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CTPYKTYPHO-®YHKLMOHA/IbHAA NEPECTPOMKA HEMPOHOB
FMNMNOKAMIMA MNOCAE ONEPALUUM NOA AHECTE3UEMN
CEBO®JTYPAHOM (3KkcnepuMeHTanbHOE UccieoBaHme)
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lunnoxkaMn urpaer BasKHYIO POJib B peain3aliiiil KOTHUTHBHO-MHecTH4YecKuX (pyHKImii. OH KOOPANHUPYET SMOINOHAJIbHBIE TIPOIECCHI, OITPE/Ieisi-
€T BEeJINYUHY U crelnuKy 0BeleHYeCKUX, HeHPOHAIBHBIX U TOPMOHAJIBHBIX peakiuii. CTPyKTypHbIe U3MEHEHUsT HEIPOHOB I'MIIIIOKAMIIA MOTYT
MPUBOJIUTD K HAPYIIEHHSIM [IPOTIECCOB O0YIEHUSI 1 TTAMSITH.

Ienb: n3yuenne MOphOMETPUIECKUX TIOKA3aTeIell MoJIei THITMOKAaMITa KPBIC TI0CJIe OTlepallii Ha OpraHax OpIONIHON MoJI0CTH Ha (hOHE IKCITO3UITUH
ceBodTypaHa.

Marepuan u Mmerozpl. [IpoBesieHO IKCIIEpUMEHTATIBHOE MCC/Ie/I0BaHIe Ha Kpbicax croka Buctap (n = 15). Kpbichl akcriepuMeHTaIbHON IPYIIITbI
(n="T) noBEprajvch oONeparuu Ha opranax OpIONIHON MOJIOCTH Ha (hoHe aHecTe3un ceBOIIYPAHOM C MOCJIE/YIOIIEH ero IHTeNTbHON 9KCIIO3UITHEN
(64, 2 06. % ceBodurypana, moTok Bosayxa 1 i/muH). B Teuenne 21 cyT y Kpbic 06enx Py BBITOTHSIIN PSAA MOBEAEHUECKHX TecToB. Yepes 12 u
H0CJIe TIPOBEIEHHS TIOCJ/Ie/[HETO TI0BeIeHYecKoro Tecta (22-e CyT 1ocJie Havyasa 3KCIepHMEeHTa) KPbIC AeKaIUTHPOBAIN U U3BJIEKAIN TOJIOBHOM
Moar. Matepuain dukcuposanu B 10%-1oM HeliTpanbHoM dhopmanure Ha bocdaraom 6ydepe (pH 7,4) He meHee 24 u. [Tpenaparst noseit CA1, CA2,
CA3 u CA4 usyyasu o cBetoBbIM MuKpockorioM JIM-750 (Leica, TepmaHuisi) ¢ HOMOIIBIO KOMITBIOTEPHON TIPOTPaMMbl aHaIM3a U300paKeHUit
ImageScope M mipu yBesmaenun B 400 pas.

Pe3yabraTbl. B KOHTpOJIE IMTOAPXUTEKTOHNKA I10JIel TUIIIIOKAMIIA He HapylIeHa, IIMPaMU/IHble HEIIPOHBI NMeJIN KPYITHOE OKPYTJIOE SIZIPO C O/THIM,
IBYMsI U 60Jiee YETKUMU sZIPbITKaMit. [IepUIle/UTIONISIPHOTO 1 TIEPUBACKYJISIPHOTO OTEKA HE BBISBJIEHO. B 9KCIIEpUMEHTAIBHOI TPYIINE CTPYKTYP-
HO-(YHKIIMOHAIbHAS TIEPECTPOiiKa 3aTPOHYJIA BCe MOJIS THIIIOKaMIIa. JTO IIPOSBUJIOCH HOSBJIEHNEM KaK KOJIMYECTBEHHBIX, TaK U KayeCTBEHHBIX
TIPH3HAKOB MTOBPEXIEHNUS HEPoHOB, B ocobernnocTH B moste CA1. OTMedena 1e30praHn3aIiist CT0eB MIIPAMUIHBIX HEHPOHOB, OTPe/ie/IeHbl MOpdho-
JIOTUYECKU N3MEHEHHbIE HEHPOHBI: THIIEPXPOMHbIE CMOPIIIEHHBIE O€3 sijiep WK € TIOX0 Pa3JnYUMBIM SIJIPOM HENpaBuiibHOi (hopmbl. [Tosiienne
MOPGOIOTHYECKN H3MEHEHHBIX HEIIPOHOB 1 /Ie30PTaHN3aIHs CJIOEB THITIIOKAMIIA TPUBO/IMIIN K U3MEHEHUIO ITMPUHBI CJI0SI TUPAMUIHBIX HEHIPOHOB.

BsiBox. Mopdostornueckasi nepecTpoiika ruIoKaMIiaibHbIX CTPYKTYP KPBIC TIOCJIE ONePAIMY 1 AaHECTE3UH MOKET JIeXKaThb B OCHOBE yXYIIIIEHHSI
KOTHUTHBHBIX (DYHKI[HII B TIOCITIEOTIEPAIIMOHHOM [IEPUOJIE.

Kntouesvie crosa: nocieonepalinoHHble KOTHUTHBHBIE PACCTPOICTBA, HeiipoBOCIA/IeHne, HelipojiereHepariis, ceBohIypaH
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Hippocampus plays an important role in the cognitive mnestic functions. It coordinates emotional process, defines the intensity and specificity
of behavioral, neuron and hormone reactions. Structural changes in hippocampus neurons can result in learning and memory disorders.

The objective: to investigate morphometric parameters of hippocampus fields in rats after abdomen surgery with exposure to sevoflurane.

Subjects and methods. The experimental research was performed using Wistar rats (n = 15). Rats from the experimental group (z =7) had abdomen
surgery with anesthesia with sevoflurane with the consequent continuous exposure to it (6 hours, 2 vol. % of sevoflurane, air flow — 1 1/min.).
During 21 days rats from both groups had a number of behavioral tests. In 12 hours after the last behavioral test (on the 22-th day after the start
of the experiment) the rats were decapitated with consequent brain extraction. The obtained materials were fixed in 10% neutral formalin on
phosphate buffer (pH 7.4) for 24 hours minimum. Preparations of CA1, Ca2, Ca3, and Ca4 fields were studied under light microscope DM-750
(Leica, Germany) using the computer image analysis software of ImageScope M with 400-fold magnification.

