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Mechanisms of the development of critical illness
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Natural Defense Mechanisms of the Human Brain against Chronic Ischemia

A. V. Sergeev, S. S. Stepanov, V. A. Akulinin, A. V. Mytsik

Department of Histology, Cytology, and Embryology, Omsk State Medical Academy, Ministry of Health of Russia, Omsk, Russia
12. Lenin St., Omsk 644043

Ileaw. UccienoBanne MOCBANIEHO H3YYEHUIO CTPYKTYPHBIX OCHOB €CTECTBEHHBIX MEXaHIH3MOB 3aI[ThI KOPBI TOJIOBHOTO MO3-
ra (KI'M) uesoBeka npu XpoHHYECKOii mmemun. Mamepuavt u memooovt. JIJist 3T0r0 ¢ MOMOIIBIO THCTOJOTHIECKUX, UMMY-
norucroxumuyeckux (NSE, kanp6unmun, NPY, p38) u MoppoMeTpryecKHX METOIOB HA HHTPAONIEPAIHOHHOM MaTepHaJie OIl-
pezensiii 0cOGEeHHOCTH PEOPraHu3aluy BO30Y K /AAI0MIUX U TOPMO3HBIX HEHPOHOB B 30HE HIIEMUYECKOIi IOy TeHH BUCOYHOM
KI'M. MopdomeTpryeckuii aHaau3 NPOBOAKIH € OMOIIBIO CIIEIHAIbHO Pa3pabOTaHHbIX aJTOPUTMOB BepU(pUKAIMU HEHPO-
HOB H MX 3JeMeHTOB B nporpamme Image]J 1.46. Pesyavmamoi. YcTaHOBIEHO YTO, CHUKEHHE OOIIE YHCIEHHON IIOTHOCTH
HEHPOHOB M CHHAIICOB IIPH XPOHHYECKOH HIIEMHH CONPOBOIKIAJIOCh KOMIEHCATOPHBIM ycmieHneM skcnpeccuud NSE, kaib-
o6ununa, p38 u NPY B coxpanusumxcs neiiponax KI'M. Mmenuch npuaHaku runeprpoguu TOPMO3HBIX HEHPOHOB U pocTa
HX OTPOCTKOB. B pe3yibraTe, BEpOSITHO, YCHIMBAIOCH BIUSIHHE TOPMO3HBIX MHTEpHelipoHoB KI'M Ha B0o30y:kqaomue Heii-
ponbl. 3axnrouenue. Ilpenmnonaraercs, YTo NpH XPOHUYECKOI HIIEMUH TOJIOBHOTO MO3Ta YeJ0BEKa B OTBET Ha NMOBPEsK/eHHE
YacTU KJIETOK MPOMCXOMIa KOMIEHCATOPHAS PEOPraHu3anus BO30ysKAAI0NUX U TOPMO3HBIX HEHPOHOB, HANPABJIEHHAS Ha
€CTECTBEHHYIO 3all[UTy OT HKCAHTOTOKCHYECKOTO MOBPEK/ACHNUS U YIydllleHHe YCIOBHii /11 KOMIIEHCATOPHOTO BOCCTaHOBJIE-
HUSI CTPYKTYpHO-yHKImoHaapHoro cocrosiansi KI'M. Knrouegvie cno6a: uenoBek, HEOKOPTEKC, THCTOJIOTUSI, UMMYHOTHCTO-
XUMHS, UIIEMHUs], 3alIUTa MO3Ta.

Objective: to study the structural bases of natural defense mechanisms of the human brain against chronic ischemia.
Materials and methods. To accomplish this, histological, immunohistochemical (NSE, calbindin, NPY, p38) and morpho-
metric examinations of intraoperative biopsy specimens were performed to determine the reorganization of excitatory and
inhibitory neurons in the ischemic penumbra of the temporal cerebral cortex (CC). Morphometric analysis was made using
the specially developed algorithms to verify neurons and their elements in the Image]J 1.46 program. Results. The reduction
in the total numerical density of neurons and synapses in chronic ischemia was ascertained to be accompanied by the com-
pensatorily enhanced expression of NSE, calbindin, p38, and NPY in the remaining CC neurons. There were signs of hyper-
trophy of inhibitory CC interneurons and growth of their processes. In consequence, the impact of inhibitory CC interneu-
rons on excitatory neurons was likely to enhance. Conclusion. In chronic ischemia, the human brain is anticipated to
respond to damage to some cells via compensatory excitatory and inhibitory neuronal reorganization directed towards its
natural defense against excitatory damage and towards better conditions for compensatory recovery of the structure and
function of CC. Key words: man, neocortex, histology, inmunohistochemistry, ischemia, brain defense.
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BBenenne

Kopa romosnoro mosra (KI'M) uemoBeka xopotro
M3ydeHa € MOMOIIBI0 AHATOMUYECKHX, TUCTOJIOTHYECKUX,
UMMYHOTUCTOXUMUYECKHUX, 3JEKTPOHHOMUKPOCKOITNYEC-
KUX U MOP(OMETpHUECKUX MeTOROB uccienoBanus [1].
OcHoBHasz nHGOPMAIUSA O THUCTOJOTHIECKOM CTPOCHUHI
KI'M nosyuena Ha ayToTCHITHOM MaTepuaje, a MPUKU3-
HEHHBIX UCCJIEIOBAHNI, MOCBSIIEHHBIX U3YUYECHHUIO CTPYK-

Introduction

Human cerebral neocortex (CNC) is studied with
the aids of anatomical, histological, immunohistochemical,
electron microscopic and morphometric techniques [1].
General information about the histological structure of
CNC has been obtained using the autopsy material and
during studies of structural and functional mechanisms of
natural protection of human CNC in response to ishemia.
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TYpHO-(DYHKIMOHATBHBIX MEXaHU3MOB €CTECTBEHHON 3a-
muTel KI'M gesoBeka B OTBET Ha XPOHUUECKOE HITEMIYEC-
Koe BozfeticTBue, HeT. OTHAKO, TIPH TTOMCKE CPEJICTB 3aIln-
TBHI TOJIOBHOTO MO3TQ, a TaKKe PETYJISINH 1eCTPYKTUBHBIX
7 KOMIICHCATOPHO-BOCCTAHOBUTENBHBIX MPOIECCOB, 00h-
eKTUBHbIC 3HAHMS MOAOOHOTO POJA ABAAIOTCS HEOOXOH-
MBIMH [IJIST TEOPETHYECKOTO OOOCHOBAHUS TOJYIECHHBIX
KINHIYECKUX Pe3yabraToB [2—5]. Pamee ycranoBieHo,
YTO B OCHOBE KOMITEHCATOPHO-BOCCTAHOBUTEJIBHBIX IIPO-
11€CCOB, TPOUCXOISIINX B HEPBHOW TKAHM TIOCJIE UITEeMIYe-
CKOTO BO3JICHCTBUS, JIEKUT PeOpPraHU3aIiis HEHPOHHBIX
cereil [3] 1 MEKHEIPOHHBIX CHHATITHYECKUX CBsI3eii [4, 6],
60JIbIIIOE 3HAUEHHE MMEET COCTOSTHHE TOPMO3HBIX MHTEp-
HelpoHoOB U cuHancoB [7—16]. Iloatomy, paccmarpubas
peopraHm3aInio HeHPOHHBIX ceTeil KakK MOCe/ICTBUE BBI-
X0/1a TKAaHW MO3Ta U3 IMaTOJOTHYECKOTO COCTOSTHUS, MBI MO-
JKeM ONPENEeNUTh JIOTUKY W eCTeCTBEHHBIE CTPYKTYPHO-
(ynknmonanpubie MexanuaMbl 3anmTbl KIM uesnoBeka
npu umniemun. YacTHOI 3a7iaueil 5TOTO TMEPCIEKTUBHOTO
HaIpaBJICHUS SBJSCTCS CPaBHUTETIbHOE WCCIEIOBAHUE
BO36YKIAIONMX U TOPMO3HBIX HelipoHoB KI'M desoBexa
MIPY XPOHUYECKOIN UIIEMUH, KOT/IA YaCTh HEHPOHOB (hyHK-
1uoHupyet u (opMUpPyeT HOBbIE HEHPOHHBIE CETH.

