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Iexnp uccneaoBaHus — M3y4uTh 0COOEHHOCTU METAbOIU3M TiIyTaMara B (DUIOreHETUIECKH PA3JIUYHBIX OTIIe-
JIaX TOJIOBHOTO MO3Ta MJIEKONUTAIOMINX TP reMopparnyeckom moke (I'HI).

Marepuan u MeTo/Ibl. B orbiTax Ha 76 Kolkax ucce1oBaan GUIoreHeTHYeCKn pa3jinyHble OT/Ie/bl TOJOBHO-
ro Mo3ra (Kopa, TMMOUYeCKUH, IIPOMEKYTOUHBIN U 11poosiroBaThiii Mo3r) nipu ', BbI3BAHHBIM POOHBIM KPOBO-
nyckaHueM us OefpeHHON apTepu co cKopocThio 10Mi1/kre 10 MuH B cpegreM o0beme 24+0,8 MJ1/Kr, KOTOPOE TIpe-
Kpalain 1pyu CHIDKEHUN apTepraabHOro pasierns 10 yposus 60,0£1,5 mm pt. cr. VccnenoBanu coneprkarie
ammuaka, rayrtamata (It), a-xkerormyrapara (a-KI'), aktuBrocts raryramuncunretassl (1I'C), riryramMmHassl, TayTa-
Matzaeruzaporenassr (I/11).

Pe3ymnbraThl. Y WHTAKTHBIX KIBOTHBIX MAKCUMAJIBHYIO aKTUBHOCTD [/IT 06HAPYKUIN B TPOOJITOBATOM MO3-
re (bunoreHernyeckuii cambiit gpeBHui oten), 'C — B ceHCOMOTOPHOIT Kope ((hUIoreHeTHYECKN CaMblii MOJIO-
JIO¥ OT/IEJT), AaKTUBHOCTD IJIyTAMUHA3bI HE 3aBHUCEJIA OT CTeleHN (hUITOTEHETHYECKOI 3PEIOCTH CTPYKTYP TOJIOBHO-
ro mosra. [Ipu Tl usmenenust merabonausma I'T HaYMHAINCH B CEHCOMOTOPHOI KOPE M MPOSIBJISLINCH CHUMKEHUEM
aktuBHOCTU ['C, KOTOpOE TpoTpeccupoBaio k 70-it MunyTe moctremopparudeckoro nepuoza (I1T11) na dome ot-
cpouennoro ysesnndenus: aktunoctu I/IT, riyramunasst i nakormienusi IT. B 1uMOMYecKoM 1 TPOMERKYTOYHOM
Mo3re usMeHeHust Mmetabosuama It (HapylieHue ero BOBJI€YEHUs] B CUHTE3 IIyTaMUHa, CTUMYJISALIS 00pasoBaHus
I'r ipu nesamuaupoBaHuy raytamiHa U amuaupoBanuu a-KI') pazsuBasucs ua 70-it munyTe I1T'TI 1, kak B cenco-
MOTOPHOI KOpE, CONPOBOKAAMNCH HaKomieHueM Ir. [Ipu aronun Bo BceX MCCIIEyeMbIX OT/es1aX TOJOBHOTO MO3Ta
passuBaicst geunut ¢-KI' 13-3a ero noBbliieHHOT0 BoBJieueHus: B 06pasoBatue I't. OJIHOBPEMEHHO C 3TUM B CEH-
COMOTOPHOI KOpe, IMMOUYECKOM U IIPOMEKYTOYHOM MO3Te CTUMYJINPOBAIOCh 06pa3oBaHue It U3 riryraMuHa, HO
CHIZKAJIOCH BoBJiedenue It B o6pasoBanue raytamuna. Hakormernne ammuaka nezapucumo ot ctaguu T obnapy-
SKIJIK TOJIBKO B CEHCOMOTOPHOI KOPe, IMMOUYECKOM U [IPOMEKYTOUHOM MO3T€; B IIPOJIOJITOBATOM MO3Te — TOJBKO
IIPY AaTOHUH.

3axmouenue. [eMopparnyeckuii MoK, Hapyiast MeTaboJIu3M TJlyTaMaTa B CTPYKTypax TOJIOBHOTO MO3Ia, CO-
3/1a€T YCJIOBMS JIJISl €0 HAKOILJIEHNS B HEPBHBIX KJIeTKaX. XapakTep M HAIPABJIEHHOCTDb 3TUX HAPYIICHUIT 3aBUCAT
KaK OT UHTEHCHBHOCTU MeTab0JIM3Ma IIIyTaMaTa B (hHJIOreHETHYECKU PA3JIMYHBIX CTPYKTYPAX TOJIOBHOTO MO3Tra Ha
MOMEHT OCTPOH KPOBOIOTEPH, TaK ¥ OT CTAJIMH Pa3BUTHS TeMOPPArnyecKOro IoKa.

Kntoueevie cnosa: zemoppazuuecxud WOK; 20JI06HOUL MO32; aiymamanm, azomucmolii OéM@H,’ 2iymamurcurnmema-
3a, ziymamunasa

Purpose. To study glutamate metabolism characteristics in phylogenetically different parts of the mammalian
brain in experimentally induced hemorrhagic shock (HS) in cats.

Material and methods. Experiments were performed on 76 cats. HS was induced by intermittent bloodletting
from femoral artery at a rate of 10ml/kge 10 minutes, with the average volume of 24+0.8 ml/kg. The bloodletting was
discontinued after arterial pressure (BP) drop to 60.0+1.5 mmHg. We studied ammonia, glutamate (Gt), and a-ketog-
lutarate (a-KG) levels and glutaminase (GS) and glutamate dehydrogenase (GDG) activity in specimens harvested
from phylogenetically different parts of the brain (cortex, limbic system, diencephalon, and medulla oblongata).

Results. In intact animals, the peak GDG activity was found in the medulla oblongata (phylogenetically the
oldest part of the brain) and the peak GS activity was registered in the sensorimotor cortex (phylogenetically the
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youngest part of the brain); the glutaminase activity did not depend on the phylogenetic age of brain structures.
In the case of HS, Gt metabolism changes began in the sensorimotor cortex manifested by decreased GS activity,
which progresses by the 70th minute of the post-hemorrhagic period (PHP) accompanied by delayed increase in
the GDG and glutaminase activity, as well as Gt accumulation. In the limbic system and diencephalon the Gt
metabolism was changing (impaired glutamine synthesis, stimuled Gt synthesis with glutamine desamidization
and a-KG amination) when developed by the 70th minute of the PHP. Similarly to sensorimotor cortex, changes
were associated with Gt accumulation. During the agony, «-KG deficiency developed in all parts of the brain as a
result of its increased contribution to Gt synthesis. At the same period of time, in the sensorimotor cortex, limbic
system and diencephalon the Gt synthesis from glutamine was stimulated, however, the Gt contribution tothe for-
mation of glutamine was decreased. The accumulation of ammonia regardless of the HS stage was detected only in
the sensorimotor cortex, limbic system and diencephalon; in the medulla oblongata ammonium increase was found
only during the agony.