Results. The tests showed that cytoarchitectonics of hippocampus field was intact, pyramidal neurons had a large rounded nucleus with one, two or
more distinct nucleoli. No pericellular and perivascular edema was detected. In the experimental group, all fields of the hippocampus had structural
and functional changes. It manifested through both quantitative and qualitative signs of neuronal damage, especially in the Cal field. Segments of
pyramidal neurons were disorganized, morphologically modified neurons were found: hyperchromatic shriveled neurons with no nucleus or poorly
visible nucleus of the irregular shape. The appearance of morphologically changed neurons and disorganization of hippocampal layers led to changes
in the width of pyramidal neurons segments.

Conclusion. Morphological changes of hippocampal structures of rats after surgery and anesthesia may be the cause of cognitive functions decline
during the postoperative period.
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HecMoTps Ha 3HAYMMBble yCIieXy B PA3BUTUU aHe-
CTEe3MO0JIOTHH, BEPOSITHOCTb HETaTHBHOTO BO3/I€1ICTBUS
AHECTETUKOB 1 OIEePAIOHHOTO CTpecca Ha JesATelb-
HOCTb MO3Ta B HacTosIee BpeMs OJHOCTBIO He HC-
kitoueHa. IIpobieMa KOTHUTUBHON AMC(HYHKINH,
BO3HMKAIOIIEH B IOCTIE0NePalliOHHOM TIepro/ie, TIpH-
BJIeKaeT BHUMaHNe He TOJbKO aHeCTe3N0JOTHIECKOTO
coobiectBa. CTaTh, TTOCBSIEHHBIE OJIVEKANTITNM UK
OT/JJAJIEHHBIM TTOCJIE/ICTBUSM aHECTE3UH, BCTPEYaIoTCs
B CITEIMATIN3UPOBAHHBIX JKypHaJaX pa3Horo mpodusis
[4, 5, 14].

B peanmsannm KOTHUTUBHO-MHECTHYECKUX (YHK-
U1 BAXKHYIO POJIb UTPAET THUIIOKAMI KaK 1IeHTPasb-
Hoe obpa3oBatue TuMOuUecKoil cucrembl. OH KOOP-
IWHUPYET 3MONMOHATbHBIE TMPOIIECCHI, OTPe/ieIsieT
BEJINYMHY U CIIeIU(PUKY OBeIeHIECKIX, HeMPOHAIb-
HBIX ¥ TOPMOHANBHBIX peaknuil. [loBpexnenne neii-
PAJIbHBIX TPOTEHUTOPHBIX KJIETOK 3yOUATON N3BIIMHBI
TUITIOKAMIIa HAPYyIIaeT TUITTOKAMIIAIBHBIN Helpore-
He3. CTpyKTypHbIe U3MeHEHUS HEHPOHOB TUIIITOKaMIIa
MOTYT TIPUBOUTD K HAPYIIEHHSIM TIPOIIECCOB OOy IEHUST
u mamartu [13, 16, 32].

KornutuBuble Hapymenus Ha GoHe MOATBEPXK-
JIEHHBIX MOP(OJIOTUYECKUX N3MEHEHUN THIIOKaMIIa
OIUCAHBI KaK MPU HEHPOJereHepaTHBHBIX 320071€Ba-
HUSX MOCJIE JOKAJIBHOTO W TOTATBHOTO 00IydeH st
TeJIa, XUMHOTEPAITIH, TaK 1 OCJIe IPUMEHEHNUsT 0011ieit
anecrte3nn. [Ipn aToM cTeneHb BHIPaKEHHOCTH XeMOHe-
KPO3a 3aBUCHT OT JI03bI OOTyYEHUST, 03B M TPOIOJIKHU-
TeJIbHOCTH BBE/IEHUA TIPENapaToB, BO3pacTa MainienTa
[9, 11, 15, 23, 24, 27, 28].

B psize pabot mokaszaHo, 4TO MpUMeHEHEe aHecTe-
THUKOB KaK B U30JIMPOBAHHOM BHjIe (TaJ0TaH, KeTaMUH,
porodoJr), Tak U B KOMOMHAIIMH € IPYTUMHU TIperapa-
TaMu (M30(hJIypaH ¢ MUAZA30IaMOM M 3aKHCBIO a30Ta)
MOJKET CHYKATh CHHTE3 CHHAIITUYIECKUX OENKOB (CH-
Hanrobusnh, aMmpubus3H, CHHAITOOPEBUH ), 3ally-
CKaTh aToINTo3, aKTUBU3UPYS Kacmasbl, M MPUBOANUTD
K runepakcnpeccun G6eaka NR2B, BoizbiBaiotero
arpoduio mupamMuaAnbIX Hefiponos nosasg CAl. [Tomy-
YeHHBIe MOP(MOIOTHIECKIIEe U3MEHEHHS COUETAIOTCS C
HAPYIIEHUSIMU KOTHUTUBHBIX 1 TIOBE/IEHYECKUX (DYHK-
it [1, 7, 12, 18, 19, 31, 33]. CaenyeT oTMETHUTS, UTO
WHIYKINSA 9KCIIPECCHH TMPOAMOTTOTHYECKUX Kacma3
(3 1 8) u GuokupoBaHue cHHTE3a OETKOB MOCE TIPH-
MeHEHUS ceBOIypaHa MOTYT COXPAaHATHCS B TEUCHUE
3 Mec. TocJie TIPOBEIeHHOI aHeCTe3UH, YTO 0ObCHSIET
MIPUTIHChIBaeMoe ceBO(IypaHy CBOMCTBO OTCPOYEHHOM
npexoasamnielt KorunTuBHOU Anchynkimm [30].

