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Annomayusa. Ileap uccaea0BaHUA — HU3YYUTb MOPGOPYHKIIMOHAIbHBIE U3MeHEHUsA HEeUPOHOB,
IVIMAJIBHBIX KJIETOK M CUHAITHYEeCKUX TEPMUHAIEH B CEHCOMOTOPHOU KOpe I'0JIOBHOT'O MO3Ta KpbIC IIOCIe TsXKe-
JIOH yepenHO-M03roBo# TpasMsbl (TUMT). Marepuas u Meroabl. MoznenupoBanue TUMT y 6esnbix Kpbic (oc-
HOBHAs IPyIIa, N=30) OCYIIECTBJ/IsUIN Ha YCTAHOBKE CO CIIEIIUATIBHBIM YZAApHBIM MexaHu3MoM. KoHTposem ciry-
JKIJIM MHTAKTHBIE JKUBOTHBIE (n=6). ['ncromMopdosoruueckoe nusyueHune ceHcoMoTopHo# kopsl (CMK) rosioBHOTO
MO3Ta KpBIC IPOBOJU/IU Ha cpe3ax, OKpallleHHBIX TeMaTOKCWINHOM U 303MHOM U THOHHHOM I1o Huccemio. Mmmy-
HOTUCTOXUMHMYECKUMU peaKIUsAMU BbIABJANU cuHanTtodusud u GFAP, nposoawin mopdomerputo. Ha cepuii-
HbIX GpOoHTAIBHBIX cpe3ax CMK uzyueHsl HeHpOHBI, HEMPOIVINA U MeKHeHPOHHBIe CHHAIICH] B KOHTPOJIE U Yepe3
1, 3, 7, 14 1 30 cyT nocie TUMT. Onpeniesnann YUCaeHHYI0 IJIOTHOCTh HEUPOHOB, HEUPOTJIUY U CUHAIITUIECKUX
TepMUHAJIEH Ha eIUHHUILY IUIOMAIH cpe3a cyioeB I (Tosbko Tepmunanm), IIT u V CMK mo3ra. IIpoBepKy cTaTHUCTH-
YeCKUX TUIIOTe3 TPOBOAMIN C IIOMOIIBIO HelmapaMeTpUYeCKHX MeTOJIOB B mporpamMme Statistica 10.0.
PesyabpraThl. B KOHTpOsIE Ha (GOHE HEM3MEHEHHOT0 HEHPOMIUIA IIPeobJIa/iaiy THIIMYHbIE HOPMOXPOMHBIE ITH-
paMuzHble HEUPOHBI, YeTKO BepUMUIIUPOBAIUCH cHHanTHUYeckue TepMuHaiu. Ilocsie TYMT otmevanuch npu-
3HAKW TUHKTOPHAJIBHBIX, TH/POIMYECKHX, JAETHJPATAIOHHBIX H HEKPOOWOTHYECKUX H3MEHEHHH HEHPOHOB,
PEAKTHUBHOTO acTPOIJIN03a, TOABJIAINCH II0JIA «BBINA/IEHNA» HEHPOHOB, YMEHbIIAIACh 00Iasa YNCIeHHAs IIJI0T-
HOCTh HEMPOHOB U CHHAICOB. MakcUMaJbHOE YBeJIUYeHHE COZlep:KaHUA MUKHOMODPGhHBIX HEHPOHOB BBIABJIEHO
yepes 1 ¢yt nocie TUMT (B cimoe 11T CMK — Ha 11,6%, B cioe V CMK — Ha 18,5%). ITUK YHCIIEHHOHN TIJIOTHOCTH
KJIETOK-TeHell U r'uIepXpOMHBIX HECMOPIIIeHHbIX HeHPOHOB OTMeueH depe3 3 cyT. YuciieHHasd JIOTHOCTb CUHAII-
TUYECKUX TEpMUHAJIEH TP 5TOM B pas3HbIxX caoax CMK ymenbpmanacs B 1,5-2 pasa. Ob u3MeHeHnH OasaHca 1mpo-
IIECCOB JIECTPYKIMYU U BOCCTAHOBJIEHUS CHHANTH4YecKoro mysa nocyie TUMT cBuieTesbCTBOBIN CTAaTUCTHYECKHU
3HAYMMEBIE JJAHHBIE O CHIPKEHUH U YBEJINYEHNHN YHCIEHHOH IIJIOTHOCTH TEPMUHAJIEH B TeUeHre 30 cyT HabJoe-
HuA. I10JIHOTO BOCCTaHOBJIEHUA U3Y4YeHHBIX ITOKa3aTesled HePDOHOB U CHHAIICOB /10 KOHTPOJIBHBIX 3HAUeHUH B
TeyeHUe 30 CyT He npoucxoauio. 3axarodenue. ITocie TUMT dbyukuuonupoBanue CMK mMo3ra KpbIC IPOUCXO-
JUT Ha (OHe JUIUTETBHOTO COXpaHEeHHsI 00paTHMO M HeOOPaTHMO IOBPEXK/IEHHBIX HEHPOHOB, PEAKTHBHOTO HEH-
poryivio3a U IepMaHEHTHON peopraHM3aliy MeKHEHMDOHHBIX OTHOIIEHUN 3a CYET aKTHUBAIIUU pelapaTuBHOMN
Helpo- U CUHAITUYeCKOH IUIacTUYHOCTU. IlojlydeHHBle aHHble IIOCIY>KaT I YTOUHEHUs peopraHu3aliu co-
CTaBJLIIONINX Pa3HBIX HEHPOHAIbHBIX KoMIiekcoB CMK (citou I, ITT u V) mociie TYMT.
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Abstract. The aim of the study was to investigate morphofunctional modifications in neurons, glial cells
and synaptic terminals in the sensorimotor cortex of the brain in rats after severe traumatic brain injury (STBI).
Material and methods. STBI simulation in white rats (main group, n=30) was performed on a device with a
special shock mechanism. Intact animals (n=6) were included in the control group. The sensorimotor cortex
(SMC) of the brain in rats was studied histomorphologically on sections stained with hematoxylin and eosin and
thionin according to Nissl. Synaptophysin and GFAP were detected immunohistochemically, then morphometry
was performed. On serial frontal sections of the SMC, neurons, neuroglia, and interneuronal synapses were
studied in animals of the control group and in animals exposed to STBI in 1, 3, 7, 14, and 30 days after STBI
simulation. The number density of neurons, neuroglia, and synaptic terminals was determined per a unit area of
the section of layers I (terminals only), III, and V of the cerebral SMC. Statistical hypotheses were tested using
nonparametric methods in the Statistica 10.0 program. Results. In animals of the control group, typical normo-
chromic pyramidal neurons predominated, synaptic terminals were clearly verified; this was combined with
unaltered neuropil. In animals exposed to STBI, there were signs of tinctorial, hydropic, dehydration and necro-
biotic changes in neurons, reactive astrogliosis, fields of "loss" of neurons appeared; the overall numerical density
of neurons and synapses decreased. The maximally increased content of pycnomorphic neurons was detected in 1
day after STBI (in layer III of the SMC, by 11.6%; in layer V of the SMC, by 18.5%). The peak in the number den-
sity of shadow cells and hyperchromic non-wrinkled neurons was noted in 3 days. The numerical density of
synaptic terminals in different layers of the SMC decreased by 1.5-2 times. The altered balance of the destruction
and restoration processes of the synaptic pool after STBI was evidenced by statistically significant data on the
decreased and increased numerical density of terminals during 30 days of the study. There was no complete
recovery of the studied parameters of neurons and synapses to control values within 30 days. Conclusion. The
SMC of the brain in rats remains functioning after STBI; this occurs in the context of long-term preservation of
reversibly and irreversibly damaged neurons, reactive neurogliosis, and permanent reorganization of interneu-
ronal relationships due to activated reparative neuro- and synaptic plasticity. The data obtained will specify
reorganization of the components of various neuronal complexes of the SMC (layers I, III, and V) after STBI.