Conclusion. HS creates conditions for glutamate accumulation in nerve cells by impairing the metabolism of
glutamate in the brain structures. The nature and scope of these disorders depend both on the intensity of gluta-
mate metabolism in phylogenetically different brain structures in acute blood loss and HS.
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Beenenue

Buoxumirdeckre mporieccsl, TPOTEKAIOIIIE B TO-
JIOBHOM MO3T€, SBJISAIOTCS OOBEKTOM TIPUCTATHHOTO
uccseoBanus B peanumarosiornn [1—5]. Haunbosee
PacTpoCTPAaHEHHBIM BO30YIKIAIONIIM HEHpOTpaHC-
MHUTTEPOM HEPBHON CHCTEMBI TIO3BOHOTHBIX SIBJISETCS
riyramar [6], mpuHuMalonMil akTUBHOE ydyacTue B
(bopmupoBaHUM TaKNX KOTHUTUBHBIX (DYHKIHI, Kak
obydenne u maMsTh [7]. Trytamar yyacTByer B Kiiac-
CHUYECKOM ITPOBEIEHIH HEPBHOTO NMITYJIbCa OT Helpo-
Ha K HelipoHy 1 B 00bEeMHON HelipoTparcMuccui [8].
CoryiacHO cOBpeMeHHBIM JaHHBIM [9], oOpasoBanue
TJIyTaMaTa B TOJIOBHOM MO3Te TIO3BOHOYHBIX TIPOUCXO-
IIAT B pe3yJbTaTe /1e3aMUANPOBAHNs TJIyTaMIHA, Ka-
TATU3UPYEMOTO TIAyTaMUHA3aMHU, U aMIHWPOBAHUS
(-KeTorJyTaparta B IPUCYTCTBUM (epMeHTa TIyTa-
Mataernaporenassl. [lociemHsas peakius SBISETCS
obpatumoii. Helitpanmsamnus u3ObITKa riytamara
OCYTIIECTBIISIETCST €TO BOBJEYEHNEM B 00pa3oBaHue
TJIyTaMIHA, TTPOHCXOIIIIee B aCTPOINTAX IIPU ydac-
THW TJIyTAMIHCUHTETA3bl M COMTPOBOKAAETCST HeliTpa-
Jr3arel aMmuaka. TakuM o6pa3oM, MeTabom3M
ryTamMaTa B HeHpOHAX TOJIOBHOTO MO3Ta MO3BOHOY-
HBIX COTIPSKEH ¢ 00e3BPEKMBAHIEM aMMHUAKA, TTOBBI-
IIeHHAsT KOHIIEHTPAIMsI KOTOPOTO TaKKe OKa3bIBaeT
HEeHpOoTOKCHUecKoe jeiicTBre Ha HelpoHsl [10—12].

YeranoBieHo, 4To Hapyimenue MeTabosm3Ma
TJIyTaMaTa B Pe3yJIBTaTe €T0 MOBBIEHHOT0 00pa30Ba-
HUS WJIN TIOHIKEHHOTO CBSI3BIBAHWS, B YACTHOCTH
TIPU UIIEMIYIeCKOM MHCYJIIBTe TIPUBONT K €T0 HaKOI-
JIEHWIO B TKAHU TOJIOBHOTO MO3Ta 1 THOEN HEHPOHOB
[13]. IIpu remopparmdeckoM IoKe B HEHPOHAX CeH-
COMOTOPHOI KOPBI HAPYIIEeHe MeTab0IM3Ma TIyTa-
Marta ObIJIO COMPSKEHO € HAKOIUIEHWEM aMMUaKa
[14]. B martorenese MeTabOIMYIECKUX HAPYITEHUI
BOBHUKAIONINX TP HAPYITEHU MO3TOBOTO KPOBOOG-
paleHus, B TOM 9HCJIe U IPU TeMOPParndeckoM IIIo-
Ke, BEIYIIYIO POJIb UTPAET THIIOKCH, TTPH 3TOM (BIIIO-
TeHeTHYeCcKoe Pasjnune CTPYKTYP TOJOBHOTO MO3Ta

Introduction

The biochemical processes in the brain are the
subject of intensive studies in resucitation research
area [1—5]. Glutamate is as the main excitatory neu-
rotransmitter of vertebrates' nervous system [6] that
contributes to formation of cognitive functions, the
training and memory [7]. Glutamate participates
both in classical conduction of nervous impulse from
neuron to neuron and in volume neurotransmission
[8]. According to recent data [9], the glutamate for-
mation in the brain of vertebrates results from
deamidation of glutamine catalyzed by glutaminases
and amination of a-ketoglutarat with ammonia in
the presence of glutamate dehydrogenase. The latter
is reversible. Neutralization of glutamate excess
occurs by its involving in glutamine formation in
astrocytes with glutamine synthetase involvement
and is accompanied by ammonia neutralization.
Thus, the glutamate metabolism in brain neurons of
vertebrates is associated with ammonia neutraliza-
tion, whose increased concentration also produces
the neurotoxic effect on neurons [10—12].

It was found out that impairment of glutamate
metabolism as a result of its enhanced production or
reduced binding, for example, at an ischemic stroke,
leads to its accumulation in brain tissue and death of
neurons [13]. In case of hemorrhagic shock, impair-
ment of the glutamate metabolism in neurons of the
sensorimotor cortex was associated with accumula-
tion of ammonia [14]. In the pathogenesis of meta-
bolic disorders occurred as a result of disorders of
cerebral circulation, including hemorrhagic shock,
hypoxia played the leading role [15]. At that, the
phylogenetic difference between the structures of
the mammalian brain determines their different sen-
sitivity to oxygen deficiency [16], which, in turn, is
determined by the metabolism in the neurons [15,
16]. However, there is no information about gluta-
mate metabolism characteristics in phylogenetically
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MJIEKOITUTAIONUX JETEPMUHUPYET WX PA3IUIHYTO
YyBCTBUTEIBHOCTH K Aebuiiuty xKucaopoma [15], uro
orpesiesisieTcst 0COOEHHOCTHI0 MeTaboIM3Ma B WX
Hefiporax [15, 16]. OxHako cBemenust 06 ocobeHHoC-
TIX MeTaboim3Ma TayTamMaTa B (DUIOTEHEeTHIeCcKH
Pa3HOPOIHBIX CTPYKTYpPaxX MO3Ta KaK B HOPMe, TaK 1 B
YCJIOBHSIX TEMOPPArHIecKOro MoKa OTCYTCTBYIOT.

[Tesb viccmenoBamyst — U3yvdeHre MeTaboIM3Ma
ryTamMara B CTPYKTypax TOJIOBHOTO MO3Ta, (uiore-
HETHYECKH PA3JINYAIONINXCS MeKITY COOOM, Tpu re-
Mopparudeckom 1moke (I'TII), BbraBanHOM OCTpOI He-
BO3MEIIEHHON KPOBOTIOTEPEIA.

