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KoppeKIust KJIeTOUHBIX TTOBPEKIEHU T TOIOBHOTO MO3Ta, BBI3BAHHBIX MACCUBHON KPOBOTIOTEPEH, SBJISIETCS OTHOM
U3 HanboJiee TPYIHO PENTaeMbIX TTPOGJIEM TIPU TeMOPPArnyecKOM IOKe, 4TO CO3/IaeT HeOOXOANMOCTh H3YYeHUsT Me-
XaHU3MOB TAKHX MOBPEKIEHHUH C TEPCHIEKTUBOI TEOPETHIECKOTO 0O0CHOBAHUSI TTO/IXO/I0B K BOCCTAHOBJIEHHUIO (hyHK-
LII/IOHaJIbHOI‘;I AKTUBHOCTU HeﬁpOHOB. AHaJII/I3 IIPEACTAaBJIECHHBIX B CTaTbe [JaHHBIX IMO3BOJIAECT CUHUTATH, YTO
AucperyJisiiust MeTabosramMa (hochOTUIHIIOB JIEKUT B OCHOBE KK CTPYKTYPHBIX TTOBPEKAEHIH CHHATTTHYECKUX MEM-
GpaH, Tak 1 nX GYHKIMH, BKIOYAst PEIENTOPHYIO CUTHAIMBAINIO, HAPYIIEHNsT KOTOPOU IIPU TeMOPPArHYECKOM ITTOKe
npuBOIAT K sHIedanonatun. Koppekiust HochonunumaHoro coctaBa CHHAITHYECKIX MeMOpPaH MMeeT 0COOeHHY0
3HAYMMOCTD /11 TTIOBBIIeHUsT 9((OEKTUBHOCTH JIEYeHUST IIOKOTEHHBIX HapYIIeHUH (DYHKITHI TOJIOBHOTO MO3Ta.

Kantouesvte crosa: pocorunudvt; cunanmuyeckue Memopanvl; 2eMoppazuiecKutl uox

Correction of brain cell damages caused by massive blood loss is one of the urgent problems of hemorrhagic
shock, which ensures the need in clarification of mechanisms of such damages with the prospect of developing strate-
gies to restore the functional activity of neurons. Analysis of the data presented in the review suggests that the dys-
regulation of phospholipid metabolism underlies both structural damage of synaptic membranes and their functions,
including receptor signaling, the disturbances of which lead to encephalopathy in hemorrhagic shock. Correction of
synaptic membranes phospholipid composition seems to possess a potential for increasing the effectiveness of treat-

ment of shock-induced brain function disorders.
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BBenenne

Beicokast panumocts [THC npu moxoreHHBIX
BO3/ICHCTBUSIX OTPEIEIISIET TPYAHOCTD PEITEHUS TTIPO-
6JIeMbl BOCCTAHOBJIECHHUSI ee (DYHKITUET TPY reMopparu-
yeckoM moke (['1II). OganMm 13 BayKHENITUX 2JIeMeH-
ToB moBpexaerus [THC B mocTpeanHmMarimoHHOM
nepuoge 'l sBasierca henomeH HEBOCCTAaHOBIEHUS
CUHANTUYECKUX KOHTAKTOB HEHPOHOB, TPOSBJISIO-
MIWICS B UBMEHEHUW CTPYKTYPHI TIPe- U MOCTCHHATI-
tudecknx memOpan [1]. VI3sMeHeHUsT pelenTopHBIX
CHUCTEM, IPOIIECCOB TeHEPAITNN U TPAHCAYKITMH CUTHA-
JIOB B TKaHW MO3Ta TIPH HapyIIEeHUsIX KPoBooOpaiie-
HUS W TOCTPEAHUMAIIMOHHOM TIEPHOIE SIBJISIOTCS
BEJIyIIIUM TTaTOTeHEeTHYECKIMM KOMITOHEHTOM MOCTH-
neMudeckoit antedanonatuu [2]. i3BecTHo, 4TO f1es-
TEJTHHOCTH TOJOBHOTO MO3Ta B 3HAYUTEJBbHOI CTETIEHH

Introduction

High vulnerability of CNS during shock-produc-
ing impacts the complexity of the problem of restoring
its functions during hemorrhagic shock (HS). One of
the most important elements of CNS damage during
HS post-resuscitative period is the phenomenon of
non-recovery of neurons’ synaptic contacts, which
manifests as the changed structure of pre- and postsy-
naptic membranes [1]. Changes in the receptor sys-
tems, signal generation and transduction processes in
the brain tissue during circulation failures and post-
resuscitative period are the leading pathogenic com-
ponent of post-ischemic encephalopathy [2]. Brain
activity is known to be largely dependent on the me-
tabolism of neuron membrane phospholipids, which
are active universal neuromodulators. Phospholipid
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onpezessieTest Metaboa3MoM ochoIUIHII0B HEHpo-
HAJIBHBIX MeMOpaH, ABJISIONUXCS aKTUBHBIMU YHU-
BEPCAIBHBIMU HelipoMoayasaTopaMu. MeTaboauThl
hochoaMmII0B CHHATITUYECKUX MeMOPaH HeliPOHOB
9P PEKTUBHO AKTUBUPYIOT MHOTHE MEMOPAHO-CBsI3aH-
Hble (DePMEHTDI, 9HIOIMTO3 U AK301IMTO3 HelipoMeua-
TOPOB, KOHTPOJUPYIOT MEXaHU3MbI TTATOTeHe3a Psijia
HelipojiereHepaTuBHBIX 3a00seBanii 3, 4]. Paspyiue-
HiTe MeMOPaHHBIX (HOCHONUTHIOB BHOCUT 3HAUYUTEb-
HBII BKJIaJl B ruGesib HePOHOB TP MATOJIOTHYECKIX
coctostHUsIX [5—7]. C yueToM U3JI0KeHHOTO, UCCIIEI0-
BaHue ocobernocTell Meraboanama GochoaunugIoB
CUHANTHYECKUX MeMOpaH B pasinunbix otenax [THC
MPEICTABIISIETCST IEPCIIEKTUBHBIM B CBSI3H € Pa3paboT-
KOI HOBBIX IT0/IX0/10B K Jieuennio ['111.

B HacrostiiM 0630pe aHATN3UPYIOTCSI MEXAHU3-
MbI BO3/IEHCTBUS HapyIeHuii Metabonusma (ocdo-
JIMITAJIOB CHHATITUYECKUX MeMOpaH 1ipu passutun [T
Ha MPOIECChl HEHPOTPAHCMUCCUU B JIOOHBIX JOJISX
TOJIOBHOTO MO3Ta M TIPOJIOJITOBATOM MO3Te. B JT06HbBIX
JI0JISIX TOJIOBHOTO MO3Ta PACIIOJaraeTcs acColuaThB-
Has 30HA KOPbL. 3HAUUMOCTb U3y4eHNS MEXaHU3MOB
HapyIIeHNd KOMIIEHCATOPHBIX BO3MOKHOCTEH KJIECTOK
npozgoaroBaroro moara 1pu 'l cszana ¢ yuactuem
€r0 CTPYKTYP B PETYJSAINHU COCYIUCTOTO TOHYCA U B
OCYIIECTBICHUN KOOPAUHAIMU MPOIECCOB KPOBOOO-
palieHus 1 JbIXaHus, a Takske ¢ GyHKIUeH peryJisaium
AKTUBHOCTH BBICHIMX OT/IEJIOB TOJIOBHOTO Mo3ra. B
MIPOJIOJITOBATOM MO3TY HAaXO/ATCS HEPBHbBIE KJIETKH,
cojiepxKaliiie Takue HelfpoMeInaTopbl Kak aleTuiaxo-
JINH, KaTeXOJaMWHBI, CEPOTOHUH, HEHPOIENTH/IbI
(BKJTIOUATOTIIE MET- 1 JieHaHKedamuH, cyberanimio P,
COMATOCTATHH, HEHPOTEH3MH, XOJICIIUCTOKMHIH, Ba30-
AKTUBHBIN MHTECTUHAJIBHBIN MENTH/I, TAaHKpeaTnye-
ckui osiutientu) [8], 4To Mo uepKUBaET CIOKHOCTD
peryasimu paborst aToro otena ITHC.

Posb MeTabosmama
dochaTnauanHO3UTOIA B
KOMIIEHCATOPHBIX M MATOJIOTHYECKHX
N3MEHEHUSIX HEMPOTPAHCMHCCUHU

Hecmotpg Ha orpannyentoe cojgep:kanue doc-
(HhOMHO3UTUAOB B KJIETOUHBIX MeMOpaHax, OHU
ABJIAIOTCS PENIAIONUMU PETYJIATOPAMU KJIETOUHBIX
(byHKIIMIT B HEPBHOI CUCTEME, BKITIOUAsT PELENTOPHYIO
CUTHAJIM3AIMIO, CEKPEITNIO, HOINUTO3 U BbIKUBAeE-
MOCTb [4, 9]. DochOMHO3UTHU/IBI TTOMOTAIOT OTIPEe-
JIATH 30HBI 9H/IONNTO3a, a TakxKe Py3nu cuHarTuye-
CKHUX BE3UKYJI, DEryJIUPYIOT PabOTy MOHHBIX KAHAJIOB,
AKTUBHOCTD KOTOPBIX JIC)KUT B OCHOBE HETPOHATBbHOMN
Bo3Oyaumoctu [10]. Hekoropsie Genku, ygacTByio-
e B MeXaHu3Max HelipoTpaHCMUCChH, crerdude-
CKHU pPaCMO3HAIOT OTpe/esieHHble MeMOpaHtbie hoc-
ounosuTubl, IpuyemM cocraB HochOnHO3UTUIOB
MeMOpaH OIpeesisieT, Kakie OeJIKHU J0JKHbI 3asIKOPH-
BaThCs. B3anMoeiicTBre 0CBOOOKIAIOIINXCS U3 TIPe-
CHHANITHYECKUX MEMOPAH MEJIMATOPOB C PEIENITOPAMU
MIOCTCUHAIITUYECKOUN KIeTOYHOU MTOBEPXHOCTU IIPUBO-

metabolites of synaptic membranes of neurons acti-
vate effectively many membrane-linked enzymes, en-
docytosis and exocytosis of neurotransmitters, control
pathogenic mechanisms of a number of neurodegener-
ative diseases [3, 4]. Destruction of membrane phos-
pholipids contribute significantly to the death of
neurons during pathological states [5—7]. It seems
promising to study the peculiarities of phospholipid
metabolism of synaptic membranes in different seg-
ments of CNS as new approaches to HS treatment are
developing.

This review analyzes the mechanisms of action
of metabolic disturbances of synaptic membrane phos-
pholipids during HS development on neurotransmis-
sion processes in the brain frontal lobes and oblongata.
The association cortex is located in the frontal lobes.
The importance of studying the mechanisms of dis-
turbed compensation abilities of oblongata cells dur-
ing HS is connected with involvement of its structures
in the vascular tone regulation and coordination of
blood circulation and breathing processes as well as
with its function of higher cerebral regulation. In ob-
longata there are nerve cells containing such neuro-
transmitters as acetylcholine, catecholamines,
serotonin, neuropeptides (including Met- and Leu-
enkephalin, substance P, somatostatin, neurotensin,
cholecystokinin, vasoactive interstitial peptide, pan-
creatic polypeptide) [8], which emphasizes the com-
plexity of this CNS segment regulation.

