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TOPMO3HBIE UHTEPHEPOHbBI HEOKOPTEKCA YEJIOBEKA
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Inhibitory Interneurons of The Human Neocortex after Clinical Death
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Iesb: M3yuenne KOJMYECTBA U CTPYKTYPBI HHTEPHEHPOHOB B Pa3HbIX 00JIACTSIX KOPBI TOJOBHOTO MO3Ta YeJio-
BeKa IT0cJie OCTAHOBKH cepra (KJINHNYIecKas CMepTh).

Marepuasu u metoapl. OctoBHas rpyimna (7="7, My>KUMHbBI ) TIAIIMEHTDI, IEPEKUBIITIE OCTAHOBKY CEplla 1 yMep-
e nio3:xke (depe3 7—10 m 70—90 cyT) oT OBTOPHOI OCTPOIl cepednoil HeoctTatounocT. KoHTposibHas rpytma
(n=4, My>xuuHbl) morubIine B pe3yJbraTe HecuyacTHbIX ciiydaeB. C UCIOJIb30BAHMEM CBETOBOU U KOH(POKAIbHOI
MUKPOCKOIIUY TIPOBEIEH TUCTOJIOTHYECKHi 1 MopdomeTpudecknii anain3 420 mosieit 3pennst HeokopTexca (OKpa-
cka o Huceumo, na kansounaun D28k u weiiponentuzn Y).

Pesyabratel. Y yMepiinx 06enx rpyIiil MOATBEPAUIN HATUYNE B HEOKOPTEKCE BCEX TITABHBIX THUITOB MHTEP-
HeWPOHOB (KOp3WHYaThIe, KIeTKH MapTUHOTTH U HelporanadhopMHble THTEPHEHPOHBI), B COOTBETCTBUU C
MOPGhOTOrHel UX Tesl U JEHAPUTHBIX OTPOCTKOB. IIpn 9TOM KoMM4ecTBO KambOuHanH- 1 NPY-no3uTtuBHbIx
HEPOHOB HEOKOPTEKca ObLIO OJMHAKOBBIM B KOHTPOJIE M B IIOCTPEAHUMAIIMOHHOM Ttepuoje. OnHAKO, 1M0JIst
KaabOUHAUH- U NPY-1I03UTHBHBIX CTPYKTYD, BKJIIOYasi TeJia HEPOHOB U WX JEHAPUTHI, ObLIN 3HAYUTETHHO
Gouibiiie B 06pa3iiax OCHOBHON TPYIIIIBI, 4eM B KOHTPoJIe. MakcumaibHoe yBeanderue ooIe miomapn Kaib-
OUHAMH-TIO3UTUBHBIX CTPYKTYP Habaoganock yepes 90 cyT mnoce kianHndeckoit cmepru. [Lnomans NPY-1o-
3UTUBHBIX CTPYKTYP Obliia GoJIble, YeM B KOHTPOJIE, YIKE Uepe3 7 CyT 1OCJIe 0KUBJACHUS 1 OCTAJIACh HA 9TOM
yposHze yepe3 90 cyT.

BbIBOI[. Harmmm HaXO/IKN CBUIETEJIbCTBYIOT 06 yYBeJIMYEHUU ITOCJIE KJINHIYECKOI CMEPTHU dKCIIpeCCUmn KaJIbOMH-
JMHa 1 NPY B HEOKOPTEKCE YEJIOBCKA, YTO PACCMATPUBACTCA KaK KOMIIEHCATOPHAasA PEaKINA HEITOBPEKIACHHDIX
TOPMO3HBIX KOPKOBBIX I/IHTepHeprOHOB, HalpaBJIeHHAas Ha 3alllUTy MO3Ta OT UIIIEMUH.

Kmouesvle crosa: kiunuveckas cmepmo; 4eiosex; HeoKopmexc; mopMosHvie unmepHeuponvl; karvoundun D28k;
neuponenmud Y

Objective: to analyze the human neocortex interneurons (areas 4, 10, 17 and 21 by Brodmann) after cardiac
arrest (clinical death).

Materials and methods. The main group included patients (7=7, men) who survived 7—10 days and 70—90
days after cardiac arrest and later died due to heart failure. The control group (z=4, men) included individuals
after sudden fatal accidents. The morphometric and histological analysis of 420 neocortical fields (Nissl-staining,
calbindin D28k, neuropeptide Y) was performed using light and confocal microscopy.

Results. We verified all main types of interneurons (Basket, Martinotti, and neurogliaform interneurons) in
neocortex based on the morphology of their bodies and dendritic processes in both groups. The number of cal-
bindin- and NPY-positive neurons in the neocortex was similar in the control and in the postoperative period.
However, calbindin- and NPY-immunopositive structure fields including neuronal cell bodies and their dendrites
were significantly more represented in neocortex of patients from the main group. Maximum increase in common
square in the relative areas of calbindin-immunopositive structures was observed 90 days after ischemia. The
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squares of NPY-immunopositive fields became larger seven days after resuscitation and remained increased on 90th

day post-resuscitation.

Conclusion. Our findings demonstrate an increase of calbindin and NPY expression in human neocortex after
clinical death, which can be explained by a compensatory reaction of undamaged inhibitory cortical interneurons

directed to protectbrain from ischemia.
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BBenenne

Hanmunie TOpMO3HBIX MHTEPHEHPOHOB MOKa3a-
HO BO BcexX (€3 MCKJIIOUEHHUST CJI0SIX HEOKOPTEKCa, T
OHU ABJISAIOTCS TTOCTOSHHBIM KOMIIOHEHTOM JIOKAJTh-
HBIX MeKHelponubix 1ereit [1]. @opma u pasmepsr
TeJa, XapakTep pPas3BeTBJIECHUS W JJINHA OTPOCTKOB
Pa3JINYHBIX MUHTEPHEHPOHOB CYIIECTBEHHO OTJIMYA-
I0TCS ¥, BEPOSTHO, 3aBUCAT OT (DYHKITUU KOHKPETHO-
ro Heiipona |2, 3].

B HeokopTekce MIEKOTMUTAIONINX TOPMO3HBIE
UHTEPHENUPOHBI IPENCTABISIIOT c060il pasHOPOJI-
HYIO MOTYJISAINI0 HEITMPAMU/IHBIX KJIETOK, CO/lepKa-
mux Meguarop TAMK, komenuaTopbl u Heiiporier-
THJBI (COMATOCTATHH, KAJILOUH/IUH, TAPBATIbOYMUH,
KaJTbPETUHWH, XOJTCIIMCTOKUHUH U HeHporenTus Y)
[3—6]. TAMK-aprudeckue TOpMO3HbBIE WHTEPHCH-
POHBI KOPbI B HEHPOXUMUYECKOM OTHOIIEHUHN HEO-
IuHakoBbl. B neoxoprexce 20—25% unrepueiipo-
HOB 39KCIIpeccupyer mnapBaibOymun, 45—50% —
kanpperruaut u 20—25% — kanpOuHaut [ 3].

ITo manneim C. Aoki u V. M. Pickel [7], B kope
rosoBHOTO Mo3ra Heiiporientun Y (NPY) comepsxut-
s IPEUMYTIECTBEHHO B TOPMO3HBIX MHTEPHEHPOHAX
n cocraBisier 1—2% Bcex ee HeliponoB. CremoBa-
tesibHO, upenTudukannsg NPY MoxeT ObITh UCIOJIb-
30BaHa I aHAJIN3a KOPKOBBIX TOPMO3HBIX MHTEP-
HeiiponoB [3, 8]. Takum ob6paszom, aHTHTEJNA K
kaapOuHauay U NPY MoryT ucrosib3oBaTbhCs st
UACHTU(PUKAIIMI TOPMO3HBIX UHTEPHEHPOHOB KOPBI
TOJIOBHOTO Mo3ra uesioeka [9, 10].

