38

DOI:10.15360,/1813-9779-2018-5-38-49

Experimental Studies
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Neurons Communication in the Hippocampus of Field CA3
of the White Rat Brain after Acute ischemia
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Ienb: cpaBHUTEIBHOE U3YYEHIE TUPAMUAHBIX HEHPOHOB, UX OTPOCTKOB M CHHAIICOB B stratum lucidum, stratum
radiatum u stratum lacunosum mosiekystproro ciiost 1moJist CA3 TUIoKaMIia roJIOBHOTO MO3ra OeJibiX KPbIC B HOpME
U [I0CJIE OCTPON UIIEMUHU, BBI3BAHHON 20-MUHYTHON OKKJIIO3MEN 001X COHHbBIX apTePHii.

Marepuasisl 1 MeTOAbI. B sKCIIepuMeHTe ¢ IIOMOIIBIO THCTOJIOTNYeCKUX (reMaTOKCUIIMH U 3031H, OKPACKa 110
Huccio), ummyHorucroxumuyeckux (p38, MAP-2) MeTo/10B 1 2JIeKTPOHHOI MUKPOCKOIMK ObLIN U3YY€EHbI TTUPa-
MuiHble HelpoHbl 11oJist CA3, ux oTpocTKH U cuHarchl B stratum lucidum, stratum radiatum u stratum lacunosum
MOJIEKYJIIPHOTO ¢s104. OCHOBHYIO TPYIILY COCTaBUJIN KUBOTHBIE B periepdysnonHom repuoze (1, 3, 7, 14, 21 u 30
cyT; n=30), rpyIIy cpaBHEHUS — JIOKHOOTIEpUpOBaHHbIe KUBOTHBIC (1=20). MopdomeTpryeckuii aHa/In3 MpoBe/ieH
¢ nomotpio mporpammbl Image] 1.46, mpoBepka craTUCTUYECKUX TUITOTE3 — IporpamMMbl Statistica 8.0.

Pesyabrarst. [Tocie okkiosun o6imux contbix aprepuii (OOCA) B CA3 rurmnokamiia OTMETUIIN PEAKTUBHYTO,
KOMIICHCATOPHYIO ¥ PENapaTUBHYIO0 PEOPTaHU3AINUIO MUPAMU/IHBIX HEHPOHOB M CTPYKTYP MX KOMMYHUKAIUU.
Chauasa (1 cyT) IIPOMCXOANIIO yMeHbIIeHIe, a 3ateM (3— 14 cyT) BoccTaHOBJIEHNE OOIIEro KOJINYECTBA CHHATICOB 1
IO/ CPe30B P38-TI03UTUTBHOTO MaTeprasa. 110 JaHHbIM 3JIEKTPOHHON MUKPOCKOIINHU, B PAHHEM [TOCTUIIIEMH-
YeCKOM Ieprojie 00Iasi YMCIeHHAs TVIOTHOCTD CHHANITHYECKIX KOHTAaKTOB B stratum lacunosum MoJieKyJIsipHOTo
CJI0s1 yMeHbIanach Ha 44,8%, a uepes 14 cyt BoccranaBiuBaiach 10 KoHTposist. B stratum lucidum uepes 1 cyr muio-
ma/ib p38-TMO3UTUTBHOTO MaTepraia yMenbInanach na 8,8%, a uepe3 3—7 CyT BOCCTAHABINBAJIACD.

3akmouenue. [Tocie OOCA npoucxoania peopranusalisi CUCTeM KOMMYHUKAIMK ITMPAMUIHBIX HEHPOHOB
CA3 runmokamia 6esibix kpbic. Heiiporst CA3 obiaganu BHICOKOIT TOJEPAHTHOCTBIO K UIIEMUU U CIIOCOGHOCTHIO K
BOCCTAHOBJICHUIO MEKHEHPOHHBIX OTHOIIIECHUI 11ocie pertepdy3ui. B coXxpaHuBIIMXCS HePOHAX BBISBUIIM BBICOKOE
coziepkanne Mmapkepa urtockesera (MAP-2) u cunanTudeckux myspppbkoB (p38). ITO CBUIETEIBCTBOBAJIO O CTPYK-
TYPHO-(DYHKIIMOHAILHOI COXPAHHOCTH BCEX KOMIIOHEHTOB CUCTEMbl KOMMYHUKAI[UN 3HAYUTEIBHON YacTH TIHpa-
MUJHBIX HEHpPOHOB Tipu octpoil umiemuu. I[locie penepdysun Hanbojiee BBHIPAKEHO IEPECTPANBAIUCDH
MesKHEPOHHbBIE CUHAICHL B stratum lacunosum u radiatum MoJieKyIsIpHOTO CJI0SI.

Kntoueeswte cnosa: 20106101 M03ez; uuiemusi; noie CA3 2unnoxamna; Hetuponvl; CUHANCHL; UMMYHOZUCTIOXUMUSL; CU-
nanmogusumn; MAP-2; yrompacmpyxmypa; mopomempus

The aim of this study was to compare the pyramidal neurons, their processes and synapses in the stratum lu-
cidum, stratum radiatum and stratum lacunosum of the molecular layer of the field CA3 of the hippocampus of the
brain of white rats in the normal state and after acute ischemia caused by a 20-minute occlusion of the common
carotid arteries.

Materials and methods. In the experiment, using histological methods (hematoxylin and eosin, staining by
Nissle and immunohistochemistry for p38, MAP-2) and electron microscopy, the pyramidal neurons of field CA3,
their processes and synapses in stratum lucidum, stratum radiatum and stratum lacunosum of the molecular layer
were studied. The main group included animals in the reperfusion period (1, 3, 7, 14, 21, and 30 days; n=30), com-
parison group — falsely operated animals (n=20). Morphometric analysis was performed using Image]J 1.46, the ver-
ification of statistical hypotheses — Statistica 8.0.

Results. After occlusion of the common carotid arteries (CCAO) in the field CA3 of hippocampus, reactive,
compensatory and reparative reorganization of pyramidal neurons and their communication structures was noted.
On day 1, there was a decrease, and then (days 3—14) restoration of the total number of synapses and of P38-positive
material within the area of synapses. According to electron microscopy, in the early post-ischemic period, the total

Azpece 1St KOppPeCHOHIeHIUH: Correspondence to:
Bukrop Akysnnnun Victor A. Akulinin
E-mail: akulinin@omsk-osma.ru E-mail: akulinin@omsk-osma.ru

www.reanimatology.com GENERAL REANIMATOLOGY, 2018, 14; 5



DOI:10.15360,/1813-9779-2018-5-38-49

91{CHCPMMCHT3.AI)HI)IC UCCACAOBAHUS

numerical density of synaptic contacts in the stratum lacunosum of the molecular layer decreased by 44.8%, and
after 14 days recovered to control. In stratum lucidum, the area of P38-positive material decreased by 8.8% after 1

day, and recovered after 3—7 days.

Conclusion. After the CCAO, the communication systems of the pyramid neurons of the field CA3 hippocampus
of white rats were reorganized. Neurons of the field CA3 had high tolerance to ischemia and ability to restore interneural
relations after reperfusion. In the surviving neurons, high levels of the cytoskeleton (MAP-2) marker and synaptic
vesicles (p38) were detected. Data demonstrate structural and functional safety of all components of the communication
system of a significant part of pyramidal neurons in acute ischemia. After reperfusion, the most significant alterations
included the reconstructed interneuron synapses in the stratum radiatum and the lacunosum molecular layer.

Keywords: brain; ischemia; hippocampus field CA3; neurons; synapses; immunohistochemistry; synaptophysin;

MARP-2; ultrastructure; morphometry
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BBeneunne

[luTo- ¥ CMHATITOADXUTEKTOHNUKA THIITIOKAMIIA
XOPOIIIO U3y4eHbl. I3BecTHO, YTO MOTITHBIE AlTUKAJIb-
Hble JIEHAPUTHI MUPAMUIHBIX HelpoHoB moass CA3
Pa3EeNAI0TCS HEJAIEKO OT MEPUKAPUOHA 1 TOKPBITHI
TUTAHTCKUMHU MIMITUKOBBIMU BBIPOCTAMU. DTU TIUITH-
KU IMpaMugHbIX HeliponoB CA3 00pasyioT cHHAIITH-
YecKre KOHTAKThI C TUTAHTCKIMK aKCOHAMU TPaHy-
JIIPHBIX HEHPOHOB 3yOuaToil dacuuu (MIIUCTHIMU
BOJIOKHAMU ). AKCOHBI TUpaMUHbIX HelipoHoB CA3
JIAIOT Tak Ha3biBaeMble Kostatepaiu [ladbdepa, koH-
TAKTUPYIOIINE C ATUKATbHBIMU IEHIPUTAMU THPAMHI]]
CA1. YnoMsgHyTbIe CBS3U SIBISIOTCS JIBYMSI OCHOBHBI-
MU aCCOIMATHBHBIMU ITYTSIMU TUIIIOKAMIA, COEMIH-
HSIONIMMY BOEIMHO €r0 OCHOBHBIE 3JIEMEHTBI, U
COCTABJISIIOT TaK HA3bBIBAEMBIN TPUCHHANTUYECKUIT
myTh. [Tosne CA3 runmokamia aBJseTcst TOUKO KOH-
BEPreHIUH TIOTOKOB HH(MOPMAIINK OT ACCOITUATUBHOI
KOpPBI U (DUIOTEHETHYECKU JPEBHUX 00pPa30oBaHUil
ctBosia Mmo3ra [ 1-6]. Xoporliio nusyueHsl Helipomeina-
TOpPHBIE cCcTeMBI TUToKam1a [7]. Bosbiioe 3nayenne
JUUTsI PEOPTaHU3AINY MEKHEPOHHBIX OTHOIIEHUN 1
KOMMYHHKAIIUY THPAMUIHBIX HEIPOHOB TUIITIOKAMIIa
MMeET €ro BBICOKAsI CHHAIITUYECKAs TIIACTUYHOCTS [ 8].