WNaTepecHsiMr 1 TepCIeKTUBHBIMU B TIJTaHE pa3pa-
60TKM Mep 110 PO UITAKTHKE MOCTEOTEPATHOHHBIX
KOTHUTUBHBIX PACCTPONCTB ABJSAIOTCS MCCAETOBAHUS
rpymmnsl R. D. Hofacer (2013 r.), B KOTOPBIX GBLIO
MOKa3aHo, YTO K OCHOBHBIM TIPEANKTOpaM Helpojie-
TeHepaIiy CJIefyeT OTHOCUTH He BO3PacT 00BEKTa, a
BO3PacCT HEHPOHOB B MOMEHT KCIIO3UITIHN aHECTETUKA
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Ha Hux [16]. [lo cyT, MOXHO TOBOPUTH O CYTIECTBO-
BaHWM BPEMEHHBIX OKOH MaKCUMATbHON yS3BUMOCTH
Pa3HBIX PETMOHOB IIEHTPATBHON HEPBHOUW CHUCTEMBI B
3aBHCHUMOCTH OT TTMKA UX CHHanTorenesa [8, 21, 22].

B cBg3u ¢ 3THM aKTyaNIbHBIM SABISETCS AaTbHEHTIIEe
M3y4deHne ANarna3ona CTPyKTYPHBIX U3BMEHEHUH TUTITIO-
KamIia mpu o01Iell aHeCTE3 .

Henp: nsyyenme mophoMeTpUIECKNX TTOKa3aTe-
Jielf BceX TI0JIeli TUTITTOKaMITa KPBIC TTOCJe oTlepalun
Ha opraHax OPIONIHON TOJOCTH HA (DOHE IKCIIOZUIUN
ceBoTypaHa.

MaTepI/IaJI U ME€TO/bl

[TpoBesieHO AKCIIEPUMEHTAIBHOE UCCIEI0BAHIE Ha
KpbIcax cToka Buctap. Bee akcriepuMeHTH! BBITOJTHEHBI
B COOTBETCTBUM C TPEOOBAHMSIMU 3aKOHO/IATEHCTBA U
«PykoBo/ICTBA 10 UCTTOIB30BAHUIO JTAOOPATOPHBIX JKH-
BOTHBIX JIJIsl HAYIHBIX U y4eOubIix 1eseii B [ICTI6IMY
M. U. I1. TlaBmoBay [2].

WN3HavaibHO KPBIC pacipesiesisid Ha JIBe TPYIIIIbI
(OCHOBHYIO U KOHTPOJIBHYIO) B CIYYATHOM TIOPSIIKE.
3a 12 4 10 Havama sKCIEepUMEHTA BCeX KMBOTHBIX, B
TOM YHCJie KOHTPOJBbHON IPYIIIIbI, OTJAYYJIN OT KOPMA.

Kpoicer axcnepuMmeHTambHOU TPYIIBL (I, 7 = 7)
MOABEPTATUCH TJIUTETHHON 9KCIO3UNNHU ceBODIypa-
Ha (6 4) ¥ orepanuy Ha OpraHax OPIONIHON TTOJOCTH.
[l MHIYKIMY aHecTe3uu UX MOMEIAJU B UHAUBH-
AyanbHble GOKCHI, KOTOPbIE Pa3MENaau B CHenalb-
HOW 0011eit Kamepe, HOAKIIOYEHHON K anmapaTy st
MHTAIATINOHHON aHecTe3nr, 000PyI0BAHHOMY HCIa-
puresem "Sevorane" (Abbott Laboratories Ltd., Be-
mukoOpuTanus). MHayknmio obecrieyrBaan mogadeit
8 06. % ceBodypana (Ne cepun 6042404) B moroke
Kucaoposa (2 1/MUAH) 0 TOTePU IBUTATENHHON aKTUB-
HocTHU. [l oi/iepskaHust aHeCTe3NH UCTIOIb30BAIN
2 06. % ceBodypaHa U MOTOK KUCJIOpoaa 1 Ji/MuH.
KoHIteHTpaIuio aHecTeTHKA B KaMepe OTIeHUBAJIH C 110-
MOTITBIO Ta3oaHam3aropa "Vamos" (Drager, [epmanmst).
CnoHTaHHOE ABIXaHNE KPBIC HE CTPAIATIO.

JL71s1 BBITIOJIHEHWS OTIepaIluu KPbICY pa3Melain Ha
MOJIOTPEBAaEMOM omepanuonHoM crosiuke. [logady ane-
CTEeTUKA HA BpeMsl omepanuu He npexpamanu. [locie
OPUTHSI OTIEPAIIMOHHOTO TI0JIST KOKY 0OpabaThiBaji aH-
TUCETITUYECKUM PACTBOPOM U TTPOBOIUIN JUHEHHBIN
paspes mInHOit 0Kosio 1 ¢cM B 00J1aCTU THIIOTACTPUSI.
Jlanee paccexanu MBITIIBI, Gaciyu, GPIONINHY U BbI-
JIeJISITTN TOTYT0 KUIIKY, KOTopylo B TedyeHue 10 ¢ pas-
JPasKaI MAaCCUPYIOIUMHU JIBUXKEHUSIMU YKa3aTeb-
HOTO U OOJIBIIOTO TTAJIbIIEB. 3aTeM KUIIKY OIyCKaJK
B OPIOIITHYIO TI0JIOCTH, PAHY MOCJOWHO YITHBAIU U 00-
pabaThIBai aHTHOAKTEPUATBHON MPUCHITIKON «IINC
(OO0 «Arpocepsucy, 1. Boponesx, Poccus), conepska-
mett crperrronuz (500 mr/1 1) u ftomodopm (100 Mr/1 7).
[To 3aBepiienny orepaIyiy KPbICY OCTABJISIITA B KaMepe
110 TOCTIKeHUS 6-4acoBO 9KCMO3UIIAU ceBO(IypaHa.
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JKusotubix rpymmst Koutposs (K, n = 8) na 5 mun
(MakcuMasbHas JJIUTENbHOCTh OTPAHUYEHUST JIBUIKE-
HUH JI0 3aCBITAaHUS KPBIC B OCHOBHOM TpyIIie) moMe-
IAJIA B MHANBULY JIbHbIE GOKCHI, AaHAJIOTUIHBIE TEM, B
KOTOPBIX HAXOJIUJIUCH KPBIChI OCHOBHOI TPYIITIBI.