[Tpormrbie MosieKyISpHBIE 1 MOphOMeTpuYec-
KHUe MCCIeIOBAaHUS MOKA3aJIM CYIIECTBEHHYIO POJIb
Kak BO30YKIAMOIINX, TAK ¥ TOPMO3HBIX MHTEPHEN-
POHOB B PEaKIMU W PEOPraHM3aluid KOPKOBOHU U
CyOKOPTUKAJIBHOIT ceTell ocie OBPEKIEHUS TOJI0-
BHOTO MO3Ta W B PAa3BUTHUH TATOJIOTHH TOJOBHOTO
mo3ra [4, 11, 12].

[lesp ucceoBanns — U3yd4eHne KOJUIeCTBA U
CTPYKTYPBI HHTEPHEHPOHOB B Pa3HbIX 00JIACTSX KO-
pPBbI TOJIOBHOTO MO3Ta 4YeJIOBEKa I10CJe OCTAHOBKU
cep/ia (KJIMHUYECKask CMEPTD).

Marepuan u MeTO/bI

B wuccaenoBanye ObLIN BKIOYEHbI MyKunHbl (n=11,
BospacT — 58—70 Jietr) 6e3 IPeAIEeCTBYOIUX HEBPOJIOTU-
yeckux 3a0oseBanuil. OCHOBHAS IPYIIA COCTOSLIA U3 CEMU
MAIMEeHTOB, MEePEHECHTNX OCTAHOBKY cepia (KIMHudec-
Kasi CMePTh), YCIENIHO PeaHUMHUPOBAHHBIX M yMEPIIUX

Introduction

The presence of inhibitory interneurons has
been previously demonstrated in all layers of neocor-
tex as a constant component of local interneuron
networks [1]. The shape, body size, character of
branching, and the length of processes in various
interneurons are significantly different and depend
on specific neuron function |2, 3].

In the mammalian neocortex, the inhibitory
interneurons are present by a heterogeneous popula-
tion of non-pyramidal cells, containing GABA neu-
rotransmitters, co-mediators, and neuropeptides
(somatostatin, calbindin, parvalbumin, calretinin,
cholecystokinin, and NPY) [3—6]. GABA-ergic
inhibitory cortical interneurons are non-homolo-
gous in neurochemical aspect. About 20—25% of
interneurons in neocortex express parvalbumin,
45—50% express calretinine, and 20—25% of them
express calbindin [3].

According to Aoki et al [7], cortical inhibitory
interneurons contain mainly NPY and constitute
1—2% of all neurons in neocortex. Therefore, the
identification of NPY can be used to analyze corti-
cal inhibitory interneurons [3, 8]. Thus, Cal and
NPY antibodies can be used for identification of
inhibitory interneurons in the human cerebral cor-
tex |9, 10].

Previous molecular and morphometric studies
showed the significant roles of both excitatory and
inhibitory interneurons in reaction and reorganization
of cortical and subcortical network after brain injury
and in developmental brain pathology [4, 11, 12].

The purpose of this study was analyze the amount
and structure of interneurons in different human neo-
cortical areas after cardiac arrest (clinical death).

Materials and Methods

Patients without previous history of neurologic dis-
ease were included in the study. 11 patients (males, age
58—70 years) were investigated. The group of interest,
patients with the clinical death, included seven patients
who had suffered from cardiac arrest and successfully
resuscitated; later these patients died from an acute fatal
cardiac failure 7—10, 70—90 days after clinical death. In all
cases the resuscitation included artificial ventilation, oxy-
gen, and medications to enhance cardiac function. Four
patients who died from accidents served as controls. The
study protocol was approved by the ethical committee of
the Omsk State Medical University [13].
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M033Ke B Pe3YJIbTaTe OCTPOI CepAeYHON HeJJOCTATOUHOCTH
yepe3 7—10 u 70—90 cyT mocse kiuaMIeckoi cMepTr. Bo
BCEX CJy4asix pPeaHuMalusi BKJIOYAJa MCKYCCTBEHHYIO
BEHTHJISIIMIO JIETKUX W JIEKAPCTBEHHBIE IPeNnaparel, YCHU-
auBaBie GYHKIWIO cepiedyHoil pedrtesbHocTH. KOH-
TpoJibHas rpyiia (7=4) cocrosiia u3 norubIux B Pe3yJib-
TaTe HECYACTHBIX CiIydyaeB. VlcciemoBaTerbCkmii IPOTOKOJ
o106pen aTudeckuM KoMuTetoM OMCKOTO TOCYIapCTBeH-
HOTO MEIMIIMHCKOTO yHUBepcuTeta [13].

CrBoJIOBBIE (DYHKITMH TOJTOBHOTO MO3Ta OBLIH BOCCTA-
HOBJICHBI Y TIAIIMEHTOB B TeueHHe 2—3 MUHYT II0CJIE pea-
HUMAaIUK. 3aTeM TAlMeHThl ObLIM TPAHCIIOPTUPOBAHBI B
HaJIaThl THTEHCUBHOI TepaIu, rie ITOCTOSTHHO KOHTPOJIH-
POBAJIN ¥ MOJJIEP’KUBAIN B TIpe/ie/lax HOPMaJIbHBIX 3HaUe-
HUil ocHOBHbIe (dusnosornyeckue mapamerpsl. Coracue
Ha 3a00p TKaHEl M0JIyYeHO Y POJACTBEHHUKOB.

AyTorCUITHBIN MAaTepUaJ B3AT B TeUeHUE MePBbIX 24 da-
COB ¢ MOMEHTA KOHCTaTaI[iu GHOIOTHYeCKOil cMepTH. Db
MCcCITeIoBaHbI [BUTaTeTbHas (11oJte 4), Bucounas (momue 21),
so6mast (mosre 10) u 3aputenbras (ose 17) Kopa ToJ0BHOTO
mosra (KTM). DparmeHThl TKaHeil B MOATOTOBUTEIBHOM
6s10ke pazmepom 20X10X10 MM 1orpysKaiu B 4% pactBop
napadopmaibaernga ¢ 0,1 M dpocharabiv 6ydepom ipu pH
7,4 v XpaHWJIN B 9TOM PACTBOPE B XOJIOJUIIbHUKE ITPU TEM-
nepatype 4°C. Cpessr TommuHoit 10 m genamm Bo ¢pon-
TAJIBHOM TIJIIOCKOCTH Yepe3 BCe CJION KOPbI Ha 3aMOPakiBa-
fommem kpuoctare (Cryostat, Leica, Germany). Yactb
cpes3oB Oblta okpairena no Huccmo (Kpe3uiaBuoser) st
BUBYyaIM3alK CJI0EB ¥ 00Ielt TTocI0iiHoi MopdoMeTpuye-
cKkoii xapakrepucTtuku HeliponoB KI'M.

[Tocae npennkybanuu B (ocdarnom Gydepe cpesbl
06pabaThIBaIN IJIsI HEIPSIMON NMMYHO(MITYOPECIICHITHH ¢
MCIIOJTb30BAHNEM TIEPBUYHBIX MOHOKJIOHAJIBHBIX AHTHUTEN
(Calbindin D28k; SWant, Swissantibodies, Switzerland,
diluted 1:400 and Neuropeptide Y, NPY; SigmaChemicals,
St.Louis, USA; diluted 1:8000). 3atem cpesbl nHKYOUPO-
BAJI CO BTOPUYHBIMU aHTUTeTaMu (Sigma) B pa3BesieHnn
1:200 B 0,1 M (docdarnom Oydepe, conepxkamum 0,3%
Tpuron X100, B Teuenue 2—3 4 11pu KOMHATHOI TeMIiepa-
type. Ilocie npombiBku cpesbl unky6uposaiu ¢ FITC-
KOHBIOTUPOBAHHBIM  cTpentaBuguHoM  (Amersham,
Buckinghamshire, UK) B passezernu 1:200 B TemuoTre B
Teyenne 1—2 4 Ipu KOMHATHOH TeMIepaType, IPOMBIBAIN
B (hocarHom OGydepe. 3aTeM Bee cpesbl MOHTHPOBAIM HA
MPEJIMETHBIE CTEKJIA C TJIUIEPUHOM.