The Role of Phosphatidylinositol
Metabolism in Compensatory
and Pathological Changes

of Neurotransmission

In spite of the limited phosphoinositide content
in cellular membranes, phosphoinostides are decisive
regulators of cell functions in the nervous system in-
cluding receptor signaling, secretion, endocytosis, and
survivability [4, 9]. Phosphoinostides help determine
endocytosis zones and fusions of synaptic vesicles; they
regulate functioning of ion channels which activity un-
derlies neuronal excitability [10]. Some proteins in-
volved in the neurotransmission mechanisms recognize
certain membrane phosphoinositides, and the mem-
brane phosphoinositide composition determines the
anchorage of proteins. Interaction of mediators re-
leased from pre-synaptic membranes with receptors of
post-synaptic cell surfaces produces an activated re-
ceptor-ligand complex initiating stimulation of neuro-
transmission along the path operating phosphorylated
forms of phosphatidylinositol (PI).

The 1.6-2.0-fold drop of PI content is a common
pattern of phospholipid changes in synaptic membranes
of frontal lobes of the brain and oblongata at an early
stage of HS (30 min from onset of blood loss) [11, 12].
Taking into account that activation of cholino- and
adrenoreceptors is a factor stimulating phosphoinostide
hydrolysis by phospholipase C [13—16], one can assume
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IUT K 00Pa3OBaHUI0 AKTUBUPOBAHHOTO PEIENTOP-
JINTAH/THOTO KOMILJIEKCA, MHUIIUUPYIONIETO CTUMYJIS-
U0 HEHPOTPAHCMUCCUM TIO TYTH, OTEPUPYIOTIUM
bochopummposanubiMu hopmamu hochaTuganIIHO-
sutosa (DN).

OO6111eil 3aKOHOMEPHOCTHIO U3MeHeHui (pocom-
MUJIHOTO COCTaBa CUHANTUYECKUX MeMOpaH JIOOHBIX
JI0JIEH TOJIOBHOTO MO3Ta M TIPOIOJITOBATOTO MO3Tra Ha
panneit craguu [T (30 MuH oT Hauasa KPOBOTIOTEPH )
siBysiercst nagenne copepskarus OU B 1,6—2,0 paza |11,
12]. YuursiBas, 4To akTUBAIIMS XOJIMHO-, 4 TAK)KE aJIpe-
HOPEIENTOPOB ABJIACTCH (DAKTOPOM CTUMYJIATIMH TH]I-
pounza ochonnoznutuios gochomumnazoii C [13—-16],
MOZKHO TI0JIaTaTh, YTO aJ[PEHEPTUYECKAs M XOJIUHEPTH-
Yyeckasl TUIIEePaKTUBAINS, MTHUITMUPOBAHHAS MaCcCHUB-
HOM KpOBOMOTEPE, MPUBOAUT K CYIIECTBCHHOMY
HaKOIJIeHWIO TIpoayKTa pacnaza OU — unosuTo-
1,4,5-Tpudocdara, — crocobHoro akrusuposars Cat-
KaHasbl /1711 3axBata Ca’" 13 BHEKJIETOUHOTO TIPOCTPAH-
ctBa [17, 18]. [Tockomabky ruppoaus O -4-pochara n
DU-4,5-6mpocdara MOKET IPOXOAUTH IIPH KOHIIEHT-
parusix Ca?* B IUTOIJIa3Me KJIETOK, COOTBETCTBYIO-
MIMX COCTOSTHUTO TTOKOsT (0K0J10 107), B TO BpeMsT Kak
pacmierienne OU dochosmumaszoit C rpedyeT moBbI-
neHHbIX KoHlenTpanuii Ca?*, omocpesoBanHoe Mac-
CUBHOI KpOBOMNOTEpell HayaibHOEe YCUJIEHUE THIPO-
miza (HocHOMHOZUTHUAOB — HEOOXOAUMO  JIjist
nanbHelreir aktuaruu pacrnana @Y. AxruBarus
ochonnozutua-uyBcTBUTENBHON (hochommmnazbr C
MOJKET OBITh TaKKe OTOCPepoBaHa CTUMYJISIIIUEit
MeTabOTPOITHBIX [IYTAMATHBIX PEIENITOPOB, MPUYEM
MOKAa3aHa 3aBUCUMOCTb TaKOH aKTUBAIMU OT MOCTYTI-
senust Buekserouroro Ca?* [19-21].

Bxsaz B obe/iHeHre CUHATITHYECKUX MeMOpaH
DU na navanbHoii craguu [ moxkeT BHOCUTH (hoc-
(bosmmnaza A2, nposBisoNas CBOIO aKTUBHOCTD KaK
npu yBeandennu kouieHtpaiuu Ca?’, Tak u B €ro
OTCYTCTBUU P YCI0BUN Hasmuust Metabonntos DU
[22]. AkruBanusga dochonunazsl A2 otyacTu sIBJIETCS
MEXaHU3MOM, OIOCPEAYIONUM U3MEHEHUSI CBOWCTB
AMPA-4yBCTBUTEJIBHBIX IJIyTaMaTHBIX PELENITOPOB,
urpas BaXkKHYIO POJIb B TOCTCUHANITUYECKON MOJIYJIS-
uu Helporpancmuccuu [23, 24]. MokHO OTMETUTD
Takxke poJib hochosnnazer A2 B yCusieHUM CEKPEruu
HEHPOTPAaHCMUTTEPOB B HEPBHOI CHCTEME, OITOCPE/IO-
BaHHOM He3aBUCUMBIM 0T Ca®" 0CBOGOKIEHIEM JKUP-
HBIX KUCJIOT (0COOEHHO apaxua0H0BoIl ) us (ocdoin-
NUJI0B  CUHANTUYECKUX  MeMOpaH,  KOTOpoe
WHUIUUPYET CANIHUE BE3UKYJ MeINaTOPOB C aKIlell-
topoMm [25]. CuuraioT, uto dhochonunaza A2 urpaer
pelnamIyio posib B kietouHoM nospexzaennn [ITHC,
YUUTBIBAsS €€ 3HAYMMOCTD B IIPEAIIOYTUTETbHOM TH/I-
pouuze GocdoaUIII0B, COAEPKAINUX APAXUTOHOBYIO
KUCJIOTY, 06JIa/IAIOTIY 0 HCKJIIOUUTETbHOM Kak (husno-
JIOTUYECKOH, TaKk M NaTO(MU3NOJOTMYECKON BaXK-
HOCTBbIO. VI3BECTHO, 4YTO apaxuj0HOBas KHUCJIOTa
ABJISETCS PETYJISTOPOM TAKUX KJIECTOYHBIX TIPOIIECCOB
KaK aKTUBallUs TPOTEMHKUHA3bl C M MOAYJISAINA
paboThl HOHHBIX KaHa10B [22, 26—28]. Ona cTumyJim-

that adrenergic and cholinergic hyperactivation initi-
ated by massive blood loss leads to considerable accu-
mulation of PI degradation product — inositol-1,
4,5-triphosphate, — capable of activating Ca?*-channels
to capture extracellular Ca?*[17, 18]. Since hydrolysis
of PI-4-phosphate and PI-4,5-biphosphate can occur at
Ca?* cell cytoplasm concentrations corresponding to
dormancy state (about 107), while PI degradation by
phospholipase C requires increased Ca?" concentra-
tions, further activation of PI degradation needs initial
up-regulation of phosphoinostide hydrolysis mediated
by massive blood loss. Activation of phosphoinostide-
sensitive phospholipase C can be also mediated by stim-
ulation of metabotropic glutamate receptors; moreover,
the dependence of such activation on extracellular Ca%*
inflow has been shown [19-21].

Depletion of synaptic membrane PI at the initial
stage of HS may be assisted by phospholipase A2 that
manifests its activity both at increased Ca?* concen-
tration and during its absence subject to availability
of PI metabolites [22]. Phospholipase A2 activation is
partly a mechanism mediating changes of properties
of AMPA-sensitive glutamate receptors as it plays an
important role in the post-synaptic modulation of neu-
rotransmission [23, 24]. One can also note the role of
phospholipase A2 in promoting secretion of neuro-
transmitters in the nervous system, which is mediated
by Ca?'-independent release of fatty acids (especially,
arachidonic acid) from phospholipids of synaptic
membranes, initiating fusion of mediators’ vesicles
with the acceptor [25]. Phospholipase A2 is believed
to play a decisive role in the cellular damage of CNS,
taking into account its significance in the preferential
hydrolysis of phospholipids containing arachidonic
acid featuring both exceptional physiological and
pathophysiological importance. It is known that
arachidonic acid is a regulator of such cellular
processes as protein kinase C activation and modula-
tion of ion channel function [22, 26—28]. It stimulates
NMDA-receptors and assists increase of glutamate
concentration in synaptic slit as its release increases
and/or via reuptake inhibition [29, 30]. Arachidonic
acid can render direct influence of membrane integrity,
acting as a detergent.

Brain stimulation leads to increased inclusion of
phosphate into inositol-containing lipids [31]. It is
known that activated Ca?*-binding protein — neuronal
calcium sensor-1 (NCS-1), which is present both in
synaptic membranes and in synaptic vesicle mem-
branes [32, 33], interacts directly with PI-4-kinase
catalyzing the initial stage of PI phosphorylation, me-
diating its delivery to synaptic membrane and inten-
sifying enzyme activity [34]. This is accompanied by
the increased production of PI-4-phosphate — a pre-
cursor metabolite for PI-4,5-biphosphate, which is the
main substrate of phosphoinositide-sensitive phospho-
lipase C. Phosphatidic acid directly promotes synthe-
sis of PI-4,5-biphosphate during activation of
PI-4-phosphate-5-kinase [35]. Induction of activation
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pyer NMDA-perentopsl, a Takike CI0COOCTByeT
MOBBINIEHNIO KOHI[EHTPAIUY TJIyTaMaTa B CHHAIITHYe-
CKOW TIeJIW MPU YBEJIUYECHUHM €0 OCBOOOKACHUS
u/um yepes 610Kkamy obparnoro saxsata [29, 30].
ApaxuzionoBasg KHUCJI0TAa MOKET HAIPSIMYIO BO3JIeii-
CTBOBATh HA IIEJIOCTHOCTH MEMOPaH, BHICTYTIAs B Kave-
CTBE JICTEPTeHTa.

CruMyJisnus roJJOBHOTO MO3Ta TIPUBOJIUT K yBe-
JIM4EHUIO BKIIoYeHns (pocaTta B MHO3UTOJI-CO/IEPIKA-
nue smnugbl [31]. VI3BecTHO, 4TO aKTUBUPOBAHHBIN
Ca?"-cBA3bIBAIOIINIT GEI0K — HEHPOHAIBHBIN KaIbIie-
BbIii cencep-1 (NCS-1), — npucyrcrByioniuii Kak B
CUHATITHYECKUX MeMOpaHax, Tak 1 B MeMOpaHax CHHAII-
TUYECKUX Be3ukyJs [32, 33], Hanpsimyio B3auMojieii-
crByer ¢ MU-4-kuHa30M, KaTaTU3UPYIOIIei Hada b-
uyio craguio dochopumposanus DU, onocpenys ee
JOCTaBKY B CUHANTHYECKYI0O MeMOpPaHy U TOBBIIIAS
akTUBHOCTHL (pepmenta [34]. IIpu atom npoucxoaut
yBesmuennoe obpasosanue D-4-pocdara — merado-
JITA, U3 KOTOPOTO B lasibHediem obpasyercst DIU-4,5-
6udocdar, ABIAIOMNNACI OCHOBHBIM CyOCTpaToM (oc-
pounosutna-uyBcTBUTENBHON  (hochosumazer  C.
Docdaruanas KUCIOTA HAMPSIMYIO CTUMYJIUPYET CUH-
te3 DI-4,5-6udocdara npu axrusarmu DOY-4-doc-
ar-5-kunaser [35]. THAyKIINsS akTHBAIIUU HOHOTPOII-
Hbix NMDA-pereniTopoB 3amyckaeT CUTHAJIbHBIN
kackag MU-3-kunassr [36].