B reuenne 21 cyt y kpoic rpynn K n 9 Beimosnsamm
Psizi TIOBeJIEHYECKUX TECTOB. B TeueHue BCEro aToro
BPEMEHM OHU HAXOJWJIUCH B OJIMHAKOBBIX YCJIOBUSIIX.
Yepes 12 g mocsie mocaennero tecta (22-e cyT mocyue
BO3/eNCTBUS ceBOdIypaHa U omepainy Ha OpraHax
OPIONIHON TOJIOCTH) KPBIC JAeKamuTUpoBanu (ru-
JIbOTUHA) U U3BJIEKATU TOJOBHOU MO3T. MaTepuas
¢ukcupoBanu B 10%-H0oM HeliTpasbHOM (hOpMaIUHe
Ha (ocharHom 6ydepe (pH 7,4) He menee 24 4. [ls
MOJIyY€HUs COTIOCTABUMbBIX PE3YJIBTATOB OT BCEX JKU-
BOTHBIX 06pasiibl 06pabaThiBaIN MapaielbHO U B
OJIMHAKOBBIX YCJIOBUSIX.

[Tocne popmanuHOBOI bUKcaIuu, UCTOIB3YS aTIaC
“The Rat Brain in Stereotaxic Coordinates”, u3 mosra
BBIPE3aJIN YUaCTKH HA YPOBHE MePETHUX TEMEHHBIX 00-
Jlacreii, comepskariue rurmokamii [25, 29]. Ucnonbays
CTaHJAPTHYIO TUCTOJIOTHYECKYIO METOIUKY CO CITUPTA-
MU BO3PACTaoNIell KOHIIEHTPAIUY, MAaTEPUal 3aI1Ba-
san B napaduHosbie 610ku. Cpe3bl TOMMMHON 5 MKM
TOTOBWJIN ¢ TIOMOTIBbIO MUKpoTOoMa Accu-Cut SRT 200
(Sakura, Slonust) 1 OKpanMBaIU TOJYUANHOBBIM CH-
HUM 110 MeTozty Hucces. J17ist 0630pHOTO nccieioBaHust
MPETapaToB, ONPe/eIeHNs OTIebHBIX CJI0EeB I'HIIIIO-
KaMIIa, a TAK)Ke B KaUeCTBe BCTIOMOTATEIbHOM METO/TH-
KW JIJIST BBISTBJIEHUSI HEMPOHOB MCTIOJB30BAIN OKPACKY
remaTokcuanHoM Maiiepa u sosunom (Bio-Optica,
WNrtamms). Ha mpenapaTax 1o/ CBETOBBIM MUKPOCKOTIOM
JIM-750 (Leica, Tepmarust) ¢ TOMOIIBIO KOMITBIOTED-
HOI ITporpaMmbl aHa/M3a n3oopaxenuii ImageScope M
Ha Ka)K/IOM Cpe3e TUINOKaMIla IPU yBeJIUYeHuu B
400 pa3 B oxrom mose 3perwus (0,33 x 0,25 Mmm) moj-
CUUTHIBAJIN KOJIMYECTBO HEM3MEHEHHBIX TTUPAMU/THBIX
HEMPOHOB C OHUM, ABYMsI 1 GoJiee SIAPBIIKaMU B I10-
aax CA1, CA2, CA3 u CA4. Heliponsl olleHUBaIN B
COOTBETCTBUH C CYIIECTBYIONIMMU KPUTEPUSIMU: YETKO
OUYEPUYEHHOE CBETJIOE S/IPO JUIAIICOMTHON NN KPYIJION
(hopMbI, XOPOIIIO pa3IMUUMbIE SIIPBINIKH; TEPUKAPUOH
MUPAMUJIHBIX HEHPOHOB UMEET YETKUE TPAHUIlbL. Tak-
JK€ BO BCEX MMOJISIX TUIIIIOKAMIIA TIO/ICYUTHIBAJIN 11aTO-
JIOTUYECKH U3MEHEHHbIe HEHPOHbBI — TUIIEPXPOMHbBIE

CMOPIIIEHHbIe HEHPOHBI (€3 sI/Ipa, U3MEPSLIIN THUPUHY
CJI0s1 TIUPaMU/IHBIX HEHPOHOB.

Craructnyeckyio 06paboTKy TONTyYeHHbBIX TaHHBIX
MPOBOAUJN C MCIOIB30BAHNEM J[BYX MAaKETOB ITPO-
rpamM: 1) mporpammbr Statistica 7.0 Stat.Soft ns
Windows (3HauMMOCTb Pa3JIUYUil OIIEHUBAIN C TIOMO-
nipio U-kpurepuss Manna — YUTHHM, pa3indus CUATaA-
s 3HaunMbIME TIpH p < 0,01); 2) ¢ ncnosp3oBannem
naketa mporpamMm SigmaPlot (Bepcust 12.5, Systat
Software Inc., Chicago, IL, CIIIA). Tak kak gaHHbIE He
TIPOIIJIN TTPOBEPKY HAa HOPMAJBHOCTD pacIIpeieIeHUS
(tect llanupo — Yuika), 1ByX(aKTOPHBIN TUCTIEPCH-
ounbiti ananus (two-way ANOVA; dakTop 1 — «rpymma
KUBOTHBIX»> C 2 YPOBHAMU; PAKTOP 2 — «I10JI€ THTITIO-
KaMTa» ¢ 4 ypOBHSAMM) BBITIOJNHAIN HA PAHTaX, a post
hoc cpaBHEHUsT — ¢ TIOMOIIBIO KpuTepust boudepponu.
Pazmmuust cunranu snaunMbiMu ipu p < 0,05 [24].

PeByJII)TaTI)I HCCJIE€J0BaHUA

B rpynme K muToapxutekToHIKA TIOJIEH TUTITTOKAMIIA
JKUBOTHBIX HE HAPYIIEHA, TUPAMUJIHbIE HENPOHBI UMe-
JIN KPYITHOE OKPYTJIOE SIZIPO C OJTHUM, IBYMS YETKIMMU
sipeitnkamu u 6osee. [lepuiiesmosspHOTo 1 IeprBa-
CKYJISIDHOTO OTeKa He BBISBJIEHO.