[Tenpio miccsieoBanns — MOJTyYeHNE HOBBIX JJAHHBIX
0 CTPYKTYPHO-(DYHKIIMOHATBHOM COCTOSTHUM BO30YK A0~
MIUX ¥ TOPMO3HBIX HEHPOHOB KOPBI TOJIOBHOTO MO3Ta YeJI0-
BeKa B HOPME U TIPW XPOHUYECKON HWIIEMHUH C TTOMOIIBIO
CPaBHUTEIBHOTO TUCTOJOTHIECKOTO, NMMYyHOMOpP(dOoJoTH-
YECKOTO 1 MOPMOMETPUIECKOTO NCCIIEIOBAHS.

Marepuan u MeTObI

Jlnst MOCTUZKEHUST MOCTABIEHHOW Ie GBI HCIOTb30BaH
KOMILTIEKCHBIH THCTOJIOTUYECKNN, UMMYHOMOP(OJOTMYECKUH 1
MOp(OMeTPUYECKUIl aHAIN3, PA3INYHBIX MOP(OTHUIIOB MTUPAMI/I-
HBIX U HermpaMuHbIX HeiiponoB KI'M dyesoBeka, mpoBeseHHBbIIH
Ha onepairoHHoM Mareprade. VecaegoBanue 006peHo JOKalb-
HBIM 3THYECKIM KoMHTeTOM OMCKOI rOCy/IapCTBEHHO Me/IMIINH-
ckoit akagemun (mporokoa Ne 61 ot 19.06.2014).

W3ydanmn muTo- U CMHANTOAPXUTEKTOHUKY KOPBI BUCOYHOI
JIOJTH, TIOJIyYEHHYIO B XOJie OHepanuy 110 YAAJIEHHUIO OIlyXoJeil
(n=10, Bospact narenToB 23—45 roxa). B cuiy riybokoro pac-
HOJIOKEHHS OTIYXO0JIei B Y/IaJIsieMblii MaTepUasl HONA/[a/IN YUaCTKH
KI'M u3 nepudokasbHoii 30HbI (OCHOBHAST TPYIIIIA, XPOHUUECKAST
unremust, n=10) 1 yacTUIHO HETOBpEXKIeHHasI Kopa (TpyIIia cpaB-
HeHus, n=7).

Marepuasn dpukcuposaiu B 4% pactBope hopmasnuna (0,1M
docdarnwrii 6ydep, pH 7,2—7,4), 3akmouann B nmapadun. Maro-
TaBJAUBAIN (PPOHTAIBHBIE CepuitHbIE cpe3bl (4 ) Yepes3 Bce CI0n
KI'M. [lsst rucTo/10rn4ecKkoro UCcie/JOBaHUs Cpe3bl OKpaIInBaIn
reMaTOKCUIMH-303MHOM 1 THOHIHOM 110 Hucceutio, poTorpacupo-
Basin Ha Mukpockorne Leica DM 1000 [5].

JL11 IMMYHOTHUCTOXMMUYECKOTO UCCJIeI0BaHUS (PPOHTAIIb-
uple cpe3bl KI'M Tosmmimaoit 4 | momenasn Ha MapKUPOBAaHHBIE
npeamernbie crexaa Thermo Scientific Polysine®, Menzel GmbH
& Co KG, Braunschweig, Germany. Creksa co cpesamu ObLin
THIATETbHO AenapaMHU3MPOBAHBI KCHJIOJIOM, HoMmerieHsl B 10
mM nurparusiii 6ydep (pH 6,0) n naky6uposanst 10 MuHyT nipu
temreparype +90°C, 3aTeM oCTaBJICHBI IJIsT OXJIKICHUS TIPU KOM-
nataoit Temrmeparype na 20 munyt. [locne oxmaxknenns crexia
6bn ipombiThl 0,05% dochatabiv Oydhepom ABakKIbI, 3aTeM Ha-
HeCEHbI IePBUYHBIE aHTHTE A, Bee BerecTBa OblI HaHECEHbI MU-
KPONUIeTKoii B oobeme 30 MKJI.

However, to protect the brain and modulate the destruc-
tive, compensatory and restorative processes, the objective
knowledge of mechanisms is needed to explain clinical
results [2]. It has been demonstrated that compensatory
and restorative processes in the nervous tissue after
ischemic exposure form a base of the reorganization of
neural networks [3] and interneuronal synaptic connec-
tions [4]. Therefore, considering the reorganization of
neural networks as a consequence of the release of brain
tissue from a pathological condition, one can define the
logic and natural structural and functional mechanisms of
protection of human CNC. Private task of this promising
trend icludes the comparative study of excitatory and
inhibitory neurons in human CNC chronic ischemia, when
the new neural networks are developing. The challenging
mechanisms include those that prevent these active excita-
tory neurons from damages and influence of other systems
in ischemic conditions. The purpose of this study was to
evaluate the structural and functional patterns of the exci-
tatory and inhibitory neurons within the different layers of
the cortex of the human brain in norm and chronic
ischemia using comparative histological, immunomorpho-
logical and morphometric studies.

Materials and Methods

To achieve this goal an integrated histological, immunomor-
phological and morphometric analysis was performed that includ-
ed the investigation of different morphological types of pyramidal
and non- pyramidal neurons of CNC specimens from removed
tumors harvested at a surgery in patients with brain tumors.
Study was approved by the local ethics committee of the Omsk
State Medical Academy (Decision Ne 61 of 06.19.2014). The areas
of interest included cytochrome synapses architectonics and vari-
ous compartments of the CNC, within the removed tumor (10
patients of 23—45 years old). Due to deep-seated tumors harvest-
ed material included both chronic ischemia zone and partially
intact bark. Control brain specimens were harvested from individ-
uals died in accidents (n=7). All autopsy material was harvested
not later than 5—10 hours after the death. The material was fixed
in 4% formalin solution (0.1 M phosphate buffer, pH 7.2—7.4) and
embedded into paraffin. We produced frontal serial sections (4 p)
through all layers of CNC. For histological analysis the sections
were stained with hematoxylin-eosin and Nissl thyonine method.
For histological examination the Leica DM 1000 microscope was
employed [5].

For immunohistochemical study 4 pM-thick frontal sections
of CNC were placed on a glass coated with ThermoScientific poly-
lysine Polylysine (Menzel GmbH & Co KG, Braunschweig,
Germany). Glasses assembled with tissue sections were thorough-
ly treated with xylene to get rid of paraffin, placed in 10 mM cit-
rate buffer (pH 6,0) and incubated for 10 minutes at + 90°C, then
allowed to cool down at room temperature for 20 minutes. After
cooling, the slides were washed with 0.05% PBS twice, and then
the primary antibody were applied. All the substances were applied
with a micropipette in a volume of 30 mcL. The primary antibodies
included rabbit polyclonal antibody (IgG) to neuronal specific
enolase, neuron-specific enolase (NSE from Spring Bioscience,
Pleasanton, USA, Ne E3304, diluted 1:300; Rabbit Anti-Human
Synaptophysin  Polyclonal ~Antibody; Spring Bioscience,
Pleasanton, USA, Ne E2174 diluted 1:300. For immunofluores-
cence studies of inhibitory interneurons the primary rabbit poly-
clonal antibodies to calbindin (Calbindin D28k; SWant,
Swissantibodies, Switzerland, diluted 1:400) and neuropeptide Y
(Neuropeptide Y, NPY; Sigma Chemicals, St.Louis, USA; diluted
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Vcriosb30Basin epBuyHble KPOJIUUbU HOJUKIOHAIbHbIE aH-
tutena (ImG) x meiipon crennduueckaoit exosnase, Neuron-
Specific Enolase, NSE, (Rabbit Anti-Human NSE Polyclonal
Antibody; Spring Bioscience, Pleasanton, USA, Ne E3304), passe-
nenne 1:300; cunanrodusnmy, synaptophysin, p-38, (Rabbit Anti-
Human Synaptophysin Polyclonal Antibody; Spring Bioscience,
Pleasanton, USA, Ne E2174), passenenue 1:300. /It ummynoh-
JIYOPECI[EHTHOTO NCCIIE0BAHUSI TOPMO3HBIX HHTEPHEIPOHOB 11pHU-
MEHSIIM [IePBUYHbIE KPOJMYbM MOJUKJIOHAIbHBIE aHTHUTENA K
kaapOunanny (Calbindin  D28k; SWant, Swissantibodies,
Switzerland, diluted 1:400) u neiiponentuny Y (Neuropeptide Y,
NPY; Sigma Chemicals, St.Louis, USA; diluted 1:8000).