AxtuBanust DOU-4-kuHa3bl HEOOXOAUMA JJIST
nepeHoca pe3epBHOTO MyJia CHHANITHYECKUX BE3UKYJI
B IyJI, KOTOPBIil 6BICTPO 0CBOGOKIAETCS B OTBET Ha
runepctumyJigimio [37]. Vismenenune KoHileHTpauu
DU-4-docdaTa B akIeNTOPHOI MeMOpaHe OKa3hIBAET
BO3/IelicTBIE HAa (DU3UKO-XMMHUUYECKHE CBONCTBA OKPY-
JKEHVSI PEIENITOPOB U TAKUM 00PAa30M PEryIUpPyeT Ux
B3aNMOJIEIICTBIE C MeTUATOPHBIMU Be3uKyJiamu [38].
ITosbimenue coxpepxkannsg DU-4,5-6udocdara B
CHHANITUYECKOH MeMOpaHe TakKe CII0cOOCTBYeT
dhysun MeauaTopHbIX Be3ukyl. CsasbiBaHue GEIKOB
cuHanTUuecknx Besukysa ¢ DU-4,5-6udochatom
oTipeiesisieT creludUUHOCTb Be3UKYJIIpHON Gysun ¢
memOpanoii [31]. DI-4,5-6udocdar cnocobeTByeT
BCTPAMBAHUIO B CHHANITUYECKYTO MEMOPAHy a/larTop-
HBIX 6EJIKOB, KJIATPUHA U APYTUX (HaKTOPOB SHIOIHU-
TO3a, BKJIOYAS [UHAMUH U aKTUH-PETYJIUPYIONINe
6enxu. Metabonutsr DU-4,5-6udochara — gurau-
HEPHUbI — KOHTPOJMPYIOT 3TOT MPOIlecC, HaYuHas C
3aKOPEHNUBAHUSA MEIMATOPHBIX BE3UKYJI 10 UX TI0JI-
HOTO CIusiHuS ¢ MeMOpanoii. B pucyrersun docda-
tuauiacepuna (O C) aurauiepuabl aKTUBUPYIOT TIPO-
TenHkrHazy C, peryJupyIonlyio CUHTe3 1 CEeKPeInio
HEHPOTPAHCMUTTEPOB, & TAKKe U3MEHEHNE YYBCTBU-
tespHocTn pertentopoB [39]. Ilocne angormrTosa
nedochopunuposanue OI-4,5-6udocdara Bbi3bIBa-
€T OTCOe/IMHEeHNE KJIATPUHA, TO3BOJISIS BE3UKYJIE BCTY-
MUTh B HOBBIN Be3UKyJsIpHbIil 1iuki. MU-3,4,5-Tpu-
docdar, ypoBeHb KOTOPOro B MeMOpaHax pesko, HO
TPAH3UTOPHO YBEJNYUBACTCS [TPU KIETOYHOM CTUMY -
aauuu [40], Bo Bpems 3HIOINTO3a MeIUATOPHBIX
BE3UKYJI AeiicTByeT copmecTHO ¢ DU-4,5-6udocda-

of ionotropic NMDA-receptors starts the signaling
cascade of PI-3-kinase [36].

Activation of PI-4-kinase is necessary for trans-
fer of the reserve pool of synaptic vesicles into the pool
that releases fast in response to hyperstimulation [37].
A change in the PI-4-phosphate concentration in the
acceptor membrane affects the physical and chemical
properties of the receptors’ environment and thus reg-
ulates their interaction with mediator vesicles [38].
The synaptic membrane PI-4,5-biphosphate content
increase also assists fusion of mediator vesicles. Bind-
ing of synaptic vesicles’ proteins with PI-4,5-biphos-
phate determines the specificity of vesicular fusion
with membrane [31]. PI-4,5-biphosphate assists inser-
tion of adaptor proteins, clathrin and other endocyto-
sis factors, including dynamin and actin regulatory
proteins, into synaptic membrane. This process is con-
trolled by PI-4,5-biphosphate metabolites — diglyc-
erides — starting from mediator vesicles anchoring
until they are fully fused with the membrane. In the
presence of phosphatidyl serine (PS), diglycerides ac-
tivate protein kinase C that regulates the synthesis
and secretion of neurotransmitters and alteration of
receptors’ sensitivity [39]. After endocytosis, PI-4,5-
biphosphate dephosphorylation causes clathrin sepa-
ration, allowing the vesicle to enter a new vesicular
cycle. PI-3,4,5-triphosphate, which membrane content
rises drastically but transiently during cell stimulation
[40], acts jointly with PI-4,5-biphosphate during en-
docytosis of mediator vesicles, mediating insertion of
proteins into the synaptic membrane [31]. The role of
PI-3,4,5-triphosphate in maintaining neuron viability
mediated by activation of protein kinase B (Akt)
should also be noted [39].

AMPA ionotropic glutamate receptors mediate
excitatory transmission in the brain. Their increase or
decrease in synapses regulates the long-term synaptic
plasticity such as long-term potentiation (LTP) and
long-term depression (LTD) [36]. Endocytosis of
AMPA-receptors in the post-synaptic membrane is
controlled by stimulation of NMDA-receptors at the
background of activation of PI-4-phosphate-5-kinase
y661 [41]. Binding with adaptor protein complex 2
(AP-2) activates PI-4-phosphate-5-kinase y661 to
produce PI-4,5-biphosphate, which, in turn, intensi-
fies AP-2 insertion into the synaptic membrane. By
mediating insertion of components involved in the en-
docytosis mechanism into synaptic membranes, PI-
4,5-biphosphate stimulates the clathrin-dependent
endocytosis of AMPA-receptors. A number of mecha-
nisms underlying regulation of the transfer of AMPA-
receptors into the post-synaptic membrane are
controlled by PI-3-kinase. In particular, transfer of
AMPA-receptors containing GluA1 rises in response
to PI-3,5-biphosphate injection [42]. PI-3,4,5-triphos-
phate is the decisive factor to hold AMPA-receptors
in the post-synaptic membrane, acting very locally in
providing AMPA-receptor clustering mediated by
adaptor protein PSD-95 [41].
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TOM, OMOCPEIYsl BCTpauBaHue 6EJKOB B CHHAIITHYE-
ckyio MmemOpany [31]. Ciegyer TaksKe OTMETUTH POJIb
DU-3,4,5-tpudocdara B mopaep:KaHum KU3HECTIO-
cOOHOCTH HEHPOHOB, OIOCPEAOBAHHON aKTHBAIKE
nporennkunasel B (Akt) [39].

WNonorponubie raryramatabie perienitopel AMPA
OMOCPENYIOT BO3OYIKAAMOILYIO TPAHCMUCCHUIO B MO3TY.
Wx yBennuenune niam ymeHbliieHe B CUHAIICAX Pery-
JINPYET J0JTOCPOYHbBIE (DOPMBI IIJIACTUYHOCTH CHHAII-
COB, TaKMX Kak jloarocpounas norennuarus (LTP) u
nosrocpounas jenpeccus (LDP) [36]. 9umponuros
AMPA-pelLenTopoB B IOCTCUHANITHYECKOI MeMOpaHe
kouTposupyet ctumysiiiuss NMDA-penernrtopoB Ha
one akruarun OU-4-pocdar-5-kunasznr Y661 [41].
CassbIBaHue C aAlITOPHBIM OEJIKOBBIM KOMILIIEKCOM
2 (AP-2) aktusupyer ®U-4-bochar-5-kunazy y661
¢ ob6pasosannem DU-4,5-6udocdara, KOTOPHIA, B
CBOIO OYepe/lb, ycuianBaeT BcTpamBanHue AP-2 B
CHHANITHYECKY 0 MeMOpaHy. Omocpeyst BCTpanBaHue
B CHHANTHYECKHE MeMOpaHbl KOMIIOHEHTOB, yda-
CTBYIOIIX B MeXaHU3Me aHo1To3a, MV-4,5-6udoc-
at cTumynUpyeT KIaTpUH-3aBUCHMBIN SHAOIUTO3
AMPA-penienitopoB. Psaag Mexann3MoB, jeKamux B
OCHOBE peTyJsnuu mmepenoca perentopoB AMPA B
MOCTCUHATITHYECKYID MeMOpaHy, KOHTPOJHMPYETCS
DU-3-kuHazoit. B wacTHOCTH, TIEpEHOC PEIETTTOPOB
AMPA, comepsxamux cyobeannuiy GluA1, mosbimra-
ercs B oTBeT Ha nunektnio MU-3,5-6udocdara [42].
Pematommm akropom yaepsxxanus AMPA-perernto-
POB B TOCTCHHANTHYECKOH MeMOpaHe SIBJISIETCS
DU-3,4,5-tpudocdar, mpudem oH AeICTBYET OUEHD
JIOKQJIbHO MTPH 06eCTIeYeHUH OTIOCPEI0BAHHO afar-
TopHbiM OesikoM PSD-95 kimactepusaruu AMPA-
perentopoB [41].

MembparHbIME (HOCHONHOZUTUAAMU PETYJIUPY -
eTcst GOJIBINOE KOJIMUECTBO MOHHBIX KaHAJIOB [43—48].
ITa PeryJsius JeKUT B OCHOBE M3MEHEHUIT aKTUBHO-
CTH KaHAJIOB U 3JIEKTPUYECKO BO30YIMMOCTH HEIpo-
HOB B OTBeT Ha akTmBanuio perentopoB. OU-4,5-
O6udochar HAMPAMYI PETyJUPYeT pasJUYHbIC
MOHHBIE KAHAJBI C MMUPOKUM BaphbUPOBAHUEM UYB-
CTBUTEJIBHOCTH, U3MEHSISI X KOH(MOPMAIIIO 00BIUHO
MPU CBA3BIBAHUU C TOJOXKUTEIBHO 3apPSKEHHBIMU
ydacTKaMi OeJIKOB, JIOKAJU30BAHHBIX BOJIU3U MEM-
OpaHbl. B wacTHOCTH, OH UTPaeT PENIAOIIYI0 POJIb B
mozyaupoBaanu ¢yukiui Ca* -akruBupyemprx K-
KaHasoB 60sbioit mposoanmoctr (BKCa) [49]. Dtu
KaHAJIBI IMTIPOKO PACITPOCTPAHEHBI B PsI/ie KJIETOK Pas-
HOTO THTIA ¥ PETYJIUPYIOT MHOTHE perrafoniue (hru3no-
JIOTUYECKIE TTPOIIECCHI, BKITIOUAst HEHPOHATBHYIO BO3-
OyIUMOCTh W CUHANTHYECKYKD  TPAHCMUCCHIO.
DU-4,5-6udochat sBASIETCS TAKAKE KIFOUEBBIM PETY-
JISTOPOM aKTHBHOCTHU CeMeHCTBA TTOTEHITHAT-3aBUCH -
mpix K*-xamamoB — Kv7 [50], koTopast Bo MHOTOM
OTIPETIETSIETCS COMEPKaHeM B MeMOpaHax aToro (oc-
dhomHO3UTHIA, HEOOXOIUMOTO JIJIST OTKPHITHS KaHa-
JIOB. YTpaBJisieMble PEIeNTOPaMy, COMPSIKEHHBIMU C
G-6enkamu, kaHaabl Kv7 urpator OOJIbIIYIO POJIb B
perysisiuu - HefipoHaMbHOH  BO3OyauMocT  [43].