V3BeCTHO, YTO TUITIOKAMII SIBJISIETCST CTPYKTY-
PoIi, urparoleil KJIro4eByo POJIb B OCYIIECTBICHIN
KOTHUTUBHBIX DYHKIIMI rosoBHOro Mo3ra [9, 10]. B
CBSI3M C 9THM OH IIPUBJIEKAET BHIMAHUE HCCIIeIoBaTe-
Jiell B cirydasX Pa3BUTUS KOTHUTUBHOTO JePUITa
IPY PA3JTMYHBIX TATOJOTUIECKUX COCTOSTHUSIX, BKJIIO-
yas 1 urnemuto moara [11, 12].

Hecmotpst Ha 6oJIbITIoe KOJMYECTBO MCCAEI0BA-
HUH, TOCBSIIIEHHBIX MOP(OJIOTUU TUIITIOKAMIIA FOJIOB-
HOTO MO3Ta GeJTbIX KPBIC, 0COGEHHOCTH KOMMYHUKA-
U nupamMugHeix HeliponoB mons CA3 mocie
20-MUHYTHON OKKJII03Uell 00LIMX COHHBIX apTepUil B
CPAaBHHUTEJBHOM acmekTe (aKCOAEHIPUTUYECKIE
cunarncel stratum lucidum, radiatum, lacunosum
MOJIEKYJISIPHOTO CJIOST U aKCOCOMATHYECKUE CUHATICHI
CJIOS TIUPAMUJT) HE U3YYEHBI.

[lenp MiccoenoBaHMsT — CPABHUTEIBHOE U3YYe-
HUe ITUPAMUIHBIX HEPOHOB, UX OTPOCTKOB U CUHATI-
coB B stratum lucidum, stratum radiatum u stratum
lacunosum mosekyasproro cios mosus CA3 rurimo-
KaMITa TOJIOBHOTO MO3Ta GETBIX KPBIC B HOPME U ITOCJIE

Introduction

Cyto- and synaptoarchitectonics of hippocam-
pus have been well studied. It is known that the
strong apical dendrites of pyramidal neurons in field
CA3 are separated near perikaryon and covered
with giant synapses outgrowths. These spines of the
pyramid neurons in field CA3 form synaptic con-
tacts with giant axons of granular neurons of the
serrated fascia (mossy fibers). The axons of the field
CA3 pyramidal neurons give the so-called Schaffer
collaterals in contact with apical dendrites of field
CA1 pyramids. Mentioned relationships are two of
the main associative pathways in the hippocampus,
connecting together its major elements, which con-
stitute the so-called three synaptic pathways. The
field CA3 of the hippocampus is a point of conver-
gence of information flows from the associative cor-
tex and phylogenetically ancient brain stem
formations [1—6]. Neurotransmitter systems in the
hippocampus are well studied [7]. High synaptic
plasticity of hippocampal pyramid neurons is of
great importance for the reorganization of in-
terneural relations and communication [8].

It is known that the hippocampus is a structure
that plays a key role in the implementation of cogni-
tive functions of the brain [9, 10]. In this regard, it at-
tracts the attention of researchers in cases of cognitive
deficit in various pathological conditions, including
brain ischemia [11, 12].

Despite a large number of studies devoted to
the morphology of hippocampus of the brain of
white rats, the features of communication of pyram-
idal neurons within the field CA3 after 20-minute
occlusion of the common carotid arteries in the com-
parative aspect (axodendritic synapses of stratum
lucidum, radiatum, lacunosum of the molecular layer
and axosomatic synapses of the pyramid layer) have
not been studied.

The aim of this study was to compare the pyram-
idal neurons, their processes and synapses in the stra-
tum lucidum, stratum radiatum and stratum
lacunosum of the molecular layer of the field CA3 of
the hippocampus of the brain of white rats in the nor-
mal state and after acute ischemia caused by a 20-
minute occlusion of the common carotid arteries.
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OCTPOI1 UTIeMUn, BbI3BAHHOM 20-MUHYTHON OKKJTIO31-
eif 001X COHHBIX apTepuil.

MaTepI/IaJI N METO/1bl

Pat6ora soimosrena Ha 6aze DTBOY BO Owmckoro ro-
CY/IapCTBEHHOTO MEJIMIIMTHCKOTO YHIBepcuTeTa. JlaHHoe nc-
caeoBatue 01100peHo stnueckum komurerom GIBOY BO
OMCKOTO roCyIapCTBEHHOTO METUITMHCKOTO YHIBEPCUTETA.

B xavecTBe 9KCIIEpPIMEHTAIBHBIX JKHBOTHBIX HCIIOJIB30-
Baun OesibiX Kpbic jinanu Wistar (camiibi) maccoit 180—200 r.
JKMBOTHBIE COIEPIKAIICH B OOBIMHOM BUBAPHUH B YCJIOBHSIX, PEr-
JIAMEHTUPOBaHHbIX TpeGoBanusivu [Tocranosietus [nasroro
TOCYIAPCTBEHHOTO caHnTapHOro Bpava Poccuiickoii Denepa-
i ot 29.08.2014 Ne 51 «CaHUTapHO-3THAEMIOIOTITICCKIE
TPeGOBAHIIST K YCTPOUCTBY, 000DPY/IOBAHIIO 1 COIEPIKAHITIO 9KC-
TMEPUMEHTATbHO-OIOIOTYeCKIX KITMHUK (BUBapueB)». Mccore-
JIOBAaHMSI TIPOBOAWJIM B COOTBeTCTBHM ¢  <«[IpaBmiamm
poBezieHnsT paboT ¢ NUCIOJIb30BAHIEM HKCITEPUMEHTATBHBIX
SKMBOTHBIX» (IIpuioskene k ipukady MUHICTEPCTBA 37paBo-
oxpanennss CCCP ot 12.08.77 Ne755) u ¢ peKOMEHAAINSIMI
Mesk/ry HapoIHOTO KOMHTETA TT0 HAYKE O JTAGOPATOPHBIX JKIBOT-
HBIX, Iofyiepskanabix BO3, mupextBoit EBponetickoro [Tapia-
menTa Ne 2010/63/EU ot 22.09.10 «O 3anmre ’KMBOTHBIX,
WICTIOJIB3YEMBIX VIS HAYYHBIX T1eJIeii».

B aKcrmepuMeHTaIbHOM HCCJEJOBAHUN ITIPOBEJIN
OIIEHKY CTPYKTYPHO-(DYHKIIMOHATIBHOTO COCTOSTHUSI CHCTEM
KOMMYHUKAINY THPaMU/IHBIX HeiipoHoB 1ot CA3 rummo-
kamia Gesibix Kpbic (ocHOBHas rpyina, n=30) uepes 1, 3, 7,
14, 21 1 30 cyr nocsie 20-MUHYTHON OKKJIHO3UU OOIIUX COH-
weix aprepuit (OOCA; 2-cocyaucTass Mojiesib HETIOJHOMN
rnobanpHoll nmemun 6e3 runoronun) [13]. Konrposem
(rpynma cpaBHeHus, n=20) CJIyKUIU JTOKHOOTIEPUPOBAH-
HBbI€ JKUBOTHBIE, KOTOPBIM MIOCJIe AaHECTE3MH U Pa3pe3a KOXKH
KJINIIPOBAHIE COHHBIX apTepPHil He BBITOJIHSII. Moenn-
POBaHNe OCTPOH UIIEMHUH TPOBOANIIH HA ()OHE TIPpeMe/IKa-
nuu (cyabdar arponuna 0,1 Mr/Kr, NoAKOKHO) U 00LIel
anecresun (Zoletil 100, 10 mr/kr).