Anturena k cuHantobusuny uHKyOuposaau 10 MumyT, a K
NSE — 30 MuHyT Ha KaJaionieiicss MoBePXHOCTH TTPH KOMHATHOM
TeMmIepaType, moTom crekia Obuin poMbithl 0,05% dhochaTHbiM
OydhepoM JBaKIbL.

Jlist BU3yannsaIy MIMMYHHON Peakini ObLIN MCIIOIb30Ba-
HBI KO3bH MOJUKJIOHATbHbIE BTOPHYHDIE aHTUTEIA K IMMYHOTJIO-
O6ynuny kposmka, (Goat polyclonal Secondary Antibody to
Rabbit IgG — H&L (TR) Ne ab6719; Abcam, Cambridge,
England), passenenue 1:200. AHTUTENa acCOMUPOBaHbI ¢ BIII00-
pecuientibiM kpacureseM Texas Red® Sulfonyl Chloride (moure-
KyJsIpHBIN Bec 625 manbron). /lanHoe BemiecTBO MMeeT JTUHY
BOJIHBI MOTJIONIEeHUsT 596 N ¥ JUIMHY BOJIHBI ncryckanust 620 nm,
CBeYeHME BBITJISIIUT KPACHBIM. BTOpUYHbIE aHTHTEA OBLII HKCITO-
HUPOBaHbl 20 MUHYT HA KaYaloIIeiicss MOBEPXHOCTH TIPH KOMHAT-
HOIT TemIieparype, 3areM caaiizbl 6bimu pombitet 0,05% dhocdart-
HBIM GyhepoM IBasKIIbL.

Ha mukpockomne Axioskop 40, Karl Zeiss, ocHantensom pryt-
noii tammioit HBO 100, kamepoit na CCD patunke — Axio CamMRc
n oovektBom EC Plan-Neofluar X40, anieprypa 0,9, nesasm undpo-
BbIe MUKpodoTorpadui ¢ pasmepom nzobpakernst 1300X1030 k-
ceJieid, peasibHbIM pazmepoM 220X174 mxm (38280 mxm?).

Mopdomerpudeckuii aHaiu3 M300pakeHUil MPOBOANIN C
nomoIbio mporpamMmsl Image] 1.46 Ha Mackax peanbHOTO 1306pa-
JKEHUE 10 PaHee pa3pabOTaHHBIM CTAHIAPTHBIM AJITOPUTMAM aHa-
JIN3a THCTOTPAMM [HMKCEJIBHOTO pacipe/esenus [5].

Omnpeziesistiin 06y 10 YUCTEHHYIO IVIOTHOCTD HEIIPOHOB 1 OT-
HOCHUTEIbHOE COZIepyKaHne PEaKTHBHO H3MEHEHHBIX Hellponos. Ha
MMMYHOTHCTOXUMHUYECKUX [Peraparax Olpelesisiii II0a/lb
(MKM®) U KOJIITIeCTBO (HITyOPECIMPYIOIINX IPAHYJI MapKepa B T10-
Jie 3pennst (38280 mxm®) mperapara.

[IpoBepKy CTaTHCTUYECKUX THIIOTE3 OCYIIECTBISIIIM C HC-
nosbzoBarnem mporpamm MedCalc, StatSoft Statistica 8.0 mpu
MOMOIIN HellapameTpuieckix kpurepreB Kosmoroposa-CMupHo-
Ba u U-kpurepust Manna-Yutnu Jist napaoro cpapuenus. Hyue-
Bast rumoTe3a orBeprayace npu p<0,05.

PesyibraThl U 00CyK/IEHHE

Omnepanmonnsiit marepuan KM He ObL1 mogBepken
nocMepTHbIM usMeHeHusM. O6 9TOM CBUIETEIbCTBOBAJIO
Haju4re B TPYyNIe CPaBHEHWS MPOTSLKEHHBIX YYaCTKOB
HEPBHOM TKaHU ¢ GOJIBIIUM COZIEPKAaHUEM HOPMOXPOMHBIX
HEHPOHOB 1 OTCYTCTBUEM TIPU3HAKOB JECTPYKTUBHBIX N3-
MEHEHUIi B OaBsIionieM GOJIbIINHCTBE KIeToK (puc. 1).

Hopmoxpomusle mpaMuable HEHPOHBI TIpeCTaB-
JIA cOOOM OKPYTJIbIE KJIETKU KPYITHOTO U CPEHEro pas-
Mepa ¢ XOPOIIO TTPOKPAIIeHHON coMOi 1 saapoM. B muto-
TJIa3Me HOPMOXPOMHBIX TTHUPAMUHBIX HEHPOHOB BW/IHBI
TEMHBIE TJIBIOKH TPaHy IS PHON SHIOIIA3MaTHYECKOM ceTH,
B IIEHTpPe — /PO, 3aHUMalollee OCHOBHYIO YacTh Tesa
KJIETKH, C TEMHOOKPAIIeHHBIM SIZPBITIKOM. [Ipn aTOM B He-
MpaMUHBIX HeWpOHAX ACHAPUTHI He Bepuduimposna-
JINCh, & B TMPAMUHBIX — OMPEENSITINCh TOJTBKO HAYab-
HbIE CETMEHTHI TPOKCUMAJIBHON YacTH JCHIPUTA.
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Puc. 1. ®poHTanbHbIii CPe3 PA3IHYHBIX CJIOEB KOPbI BUCOYHOM
nosm, rpymna cpasaennsi. Oxpacka tnonnaom no Huccmo. V8.
X20. xaxa — 100 Mxm.

Fig. 1. Frontal sections of intact temporal regions of the cere-
bral cortex of patients operated on for glioblastoma. Nissl stain
by thionine. Lens. X20. Scale — 100 um.

Note (npumeuanue): the total prevalence of normochromic neu-
rons with a distinct round nucleus and basophilic cytoplasm is
observed, dendrites are not dyed. — HopmoxpomHbie HEHPOHBI €
XOPOIIO BBIPAKEHHBIM KPYTJIBIM APOM U 6a30(UIBHOI UTO-
1a3Moii, ieHpuTsl He mpokparnensl. Here and fig. 2 (3nech u Ha
puc. 2). I—V — various layers of the temporal cortex (cion
BUCOYHOH JI0JTU KOPBI TOJIOBHOTO MO3Ta).

1:8000) were used . Antibodies to synaptophysin incubated for 10
minutes and antibodies to NSE were incubated 30 minutes on a
rocking platform at a room temperature, slides were then rinsed
with 0.05% PBS twice. To visualize immune reaction the goat poly-
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A = =

Puc. 2. MpouraibHblii cpe3 Pa3inYHbIX CJIOEB KOPbI BUCOUHON
JI0JIM ¢ YMEPEHHBIM COJIEPKaHHEM PEaKTHBHO U3MEHEHHBIX M-
NePXPOMHBIX HEHPOHOB, ocHOBHas rpymma. Okpacka mo Huc-
cJII0 THOHUHOM. ¥B. X10, mxana 100 Mxm.

Fig. 2. Frontal section of the various layers of the temporal cortex
with minimal reactive changes of neurons. Lens. X10, scale 100 pm.
Note (npumevanue): Nissl stain by the thionine in all layers nor-
mochromic neurons predominated — Bo Bcex cosx npesanTupo-
BaJIM HOPMOXPOMHbIE HEHPOHBL.