Membrane phosphoinositides regulate many ion
channels [43—48]. This regulation includes changes of
channel activity and electrical excitability of neurons
in response to activation of receptors. PI-4,5-biphos-
phate regulates directly different ion channels charac-
terized by a wide variability of sensitivity by changing
their conformation usually in binding with positively
charged segments of proteins localized close to a mem-
brane. In particular, it plays a decisive role in the mod-
ulation of functions of highly conductive Ca **-activated
K*-channels (BKCa) [49]. These channels are com-
mon in different types of cells and regulate many sig-
nificant physiological processes including neural
excitability and synaptic transmission. PI-4,5-biphos-
phate is also a key regulator of activity of the family
of potential-dependent K*-channels - Kv7 [50], which
largely depends on the membrane content of this phos-
phoinositide required for channel opening. Controlled
by receptors conjugated with G-proteins, channels
Kv7 play an important role in the regulation of neu-
ronal excitability [43]. Physiologically essential chan-
nels featuring transient receptor potential (TRP) form
various super-families. Most of them are non-selective
cation channels somewhat permeable by Ca?*. PI-4,5-
biphosphate assists opening of most of them by sup-
porting, specifically, TRPC4 activation, which
regulate release of neurotransmitters [51, 52]. TRPC4
mediates entry of Na* and Ca?* leading to membrane
depolarization and increasing intracellular Ca?",
which, in turn, changes cell functions. ATP-controlled
P2X-receptor ion channels that are opened by ATP
are widely expressed in neurons and form homomers
and heteromers. All functioning homomers are sensi-
tive to PI-4,5-biphosphate, at that, PI-4,5-biphos-
phate strengthens the activity of P2X-receptor
channels [43].

Data demonstrate that the increase of PT metab-
olism in synaptic membranes initiated by cholinergic
and adrenergic hyper-activation and amplified by glu-
tamatergic activation is the fundamental mechanism
of activation of neurotransmission in oblongata and
frontal lobes of the brain at the initial stage of hemor-
rhagic shock.

The initiated by neurotransmitters stimulation of
phospholipase C is regulated by guanosine triphosphate
(GTP)-activated G-protein, which connects the recep-
tor stimulus with the signal path inside the cell. Signal-
ing transduction at the background of receptors
stimulation related to activation of G-proteins is im-
peded as a result of aggravation of processes aimed at
desensitization initiated by agonist-dependent phos-
phorylation of receptors conjugated with G-proteins by
special kinases [53, 54]. Kinase stimulation disrupts
conjugation of receptors with G-proteins causing weak-
ening of agonist-receptor interaction induced activa-
tion of phospholipase, thus limiting the amount and
duration of receptor signaling. One can assume that as
HS severity progresses, mediated by kinase activation,
the agonist-dependent phosphorylation of receptors
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Du3nosornyeckyl BasKHble KAHAIbBI C TPAH3UTOPHBIM
peunenrropabiM notenruanoM (TRP) obpasyior pas/ny-
HbIE CyTepceMeiicTBa. BobIMHCTBO U3 HUX SIBJISIETCS
HeCceJIEKTUBHBIMU KaTHOHHBIMU KaHAJIAMU, C HEKOTO-
poii nponuraemoctsio aiusa Ca*'. MU-4,5-6udocdar
CMOCOBCTBYET OTKPBITUIO GOJMBIINHCTBA U3 HUX, O]
JiepkuBasd, B yacTHOCTH, akTuBarmio TRPC4, kotopbie
PETYJIUPYIOT OCBOOOKIEHNE HEHPOTPAHCMUTTEPOB [ 51,
52]. TRPC4 onocpenytor Bxox Na* u Ca?*, npuBojst K
JETIOJISIPU3AIIY MEMOPAHDI U TIOBBIIEHHUIO BHY TPHKJIE-
toyroro Ca?‘, KOTODBIi1, B CBOIO OuYepe/lb, U3MEHSIET
kiertounbie dynkiuu. AT@-ynpasisiempie P2X-
PelenTOPHbIE HOHHBIE KAHAJIBI, KOTOPbIE OTKPBIBAIOTCS
AT®, mpoKo sKCIpeccupoBatbl B HEIpoHAX U 06pa-
3YIOT TOMOMEpBI 1 reTepoMepbl. Bee pyHKIMOHMPYIO-
11e ToMoMepbl 4yBCTBUTENbHBL K DVI-4,5-6udocdary,
npudem DU-4,5-6udocdar ycunmpaer akTUBHOCTh
P2X-perentopubix kaHasios [43].

Taxum 06pa3oM, BBIIEU3TIOKEHHOE TIO3BOJISET
CUUTATh, UYTO MHUIIMIPOBAHHOE XOJUHEPIHYECKOIT 1
a/IpeHepPruYecKoil TUMEePAKTUBAIUEN U YCUJIEHHOEe
rJIlyTaMaTepriyeckKoil akTUBalueil MoBbIIEHIIe MeTa-
6osmzma DU B cHANITHYECKIX MEMOPAHAX SBJISIETCSE
(byHIaMEeHTATBHBIM MEXaHU3MOM aKTUBU3AIUU Heli-
POTPAHCMUCCHH B MTPOIOJITOBATOM MO3T€ U JIOOHBIX
JOJISIX TOJIOBHOTO MO3Ta HA HAYaJIbHOU CTAJIIH TeMOP-
ParuyecKoro mioka.

Wuuuupyemast HEPOTPAHCMUTTEPAMU CTUMY-
ssinust pocdonumnaser C peryaupyercs TyaHU3uHTPU-
dochar(I'TD)-akrusupyembim G-6eIKOM, KOTOPBIIA
COEIMHSIET PEeIeNTOPHBI CTUMYJ C CUTHAJIbHBIM
nyreM BHYTpu KjeTku. IIpoBesenue curnajioB Ha
(hoHe CTUMYJISAINY PEIENTOPOB, CBI3AHHON € aKTUBA-
1eit G-6esKOB, OCJIOKHSIETCST B PE3YJIbTaTe YCUJIEH s
IPOIECCOB, HAIPABJEHHBIX HA [ECEHCUTU3AIUIO, B
KOTOPBIX MHUIMUPYIOUIYIO POJIb UIPAET aroHUCT-
3aBucuMoe dhochopuInpoBaHie PEIENnTOPOB, COIPsI-
sKeHHbIX ¢ G-6eslkaMi, clieluaJbHbIMU KuHazaMu [53,
54]. CtumyJsiusi KuHa3 HapyIllaeT COIpsUKeHMe
perientopos ¢ G-6ejKkamu, BCIEACTBHE Yero ocyab-
JISIeTCST aKTUBUPYIOIlee BO3/ENCTBUE arOHMCTOB Ha
pellenTop-onocpeloBaHHyI0 akTuBauio gocdou-
a3, OrPAHMYNBAST BEJIMYUHY U TIPOJOJIKUTETHOCTD
pelenTopHoil curHanu3a. MosKHO 0JIaraTh, 4To
npu yroayomnennn Tskectu T onocpenoBanioe akTu-
BaIeil KMHA3 aroHUCT-3aBucuMoe dhochopunpona-
HUE COTPSKEHHBIX ¢ G-6eJIKaMu PEIenTopos, 0ciab-
agiomee crumyJsiuio docdonunaser C, sBiseTcs
peraonum GakToPOM BOCCTAHOBJIEHUS 110 Ga3aIbHO-
ro ypoBust conepxannss DU B cuHANITHYECKUX MEM-
GpaHax MPOI0JIrOBATOTO MO3Ta U JIOOHBIX JIJISIX TOJIOB-
Horo moara [11, 12].

[lpyrum dhakTopoMm cynpeccun runepaKkTuBauu
MOJIEKYJISIPHBIX COOBITHII, BbI3BAHHBIX aKTHUBAllUeEil
dhochomumasbr C u obpasoBanueM GochopUIMpoOBaH-
ueix hopm DU, siBaistercst aktusaiust docdaras [37,
40]. B yacraoctu, nnosuroi-nosmdocdar-docdaraza
4A (INPP4A) — ®U(3,4)-pochartaza — siByisieTcst
CYIIPECCOPOM TJIyTaMAaTHOI 9KCAUTOTOKCHYHOCTU B

conjugated to G-proteins that weakens phospholipase
C stimulation is the key factor for the restoring the PI
content in the synaptic membranes of oblongata and
frontal lobes of the brain to the basal level [11, 12].

Activation of phosphatases is another factor of
suppression of the hyper-activation of molecular
events caused by phospholipase C activation and pro-
duction of phosphorylated PI forms [37, 40]. In par-
ticular, inositol-polyphosphate-phosphatase 4A
(INPP4A) — PI(3,4)-phosphatase — is a suppressor of
glutamate excitotoxicity in CNS [39]. INPP4A is
present on the post-synaptic membrane and regulates
localization of NMDA-receptors and NMDA-medi-
ated exciting signaling. Hence, one cannot exclude
that at a late stage of HS, phosphatase activation is an
essential factor of decreased phosphoinostide content
in synaptic membranes and weakened phosphoinos-
tide-mediated neurotransmission.

Besides, there are at least 3 different, dependent
on cytosolic Ca?* concentration, isozymes of phospho-
lipase D, which control PI-3,4,5-triphosphate degra-
dation to inositol-3,4,5-triphosphate [55]. Activation
of PI-sensitive phospholipase D is believed to promote
short-term increase of the phosphatidic acid content
in a different way than phosphatidylcholine (PC)-sen-
sitive phospholipase D. In this connection, the role of
phosphatidic acid in intensifying superoxide forma-
tion through stimulation of NADPH-oxidase activity
is relevant [56]. However, it can be presumed that, at
the initial stage of HS development, the activity of su-
peroxides in the synaptic membranes of oblongata is
somewhat limited due to a high content of PC [11] ex-
hibiting antioxidant properties [57] in these mem-
branes. It is generally believed that the activation of
PI-sensitive phospholipase D is a risk factor for patho-
logical states.

It should be taken into account that protein ki-
nase C activated by diglycerides released from phos-
phoinostides phosphorylates submembrane substrates
and eventually internalizes AMPA-receptors of the
post-synaptic membrane with AMPA-receptors inter-
nalization leading to cell activity suppression [58]. A
similar process can be expected to develop at a late
stage of hemorrhagic shock, causing decrease of neu-
ronal excitability mediated by release of AMPA-recep-
tors from post-synaptic membranes.

At the stage of developed hemorrhagic shock
(1.5 hours from the beginning of blood loss), the PI
level in synaptic membranes of frontal lobes of the brain
doubles [12]. There are data demonstrating that during
cerebral ischemia PI-4-kinase ITIa expression in pyram-
idal neurons of the cortex decreases by 30-80% [37].
Decreased production of PI-4-phosphate leads to neu-
ropathology: viability of neurons weakens preceding
their delayed apoptosis. On the other hand, there are
data on delayed post-ischemic regional reduction of
phospholipase C expression in the brain, which is
linked to the final degradation of dendrites [59]. It
cannot be excluded that as HS severity grows, the ac-
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ITHC [39]. INPP4A naxonutcst Ha IOCTCUHAIITUYE-
cKoil Membpane, peryanpys Jokanusanuio NMDA-
petentopos u NMDA-omocpeoBaHHy 10 Bo30yK1ai0-
ntyio curHasnusanuio. CieoBaTesbHO, He UCKIIOUeHO,
yTo Ha oTxasennon ctaguu [l akruBanus docdaras
ABJIAETCS CYIIECTBEHHBIM (PAKTOPOM YMEHBIICHUS
conepxkanusi (HochonHO3UTUIOB B CHUHANTUYECKUX
MeMbpaHax u ociabiaeHus hochONHOZUTU-0TIOCPE-
JIOBAaHHOU HEHPOTPAHCMUCCUM.

