peaKTUBHOTO HEHPOIINO3a UMeJIa
reTepOXpPOHHBIM XapakTep. Yepe3 CyTKH IOocCjie
OOCA oTMmeTW/IM MUK yBeJUYEHUsI YUCJIeHHON
IVIOTHOCTU MUKPOIJIMOLIUTOB, a yepe3 7 CyTOK —
OJIUTOJEHIPOITUTOB.

Cpenu coXpaHUBIINXCSI HOPMOXPOMHBIX HEH-
POHOB OTMETHJIM O4YaroBOe YyBeJIUUYeHUHe IOJIU
KJIETOK C 2-Ms W 0oJiee SIAPBINIKAMU B siTpe.
CopnepsraHre TaKUX HEHPOHOB OBLIIO MAKCUMAJTh-
HBIM uepe3 7 cyTok nocsie OOCA — Bo BpeMs ITUKa
yBeJIMYEeHUsI COLlep KaHusl OJIUTOEHIPOLIUTOB.

YuyacTue aBTOpPOB: aBTOPHI JIUYHO U B PaB-
HOM KOJIMUeCTBe IPUHUMAaJIU y4acTHe B peasiu-
3alM1 KOMIIJIEKCHOTO MeTO0JI0TNYEeCKOT0 MO~
X0lla, BKJIIOUAIOIIEr0 9SKCIepUMEHTAJbHBIH,
AHATOMHUYECKUH, TUCTOJIOrUYeCKUii, MopdomeT-
puyYecKkuii u ”HPOPMAIIMOHHO-MaTeMaTUYeCKUHN
MEeTO[IbI, a TaK’Ke METObl HaOJII0IeHNsI, OTHca-
HUS U aHaJu3a.
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cells and the rate of hetero- and dikaryons forma-
tion increased.

Activation of reactive neurogliosis was not si-
multaneous. The maximum increase in the numer-
ical density of microgliocytes was observed on day
1 after OCCA, while the maximum rise in oligoden-
drocytes was noted 7 days after OCCA.

Among the preserved normochromic neu-
rons, there was a focal increase in the fraction of
cells with 2 or more nucleoli in the nucleus. The
percentage of such neurons was maximal 7 days
after OCCA, during the maximum increase of oligo-
dendrocytes.
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