[Tpu rucronornyeckom uccaenosannn KI'M ocHoB-
HOIl TPYIIBl BbIsIBJIEHAa 3HAYUTENbHAS BapHaGeabHOCTD
CTPYKTYPHO-(DYHKITOHAIBHOTO COCTOSTHHS TTHPAMITHBIX
1 HeMUPAMUHBIX HEWPOHOB (puc. 2).

B KI'M ocHOBHOU Tpymnmbl mnpeobjaganu rumep-
XPOMHBIE HECMOPIIEHHbIE W CMOPIIEHHbIC HEIPOHBI
(Tabu. 1), KOTOpbIE UMEJIM THITUYHYIO CTPYKTYPHYO Opra-
Huszanuio (puc. 2), ONUCAHHYIO paHee B paboTax APyTHX
aBTOPOB TIPU OCTPOH W XPOHWYECKOW urmemun [4, 5.
Berpevanuen yuactku KI'M ¢ TOTaTbHBIME THIIEPXPOM-
HBIMHU U3MCHEHIAME ¥ CMOPITIBAHNEM TPAKTHIECKU BCEX
kyetok (rnukHoMopdubie). Hanmenbliiee copepskanue pe-
aKTUBHO M3MCHEHHBIX HEHPOHOB oTMevanyn B ciosx I,
IIa u IIIb (B cpaBHenuu co cioem V: 2=8,0, p=0,005%).
VIMEHHO B 9THX CJIOSIX, TIO JAHHBIM JIUTEPATYPhI, Co/Iep-
JKUTCST MAKCUMAJIBHOE KOJTMYECTBO KATbOMHANH-TTIO3UTHB-
HBIX TOPMO3HBIX UHTEPHENHPOHOB [7, 12].

B caoax 11, I11a, IV, V u VI KI'M ocHOBHOII rpyTiTibl
001mast YncJaeHHast IIOTHOCTh HEHPOHOB OblIA CTATHCTH-
4yecky 3HaYMMO (kpurepuit Mauna-Yurau, npu p<0,05)
HIKE, YeM B rpyTiie cpaBuenns (Tabir. 2), comeprkarieil He-

clonal anti-rabbit immunoglobulin (Goat polyclonal Secondary
Antibody to Rabbit IgG — H & L (TR) Neab6719; Abcam,
Cambridge, England) at final dilution 1:200 was used. These anti-
bodies were conjugated to fluorescent dye Texas Red® Sulfonyl
Chloride (molecular weight 625 Daltons), the absorption wave-
length was 596 nm and emission wavelength was 620 nm(red).
Slides treated with primary antibodies were exposed to secondary
antibodies for 20 minutes on a rocking platform at room tempera-
ture, then rinsed with 0.05% PBS twice. The emission was ana-
lyzed using the Karl Zeiss Axioskop 40 microscope equipped with
a mercury lamp HBO 100 and a camera with a CCD sensor. Axio
CamMRc lenses and EC Plan-Neofluar x40, 0.9 aperture were
employed to perform digital micrograph with image size of
1300x1030 pixels, the real size 220x174 mm (38280 mm?) .

Morphometric analysis of the images was performed using
Image] 1.46 software on masks of the real picture using stan-
dard algorithms of histogram analysis of pixel distribution [5].
The total number density and relative abundance of reactive
changes of neurons were determined. Statistical hypothesis
testing was performed using the software MedCalc, StatSoft
Statistica 8.0 using the Kolmogorov-Smirnov test to define or
decline normality, Mann-Whitney test for paired comparisons,
and ANOVA for multiple comparisons. The null hypothesis was
rejected at P<0.05.

Results and Discussion

Surgical material of CNC was not subject to post-
mortem changes. This was evidenced by the presence of
stretches of intact neural tissue with a high content of nor-
mochromic neurons and no signs of destructive changes in
the vast majority of cells (Fig. 1).

In these intact areas of nerve tissue the structural
features of microcirculation disorders (sludge cells,
perivascular edema, swelling of endothelial cells) were not
observed demonstrating no manifestation of ischemia. The
total density of neurons was slightly higher than similar
compartments and layers when studied the autopsy mate-
rial. This was probably due to the fact that in the intact
parts of CNC neurons were not subjected to dehydration
and successfully kept their native size, shape and proper-
ties of proteins to accept stain.

We have developed a method for the analysis of his-
tograms for the morphometric study using the program
Image] 1.4 [5] using 8-bit color images (flatten image for-
mat) [5]. Subsequent morphometric study was conducted
to analyze the histogram of pixel distributions.
Histological examination of areas of chronic ischemic
penumbra in all layers of SMC revealed considerable vari-
ability in structural and functional state of the pyramidal
and non-pyramidal neurons (Fig. 2).

In main group of CNC non-shrivelled hyperchromat-
ic and shrunken neurons were dominated (Table. 1). They
exhibited typical structural organization (Fig. 2) earlier
described in other studies in acute and chronic ischemia [4,
5]. Normochromic pyramidal neurons were comprised of
round cells of large and medium-sized with a well-dyed
soma and nucleus. In the cytoplasm normochromic pyra-
midal neurons looked as dark clumps of granular endoplas-
mic reticulum with the nucleus in the center occupying
most of the cell body, with dark-colored nucleolus. In non-
pyramidal neurons dendrites were not verified, whereas in
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Ta6smna 1. OTHOCUTEIBHOE CONEPIKAHIE PEAKTHBHO M3MEHEHHBIX HEHPOHOB B KOPE BUCOYHOI JI0JIM MO3Ta Y€JI0BEKA CPaBHU-
BaeMbIx rpym (%, B nepecuete Ha 1000 BepudunmpoBanHsix HeiipoHoB, 50 moseii 3peHust) (okpacka TuonuHoM o Huccmo)
Table 1. The relative content (%, based on the 1000 verified neurons, 50 fields of view) reactive changes of neurons
in the temporal cortex of the human brain compared groups (Nissl stain)

Neurons Value of parameters in the groups P-level
comparisons main
Normochromic 85,6 (83,8—93,9) 45 (41,9-48,1) <0,0000*
Vacuolated 24 (1,6-3,6) 6 (4,6-7,7) -0,04*
Hypochromic 2(1,3-3,1) 8(6,4—9,9) =0,02*
Hyperchromic no shrunken 8 (6,4—9,9) 14 (11,9—16,3) =0,03*
Hyperchromic shrunken 1(0,5—1,8) 24 (21,4—26,8) <0,0000*
Cells shade 1(0,5-1,8) 3(2,0-4,3) ~0,045*

Note (npumeuanue): neurons — Heiiponsl; normochromic — Hopmoxpomubie; vacuolated — Bakyosnusuposanusie; hypochromic —
runioxpomusbie; hyperchromic no shrunken — runepxpomubie Heemopiertsie; hyperchromic shrunken — runepxpomtbie cMOpIEHHBIE;
cells shade — kuerku Tenu; value of parameters in the groups — snadenue nokasareJieii B rpyIiax; comparisons — rpyIia cpaBHEHHUSI;
main — ocHoBHas rpymna; * — the differences between groups are statistically significant at p<0,05 (criterion y*) — pazamans MesKIy
rpyInamMu cratucTiaecku suaunmel npu p<0,05 (kpurepwuii x*). In brackets 95% confidence interval, — B cko6kax 95% noBepuTebHbIIR
HHTEPBAIL.