Kpowme Toro, cymiecTByIoT 110 KpaiiHeii mepe 3
pasJyinyHble, 3aBUCUMbBIE OT KOHIIEHTPAIMH I[UTO30JIb-
noro Ca?" uzosnszuma dochounassl D, KOHTpoOIH-
pytomue pacrnag OU-3,4,5-rpudocdara 10 nHO3U-
T0J1-3,4,5-Tprdocdara [55]. Curraior, 4TO aKTUBALIKS
DOU-uyscrBuTenbHOl hocdoaunassl D crocobeTByeT
KPaTKOBPEMEHHOMY YBeJIUYEeHUIO cojiep:kanus ¢doc-
(haTHIHOI KUCIOTHI CITOCOOOM, OTJIMYHBIM OT TAKOBO-
ro ocharuannxonnn (OX)-ayBcTBUTETBHOM (hOC-
(hosumazer D. B cBs3u ¢ aTUM 11pejicTaBisieT MHTEPeC
posib hochaTuAHON KUCJIOTHI B yeHJIeHnn 06pa3oBa-
HUS CYIIEPOKCH/IOB Yepe3 CTUMYJISAINIO aKTUBHOCTH
NADPH-okcumassr [56]. MoskHO, 0HAKO, I10JIaraTh,
YTO AKTUBHOCTbL CYIIEPOKCHIOB B CHUHAITUYECKUX
MeMOpaHax TPOAOJITOBATOTO0 MO3ra Ha HAYalbHOM
arane passutug [l B ompenesenuslx mnpenpenax
OrpaHnyeHa n3-3a BbICOKOTO COJIEPIKAHUS B ITUX MEM-
6panax OX [11], HPOIBIAIONIEr0 AHTUOKCUAAHTHBIE
cBoiicTBa [57]. B 1esoM cUMTAIOT, YTO aKTHUBAIIHS
DU-uyscTBUTENbHON hochonunazsl D siBisieTcst
(haxTOpOM pHCKA NTATOJOTUYECKUX COCTOSHUI.

Cieyer npuHATH BO BHUMAHUE, YTO IIPOTEHH-
kunaza C, ak TMBUPOBAHHAS OCBOOOSKAAIOIIUMUCS U3
ochonnosutuoB gurautepugamu, hochopuanpy-
eT cyOMeMOpaHHble CyOCTpaThl U, B KOHIIE KOHI[OB,
nnrepHannsupyer AMPA-perentops! mocTcuHaNTH-
yecKoil MeMOpaHbl, IpudeM nHTepHansanus AMPA-
pelenTopoB MPUBOAUT K IIOAABJICHUIO KJIETOYHOM
akTUBHOCTHU [58], MOXKHO OXUIATh, YTO CXOIHbBI
IIpolece pa3BUBaeTCd Ha OTJAJIEHHOH CTaJK TeMop-
paruyeckoro 1moKa, BhI3bIBAs CHIKEHE BO30YIMMO-
CTU HEHPOHOB, ONOCPENOBAHHOE OCBOOOKICHUEM
AMPA-peLenTopos U3 noCTCUHAITUYECKUX MeMOPaH.

Ha craany pasBuTOro reMopparu4eckoro moka
(1,5 4 or Havasa KpoBororepn ) yposerb DU B cunar-
TUYECKUX MeMOpaHaX JTOOHBIX [I0JIeH TOJIOBHOTO MO3Ta
yBesimuuBaercd B 2 paza [12]. CyuiecTByIOT cBeIeHUs
0 TOM, 4TO IIPU UIIIEMHUH TOJIOBHOTO MO3Ta 9KCIIPECCUs
DU-4-kunaspr [1la B nupamMugaibHbIX HeWpOHAX
KopbI cHmkaetcst Ha 30-80% [37]. YMmenbimenne o6pa-
soBarns OU-4-bocdaTa TPUBOAUT HENPOTTATOTIOT
0CTabIAETCS AKUBHECTOCOOHOCTD HENPOHOB, TIPE/ITITe-
CTBYS UX OTCpPOUYEeHHOMY amnornTody. C Apyroii cTopo-
HBI, CYIIECTBYIOT JIaHHBIE 06 OTCPOUCHHOM TTOCTHIITE-
MUYECKOM PETHMOHATHLHOM YMEHBIIEHUH 9KCIPECCUN
ocdommmnazsr C B TOJIOBHOM MO3T€, UTO CBSI3BIBAIOT
C OKOHYATEJIbHOW Jerpagamueir aeHaputoB [59].
Takum 06pa3oM, He UCKIIOUEHO, YTO TIPHU YIIIyOJCHUN
msokectu T makomrenne MU B cunanTudecknx
MeMOpaHax JIOOHBIX J0JIei TOJIOBHOTO MO3Ta B OCHOB-

cumulation of PI in the synaptic membranes of
frontal lobes of the brain is mostly linking to the re-
duced production of PI-4-phosphate, a precursor of
phosphoinositide that controls the key neurotrans-
mission mechanisms, and weakened the activity of
phospholipase C, being a decisive factor of en-
cephalopathy development.

Phosphatidylcholine Depletion
is the Fundamental Mechanism
of Synaptic Membranes'
Structural Damage

Depletion of the main synaptic membrane phos-
pholipid - phosphatidylcholine (PC) belongs to the
key factors of oblongata synaptic membrane damage
observed at a late stage of HS development; at the de-
veloped HS stage, the PC level decreases 2-fold [11].
A number of mechanisms of PC hydrolysis modulation
have been described, both dependent on protein kinase
C activity and, on the contrary, independent on it.
Against the background of cholinergic hyperactivation
during increased requirement for acetylcholine precur-
sor, choline, stimulation of PC-sensitive phospholipase
D controlling the mechanism of acetylcholine produc-
tion from cellular membrane PC in CNS becomes es-
pecially important [60]. Protein kinase C features
duplicity of effect on the level of catalytic activity of
phospholipase D. On the one side, protein kinase C
stimulates phospholipase D (via the path that does not
require ATP), and on the other, phosphorylation by
protein kinase C of this enzyme correlates with its in-
hibition [61, 62]. Considering the energy deficit typical
for the late stages of HS, one would expect dominance
of the stimulating effect of protein kinase C on PC ca-
tabolism in synaptic membranes of the oblongata dur-
ing this period. There is also the mechanism of
phospholipase D activation that is connected to stim-
ulation of «;-adrenoceptors [63]; the role of glutamate
in the activation of PC-sensitive phospholipase A2, C,
and D has been established [64, 65].

In the synaptic membranes of frontal lobes of the
brain, the concentration of PC is decreasing (about
25%) at the initial stage of HS that is accompanied by
decrease of PI concentration [12]. In this context, ob-
servations are of interest that during aggravation of
neurotoxic processes, increased hydrolysis of P1 is the
initial step of Ca**-dependent processes resulting in
neural structural damage [4]. It has been found that
mobilization of the PI-dependent signaling path is fre-
quently accompanied by activation of PC-sensitive
phospholipase D with PI-4,5-biphosphate being a spe-
cial activator of this enzyme [66]. On the other hand,
one should take into account that activation of PC-
sensitive phospholipase D leads to increased release of
phosphatidic acid from PC. Observations of PI-4,5-
biphosphate ability to activate PC-sensitive phospho-
lipase D and data about involvement of phosphatidic
acid in the activation of PI-4-phosphate-5-kinase pro-
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HOM CBSI3aHO €O CHWKeHueM obGpasoBanuss DU-4-
ocdara — npexnmecrenHuka GocHoMHO3UTUIOB,
KOHTDPOJIMPYIONNX KJIOUeBble MEXaHU3Mbl HeIpo-
TPAHCMUCCUH, — ¥ OCTabJIeHNst aKTUBHOCTH (hoco-
sunasel C, SIBJISISACH PEMIAIOIUM (DAKTOPOM PA3BUTHS
aHIedanonaTum.

Hcromenue pochaTuimixoJMHa —
dyHaaMeHTaIbHBII MEXaHU3M
MOBPEKIEHHUS CTPYKTYPbI
CHHANTHYECKUX MeMOpaH

K kimo4eBbIM (hakTOpam MOBPEKIACHNS CUHATITH-
yeckux MeMOPaH MPOJI0JTOBATOTO MO3Ta, HabJI0/IA10-
muMces Ha oTaasieHHoM artane pazsutug [, moxHO
OTHECTH UX 0OE/IHEHIE OCHOBHBIM MeMOpaHHbIM (hoc-
dboaunugom — docharuanaxommaom (OX): Ha cra-
nun passuroro 'l yposenp DX ymenbIraercst B 2
paza [11]. Onucan psj MEXaHU3MOB MOJYJISTIUY TH/T-
posnuza DX, — 3aBUCSIINX OT AKTUBHOCTU MTPOTENH-
krHa3bl C 1, HATPOTHUB, HE3ABUCAINX OT Hee. B ycio-
BUSAX  XOJMHEPIMYECKON TUIEPaKTUBAIMUA  TIPU
MOBBIIIEHHON MOTPEGHOCTH B MTPE/IIIECTBEHHNKE alle-
TUJIXOJIMHA — XOJINHE — O0COOEHHYIO BaKHOCTH MPHU-
o6petaer crumysistiiusg O X-uyBeTBUTENBHOI (hocho-
snaszel D, KOHTPOMPYIOTel MeXaHu3M 00pa30BaHuUsT
anernnxosmna 13 MX krerounsix memOpan B ITHC
[60]. Lsia mpotenrkurasbr C XapakTepHa IBONCTBEH-
HOCTb BO3/ICHCTBUA HAa YPOBEHb KaTaJUTHYECCKOM
aktuBHOCTH (hochommazer D. C oH0# CTOPOHBL, TIPO-
tenaknHaza C crumynupyet dochomunazy D (1o
nyTu, He Tpedyiomem ATD), a ¢ xpyroit — docdopu-
JupoBaHue nporenHknHazoi C atoro dhepmenTa Kop-
peampyer ¢ ero unrubuposanueM [61, 62]. Yuursisas
aHEPreTUYecKuil 1euInT, XapakTepHbIN I OT/a-
Jgennbix ctaguit ', B aTOT meproj; MOKHO OKUAATH
npeobIalaHus CTUMYJIUPYIOTIEr0 BO3IEHCTBUSA TIPO-
ternknHazbl C Ha Kataboanam DX B cMHATITHYECKUX
MeMOpaHax mpojoaroBatoro mosra. CyiiectByer
Takke MexaHuaM aktuBaiuu dhocdommunassl D, cB4-
3aHHBIN CO CTUMYJISITINEN ¢ -alpeHopeIenTopoB [63];
yCTaHOBJIEHA POJIb ToryTaMara B aktuBanun O X-vys-
crBuTebHBIX (hochosmmaz A2, Cu D [64, 65].

B cunantuueckux MeMOpaHaX JIOOHBIX J0JEi
rOJIOBHOTO MO3Ta cHsKeHue cogepkanmst OX (okoso
25%) mmMeet mMecTo Ha HavyasbHoM atare [ u cove-
Taercst ¢ yMenbiennem konnentpainun OU [12]. B
CBSI3U C 9TUM TIPEJCTABJSIOT HHTEPEC HAbJIOIeHNS,
YTO MPU YCUJIEHWH HEHPOTOKCUYECKUX ITPOIECCOB
yBesmmuenne ruzgpoansza MU apiasiercss HavaabHON
crynennio Ca’>*-3aBUCUMBIX TIPOIIECCOB, TIPUBOISIINX
K TIOBPEKIEHUIO CTPYKTYPbI HEHPOHOB [4]. YcTanoB-
JieHo, uto Mobunsarust M V-3aBUCHMOTO CUTHAIBHO-
rO Iy TH 3a4acTyI0 COMPOBOKaeTcs aktuBarein O X-
yyBCTBUTEJNbHOU  dochosmmazer D, mnpuuem
DU-4,5-6udocdar ABJseTCs CrenraIbHbIM aKTHBA-
TOpoM aToTo (hepmerTa [66]. C apyroii cTOpoHbI, cJie-
IyeT ydecTb, uTo aktuBanus OX-4yBCTBUTETBHON
dhochomumnaszsl D MpUBOIUT K YBEITNIEHITIO 0CBOOOIK-

vided the basis of the model where production of phos-
phatidic acid and PI-4,5-biphosphate participates in
the turnover playing an important role in the fusion
of vesicles with membrane acceptors [67].