Keywords: traumatic brain injury; neurons; synapses; glia; sensorimotor cortex; immunohisto-
chemistry; morphometry; experiment
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BBenenue

B coBpeMeHHOM MUpe JOCTHKEHUSI B 00-
JIaCTH HeWpOHAyK B 3HAUYUTEJIPHOU CTElleHU W3-
MEHWJIU IPeACTaBJIEHUE O CTPYKTYPHOU U YyHK-
[IMOHAJIPHON OpraHu3alil HEHMPOHOB U IJIUU B
HeokopTekce [2]. KoHnenus o ToM, 4TO MO3T —
3TO JUHAMUYECKAs, TOCTOSHHO H3MEHSIONIASICS
U CaMOBOCCTAaHABJIMBAIOIIAACSA CHCTeMa, ObLIa
npesioskeHa JloHanbnoM Xeb00M HECKOJIBKO JIeT
Ha3aJl, KOTOPBIH MPE/IOIO0KIII, YTO AKTUBHBIE
CHHAIICHl COXPAHSAIOTCA B HEPBHOU TKAaHU, B TO
BpeMs KaK HEHUCIOJIb3yeMble KOHTAKThl HEUpOo-
HOB IIOZ[BEpraioTcsi arpoduul U Pa3pyIIAOTCS
[14]. B HayuHO-ucCIemOBaTEIBCKUX paboTax
MPOCJIEKUBAIOTCS JI0KA3aTeIbCTBA BO3MOXKHOCTHU
BOCCTAHOBJIEHUSA MOP()O}YHKIMOHATIBHOTO CO-
CTOSTHUSI 3JIEMEHTOB HEPBHOH TKAaHU IIOCJIE
TpaBMaTU3aluH [5, 10].

N3ydyeHne 3akOHOMEpPHOCTEN peopraHusa-
UK HEeUpOIHaJIbHBIX B3aMMOOTHOIIIEHUM pac-
CMaTpUBAIOT Kak (peHOMeH IMpOsIBJEHUs HEUpo-
IUIACTUYHOCTH [4, 12, 15]. IIpu aTom nox Helipo-
IUIACTUYHOCTHIO TIOHMMAIOT CIOCOOHOCTH BOC-
CTaHaBJWBATh (DYHKIIMM HEPBHOU CHCTEMBI IIy-
TeM KauyeCTBEHHOTO U KOJINUYECTBEHHOTO PeMOjie-
JIMPOBaHUsA HEUPOHOB 3a CUeT M3MEHEHUs Hel-
POHHBIX CBA3€U U TJIMAIBHBIX 3JIEMEHTOB B CJIE]I-
cTBUe (PaKTOpPOB OK30T€HHONH U SHJIOTEHHOM
pupozs! [9]. HelipoHBI KOPBI FOJIOBHOTO MO3Ta
00pasyroT 60s1ee 15000 CHHANTHYECKUX CBA3EH U

8o

00J1a71a10T BBICOKOH CTENEHbI0 HEHPOILIACTUYHO-
cTH, yTo obecreynBaeT COXpaHEHUEe WX JKU3He-
JIeSTEIPHOCTH B HOPMAaJIbHBIX YCJIOBUAX U IIPH
Pa3JIMYHBIX TPaBMa roJI0BHOTO Mo3ra [3].