Ta6mua 2. O6mas 4yucjieHHas IWIOTHOCTh HEHPOHOB B Pas3JMYHBIX CJIOSIX KOPbI BUCOYHOMN [[0JM MO3ra yeloBeKa
cpasuuBaeMbix rpymn (ua 1 mm®) (okpacka Tuonunom no Huccmo), Me (QI—Qh)

Table 2. The total number density of neurons (1 mm?) of the various layers of the parietal cortex of the human brain
(biopsies), Nissl thyonine staining, Me (Q/—Qh)

Layers The total number density of neurons in the groups P-level
comparisons main
I 145 (120—160) 122 (109_172) =0,05
1 672 (545-912) 503 (445—589) =0,01*
IlTa 360 (325—395) 300 (244—322) =0,045*
111h 300 (220—355) 278 (212—308) >0,05
Ilc 240 (195—262) 232 (225-270) >0,05
I\Y 542 (480—635) 469 (422—-501) =0,01*
\% 268 (245—340) 204 (154—237) -0,02%
VI 312 (302—380) 286 (243—301) =0,045*

Note (npumevanue): layers — caon; the total number density of neurons in the groups — obuiast yrcieHHas MIOTHOCTH HEHPOHOB B
rpyImax; comparisons — rpyIiiia cpaBHeHus; main — ocHoBHas rpyiia; * — the differences between groups are statistically significant
at p<0,05 (Mann-Whitney test) — pasimuuns Mexay rpynnamu cratuctudecku sauumbl npu p<0,05 (tect Mann-Whitney). Me —

median — meauana; Ql — lower quartile — wmxusas kBaptuib; Qh — the upper quartile — BepxHsst KBapTHIIb.

3HAYUTEJNbHOE KOJMYECTBO PEAKTHBHO M3MEHEHHBIX Heli-
ponos (Tab. 1).

Taxum 06pasoM, 10 TaHHBIM THCTOJIOTUYECKOTO MOP-
(omerprueckoro nsyuenns HeiipoHoB KBM, ycrtanosie-
HO, YTO B OCHOBHOI rpyTie (XpOHUYecKast UIIeMHUs) Mpo-
HUCXOIUJO  CTATUCTUYECKW  3HAYMMOE  BBINIAJICHUE
HEeHPOHOB, a 55% COXPAHUBIINXCS HEHPOHOB MMEJN TTPH-
3HAKM PEaKTUBHBIX M3MeHeHui. [Ipeobiamanu rumep-
XPOMHBIE CMOpIIEHHbIC HEWPOHBL. BoJibllie BCEro Takmx
HEHPOHOB BbIsIBIIsIOCh B cosix Illc, IV u V. Octanbubie
Hepombl (45%) — TUMTHYHBIE HOPMOXPOMHbBIE. BeposaTHO,
MMEHHO 3a CYET HUX MPU XPOHUYECKOH MIEMUN TPOUCXO-
nJIa KOMIIEHCATOPHO-BOCCTAHOBHUTEIbHAS PEOPTaHN3a-
1I11s TIOBPEK/ICHHBIX HePOHHBIX ceTelt KI'M.

B xome MMMYHOTHCTOXUMHYECKOTO HCCJIEIOBAHUS
Ha cepuiiHbIX cpesax usydain NSE-, kanbounana- u NPY-
MMO3UTHBHbBIC HEHPOHBI, a TAKKE PACIpe/ieJIeHne Ha Teaax
MMpaMUIHBIX HEMPOHOB M B Hedipornuie BucoyHoit KI'M
p38-103uTHBHOrO MaTepuasa (CMHANTHYECKUE TEPMUHA-
) (puc. 3).

YeTaHOBJIEHO, 4TO PemyKImst 00Mel YHcIeHHonl
IJIOTHOCTHU HEHPOHOB KOPBI BUCOUHO JIOJIM MO3Ta YeJI0Be-
Ka B OCHOBHOM I'pyTIIE COIPOBOXK/IAIACh KOMIEHCATOPHOH
akTuBanueii oopasosanusi NSE B coxpaHusimxcst (hyHK-
HUOHUPYIOMKX HelipoHax (Tabir. 3).

pyramidal neurons only initial segments of the proximal
part of the dendrit were identified. Reactive and destruc-
tive changes of the cell (hyperchromic shrunked and shriv-
eled cells, hypochromic neurons, shaded phagocytized neu-
rons) were observed. The ischemic penumbra zone
displayed well-known typical structural organization, as
described by other authors in acute and chronic ischemia.
The relative content of reactive changes of neurons was
significantly different in different parts of the zone of
ischemic penumbra. Extreme details included: 1) the
prevalence of normochromic neurons in the field of view
and 2) total hyperchromatic changes with shrinkage of
almost all cells. The «foci» of ischemic penumbra zone were
identified by different levels of local ischemic damage.
Morphometric analysis of neurons was performed only in
areas CNC containing typical normochromic and reactive-
ly modified neurons (Fig. 2, Table. 1—4). According to
available data [4, 9], these areas display the potential
structural and functional recovery after the removal of the
cause of chronic ischemia.

Changes of CNC cytoarchitectonics in chronic
ischemia followed by rearrangement of interneuron rela-
tions. Axon-spinules synapses inhibitory interneurons
affecting less than axon-dendrit and axon-spinules synaps-
es and excitatory neurons. This was evidenced by the
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Puc. 3. IMMyHOrHCTOXMMHYECKOE HUCCIIeI0OBaHIE KOPbI BUCOYHOM /101 MO3ra 4yejioBeKa, ocHOBHas rpynna. iMmyHnoduyopecuen-
must. yB. X40. Ikana 50 Mxm.

Fig. 3. Inmunohistochemical study of human cerebral neocortex. Inmunofluorescence. Lens X40. Scale 50 pm.

Note (npumeuanue): a — NSE-positive neurons (arrows) — NSE-nosutusnbie Heiiponst (crpesku); b — calbindin-positive neurons
(arrows) — KaTbOWHINH-TIO3UTHBHbIE HEHPOHBI (cTpesikn); ¢ — NPY-positive neurons (arrows) — NPY-mosuTtuBHbIil Helipon (cTpes-
kn); d — synaptophysin-positive neurons (arrows) — p38-nosurtusHbie Heiiponsl (ctpesikn); NSE (neuron specific enolase) — Heiipon
crieruuueckas enonasza; NPY (neuropeptide Y) — neiiponentus Y.

Ta6auna 3. Iltomaas NSE-103MTHBHOTO MaTepuaJa B MoJie 3peHHs KOPbl BUCOYHOM T0JIM MO3Ta YeJIOBeKa OCHOBHOM
rpynmbl 1 rpynnbl cpaBHenus (Mxm*) Me (Ql; Qh)

Table 3. Area (mm®) of NSE-positive material in the field of view temporal cortex of the human brain (main group
versus comparison group), Me (Ql; Qh)

Layers Area of NSE-positive neurons in groups

comparison main
111 215 (1905 256) 0,57% 325 (305; 376)** 0,85%
\Y% 475 (412; 488)%% 1,25% 609 (511; 628)***##% 1 60%

Note (npumeuanue): Here and table 4—6: layers — ciiou; group comparison — rpyiia cpaBHeHVst; main group — OCHOBHAsI TPYIITIa; ;
NSE (neuron specific enolase) — wueiipon crnennduueckas enonasa; area of NSE-positive neurons in group — moniaas NSE-
MO3UTHBHBIX HEHPOHOB B rpymnmax; ** — differences are statistically significant in comparison with the comparison group at P<0,01 and
*E* at P<0,001; ##¥ — in comparison with the layer IIT at P<0,01 and ### — at P<0,001 (Kolmogorov-Smirnov). ** — paznnuus
CTATUCTUYECKH 3HAUYMMBI B CPaBHEHUN ¢ TPpymoii cpasuenns npu p<0,01 u *** — npu p<0,001; ## — B cpaBuenun co cioem I11 pu
p<0,01 u #*#* — npu p<0,001 (xpurepuii Kommoroposa-Cmuprosa). Me — median — mexnana; QI — lower quartile — HukHuMit
kBapTuib; Qh — upper quartile — BepxHuii KBapTUIID.