Interaction of mediators with membrane accep-
tors is believed to activate phospholipase D connected
with that membrane, resulting in the release of phos-
phatidic acid from PC, which is accompanied by in-
creased activity of  PI-4-phosphate-5-kinase
presumably localized on the acceptor membrane. The
said circumstance is regarded as a reason for the in-
creased production of PI-4,5-biphosphate activating,
in turn, PC-sensitive phospholipase D. The described
metabolic path may cause very fast changes of the lipid
composition of membranes, which are accompanied by
formation of microdomains depleted of PI and later of
PC as well. At the developed HS stage, the synaptic
membrane PC content in frontal lobes of the brain be-
comes normal [12]. This might be a consequence of
complication of PI phosphorylation associated with
cerebral ischemia [37].

High biochemical activity of PC metabolites al-
lows considering decrease of the content of this phos-
pholipid in synaptic membranes among the key factors
of neuronal damage during HS. In this connection, the
role of phosphatidic acid in stimulating production of
superoxides seems significant [56]. Considering that
PC is the main phospholipid of cell membranes, one
would expect amplification of the damaging effect of
another PC metabolite — arachidonic acid.

It is known that stimulation of NMDA-receptors
by mediating release of choline from PC prevents in-
clusion of this metabolite back into PC, inhibiting
choline phosphotransferase activity, and this path of
glutamatergic activation effect precedes death of neu-
rons [68]. Consequently, at a late stage of HS, in the
synaptic membranes of oblongata there may be com-
plication of PC content recovery through formation
of cytidine diphosphate (CDP) choline, which is es-
sential in the synthesis of this phospholipid in the
brain [69]. PC depletion in synaptic membranes can
be regarded as a factor increasing non-specific perme-
ability of neurons (including for Ca?*), mediating their
swelling, at that, the oblongata is exposed to the high-
est damaging effect.

Phosphatidylethanolamine Metabolism
Dysregulation and Excitotoxicity
of Excitatory Amino Acids

In the synaptic membranes of neurons, the meta-
bolic path of phosphatidylethanolamine (PE) has a
particular physiological significance. It is controlled
by N-methyltransferase and connected with PC syn-
thesis contributing to the production of acetylcholine
precursor — choline. Increase of the PE content com-
bined with decrease of the PC fraction is a specific fea-
ture of changes of the phospholipid spectrum of
synaptic membranes of the frontal lobes of the brain
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nenns us DX docdarranoii kucnorsr. Habmonenus
o cnocobuoctu MU-4,5-6udocdara akTUBUPOBATH
OX-uyscTBUTENBHYIO (hochounazy D u ganubie 00
yuactuu pochaTugaHoil KucaoTel B aktuaiuu M-
4-docdar-5-KnHa3bl JErJan B OCHOBY MOJEJH, MPU
KOTOpOii oOpaszosanue (ocdaTunanoi kucaorsr u OU-
4,5-6udocdaTa IpUHUMAET y4acTUe B KPyroodbopore,
UTPAIOIIUM BAKHYIO POJIb B CJAUSHUM BE3UKYJ C
akuentopamu Mmembpan [67].

CunTaioT, 4TO B3aUMOJIENICTBUE MEIUATOPOB C
akienropamu MeMOpan akTusupyer dochosmnasy D,
CBSI3aHHYIO C ATOI MEMOPAHOI, YTO TIPUBOIUT K OCBO-
6o aennio gpocdaTuanoii kucaorsr us DX, corrpoBox-
naroniemycst nopbiiienneM aktusnoctn MU-4-doc-
bar-5-KIHA3bI, TIPE/IIONOKUTETBHO JIOKATIM30BAHHOIM
Ha aKIenTopHOil MeMbpane. YKasaHHOe 00CTOATE b+
CTBO PACCMATPUBAIOT B KAUECTBE IIPUYNHBI YBeJIYe-
Hust obpasoBanust DU-4,5-6udocdara, ak THBUPYIO-
mero, B cBoio o4epenb, DOX-uyBCTBUTEIHHYIO
dochommmazy D. Onucanubiii MeraboandecKuil
IyTh MOKET BBI3BIBATH OYEHb OBICTPHIE U3MEHEHUS
JIMTIAIHOTO cOCTaBa MeMOPaH, COMPOBOKIAIOIIHECST
obpasoBaHueM MUKPOJIOMEHOB, obenHenubix D, a
B nanpueiimem — u ®X. Ha craguu pazsurtoro '
cozepxkanne DX cunanrudyeckux MeMOpaH JOOGHBIX
Jl0Jielt TOJT0OBHOTO Mo3ra HopMasuayetcst [12]. Yka-
3aHHOE 0OCTOSATENBCTBO MOYKET ABJIATHCS CJIE[CTBU-
€M CBSI3aHHOTO C WIIeMUeil MO3ra OCJOKHEeHHeM
bochopumuposanus OU [37].

Boicokast 6MOXMMHUYECKass aKTUBHOCTh MeTabo-
autoB DX 1M03BOJISIET PacCcMATPUBATh CHUKEHUE
coziep:kanus aToro (ochonunuaa B CHHAIITUIECKUX
MeMOpaHax cpeu KI0YeBbIX (GakTOPOB MOBPEsKIE-
Hus Heiiponos nipu ', B aToii cBg431 BaskHOI 11pej-
cTaBJIsIeTCs posib hocdaTUAHON KUCTOTHI B CTUMYJIsi-
uu obpasoBanus cynepokcuos [56]. YuursiBas,
y1o DX sBISIETCS OCHOBHBIM (DOCHOTUITUIOM KJle-
TOYHBIX MeMOpaH, MOXKHO OKUAATh YCHJIEHUS
MOBPEK/IAIONIEr0 BO3/EHCTBUST IPYTOro MeTaboIMTa
DX — apaxuI0OHOBOI KUCJIOTBHI.

UsBectHo, uto cTumyisaiust NMDA-petento-
poB, ottocpenys ocoboskaerue xonuua usz X, mpe-
[ATCTBYET BKJIIOUEHHUIO ITOTO MeTabosuTa 06paTHO B
DX, uHrnbupyst ak THBHOCTH XosuHdochoTpancde-
pasbl, IPUYEM ITOT IyTh BO3AEICTBUS IIyTaMaTep-
IHYECKON aKTUBAIUU TIPELIECTBYET riubeu Heitpo-
HoB [68]. CuemoBaTenbHO, HE UCKIIOUEHO, YTO HA
orpanennoii craguu T B cunanTyecknx Mmemopa-
HaX IPOJIOJITOBATOr0 MO3Tra IMEET MECTO OCJIOXKHe-
Hue BoccranoBsenus coxepxkanusd DX mo nytu
obpasoBanus nuruanaaudochar(I1JD)-xomuna,
SIBJISIIOIIETOCS] OCHOBHBIM IIPU CUHTe3e 9TOro docdo-
JIMIAAA B TOJ0BHOM Mosre [69]. ObenHenue cuHai-
tudeckux Mem6pan DX MOKHO paccMarpuBarh B
KauecTBe (paKTOpa yBeJIMUeHus Hecreruduieckoii
MIPOHUIIAEMOCTH HEHPOHOB (B ToM uncie st Ca?t),
orocpeyiotiei nx Habyxanue, IpudeM HanbOoJIble-
MY TIOBPEXKAAIONIEMY BO3/EUCTBUIO IIOJBEPTAETCS
MPOIOJITOBATHIIT MO3T.

and oblongata during HS development [11, 12], which
does not eliminate the possibility of slowing down PE
methylation in nerve terminals. This circumstance
might be associated with accumulation of cytoplasmic
Ca?" observed in neurons during massive blood loss
[70], which suppresses the activity of phos-
phatidylethanolamine-sensitive N-methyltransferase
[71] and is followed by further complication of PC
production. N-methyltransferase is assigned as a spe-
cial part in the regulation of neuronal activity. In par-
ticular, PL methylation is considered critical since the
neurotransmission mechanism is mediated via amino
acids [72]. A high level of phospholipid methylation
in synaptic membranes is accompanied by reduced
capture of excitatory amino acids (EAA) by nerve ter-
minals while at a low level of phospholipid methyla-
tion, the EAA capture inhibition decreases [72].
Hence, PE accumulation in synaptic membranes dur-
ing HS development might be accompanied by quali-
tative changes of the environment of synaptic
membrane shuttle molecule by metabolites of this
phospholipid, which are required for normal function-
ing of the system of high-affinity capture of mediator
amino acids, thus, facilitating EAA interaction with
receptors. Presumably the disturbance of the mem-
brane PE metabolism in frontal lobes of the brain over
the whole period of HS development and in oblongata
at a late stage of the shock is the decisive mechanism
of neurotoxic damage of neurons.

Dysregulation of Phosphatidyl Serine
Metabolism and Encephalopathy

Phosphatidyl serine (PS) is a phospholipid of
opiate receptors capable of binding opioid peptides.
Taking this fact into account as well as observations
of inhibited capture of opioids by receptors under the
action of PS-sensitive carboxylase on synaptic mem-
branes [73], it can be presumed that PS depletion of
synaptic membranes of the oblongata (2.4-fold 1 hr.
after a blood loss begins), and on the frontal region of
the brain (2-fold 1.5 hrs. after a blood loss begins) [11,
12] is combined with decreased binding of endogenic
peptides with receptors. Information about PS con-
tent reduction in synaptic membranes during HS is
consistent with the idea that cholinergic hyper-acti-
vation accompanying, in particular, a massive blood
loss leads to lessening the effect of opioid peptides on
the brain neurons by decreasing their specific binding
within the cell membrane [74]. On the other hand,
opioid peptides inhibit glutamate release along the
path of cell signaling mediated by activation of phos-
pholipase A2 [75, 76]. Thus, it can be assumed that PS
depletion of synaptic membranes of the frontal lobes
of the brain and oblongata is a mechanism facilitating
increased entry of glutamate into the synaptic slit and
uncontrolled release of glutamate into the extracellu-
lar space, which is observed in the brain during long-
term arterial hypertension [77-79].
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Iucpery.sius oOMeHa
dbocharuauisTaHOIAMIHA