[ToaTOMy KOMILIEKCHOE H3y4YeHHe HeHpo-
HOB, HEHPOTJIMU U CHUHAIICOB J]JaeT MaKCHUMAaJIbHO
BO3MOXKHYI0O HMHGOPMAIHMIO O  CTPYKTYPHO-
(pyHKIIMOHATIBPHON  peopraHuM3alliyl  HepPBHOH
TkaHu. [locie TsAXKeIOM 4YepernHO-MO3roBOU
TpaBMbl (TUMT) coueranue TpaJiUITMOHHBIX
HeHpPOOHOJIOTUUECKUX CHOCOOOB HCCIIEIOBAHUM
OuoMapkepaMy W HMMMYHOTHCTOXHMUYECKIMU
peaKkuaMU IO3BOJIUJIO PACIIUTh JaHHBIE pe-
3yJIbTATOB B 3TOI 06sacTu [10, 11].

Bosipmmoe 3HaueHHe HMeeT KIMHUYECKOE
HCIIOJIb30BaHNE OMOJIOTUUECKUX MapKepoB IS
KOJINYECTBEHHOTO W KAayeCTBEHHOTO OIpezeJe-
HUs CTENEHU TPaBMAaTH3aIlMd MO3Ta y TaIlFeH-
ToB. }0.B. Xpanos u C.B. ITopoiickuii [13] oTme-
THJIH, YTO «IIOsIBJIeHHE HeHpOH-crenudruyecKkon
eHonaspl (NSE) ykaspiBaeT Ha paspylieHue
CTPYKTYPHON OpraHu3alil HeWpPOHOB, a HaJIU-
Yre ITHAIbHOTO (GUOPUIIIAPHOTO KUCJIOTO Oeska
(GFAP) xapaxTrepusyeTr U3MeHEHHUs CO CTOPOHBI
IVINAJILHBIX KJIETOK, OJTHAKO OOHapy:KeHUe IJIH-
KorporenHa cuHanrodpusuHa (p38) mo3BoJAeT
OIIPENIEJINTh YKCJIEHHYIO IJIOTHOCTh CHHATICOB».
CuM06m103 3KCIEPUMEHTAIBHON HeHpPOoMopdoIio-
THM U BBbIABJIEHHE MAapPKEPOB IMOBPEXKIECHUS
HEPBHOM TKaHU y YEJIOBEKA ITO3BOJIUT JIyYIIle
MOHATh  MAaTOMOP(QOJIOTUUECKHE  WU3MEHEHHUs
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B TOJIOBHOM MO3Te IIDH TpaBMaTrusanuu u Oyzer
c1ocoOCTBOBATh pa3paboTKe METOOB Ux dapma-
KOJIOTUYECKOH KOPPEKIWM HAa PAHHUX CTa/IUAX
JUarHOCTHUKH [16, 8].

enp uccnepoBaHus — U3Y4YUTh Mopdo-
dbyHKIMOHATPHBIE W3MEHEHUS HEHPOHOB, IJIH-
AJBHBIX KJIETOK W CHHAIICOB B CEHCOMOTODHOH
KOp€e TOJIOBHOTO MO3Ta KPBIC IIOCJIE TAXKEJION Jue-
PEeINHO-MO3TOBOY TPABMBI.

MaTepnaJI U MEeTOAbI HCCJIeJOBaAHUA

UccnemoBanre  BHITIOJIHEHO Ha  0Oase
OT'BOY BO «Omckuil rocyZjapcTBEHHBI MeIu-
IIMHCKUH YHUBEPCUTET» C COOJIIOZIEHUEM DTHYe-
CKUX HOPM (IIPOTOKOJI 3THYECKOTO KOMHTETa
N2112 0T 26.09.2019) U C yUeTOM PEKOMEHAIIUHA
MesxayHapogHOTO KOMHUTeTa 1o pabore ¢ y1abo-
PaTOPHBIMU >KUBOTHBIMH, MOAJIep:KaHHBIX BO3,
JIUPEKTUBOU EBpomneiickoro ITapnamenTa
N22010/63/E ot 22.09.2010 «O 3aI1uTe KUBOT-
HBIX, WCIOJIb3YEMBIX JJIsI HAYYHBIX IIeJIeH».
B xauecTBe dKCIIEpPUMEHTATBHBIX JKUBOTHBIX HC-
TIOJIb30BAIN OEJIBIX KpbIC-caMIIOB JIMHUU Wistar
Maccoii 350—400 T.

MopenupoBanne TUMT y 1mOJI0BO3peJIBIX

KpPBIC OCYIIECTB/LIA IyTEM HCIIOJIb30BAHUA YC-
TAaHOBKM ¢ yAapHeIM MexaHuzMoMm (IlaTeHT
Ne 2788904 or 25.10.2021). Taxkenas cremeHb
TIOBPEXKAEHNUS HEPBHOM TKAHW JIOCTUTAJIACH IIy-
TeM JIO3UPOBAHHOTO MEXaHUUYECKOTO BO3/IEUCT-
BUA CBOOOZHO TAAAIONIMM [HJIHHAPUYECKUM
rpy30M Maccoil 598 T' ¢ BBICOTBHI 35 CM Ha 3aThl-
JIOYHO-TEMEHHYIO0 00J1acTh TOJIOBBI M pacyeTa
MIOTEHIINAJIPHON SHEPTHH yZ1apa, o ¢GopMyJIe:
E ynapa=mxgxh=0,598x9,8x0,35=2,05 [I:x, rzie
m — Macca IaJIalolIero rpysa, g — yYCKOpeHHe
cBOOOMHOTO TazeHusi, h — BbIcoTa (paccTosiHue
OT TOYKHM Hauvayia TaJIeHus 0 BEPXHEro Kpas
BTYJIKH, PACITOJIO}KEHHOH Ha IJIaHKe).