Kaan6uHann-mo3uTuBHbE BO30Y/KIAIOINE U TOP-
MO3HBIe HEHPOHBI BBIABISAINCH BO Bcex ciaogax KI'M. B
CHIY TOTO, YTO ATOT OEJIOK HE SIBJISIETCST CHEpUIecKIM,
TOPMO3HbBIE MHTEPHEHPOHBI CPEIN BCEX KaTbOUHIMH-TT0-
3UTUBHbBIC HEHPOHBI MICHTUMUITNPOBAIN HA OCHOBAHWH
MOP(}OJOrHIeCKUX KPUTEPUEB, YCTAHOBJIECHHBIX [IJIsI

increase in ischemia area fraction of p38-positive PT with-
in akson-soma (mainly brake) synapses on pyramidal neu-
rons to 56.6—61.5% (OK — 35.3—55.6%).
Immunohistochemical study using serial sections
demonstrated the distribution of NSE-, kalbindin- and
NPY-positive neurons and the bodies of pyramidal neu-
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TaGauna 4. YucaeHHast IIOTHOCTh KaJbOMH/IMH-TIO3UTHBHBIX HHTEPHEHPOHOB U OTHOCUTEJIbHAS IIONIA/lb X TEJ B 10~
Jie 3peHHs BUCOYHOH 101 KOPbI TOJIOBHOTO MO3ra YeJIOBEKa OCHOBHOIM rpynnbl u rpynns cpasienusi, Me (Ql; Qh)
Table 4.The numerical density of calbindin-positive interneurons and the relative area of their bodies in the field of
view of the temporal cortex of the human brain ( main group vs. comparison group), Me (Ql; Qh)

Layers Calbindin-positive interneurons in groups
comparison main
The numerical density (1 mm?®)
11 34 (21; 43) 32 (17; 51)
v 16 (8; 24)##% 18 (11; 29)##
Relative area (%)
111 0,46 (0,35; 0,64) 0,90 (0,74; 1,06)***
\% 0,31 (0,22; 0,47) 0,63 (0,51; 0,82)***#

Note (npumeuanue): layers — ciaou; calbindin-positive interneurons in groups — KaJIbOUHMH-TIO3UTUBHbIE HHTEPHEUPOHBI B rpymax; the
numerical density (1 mm?) — uncsentast mwiotHocts (Mm?); relative area (%) — orHocuTebHAst TUIOMAMDb (%). *** — statistically significant dif-
ferences between the comparison and gruppnoy core group at P=0,001 — pasyiauusi cTaTUCTHYECKN 3HAYUMBI MEK/LY TPYIITHON CPABHEHVST 1
ocHOBHOII rpyrmoit ipu pu P=0,001; # — In comparison with the layer ITT when P=0,04 — B cpaBHenyu co ciioem 111 pu P=0,04; ## — when
P=0,01 (Mann-Whitney test) — nipu P=0,01 (kpurepuii Manua- Yuran); ### — when P=0,001 (Mann-Whitney test) npu P=0,001 (kpurepuit
Manna-Yurnan). Me — median — mezaumana; Ql — lower quartile — mmskrmii kBaptiib; Qh — upper quartile — Bepxuuii kBapTHIIH.

TaGauna 5. Yucaennast IWIOTHOCTh HEHPOHOB M OTHOCHTEIbHAS IUIOIA/AL (B noJe 3penusi, %) NPY-uMMyHONO3UTHB-
HBIX cTPYKTYP ciaos III kopbl BHCOYHOIT I3K0JIM TOJIOBHOTO MO3ra YeJI0BeKa OCHOBHOM I'PYNIbI H TPYIIbI CPAaBHEHU S
Table 5. The numerical density of neurons and the relative area (in sight, %) of NPY-immunopositive structures in
layer III of the temporal cortex of the human brain ( main group vs. comparison group), Me (Ql; Qh)

Parameter values in groups
comparison

Parameters

main

29 (1,9;32)
1,80 (1,50; 2,34)

2,7(1,53,1) P=0,9
391 (3,47, 4,67) P=0,003#

The numerical density of neurons per 1 mm?
Area, %, in the field of view

Note (npumeuanue): parameter — mokasaresb; parameter values in groups — 3HaueHuUe MOKasaTeJeil B IpyIIax; comparison
group — rpyIiia cpaBHeHusl; main group — ocHoBHas rpyina; the numerical density of neurons per 1 mm?* — ymc/eHHast MIOTHOCTD
Heiiponos, Ha 1 Mm% area, %, in the field of view — mromaznp,% B nosie spenusi; NPY (neuropeptide Y) — neiiponentuz Y; * — sta-
tistically significant differences between groups (Kolmogorov-Smirnov test for paired comparisons of independent samples) at
P<0,05 — pasnnums cTaTUCTUYECKH 3HAYMMbI Mexay rpynnamu (kpurepuii Kommoroposa-CMupHoOBa A apHbIX CpaBHeHUil

He3aBUCUMBIX BEIOOPOK) 11pu P<0,05.

JTaHHOTO THma kietok [7, 12]. IIpy MMMyHOTHCTOXUMH-
YEeCKOM BBISIBJICHUH KaJbOWHANHA THUIOJOTUST TOPMO3-
HBIX HMHTEPHEHPOHOB ONpeessiach HEMUpaMUIHOMN
(hopMoii, HEGOIIBIIOI BeJIMYMHON TIePUKAPUOHA C KOPOT-
KUMU PaaibHbIMU JieHapuTamMu (HeiiporanomMopdubie
kietkn) [12].

Cyl1ecTBEHHO TO, YTO TPU XPOHUYECKOH HIIEMUN
YKCIEeHHAs TJIOTHOCTh KaJbOMHANH-TIO3UTUBHBIX TOPMO3-
HBIX MHTEPHEHPOHOB COOTBETCTBOBATA YPOBHIO TPYIIIIBI
CPaBHEHUS, a KOJMYECTBO (DIIIOOPECIICHTHOI METKH Ha
eIMHUILY TUIOTIA/N HEfIPOHOB ObLT0 pakTHyecku B 2,0 pa-
3a Goubiie (kputepuii Manua-Yutuu, p<0,001) (tabum. 4).
ITO, BEPOSATHO, CBHU/ETEJIBCTBOBAJIO O KOMIIEHCATOPHOI
AKCIPECCHU TAHHOTO OeJTKa B COXPAHUBIINXCST HEPOHaX.

OTueTBO BeprU(UIIMPOBATD TeJIa 1 OTPOCTKH TOJIb-
KO MHTEPHEHPOHOB MOKHO C TIOMOIIBIO MMMYHOTHCTOXU-
Mudeckoit okpacku Ha NPY [7, 12]. 3To 103BOIIIO TOYHO
OlleHUTH (¢ OMOIIIBIO TIporpamMmbl Image] 1.46, GunapHoe
n300paskeHre — MacKa) KOJMYECTBO ATOTO HEHpoIenTu/a
B KI'M. B ocnosnoii rpymnne uucjaennas ImJIOTHOCTD TEJ
NPY-1103UTUBHBIX TOPMO3HbIX MHTEPHEHPOHOB OblIa Ha
YPOBHE TPYIIIBI CPAaBHEHUS, a OTHOCHUTEJbHAs ILIOMIA/b
NPY-nmMmyHOpeakTUBHBIX CTPYKTYP (Tesa, OTPOCTKH) —
CTATUCTUYECKU 3HAUMMO OoJibine (Tabur. 5).

Namenenus nuroapxutektronnkn KI'M npu xpoHu-
YeCKOW HIIEeMUN CONPOBOXKIAINCH IEPeCTPOHKON Mex-

rons and neuropil in the temporal CNC p38-positive mate-
rial (synaptic terminal) (Fig. 3).

It was found that the reduction of the total number
of neurons in CNC of the study group was accompanied by
activation of compensatory education NSE in surviving
neurons (Table. 3).

Calbindin-positive excitatory and inhibitory neu-
rons were detected in all layers of SMC. By virtue of the
fact that calbindin belongs to proteins of specific inhibito-
ry interneurons, the calbindin-positive neurons were iden-
tified based on morphological criteria established for a
given cell type [7, 12]. Immunohistochemical detection of
calbindin typology of inhibitory interneurons was
accompined by non-pyramidal shape, small size of the
perikaryon with short radial dendrites (neuroglial cells)
[12]. Significantly, in chronic ischemia the level of numer-
ical density of calbindin-positive inhibitory interneurons
matched the comparison group, and the number of fluores-
cent labels per unit area of neurons was almost twice more
(Mann-Whitney test, P<0.001) (Table 4) This is probably
indicative of compensatory expression of the protein in the
surviving neurons.