H 9KCAHTOTOKCUYHOCTh
BO30Y:KAAI0IMMX AMUHOKHUCJIOT

B cunanTnueckux MmeMOpaHax HelipOHOB 0COGEH-
HYT0 (DU3MOJIOTHYECKYIO0 3HAUMMOCTD MPE/ICTABJSIET
MeTaboJInuecKuii  myTh  (hochaTHINIITAHOIAMITHA
(®3). Ou kourposmpyercst N-meTuntpancdepasoit u
cBsizaH ¢ cunTesoM (DX, BHOCS BKJIaJ B 0OpazoBaHue
MIPe/IIIeCTBEHHUKA alleTUIXOMMHA — XoHa. [ToBbI-
merue copepskanms DI, coveraroreecs ¢ yMeHbIIe-
aueMm goin OX — ornmunrenbHas YepTa M3MeHEHMi
hocOMUIINUHOTO CIIEKTPa CUHAIITUYECKUX MeMOpaH
JIOOHBIX JIOJIEll TOJTOBHOTO MO3Ta M IPO0JTOBATOTO
mozra ipu pazsutuu [T [11, 12], He nckovaonas
BO3MO’KHOCTH 3aMeJIJICHUS ITPOIecca MEeTUINPOBAHUS
D3O B HEPBHBIX OKOHYAHUAX. ITO OOCTOSATENBCTBO
MOJKET OBITh CBSI3aHO ¢ HAKOTLJICHUEM ITUTOTLIA3MaTH-
yeckoro Ca®*, HAbJIIOA0IIErocst B HEPOHaX IIPU Mac-
cuBHOI kpoBotmioTepe [70], KoTopoe moiaBseT akTHB-
HOCTb (hocharnaniraTaHOAMUH-IYBCTBUTETBHON
N-meturpancdepassr [71], conpoBoskaasich gaabHel-
UM ocJiokHeHneM oOpasoBatns DX, N-meTuaTpaH-
cepase 0TBOAAT 0OCOOYIO POJIb B PETYJIAIMN aKTHBHO-
CTU HEPBHBIX KJIETOK. B dYacTHOCTH, Tpoleccam
merusupoBanus DJI mpumaercs BakHoe 3HAYEHIE KaK
MeXaHU3MY Tepe/lauil HEPBHBIX UMITYJIbCOB, OTIOCPE-
JI0OBAaHHOMY Yepe3 aMMHOKUCJIOTEI [72], mocpeicTBoM
KOTOPOTO HEPBHBIE KJIETKU PETYJUPYIOT KOHIIEHTPA-
M0 aMUHOKHUCJIOT B HepoHax. BhICOKMIT YpOBEHb
METUIUPOBAaHUS  (HOCHOTUTUIOB CUHANTUIECKUX
MeMOpaH COMPOBOKAAECTCS CHUKEHUEM 3aXBaTa BO3-
Oysxpatommx amuHokuca0T (BAK) HepBHBIMU OKOH-
YaHWSIMU, B TO BPeMsI KaK IPU HU3KOM YPOBHE METH-
JupoBanust GochOUITHA0B HHIMOMPOBaHKE 3aXBaTa
BAK ymenbiaercs [72]. CiiejoBaTesibHo, HaKOILIeHUEe
D3 B cuHanTHYecKUX MeMGpaHax 1pu pasputuu [T11
MOJKET COTIPOBOKIATHCS KAUeCTBEHHBIMI M3MEHEH ST
MU OKPYKEHUSI MOJIEKYJIBI-TIEPEHOCUHMKA CHHATITHYE-
CKOI MeMOpaHbl MeTaboIUTaMu 9TOr0 (hochOTUITHIA,
HEOOXOAMMBIMH JIJIST HOPMAJIbHOTO (DYHKIIMOHUPOBA-
HUS CUCTeMbI BbIcOKoa(OUHHOTO 3aXBaTa MeinaTop-
HBIX aMIMHOKUCJIOT, oOJrerdast B3anmoseiicteue BAK ¢
pererrropamu. Takum 06pasoM, MOKHO OJIaraTh, 4To
HapyireHrne oOMeHa meMGpaHHoro M B J0OHBIX
JIOJISIX TOJIOBHOTO MO3Ta Ha BCEM MPOTSKEHUN Pa3BU-
tus 1, a Takke B TPOIOJTOBATOM MO3Te B TIO3/THE
CTaJIAW TIOKA SIBJISIETCS PENIAIOIINM MEXaHIM3MOM Heli-
POTOKCHYECKOTO MTOBPEXKAEHUS HEHPOHOB.

Iucperysius ooMeHa
docharuauiacepuna u sunedagonaTU

Gocharummicepun (DC) stBsIeTCST aHHYISIP-
HBIM (hOChHOTUTTUIOM OTTHMATHBIX PEIENTOPOB U CIIO-
coO€eH CBSA3BIBATH OMUOUIHbIE e TH b [IpuHIMast
BO BHUMAaHME 9TO 0GCTOSATENHCTBO, 4 TAKKe HabJTIOIe-
HUs1 00 MHTUOMPOBAHUHN 3aXBaTa OMUOUIOB PEIENTO-

It is known that PS plays an important role in
the protein kinase C activation mechanisms, which is
incorporated into plasmolemma thanks to ion interac-
tion and is held therein [3]. Consequently, PS deple-
tion of synaptic membranes impedes anchoring of
cytoplasmic protein kinase C therein, weakening its
activity in these segments of neurons and, as a result,
promoting increase of EAA excitotoxicity. Decrease of
PS in synaptic membranes of the frontal lobes of the
brain can be judged the key factor of encephalopathy
development during HS, because this phospholipid is
assigned an important part in the memory and cogni-
tive functions' mechanisms. Exogenous PS improves
significantly the memory, learning ability, concentra-
tion, psychoemotional state [3, 80, 81].

Therefore, it can be presumed that during HS de-
velopment, the decrease of PS content is one of the
factors amplifying degenerative processes in the
frontal lobes of the brain and oblongata due to activa-
tion of glutamate excitotoxicity. The said mechanisms
seem to render a particular damaging effect on neu-
rons of the frontal lobes of the brain at the stage of de-
veloped HS, while in the oblongata, at this stage of
HS, recovery of PS concentration in synaptic mem-
branes to the basal level takes place [11, 12].

Damaging Effect
of Lysophosphatidylcholine

Glutamatergic hyper-activation accompanied by
stimulation of phospholipase A2 seems to be the main
reason for accumulation of active PC metabolite —
lyso-PC — in synaptic membranes of the oblongata at
a developed HS stage: its level grows 3-fold [11]. Lyso-
PC is capable of causing fast entry of extracellular
Ca?" into cytosol and intensify mobilization of intra-
cellular Ca?* [82, 83]. It renders action on this process
both via stimulating phospholipase C phosphorylation
[84] and without hydrolysis of phosphoinostides by
damaging cell membranes. At the same time, lyso-PC
is known to inhibit the activity of PI-4-kinase in a
dose-dependent manner [85]. Hence, it is not improb-
able that despite the level of membrane PI consistent
with the norm [11], production of phosphorylated
forms of PI in synaptic membranes of the oblongata at
the developed HS stage decreases, being a key factor
of disturbed neurotransmission. Simultaneously,
degradation of phosphoinositides present in synaptic
membranes seems to become stronger due to increased
activity of phospholipase C. Lyso-PC exhibits the
properties of inhibitor of cytidine triphosphate
(CTP): phosphocholine cytidyltransferase — an en-
zyme which is particularly significant for PC produc-
tion in the brain [69]. At the same time, lyso-PC is
able to stimulate enzymes controlling PC catabolism:
it strengthens phospholipase D activity [86] and facil-
itates phospholipase A2 translocation from cytosol
into membrane [87]. Therefore, accumulation of mem-
brane lyso-PC can be considered as one of the reasons
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pamu pu BO3JEHCTBUN HA CHHATITHYECKHE MeMOpa-
Hbl D C-uyBcTBUTENBHOI KapOOKCUIIashl [73], MOKHO
noJsiarathb, 4to obentenne MC CMHATITHYECKUX MEM-
6pan mpozoarosaroro Mmosra (B 2,4 pasa, uepes 1 4 ot
Hayajga KPOBOIIOTEPH), a TakkKe JOOHOTO OT/esa
rosioBHOTO Mo3ra (B 2 pasa, uepes 1,5 4 oT Havama Kpo-
Boriotepn) [11, 12] coueraercs ¢ ymMeHbIlIEHUEM CBSI-
3bIBAHMST IHOTEHHBIX TENTHUIOB C PEIeNnTOPaAMU.
Ceenenust 06 ymenbinennu cojepxkanusi OC B
cuHantuyeckux membpanax npu I cormacyiorest ¢
HPeNCTABIEHUSIMU O TOM, YTO XOJIUHEPTUYECKast
TUIIEPAKTUBAIINS, CONPOBOKIAIONIAS B YACTHOCTH,
MaCCUBHYIO KPOBOIOTEPIO, TIPUBOUT K OCJAA0IEHUIO
NIeiiCTBUSI OTIMOU/IHBIX METU/IOB Ha HEIPOHBI FOJIOB-
HOT'O MO3Ta 32 CYeT YMEHbIIEHHs UX Crennduieckoro
CBA3BIBAHUS B KJI€TOUHBIX MeMOpanax [74]. C gpyroit
CTOPOHBI, OMMUOM/THBIE TIETITU/IBI ABJISIIOTCS UHTHOUTO-
pamut 0CBOGOK/ICHUSA TIyTaMaTa 110 Iy TH KJIETOUHOI
CUTHAJIN3AINY, OIIOCPEIOBAHHOI aKTuBaImei doc-
donumaser A2 [75, 76]. Takum 06paszoM, MOKHO I10J1a-
rath, uto obennenrie MC cunanTyeckux MeMOpan
JIOOHBIX JI0JIEN TOJIOBHOTO MO3Ta U MPOJI0JTOBATOTO
MO3ra SIBJSIETCS MEXaHU3MOM, CIOCOOCTBYIOIUM
YCUJIEHUIO TIOCTYILJIEHUs TJIyTaMaTa B CHHAITHYe-
CKYIO 1I[eJib, & TAK)Ke HEKOHTPOJIMPYEMOMY BbIXOY
rJyTaMara BoO BHEKJIETOYHOE TIPOCTPAHCTBO, HABIIO-
JIAeMOMY B TOJIOBHOM MO3Te TIPH JJINTeJNbHOI apTepu-
ajbHOU Tutorensuu [77-79].

N3sBecTrO, uTo O C BHINOJIHSIET BAXKHYIO POJIb B
MeXaHM3MaX aKTUBALUU TPoTenHKuHa3bl C, KoTopast
3a cueT WOHHBIX B3aumozeiicTBuii ¢ atum DJI
BCTPAMBAETCA B IJIA3MATUYECKYIO MeMOpaHy 1 yep-
skupaerca B Heiil [3]. CiezosaTenbno, obemHenue
cunarntudecknx memopan M C 3arpypHsieT 3asiKOPU-
BaHUe B HUX ITUTOINIA3MATUYECKON TIPOTENHKITHAZbI
C, ocabisis ee akTUBHOCTH B 9THX Y4aCTKaX HEHpo-
HOB, U, KaK CJIEJCTBUE, CIOCOOCTBYET MOBBINIEHUIO
akcaiitorokcununoctu BAK. Camkenne OC B cunan-
THYECKUX MeMOpaHax JOOHBIX J0Jieil TOJOBHOIO
MO3Ta MOKHO OLIEHUTH KaK KJII04eBOil (hakTop pa3Bu-
tust sunedanonatnu npu ', mockosbKy aTomy
ochonunuay OTBOAAT BAXKHYIO POJIb B MEXAHU3MAX
MaMsITH U KOTHUTUBHBIX (PyHKIINI. DK30reHHbIiT DC
CYIIECTBEHHO YJIYUIIAeT IaMsiTh, CIIOCOOHOCTH K
00y4YeHMI0, KOHIIEHTPAIMI0 BHUMAHMUSI, TICUX0IMO-
nuonaibHoe coctosiuue [3, 80, 81].

Takum 006pa3oM MOKHO MOJIATaTh, YTO TIPU Pa3-
putuu 'l cumxenne copepskanus MC B cuHanTu-
YeCKMX MeMOpaHax SIBJISIETCsI OIHUM U3 (HakTOpPOB
YCUJIEHUST JIeT€HEPATUBHBIX TIPOIECCOB B JIOOHBIX
JOJISIX TOJIOBHOTO MO3Ta ¥ TIPOJIOJITOBATOM MO3Te, CBSI-
3aHHOTO C AKTUBAINell ITyTaMaTHOI 9KCAITOTOKCHY-
HOCTHU. YKa3aHHbIEe MEXaHU3MBI, TI0-BUIUMOMY, OKa-
3BIBAIOT OCOOEHHOE TIOBPEsK/AIONIEE BO3IEHCTBIE Ha
HEWPOHBI IOOHBIX J[0JIel TOJIOBHOTO MO3Ta HA CTA/UU
passutoro ['lll, B To BpeMsi Kak B IIPOIOJITOBATOM
Moare Ha aToM atarne I mpoucxoauT BocctaHoBIie-
nue kounerrpaiun @C B cuHanTHUECKUX MeMOpa-
Hax 110 GazaabHOTO yposHd [11, 12].

for PC depletion in synaptic membranes of the oblon-
gata at a developed stage of HS.