TonoBHOIT MO3T KUBOTHBIX (DIKCHPOBAJIN TTYTEM TI€P-
hysun 4% pacrsopa napadopma na 0,1 M docharnom Gy-
depe (pH — 7,4) m 5% pacrBopa caxapo3bl uepe3s
BOCXO/ISTIYIO YaCTh yTH a0pThI 1071 1aBsieHuemM 90—100 mm
PT. CT. B TeueHre 15 MUH. 3aTeM MO3T U3BJIEKAIH, BBIIEJISIN,
cormacHo atyacy [14], more CA3 runmokamma. /[sist tucto-
JIOTUYECKOTO M IMMYHOTHCTOXHUMHUYECKOTO MCCIIEI0BAHNUS
TIOJIy9€HHBII MaTepraJl 3aKJII04aIN B TapadH, U3roTaB/Iu-
BaJI cepuitHble (DPOHTAIBHBIE CPE3bI TOJIUHON 2—4 MKM.
Oxkpacky reMaToKCHIMHOM&203uHOM 1 110 Hwuccmo wnc-
TOJTb30BAJIHN JIJIs1 0030PHOIT KaueCTBEHHO OIeHKN HEPBHOM
TKAHW U OIPE/Ie/IeHIs] KOJIMYecTBa HeHpoHOB (001mast ync-
JIEHHAs TIJIOTHOCTD U IJIOTHOCTh HOPMOXPOMHBIX HEHPO-
HoB). C TOMOINIBIO WMMMYHOTUCTOXUMWH  BBISIBIISIIIH
CHHANTHYECKIE TEPMUHAJM 1 COCTOSTHIE ITUTOCKETIeTa Heli-
PoHOB. JLJ1s1 3TOH 11e/11 NCTI0B30BAIN IEPBIYHbBIE AHTHTEIA
(Bond™ Ready-to-Use Primary Antibody) nporus cunar-
todusuna (27G12) u Microtubule-Associated Protein-2
(ab32454) (mpomsBoxntenn: Leica Biosystems Newcastle
Ltd, BesmkoGpuranus ). OKpackKy MpOBOAMJIK COIJIACHO pe-
KOMeH/IalsIM (GUPMBI TIPOU3BOUTENS peareHToB. Ha nm-
MYHOTHCTOXUMHUYECKHUX mpernaparax oTIpeIesIsin
KOJIMYECTBO U pacipe/iesieHre TPaHyJl MapKepa B TI0JIe 3pe-
Hust iperiapara [ 15, 16]. [Tpu cBeTOONTHYECKOM MMCTOJIOTH-
YeCKOM M HMMMYHOTHCTOXHMHYECKOM WCCIEOBAHUHI C
riomortbio Mukpockotna Leica DM 1000 nesnanu mdpossie
Mmukpodororpadun pasmepom uzobpaxkenus 2048x1536

Materials and Methods

The work was carried out at the Omsk State Medical
University facilities. This study was approved by the ethical
committee of the FGBOU VO, the Omsk State Medical
University.

White Wistar rats (males) weighing 180—-200 g were
used in experiments. The animals were kept in the tradi-
tional vivarium in conditions regulated by the requirements
of the Resolution of the Chief State Sanitary Doctor of the
Russian Federation No. 51 of August 29, 2014 «Sanitary and
epidemiological requirements for the device, equipment and
maintenance of experimental biological clinics (vivarium).»
The qualitative and quantitative composition of the ration
was determined according to the norms approved by the
Order of the Ministry of Health of the Russian Federation
No. 163 of 10.03.1996. The studies were carried out in ac-
cordance with the «Rules for carrying out work using exper-
imental animals» (Appendix to Order Ne 755 of the USSR
Ministry of Health of 12.08.1977) and with the recommen-
dations of the International Committee on Laboratory An-
imals Science, supported by European Parlament Directive
Ne 2010/63/EU from 22.09.2010 «On the protection of an-
imals used for scientific purposes».

The experimental study assessed the structural and
functional state of communication systems of the pyramid
neurons of field CA3 of the white rat hippocampus (main
group, n=30) 1, 3, 7, 14, 21, and 30 days after 20-minute oc-
clusion of the common carotid arteries (CCAQ; 2-vascular
model of incomplete global ischemia without hypotension)
[13]. Control (comparison group, n=20) were false-operated
animals, which, after anesthesia and skin incision, were not
subjected to clipping of carotid arteries. Modeling of acute
ischemia was performed against the background of premed-
ication (atropine sulfate 0.1 mg/kg, subcutaneously) and
general anesthesia (Zoletil 100, 10 mg/kg).

The brain of animals was fixed by perfusion of 4% so-
lution of paraformaldehyde on 0.1 M phosphate buffer (pH
— 7.4) and 5% solution of sucrose through the ascending
part of the aortic arch at a pressure of 90—100 mm Hg. for
15 minutes, then the brain was extracted, isolated, according
to Atlas [14], the field CA3 of the hippocampus. For histo-
logical and immunohistochemical studies, the obtained ma-
terial was enclosed in paraffin, serial frontal sections 2-4 pm
thick were made. Hematoxilin & eosin and Nissle staining
were used for qualitative review of neural tissue and deter-
mination of the number of neurons (total numerical density
and density of normochromic neurons). With the help of im-
munohistochemistry, synaptic terminals and the state of the
cytoskeleton of neurons were detected. For this purpose, pri-
mary antibodies (Bond™ Ready-to-Use Primary Antibody)
against synaptophysin (27G12) and Microtubule-Associ-
ated Protein-2 (ab32454) were used. Staining was carried
out according to the recommendations of the reagent man-
ufacturer. For immunohistochemical preparations, the num-
ber and distribution of the granules of the marker in the field
of view were determined [15, 16]. Histological and immuno-
histochemical examinations were performed with the aid of
Leica DM 1000 microscope and digital microphotographs
with image size of 2048%1536 pixels made for quantitative
evaluation of the material using Image] 1.46 software.

For electron microscopy, hippocampus field CA3 was
dissected into blocks 1, 5%1, 5X2 mm, contrasted for 1-2
hrs. in 1% non-buffered solution of osmium tetraoxide,
washed, dehydrated and enclosed in a epon-araldite mixture.
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Puc. 1. Mose CA3 runnokamna 6eJoii KpbIChl B HOPME: dIKPaHHOE 00pa30BaHue.

Fig.1. Field CA3 of the hippocampus of white rats in norm: screen education.

Note. The layers of pyramidal neurons — white arrows; a — review the hematoxylin&eosin; 5 — immunohistochemical colouring of the ter-
minals on synaptophysin (black arrows, labels, surround the dendrites and body of neurons). Lens X100 (@) and X40 (b), scale — 50 pm.
Ipumeyanne. C1oM TMPaMUIHBIX HEHPOHOB — OEJIble CTPENKH; @ — 0030PHAsT OKPACKA FeMAaTOKCUIMHOM U 903MHOM; b — MIMMYHOTHCTOXM-
MUYeCKas OKpacka TepMuHaseii Ha cuHanToGuant (4epHbIe CTPEIKU, METKH OKPY KaIOT ACHAPUTHI U Tesia Heliponos). O6bexktus X100 (a) u

X40 (b), mkama — 50 MKM.

HHIKCeIeH /1T KOJMYEeCTBEHHOI OIIEHKU MaTepraa ¢ IOMO-
mibio mporpamMmsl Image] 1.46.

g anextponnoit mukpockornmu CA3 runmokamma
paccekamu Ha 6s10ku 1,5X1,5X2 MM, KOTOpbIe KOHTPACTUPO-
By 1-2 4 B 1% HezabydhepeHHoM pacTBOPE YeTHIPEXOKUCH
OCMUSI, TIPOMBIBAJIH, 0OE3BOKUBAIN U 3aKJIIOYQIN B CMECh
anona u apasauTa. Yasrparonkune (70—100 am) cpessr okpa-
MINBAJTH YPAaHWJIAIIETATOM U IIUTPATOM CBHHIA. B Kkasxmom
ciaydae ¢pororpacduponasnn o 10 mosreit 3pennst (Ha MI€HKT
9X12 c¢m) npu pasnom yseanuennu. Vcnosb3oBaan yiabsrpa-
mukporoM LKB-8800 (IlIsenust) u muxpockon Hitachi-
600H (Anonus). Ha onudpoBanibix 21€eKTpOHOrpaMMax
IPOBOJIMJIN KAUECTBEHHYIO OIIEHKY HEPOHOB, OTPOCTKOB,
CHHAIICOB, & TaK)Ke TOJCYUTHIBAIN OOIILYI0 YHCICHHYIO
IJIOTHOCTH CHHATITHYECKNIX KOHTAKTOB.

[TosrydeHne OCHOBHBIX KOJMYECTBEHHBIX MOKa3aTe-
Jieif, onpe/esieHre XapaKkTepa pacrpesiesieHusT BapuaIioH-
HBIX  DPSIZIOB, TPOBEPKY  CTAaTHCTHYECKUX  TUIOTE3
OCyIIEeCTBIIsN ¢ nomolibio porpamm MedCalc© u Stat-
Soft Statistica 8.0 [17]. Vicriosib3oBasn HertapamMeTpuiecKne
kpurtepun (Manna-¥Yutnu, o1HohakTOPHbIH ANUCIEPCUOH-
Hbiii anasm3 Kpackesa-Youuca, x> — kputepuii [lupcona).
Marepwuan nipeictabiaen kak Meauana (Me), nvskauii (QI) n
BepxHuil (Qu) kBapTHiIKU. B X0/1€ 1poBe/ieHNs cTaTucTHye-
CKOTO aHaJM3a HyJIeByIo runoredy orseprasu mpu p<0,05.