Marepuan u MeTObI

OnbIThl TpOBezieHbl HA 76 KomIKax (cpemHsia macca
3,240,07 xr), HapKOTU3NPOBAHHBIX THOTIEHTaIOM (20 MT/KT).
Temopparuyeckuil MoK BBI3BIBATN POOHBIM KPOBOILYCKAHN-
eM n3 6epeHnoi aprepun co ckopoctbio 10 Mur/kre 10 Mun B
cpenteM obbeme 24+0,8 MII/KI, KOTOpOE MPEeKpaliaiy [pe
cHWKeHUM apTepuasibHoro nasienus (AJl) mo yposus
60,0+1,5 MM pr. cr. JKuBoTHBIE OBLIN PaCTIpeesieHbl Ha 4 ce-
prn onbIToB. 1 cepust (KOHTPOJB) -3710POBblE JKUBOTHBIE
(A/1=154,5+3,0 MM PT. cT.); 2 cepust — KUBOTHBIE Yepe3 10
MUH TI0CJIE KPOBOITyCKaHus 1 cTabuiusanuu A/l Ha ypoBHe
60,0+1,5 mm pr. cT. (HavambHast haza KommeHcarmn, 10 Muty-
Ta TOCTTEMOPPAru4ecKoro nepuoa); 3 cepus — SKUBOTHBIE,
JKU3HECTIOCOOHbIe Yepe3 70 MUH [OCJ/ie KPOBOITYCKAHUSI TIPU
AJ1=54,7+2,3 MM PT. cT. (1IpOJOHTUPOBaHHAs (haza KoMITeH a-
1mH, 70-5 MUH TIOCTTeMOPParnyeckoro mepruosa); 4 cepust —
SKUBOTHbIE, Y KOTOPBIX B TedeHue 6014 MuH nocsie KpoBorry-
CKaHUs pa3Buiach aroHust Ha ore AJ[=9,8+1,5 MM pr. cT.
(dbaza nekomnencarun ). OGbEKTOM U3yYEHUS CIIYKILIA TKAHD
CEHCOMOTOPHOU KOPbI, JIMMOMYECKOr0 MO3ra (TUIIOKaMIT+
TMOSICHAST N3BIJIMHA), TPOMEKYTOUHOTO (TaslaMyC+TUIIOTaa-
MyC) ¥ TIPOZIOJITOBATOTO MO3Ta. MO3T 3aMOpaKMUBATIN B SKHUI-
KOM a30Te, roMoreHn3upoBasin oiny MunyTy B 0,6 N pactope
HCIO, B coornomenun 1:6. TomMorenar skcTparupoBajiu
Ha xononay 10 mun u ocaxpanu 1neHTpudyrupoBaHreM B
nentpudyre «[IBP-1» (t= 0—(-4°)C) npu 22000 g B Teue-
uue 15 mun. /[{s1s1 onpesiesieHusT a-KeTOTIyTapaTa u riayTa-
mata HCIO, yiasisiim u3 skcTpakTa B BUjie epxJaopara Ka-
Jns, aMMHUAK OIpeJessiIi B KHUCJIOM 39KCTPAKTe [0
neiirpammsanuun HClO,. Conepkxanve aMMuaka B TKaHU
TOJIOBHOTO MO3Ta OTIpeiesisii MUKPOANGh(MY3UOHHBIM Me-
TonoMm [12], a-ketorayTtapara u riyrtamaTa epMeHTaTHB-
HBIM METO/IOM C TJIyTaMaTaeruaporenasoit [13].

B MuToxonaprambHOil hpakiiy HepBHOH TKaHW OIpe-
JIeJIsI akTUBHOCTB Tty Tamataernzporenassl ([/1I) o cxo-
POCTH BOCCTAHOBUTEIBHOTO aMUHUPOBAHKS -KETOTITyTapa-
ta [14] u rayramunasel [15], B roMoreHate — akTUBHOCTD
roytamuacnnTerasel (I'C) [16]. Boiienenue mutoxonapu-
aJTBHOM (PpaKINN TTPOBOINIIN METOIOM A(phepeHTITATBHO-
ro nentpudyruposatus [17] Cogepxanue Geika B roMore-
HaTe ¥ MUTOXOH/IPUSIX ornpezessiyim 1o meroxy Jloypu [18].
PesynsraTbl 06paboTail CTATUCTHYECKH C TIPUMEHEHHEM
kputepust Bunkokcona-Manna- YutHn.

PesyibraThl U 00CyK/IEHHE

Kax BuzHo u3 taba. 1, y MHTAKTHBIX SKTBOTHBIX
coJiepskaHue riayTamMaTa B CEHCOMOTOPHOW Kope,

diverse structures of the brain under normal condi-
tions and in hemorrhagic shock.

The purpose of this investigation was to study
glutamate metabolism characteristics in phylogenet-
ically different parts of the mammalian brain in hem-
orrhagic shock (HS) experimentally induced by
acute uncompensated blood loss in experimental ani-
mals (cats).

Materials and Methods

The experiments were performed in 76 cats (median
weight: 3.2+0.07 kg) anaesthetized with thiopental (20
mg/kg). HS was induced by intermittent bloodletting
from femoral artery at a rate of 10ml/kg ¢ 10 min with the
average volume of 24+0.8 ml/kg. The bloodletting was dis-
continued after blood pressure (BP) drop to 60.0+1.5
mmHg. The animals were divided into 4 experimental
groups: group 1 (reference group), healthy animals
(BP=154.5%£3.0 mm Hg); group 2, animals 10 min after
bloodletting and BP stabilization at a level of 60.0+1.5 mm
Hg (initial compensation phase, 10th minute of the pos-
themorrhagic period); group 3, animals who were still alive
70 min after bloodletting with BP =54.7+2.3 mm Hg (pro-
longed phase of compensation, 70th min of the posthemor-
rhagic period); group 4, animals with agony occurred
60+14 min after bloodletting (BP=9.8+1.5 mm Hg,
decompensation phase). Tissues of sensorimotor cortex,
the limbic system (hippocampus + cingulate gyrus), dien-
cephalon (thalamus+hypothalamus) and medulla oblonga-
ta were examined. The brain was frozen in liquid nitrogen,
homogenized for 1 minute in 0.6N HCIO, solution at a
ratio of 1:6. The homogenate was cold extracted for 10 min
and precipitated by centrifugation using the CVR-1cen-
trifuge (t = 0—(-4")C) at 22000 g for 15 minutes. In order
to determine a-ketoglutarate and glutamate levels, HCIO,
was removed from the extract in the form of potassium per-
chlorate; the ammonia concentration was measured in an
acidic extract before HCIO, neutralization. The ammonia
level in brain tissue was measured using the microdiffusion
technique [17]; a-ketoglutarate and glutamate concentra-
tions were determined by means of the enzymatic method
with glutamate dehydrogenase [18].