VIMMYHOTHCTOXMMHUYECKHUE TTPENapaThl IPOCMaTPpHUBa-
scpb Ha BioRad MRC 600 kondokanibHOM JIa3epHOM CKa-
HUPYIOIEM MUKPOCKOIIE, MPUCOeIMHEHHOM K duryopec-
nentHomy Mmukpockony Nikon FXA. Onrumaibrbie
YCJIOBUST ISl BbISIBJIEHUS UMMYHO(IIYOPECIIeHIIMK ObLIN
caenytornue: ygeandenue aunsbl — X20 (o6bexktus Nikon;
Fluor 1.30), mar npocMoTpa cpe3oB — 2 wn, yBeJudeHne
HoJist — 3, CPe/IHsist IIOTHOCTb — 1, PeskuM OBICTPOrO TIPO-
cMoTpa, 10 TPOCMOTPOB KasKI0TO Cpe3a ¢ MOMOIIbIO (hUTb-
tpos Kalman ¢ koaddurmentom 3 u pasmepom 6J10ka 1/4,
COXpaHeHue B maMsTH Komibotepa. O61acTh CKaHUPOBA-
Hus coctansina 140X125 mxm (17500 mxm?) ma yposwe 11T
u V ciaost KIM. Paszpemnienue marpuiist — 0,48X0,48 mMimM,
obuactb nzobpakenust — 384X256 nukcesneil. UmmyHod-
JIyopecIieHIHs U aunodyciiuHoBas Guyopeciienims cha-
yajra mpoBOINJIACK € UcIosb3oBanueM dhuibrpa 488 DF 10
wyepes MepBbIi KAHAT «3eJICHBIN» ¢ MOIyYeHneM H300paske-
uust 5—10-Tu Z-cepuiiHbIX yJacTKOB, KOTOPbIE COXPAHsI-
Jinch B aitnax Ha jasepHbix auckax. 3ateM KJICM Bos-

The patient's brain stem functions have been recov-
ered in 2—3 minutes after resuscitation. Then the patients
were transferred to the intensive care unit, basic physio-
logical parameters were monitored continuously and main-
tained within the normal ranges. The agreement for tissue
collection was received from relatives.

Autopsy material was obtained within the first 24
hours after biological death ascertaining. Motor (area 4),
temporal (area 21), frontal (area 10) and visual (area 17 by
Brodmann) cortices were investigated. A small prepara-
tion block of each cortical area 20X10X10 mm was imme-
diately immersed in 4% paraformaldehyde based 0.1 M
phosphate buffer (PB) at pH 7.4 and stored in this fixative
at 4°C till further processing from three to seven days. The
cortical specimens were serially sectioned perpendicular to
the pial surface using freezing Cryostat at 10 um
(Cryostat, Leica, Germany). A sample of the frozen sec-
tions were stained with Nissl-stain to visualize the basic
cortical anatomy.

After preincubation in 5% non-fat milk in PBS for 1 h
in a free floating condition, sections were incubated for indi-
rect immunofluorescence with primary monoclonal anti-
body (Calbindin D28k; SWant, Swiss antibodies,
Switzerland, diluted 1:400 and Neuropeptide Y, NPY; Sigma
Chemicals, St. Louis, USA; diluted 1:8 000) in PBS con-
taining solution for 12 h at room temperature. After three
15-min washes with PBS, the sections were incubated with
biotinylated anti-mouse (Sigma) secondary antibody dilut-
ed 1:200 in 0.1 M PBS containing 0.3% Triton X100 solution
for 2—3 h at a room temperature. Following three addition-
al washes, the tissue sections were incubated with FITC-
conjugated streptavidin (Amersham, Buckinghamshire,
UK) diluted 1:200 in dark for 1—2 h at room temperature.
Afterward, three 15-min washes with PBS were performed.
All sections were installed on a microscope glass slide and
coverslipped with glycerol in PBS.

Sections were examined using a BioRad MRC 600
confocal laser microscope (CLSM) attached to Nikon
FXA fluorescent microscope. Argon and krypton mixed
gas laser with filters for FITS 488 DF 10, and 568 DF 10
were used. The optimal conditions for CLSM imaging of
immunofluorescence and lipofuscin were the following:
lens magnification of X20 (Nikon objective; Fluor 1.30),
the optical sections scanned with a regular increments of 2
um, zoom factor of 3, neutral density of 1, and fast speed
scanning regime was applied. Each optical section stored in
the computer memory was the result of 10 scans by
Kalman filtering, with a division factor of 3 and box size
was equal to 1/4. The scanned area was 140X125 um, a
matrix resolution was equal to 0.48%0.48 um, and an image
area was 384%256 pixels at level III and V of the cerebral
cortex. Immunofluorescence and lipofuscin fluorescence
were initially carried out using 488 DF filter through the
first «green» channel with a certain number of 5—10
CLMS Z-series frames stored in files on laser CD discs.
Afterward, CLSM was returned to its original position and
the same area was studied for lipofuscin with 568 DF 10
filter through the second «red» channel and the corre-
sponding Z-series frames were also stored. The morphome-
tric analysis was performed using «Image] 1.46» software.

Interneurons were identified on the basis of morpho-
logical criteria, established for this type of cells [14]. For
immunohistochemical Cal detection, the typology of
interneurons was determined by small perikaryon size with
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Puc. 1. Heiiponsi ciios III (a) u V (b) nons 10 106H0# KOPBI FOJOBHOTO MO3Ta NAMEHTOB KOHTPOJbHOI TPYTIIbI.
Fig. 1. Neurons in layer III (a) and V (b) of area 10 frontal cerebral cortex of control group.

Note. Nissl stained. Fold X10 (a), X40 (). Scale bar — 50 pm.
IIpumeyanue. Okpacka 110 Huccmo. O6. X10 (a) u X40 (b). Ikana — 50 MKM.

BpAIlaii B IEPBOHAYAIBHOE MOJIOKEHUE U ATY 5Ke 00J1aCTh
ucesenoBanm Ha gumodycnut ¢ puasrpom 568 DF 10 ge-
pe3 BTOPOil KaHaJl «KPaCHBI», a COOTBETCTBYIOIINE Z-yua-
CTKM TakKe coxpaHsinch. Mopdomerprueckuii aHains
IIPOBEJIH € MCII0JIb30BaHeM TporpaMmbl «Image] 1.46».

WnTepueiiponbl naeHTUPUIMPOBAIN HAa OCHOBAHUU
MOPGhOJIOTHUECKIX KPUTEPHEB, YCTAHOBJIEHHBIX VIS JIaH-
HOTO TUNA KiIeToK [14]. [Ipy MMMYyHOTHCTOXMMHYECKOM
BbistBiieHnY KaubOuHanHa (Cal) Tunosnorust uHTepHENpO-
HOB OTIPe/IeISIach HeGOIbIIO BeMYUHON MEPUKAPUOHA C
KOPOTKHMMHU PaJIaTIbHBIMU IeHApuTaMu. B xome mopdome-
TPUYECKOTO aHAMM3a ONpPeAesan OOIYI0 YUCICHHYIO
IJIOTHOCTh HEWPOHOB M OTHOCHUTEJBHYIO ILIomaas (%)
Cal- u NPY-1o3uTuBHBIX CTPYKTYp (T€a U OTPOCTKU B
HEHpoIIIIe) B T10JI€ 3PEHUS MUKPOCKOIIA.