Ilepen MopmenupoBaHUEM II0JIOBO3PEJIBIX
Kpbic simHUKM Wistar HapKOTU3UPOBAIN BHYTPH-
MBIIIIEYHBIM BBefieHueM Zoletil-100 B m03upoBke
10 MT/KT, OKuiasg HACTYIUIEHUS TIyOOKOH (hasbl
aHeCcTe3WH B BUJIE aHAJITE3WH U IMOJHOU peslak-
canuu. C 1epl0 UCKJIIOUEHUS IepesioMa YeJTo-
CTH BO BpeMs yapa *KUBOTHBIX MTPEABAPUTETHHO
(ukcupoBasii Ha OIEPAIMOHHOM CTOJIUKE C
aMOPTU3UPYIOIIEH IOAYIIEYKOH W3 Ty6yaToro
MaTepuasia Jiyisl COXpPaHEHUs 1IeJIOCTHOCTH YeJTo-
CTHU BO BpeMsl HaHeCEeHWs yjapa. B pesysbrare
BBIOPAaHHON MOJIEJTH OIIBITA JIETAJIBHOCTh B XOJIE
SKCIIEpUMEHTa cocTaBuia 47,3%. KonTposem
CIIy’KWJIM WHTaKTHbIe KpbIchl 6e3 TUMT (n=6).
BBDKUBIINX KPBIC HUCCIEIOBAIIN Yepe3 1, 3, 7, 14 U
30 cyT mocJjie TpaBMaTu3anuu (n=30).

ITox aHecTe3uell cocyZIUCTOE PyCJIO TOJIOB-
HOTO MO3Ta ITPOMBIBAJI BBEJIEHUEM B JIEBBIH JKe-
JIyTouex cepana 0,9% guspacreopa NaCl (100-
125 vu1) u ®parmuHa (5000 eguHwuI). ['0TOBHOM
MO3T Ilepesi U3BjleueHneM (UKCUPOBaIN nepdy-
3uell 4% pacTtBopa ¢dopMaibaeruza, IpUroToB-
snerHoro Ha ocharnom Oydepe (pH 7,2-7,4) B
JIO3UPOBKE 30 MJI IOJT JaBjeHHeM 90—100 MM

PT. CT. B TeueHUe 15 MUH. [loJIy4yeHHbIN MaTepH-
aJI, XpaHUBIIUNCSA B XOJIOIWJIBHUKE IIPU TEMIIe-
parype +4°C, 4epe3 24 4 noMeIaad B TOMOIeHuU-
3upoBanHbi napadpus (HISTOMIX). IIpurotos-
JleHre (POHTAIIBHBIX CPE30B OCYIIECTBILAIN IIPU
nomoiu Mukporoma HM 450 Ha ypoBHe 1.2 —
(-3.0) ot bpermsi [17, 18].

Mopdosoruueckuii u  MopdomeTpuye-
ckuil aHasm3 HepBHOU Tkanu CMK u omnpenee-
HUE YNCJIEHHON IJIOTHOCTA HEWPOHOB U IJIMU
npoBoAwan 1o ¢QororpadpusaM Ipenaparos,
MIpeZIBAPUTENIFHO OKPAIIeHHbIX T€MaTOKCHUIMHOM
U D03WHOM, a TaK}Ke THOHUHOM 110 MeToxy Huce-
JIsA, cAeJIaHHBIX Ha MUKpockore Leica DM 1000 c
nosy4yeHueM IU@pPoBbIX MUKpodoTorpaduil BbI-
coxoro paspemrenus (tiff, 2592x1944 nukceneit),
obpaboranaeix B mporpamme Photoshop CC c
ucnonas3oBanueM ¢uiabtpa Camera RAW (uer-
KOCTb, KOHTPACTHOCTb, OaJIaHC 0OeJIoT0) U yBeJH-
YyeHHeM pa3MepHocTH (o 3780?2835 mukce-
Jeli/cM, paspelieHre 600 THKCEIEH/TI0NM).
JIOTIOJTHUTENIPHO UAEeHTU(PUKAIUIO KJIETOK U
CTPYKTYP IMPOBOAWIIN IPU UMMYHOTHUCTOXUMUYE-
ckux peaknusax. CHHANTHYeCKHe TEPMUHAIN Be-
pUGUIITPOBAIH € TIOMOIIBIO PEAKITUH Ha CHHATI-
todusuH (p38), a acrpouursl — GFAP. Cunamn-
TodpusuH (PA0299) — MBIIIMHBIE MOHOKJIOHAJIH-
Hble aHTUTeJa, KIOH 27G12, TOTOBBIE K IpUMe-
Henuio (Bond Ready-to-Use Primary Antibody;
Leica Biosystems Newcastle Ltd, Benuko6pura-
Hus). GFAP — aHTuUTe/la MOHOKJIOHAJIbLHBIE MbI-
muHble. KimoH: GA5, U30TUIIBI UMMYHOTJIOOYJTH-
HoB: IgG1. I'oToBBIN K IpuMeHeHUIO. Jleiika Buo-
cucreMmc Herokac JItn / PA0026.

Cpesst CMK mocsie B3auMOAEeNCTBUA C
TIEpBUYHBIMU AHTUTEJIAMU UHKYOUPOBAJIU C BTO-
PUYHBIMH  aHTWTeJaMHu, xpomoreHom DAB
(3,3'-AmaMuHOGEH3UANH), JOKPAIIUBAIA TeMa-
TOKCHJITHOM U 3aKJIIOYJIM B HMOJIUCTUPOJ. s
BU3yaJIM3allUM HCIIOJIb30BAIM MYJIBTUMEPHBIHA
Habop NovolinkTM (DAB) Polymer Detection
System (Leica Biosystems Newecastle Ltd, Benu-
KOOpUTaHUs).