The glutamate dehydrogenase (GDG) activity was
determined based on the rate of reductive amination of
a-ketoglutarate [19] and glutaminase [20] in the mito-
chondrial fraction of the nervous tissue; the glutamine
synthetase (GS) activity was determined in the
homogenate [21]. The mitochondrial fraction was isolated
by differential centrifugation [22]. The protein content in
the homogenate and mitochondria was measured by the
Lowry assay [23]. Data were analyzed using the
Wilcoxon-Mann-Whitney test.

Results and Discussion

Table 1 demonstrates that the glutamate level
in the sensorimotor cortex, limbic system and dien-
cephalon of intact animals was higher than that in
medulla oblongata (phylogenetically the oldest part
of the brain), by 41, 47 and 38%, respectively. No dif-
ference was found between ammonia and a-ketoglu-
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Ta6muna 1. Copep:ranne ammuaka, a-kerorayrapara (a-KI'), riyramara, riyraMuna B OT/ieJIaX TOJIOBHOTO MO3Tra KO-
HIeK MPH reMOpPpParniecKoM moke (MMOJIb/KT *J1 BIasKHOU TKanu, M+m).
Table 1. Content of ammonia, a-ketoglutarat (a-KG), glutamate, glutamine in cats brain departments under hemor-

rhagic shock (mM/kg*1 of the native tissue, M+m).

Indexes Values of indexes in the groups
15t (n=10) 20d (n=10) 3rd (n=9) 4 (n=9)
Sensomotor cortex
Ammonia 0.97£0.07 1.4+0.1* 1.45+0.1%# 1.7+0.12*
a-KG 59.7+8.54 50.0+£9.87 51.3+7.75 28.9+5.42%
Glutamate 9.11+0.32? 10.7£0.55*# 10.5£0.51%# 9.55+0.35%
Limbic brain
Ammonia 1.03+0.13 1.61£0.08% 1.53+0.13*# 1.58+0.17*
a-KG 51.1£9.72 49.3+£9.66 55.9+8.26 27.3£5.1
Glutamate 9.41+0.5% 12.0+0.46*# 11.1+0.6%# 10.4+0.28#
Intermediate brain
Ammonia 0.96+0.09 1.36+0.11* 1.35£0.11* 1.52+0.17*
a-KG 47.7%9.2 43.5+9.55 44.8+6.86 25.0+3.84*
Glutamate 8.82+0.39# 10.4+0.38*# 9.64+0.64% 8.43+0.46
Myelencephalon
Ammonia 0.93£0.11 1.18+0.17 1.15+0.1 1.45+0.09*
a-KG 48.3+6.92 49.1+£8.31 42.2+8.22 26.2+2.64*
Glutamate 6.44%0.23 7.87+0.5* 7.16%0.42 7.10+0.45

Note. Significance of differences at P<0.05 — * — in comparison with norm; # — in comparison with a similar index of myelencephaloin
the same experimental group; » — number of animals in the experimental group.

IMpumeyanue. /Iy Tabu. 1, 2: Indexes — nokasaresu; Values of indexes in the groups — smavenust mokasareseil B rpyrmnax; Sensomotor
cortex — CEHCOMOTOpHasi Kopa; Limbic brain — siumOuueckas cuctema mosra; Intermediate brain — npomexyTouHblii MO3T;
Myelencephalon — npozosrosatsiii MO3r; 7 — 4YKCI0 JKUBOTHBIX B TpyImax. JlocroBepHocTs pasamyuii mpu p<0,05 — * — mo cpasHe-
HIIO C HOPMOIi; # — 110 CPaBHEHNIO ¢ AHATOTHYHBIM ITOKA3ATeNEM MTPOIOJITOBATOTO MO3Ta TAHHON CEPHN OTBITOB.

JIUMOMYECKOM MO3Te ¥ [TPOMEKYTOYHOM MO3Te, TIpe-
BBIIIAJIO AHAJOTUYHBIN TIOKAa3aTeb B MPOIOJTOBA-
TOM MO3Te ((hUJIOTEeHETUIECKU CaMbIil CTapbIid OTIE
TOJIOBHOTO MO3Ta), COOTBETCTBEHHO, Ha 41, 47 u 38%.
Mesk/ly KOHIIEHTPAIUsIMU aMMUaKa U Q-KeTOTJIyTa-
paTa B MCCJIelyeMbIX CTPYKTYpaxX MO3Ta WHTAKTHBIX
KOIIeK pasimunii He oOGHapyskuiu (1adu. 1). B coto
ouepesib, akTUBHOCTH /[T, B mpomeskyTouHOM MO3Te
U CEHCOMOTOPHOW Kope Oblla HUKe aHAJTOIMYHOTO
MOKA3aTEJIsT TIPOJIOJITOBATOTO MO3Ta COOTBETCTBEHHO
Ha 33 u 51% (Tabu. 2). B orauune 0T 9TOr0 aKTUB-
HocTh 'C B HelipoHaX CEHCOMOTOPHOI KOPBI MO3Ta
KOIIIEK TOCTOBEPHO MPEBBIITAIa aHATOTUIHBIN TTOKa-
3aTesib B KJIETKaX JUMOUYECKOT0, TPOMEKYTOYHOTO
U TIPOIOJITOBATOTO MO3Ta Ha 32, 42 u 34% cOOTBETCT-
BeHHO (Tabur. 2). U3 aToro ciemyer, 4To 1o Mepe (-
JIOTEHETUYECKOTO PA3BUTHS TOJIOBHOTO MO3Ta ITPOKC-
XO[IUT CHUKEHUE CKOPOCTH 00Pa30BaHUs TIyTaMara
P BOCCTAHOBUTEJTHHOM aMWHWPOBAHUU ((-KETOT-
JiyTapaTa, HO yBeJIMYUBAETCS CKOPOCTb BOBJIEUEHUE
riytaMaTa B 00pasoBaHUe TJIyTaMITHA.

[TockoJIbKY T1e/TbI0 BOCCTAHOBUTEJIBLHOTO aMHU-
HUPOBAHUS ¢-KeTOryTapaTa 1 00pasoBaHUs IIyTa-
MUHA SBJISIETCS HEUTpANIU3aIus aMMHUaKa B KJIeTKe
[19], MmoxxHO 3aKk/I04NTD, YTO B IIpoliecce uorete-
TUYECKOTO PA3BUTHUS CTPYKTYP TOJOBHOTO MO3Ta U3-
MeHSeTCsT y/IeJIbHBIN BeC 3TUX PeakIuii B HeHTpain-
3alUM aMMHaka. Eciu B TPOJOJTOBATOM MO3Te
OCHOBHOW peakiell B HeUTpajn3ann aMMHuaKa siB-
JISIeTCSI BOCCTAHOBUTEIbHOE aMITHUPOBAHUE (-KETOT-
JiyTapara, TO y’Ke B TIPOMEKYTOYHOM MO3re, (huore-

tarat concentrations in the above brain structures of
intact animals (Table 1). In turn, the GDG activity
in the diencephalon and the sensorimotor cortex was
lower than that in medulla oblongata by 33 and 51%,
respectively (Table 2). On the contrary, the GS
activity in neurons of cats' sensorimotor cortex was
significantly higher than that in neurons of the lim-
bic system, diencephalon, and medulla oblongata by
32,42, and 34%, respectively (Table 2). It means that
the rate of glutamate formation in the reductive ami-
nation of a-ketoglutarate decreased during phyloge-
netic development of the brain, but the rate of gluta-
mate involvement in the glutamine formation
increased.