[Ipenaparsi, okpatenubie o Huccutio, hotorpacdupo-
BaJIM ¢ TToMotbio Mukpockora Leica DM 1000, gesanu 1iu-
dbpossie Mukpodotorpadun (2048X1536 mmkceneii) Ha
ypote III u V cioss KI'M. Ha nosryuenubix Mukpogoro-
rpadusIX TPOBOIMIN OOIILYIO OIIEHKY OCHOBHBIX THITOB He-
MUPAMU/THBIX HEHPOHOB.

[l cTaTUCTUYeCKOTO aHa/In3a MOJYYEeHHBIX Pe3yJib-
taToB ucrob3oBasu porpammy STATISTICA 8.0. IIpo-
BEPKY CTaTUCTUYECKHX TUIIOTE3 TIPOBOJMIIN MIPU TOMOIIN
HermapameTtpudeckoro U-kputepus Manna-Yutau (s
mapHoro cpasBHeHus), ANOVA Kpackena-Yonnuca u
Opuamana (77151 MHOKECTBEHHOTO CpaBHEHMs ). B Kaxmom
CPaBHUBAEMOM CJIy4yae KOJIMYEeCTBO M3MEPEHUil M IoJieit
3peHUsT KJIETOK OMPE/IENsIOCh TPeOOBAHUAMU BbISBJICHST
HEOOXOAMMON cTaTrcTHYecKoii sHaunmoctr (p<0,05).

PesyabraThl 1 00CyK/IEHHE

B KI'M 11 KOHTPOJIBHOIN ¥ OCHOBHOI TPYTIITBI
1peob1ajialii HOPMO- ¥ THIIEPXPOMHBIE HECMOPIIIEHHBIE
HelPOHbL, YaCTh KOTOPLIX MMeJla IIPU3HAKU Pa3/IMuHbIX
YPOBHEH ayTOMMTUYECKMX M3MEHEHUN IUTOILIA3MBL

short radial dendrites. During the morphometric analysis,
total numerical density of Cal-immunoreactive neurons
and relative density (%) of Cal-positive structures (bodies
and processes in neuropile) were defined.

Images of specimens stained by Nissl were acquired by
a Leica DM 1000 microscope as digital micrographs
(2048%1536 pixels) of layers IIT and V of the cerebral cor-
tex. General evaluation of the main types of the nonpyra-
midal neurons in the neocortex was conducted using the
micrographs.

Results were analyzed using STATISTICA 8.0 soft-
ware. The non-parametric U-Mann-Whitney test (for
paired comparison) and Kruskal-Wallis ANOVA and
Friedman ANOVA tests for multiple comparisons were
used. In each compared case, the number of dimensions
and cell fields were determined and differences were con-
sidered as statistically significant at P<0.05.

Results and Discussion

Normochromic and hyperchromic non-shrunk-
en neurons were predominantly seen in cerebral cor-
tex of control and basic group. Different levels of
autolytic changes were shown in the cytoplasm of
most cells. The highest neuronal density was
observed in cortical layer III in all studied sections
(Fig. 1).

Cal- and NPY-immunopositive neurons were
detected in all layers of studied cortical fields, with
layer 11T showing the highest numbers. Cal staining
was detected in both pyramidal and non-pyramidal
neurons. The maximal quantity of Cal-positive pyra-
midal neurons was detected in cortical layer V (Fig.
2). The identification and classification of Cal-posi-
tive neurons by their cell body and processes mor-
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Puc. 2. UmmyHogayopecuenTHas MapkupoBKa kaabounauna D28k (a, ¢) u NPY (b) B Tese u orpocTkax Heiiponos caos III (a, b) u

V (¢) KopsbI GOJIBIIOro MO3ra MANUEHTOB KOHTPOIBHOM TPYIIIIBL.

Fig. 2.Various types Cal- and NPY-positive neurons of a cerebral cortex in norm.

Note. Immunofluorescent marking of calbindin D28k (a, ¢) and neuropeptide Y () in the neuron body and processes of layer III (a, b)
and V (¢) of cerebral cortex of control group. a — area 21; b, ¢ — area 4. Arrows — pyramidal neurons. Fold X20. Scale bar — 50 um.
IIpumeuanue. a — noJie 21 BucouHOIt 10711; b, ¢ — 110J1e 4 j106H0# osn. O6. X20. Crpesiku — nupamujbie Heiiponst. HIkama — 50 MKM.

IT10THOCTD KJIETOK ObliIa CYIIeCTBEHHO Bbile B cyoe 111
BCEX M3YUEHHBIX TT0Jiei HeokopTekca (puc. 1).

Cal- u NPY-no3uTuBHbIe HEHPOHBI BBISIBJISLIH
BO BCEX CJIOSIX M3YYEHHBIX IMOJIEH HEOKOPTEKCa, HO
npeobuagamu B cioe 111, KaabOUHANH BBISBISIN B
MUPaMUIHBIX W HENMMpPaMUJHLIX Heiponax. [lpu
3TOM MAKCHUMaJbHOE KOJTMYECTBO BEPUDUITIPYCMBIX
Cal-mo3uTuBHBIX TUPAMUIHBIX HEHPOHOB OTMEYa-
Joch B caioe V KI'M (puc. 2). OgHaKo TOJIBKO 4acTh
Cal-mo3uTuBHBIX KJIETOK MOKHO ObLIO Bepuduiiu-
poBarb 110 hopme TeJia, OTPOCTKOB U OTHECTU K KaKO-
MY-TO OIIPEIEJIEHHOMY THITy HEHPOHOB. JTO OBLIO
CBA3aHO € TeM, 4TO (hyryopeciupyiomnas MeTKa B IiH-
TONJIA3Me TIJI0X0 WACHTU(MUIUPYEMBIX HEHPOHOB

phology was partial, secondary to the irregularity of
fluorescent mark spreading in cytoplasm of some neu-
rons. The marks appeared as single granules, or their
aggregates, without coloring of cytoplasmic and/or
the neuronal contours. Moreover, in a substantial part
of Cal-positive cells, their processes were not detect-
ed, which complicated the cell discrimination (Fig. 2).

Among the clearly verified Cal-positive non-
pyramidal cells, we observed predominantly basket
cells, Martinotti cells and neurogliomorphic
interneurons. In the most cases, there were more
intense fluorescence in layer III (Fig. 3).

NPY allows to verify exactly the bodies of
interneurons only and their long processes in neu-
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Puc. 3. OcHoBHbie MOPGOTHUIIBI HHTEPHENHPOHOB KOPHI TOJIOBHOTO MO3ra MAllHEHTOB KOHTPOJIbHOM IPYTIIbI.

Fig. 3. Basic types of interneurones in cerebral cortex in norm (control group).