O1ieHKy 0OOIIell YMCIEHHOH IIJIOTHOCTH CH-
HAUTUYECKUX TePMUHAJIEH MPOBOJWIA C TIOMO-
INbI0 HMHCTPYMeHTOB InporpaMmbl ImageJ 1.53
(https://imagej.nih.gov/ij/docs/menus/process).
BBIABIAIN UKKU SPKOCTU HETaTUBHOTO M300pa-
JkeHUA ucnosb3yd ¢uasTpsl “Enhance Contrast”,
“Subtract Background”, “Find Maxima” u miarua
FindFoci. Ha ka)xzpIii CpOK C ITOMOIIIBIO TeHepa-
TOpa CIyYalHBIX YKCeJl OTOMPAIH IO 15 30H UH-
tepeca (ROI, 20x20 MkM). OKOHYATETBHYIO Ce-
JIEKITUI0O METOK cuHanTopu3nHa MPOBOAUIA Ha
8-6utHbIx n306pakeHuax B Threshold myrem
pyunoro ympasienusa (Over/Under). Ilosyuen-
Hble peayabrarsl (List) nepenocunu B Excel gs
JlaJTbHelIIel 06paboTtku [7].

Pacripesienienne BapuanoOHHBIX PSIOB HIC-
MIOJIb30BAHHBIX TEPEMEHHBIX OTJIMYAJIOCh OT
HOPMAJIBHOTO (xpurepmuii Kosmoroposa—
CmupHoBa, [Ilanupo). IToaToMy ITpOBEpPKY CTAaTH-
CTHYECKUX THIIOTE3 OCYIIECTBJLANN Helapamer-
pUYECKUMHU KPUTEpUSIMHU: IIapHOE CpaBHEHUE
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Puc. 1. Hetiponbt u Heliponuaw cnoes I (a, 8), 111 (6), V
(2, d) CMK & xonmpone (a, 6, 2, e), uepe3 1 (8) u 3 (0)
cym nocae TYMT. Oxpacka: 2emMamoKCUAUHOM U 30-
3umom (a, 8, 2), no Huccaro (0), umMmMyHo2UCTOXUMU-
Yyeckas peaxyus Ha cuHanmogusun (6, e — ¢pae-
MeHm), dokpacka cemamoxcuaurHom. 06. x10 (a), x40
(6, 8), x100 (2, 0); wxaavt — 100 mxm (a), 50 mxm (6,
8), 25 mkMm (2, 0), 1 mxm (e).

Fig. 1. Neurons and neuropils of layers I (a, 8), I1I (6),
V (e, 0) of the SMC in animals of the control group (a,
0, 2, e), and animals exposed to STBI in 1 (8) and 3 ()
days after STBI simulation. Staining: hematoxylin &
eosin (a, 8, 2), Nissl's staining (0), immunohistochemi-
cal reaction for synaptophysin (6, e — fragment), ad-
ditional staining with hematoxylin. Field lens x 10 (a),
x40 (6, 8), x100 (2, d); scales — 100 um (a), 50 um (6,
8), 25 um (2, 0), 1 um (e).

(Mann—Whitney U-test, Wilcoxon test), MHOXe-
CTBeHHOe cpaBHeHue moarpynn (ANOVA
Kraskel-Wallis). Crarucruueckyro 00paboTKy
MIOJIyYEHHOTO MaTepuayia OCYIIECTBIISUIA C IIO-
MOIIbIO0 TIPUKJIATHBIX ITporpaMM maketa StatSoft
Statistica 10.0. KosimuecTBeHHBIE JaHHBIE B HC-
CJIeIOBaHUU TIPE/ICTaBJIeHbl Kak MenuaHa (Me —
50% KBapTWib, Q2), WHTEPKBAPTHJIBHBIA pa3-
6poc (Q1—Q3 — 25—-75% xBapTwin), (Min—Max),
niporieHTHAas 7ot (%) [1].

Pe3yabTaThl M X 00CY:KIEHHE

B CMK >XKHUBOTHBIX KOHTPOJIbHOM T'DYIIIBI
Ha ¢oHe HEeM3MEHEHHOro Helpomnwis (puc. 1a)
peobJIa/iaii TUIIMYHBIE HOPMOXPOMHEIE ITHpa-
MU/IHBIE HEUPOHBI C KPYIJIBIM CBETJIBIM SJ[POM,
coZieprKanM y3KUH 0600k 6a30(pHIIBHOTO Be-
IECTBA I OJMHOYHBIM TEMHBIM S/IPBIIIIKOM (pHLC.
16, r). OTMeUasoch He3HAYUTEIHLHOE COJlepiKa-
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HHe TUCTPOPUUECKH Y HEKPOOMOTUUECKU H3Me-
HEHHBIX HeHpPOHOB. C MOMOIIBI0 MUMMYHOTHCTO-
XUMHUYECKOH peaknuil Ha CHHANTO(PU3UH YeTKO
BepUGHUITUPOBATNCH CUHATITHYECKHE TEPMUHAIN
(puc. 16, e).

UYepes 1, 3, 7, 14 u 30 cyT nocie TUMT B
CMK oTMeuasioch CTaTUCTUYECKU 3HAYMMOE YBeE-
JINYeHHe coJiep:KaHusA HEeHPOHOB C IpU3HAKaMU
TUHKTOPHAJIbHBIX (TUIIEPXPOMHBIE U TUIIOXPOM-
Hble), THUAPONUYECKUX (BaKyoH3aIus, OTeK-
HabyxaHue HEUpONWIA), JeTHIPAaTAllMOHHBIX
(TemMHBIE KJIETKH ¢ OOPATUMBIM CMOPIIUBAHUEM )
U HEKpOOUOTHYECKUX (KJIETKU-TEHU, ITHUKHO-
MOp(dHBIE, TOMOTEHU3UPOBAHHbIE KJIETKH) W3-
MeHEeHUH HeHUPOHOB (pHC. 1B, JI).