[Tose CA1 sBasiercst HaMOOJIBITUM, OHO TIPEICTaB-
JIEHO TIJIOTHO PACTIOJIOKEHHBIMU B 4—5 CJIOEB METKUMU
MUPaMUIHBIMU HelipoHamMu. PaccTosgHne MeskIy Tesa-
MU COCEJTHUX KJIETOK JIOCTUTAET NIMPUHBI CHHATITUYE-
ckoit e [ 10]. B Hanmx HaGJI0 1€ HESIX IMTUPUHA CJIOST
MAPaMUIHBIX HEHPOHOB coctaBmia 140,5 = 5,1 MKM,
a KOJIMYeCTBO HEM3MEHEHHbBIX HeMPOHOB — 74 + 7. Cpe-
U HUX HEHPOHOB C OLHUM sAPBINIKOM ObL10 38 * 3,
¢ AByMs siipblinkaMu u Gosee — 24 £ 6. KosmuecTBo
MOP(}oIOTHIECKN U3MEHEHHBIX HEHPOHOB COCTABUIIO
18 £ 3. CpaBHuTEIBHAS XapaKTEPUCTUKA PA3HBIX TTOJTEH
TUIITTOKAMIIA TT0 YNCITY HeM3MEHEHHBIX M UBMEHEHHBIX
MUPAMUHBIX HEHPOHOB mpejicTaBieHa B Tabu. 1 1 2
u Ha puc. 1. Ha puc. 2 B kauecTBe mpuMepa IPOUJLIIO-
CTPUPOBAaH KOHKPETHBIN B/ NU3MEHEHHBIX U HEM3Me-
HEHHBIX HEPOHOB.

[Toste CA2 3anmMaeT camyto HeGOJIBIIYIO TLIOTIATb,
ee MOXXHO UIeHTU(hUIPoBaTh Kak mepexos oT CA1 k
CA3. Tena mupaMUIHBIX KJIETOK B 3TOM TIOJIE€ 3HAYU-
TesbHO KpymiHee, yeM B CA1. Hefiponsl pacmonoxenst

Taonuua 1. Konmnyectso MOp(doI0rnyecKy He UBMEHEHHBIX M M3MEHEHHBIX IMPAMUJIHBIX HEHPOHOB B Pa3/IMYHbIX MOJSAX
TUIIIOKaMIIA IOCJIe [UIUTENbHOMI dKcino3uimu cesoduypana (6 4) u onepanuy Ha opraHax OPIONUIHOM TOJIOCTH

Table 1. Number of morphologically unchanged and changed pyramidal neurons in various hippocampal fields after continuous exposure to sevoflurane (6 h)

and abdominal surgeries

KonnyecTBo Mopdonoruiecku HonnyecTBO M3MEHEHHbIX HEMPOHOB LLvpuHa cnos nMpamuaHbIx
Monsa HEN3MEHEHHbIX HEMPOHOB (aecdopmupoBaHHble, TMNEPXPOMHbIE) HEMPOHOB, MKM
runnokamna
K 3 K 3 K 3

CA1 747 63+8 183 27+6 140,5+5,1 105,0+7,1*
CA2 50+8 42+9 35+5 42+6 162,9+ 14,0 153,7 + 8,6
CA3 42+8 39+ 11 65+8 67 +9 227,4+£19,0 192,9+19,5
CA4 41+6 34+3 28+6 242 236,8 +£25,2 186,3+7,9

IIpumeyanue: * — moKa3aTesn CTATUCTUYECKU 3HAYMMO OTJIMYAIOTCS OT TPYIITbI KOHTPOoJist ipu p < 0,05. Kputepuit Manua — YutHu
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Taonuua 2. Konmiyectso MOp(doIornyecku He U3BMEHEHHBIX IIUPAMM/IHBIX HEHPOHOB rUNNoKamna ¢ 1, 2 u 6oJjiee AAPbIIKAMU

nocJie JMTeIbHOM 3Kcno3unun cesodurypana (6 4) u onepaiuu Ha OpraHax GPIOUIHOM MOJIOCTH

Table 2. Number of morphologically unchanged and changed pyramidal hippocampal neurons with 1, 2 and more nucleoli after continuous exposure

to sevoflurane (6 h) and abdominal surgeries

KonnyectBo mopdonormyeckm HonuyectBo KonnyecTtBo HEMpoHOB
Mons HE M3MEHEHHbIX HEMPOHOB HEMPOHOB C OAHWM AZPbILIKOM € 2 win 3 agpbilIKaMm
runnoKkamna
K 3 K C] K 3
CA1 747 638 3813 357 24+6 13+ 1#
CA2 50+8 42+9 27+3 25+5 12+4 6+3
CA3 42+8 39+ 11 25+4 24+6 13+3 5+ 1#
CA4 416 34+3 17+2 202 20+3 6+1*

IIpumeuanue: * — mokazaTesyn CTATUCTUYECKU 3HAYMMO OTJIMYAIOTCS OT TPYIIBI KOHTPOJIst ipu p < 0,05; # — mokasaresn nMeioT

TEHJEHIMIO K OTJIMYMIO OT TPYIIbl KOHTPOoJIs ipu p < 0,06, Kpurepuit Manna — Yurhuu

He CTOJIb IJIOTHO U JeskaT B 3—4 cios. [lIupuna cios
MUPAMUIHBIX HeHPOHOB cocTtaBuia 162,9 + 14,0 MM,
KOJIMYeCTBO HEM3MEHEHHbBIX HelipoHoB — 50 £ 8, cpenn
KOTOPBIX C OJJHUM SIZPBIIIKOM ObL10 27 + 3 U ¢ IByMSsI
siipbikamu 1 6ostee — 12 £ 4. Yucsio Mmophoiorndeckn
M3MEHEHHBIX HEHPOHOB COCTABHUIIO 35 £ 5,