Note. a — neurogliophoric cell, area 17 layer III (NPY); b — neurogliophioric cell, area 17 layer II1I, calbindin D28k; ¢ — bipolar
Martinotti cells, area 17 layer I11, calbindin D28k; d — big basket-neuron, area 17 layer ITII (NPY). Fold X20. Scale bar — 50 um.
Ipumeuanue. a — HeiiporanodopHas kiaerka, 17 moJie 3aTbuiounoit gouu, caoit I (NPY); b — ueiiporanodophsie kiaerka, 17 moJie 3a-
THLIOYHOMN souu, caioil 111, kans6unaun D28k; ¢ — 6umnossiprbie kiaerku Maprurorta, 17 noste 3aTbliouHoii 1o, cioii 111, kanbOuHanm
D28k; d — 6osb110ii KOp3uHyaThiil HelipoH, 17 mose 3aTbLTouHOi Koau, caoit 11T (NPY). O6. X20. IIkana — 50 MKM.

pacrpeziesisiach HepaBHOMEPHO, €IMHUYHBIMU T'pa-
HYJIaMU WJIA arperataMi rpanyJi, He OBTOPSIONINX B
COBOKYITHOCTH KOHTYPBI HelipoHOB. Kpome TOrO, B
sHaunTesbHON dacTu Cal-TO3UTHBHBIX KJIETOK He
BBISIBJISIIM WX OTPOCTKU, YTO TaK K€ 3aTPYIHSJIO
JIMCKPUMUHAITNIO KJIETOK (puc. 2).

Cpenu yerko Bepubuinmpyemoix Cal-mosurus-
HBIX TOPMO3HBIX WHTEPHEHPOHOB PA3JUYHBIX TTOJIEi
KTM mnpeobiaaiu KOp3uHYAThIE KJIETKH, KJIETKU
MapTuHoTT ¥ HelporauoGOpMHbIE WHTEPHEHPO-
Hbl. B cioe III, kak mpaBusio, B aTUX MHTEPHEPOHaX
BBISIBJISLIACh O0Jiee MHTEHCUBHAS (DJIyOPECIIEHIHsI
Mapkepa (puc. 3).

ropile. There is an opportunity to evaluate the exact
amount of NPY in concrete cortex area by square of
mark in unit of area of sight using ITmage] 1.46 (Fig.4).

A large numbers of hyperchromic wrinkled
(dehydrated) cells and shadow-cells were detected
in the group of interest. These morphologic changes
accompanied by a different intraneuronal spreading
of immunohistochemical calbindine marker (Fig. 5).

There were numerous cells with compact mark-
er aggregates and some neurons with diffusely dis-
tributed fine fluorescent particles (20—25%, 95%
CI). Basket-cells, Martinotti and neurogliomorphic
cells were the dominant interneurons in the neocor-

OBINAA PEAHMMATOAOTI WS, 2016, 12; 4

www.reanimatology.com

29



30

Original Observation

DOI:10.15360/1813-9779-2016-4-24-36

Puc. 4. Teno u orpoctku (crpenka) NPY-no3uTHBHBIX HEI{POHOB B HOpMe.

Fig. 4. Features of distribution NPY in interneurons bodies and processes in norm.

Note. Layer I11, fields 4 frontal shares of the control group patient. (X20). Cells, that don't contain NPY, are identified as pale formations
(inside the ovals). The area of immunofluorescence marking is 3,5% field of vision. Fold X20. Scale bar — 50 pm.

IIpumevanne. Cooii 11 mosst 4 mo6Ho# mou 60abHBIX KOHTPOIbHON rpymiel. O6. X20. Kuerkwu, e cogepskantie NPY, BBISBISIOT-
ca B BuIe Gaennbix oOpasoBaHuii (BHyTpu 0BasoB). ILiomiaas nuMMyHOMIYOPECIEHTHON METKU COCTaBasAeT 3,5% MOJs 3PEHUsI.

[Ixama — 50 MKM.

NPY 103Bosisisi OTYETIIUBO BepU(DUIIMPOBATD
TeJia TOJIbKO MHTEPHEUPOHOB U UX JITTMHHBIE OTPOCT-
KU B Heliporuye. ITO aBaJI0 BO3MOKHOCTb TOYHO
OIIEHUBATh KOJUYECTBO HEHPOTENTH/IA B KOHKPET-
nom mojie KI'M 1o miomajim MeTKu Ha eIUuHUILY
IJIOMIA/IN TIOJIS 3PEHUS, MCHOJb3ysS MPOTPAMMY
Image] 1.46 (puc. 4).

B ocnoBHo1i rpyTimie (1mociie KITMHUIeCKO cMep-
TH) BBISIBJIEHO OOJIBINOE COZIEPIKAHIE THITEPXPOMHBIX
CMOPIIEHHBIX (IeTUAPATUPOBAHHBIX) KJIETOK U KJe-
TOK-TeHel. ITU MOpGhOJIOTHIYECKUEe U3MEHEHUS CO-
MPOBOKAAINCH U3MECHEHUSAMH BHYTPUHEHPOHAIBHO-
ro pacrpeneneHud (Iyopeciupyonero Mapkepa
KaJpOuHnHa (puc. 5).

VBeIMUMBaIOCh KOJUUYECTBO KJIETOK C TJIBIO-
YaTbIM KOMIAKTHBIM paclipe/ieJieHueM MapKepa |
KJIETOK C HE3HAUYUTEJbHBIM KOJU4ecTBOM Auddys-
HO pacmpe/ieJIeHHbIX MeJKNuX (hJIyopeciupyonmx
gactun, (20—25%, moBepUTENbHBINI WHTEPBAJ).
Cpemn xopo1o BepuuimpyeMpiX HEIPOHOB, Kak 1
B KOHTPOJIE, MOCJIe KIMHUIECKOI cMepTu mpeodIia-
JIa7TM KOP3WHYATBIE KJIETKH, KJIeTKH MapTUHOTTH 1

tex after acute ischemia as well as in control group
(85—95%, 95% CI).

Comparative morphometrical analysis in the
control and the main groups showed no statistical
changes in total numerical density of Cal- and NPY-
positive neuron's bodies (Table 1).

There were a large number of various Cal-
positive neurons in neocortex after clinical death
(Fig. 5, a). Pyramidal neurons with increased total
mark volume in cytoplasm in layer TIT & V after
ischemia were detected. Due to them the relative
area of Cal-immunoreactive structures in layer
IT1&V of brain cortex was significantly larger after
ischemic event, than in control group. These
changes were detected 90 days after the cardiac
arrest and resuscitation (Table 2); however, the
total numerical density of Cal-positive neurons
was not significantly changed (Table 2).

The numerical distribution of NPY interneu-
rons was the same in different cortical fields of main
and control group — the percentage of these cells
was 1—2% of all Cal-positive neurons (Table 1). At
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HeliporsimoopMuble TOPMO3HbIE HHTEPHEWPOHbI
(85—95%, noBepuTENbHBIN UHTEPBAI).

CpaBHUTETBHBINT MOP(HOMETPUYECKIH aHATN3
KOHTPOJIbHOI ¥ OCHOBHOM I'PYIIIbI [IOKa3aJl, 4TO 00-
mag yucyaennas miotHocts tesr Cal- u NPY-nosu-
THUBHBIX HEHPOHOB Y HUX CTATUCTUYECCKHU 3HAYUMO HE
pasnuuarnach (tabir. 1).

Iocne kaunudeckoit cmept B KI'M 06bL10
uaeHTU(UIIMPOBAHO OOJIBIIOE YUCIO pa3Hoobpas-
Hbix Cal-mosutuBHbIX HeiipoHOB (puc. 5, a). Boiss-
JIEHBI TTUPAMUHbIC HEHPOHBI C YBEJTUYEHHOU ILIO-
maabio oomeil MeTk B uToruiasme B ciaoax [1I u V
rnocJie WIeMUH. 32 CYeT HUX OTHOCUTENIbHAS ILIO-
maap Cal-nosutusHbix cTpykryp B caosx 11T u V
paziuunbix mosieit KI'M B ocHOBHOIT Tpyriie Oblia
CTATUCTUYECKU 3HAYMMO BBIIIE, Y€M B KOHTPOJIE.
Ocobenno 910 6b1I0 XapakTepHo yepes 90 cyT mocie
oxussiernst (tabs. 2). Ipu atom 06Iast YyucaeHHast
mwiotHocTh Cal-mo3uTHBHBIX HEWPOHOB CTATHCTHYE-
CKU 3HAYMMO He pazimyanach (tabu. 1).