Since the purpose of the reductive amination of
a-ketoglutarate and production of glutamine is neu-
tralization of ammonia in a cell [24], it can be con-
cluded, that the contribution of these reactions in
neutralization of ammonia changed during the phy-
logenetic development of brain structures. In the
medulla oblongata, the reductive amination of a-
ketoglutarate is the primary reaction of ammonia
neutralization, whereas is in the medulla oblongata, a
phylogenetically younger structure, its dominating
role in the neutralization of ammonia begins to
decline. It disappears in the sensorimotor cortex,
where the evolution assigned it the role in glutamine
formation. It is not a mere coincidence that the GS
activity in the sensorimotor cortex of intact animals
was higher than that in the limbic system, dien-
cephalon and medulla oblongata (Table 2).
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Ta6mmnua 2. Aktusaocts rayramuncunrerassl (I'C), docdarsaBucumoii riryramunasst (D3I u ryramaTaernporeHa-
3p1 (I/IT) B oTZ€/1aX TOJOBHOIO MO3ra KOIIEK IPH FeMOPParn4eckoM moke (HMoJib/Mr Genka, M+m).

Table 2. Activity (nM/mg of protein) of glutaminsynthetase (GS), phosphate-dependent glutaminase and glutamate
dehydrogenase (GDG) in cats brain departments under hemorrhagic shock (nM/mg of protein, M+m).

Indexes Values of indexes in the groups
15t (n=10) 20d (n=8) 31 (n=10) 4% (n=10)
Sensomotor cortex
GDG 9.72+0.54# 10.7+1.2# 13.5+1.47* 12.3+0.82*#
GS 1.02+0.04 0.93+0.12 0.74+0.12* 0.65+0.15*
Glutaminase 7.83£0.75 8.95 +0.4% 8.98+0.46 11.2+0.8%#
Limbic brain
GDG 12.2+1.13 12.8+1.24% 16.3+2.2 16.2+£0.94%#
GS 0.77£0.06## 0.70+0.16 0.7£0.09 0.61+0.09
Glutaminase 7.07+0.48 9.10 +0.49*# 8.21+0.3 9.76+0.65*
Intermediate brain
GDG 10.7+0.88% 12.2+1.1# 16.0+1.84* 14.7+1.05%#
GS 0.72+0.06## 0.75%0.14 0.53+0.07* 0.52+0.07*
Glutaminase 7.54%0.5 8.33 +0.4% 8.66+0.49 9.93+0.9%#
Myelencephalon
GDG 15.8+1.4 18.2+1.34 18.3+£1.47 21.9+1.12*
GS 0.76+0.10%# 0.74+0.16 0.47+0.06* 0.59+0.09
Glutaminase 6.51£0.44 6.94 +0.4 8.05+0.32* 7.87+0.6

Note. P<0.05 — * — significance of differences in comparison with norm; # — significance of differences in comparison with a similar
index of myelencephalon in the same experimental group; n — number of animals in the experimental group; ## — significance of dif-
ferences in comparison with a similar index of sensomotor cortex in the same experimental group.

Ipumeuanue. [locroBepHocTs pasanuuii mpu p<0,05 — * — 10 cpaBHEHUIO ¢ HOPMOIT; # — O CPABHEHUIO € AHATOTMYHBIM TTOKa3aTe-
JIeM TIPOJIOJITOBATOTO MO3Ta IAHHOI CEPU OIBITOB; ## — 110 CPABHEHUIO C AHAJIOTHYHBIM [IOKa3aTeJeM CEHCOMOTOPHON KOPBI TaHHON

Cepuu OIIbITOB.

HeTHYecKr GoJiee MOJIOABIM TI0 CPaBHEHHUIO C IIPO-
JIOJITOBATBIM MO3TOM, €€ JIOMUHUPYIOIIas poJib B
HENTpaIN3ay aMMIaKa HAaYMHAeT CHUKATHCS, UC-
Ye3asl B CEHCOMOTOPHOI Kope ToJIoBHOTO Mo3ra. He
caydaiiHoO akTUBHOCTB ['C B cEeHCOMOTOPHOII KOpPe TO-
JIOBHOTO MO3Ta WHTAKTHBIX KWBOTHBIX ITPEBBITIATA
AHAJIOTUYHBIN MOKa3aTeab B JIUMOUYECKOM, TIPOMe-
JKYTOUHOM U MTPO0JITOBATOM MOo3re (Tabir. 2).

B otsmuue ot akturoctn I'C u I'/[1] y naTaKT-
HBIX KOIIEK He 0OHAPY KUIN JJOCTOBEPHBIX PasInInil
MEK/y aKTUBHOCTSIMU TJTyTAMITHA3bl B HEHPOHAX (-
JIOTEHETUYECKU PA3HOPOIHBIX CTPYKTYP TOJOBHOTO
Mosra (TabJr. 2). To yKasblBaeT Ha OMHAKOBYIO CKO-
POCTb JIE3aMUIUPOBAHUS B HUX IJIyTAMWHA, KaTaJH-
3upyemyio 3TuM (epmentom. /laHHOe sBIEHUE BbI-
3BaHO TeM, YTO Jl€3aMUUPOBAHUE TJIyTaMUHA B
TOJIOBHOM MO3T€ SIBJISIETCSI OCHOBHBIM HMCTOYHHUKOM
riytTamaTta Kak Heiipomenunaropa [9]. Hecaywaitno
AKTUBHOCTH TJIyTaMUHA3bI B TOJIOBHOM MO3Te CyTIe-
CTBEHHO TIPEBBINIAET AaHAJIOTHYHBII MTOKA3aTeNb B Te-
yenu [14]. Hefitpanusanus riyramara, Kak 1 aMMua-
Ka, TIPOMCXOIUT Yepes oOpasoBanue rirytamuta [10].