[Tone CA3 xapakTepusyeTcs, ¢ OTHOW CTOPOHHI,
HanOOJIBIITUM Pa3MEPOM ITHPAMUIHBIX KJIETOK, C IPY-
TOll — HanMEeHbIIeH TIOTHOCTHIO UX PACITOJIOKEHUS.
[Mupamuaubie Heliponsl B tosie CA3 pacnosaraiorcs
poixyio B 4—5 cioes. [llupwHa cmos mupaMugHBIX
HelipoHoB coctaBuia 227,4 £ 19,0 mxm. KosmmuectBo
HeU3MeHEeHHBIX U U3MEeHEeHHBIX HEUPOHOB PaBHA-
Jgock 42 = 8 m 65 £ 8 coorBercTBeHHO. Cpesn MOp-
dosorndecku He M3MEHEHHBIX HEHPOHOB C OJTHUM
SIPBIIKOM OBLITO 25 + 4, a ¢ ABYMSI SIAPBIIIKAMK 1
6omee — 13 + 3.

B mone CA4 mupamuable HEUPOHBI KPYITHBIE, pac-
noJiaratoTcst 6oJiee phIxJio, yeM B Apyrux moJsx. [u-
pUHA CJ0ST TUPAMUIHBIX HEWPOHOB 37IeCh COCTABUIA
236,8 = 25,2 mxm. KosimuecTBo Hen3MeHEHHBIX HEPO-
HOB paBHsI0Ch 41 £ 6. Cpei HUX HEWPOHOB € OJTHUM
sirpbitikoM 17 + 2, ¢ aBymst siapbitikamu u 6ogiee 20 £ 3.
KosmuecTBo MOpdo0ornyecKn n”3BMeHEHHBIX HEHPOHOB
coctaBmiio 28 + 6.

B rpymnme 9 Bo Bcex MOJISIX TUTITIOKAMIIA OTMEYEeHA
JIe30PTaHU3aITNs CJI0EB MIPAMUIHBIX HeitpoHoB. Ha-
psany ¢ mopdoJsiornieckn He U3MEHEeHHBIMI HEHPOo-
HAMU C OTHUM WJIU IBYMS SAPBIIIKAMU, BHISIBJISLINCH
HEHPOHBI C BRIPAKEHHBIMU CTPYKTYPHBIMU U3MeEHe-
HUSIMU: TUTIEPXPOMHBIE, CMOPIIEHHbIE HEPOHBI H€e3
Sa7Ipa WK ¢ TJI0X0 Pa3IUYUMBIM SITPOM HETPaBUIb-
Holi hopMmbl. OTpenesisaics mepuBacKyaIPHBIN OTEK.
Opnako B mose CA1l KomnyecTBO HEU3MEHEHHBIX
HEeWPOHOB (a cpe/in HUX YUCJIO0 HEHMPOHOB C OHUM
SITPBIIIIKOM ) XOTSI U YMEHBIIAJIOCh, HO 3HAUNMO He
OTJINYAJIOCh OT KOHTPOJIBHBIX 3HaUeHui. Yncio Hei-
POHOB C JIBYMSI sIIPBIIIIKAMK 1 H0Jiee CHIKAIOCh 10
54,6% OT ypOBHS KOHTPOJIHHBIX 3HAYEHU, YTO CBU-
NeTEebCTBOBAJIO JIUIIH O TEHIEHIINU K YMEHbBIITEHUIO
KOJIMYEeCTBA HEHPOHOB C JABYMSI SIAPBIIIKaMu 1 GoJiee
B rmosie CA1. KonnuecTBO M3MeHEHHBIX HEMPOHOB He-
3HAYMMO Bo3pactano 10 153%. Yeenuuenune uncia
Mopdonornyecky n3MeHeHHBIX TUPAMUIHBIX HEPO-
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HOB IIPUBOJINJIO K 3HAUMMOMY YMEHbBIIIEHUIO MTUPUHBI
CJIOST THPAMUTHBIX HEHPOHOB /10 75% OT yPOBHS KOH-
TPOJIBHBIX 3HAUEHUT.

B mone CA2 mupuna c10s1 TUPAaMUAHBIX KJIETOK
He3HAUYMMO yMeHbIanach 10 94%. KonuuectBo Mop-
dosornyecku He M3BMEHEHHBIX U U3MEHEHHBIX Hel-
POHOB U3MeHI0Ch 10 85 u 118% cooTBeTCTBEHHO,
3HAYMMO HE OTJIMYAsICh OT KOHTPOJIbHBIX 3HAUEHUI.
[Tpu 3TOM UKCIIO HEHPOHOB C OJTHUM, JABYMSI SIZPbIIII-
KaMu 1 OoJiee He3HAYMMO yMeHbIanoch 10 90 u 50,8%
COOTBETCTBEHHO.

B mone CA3 mmpuHa c10s1 MUpaMUIHBIX KJIETOK 1
KOJINYEeCTBO U3MEHEHHbBIX HEPOHOB HE3HAUYUMO U3Me-
usuch 10 85 u 103% coorBerctBento. KommuecTBo
MOP(OJIOTMYECKU HEe U3MEHEHHbBIX HEHPOHOB YMEHbB-
HIUJIOCH 710 93%, 3HAYUMO HE OTJIMYASICh OT KOHTPOJIb-
HBIX 3HaYeHu#. Cpefn HUX KOJUYEeCTBO HEUPOHOB C
OJIHUM SIAPBIIIIKOM TaKKe CHUKAJIOCH, 6€3 3HAYMMBbIX
oTimunii oT mapameTpoB B rpynne K. Cpenu Hensme-
HEHHBIX HEITPOHOB YNCJIO HEHPOHOB C 2 SAIPBIIIKAMU 1
6oJiee cHUKANOCH 10 37,6% OT YPOBHSI KOHTPOJIbHBIX
3HAYEHUI U JOCTUTAJIO YPOBHS 3HAUUMOCTH.