KommuecTBeHHOE pacipeziesieHue MHTEPHEHpo-
HOB ¢ NPY 0bL10 OJJMHAKOBBIM B Pa3JIMYHBIX KOPKO-
BBIX TOJISIX KOHTPOJIbHOW U OCHOBHOU TPYTIIBI — JI0-
JSI 9TUX KJeTOK cocrtaBiasna 1—2% oT Bcex
Cal-nosuruBHbIx Heliporos (tabu. 1). IIpu sToM OT-
HocuTesbHas 1y1omaAb NPY-1I03UTUBHBIX CTPYKTYP
(TIepuKapuoH, OTPOCTKN ) BO BCEX U3YUAEMbIX TTOJISAX
OCHOBHOH TPyMIbl OblJA CTATHCTHYECKH 3HAYUMO
6outbiiie (Tabu. 2).

CyriecTByeT /Ba OCHOBHBIX IYTH JECTPYKIINN
U CMEPTH HEUPOHOB IOCJE OCTPOU HUIIEMUU TOJO-
BHOTO MO3ra: HeKpo3 u arornrto3 [15, 16]. [lentpasb-
HYTO POJIb B 3TUX TIPOIeccax UrpaeT BHYTPUKJIETOY-
Hasd KOHIEHTpAIMsA WOHOB KaJbIlMsA, YPOBEHD
KOTOPOTO MOBBINIACTCS ITPU UTIIEMUH U TIPOJIOJIKAET yBe-
JIMUUBATBCS B TMOCTUIIEMUYecKoM Tiepuozie [16—18].
BuyTpursieTouHoe cojep:kaHue MOHOB KaJbI[Us
IPSIMO CBSI3aHO € METABOJUYECKUM COCTOSIHUEM U
aKTUBHOCTBIO HelipoHOB. HopmasbHble KU3HEHHbIe
(byHKIIMN HEHPOHOB U 2JIeKTPODUZUOJIOTHUECKUE
MPOIeCChl BO3MOXKHBI MTPU KOHIIEHTPAIIMKA BHYTPH-
kierouHoro xasupiusa Menee 180 uM. Ilosbiirenue
kontentparuu Ca2* 1o 180—500 1M o6bIuHO BezeT
K IOJITOCPOYHON JIeTIPeCCUN CUHATITUYECKOI Tiepeia-
YU U JIOJATOCPOYHOMY TOTEHIIMpoBanuio. KoHieHT-
pamust 6ostee 600 HM GJIOKUPYeET MIACTUYECKIE Me-
XaHU3MbI U aKTUBUPYeT Trbesb kietku [19].

KanbOunanH, Oyaydn Kaabluii-CBI3bIBAIOIINM
6eskoM Oy(depHOro THIla, UrpaeT PoJib HeipoIpo-
TEKTUBHOTO areHTa, PEryJupys BHYTPUKJIETOYHBIN
ypoBeHb Kasibius [20—22].

Poub kasibOUMH/IMHA, KaK OIHOTO U3 CAMbIX PaH-
HUX MapKepOB HIIEMUYECKOTO MOBPEKIEHUs, Oblia
n3y4yeHa Ha psijie KCIEePUMEHTATBHBIX MOJIeJIEH OCT-
poii ulIeMun 1 B TOCTHUIIIEMUYECKOM mepuoze [20,
23, 24]. TlokazaHo, 4TO YpOBEHb KaJbOWH/MHA CHI-
JKaJCcs B TedeHue 2—3 CyTOK ¢ MOMEHTA UIlleMuyiec-
KOTO WHCYJIBTa, & MaKCUMaJbHOE CHUXKEHUE €ro

Puc. 5. IMmyHOo(dayopecueHTHasi MAaPKUPOBKA KaJlbOMHIMHA
D28k (a) u NPY (b) B Tesie U OTPOCTKAX HHTEPHEHPOHOB CJIOS
III xopsbI roJI0BHOTO MO3ra NMAIMEHTOB OCHOBHOM rpynmbl (KJIu-
HUYECKasi CMEPTh).

Fig. 5. The high maintenance calbindin D28k (a) and NPY (b)
in in the interneurons body and processes of layer III of cerebral
cortex of the patients main group (clinical death).

Note. a — arca 21 of temporal cortex, 7 days after cardiac arrest, b
— area 21 of temporal cortex, 90 days after cardiac arrest. Scale bar
— 50 pm.

IIpumeuanue. a — nosie 21 BucouHoii gosm, 7 cyt, b — mose 21 Bu-
counoit gosu, 90 cyr. [lkama — 50 MKM.

the same time, the relative area of NPY-
immunoreactive structures (perikarion, processes)
was statistically significant higher in all studied
fields (Table 2).

There are two main kinds of neuronal destruc-
tion and death after acute brain ischemia: necrosis
and apoptosis [15, 16]. A pivotal factors in these
processes include alterations in intracellular calcium
ion concentration arising during ischemia, and pro-
gressing in post-resuscitation period [16—18].
Intracellular calcium ion homeostasis is strictly
related to neuronal metabolism condition and activ-
ity. Neuronal vital functions and electrophysiological
processes are possible at intracellular calcium con-
centration less than 180 nM. Elevation of Ca2* con-
centration (180—500 nM) typically leads to long-
term depression of synaptic transmission and
long-term potentiation.The concentration more than
600 nM blocks plasticity mechanisms and activates
the cell destruction [19].
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Ta6imua 1. O6mas yucaennas wiotHoctb (na 0,1 mm?) Cal- u NPY-n03UTHBHBIX IEPUKAPHOHOB B Pa3JIMYHbIX MOJSX
KOPBI TOJIOBHOTO MO3Ta YeJIoBeKa B HOPMe U Nocje Kannndeckoit cmepta, Me (QI-Qu).
Table 1. Total numerical density (on 0.1 mm?) of Cal- and NPY-positive perikaryons in various human brain cortex

fields in norm and after clinical death, Me (Q/-Qu).

Neocortex area, Brodman

Control group, n=4

Postreanimation period
7 days, n=4 90 days, n=3

Calbindin, layer III

1 25.0 (24.228.5) 21 (12.2—26.0) 16.5 (14.525.2)
10 222 (17.1—26.4) 195 (14.5—23.0) 18.7 (13.0-23.0)
17 19.5 (18.0-28.5) 17.0 (12.3-20.5) 15.5 (12.0-20.0)
21 265 (23.028.5) 205 (15.0—27.0) 18.0 (11.5—26.6)
ANOVA, df=3 2'=4.3; P=0.2 x1'=4.5; P=0.2 x=2.1; P=0.6

Calbindin, layer V

i 11.0 (10.2—17.4) 10.5 (10.0—13.3) 10.0 (9.5—12.0)
10 17.5 (16.5—18.0) 13.0 (11.2—18.0) 15.0 (11.0—18.5)
17 165 (15.5—17.5) 15.0 (11.0—17.5) 145 (12.0—16.5)
21 15.0 (14.0—20.5) 145 (14.0—16.5) 13.0 (11.0—17.0)
ANOVA x°=3.5;, P=0.3 %=3.8; P=0.3 %*=0.2; P=0.9

Neuropeptide Y, layer III

i 0.26 (0.12—0.29) 0.23 (0.17—0.26) 0.20 (0.12—0.30)
10 0.22 (0.15—-0.27) 0.21 (0.16—0.23) 0.17 (0.15—0.25)
17 0.19 (0.17—0.26) 0.22 (0.20—0.27) 0.15 (0.14—0.28)
21 0.28 (0.21—0.29) 0.24 (0.22—0.28) 0.20 (0.18—0.31)
ANOVA x=2.5; P=0.4 x"=4.6;, P=0.2 %=2.0; P=0.8