Pe3ybrarhl 1 00Cy:KIeHHE

B vopme mupamugnble Helipoubl B mose CA3
TUIIIIOKAMIIa — KPYITHbIE KJIETKH ¢ GOJBIINUM SIZIPOM,
1-2 gapbrimkamMu, pacmoiOKEHbl PBIXJIO, TJIOMA/lb
nmepukaprnona — 125,3 (113,7-165,5) mxm? (puc. 1, a).
Tena w anukagbHbIE AEHAPUTHI ITUX HEHPOHOB
MOKPBITHI IIJIOTHO PACIIOJIOKEHHBIMU CHHATICAMH, TeP-
MUHAJIN KOTOPBIX 3AIIOJTHEHBI TPAHYIAMH MEYEHHOTO
cunanrodusuna (puc. 1, b).

KomMmyHuKanmst mupaMuHbIx HEHPOHOB MTOJISI
CA3 c mpyrumMu oTzesiaMyd TOJIOBHOTO MO3Ta OCY-
IIECTBJISIETCS 32 CUET AKCOCOMATUYECKUX, AKCOJIEH/I-
PUTHYECKUX M aKCOMUITNKOBBIX CHHAIICOB, KOTOPBIE

Ultrathin (70—100 nm) sections were stained with uranyl
acetate and lead citrate. In each case, 10 fields of view (on
9x12 cm films) were photographed under different magni-
fications. We used ultramicrotome LKB-8800 (Sweden) and
microscope Hitachi-600H (Japan). The qualitative assess-
ment of neurons, processes, synapses, and calculation of the
total numerical density of synaptic contacts were carried out
on the digital electronograms.

Getting the basic quantitative indicators, determining
the nature of the distribution of the variation rows of the
verification of statistical hypotheses was carried out using
software MedCalc© StatSoft Statistica 8.0 [17]. Nonpara-
metric tests (Mann-Whitney, one-way ANOVA Kruskal-
Wallis, and Pearson correlations) were used. The data were
presented as median (Me), lower (Qf) and upper (Qu) quar-
tiles. In the course of statistical analysis, the null hypothesis
was rejected at p <0.05.

Results and Discussion

Normally, the pyramid neurons in hippocampus
field CA3 are represented by large cells with a large
nucleus, 1-2 nucleoli, located loosely within the peri-
carrion area — 125.3 (113.7-165.5) mm? (fig. 1, a).
The bodies and apical dendrites of these neurons are
covered with densely located synapses, the terminals
of which are filled with granules of labeled synapto-
physin (fig. 1, b).

The communication of the pyramidal neurons of
field CA3 with other parts of the brain become visible
due to axosomatic, axodendritic and axospine
synapses, which are located in the layer of the bodies
of pyramidal neurons, in the stratum radiatum (trunks
of apical dendrites) and lacunosum (terminal branch-
ing of apical dendrites) of the molecular layer. Im-
munohistochemical detection of synaptophysin
(p38-positive material) in the field CA3 clearly shows
a special zone (stratum lucidum), which consists of
apical sites of dendrites of pyramidal neurons and
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Puc. 2. ITone CA3 runmokamna 6eJioii KpbIChl B HOPME: OCHOBHbIE
30HBI JIOKAJIU3AUU CHHAIICOB.

Fig. 2. Field CA3 of the hippocampus of white rats in the norm:
the main areas of localization of synapses.

Note. a — s.lac — stratum lacunosum; s.red — stratum radiatum;
s.luc — stratum lucidum; p.l. — layer of bodies of pyramidal neu-
rons; b — the giant terminals (marked by arrows) stratum lucidum.
Immunohistochemistry (synaptophysin). Lens X40, scale — 50 pm
(@) and 20 pm (D).

IIpumevanue. a — s.lac — stratum lacunosum; s.rad — stratum ra-
diatum; s.luc — stratum lucidum; p.l. — cs10ii Tesr mupamMuAHbIX Heil-
ponos; b — rurantckue TepMuHanu (OTMEYEHO CTPEJKAMMU)
stratum lucidum. Mmmynorucroxumus (cunanropusuu). O6b-
exTuB X40, mkana — 50 MM (@) u 20 mxm (D).

giant synapses formed by axons of the mossy fibers of
the serrated fascia (fig. 2).

Thus, the peculiarity of the hippocampal field
CA3 is the presence of giant synapses on apical den-
drites of pyramidal neurons in stratum lucidum (fig.
2, b). The area of sections of one p38-positive particle
varied from 1.5 to 6.6 pm? (diameter from 1.4 to 2.9
um). This was sufficient to perform an accurate mor-
phometric analysis of the terminal area in stratum lu-
cidum and the body layer of pyramidal neurons using
light microscopy of immunohistochemical prepara-
tions (fig. 2).

In stratum radiatum and lacunosum of the mo-
lecular layer of field CA3, only the largest p38-positive
particles (axospinal and axodendritic terminals) were
visible in the light-optical study, and the use of elec-
tron microscopy was necessary for the study of other
synapses (fig. 3, a, b, ¢).

A 20-minute CCAO resulted in a statistically
significant decrease in the density of pyramidal neu-
rons in field CA3 of white rat hippocampus (table 1).
Elimination of irreversibly damaged neurons by
phagocytosis has become evident due to increasing the
reactive, dystrophic (swelling, vacuolation, hypochro-
mia, hyperchromia without wrinkling and homoge-
nization) and necrobiotic (hyperchromia-wrinkling
with homogenization of the nucleus and cytoplasm,
transformation into shadow cells) processes of altered
cells within the nervous tissue field CA3. The maxi-
mum decrease in the number of normochromic neu-
rons was observed in 1, 3 and 7 days. Then, in the
process of structural and functional restoration of
nervous tissue, the content of normochromic neurons
in field CA3 increased after 30 days this relative figure
up to 91.6%. However, there was no recovery to the
control level. At the same time, the total numerical
density of pyramid neurons in the field CA3 decreased
only by 17.4% during the entire observation period
(30 days) (table 1).

Thus, within 30 days after 20-minute CCAO,
only a small part of field CA3 pyramidal neurons was
subjected to irreversible changes and complete utiliza-
tion by phagocytosis.

Throughout the studied post-ischemic period,
reversible dystrophic changes of neurons (acute
swelling of neurons, hydropic dystrophy of nerve cells
with moderate cytoplasm vacuolation, focal and
subtotal chromatolysis, hyperchromatosis) prevailed.
Dark not wrinkled and shrivelled neurons without ho-
mogenization of the core prevailed. In shrivelled neu-
rons, due to dehydration, there has been compression
of the cytoplasm without degradation of the cy-
toskeleton and nucleus. This was especially evident in
immunohistochemical verification of the cytoskeleton
with antibodies against MAP-2 (fig. 4, a, b).

According to electron microscopy, in the stratum
radiatum of the molecular layer, due to the presence of
large trunks of apical dendrites of pyramidal neurons,
the total numerical density of synaptic contacts (in the
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Ta6auua 1. O6mas wiotHocts (Ha 1 MM?) BCeX M HOPMOXPOMHBIX HEHPOHOB noJs1 CA3 B HOPME M IIOCTULIEMHYECKOM

nepuoze, Me (QI-Qu).

Table 1. Total density (per 1 mm?) of all and normochromic neurons of the field CA3 in normal and postishemic period,

Me (QI-0Qu).

Groups

Neurones

All

Normochromic

Comparison group, n=20

1983 (1755-2106)

1926 (1704-2045)

Main group, n=30

day 1, n=5 1754 (1541-1902)* 447 (356-543)*
day 3, n=5 1699 (1432—1712)** 517 (412-628)*
day 7, n=5 1650 (1415—1720)* 746 (587—901)*
day 14, n=5 1662 (1398—1734)* 1486 (1222-1653)**
day 21, n=5 1624 (1267—1658)* 1467 (1205-1653)*
day 30, n=5 1638 (1178—1702)* 1501 (1221-1709)*
ANOVA df=6; H=17.5; P=0.03** df=6; HH=38.8; P=0.01**

Note. * — comparison with falsely operated animals; * —comparison with the previous term (Mann—Whitney and Kolmogorov—Smirnov
test); ** — comparison between all terms (ANOVA). Differences are statistically significant at P<0.05. Me — median; Ql — lower; Qu

— upper quartiles; ANOVA — one-way ANOVA Kruskal—Wallis.

Ipumeuanue. /s tabi. 1-3: Groups — rpynnbi; Comparison — cpasrenus; Main — ocuosnas; day — cytku; All — Bee; Normochromic
— HOPMOXPOMHBIE. * — cpaBHEHIIE C JIOKHOOTIEPUPOBAHHBIMHU KIBOTHBIMIT;  — CpaBHEHIE ¢ MPEIbIIYIINM CPOKOM (KprTepuit ManHa—
Yuruu n Kosmoroposa—CmupHosa); ** — cpaBHenne mexay Bcemu cpokamu (ANOVA). Pazimnuust ctaTncTHyeck 3HAYUMBbI TIPU
p<0,05. Me — meanana; QI — nmknuit; Qu — Bepxuuii kBaptusin; ANOVA — oxnodakropHblii auciiepcuonnblii anaaus Kpackena—

Yomnuca.

pacroJiaraioTcst B ¢Jioe TeJl TUPaMUHbIX HEHPOHOB, B
stratum radiatum (cTBOJIbI alIMKAJIBHbIX JEHIPUTOB)
u lacunosum (TepMUHAIbHBIE BETBJICHUS alliKaJIbHbIX
JIEHZIPUTOB) MOJIeKyJIgpHOTO cios. [Ipn numMmmyHorn-
CTOXMMHUYECKOM BBISIBJIEHUH cuHanTohusnHa (p38-
nosutuBHbIiH MaTepuan) B CA3 ueTko BuaHa ocobast
30Ha (stratum lucidum), koropast cocrout us ammu-
KaJbHBIX YYaCTKOB /IEH/PUTOB MUPAMUIHBIX HEHPO-
HOB U TUTAHTCKUX CHATICOB, C(OOPMUPOBAHHBIX AKCO-
HAMU MIIUCTBIX BOJIOKOH 3yOuartoil (acimm (puc. 2).