B mosme CA4 mupuHa €08 MUPAMUAHBIX KJIETOK
HEe3HAYMMO yMeHbIanaach a0 78,6%, uuciao Mmopdo-
JIOTUYECKU M3MEHEHHBIX HEHPOHOB TaKKe CHUKAIOCH
1o 85%. KosmuecTBO HEM3MEHEHHbBIX HEHPOHOB CHIU-
3UI0Ch 110 83%, cpefin HUX KOJUYECTBO HEHPOHOB C
OIHUM SIIPBIIIKOM TaK/Ke YMEHBINAJIOCh, HO Oe3 3Ha-
YUMBIX OTIWYUil OT 3HadeHuit B rpynme K. Cpenn
HEU3MEHEHHBIX HEUPOHOB YKMCJIO HEUPOHOB C JIBYMSI
SUIPBIITKAMK 1 GoJiee CHUKAIOCh 110 28,7 %, 4To GbLIO
3HAYKMMO MEHDIIIE TI0 CPABHEHUIO C TPYIIION KOHTPOJISL.

OGceyskaeHne pe3yibTaToR

O60061mas oJyYeHHbIE Pe3yJIbTaThl, MOKHO KOH-
CTaTUPOBATBH, YTO TIOCJE JIIIUTETHHON DKCIIO3UITNH Ce-
Bohsrypana (6 4) 1 XUpPypruuecKoro BMeIIaTeIbcTBa
Ha opraHax OPIONTHO# MOJIOCTH CTPYKTYPHO-(PYHKITHO-
HaJIbHas TepecTpoiika 3aTPOHYJIa BCe MOJIS TUIITIOKAM-
na. ITO MPOSABUIIOCH TOSIBJIEHUEM KaK KOJTMYeCTBEH-
HbIX, TAK U KAUeCTBEHHbBIX ITPU3HAKOB MOBPEKIECHUS
HelipoHoB. OTMedeHa Je30praHu3alns CJI0eB Mupa-
MUJTHBIX HEWPOHOB, ONIPeiesieHbl MOP(OJIOTUIECKH U3-
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Puc. 1. Bausnue dnumenvnoil sxcnosuuuu (6 4)
cesohypana u MoOeIbHOU ONEePAUUL HA OP2AHAX
OPIOWHOU NOIOCTU HA MOPHOMEMPUUECKUE NOKA3AMENU
ZUNNOKAMNA CAMUOB KPbLC CMOKA Bucmap. ﬂaHHble
npedcmasiienvl 6 UOE <AUUKOB C YCAMU>, 20€ <AULUKU»>
ompadcarom 25-i,/75-1i npoyenmuiu, CnIOUHASL TUHUS —
MeOuany, NYHKMUpHAast IUHUsL — cpeoHee 3navenue,
a wnus) u a <ycoly — 10-1 u 90-i npoyenmunu. n = 7—8.
* — p < 0,05 snauumvie omaUUUSL OM COOMBEMCMBYIOULE20
noxasameist KOHmMpPoavHOU epynnvl (mecm bongepponu)
Fig. 1. The effect of continuous exposure (6 h) to sevoflurane and model
abdominal surgery on morphometric rates of hippocampus in male
Wistar rats. The data are presented as box-and-whiskers diagram, where
boxes show the 25th/75th percentiles, the solid line is the median, the
dashed line is the average value; and the line) and whiskers — the 10th
and 90th percentiles. n = 7-8. * — p < 0.05 the differences are significant
versus the relevant rates in the control group (Bonferroni test)

MeHEHHDbIE HelPOHBI: THTIEPXPOMHbIE CMOPITIEHHbBIE (Ge3
S71ep WM C TVIOXO Pa3JInIMUMBIM S/IPOM HEIIPaBUIHHON
(popmbl. OTMeueHHbIe BbIpaskeHHbIe MOPQOJIoTUYecKre
U3MeHEHUsT HEIIPOHOB HOCSIT HeOOPATUMBIiT XapaKTep.
[TosBnerne Mmopdonorniyeckn n3MeHEHHBIX HEPOHOB
U JIe30PTaHu3alHsl CJI0EB TUIIOKAMIIA TIPUBOAMIN K
MN3MEHEHUTIO NINPUHBI CJI0A TUPaMUIHBbIX HeﬁpOHOB BO
BCEX IMOJISIX TUMokaMiia. Ho 3HaY4MMO aTOT mokasaresb
CHUKAJICS TOTBKO B Tosie CA1.

O cumxeHun GYHKIMOHAJBHON aKTUBHOCTU THUTI-
MOKaMIIa B T[eJIOM CBUJIETEbCTBOBAJIO YMEHbBIIEHNE
YUCIA KJIETOK C IBYMsI SIPBIIIKAMU 1 O0JIee CPein He-
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Puc. 2. lTupamuodnvie neiponvt noist CA1 eunnoxamna
nocie OnumenvHoll axcnosuuu cesopaypana (6 u).
Oxpacka no Huccmo. 06. 100, ox. 10;

1 — mopghonoeuuecku ne usmenenHvle HelPOHbL

C AOPBIUKAMU,

2 — Moponoeuuecku usmeHeHHble HelipoHbL

Fig. 2. Pyramidal neurons of the hippocampal field of CA1 after
continuous exposure to sevoflurane (6 h). Stained by Nissl. Lens 10,
eyepiece 10;

1 — morphologically intact neurons with nucleoli,

2 — morphologically changed neurons

n3MeHeHHbIX HelipoHoB. B momsix CA3 u CA4 rumnmo-
KaMIIa YUCJI0 HEMPOHOB C IBYMsI SIAPBIIIKAMU U HoJiee
nmocTurano ypoBHs 3HaunmMocTu. B mone CAl — cHu-
JKaJI0Ch 10 BEJMYWH, OJM3KUX K 3HAYNMBIM, 10 CPaB-
HEHUIO ¢ TTokasaTtesasaMu B rpyiie K. CTouT oTMeTuTs,
YTO MaTepHal /71t MOPMOTOTHIECKOTO UCCIeIOBAHNS
3abupasicst Ha 22-e CyT MOCJe HKCIO3UIUU CeBODITY-
pata. Takum 06pasoM, PyHKIIMOHATbHAS AaKTHBHOCTh
HEHPOHOB, He MOTUGIINX MOCJIE AHECTE3UHU ¥ OTIEPAITHH,
He BOCCTAaHOBMJIACH B yKa3aHHBIE cpoku. MopdodyHK-
IMUOHaJIbHbIEC U3MEHCHIA BCEX MMOJIeH TUIIIOKaMIIa Ha
¢oHe BO3AENCTBUSI TPUBOAUIN K AMOIIMOHATBHOMY
¥ KOTHUTUBHOMY JIe(DUITUTY, 9TO MPOSIBUIIOCH B pslie
MOBeZICHYECKUX TeCTOB [2].