Note. The differences in comparison with control group, previous term (Mann-Whitney criterion, P>0.05) and between fields (Friedman
ANOVA, P>0.05) were insignificant. The material is presented as the median (Me), the lower (QI) and the upper (Qu) quartiles.
IIpumeuanne. Traxe mist Tabauist 2: Neocortex area, Brodman — mosist Heokoprekca o Bpoamany; Control group — KoHTpoJibHast rpyTina;
Postreanimation period, days — nocrpeannmaronusiii ieprot, cytiu; Calbindin — xans6unan; Neuropeptide — neiiporentuz; layer —
csioil. Pasinuust B CPaBHEHUU € KOHTPOJIEM, HPEAbYIMM cpokoMm (kpurepuii Manua-Yurau, p>0,05) u mexuay nomsmu (ANOVA
Opuamana, p>0,05) craTucriyecku HesHaunMbl. Martepuan nipezcrasien kak meauana (Me), nuskanii (Qf) u Bepxuuii (Qu) KBapTHIIN.

YPOBHS PErUCTPUPOBAJIOCH HA 3 CYT MOCJIE UIIEMUN
[25]. Bosbiiast ycToiduBOCTD K UIIEMUIECKOMY BO3-
JIeficTBUIO OTMevasjach y HEHPOHOB, CO/lepsKalinx
KaabOuHanH. HelpoHbl, KOTOPble HE COJep:KaIn
KaJbOUHIMH ObLIM 0COOEHHO MPEPACIONOKEHBI K
HeOOPATHMBIM UIIEMUYECKUM MOBPEXKIeHUsM [26].

B TO Bpems Kak CymiecTBYIOT CBEJIECHUS B TO/I-
JEPKKY POJIU KaNTbOUHINHA KaK HEHPOTIPOTEKTOPA B
9KCIEPUMEHTATbHBIX MOJIEJISIX, UCCJe/I0BaHUS C HC-
10JIb30BaHNEM YeJI0BeYeCKOTO MaTepuaJsia He IPOBO-
quinch. Takske He sICHO, eCTh JIM Pa3HUIlA B U3MeHe-
Huu KosimuectBa u oTHOCTH Cal-1mo3uTuBHbBIX
HEPOHOB B pasinuHbix obsactsix KI'M B reuenue
MOCTPEAHUMAIMOHHOTO MTEPUOJIA.

Kak 66110 TI0Ka3aHo panee, B KIM uesioBeka 1ipu
UMMYHOTUCTOXUMUYECKOM BBISIBJIEHUM KaJTbOWHINH
OOHAPYKUBAETCSI B HEMUPAMUHBIX, MeJIKKX (csroit T1T)
U KpYIHBIX (Cc10i V) MUpaMUIHBIX HEHPOHAX, a 0oJib-
mast yactb NPY cozepskutest B Hermmpamugabix TAMK-
epruyeckux (TOpMO3HbIX ) MHTepHelponax [7, 12]. B Ha-
IeM WCCJICZIOBAHUU TIOJIyYeHDBI aHAJIOTUYHbIE JIAHHBIE.
Cpeznt xopoiiio BepuUIMpyeMbiX HEHPOHOB B KOHTPO-
JIe ¥ TIOCJIE KJIMHITIECKOM CMEPTH BBISIBJIEHO MIPe0bia/ia-
HUe KOP3UHYATBIX KJIETOK, KJIeToOK MapTuHOTTH U Heil-
PorimoOPMHBIX TOPMO3HBIX UHTEPHEHPOHOB.

ITocie TpaBMaTnyeckux u/Mjan MIIEMUYECKUX
BO3/IEHCTBUI HA TOJIOBHOI MO3T 3KCIIepUMEHTAIbHbBIX
SKUBOTHBIX TIPOUCXO/TUT PEOPTAHUBAIIH TOPMO3HBIX 1
BO30YK/IAMOINX HEHPOHHBIX CHCTEM HEOKOPTEKCA.
Brbio nokazano, 4To 1ocJie YeperrHo-Mo3roBoi Tpas-

Calbindin, being a 'buffer'-type calcium-bind-
ing protein, acts as a neuroprotective agent by regu-
lation of intracellular calcium homeostasis [20—22].

The role of calbindin, as one of the earliest
markers of ischemic damage, has been studied in a
number of experimental models of acute ischemia
and in the post-resuscitation period [20, 23, 24]. It
was shown that the level of calbindin decreases in
2—3 days after hypoxic/ischemic insult and the
maximal reduction of calbindin level occurs 3 days
after ischemia [25]. High resistance to ischemic
exposure has been determined in neurons contain-
ing calbindin. Neurons which do not contain cal-
bindin are particularly predisposed to irreversible
ischemic damage [26].

Whereas evidence supporting the calbindin's
role as a neuroprotective agent in experimental mod-
els exists, no studies using human samples have been
published. Tt is also not clear if there is any difference
in pattern changes of Cal-containing neurons
amount and density in different cortical areas during
post-resuscitation period.

As it was shown previously in human neocortex
by immunohistochemical analysis [7, 12], calbindin
was distributed predominantly in non-pyramidal,
small (layer IIT) and large (layer V) pyramidal neu-
rons and the greater part of NPY was shown in non-
pyramidal interneurons (inhibitory, GABA-ergic).
Similar data were received in a current study: Basket
cells, Martinotti cells and neurogliaform inhibitory
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TaGauna 2. OtHocutenabHas wiomans (% mnoas apenusi) Cal- u NPY-nosuruBHbIx cTpykTyp B cioe I pasauunbix
OT/IEJIOB HEOKOPTEKCa YeI0BEKa B KOHTPOJIE U [OCIe KIMHuYecKoii emepri, Me (QI-Qu).

Table 2. The relative area (% of fieldview) of Calbindin- andNPY-positive structures in a layer III of various neo-
cortex sections in control group and after clinical death, Me (QI-Qu).

Neocortex area, Brodman

Control group, n=4

Postreanimation period

7 days, n=4 90 days, n=3
Calbindin

4 2.5 (1.7-2.9) 2.4 (2.1-3.0) 3.5(3.1-3.7)
P=0.03*
P=0.03#

10 1.7 (1.5-2.3) 2.6 (2.1—-2.9) 3.4 (3.0-3.8)
P=0.04* P=0.02*
P=0.04%

17 2.0 (1.6—2.7) 3.0 (2.7-3.6) 3.1(2.5-3.2)
P=0.04* P=0.02*

21 19 (1.6-25) 27 (2.8-3.7) 29(24-33)
P=0.04* P=0.03*

Neuropeptide Y

1 32 (2.5-4.2) 5.1(43-78) 6.0 (53-7.2)
P=0.02* P=0.01*

10 33(2.6-4.3) 54 (5.0-64) 68(55-7.7)
P=0.02* P=0.01*
P=0.04#

17 31(2.9-4.0) 52(51-83) 58(5.1-73)
P=0.03* P=0.01*

21 25 (21—4.1) 50 (47—7.7) 65 (5.2—79)
P=0.03* P=0.01*

Note. * — the differences are statistically significant in comparison to control and # — in comparison with the previous term, P<0.05 (Mann-
Whitney criterion). There are no statistically significant differences between fields (Friedman ANOVA, P<0.05). The material is presented

as the median (Me), the lower (Ql) and the upper (Qu) quartiles.