Takum o6pasoM, ocobennocTbio nojs CA3 run-
MTOKAMIIA SIBJISIETCST HAJIMYMeE TUTAaHTCKIX CHHAIICOB Ha
ANMKAJIBHBIX JIEH/IPUTAX TTUPAMUJIHBIX HEPOHOB B
stratum lucidum (puc. 2, b). Ilnomanb cpesoB OAHOI
p38-103UTHBHOI YacTHUITH Bapbruposaia ot 1,5 10 6,6
MiM? (aramerp ot 1,4 10 2,9 MEM). DT0 OBLIO BIOJIHE
JIOCTATOYHO JIJIs1 TIPOBEIEHNST TOYHOTO MOPhOMETpH-
YecKOTo aHaJn3a TJIOMAN TepMUHaIel B stratum
lucidum u cioe Tesr mupaMUAHBIX HEAPOHOB € TOMO-
IIHIO CBETOBOW MUKPOCKOITNY UMMYHOTHCTOXUMUIYE-
CKUX TIperapatos (puc. 2).

B stratum radiatum 1 lacunosum mMoJieKyJIsIpHOTO
crost iosist CA3, Tpy CBETOOTITUYECKOM HCCIIEIOBAHUH,
ObLIM BUHBI TOJIBKO CaMble KPYIIHbIE P38-1I03UTHBHbIE
JacTHUIbl (AaKCONTMITUKOBBIE W aKCOAEHIPUTUYECKIE
TEPMUHAJIN), a JIJIT U3YYEeHUsT OCTAJIbHBIX CHHATICOB
HeoOXO0IMMO TPUMEHEHHE 2JIEKTPOHHOI MUKPOCKOIINN
(puc. 3, a, b, ¢).

20-munayTHast OOCA nipuBOIIIa K CTATUCTUYECKN
3HAUMMOMY CHIZKEHUIO TIIIOTHOCTH TIMPAMU/IHBIX Heil-
poroB B 11oje CA3 rurnmokamiia 6esbix Kpsic (Tabar. 1).
DJIMMUHAIINS HeOOPATUMO TIOBPEKIEHHBIX HEIPOHOB
myTeM (haroruTo3a Mporcxouia Ha (poHe yBesnaeHust
peakTUBHO, AucTpodryecky (HabyxaHue, BaKyoJ/I3a-
L¥s, THIIOXPOMHUSI, THIIEPXPOMHES 6€3 CMOPIIMBAHUST U
TOMOTEHU3ALUI) 1 HEKPOOUOTHYECKH (TUIIEPXPOMUSI-
CMOPIIIUBAHHUE C TOMOTEHU3AINeN SI/[pa 1 IUTOIIIa3MBbl,

unit of field of view, 100 um?) was naturally 1.3—1.4
times lower than the stratum lacunosum (table 2).

In the acute post-ischemic period, synapses of
field CA3 were subjected to light (edematous) type of
destruction. The terminal was swollen, brightened, it
decreased the content of synaptic vesicles (SV), and
the remaining SV were agglutinated, grouped either in
the center or near the active zones. The most resistant
to ischemia was postsynaptic of the seal and the sub-
stance is the synaptic cleft. All kinds of synapses in the
layer of pyramidal neurons, stratum radiatum and stra-
tum lacunosum of the molecular layer — axosomatic,
axodendritic and axospines — suffered. Manifestation
of edema neuropile was noted. After 1 and 3 days from
ischemia, at all levels of the dendritic tree of neurons
in the studied parts of the brain, a large number of
swollen mitochondria appeared with destroyed crys-
tals, membranes, and matrix vacuolation. (fig. 5, a, b).

Part of the synapses of the molecular layer was
completely destroyed already on day 1:in the stratum
lacunosum — to 41.3%, in the stratum radiatum — to
17.8%. After 3 days, deficiency of synapses in both
zones reached its maximum — 44.9% and 41.5%, re-
spectively (table 2). Restoration of the total numerical
density of synaptic contacts to the level of the control
value in stratum lacunosum and stratum radiatum of
the molecular layer of field CA3 occurred 14—21 days
after acute ischemia (table 2).

According to the immunohistochemical study, 1
day after CCAO in stratum lucidum (apical dendrites)
of field CA3, the relative cross-sectional area of p38-
positive terminals was significantly reduced by 8.8%
(95% CI: 0.59-16.9%) compared to the control. After
3,7, 14 and 30 days from ischemia, this pattern did not
differ from the control value (table 3). It should be
noted that the relative area of p38-positive particles
decreased only in the zone of dendrities of the field
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Puc. 3. IToae CA3 runnokamna GeJioii KpbIChl B HOPME: YJIbTPACTPYKTYPa BCEX COCTABJISIONMX HEHPOIUIIsSA, IEHPUTOB U IEPUKAPHO-
HOB.

Fig. 3. Field CA3 of the hippocampus of white rats in norm: ultrastructure of all components neuropile, dendrites and perikaryon.
Note. No signs of damage. Stratum radiatum (a), stratum lacunosum (b) of the molecular layer and the layer of pyramidal neurons (c).
I'9C — granular endoplasmic reticulum (Nissle body); /T — dendrites; JT — lysosomes; M — mitochondria; C — synapses; IT — cytoplasm;
ST — core; SIn — nucleolus. Coloring with uranylacetate and lead citrate. Magnification X15000 (a, b) and X8000 (¢), scale — 2 pm.
IIpumevanue. Bes npusnakos nospesxkaenus. Stratum radiatum (a), stratum lacunosum (b) MOJEKYJISIPHOTO CJIOSA ¥ CJIO MUPAMU/IHBIX
uetiponos (¢). '9C — rpanysnsipHast suiomIazmMarnydeckast cetb (tesbiia Huceast); I — neraputsr; JI — mmzocomsr; M — muroxonapun; C
— cunarcor; [T — nuroriazma; A — supo; S — sapoiiiko. OKpacka ypaHUIAeTaToM 1 nTpatoM cButna. Yseaundenre X15000 (a, b) u
X8000 (¢), mkana — 2 MKM.

npeBpalleHie B KJIETKU-TEHN) U3MEHEHHbIX KJIETOK
HepBHoii Tkanu CA3. MakcumasibHOe yMeHbIIeHre
KOJITYECTBA HOPMOXPOMHBIX HEIIPOHOB OTMEYAIN Yepes3
1,3 u 7 cyt. 3arem, B ipoitecce CTPYKTYPHO-(YHKITHO-
HAJPHOTO BOCCTAHOBJIEHUS HEPBHOI TKAHH, COZIEPIKa-
HUEe HOPMOXPOMHBIX HellpoHoB B CA3 yBesmunBaioch
u uepe3 30 CyT aTOT OTHOCUTEIbHBIH TTOKA3aTe b COCTa-

CA3, and this feature was not revealed in the zone of
accumulation of bodies of pyramid neurons (table 3).

Thus, in the acute post-ischemic period (1, 3
days), in the field CA3 of the hippocampus there was a
significant increase in the share of afferents on neuronal
bodies due to uneven damage of axosomatic and axo-
dendpritic synapses. The destruction of the interneuron
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Puc. 4. ITutockesner nupaMuHbIX HeiipoHOB noJisa CA3 runmmno-
Kamma 6eJIoi KPbIChI B IOCTHLIEMHYECKOM II€PHOIE.

Fig. 4. The cytoskeleton of the pyramidal neurons of the field
CA3 of the hippocampus of white rats in the post-ischemic pe-
riod.

Note. a — day 3; b — day 30. Part of the pericarions has an in-
creased label density due to the dehydration compression of the cy-
toplasm without destroying the cytoskeleton, apical dendrites in
stratum lucidum are surrounded by light material (giant synapses).
Immunohistochemistry (MAP-2); lens X40; scale — 100 um.
IIpumeyanue. a — 3-u cyt., b — 30-¢ cyr. Yactpb nepukapuoHos
HMeeT MOBBIIIEHHYIO IJIOTHOCTH METKU 32 CYET JIern[paTalioH-
HOTO CKATUS IIUTOIIA3Mbl (Ge3 pa3pylIeHusl IIMTOCKeIeTa, anm-
KaJIbHble JICHAPUTBL B stratum lucidum oxpyskensl cBeTJIBIM
MarepuajsoM (TUTaHTCKUE CHHAICHI). VIMMYHOTHCTOXUMUS
(MAP-2); o6bextuB X40; mkama — 100 MrM.