CorocraBiieHrie TMOJYYeHHBIX Pe3YJbTAaTOB
MTO3BOJISIET TOBOPUTD O TOM, UTO B IpoItiecce (uiore-
He3a BOCCTAHOBUTETBHOE aMUHWPOBAHUE (-KETOT-
JiyTaparta B HeHpPOHaX TOJIOBHOTO MO3Ta U3 OCHOBHO-
ro IyTH HEHTpaJnu3aiy aMMHUaKa TIPEBPAIaeTcs B
OJTHOTO U3 «TIOCTABIIMKOB» TJIyTamara /it HelTpa-
JIMBAlM aMMHUaKa depes oOpasoBaHUe TJIyTaMUHA.
Heciryugaiino, y MHTaKTHBIX KUBOTHBIX KOHIIEHTPA-
IUs rJIyTamaTa B CEHCOMOTOPHON KOPe TOJIOBHOTO

Unlike the GS and GDG activity, there was no
significant difference between the glutaminase activ-
ity in neurons of phylogenetically diverse structures
of the brain (Table 2), thus indicating the same rate
of glutamine deamidation, which is catalyzed by this
enzyme. This phenomenon is caused by the fact that
glutamine deamidation in the brain is the main
source of glutamate as a neurotransmitter [9]. Tt is no
coincidence that the glutaminase activity in the
brain is significantly higher than that in liver [14].
The neutralization of glutamate and ammonia occurs
through the glutamine formation [10].

A comparison of the results suggests that dur-
ing phylogenesis the reductive amination of ¢-ketog-
lutarate in neurons of the brain turns from the main
way of ammonia neutralization into one of the «sup-
pliers» of glutamate required for neutralization of
ammonia through the formation of glutamine. It is
no coincidence that in intact animals the glutamate
concentration in the sensorimotor cortex, the limbic
system and diencephalon was higher than that in the
medulla oblongata (Table 1).

Glutamate concentration in sensorimotor cor-
tex, limbic system, diencephalon and medulla oblon-
gata demonstrated a 18, 28, 18, and 22% increase,
respectively, by the 10th minute of HS (initial com-
pensation phase) (Table 1). At that, the prevalence of
this metabolite in the sensorimotor cortex, limbic
system, and diencephalon remained as compared to
the medulla oblongata, which is typical for the nor-
mal state (Table 1). However, the GDG activity
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MO3Ta, JUMOMYECKOM 1 TPOMEKYTOUHOM MO3Te TIpe-
BBINIAJIa AaHAJOTMYHBIN TTOKAa3aTeh B IIPOIOJTOBA-
ToM mosre (Tabu. 1).

Ha 10-it munyTe passutust [l (nauanpHas ¢a-
3a KOMIIEHCAIIMN ) OGHAPYKUIN YBEJIMYeHe KOHIIEH-
TpAIlUK IJIyTaMara B CEHCOMOTOPOH Kope, JTnMOmdec-
KOM, TIPOMEKYTOYHOM | ITPOIOJITOBATOM Mo3Te Ha 18,
28, 18 1 22% coorsercrsento (tab. 1). IIpu atom co-
XPaHSJIOCh, XapaKTePHOE JIJII HOPMBI, TIpeoliaiaHie
COIEPIKAHNST ITOTO METabOJINTa B CEHCOMOTOPHOM KO-
pe, TMMOUUYECKOM ¥ ITPOMEKYTOUHOM MO3Te HaJl aHa-
JIOTUYHBIM TTOKa3aTeJieM B TIPOOJTOBATOM MO3Te
(tabu. 1). OxHako, aktiBHOCTh TJIT B yKasaHHBIX OT-
JieJiaX TOJIOBHOTO MO3Ta OCTaBaslach B MpefiesiaX HOp-
Mbl (Tabi. 2), Kak ¥ cojepsKaHnue a-KeTorjyTapaTa
(tabu. 1). TIpu aTOM COXPAHSIOCh, XapaKTePHOE JJIs
HOpMBI mpeobaganue aktuBHoct [JIT B HelipoHax
MIPOIOJITOBATOTO MO3Ta HAJl aHAJIOTHYHBIM TTOKa3are-
JIEM B CEHCOMOTOPHO KOPE, TPOMEKYTOYHOM MO3Te 1
[IPOSIBJISITIOCH Pas3JIMyiie OTHOCUTEBHO JIUMOUYECKO-
ro mMoara (Tabir. 2). CieioBaTeIbHO, HAKOILIEHHUE TJTy-
Tamara HelpoHaMW TOJIOBHOTO MO3Ta B HAYAJbHYTO
(asy xomnencauuu [T ne cBg3ano ¢ yBesnyeHuem
ero o6pa3soBaHUs B Peaki[Mil BOCCTAHOBHUTEJIHHOTO
aMUHUPOBaHMS ¢-KeToryiyTapata. HecayvyaitHo KoH-
IEHTPAINs TOCIeHeTO B ToJ0BHOM Mo3re Ha 10-i
munyTe I ocraBaach B mpeeiax HopMbr (Tabir. 1)

Axrusnoctb I'C na 10-it munyte I'lll B uccaeny-
€MBbIX OT/IEJTaX TOJIOBHOTO MO3Ta TaKKe He M3MEHSLIACh,
HO WCYe3asi0, XapaKTepHOoe /IS HOPMBI, Pa3jindue
MEeXK/Iy ee aKTHBHOCTBIO B JIMMOWYECKOM, ITPOMEXKY-
TOYHOM ¥ TIPOJIOJITOBATOM MO3Te C aHAJIOTUYHBIM T10-
KasaTeJieM CEHCOMOTOPHOU KopbI (Tabr. 2). IT0 yKa-
3BIBAET HA BBICOKYIO UyBCTBUTENBHOCTD ['C KOPKOBBIX
HEPOHOB K TUTTOKCUW BHI3BAHHOU OCTPOI KPOBOTIOTE-
peii, 4TO MPUBOAUT K CHUKEHUIO CKOPOCTH 0Opa3oBa-
HUS B HUX TJIyTaMUHA JI0 YPOBHST XapaKTEPHOTO KJIET-
KaM (uioreHeTndecku GoJsiee APEBHUX CTPYKTYP
TOJIOBHOTO MO3Ta.

B orimune ot I'C, na 10-ii munyte I'lll B cenco-
MOTOPHOU KOpe, JUMOUYECKOM W MPOMEKYTOUHOM
Mo3re OOHAPY’KEHO yBeJUUeHe aKTUBHOCTH IJIyTa-
MUHa3bl OTHOCUTEJIbHO aHAJIOTUIHOTO TIOKA3aTeJsl B
npogorosarom mosre Ha 29, 31 u 20% (rabu. 2) co-
OTBETCTBEHHO. IIpu 9TOM B TUMOUYECKOM MO3TE aK-
TUBHOCTH TJIyTaMUHAa3bl Ha 29% IpeBbIlaia HOpMy
(tabu. 2). TosydyeHHbBIE PE3YJIBTATHI TIO3BOJISIOT TO-
BOPUTH 06 M3GUPaTEJbHOM YBEIUYECHUHU B YKa3aH-
HBIH MIEPUOJ CKOPOCTH JIE3AMU/IUPOBAHUS TJTyTaMHU-
Ha B (pUIIOreHETHYeCKH 00JIee MOJIOBIX CTPYKTypax
TOJIOBHOTO MO3Ta. DTO CJIEAYET PacCMaTpUBATh, KaK
OJIHY W3 NMPUYMH HAKOIIJICHUST HE TOJIbKO IJIyTaMara,
Ho n ammuaka. Ha 10-it muayrte I xortenTpamnms
aMMHaKa B CEHCOMOTOPHOI Kope, JTUMOHYECKOM U
MIPOMEKYTOYHOM MO3Te TIPEBBIIIaga HOpMY Ha 44, 56
u 42% coorsercrBenHo (TabJ. 1).