IIpumeyanue. * — pasinys B CPaBHEHUN C KOHTPOJIEM U ¥ — TIPEIBILY MM CPOKOM CTaTUCTHYeCKN 3HaunMbl 1ipr p<0,05 (kpurepuit Man-
Ha- YutHi). Mexty MoJIsMI CTaTHCTUIECKH 3HAaYNMBbIX pa3inyuii He BoisiBiieHo (ANOVA Dpupmana, p>0,05). Martepuas rpeacraBiieH Kak

meuana (Me), nukauii (QI) u Bepxuuii (Qu) KBapTuin.

MBI B 30HE WIIEMHUYCCKON TMOJYTEHN YBETMUUBACTCS
kosimuecTBO Cal-No3UTUBHBIX MUPAMUIHBIX HEWPO-
HOB B cJioe [II 1 HenmpaMuIHBIX HEHPOHOB B coe [V
[12]. B aKcriepuMeHTATBHBIX MCCIEIOBAHUSAX BbISB-
JIEHO YBeJINUEHUE SKCIIPECCUY KAJIBOMHINHA B HEUPO-
Hax mnocie wiemun [24] u neaddepentanyu [27].
VBesueHre KOJIUYECTBA U OOJIBIIAS COXPAHHOCTD
Cal-1o3uTuBHBIX HEHPOHOB PACCMATPUBAETCSI KAK Pe-
3YJIBTAT KOMIIEHCATOPHOM 9KCIpeccun OeJIKOB, pery-
JIUPYIONINX BHYTPUKJICTOUHYIO KOHIICHTPAIIMIO HOHOB
KaJIBITUSI, UTPAIOTIUX KJIIOYEBYIO POJIb B MHUIUAIIAN
MeXaHM3MOB HeKpo3a U arnorrosa |3, 8, 12, 28, 29].
Hamu ycraHoBJsieHO, 4TO TOCJe KIMHUYECKOH
cmeptu KosnuectBo Cal-TIo3uTHBHBIX HEHPOHOB CTa-
TUCTUYECKU 3HAYUMO HE OTJIMYATIOCH OT KOHTPOJIb-
HOTO ypoBHS. V3MeHsJICS JIUITh pa3Mep W XapakTep
pacupeziesicaust (hryopecupyoniux METOK B ITUTO-
masMe HeliponoB. Ha hoHe BbICOKOTO coepKaHus
TUTIEPXPOMHBIX CMOPIIEHHBIX HEHPOHOB YBEJIUYNBA-
JIOCHh KOJIMYECTBO KJIETOK C IPYOBIMU KOHTJIOMEpaTa-
MU METOK KasibOuHIuHA. Kpome TOro, MOSIBJISIINCH
runieprpodupoBarnbie Cal-1103uTHBHDBIE HEHPOHBL
MopdomeTpudeckuii aHaIn3 MoKa3ayl yBeJndeHue B
MOCTPEAHUMAIITMOHHOM TIEPUO/ie  OTHOCUTEJNbHOM
wiontagu Cal-mosurusHbIx cTpykTYyp. Bee a10, Bepo-
ATHO, CBUJIETEJIBCTBOBAIO O TOM, UTO TOMYJSIUSA
paziuutbix Cal-mo3uTuBHBIX HEUPOHOB (MUpaMUII-

interneurons were predominantly accumulated in
control group and after clinical death.

Traumatic and/or ischemic brain injury in
experimental animal model causereorganization of
inhibitory and excitatory neuronal systems of the
neocortex. The number of Cal-positive pyramidal
neurons in a layer ITT and non-pyramidal neurons in
layer TV increased in the ischemic penumbra after
craniocerebral injury [12]. In experimental studies
calbindin expression was increased in neurons after
ischemia [24] and deafferentation [27]. Increasing
number and integrity of Cal-positive neurons was
considered as a result of compensatory expression of
proteins regulating the intracellular concentration of
calcium ions that contributed to necrosis and apop-
tosis mechanisms [3, 8, 12, 28, 29].

After global ischemia the number of Cal-posi-
tive neurons was stable in all analyzed cortical fields.
The size of fluorescent particles and the type of their
distribution in the neuron cytoplasm was the only
observed difference. Post-resuscitation tissue exhib-
ited both high content of the shrunken hyperchro-
matic neurons and elevated number Cal-labeled neu-
rons. Moreover, hypertrophied labeled Cal-positive
neurons have appeared. Morphometric analysis
demonstrated an extension of the relative area of
Cal-containing structures in patients underwent
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HBIX U HEITUPAMU/IHBIX ) B MEHBIIIEH CTETICHW TO/IBEP-
JKeHa HeOOPAaTUMOIL IECTPYKIIH U 3JIMMUHAIUH.

NPY onut u3 6uoMapKepoB KOPKOBBIX TOPMO3-
HBIX WHTEPHEHPOHOB. AHAJIN3 €ro pacrpeesicHus B
KI'M nociie KIMHIYECKON CMEPTH TIOKA3aJl CTaTUCTU-
YecK! 3HaYMMOe yBeJIMUeHe OTHOCUTEIbHOM TJI0IIa/IN
NPY-1103uTUBHBIX CTPYKTYp. ITO, BEPOSTHO, MOXKHO
CUNTATh MPOSIBJIEHNEM aKTUBAIMK KOMIIEHCATOPHBIX
MeXaHU3MOB, KOTOPbIE COIPOBOK/JIAIOTCS YCHUJIEHUEM
SKCIPECCHU MHTMOUTOPHOTO Heliportentuza |7, 30—32].
Ikcnpeccrss NPY ity KUT 32U THBIM MEXaHU3MOM OT
KaJIbIINEBON Teperpy3Kn M dKCallTOTOKCUYHOCTHU TIpU
nepeBo30y:kaeHun HelipoHOB. [leiictBue NPY mosker
OBITH CBSI3aHO ¢ BJIMSTHUEM Ha cuHanTuaeckue Y1- u
Y2-perienitopel. B wtore ymeHbIaeTcs BXOJ] MOHOB
KaJIbIIUst B HEUPOH BO BPeMst BO30Y KIEHUST U TIOJIaBJIsI-
ercst BbIIEJIEHNE TJIyTaMaTa BO30OYIKIAMOIIEr0 HEWpo-
Mmenuatopa [7, 33, 34].

3axiaoueHue

Takum 006pa3oM, MOJyYeHHbIE JaHHBIE CBUJIE-
TEJNBCTBYIOT 00 aIalTAIIHOHHBIX ¥ KOMITIEHCATOPHBIX
M3MEHEHUSIX TOPMO3HBIX MHTEPHEHPOHOB HEPBHOM
TKaHU HeOoKopTeca 4YesioBeKa B IOCTPeaHUMallioH-
HOM TIepuojie.
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disease: a morphometric study. Brain. 2004; 127 (Pt 6): 1237-1251.
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total brain ischemia. Tt could demonstrate that the
population of various Cal-positive neurons (pyrami-
dal and non-pyramidal) was less prone to irreversible
destruction and elimination.

NPY is one of biomarkers of cortical inhibitory
interneurons. The analysis of its distribution in cere-
bral cortex after clinical death showed a statistically
significant increase it the relative area of immunore-
active structures. It could be presumably considered
as a feature ofactivation of one of the compensatory
mechanisms mediated by reinforced expression of
the inhibitory neuropeptide [7, 30, 31, 32]. NPY
expression serves as a protective mechanism for cal-
cium overload and excite toxicity during the overex-
citing of neurons. NPY action may be applied to Y1
and Y2 synaptic receptors. As a result, the entry of
calcium ions into neuron during over excitation is
reduced and and to glutamate release became inhib-
ited [7, 33, 34].

Conclusion

Therefore, obtained data demonstrate the
adaptive and compensatory changes of inhibitory
interneurons of human neocortex in the post-resusci-
tation period.
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