Bus1 91,6%. OHaKO, BOCCTAHOBJIEHHUST /10 KOHTPOJIBHOTO
ypoBHsT He mpoucxonuio. Ilpu atom 3a Bech Tepuo
Habmoznenust (30 cyr) obuiast yncieHHas IJIOTHOCTh
nupamMuinbIX HelipoHoB B mosle CA3 ymeHbImuiach
TosbKO Ha 17,4% (Tabm. 1).

Takum o6pasom, B Teuerne 30 cyr mocie 20-
muayTHOM OOCA TOJNBKO HE3HAUUTeIbHAsd YaCTh
UIIEMUYECKH M3MEHEHHBIX TTUPAMUIHBIX HEIPOHOB
CA3 noaseprasiach HeOOGPATUMOIL IECTPYKIIUHU 1 T10J1-
HOU YTUIU3AIUU TTyTeM (paroIuTo3a.

Ha nporstxennn Bcero n3yueHHOTO TIOCTUIIIEMH-
YECKOTo Mepro/a mpeobaagann o6paTuMble TUCTPO-
(dbuueckne usMeHeHs HeHPoHOB (ocTpoe HabyXaHue
HePOHOB, THAPOITUYECKAs AUCTPODUST HEPBHBIX KJle-
TOK C YMEPEHHON BaKyOIM3aIMell ITUTOTIAa3Mbl, OUa-
TOBBII U CyOTOTATBHBIN XPOMATOJIN3, TUIIEPXPOMA-

Puc. 5. TunnyHble yIsTpacTpyKTyPHbIE H3MEHEHHS CHHAIICOB.
Fig. 5. Typical ultrastructural changes of synapses.

Note. Stratum lacunosum (&), stratum radiatum (b) of the molec-
ular layer 1 day after acute ischemia. Edema and swelling of the ter-
minals (the light type of destruction) in axosomatic, axodendritic
and axospines synapses (a, arrows) on the background of neuropile
edema (b, arrows) of field CA3 of the hippocampus. Coloring with
uranylacetate and lead citrate. Scale — 500 nm.

IIpumevanue. Stratum lacunosum (@), stratum radiatum (b) mo-
JIEKYJISIPHOTO ¢JI0sT 4epe3 1 ¢y T mocte octpoii umremun. OTek i Ha-
Oyxanue TtepmMuHajell  (CBETJBIA  THUIN  JCCTPYKIUHM) B
AKCOCOMATHYECKUX, AKCOAEHAPUTHYECKUX U AKCOIIUITHKOBBIX CH-
Haricax (a, crpesikn) Ha hoHe oreka Heiporus (b, CTPeIKM) moJist
CA3 rumnmokamia. OKpacka ypaHU/JIAIETATOM 1 IIUTPATOM CBHHIA.
Ikana — 500 mM.

synapses occurred at all levels of the molecular layer
(stratum lacunosum, radiatum and lucidum). However,
small synapses stratum lacunosum and stratum radia-
tum suffered to a greater extent. This can be considered
as one of the mechanisms of change of interneuronic re-
lations in the early period after acute ischemia.

The key structures associated with the activation
of necrosis and apoptosis of the nervous tissue of the
mammalian brain are the synapses between neurons.
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Ta6amua 2. O61as II0THOCTh MEKHEHPOHHBIX KOHTAKTOB MOJIEKYISIPHOTO ¢1051 1015t CA3 runmnokamia 6eJibix KpbiC B

HOpPMe U B IOCTHIIEMUYecKoM nepuoae, Me (QL—-QH).

Table 2. The total density of the interneuronic contacts of the molecular layer of the field CA3 of the hippocampus of
white rats in the normal and post-ischemic period, Me (QI-Qu).

Groups

Indicators in areas, per 100 um?

Stratum lacunosum

Stratum radiatum

Comparison group, n=5

36.1 (29.6-43.7)

25.3 (20.5-30.6)

Main group, n=18

day 1 21.2 (13.5-31.6) =0.001* 20.8 (9.2-25.1) p=0.01*

day 3 19.9 (9.6-21.6) P=0.0001% P=0.02* _ 14.8 (10.1-16.8) P=0.0001%, P=0.02*

day 7 20.8 (16.1-22.6) P=0.0001% P=0.1 __ 19.9 (12.4-22.5) P=0.001%; P=0.01"

day 14 311 (25.3-36.2) P=0.2%, P=0.001" 21.8 (16.8-33.4) P=0.2%; P=0.1*

day 21 354 (29.4-37.2) P=0.1%; P=0.03" 24.8 (20.6-26.1) P=0.4%; P=0.3"

day 30 32.8 (27.2-389) P=0.2%; P=0.06" 23.0 (19.1-27.5) P=0.4%; P=0.3"
ANOVA df=5; H=22.7; P=0.001** df=5; H=18.5, P=0.004"*

Note. Uranylacetate and lead citrate. * — comparison with falsely operated animals; * — comparison with the previous term (Mann—
Whitney and Kolmogorov—Smirnov test); ** — comparison between all terms (ANOVA). Differences are statistically significant at

P<0.05.

IIpumevanue. Jlas 1aba. 2, 3: Indicators in areas — nokasaresin B 3oHax. OKpacka ypaHuianeTaToM U IIMTPaTOM CBUHIIL. ¥ — cpaBHEHUE
C JIO)KHOOTIEPIPOBAHHBIMHI XIUBOTHBIME; * — cpaBHEHHUe C MpeblAyIuM cpokoM (kputepuii Manna—Yuruu n Kosmoroposa—Cwmup-
HOBa); ** — cpaBHeHme Mexay Bcemu cpokamit (ANOVA). Pagnmanst cratncrideckn sHadnmMst mpu p<0,05.

T03). BoJbite Bcero G0 TEMHBIX HECMOPIIEHHBIX 1
CMOPIIEHHBIX HEHPOHOB 6e3 TOMOTEHU3ANNY sipa. B
MIOCJIEIHUX, 32 CYET IETUIPATAIINH, TIPOUCXOMIIO Pa3-
JIMYHOM CTEMEHU CKAaTUE IUTOMIAa3Mbl 6e3 JeCTPYK-
K uTockesieta u anapa. OcobeHHO HATISIHO 3TO
GBIIIO BUIHO TPU IMMYHOTUCTOXUMHUYECKOH Bepruu-
KallU¥ IIUTOCKEJIEeTa C MTOMOIIbIO AHTUTEJ MPOTUB
MAP-2 (puc. 4, a, b).

[To manHBIM 3TEKTPOHHOI MUKPOCKOIIUY, B stra-
tum radiatum MOJIEKYISIPHOTO CJIOs, M3-3a TIPUCYT-
CTBUSI KPYIHBIX CTBOJIOB aNUKATBHBIX [E€HAPUTOB
MUPAMUIHBIX HEHPOHOB, 001Mast YMCAeHHAs TLIOT-
HOCTh CHHANITHYECKUX KOHTAKTOB (B eIUHUIIE TIOJIS
spenus, 100 Mxm?) 3akonomepHo Obiia B 1,3—1,4 pasa
HIDKe, 4eM B stratum lacunosum (tabu. 2).

B ocTpom moctuiiieMuyeckoM 1epuoie CHHaI-
cot monst CA3 mosBeprasnch cBeTaoMy (OTeIHOMY )
tuny gectpykuuu. Tepmunaib HabGyxana, MpocBeT-
JIL1aCh, B Hell YMEHBINAJIOCh COeprKaHIe CUHAIITH-
yeckux my3eipbKoB (CIT), a ocrasmmecst CII moasep-
rajuch arrJaiOTHHAIMY, TPYNIHPOBAIUCH JUOO B
IeHTpe, JauUbO OKOJIO aKTUBHBIX 30H. HambGosee
YCTONYUBBIMY K UMY OBLITU MOCTCHHATITHYECKUE
VIJIOTHEHUSI U BEIIECTBO CUHANTUYECKON IIeJIN.
Crpazanu Bce BUIBI CHHATICOB B CJIO€ TTMPAMUIHBIX
HeitpoHoB, stratum lacunosum u stratum radiatum
MOJIEKYJISIPHOTO CJIOSI — aKCOCOMaTHYecKUe, aKco-
NEeHIPUTUYECKUE W aKCOIUMUKOBBbIe. OTMedaTn
nposBieHns oteka Heliponuist. Yepes 1 u 3 cyr
1ocJie UMEeMUH Ha BCeX YPOBHSIX IEHAPUTHOTO epe-
Ba HEHPOHOB U3YYEHHBIX OT/EJOB FOJIOBHOTO MO3Ta
MOSABJISATIOCH OOJIBIIIOE KOJTMYECTBO HAOYXIITUX MUTO-
XOHJIPHIT ¢ Pa3pyIICHHBIMI KPUCTAMK, MEMOPaHAMY,
BakyoJM3anueii MaTpukca. (puc. 5, a, b).

YacTp CHHANCOB MOJIEKYJISIPHOTO CJIOST TIOJI-
HOCTBIO Pa3PyIIAIach y:Ke B Tedenue 1-X CyToK: B stra-
tum lacunosum — 41,3%, B stratum radiatum — 17,8%.
Yepes 3 ¢yt gedUIUT CUHATICOB B 00€UX 30HAX JOCTH-

This is due to the fact that excitatory neurotransmit-
ters, after damage to synaptic bubbles and release into
the intercellular space, trigger calcium-dependent ex-
citotoxic mechanisms of neuronal death [18, 19].