CormoctaBiieHne TOJYYEeHHBIX Pe3yJIbTaToB
MTO3BOJISIET TOBOPUTH O PA3JTMUYHBIX MEXaHW3MaX Ha-

(Table 2) as well as the a-ketoglutarate content
(Table 1) in the above brain structures remained
within the normal limits. At that, the prevalence of
the GDG activity in neurons of the medulla oblon-
gata over the same parameter in the sensorimotor
cortex and diencephalon remained, which is typical
for the normal state; and this difference was observed
with regard to the limbic system (Table 2).
Therefore, the glutamate accumulation by neurons
in the brain at the initial phase of the HS compensa-
tion is not associated with an increase in its forma-
tion as a result of reductive amination of a-ketoglu-
tarate. It is no coincidence that the concentration of
the latter remained within the normal range in the
brain by the 10th minute of HS (Table 1).

The GS activity did not change in the above
structures of the brain at the 10th minute of HS, but
the difference between its activity in limbic system,
diencephalon and medulla oblongata and the same
parameter in the sensorimotor cortex which was typ-
ical for the normal state disappeared (Table 2). It
indicates high sensitivity of GS cortical neurons to
hypoxia caused by acute blood loss, which reduces
the rate of glutamine formation to the level typical
for cells of phylogenetically older structures of the
brain.

Unlike GS, by the 10th minute of HS in the sen-
sorimotor cortex, limbic system, and diencephalon,
there was a 29, 31, and 20% increase in the glutami-
nase activity, respectively, vs. the same parameter in
the medulla oblongata (Table 2). At that, the gluta-
minase activity in the limbic system exceeded the
normal limits by 29% (Table 2). The obtained results
allow to conclude on a selective increase in the glut-
amine deamidation rate in phylogenetically younger
brain structures within the specified period of time.
It should be considered one of the causes of accumu-
lation of not only glutamate, but also ammonia. By
the 10th minute of HS, the ammonia concentration in
sensorimotor cortex, limbic system and diencephalon
exceeded the normal limits by 44, 56 and 42%,
respectively (Table 1).

The comparison of obtained results allows to
conclude on different mechanisms of the glutamate
accumulation by brain structures by the 10th minute
of HS. In medulla oblongata (a phylogenetically
older structure), transamination reaction takes
place, which unlike the glutamine formation does not
require the ATP presence, whose concentration in
the brain of anesthetized animals is reduced [25]. It
is no coincidence that the glutamate accumulation in
medulla by the 10th minute of HS occurred in the
absence of changes in ammonia concentration, as
well as in the GDG, GS and glutaminase activity. In
phylogenetically younger brain structures, gluta-
mate accumulation occurred as a result of increased
rate of glutamine deamidation and its reduced uti-
lization for glutamine formation. The latter is con-
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KOIUJICHWSI IJTyTaMara CTPYKTYPaMU TOJIOBHOTO MO3Ta
k 10-it munyTe I'TI. B mpogosroBaTom mo3sre (dusio-
reHeTHYeCKr OoJree IPEBHEM ) 9TO PEaKIIUH IiepeaMu-
HUPOBaHU, KOTOPbIE, B OTJIHMYKE OT 00pa3sOBaHIs
riaytaMuHa, He Tpebytor mpucyrcrBus ATD, kon-
IEHTPAINS KOTOPOTO B TOJIOBHOM MO3T€ aHEMUBHIPO-
BaHHBIX JKMBOTHBIX cHmkaercs [25]. Hakorurenue
rjlyTamara B I1pojoJirosatoM Mo3ary Ha 10-it munyte
I'lII mpoucxoanno Ha oHE OTCYTCTBUSI U3MEHEHUN
KOHITEHTpaIlN! aMMUaKa, a Takke aktuBHOCTH [/IT]
I'C u ryramunassl. B dunorenermdeckn 6oree Mo-
JIONBIX CTPYKTYpaxX TOJOBHOTO MO3Tra HAKOILJICHWE
rJlyTaMmarta MPOUCXONJIO B PE3yJbTaTe yBeJTMIeHUS
CKOPOCTH /Iea3MHUINPOBAHI TJIYTAMITHA, a TaKKe 3a
CUeT CHIKEHVS €T0 MCMOTb30BaHMs s 06pa3oBa-
Hus raytTamuHa. Ha 9To ykasbiBaeT pasimune cojep-
JKaHWST aMMUaKa U IJIyTaMara B CEHCOMOTOPHOM KO-
pe, IMMOMYECKOM U TIPOMEKYTOUYHOM Moare Ha 10-it
munyte [T

Ha 70-it munyte passutust 'l B cragun xom-
MEHCAINH B TPOJOJITOBATOM MO3Te OOHAPYsKEHO yBe-
JIMYeHne aKTUBHOCTH TJIyTaMHUHA3bl Ha 24%. B pe-
3yJbTate OHa He OTJAWYAJach OT AHAJIOTHYHOTO
MOKA3aTessT [T CEHCOMOTOPHON KOPBI, TMMOHYec-
KOTO U ITPOMEKYTOUHOTO Mosra (Tabu. 2). OgHako
KOHIIEHTPallUsl aMMMaKa OcTaBajach B IIpejesiax
HOPMBI, a KOHIIEHTPAIUsS TJIyTaMaTa, MOBBIIIEeHHAs
na 10-it munyte I'lll, x 70-if MunyTe HopManIU30Ba-
npach (tabu. 1). Aktusaocrs T/IT B npomosroBatom
mosre Ha 70-it munyte 'l B cTagmyu KommeHcaun
He M3MEHSJINCh, Tor/la Kak akTuBHOCTb I'C cHUKa-
nach Ha 39% (Tabu. 2). Henb3s MCKIIOYUTD, YTO OT-
CPOYEHHOE CTUMYJHMPOBAHUE TJAYTAMUHA3bl B TIPO-
posarosarom mosre k 70-it munyre I'IIl (kax u
TopMmoskerne aktuBHOcTH I'C) HampaBiieHO Ha Tpe-
NyTIpesk/ieHre Pa3BUTUS AeuIuTa TayTamaTa u3-3a
€T0 aKTUBHOTO BOBJICUEHUS B JIPYTH€ COTMPSIKEHHbIE
MeTaboJIiuecKe peakiiil, HApUMep MepeaMuHu-
poBanue ¢ nmupyBaToM. OTCyTCTBUE TIPU ITOM HAKOTI-
JIEHWsT B TIPOJOJITOBATOM MO3Te aMMHUaKa CJeLyeT
paccMaTpuBaTh KaK Pe3yJbTaT €ro TOBBIIIEHHOTO
BBIJIEJICHWST B KPOBOTOK, TaK W CTUMYJISIITAN aMUJIH-
POBaHUsT KapOOKCUJIBHBIX IPYIII TKAHEBBIX GEITKOB.
[Tocnemnasis sBasgeTcsT OMHUM U3 (PUIOTEHETHIECKN
JIPEBHUX MEXaHW3MOB YCTPaHEHUsT M30bITKA aMMHUa-
ka B kyretke [10].