[Iuk yBenWYeHUs YUCIEHHOH IIJIOTHOCTU
KJIETOK-TeHeH W TMIIEePXPOMHBIX HECMOPIIEHHBIX
HelipoHOB B ci1oax 11T u V CMK BeiABUIN Yepe3
3 cyT. BoccraHoBiieHUA 3THX IOKazaTesjaed [0
KOHTDOJIbHBIX 3HAaUYeHUU He IPOUCXOAMIIO Ha
MIPOTSKEHUH Bcero HabsomeHus (puc. 2 U puc.
3). DTO CBHUETEJHCTBOBAJIO O IJIUTEIHLHOM CO-
xpaHenuu nociae TYHMT MexaHU3MOB BTOPUYHBIX
UIIIEMUYECKUX TTOBPEXK/IEHIH HEPBHOU TKaHU.

MakcuMasbHOE YBeJUYEeHUE COZEepPKaHUA
NUKHOMOP()HBIX HEUPOHOB OTMEUAJIOCh y>Ke Ha
1-e cyT: B cioe IIT CMK gm0 11,6%, a B ciioe VCMK
— 110 18,5%. BBISBIAINCH MHOKECTBEHHbBIE OUaTrH
BBINA/IEHUsT HEUPOHOB (puc. 4a, 6). Bce 3TO CBU-
JIETEJILCTBOBAIO O OBICTPOM Pa3BUTHH HeoOpa-
TUMBIX IOBPEXJEHUN KJIETOK HEPBHOM TKaHU.
B Teuenue 30 cyr HabuofeHUs 00IIAsS YMICIIEH-
Hasd IUIOTHOCTh HMUPAMUIHBIX HEHPOHOB B CJIO€
III CMK ymeHpmmiach (B cpaBHEHUH C KOHTPO-
seMm) B 1,5 (p<0,001), a B ciioe V CMK — B 1,2
(xpurepuit ManHa—YUTHH, P<0,001) pasa.

JleCTpYKTHUBHBIE HW3MEHEHHsI HEHPOHOB
COIIPOBOXKAAIUCh yBEJIMUEHUEM COAEpKaHUA U
runeprpodueil pasIUUYHBIX HeWPOTTIHUAIBHBIX
KJIETOK (aCTpOITUTOB, OJIUTOMIEH/IPOITUTOB, MUK-
porsroruToB) (puc. 4a, 6, B).

Peopranuzanus HeHpOIJIMAJIBHBIX OTHO-
meHnd (yMeHbINIeHHWEe IUIOTHOCTU HEUPOHOB H
yBeJIMYeHWe IUIOTHOCTH TIVIMAJBHBIX KJIETOK)
MIPUBO/IMJIA K CTATHUCTUYECKH 3HAYMMBIM H3Me-
HEHUAM IOKazaTesied HeUpOIJIMaJbHOTO UHJIEK-
ca (HI'N). OcobeHHO HATJISIAHO 5TO MPOSBJISIOCH
B cioe 11T (puc. 5). IlosiydueHHBIE TaHHBIE CBHU7IE-
TEJIbCTBOBAJIL O CYIIECTBOBAHUU O0COOEHHOCTEH
OTBeTa TOMYJIANNU TJINAJBHBIX KJIETOK MEJIKO-
kiaeroyHoro (cmoit III) m KpymMHOKJIETOYHOTO
(cioti V) cmoeB CMK mosra kpeic. B cioe 111, yixe
gepe3 1 cyt nociae TUMT, HI'U yBenuuunica B
1,3 pa3za. MoHO NPEeAIOJIOoKUTh, YTO 3TO CBA3a-
HO C Pa3jIMYHOM TSKECThIO IOBPEXKIEHUS MeJl-
KUX U KPYIHBIX HEUPOHOB. B 06oux ci1osax oTMe-
4YeH BbIpaKeHHBIN ckauyok 3HaueHuit HI'U uepe3
7 CYT B CPAaBHEHUHU C MPEBIAYIIUM CPOKOM. ITO,
BEPOATHO, CBUAETEIHCTBOBAIO 00 OOIIUX 3aKO-
HOMEPHOCTSX PeaKIuy MOBPEXIeHHOU HepBHOU
TKaHU Ha TPaBMy — O TOTQJIBHOM IIEPEXOJIE B
Jpyryio a3y BocnasieHus.

Mopdomerpuueckuii aHanus BepupUIU-
POBaHHBIX C TIOMOINBI0 HWMMYHOTHCTOXUMUYE-
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Puc. 2. Yucaennasn n10mHoCcms K/A1emox-menell

(YIIKT) 8 caosx IIT u V CMK 20108H020 M032a KPbiC.
ITpumeuanue: * — cpasHeHue ¢ KOHmMpoaem, ™ — ¢ npe-
Ovldywyum  cpokom  (xpumepuii  MaHHa—YumHu,
P<0,05). Mamepuan npedocmaeneH kaxk meduaua
(Me) (Q2), 25-75% wkeapmuau (Q1—Q3) u duana3ou
6e3 8vlbpocos (Min—Max). MHoxcecmeeHHOe cpagHe-
Hue Mmexc0y 8cemu nodspynnamiu OCHOBHOI 2pynnwvl
nposoduau ¢ nomowwpto ANOVA Kpackeaa—Yoanuca
(K=W).