In this study, new data on the regularities of the
reorganization of interneuronic bonds in field CA3 of
the hippocampus after acute ischemia caused by 20-
minute occlusion of the common carotid arteries were
obtained. According to the literature, such informa-
tion is important for understanding the causes of
changes in cognitive functions of the brain in the post-
ischemic period [9, 10].

The study of interneuronal communication was
performed with the help of immunohistochemistry and
electron microscopy. It was found that after 1 and 3 days
from ischemia, a significant (up to 45%) part of the
synapses of the neuropyl was destroyed by light (ede-
matous) type of destruction. The most sensitive part of
the synapses was the terminal one, which swelled and
was brightened, characterized by decreased content of
synaptic bubbles. All types of synapses seemed altered,
mainly in stratum lacunosum and radiatum. With the
aid of immunohistochemistry (synaptophysin), we have
shown that after 1 day of reperfusion in the field CA3 of
the hippocampus, pathological changes were made to
the terminals of giant synapses on apical dendrites of py-
ramidal neurons. The area of p38-positive structures
(synaptic bubbles) in stratum lucidum decreased by
8.8% (95% CI: 0.59—16.9%) compared to control. How-
ever, these axodendritic synapses, unlike stratum la-
cunosum and radiatum synapses, were characterized by
rapid recovery after 3—7 days. Axosomatic synapses in
the layer of pyramids were subjected to minor changes,
while the content of synaptophysin in them were not
changed. Full recovery of the overall numerical density
of synapses in all field CA3 became evident only on days
14—21 after the ischemia through activation of neosy-
naptogenesis and reorganization of functionally mature
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TaGauna 3. OtHocuTenbHas womaapb (%) yactui p38-nosurusHoro Mmarepuaia B moje CA3 runmokamna Genbix Kpbic

B HOPpME€ U B IOCTUIIEMHUYECKOM IIE€PpUO/JIE.

Table 3. Relative area (%) of p38-positive particles in the field CA3 of hippocampus of white rats in normal and

postishemic period.

Groups

Indicators in areas, per 100 um?

Stratum lacunosum

Stratum radiatum

Comparison group, n=20

24.6 (CI: 18.8-31.2)

14.9 (CI: 10.3-20.6)
%2=5.3; P=0.021*

Main group, n=30

day 1

158 (CI1:11.0-21.6)
42=4.3; P=0.038*

16.5 (CI: 11.6-22.4)
%2=0.003; P=0.95*
x*=0.1; P=0.76*

day 3

22.0 (CI: 16.5-28.4)
x*=0.2; P=0.61%
x2=2.1; P=0.15**

14.8 (CI: 10.2-20.5)
£2=3.0; P=0.08*
%2=0.0; P=0.99*
72=0.1; P=0.74**

day 7

29.2 (CI: 23.0-36.0)
%°=0.9; P=0.36*
$2=2.4; P=0.12%*

16.8 (CI: 11.9-22.7)
%2=8.0; P=0.005*
%2=0.2; P=0.70*
x2=0.1; P=0.74**

day 14

22.3 (CI: 16.7-28.7)
%2=0.2; P=0.67*
x2=2.1; P=0.14**

17.1(CI: 10.7-20.6)
y=1.4; P=0.23*
72=0.2; P=0.64*
72=0.0; P=0.96**

day 30

282 (CI: 22.1-35.0)
%2=0.5; P=0.48*
22=1.6; P=0.21%*

16.7 (CI: 11.8-22.6)
%2=5.3; P=0.021*
x*=0.2; P=0.70*

22=1.0; P=0.98**

Note. 200 fields of view for each term, immunohistochemistry against synaptophysin. * — comparison with stratum lucidum; * — com-
parison with false-operated; ** — comparison with the previous period. Differences are statistically significant at P<0.05 (criterion y2).

CI — 95% confidence interval.

IIpumeuanue. Pyramidal neurons bodies layer — cioii Tesr nupamuabix Heitponos. ITo 200 moJieil 3peHns Ha KasKAblii CPOK, MIMMYHO-
THUCTOXUMUSI IPOTUB cuHanToGu3nHa. * — cpaBHenue ¢ stratum lucidum; * — cpaBHeHNe ¢ JTOKHOOMEPUPOBAHHBIMI; ** — cpaBHEHTIE C
npeby M cpokoM. Pazimunst crarnctnaeckn sHadanMbl ipu p<0,05 (kpurepwuii x2). CI — 95% poBepuTebHbIN HHTEPBAJL.

raa Makcumyma — 44,9% u 41,5% cooTBeTCTBEHHO
(tabu. 2). Boccranosiienne ob1ieli YnCIeHHON II0T-
HOCTH CUHANTHYECKUX KOHTAKTOB JI0 YPOBHSI KOHT-
POJIBHOTO 3HAueHMs B stratum lacunosum u stratum
radiatum mosexysstproro ciios nojst CA3 nponcxoau-
Ji0 uepes3 14—21 cyT nocste octpoit uimemun (Tabu. 2).
[To manHBIM UMMYHOTHCTOXMMHUYECKOTO HCCJIe-
nosanus, uepes 1 cyt nmocme OOCA B stratum lucidum
(ammmkaspabie enpuThl) CA3 oTHOCHUTENBHAS TIIIO-
IMa/1b CPE30B P38-TIO3UTUBHBIX TEPMIHAJIEN CTATHCTH-
YecKW 3HAYMMO yMeHbImaach Ha 8,8% (95% [U:
0,59-16,9%) 1o cpaBuenmio ¢ kKouTposem. Yepes 3, 7,
14 1 30 cyT nocsie uIEeMUK ATOT MMOKA3aTesb HEe OTJIU-
YaJicst OT KOHTPOJIbHOTO 3HaveHus (Tabir. 3). Heo6xo-
IIIMO OTMETUTh, YTO OTHOCHUTEIbHAS TLIONALb P38-
MO3UTHBHBIX YACTUI[ YMEHBINATACh TOJBKO B 30HE
nennputoB CA3, a B 30He CKOIITIEHUS TeJT ITHPAMUTHBIX
HeiiporoB CA3 aToro He ObLIO BbIsABIEHO (TadL. 3).
Taxum 06pa3oM, B OCTPOM MOCTUIIEMUYECKOM
nepuoje (1, 3 cyt) B mone CA3 nporcxousio 3Haun-
TesbHOE yBesnueHue 101 addepeHToB Ha Teslax Hell-
POHOB 32 CYeT HePABHOMEPHOTO MTOBPEXKIEHNST AKCOCO-
MATHYECKUX U aKCOAEHAPUTHYECKUX CHHATICOB.
Paspy1renne MeskHelPOHHBIX CHHATICOB MTPOUCXOIIIIO
Ha BCEX YPOBHIX MOJIEKYJSIPHOTO cJjiosi (stratum
lacunosum, radiatum u lucidum). Ozxnaxo B Gosbireit
CTEeTeHN CTPaJaii MeJIKMe cuHarchr stratum lacuno-
sum u stratum radiatum. 9To MOKHO pacCMaTPUBATh

synapses. Various variants of such changes have been de-
scribed earlier in the neocortex [11, 12]. It is likely that
after ischemia there was a restructuring of interneuronic
relationships in the local neural networks of field CA3
of hippocampus and within other parts of the brain (in
particular, toothed fascia). After the death of a signifi-
cant part of synapses in the acute period, all the basic as-
sociative connections in the hippocampus were rebuilt.
However, field CA3 of the hippocampus quickly re-
stored its primary function, the convergence of the flow
of information from associative cortex and the phyloge-
netically ancient formations of the brain stem.

Therefore, synapses of field CA3 of the hip-
pocampus are highly sensitive to ischemia and plastic-
ity after reperfusion. This provides recovery of
functions and compensatory restructuring of in-
terneural relations of the brain after ischemia. Re-
search in this direction is promising and may exhibit
a potential of practical value.

Conclusion

Thus, after a 20-minute CCAO there was a reor-
ganization of communication systems of the pyramid
neurons of the field CA3 of the hippocampus of white
rats. Neurons of field CA3 had high tolerance to is-
chemia and ability to restore interneural relations
after reperfusion. In the surviving neurons, high levels
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Experimental Studies

KaK O/IMH 13 MEXaHU3MOB U3MEHEHU S MEKHEHPOHHBIX
OTHOUIEHUI B PaHHEM IIePUO/Ie 110CIIe OCTPOI UIIeMUN.

KiioueBbIMU CTPYKTYpaMy, CBA3AHHBIMU C AKTH-
BalMell MexaHn3MOB HEKpPO3a U alolTo3a HePBHOM
TKaHM FOJIOBHOTO MO3Ta MJIEKOIIUTAIONUX, ABJISIOTCS
MEKHEHPOHHBIE CHHATICHL. DTO 06YCIOBJIEHO TEM, UTO
BO3OYIKAAIOIINE HEHPOMEAUATOPBI, TIOCIIE TTOBPEKIIE-
HUS CUHAIITUYECKUX ITy3bIPbKOB U BBIXO/IA B MEXKKJIE-
TOYHOE IIPOCTPAHCTBO, 3AILyCKAIOT KaJIbIUi-3aBUCH-
Mble  9KCAHTOTOKCHYECKHE MEXaHU3MbI TIHOesH
Heliponos [ 18, 19].