Conclusion

Decrease of PI content is a general regularity of
changes of the synaptic membranes’ phospholipid com-
position in the frontal lobes of the brain and oblongata
at the initial stage of HS development and, apparently,
largely dependent on strengthening of cholinergic,
adrenergic, and glutamatergic stimulation. PI catabo-
lism, in turn, initiates a whole number of membrane
mechanisms activating neurotransmission, which can
be evaluated as compensative-adaptive mechanisms.
Dysregulation of membrane PI metabolism is the deci-
sive path of neurotransmission disturbance in the
frontal lobes of the brain at the developed HS stage. De-
creased metabolism of membrane PE in the frontal
lobes of the brain during the whole period of HS devel-
opment and PS depletion at the developed HS stage are
factors activating excitotoxic processes. Taking into ac-
count the nootropic function of PS, reduction of its
concentration in synaptic membranes of the frontal
lobes of the brain at the developed HS stage is likely to
be the decisive mechanism of posthemorrhagic cogni-
tive disturbances. PC depletion and lyso-PC accumu-
lation in synaptic membranes of the oblongata can be
regarded as the essential factors of damage in this region
of the brain, which evidence significance of hyper-acti-
vation of the cholinergic nervous system in the patho-
genesis of functional alterations within the CNS.
Membrane PS depletion at a late stage of HS and mem-
brane PE accumulation during the developed HS phase
demonstrate the paths of initiation of phospholipid-de-
pendent excitotoxicity of EAA in the oblongata.

Dysregulation of synaptic membrane phospho-
lipid metabolism seems to be the crucial mechanism of
encephalopathy during HS. Correction of membrane
phospholipid composition is particularly important to
improve the efficacy of treatment of shock-induced al-
terations of the brain functions.

IloBpe:xaaloniee aeiictBue
mu3odochaTHIMIX0JUHA

[myTamaTtepruveckast TUTIEPAKTUBAIIIS, COTIPO-
BOMKIAIONIASICS  CTUMYJIsAIeir  ocdosnmnaszpr A2,
SIBJISIETCS, TO-BUIUMOMY, TJIABHOW MTPUYUHOIN HAKOILTE-
HUSI B CHMHANTHYECKUX MeMOpaHaX IMPO0JITOBATOTO
Moara Ha ctaun passuroro I akTuBHOTO MeTaboJ M-
ta OX — yu30-OX: ero ypoBeHb yBETUINBAECTCS B 3
paza [11]. JIuzo-DX crocobeH BHIZBIBATH OBICTPBIN
Bxon Ca’' U3 BHEKJIETOYHOW CPEIbI B IIUTO30JIb U YCH-
JIUBaTh MOOMIM3aIio BHyTpuKIeTouroro Ca?* [82,
83]. On Bo3zelicTBYET Ha ATOT MPOIECC KaK Yepe3 CTH-
myJistiuio pochopunmmpoBanns (ocdonnmnazer C [84],
Tak 1 6e3 rugposnsa hochONHOZUTHIIOB, TIOBPEK 1A
KJIETOUHbIe MeMOpaHbl. BMecTe ¢ TeM U3BECTHO, UTO
m30-DOX  10303aBUCHMO UHTUOUPYET aKTUBHOCTD
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DU-4-kunaswr [85]. CieoBaTesibHO, He HCKIIOUEHO,
4TO HECMOTPS Ha ypoBeHb MeMbGpantoro MU, coorser-
crBytomuii nopme [11], obpasosanue dhocdopuiupo-
BaHubIX hopM DU B cuHanTIYeCKUX MEMOPaHaX MPo-
JI0JITOBATOrO0  Mo3ra Ha craguu  pasputoro [
YMEHBINACTCS U ABJISACTCS OTHIM U3 KIIOYEBBIX (aKkTo-
poB Hapymienus Hefiporpancmuccnu. OHOBpEMEHHO,
MO-BUIMMOMY, YCUJITMBAETCS PacIia]] IPUCYTCTBYIONUX
B CHHANTHYECKUX MeMOpaHax (HocHOMHOZUTUIOB
BCJIEZICTBUE yBeIMYeHUs akTuBHOCTH (pocdommmazsr C.
Juzo-DX npossIisger cBoiicTBa MHrMOMTOPA IUTHUANH-
tpudochar(IITD):pochoxommanuruanaTpanchepa-
361 — (hbepMeHTa, BHAYUMOCTh KOTOPOTO JIJIst 0Opa3oBa-
st OX B rosoBHOM MO3re 0cobenHo BbicOKa [69].
Bmecre ¢ Tem, mzo-DX criocobeH cTUMyIUPOBATh
dhepmenTsl, kKoHTpoaUpyIoiue katabonuzm DX: ou
YBeJIMUMBaeT akTMBHOCTD (pocchonmmaszer D [86] u crio-
coberByer TpaHcaokanuu pocdonniaser A2 13 1UTO-
307151 B MeMOpany [87]. CiezoBaTeibHO, HAKOILJIEHHE
MeM6panHoro Jm30-MX MOKHO paccMaTpUBATh CPE/IH
npuans ucromienns X B cHHANTHYECKUX MeMOpaHax
ITPOIOJITOBATOTO MO3Ta Ha cTaauu pazsutoro 'L

3akiaoyeHue

Cumxenne conepxanng DU apigerca obuieit
3aKOHOMEPHOCTBIO M3MeHeHUi  (HochOIUITUHOTO
cocTaBa CUHANTHYECKUX MeMOpaH JIOOHBIX JoJieil
TOJIOBHOTO MO3Ta U [IPOJIOJIFOBATOTO MO3Ta Ha HAYaJlh-
HoM atarie pazputud [l 1, mo-BUANMOMY, BO MHOTOM
OITpEJIETISAETCS yCUIeHNeM XOJMHEPTUUECKOH, a/ipeHep-
TMYECKOM U ruryTaMaTepruieckoii crumyJidaiu. Kara-
6omsm DU, B cBOIO 0Yepe/Ib, UHIULUUPYET LIEJIbIIA Psi
MeMOpaHHBIX MEXAaHU3MOB aKTUBAIMU HEHPOTPAHC-
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MUCCHUU, KOTOPbIe MOKHO OIIEHUTh KaK KOMIIEHCATOP-
HO-IIPUCIIOCOOUTEbHBIE. Jlucpery s oOMeHa MeM-
6pannoro MU — peruaromuii myTh HapyIIeHUs HEHpPo-
TPAHCMKUCCUHU B JIOOHBIX JOJISIX TOJOBHOTO MO3ra Ha
craguu passutoro I Camxenne o6MeHa MmeMOpa-
noro A3, uMeroniee MecTo B JIOOHBIX LOIAX FOJIOBHOIO
MO3ra Ha BceM npoTsukennn passurus LI, u obexnme-
uue OC na craaun paszsurtoro ' sBistioTest hakto-
pamMu aKTUBAIUU 9KCAUTOTOKCUYECKUX TiporeccoB. C
yueToM HOOTpOTHON (yHKInn D C yMeHbIlleHre ero
KOHIIEHTPAIK B CUHAITUYECKAX MeMOpaHax JOOHBIX
JoJIell TOJIOBHOTO MoO3ra Ha crtaauu pazButoro [T
TIPE/ICTABJISIETCS PEMIAIONTIM MEXaHIU3MOM ITOCTTEMOP-
parnueckux KOTHUTUBHBIX HapylieHuil. Mcromenve
DX u nakorienne mu30-OX B CUHANITUYECKUX MEM-
OpaHax IIPOAOJTOBATOTO MO3Ta MOYKHO OLEHHTh KaK
OCHOBHBIE (haKTOPBI TOBPEKIEHNS ITOTO OT/IEJIa TOJIOB-
HOTO MO3Ta, CBUJIETELCTBYIONINE O BA)KHOCTH TUTIEP-
AKTUBAIMYM XOJUHEPTMUYECKOW HEPBHOUW CUCTEMBI B
natorenese yHkimoHanbubix Hapymenuit 8 [[THC.
Hcromenne memGparnoro MC Ha oTgasenHoii cragum
'l u nakomenue Mmem6pannoro MI B ase pasBuUTO-
ro I'lIl ykaspiBaior Ha myTt mHUTIMUPOBaHUs (ocdo-
JIUTIAJI-3aBUCUMON aKcalitoTokcnunoct BAK B mipo-
JIOJITOBAaTOM MO3TE.

TakuMm 00pasoM, BBIIIEU3JI0KEHHOE TI03BOJIIET
CUNTATh, UTO JUCPEryasnus MeTadbonusma docdon-
MUI0B CUHAIITHYECKUX MeMOpaH SIBJISIETCS pelaio-
muM MexanuszMom auIiedanonatuu npu ', B TO
BpeMs Kak KOppekIus ux ¢hochogumHoTo cocTaBa
uMeeT OCOOEHHYIO 3HAYMMOCTb [JIS IOBBIIIEHMS
3 PeKTUBHOCTH JIeUeHUsT TMOKOTEHHBIX HAPYIIEHUH
(yHKI1IMIT TOJIOBHOTO MO3Ta.
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ObIMIAA PEAHUMATOJOINUA

Hayuno-npaxrudecknii skypHais «O01as peaHinMaToN0T s,
Bxojstuii B nepeuerb BAK PD, B Scopus u gpyrue 6a3bl JaHHBIX,
IpeiHa3HavYeH JJist Bpaueil aHecTe3n0I0r0B-PeaHnMATOIOT0B 1 HAYYHBIX COTPY/THUKOB.

Tematuka JKYpHaJIa: MaTOTeHE3, KIIMHWUKA, INarHOCTUKA, JIECYCHNE, HpO(bI/IJIaKTI/IKa n ImaToJiorndyecKasd aHaToOMH A
KPUTHUYECKUX, TEPMUHAJIbHBIX U TMOCTPpEaHUMaIlMOHHbBIX COCTOHHI/IfI; OKa3aHue I[OI‘OCHI/IT&]II)HOP'I ImoMomu 1pu
KPUTUYECKUX COCTOAHUAX; O6y‘{eHI/Ie HacejieHUuA 1 MEJUIMHCKOTO IIepCoHaJla IIpueMaM OKa3aHuA HEOTJIOKHOMN
ImoMomu 1mpu KpUTUYECKUX COCTOAHUAX; OIITUMU3allUA pa6OTI)I OPI/IT, IOpun4eCKrue n 3TUYEeCKre BOIIPOCHI B

obmactn AHECTE3NOJIOTNN-PEAHNMATOJIOTUN.

Aypuropust: siedeOHbIe YIPEKACHST; BbICITE YaeOHbIe 3aBeACHIsT MEUITMHCKOTO MPOMIIST; MEAUITHHCKUE
YUPEKIEHHUSI OCJEIUTIIIOMHOTO 06pasoBantist, DeiepasibHble U PErHOHATBHbBIE OPTAaHbI YIPABJICHIST 3[PABOOXPAHEHNEM,
MEIUIIMHCKUE HAYYHO-UCCIIEI0BATEIbCKIUE HHCTUTYThI; MEAUIIUHCKUE OUGINOTEKH.

IOAIINCKA

B mo60om nourosom OT/JICJIEHUH CBA3U 110 KaTaJaory «KHHra-Cemec»

* nHjieKe 46338 — /U1 MHAMBUYAIbHBIX TOATIMCYUKOB
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