Fig. 2. Numerical density of shadow cells in the SMC
layers III and V in rats. Note: * — comparison with the
control group, ~ — comparison with the preceding-
term parameter (Mann—Whitney test, p<0.05). Data
are presented as median (Me) (Q2), 25—75% quartiles
(Q1—Q3) and range without outliers (Min—Max).
Multiple comparisons between all subgroups of the
main group were performed using Kruskal-Wallis
ANOVA (K-W).

CKOM peakIuu Ha CHHANTOGU3UH CUHAITHYe-
CKUX TepMHHaJIEH, MOKa3ay, YTO UX YHCIEHHAsA
IUIOTHOCTDb 4epe3 1 cyT nocie TUMT B pasHbIx
cinosx CMK ymensInanach B 1,5—2 pasa. B 60y1b-
el cTelleHu CTpajayii cuHarchl cioeB III u V
CMK mosra. JlagHbIl NOKa3aTesb MeKHEHPOH-
HBIX B3aHMOOTHOIIEHUH OCTaBajIci Ha YPOBHE
HUXKe KOHTPOJIBHOTO B TeUueHHe BCero neproza
Habuogenus (puc. 6). OgHAKO OBLIM BBISABJIEHBI
CTaTUCTUYECKH 3HAUYUMBbIE Ppa3IuyUsa MeXIY
cpokamu 1o BceM cinoam CMK, uto cBuzerennser-
BOBaJIO 00 M3MEHEHUH OajlaHca IpPOIECCOB JIECT-
PYKLIIMU U BOCCTAHOBJIEHUS CUHANITHUYECKOTO IIy-
jga nocie TUMT. BnosiHe BepoATHO, 4TO IIOCJIE
TpaBMbl aKTUBUPOBAIUCH HE TOJBKO IPOIECCHI
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Puc. 3. HucneHHass nAOMHOCMb 2UNEPXPOMHbBIX He-
cMopueHHbIX Hellporos 6 caoe III u V CMK 20408H020
Mo32a kpvlc. IIpumeuaHue: * — cpasHeHue ¢ KOHMpPoO-
nem, “— ¢ npedvloywum cpoxom (kpumepuii ManHa—
Yummnu, p<0,05). Mamepuan npedocmasnen Kaxk me-
duana (Me) (Q2), 25-75% weapmuau (Q1—Q3) u dua-
nazox 6e3 eviOpocos (Min—Max). MnodxcecmeeHHoe
cpasHeHue Mexc0y ecemu nodspynnamu OCHOBHOU
epynnst npogoduau ¢ nomowvio ANOVA Kpackena—
Yoanuca.

Fig. 3. Numerical density of hyperchromic non-
wrinkled neurons in the SMC layers III and V in rats.
Note: * — comparison with the control group, ~ —
comparison with the preceding-term parameter
(Mann—Whitney test, p<0.05). Data are presented as
median (Me) (Q2), 25—-75% quartiles (Q1—Q3) and
range without outliers (Min—-Max). Multiple
comparisons between all subgroups of the main group
were performed using Kruskal-Wallis ANOVA (K-W).

MTOBPEXKIEHUA TEPMUHAJIEH, HO U IPOIECCHI CU-
HaITUYECKOU IUIACTUYHOCTU. BeposTHO, B Teue-
HHe 30 CyT IOCTTPaBMAaTUYECKOTO IIepUOoAa B I0-
BpexzeHHbIXx HelipoHax CMK me 6pu10 mocra-
TOYHBIX SHEPTETUYECKUX U IJIACTUYECKHX Pe3ep-
BOB, HEOOXOITMMBIX JIJI1 3aBEPIIEHNs KOMIIEHCa-
TOPHO-BOCCTAHOBUTEJIBHOM peopraHusanun
Me>KHeHPOHHBIX OTHOIIIEHUH.

TUMT, BepoATHO, NPUBOAWJIA K IIOABJIE-
HUIO IIPABO-JIEBOCTOPOHHEM acUMMETPUM MOp-
podyHKIIMOHATBHBIX U3MEHEHUN CHUHAIICOB IIO-
gymapuii CMK. O6 3TOM CBUETETHCTBOBAIN
BBIABJIEHHBIE HAMH CTATUCTHYECKA 3HAYHMbIE
pasyuuusi o0Ield YMCIeHHOH IIOTHOCTH CHUHATI-
THYECKUX TepMHUHAIed uepe3 1 cyT (B cyoe I;
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Puc. 4. HeiipoeauaavHvle kaemxu 8 caoe III (a, 8)
CMK wuepe3 1 (6, 8) u 3 (a) cym nocae TYMT. Fenavte
CMpeaKu — 2AUaabHble KAEMKU, KDACHble — HelPOHbL.
Oxpacka: 2emamoKCuAUHOM U 303uHOM (a, 6), ummy-
Ho2ucmoxumuueckas peaxyus Ha GFAP (8), dokpacka
cemamoxcuauHom. O6. X40; WKAAbL — 20 MKM.

Fig. 4. Neuroglial cells in layer III (a, 8) of the SMC in
1 (6, 8) and 3 (a) days after STBI simulation. White
arrows indicate glial cells, red arrows indicate neu-
rons. Staining: hematoxylin & eosin (a, 6), immuno-
histochemical reaction for GFAP (8), staining with
hematoxylin. Field lens x40; scales — 20 um.
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KOHTponb 1 cyT 3 cyT 7 cyT 14 cyT 30 cyT

MOCTTpaBMaTH4C CKHHA nepuoa

Puc. 5. Hetlpoeauaavmwlil unoexkc 8 crosx III u V CMK
20/108H020 M032a Kpbvic. IIpumeuaHue: * — cpagHeHue
¢ KoHmpoaem, ~— ¢ npedvloywum cpokom (kpumepuii
ManHa—Yumnu, p<0,05). Mamepuaa npedocmasaex
xax meduana (Me) (Q2), 25—75% xeapmuu (Q1—Q3)
u duanason 6e3 evlbpocos (Min—Max). MHoxcecm-
8eHHOe cpasHeHue Mmedxcdy 8cemu nodspynnamu oc-
HOBHOU epynnvl nposoduau c¢ nomouwjpio ANOVA
Kpackena—Yonnauca.