[larabie MOpdoOMeTpUY B JaHHOM WMCCIE0BAHUU
CXOIHBI C paHee IMMOJIYYEHHbIMU pe3yJibTaTaMU, IOKa-
3aBITUMHU HeTaTUBHOE JieiicTBUE Tpomnodosa Ha THTI-
MOKAMIIAJIbHYIO0 MOTMYJISIINIO HEPBHBIX KJeToK. [Ipu
Mopdosornyeckom ananuse B mose CA1 B 2 pasa yBe-
JIMYMBAIOCH KOJIMYECTBO TUTIEPXPOMHBIX HEHPOHOB 1
HEHPOHOB C SIBJIEHUSIMU XPOMATOJIN3a TI0 CPAaBHEHUTO
¢ Tpynmoit KOHTpoJid [6]. OmHAKO CTOUT OTMETUTH, ITO
TIPpU3HAKOB MHAYKIIUK allOIITO3a HeﬁpOHOB IIpr 3TOM
He BBIABJIEHO [7].

Uccrenosanme T. Kawano et al. [20] mpoxemon-
CTPUPOBAJIO yBeJYeHNEe KOHIEHTPAITNU HeHpoBoC-
MAJTMTETHHBIX MAPKEPOB B THITIIOKAMIIE CTaPhIX 0COOEi
KPBIC. TO CONTPOBOXK/IATIOCH HATMYNEM KOTHUTUBHOTO
nedunuTa CIyCcTs HeeJ 0 Toce OmepaIii Mo 06-
meit anecresueil. [lantas u apyrie paboThl, a TaKKe
pe3yJabTaTbl BBIITOJTHEHHOTO HaMU MCCJIE/IOBaHUA B
COBOKYTTHOCTH YKa3bIBAIOT HA TO, YTO UMEHHO HEWPO-
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BocrasieHue (yInThiBask HeGOJIBIITYIO TPABMATHYHOCTD
oTiepalinu, CKopee BCETo BCJIE/ICTBIE IIPSAMOTO JITTUTEb-
HOTO JIefiCTBUS aHeCTeTHKA ) UTPaeT KII04YeBYI0 POJIb B
MOP@OJIOTUIECKON TIEPECTPONKE THUIIIIOKAMITATBHBIX
CTPYKTYP € ITOCJIEYIONINM yXy/ITIeHHeM KOTHUTHBHBIX
dyuximii. ITogo0HYI0 TPAKTOBKY MOKHO YBU/IETh U B
apyrux paborax [8, 17].

MopdomeTpudeckuil aHaIN3 U U3yUeHNe N3MeHe-
HWI TUTNTIOKaMIIa B COYETAaHNN C TTOBEIEHYECKIMH Te-
CTaMH 11eJ1eCO00Pa3HO UCIOIB30BATH JIJIs1 H3Y4YeH s A-
(pexTOB aHECTETUKOB, BBI3BIBAEMBIX UMU OTAQJIEHHBIX
TTOCJIE/ICTBUH, a TAKKe [T TOVMCKA CPEICTB KOPPEKITNH
BO3HUKAIOMINX HAPYIIEHUN TOBEEHNST/ KOTHUTUBHBIX
muchyuknmil. [lornmanme npuanmH 1 MEXaHU3MOB Pa3-
BHUTHS KaK TOCTONEPAIOHHOMN, TaK U IOCTTEPAINIeBTU-
4eCKOW KOTHUTHBHOM AuChYHKINN TPUOIU3UT K ee

acdexTuBHON poduaakTHKe U ANDGEpeHITIPOBaH-
HOMY JICYEHUIO.

BriBOoa

Mopdonorndeckas mepecTpoiika TUMIIOKAMIIAIb-
HBIX CTPYKTYP KPBIC ITOCJIE OTIePAIlUN U aHECTE3UHN
MOJKET JIeKaTb B OCHOBE YXYAIMIE€HWA KOTHUTHUBHDBIX
(GyHKIHUH B TOCIE0TIEPAIIMOHHOM TIEPHUO/IE.

Orpanuvenusi ucciegoBanus. HeBo3amMoxxHOCTD
KOHTPOJIsI Ta3000MeHa Y KPbIC BO BPEMSI 9KCIIEPUMEHTA.
XoTs MpU3HAKU TUTIOKCUU OTCYTCTBOBATIHU (CIIOKO-
HOe JbIXaHWe, HOPMaJIbHBIN IBET KPOBU Ha pa3pese,
ObICTPOE MTPOOYIKAEHIE U BOCCTAHOBJIEHHE JIBUTATEIb-
HOI aKTUBHOCTH ), TAaHHBIN (PAKTOP B MOJTHOI Mepe He
HCKJIIOYEH.

KO]—[(l)J[HKT HUHTEpPECOB. ABTODBI 3asBJIAIOT 00 OTCYTCTBUUN Y HUX KOHqJ]II/IKTa NHTEPECOB. Pa6ora BhIIIOIHEHA B paMKax rocyzap-

CTBEHHOTI'O 3a/laHUA 110 TEME «Paspa60TKa KOMILJIEKCAa MEP I10 H]Z)O(bI/IJIaKTI/IKe TTocIeonepanmoOHHbIX KOTHUTUBHBIX paCCTpOﬁCTB n

JA€JINPpUA Ha OCHOBE N3Y4€CHUA POJIN B X T€HE3E HeI';IpOBOCHaJIeHI/IH, O6YCJIOB]IeHHOFO Onepauﬂeﬁ n aHeCTeSI/Ieﬁ», Ne TOCperucTpanumn

115091630050.
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