Clear verification of the body and appendages in
interneurons is available by immunohistochemical staining
of neuropeptide NPY [7, 12]. This allowed to accurately
estimate (using ImageJ 1.46, a binary image — mask) the
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Ta6mua 6. [ltomans (MrM®) p38-m03UTHBHOTO MaTepHaja B MoJie 3PEHUs KOPbI BHCOYHOI [0JIM TOJIOBHOTO MO3Ia Ye-
JIOBEKa B OCHOBHOI rpymme u rpynmne cpasuenusi, Me (Ql; Qh)

Table 6. Area (mm?®) of p38-positive material in the field of view of the temporal cortex of the human brain in the
study group and comparison group, Me (Ql; Qh)

Layers Area of p38-positive neurons in group Significance, P
comparison main

1111 365 (314; 422) 288 (245; 315) 0,01*

\Y% 456 (434; 575)* 321 (245; 433) 0,001*

Note (npumeuanue): Layers — ciou; Area of p38-positive neurons in group — BesunHa naomaAn p38-1mo3UTUBBIX HEPOHOB B
rpyIIax; comparison group — rpyIiia cpaBHEHUs]; main group — OCHOBHAS Tpymia; significance, P — 10CTOBEPHOCTD Pa3IMUHil;
* — significant differences between the comparison group and the main group — pasanums cTaTUCTUYECKN 3HAUYNUMBI MEKLY
IPYIION cpaBHEHM U OCHOBHO rpymnmoii; # — compared to the layer 111, P=0,03, Mann-Whitney test — B cpapuenuu co caoem 111
npu P=0,03, kpurepuii Manna-Yuruu. Me — median — menmnana; Ql — lower quartile — wwknuii kBapruab; Qh — upper quar-

tile — BepxHMIT KBaPTHUIB.

HEHPOHHBIX OTHOTIEHUIT. CTaTUCTUYECKN 3HAYMMO YMEHb-
majach IJIOMAAb p38-MO3UTHBHOTO MaTepuasia B I0Jie
3penus (Taba. 6).

ITpu aTOM Ha BO3OY/KIAIONINX MTHPAMUIHBIX HEHPO-
HaX aKCOCOMATUYECKHME CUHATICHI MTOBPEKIAINCH MEHbIIIE,
YeM aKCOACHIPUTHBIE W aKCOUMIUKOBBIE cuHarchl. O6
ATOM CBUJIETEJILCTBOBAIO YBEJUYEHUE TIPU XPOHUYECKOI
WATIEMUAN JIOJW TIOMAAN P38-TIO3UTUBHON METKH B 30HE
AKCOCOMATHYECKUX (TPEUMYIIECTBEHHO TOPMO3HBIX) CH-
HAIICOB Ha MUPaMUIHBIX HellpoHax 10 56,6—61,5% (B HOp-
Me — 35,3—55,6%, 95% moBepuTebHbIi HHTEPBAI).

[Ipu xponmdeckoit nmemun (OCHOBHAS TpyMma) pe-
AYKIsE 0011eit yncsienHoit motHoctn HeiiponoB KI'M co-
POBOXKIaeTcs ycunenuem akcnpeccust NSE, kanbOunan-
Ha, p38 1 NPY B coXpaHUBIINXCS HEHPOHAX.

NSE — rmukosutuueckuit hepment (2-docdo-D-
TJIMIEpaT THAPOJIa3a), OTHOCSIIHUIICS K CeMEHCTBY €HOJIa3,
YUACTBYET B IPEATIOCJE/IHEM Talle TIMKOJIN3a — KaTaju-
supyet 1epexof 2-(ocho-O-rianiepuHoBoit KUCTOTH B
ochoenonmupysat. VIMMyHOIIUTOXUMUYECKAST PEAKITNS
Ha NSE sgBsieTcst XopoiiM HHINKaTOPOM aKTUBHbBIX HEl-
POHOB B PasJIMUHBIX 00JIACTSIX TOJIOBHOTO Mo3ra [17].

KanbOuHANH — BHYTPUKJIETOUHbINA KaJIbIUi-CBI3bI-
BaOIUil GeJIOK, PEryJIUpyOIUii KOHIIEHTPAIIUID HOHOB
KaJIBIUS B IIUTO30JIE, & CJIEI0OBATEIBHO — BCE KaJIbIINIi-3a-
BHCHMbIE MEXaHU3MbI TOBPEKAECHUS W BOCCTAHOBJICHUS
HeiipoHOB [11—13]

P38 — uHTerpasbHbIil GeJ0K MeMOPaHbI CHHAIITHYE-
CKUX Iy3bIPbKOB, 00€CIIEUMBACT UX KOHTAKT C I[MTOIIA3-
MaTU4ecKoll MeMOPaHOU U yY4acTBYeT B IIPOIECCEe DK30- U
AHJIOIUTO3a MEIUATOPA TIPH Tepeiaye umiysbca. Mmmy-
HOTHCTOXMMHWYECKHE METO/Ibl BbISIBJICHUS P38 MCHOJIb3Y-
I0TCS JIJIsSE OLEHKU CUHATITOTEHEe3a, a TAKKe CHHATITUYECKOI
IJIOTHOCTH B HEPBHOM CHUCTEME B PA3JIMYHBIX MOJIETbHBIX
HeHpoOUOoJIOTHUeCKUX dKCIiepuMenTax [18].

NPY — 36-aMUHOKHUCJIOTHBI HEHPOIENTHI, KOTO-
PBIiT IeficTBYeT Kak HelpoMeanaTop B IeHTPaJbHO 1 Be-
TeTaTHBHON HEPBHOH CHCTeMe YeJOBeKa, COAEPIKUTCS B
TOPMO3HBIX UHTEPHEHPOHAX KOPbI TOJIOBHOTO MO3Ta, OKa-
3bIBAET MOy IUpytoriee aeticteue [15, 16].

Mpl nosiaraem, 4To B 30He JITTUTEIbHBIX HAPYIIEHMI
MukpouupkyJsiinn KI'M akTuBUpyioTcs MeXaHusmbl ec-
TeCTBEHHOW 3alllUThl HEHPOHHBIX CeTeil OT Ype3MepHOTO
HKCAUTOTOKCHMYECKOTO BO3OYKIEHUSI U MTOBPEKACHUS, KO-
TOpble MOP(OTIOTUYECKHU TIPOSIBIISIOTCS B BUJIE THIIEPTPO-

amount of the neuropeptide in CNC. In the main group the
density of bodies of NPY-positive inhibitory interneurons
was at the level of the comparison group and the relative
area of NPY-immunoreactive structures (body processes)
was significantly longer (Table 5).

Changes of cytoarchitectonics of CNC in chronic
ischemia followed by rearrangement interneural relations
demonstrate significantly reduced area of p38-positive
material in the field of view (Table 6).

Thus in the excitatory pyramidal neurons axon
synapses were damaged less than axon-dendrit /synapses.
This was evidenced by the increase in chronic ischemic
area fraction of p38-positive rigion within the areas of axo-
somatic (predominantly inhibitory) synapses in pyramidal
neurons up to 56,6—61,5%.