Fig. 5. Neuroglial index in the SMC layers III and V in
rats. Note: * — comparison with the control group, ~ —
comparison with the preceding-term parameter
(Mann—Whitney test, p<0.05). Data are presented as
median (Me) (Q2), 25-75% quartiles (Q1—Q3) and
range without outliers (Min—Max). Multiple compari-
sons between all subgroups of the main group were
performed using Kruskal-Wallis ANOVA (K-W).

p=0,002) u uepe3 14 cyt (B cioe III, p=0,01; B
cmoe V, p=0,038; xpurepuii BuMJIKOKCOHA,
p=0,002) mocyie TpaBMbI (puc. 6). B xonTposE
passnuuii He 6b110. VI3MeHeHus 1o/106HOTO posia
MOKHO OOBSCHUTh HEPABHOMEPHOCTHIO MEXaHMU-
YeCKOTO BO3/IEHCTBUS CBOOOTHO MAIAIOIIETO TPY-
3a.

[TosyyeHHBIE TPU HUMMYHOTHCTOXUMUYE-
CKOM WCCJIEZIOBAHUU CHHANTHYECKUX TEPMUHA-
Jlel [JaHHbBIe MOXHO OOBACHUTH OTEKOM-
HabyxaHUeM TepMHUHAJIEH, arrIOTUHAINEN, Je-
CTPYKIIMEH CHHATITUYECKUX Iy3bIPHKOB U Pas3py-
IIeHHEeM CHUHAIICA B I[€JIOM C Y4acTHeM aKTUBU-
poBaHHOU Helporiuu [6]. B GosbImeit cremeHu
3TH HM3MEHeHusd npoasnch B cioe III CMK
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Puc. 6. ucaeHHAs nA0OMHOCMb CUHANMUYECKUX mepMuHanell (peakyus Ha cuHanmog@usum) 8 Heliponuae pas-
Hblx cnoee CMK (nesoe u npasoe noaywiapue) Yy KOHIMPOALHBIX HCUBOMHBIX U NOCAE MSANHCENOIl YepenHo-
Mo320801 mpasmul. K—W test — MHOd#cecineeHHOe cpasHeHile 8peMeHHbIX N0d2pynn 0CHO8HOU (mpasma) epyn-
nut (kpumepuii Kpackeaa—Yonauca). px — pasaudus medxc0y KOHMpoaem U 8cemu CpoKamu Cmamucmuyecku

3HAUUMbL NPU <0,001 (kpumepuil Manna—Yumnu).

Fig. 6. Numerical density of synaptic terminals (response to synaptophysin) in the neuropil of different layers of
the SMC (left and right hemispheres) in animals of the control group and in animals exposed to STBI. K—W test
— multiple comparisons of temporal subgroups in animals of the main (trauma) group (Kruskal-Wallis test). pk
— differences between the control values and values recorded at all time points are statistically significant at

<0.001 (Mann—Whitney test).

MO3Ta, /I KOTOPOTO OBLIN XapaKTePHBI U MakK-
CUMaJIbHOE IOBpeX/JeHue HeHUPOHOB, U BbIpa-
JKeHHAas peaknys KJIETOK HeHpormu. Takum o6-
pazom, nocsie TUMT B TeueHme Bcero Iepuopa
HaburozieHns1 (30 CyT) COXPaHSIUCH MPEAIIOCHLI-
KU UL TIOBPEKEHNA CHHAIICOB M OHMOJIOTHYECKU
00yCIOBJIEHHON HEU30eKHOCTH AaKTHUBAIMHU pe-
MapaTUBHOTO CHUHAINTOTEHEe3a, JIeXKAIeT0 B OCHO-
Be BOCCTAHOBJIEHU QYHKIIMI MO3ra IIyTeM Iepe-
CTPOMKHU HEIDOHHBIX ceTel.

PesysnpraTel uccieoBaHMA MOTYT OBITH
HCIIOJIb30BaHBI AJIS1 OIUCAHUSA CTPYKTYPHBIX 0CO-
OenHocrell TmoOCIOMHON peopranusanuun CMK
kpbic mocsie TUMT. O6GHapy:KeHHbIE Pa3IIMIHA
MOTYT OBITH CBA3aHBI C HEPABHOMEDHOH PeaKI-
ell HelipoHoB u mmu CMK Ha TpaBMaTu4eckoe
NOBpeXKZieHUe, MPOABJIAIONIUecs B BUJle TUIED-
TPpOoPUPOBAHHOCTU U TUOENIN KIJIETOK BCJIEZCTBUE
06paTHIMOrO aCTPOIUTAPHOTO IJIN03a.

3axJIIoueHue

ITocne TsKesOl YepermHO-MO3TOBOH TpaB-
MBIl (PYHKIIMOHUPOBaHUE CEHCOMOTOPHOH KODBI
MIPOUCXOJUT Ha (OHe JJIUTEJIBHOTO COXpaHeHU:A
obpaTMO W HeoOpaTHMO INOBPEXIEHHBIX HEH-
POHOB, pPEaxkTUBHOTO HeHpoIno3a U IepMa-
HEHTHOU peopraHu3alluy MeXKHEeWPOHHBIX OT-
HOLIEHWU 3a cYeT AaKTUBAIlUMU pelapaTHBHOU
Helpo- U CHHANTUYeCKOH! IJIAaCTUYHOCTH.
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