B macrosiiem uccie[oBaHuu ObLIN TTOTyY€eHbI
HOBBIE JJAHHbIE O 3aKOHOMEPHOCTSX PeopraHu3alnu
MeXXKHepOHHBIX cBsizelr B moJsie CA3 rumnmokamma
1ocJjie OCTPON WIIEMUU, BbI3BAaHHOU 20-MUHYTHOM
OKKJII03ueil 06mmx coHHbIX aprepuil. I1o maHHbBIM
JIATEPATYPBI, TOA06Hast HHPOPMAIHst UMeeT GOJIBIIoe
3HaYeHUe I TOHUMaHU TPUYUH U3BMEHEHUS KOTHU-
THUBHBIX (DYHKIIMI FOJIOBHOTO MO3T'a B IIOCTUIIIEMIYE-
ckoM niepuoze [9, 10].

N3yuenne MexxHEHPOHHON KOMMYHHUKAIIUU MBI
IIPOBOIMJIN C TIOMOII[BIO UMMYHOTHUCTOXUMUH U JIEK-
TPOHHOM MMKpocKonuu. Bbino ycranossieno, 4rto
yepe3 1 u 3 cyr nocJie umeMun 3HaYUTENbHAS (710
45%) YacThb CHHAIICOB HeHpONuJs paspyliaiach
myTeM cBeTJI0ro (0TeYHOTO) Tua jectpykiuu. Hau-
GoJiee YyBCTBUTEIHHON YACTHIO CHHAIICOB Obliia Tep-
MUHAJb, KOTOpasi HabyXajia, IPOCBETJIANACh, B Heil
YMEHbBINAJIOCh COJIePKaHNe CUHAIITUYECKUX 11y3bIPb-
koB. CTpajain Bce BUJbI CHHAIICOB, HO B OOJIbIIEN
CTeleHr — aKCOIUIUKOBbIE B stratum lacunosum u
radiatum. C IOMOIIbI0O UMMYHOIMCTOXUMUY (CUHATL-
Tou3MH) HaMK TTOKa3aHo, uyTo yepe3 1 cyT penepdy-
3un B 11ojie CA3 11aTosornyecKuM n3MeHeHUsAM 0/1-
BEprajiich U TEPMUHAJIM TUTAHTCKUX CHHAIICOB Ha
ANMKAJIbHBIX JIeHPUTAX ITUPAMUIHBIX HEHPOHOB.
[Tnomaap p38-103UTUBHBIX CTPYKTYP (CMHATITUYE-
CKUe€ My3bIpbKK) B stratum lucidum ymenbinmnach Ha
8,8% (95% 11: 0,59—16,9%) 110 cpaBHEHHUIO C KOHT-
posieM. OaHAKO 7 3TUX aKCOAECHAPUTUYECKUX
CHHAIICOB, B OTJIMYKE OT CHHAICOB stratum lacuno-
sum u radiatum, GbLIO XapaKTepHO OBICTPOE BOCCTA-
HOBJIeHUE yiKe uepe3 3—7 cyT. AKcocoMaTuuecKue
CHHAIICBl B CJI0€ MUPAMU/] 1I0/[BEPrajuch He3Hauu-
TeJIbHBIM U3MEHEHUSIM, IIPU 3TOM CoJiepKaHye CUHAIl-
todusnHa B HUX He nudMensioch. [lomnoe Boccranos-
JieHne obIell YMCIeHHON MIOTHOCTH CUHATICOB BO
Bcex 3oHax CA3 npoucxoamio Tobko yepes 14—21
CYT IIOCJIe UIIEeMUM 32 CUET aKTUBAIMU HEOCHHAIITO-
retesa U peopraHusanuil GYHKIUOHAJIBLHO 3PEJIbIX
CHHATICOB. Pazinunble BAPUAHTDI MOO0OHBIX U3MEHE-
HuUil onmcanbl panee B Heokoprekce [11, 12]. Bniosine
BEPOSITHO, YTO I1OCJIe UIIEeMUH ITPOUCXO/IUJIA Tepe-
CTpolika MeXHEHPOHHBIX B3aUMOOTHOIIEHUII B
JIOKAJIbHBIX HEHPOHHBIX ceTsix CA3 rurmmokamia u ¢
JIPYTUMU OT/IeJIaMH TOJIOBHOTO Mo3ra (B 4YaCTHOCTHU
syOuaToil dacuumeit). Ilocite rtubenn 3HAYUTENBHON
YacTU CUHAIICOB B OCTPOM IIepro/ie IIePeCcTPanBaIICh
BCE OCHOBHBIE aCCOIMATUBHbIE CBSA3U TUIIIIOKAMIIA B

of the marker of the cytoskeleton (MAP-2) and synap-
tic vesicles (p38) were detected. This testified to the
structural and functional safety of all components of
the communication system of a significant part of the
pyramidal neurons in acute ischemia. Reconstructed
interneuron synapses in the stratum radiatum and the
lacunosum molecular layer were most significant. The
potential significance of this study for clinics is con-
firmed by the post-ishemia presence of protection
mechanisms of the brain nervous tissue, targeted acti-
vation of which may reduce the level of irreversible
processes.

This work was supported by the Foundation for
the Promotion of Innovation under the program
«UMNIK>» No. 14 of December 15, 2012 and the In-
ternal Grant of GBOU VO Omsk State Medical Uni-
versity Ne 574 of 24.11.2017.

paMKax TpucHHanTHYeckoro mytu. OpHaKo, ToJie
CA3 runmoxammna GbICTPO BOCCTAHABJIUBAIO CBOTO
OCHOBHYI0O (YHKIIMIO — KOHBEPTEHIIUIO MOTOKOB
nHGOPMAIIUU OT ACCOTTMATUBHON KOPBI U (hUjIOTeHe-
TUYECKHU JIPEBHUX 00Pa30BaHUI CTBOJIA MO3TA.
Takum ob6pasoM, cunatchl mojist CA3 obrazaior
BBICOKOI YyYBCTBUTEJNBHOCTBIO K UIEMUU U TLIACTUY-
HOCTBIO TI0CJIe periepdysun. ITo obecrieunBacT BOCCTa-
HOBJIeHUe QYHKIUI U KOMIIEHCATOPHYIO TIEPECTPOITKY
MEKHEIPOHHBIX OTHOIIIEHUI TOJIOBHOTO MO3Ta MocJIe
umemuy. VccirenoBanus B 9TOM HalpPaBIE€HUU TIEP-
CIIEKTUBHBI U UMEIOT TIPAKTHYECKOE 3HAUEHHE.

3akjaoyeHue

[Tocne 20-munytaoit OOCA mpoucxoamnna
peopranusaiysi CuCTeM KOMMYHUKAIIMY [THPAMU/THBIX
HeitpornoB CA3 rumnmnokamiia 6esbix Kpbic. Helipomsr
CA3 ob6saganu BEICOKOI TOIEPAHTHOCTDIO K MIIEMII
U CIOCOOHOCTHIO K BOCCTAHOBJIECHUIO MEKHEHPOHHBIX
oTHOUIeHUH 1ocsie periepdys3uu. B coxpanupimuxcs
HellPOHaX BBISABJIAIOCH BBICOKOE COZlep KaHue MapKe-
pa nurockesera (MAP-2) u cuHanTuyeckux mysbipb-
koB (p38). ITO CBUETEIBCTBOBAIO O CTPYKTYPHO-
(byHKIIMOHATBLHOM COXPAHHOCTH BCEX KOMIIOHEHTOB
CUCTEeMbI KOMMYHUKAIMU 3HAYUTEJIbHOM 4acTH Iupa-
MU/IHBIX HEHPOHOB TIpu ocTpoil uiemun. Haubosee
BBIPAKEHO IIepecTpanBaInuch MeXKHEHPOHHbIE CUHATI-
¢l B stratum lacunosum u radiatum mMosexyaspHOro
cnog. IIpakTnyeckoe 3HayeHue JaHHOTO MCCJIeI0Ba-
HUS 3aKJII0YAETCS B TOM, YTO OHO MO/JTBEPIK/IAeT HAJH-
Yyye eCTeCTBEHHBIX MEXaHM3MOB 3allUTbl HEPBHOM
TKaHM rOJIOBHOTO MO3Ta, 1leJIeHalIPaBIeHHast aKTHBa-
IMsI KOTOPBIX MO3BOJIMT YMEHBIIUTH CTEMEHb Heobpa-
THUMBIX [IPOLIECCOB TI0CJIe OCTPOI UIIIEMUU.

Pabora Bbeinosrena npu nojepxke MDomjga
coJleficTBUST MHHOBAIUAM 110 iporpamme «Y MHUK»
Ne14 or 15.12.2017 . u BuyTpennero rpanta [BOY
BO Owmckoro rocy1apcTBEHHOTO MEJMITUHCKOTO YHU-
Bepcuteta Ne574 ot 24.11.2017 1.
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