Discussion. Therefore, in patients with chronic
ischemia (main group) reduction of the total density of
neurons is accompanied by increased expression of CNC
markers NSE, calbindin, p38 and NPY in the surviving neu-
rons. NSE — glycolytic enzyme (2-phospho-D-glycerate
hydrolase), belonging to the enolase family, participates in
the crucial stage of glycolysis by catalyzing transitionof 2-
O-phospho-glycerol acid to phosphoenolpyruvate.
Immunocytochemical detecting the NSE is a good indica-
tor of active neurons in different brain regions [17].
Calbindin, the intracellular calcium-binding protein that
regulates the concentration of calcium ions into the cytosol
and thus is responsible for all calcium-dependent mecha-
nisms of injury and repair of neurons [11—13], as well as
p38 that is an integral membrane protein of the synaptic
vesicles, both contact with the cytoplasmic membrane and
are involved in the endocytosis of exo- and mediator in the
transmission pulse. Immunohistochemical methods that
identify p38-IC might characterize synaptogenesis and
synaptic density in the nervous system in in different neu-
robiological experiments [18]. NPY, the 36-amino acid neu-
ropeptide, which acts as a neurotransmitter in the central
and autonomic nervous system, is concentrated within the
brake cortex interneurons and provides modulating effect
[15, 16]. We believe that in the area of long-term distur-
bances of microcirculation CNC activates natural mecha-
nisms of neural networks to defend from excessive excita-
tion and excitotoxic lesions that morphologically
manifested as hypertrophy inhibitory interneurons with
increased tdensity of distribution.. It is likely that a denser
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(um TOPMO3HBIX MHTEPHEHPOHOB U YBEIMUEHNS TIOTHOC-
TH pacipesieJIeHNsT UX OTPOCTKOB. BrosiHe BeposATHO, 4TO
6oJiee IJIOTHASI CETh OTPOCTKOB TOPMO3HBIX WHTEPHEIPO-
HOB OJIOKHPYET BHYTPUKOPKOBOE PACIPOCTPAHEHUE BO3-
Gy KIAfoNeil MMITYJIbCAIIN OT TEPEKUBAIOTINX BO30YK/Ia-
10
HEHPOHHBIX ceTell K WIIeMUU 1 00ECIeYrBaeT BO3MOK-

IOINX  HEHPOHOB. MOBBIIIAET  YCTOWYHUBOCTD
HOCTb Peajin3alii MEeXaHU3MOB MX KOMIIEHCATOPHON pe-
OpraHu3aIMy 32 CYET TUIEPTPOMOUN COXPAHUBIINXCS HEM-
POHOB, POCTA UX OTPOCTKOB W CHHANTUYECKOI
IJIACTUYHOCTH [4].

Takum 006pasoM, IPU XPOHUUYECKON HIIEMHUU KOPbI
TOJIOBHOTO MO3Ta YeJIOBEKA MPOUCXOJUT PEOPraHm3aiiust
BO30Y/KIAOINX U TOPMO3HBIX HEHPOHOB, HAlPaBJCHHAS
Ha MX 3aMUTY OT MEXaHU3MOB HKCAHTOTOKCHYECKOTO TI0-
BPEXKIECHUS U KOMIIEHCATOPHOE BOCCTAHOBJIEHUE CTPYK-
TYPHO-(YHKITHOHATIBHOTO COCTOSTHUSI.

Vmerorest paboThl, B KOTOPBIX YCTAHOBJIEHO, YTO MO~
cJie MIIEeMWH TPOUCXOJUT PEOPraHn3aiinst TOPMO3HBIX U
BO30Y/KIAOINX HEMPOHHBIX CETell B Pe3yJibrare aKTHBa-
MM MEXaHU3MOB Heliporiactuuanoctu [4, 9]. BoisiBaeno
yBeJIMYEHNE DKCIIPECCUE KalbOUH/MHA B HEliPOHAX 110CIe
ocrtpoit uiiemuu [10]. ITo umMeeT cyiecTBEHHOE 3HAYEHUE
JUIst 0OCYKIeHUsST U OObSICHEHUSI PE3YJIBTATOB HACTOSIIIETO
nccaenoBauust motomy, uTo NPY-MIMMyHOTIO3UTHBHBIE MH-
TEPHEHPOHBI OTHOCATCS K KJIETKAM C BBICOKUM COJI€PIKa-
HUEM KaJbOWHINHA. YBeJIUUeHUE KOJMYECTBA U OOJIbIIast
COXPAHHOCTbh MHTEPHEHPOHOB PacCMaTpPUBAETCs, KaK pe-
3yJIBTAT KOMIIEHCATOPHOU 9KCIPECCUU KaJlbOWHINHA, pe-
TYJIPYIONIEr0 BHYTPUKJIETOYHYIO KOHIEHTPAIIMIO MOHOB
KaJIBIUSI, KOTOPBII UTPAET KJIIOUEBYIO POJIb B MHUIIUAIITHI
MeXaHM3MOB HeKpo3a u anonrosa [11—13].

Kpowme Toro, nzsectHo, uto akcnpeccust NPY cayxut
3aIUTHBIM MEXaHU3MOM OT KaJIbI[UEBOH TI€PErpy3Ku Mpu
nepeBo3OykaeHun HeilpoHos. [leiictBue NPY mosker ObiTh
CBSI3aHO C BJUSIHUEM Ha MUKPOCOCY/IbI, TIPECUHATITUYECKUE
Y2-penientopsl, MHTMOUPYIOIIKE BbiIEIEHUE TIyTamara, u
Y 1-perentopsl (B 1pe- U TOCTCUHAIITHYECKON CTPYKTYPeE).
IT0 CcrocoOCTBYET YMEHBINEHHUIO BXOJ UOHOB KaJibllUs B
KJIETKY W BBIJIEJICHUS TJIyTaMata B MEKKJIETOYHOe MPOCT-
paHCTBO — OJIOKA/IE OCHOBHBIX MEXAHU3MOB DKCANTOTOKCHU-
4eCKOTO TIOBPEK/IeHNs HelipoHOoB 1ipu uiemunu [14—16].

Takum ob6pasom, ganmbie gureparypsi [17—20] u pe-
3YJIBTAaThl HAIIUX HMCCJEOBAHUIT O CTPYKTYPHO-(YHKIINO-
HAJIbHOM COCTOSIHMU BO30YIKAAIOUINX 1 TOPMO3HBIX HEHPO-
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network of intracortical inhibitory interneurons blocks the
spread of excitatory impulses from neurons experiencing
excitation. These processes improve adaptation of neural
networks to ischemia and enable implementation of com-
pensatory mechanisms due to reorganizational hypertrophy
resulting in surviving neuronal sprouting and increasing
the synaptic plasticity [4]. Thus, in patients with chronic
ischemic human cerebral cortex reorganization of excitato-
ry and inhibitory neurons is induced to protect them from
the excitotoxic damage and compensatory restoration of
structural and functional state. There are studies that show
that after ischemia the reorganization of inhibitory and
excitatory neural networks occurs as a result of the activa-
tion mechanisms of neuroplasticity [4, 9]. The increased
expression of calbindin in neurons after acute ischemia has
been demonstrated [10].

It is essential to discuss and explain the results of the
present study since data show that NPY-immunopositive
interneurons are cells expressing calbindin. The increased
number and greater safety of interneurons might be con-
sidered as a result of compensatory calbindin expression
regulating intracellular calcium ion concentration, which
plays a key role in the initiation mechanism of necrosis and
apoptosis [11—13]. Furthermore, it is known that expres-
sion of NPY acts as a protective mechanism against calci-
um overload in overexcitation neurons. The action of NPY
could be due to targeting microvessel Y2 presynaptic
receptors and inhibition of the release of glutamate, as well
as targeting the Y1 receptor (pre- and postsynaptic struc-
tures). This prvides aid to reduce the entry of calcium ions
into the cell and release of glutamate into the extracellular
space — basic mechanisms that block excitotoxic neuronal
damage during ischemia [14—16]. Thus the available data
[17—20] and the residts of our studies on the structural
and functional state of the excitatory and inhibitory neu-
rons CNC contribute to understanding of the role of nat-
ural amplification mechanisms of inhibition of neuronal
activities to protection the human brain in chronic
ischemia from excitotoxic neuronal damage.

HoB KI'M MOTYT ysrydmuTh HOHUMAHIE POJIU €CTECTBEHHBIX
MEXaHU3MOB YCUJICHIA TOPMOKEHNS I 3alIATHI TOJIOBHO-
IO MO3Ta YeJIoBeKa IPY XPOHUYECKOH UIIEMUN OT 9KCANTO-
TOKCHYECKOTO TIOBPE/KICHIS HEITPOHOB.
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