MHuag kapruHa Habsogaercs B (huoreHeTnye-
cku 6osiee 3pesbIX CTPYKTYPax TOJOBHOTO MO3Ta
(CeHCOMOTOPHOIT KOpe, TUMOUYECKOM U TIPOIOJITO-
BAaTOM MO3Te) B CTa/IMIO KoMIleHcauu Ha 70-if muny-
Te I'lll. B 2TOT mepwo MPONUCXOANIO OTCPOUYEHHOE
yBesmuenue akrusnoctu I'/IT' B cencomoTophoil kKo-
pe U IIPOMEKYTOYHOM MO3Te, COOTBETCTBEHHO, Ha 39
1 50% oTHOCHTEIBHO HOPMBI (TabI. 2), 4TO YKa3bIBa-
€T Ha aKTUBAIMIO BOCCTAHOBUTEJIBLHOTO aMUHUPOBA-
nug a-keroriyrapara. OHako 9To He IIPUBOLUIIO K
VBEJTMYEHUIO KOHIIEHTPAIMK TJIyTamMara B yKa3aH-
HBIX OT/IeTaX TOJIOBHOTO MO3Ta 10 cpaBHeHUto ¢ 10-1i

firmed by the difference in ammonia and glutamate
concentration in the sensorimotor cortex, limbic sys-
tem and diencephalon by the 10th minute of HS.

By the 70th minute of HS at the stage of com-
pensation, a 24% increase in the glutaminase activity
in medulla oblongata was observed. As a result, it did
not differ from the same parameter of the sensorimo-
tor cortex, limbic system, and diencephalon (Table 2).
However, the ammonia concentrations remained
within the normal range, and the glutamate concen-
tration increased at the 10th minute of HS was nor-
malized by the 70th minute (Table 1). The GDG
activity in the medulla oblongata did not change by
the 70th minute of HS at the stage of compensation,
whereas the GS activity was reduced by 39% (Table 2).
It is possible that the delayed glutaminase stimula-
tion in the medulla oblongata by the 70th minute of
HS (as well as inhibition of GS activity) was intend-
ed to prevent the glutamate deficiency due to its
active involvement in other associated metabolic
reactions, such as transamination with pyruvate. The
lack of ammonia accumulation in the medulla is a
result of its increased release in the blood flow and
stimulation of the tissue protein carboxyl group ami-
dation. The latter is one of the phylogenetically
ancient mechanisms of neutralization of ammonia
excess in the cell [10].

The situation in phylogenetically older brain
structures (sensorimotor cortex, limbic system and
medulla oblongata) is quite different at the stage of
compensation by the 70th minute of HS. During this
period of time, there was a delayed increase in the
GDG activity in the sensorimotor cortex and dien-
cephalon by 39 and 50%, respectively, as compared to
the reference group (Table 2), thus indicating the
activation of the reductive amination of a-ketoglu-
tarate. However, this did not lead to an increase in
the glutamate concentration in these brain struc-
tures as compared to the 10th minute of the study. On
the contrary, in the diencephalon, it was normalized,
and in the sensorimotor cortex and limbic system it
remained above the normal limits by 11 and 18%,
respectively (Table 1). It should be noted that at the
70th minute of HS at the stage of compensation, the
glutaminase activity in the sensorimotor cortex, lim-
bic system and diencephalon remained within the
normal limits (Table 2). Since glutamate penetrates
through the cell membrane with difficulty [26], a
comparison of the obtained results indicates a selec-
tive increase in the consumption of glutamate by
neurons in the sensorimotor cortex and dien-
cephalon in the inhibition of this process in cells of
the limbic system.

Glutamine formation is one of biochemical
reactions associated with the glutamate consump-
tion. However, a decrease in the GS activity in the
sensorimotor cortex and the diencephalon by 27 and
25%, respectively (Table 2) demonstrates the impair-
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MUHYTOI nccaenoBanust. HaoG6opoT, B IpoMeKyToY-
HOM MO3T€ OHAa HOPMaJIM30Bajach, & B CEHCOMOTOP-
HOH KOpe U IUMOMYeCKOM MO3Te OHa OCTaBaJach Bbl-
nre HopMbl Ha 11 1 18% coorsercrBenno (tabi. 1).
Crenyer 3ametutsh, uto Ha 70-if munyte 'l B cTa-
JIUW KOMIIEHCAIIMY aKTUBHOCTH TJIyTaMUHA3bI B CEH-
COMOTOPHOH KOpe, TMMOUIECKOM U IIPOMEKY TOUHOM
MO3Te He OTJndanach ot HopMbl (Tabir. 2). TTocko/ib-
Ky TJIlyTamar ¢ TPYJIOM MPOHUKAET Yepe3 KIETOUHYTO
MeMOpany [26], To comocTaBIeHIEe TOMYIEHHBIX pe-
3YJIBTATOB YKasblBaeT Ha M30MpaTebHOE yBeJIrde-
HUe moTpebJIeHusT TIyTaMaTa HelipOHaMU CEHCOMO-
TOPHOM KOPBI M TIPOMEKYTOUHOTO MO3Ta IPH
TOPMOJKEHUH JAHHOTO IPOoIlecca B KJIETKAaX JUMOU-
YECKOTO MO3Ta.

OaHOIl U3 OMOXUMUYECKUX PeaKIUil CBsI3aH-
HBIX C TTOTpebJIeHueM IIyTaMaTa sIBJsIeTcst 00paso-
Banue raytamuHa. OJHAKO, CHUKEHNE aKTUBHOCTH
I'C B ceHCOMOTOPHO¥ KOpe W TPOMEKYTOUHOM MO3Te
Ha 27 u 25% coorBercTBeHHO (TabJ1. 2), yKasbiBaeT
Ha HapyllleHue JaHHOW PeakIuu B YKa3aHHBIH Mepu-
o/l HaOJTfoIeHMiT 1 0OBSICHSIET COXPaHEHNE B HUX T10-
BBIIIIEHHOI KOHIIEHTPAIIUU TJIyTaMaTa, HO He TIPUJH-
HY HECOOTBETCTBUS TMPUPOCTA KOHIIEHTPAIUU
raytamata u aktuBHocTu /[T Ilocrennee, ckopee
BCETO, BBI3BAHO TTOBBIIIEHHBIM BOBJICUEHUEM TJIyTa-
MaTa B PEaKInU epeaMUHUPOBAHNS.

ToBopst 0 mMpuYMHE HAKOIIEHWS TJIyTamara B
sumOmyeckoM Mosre Ha 70-it munyte T B craguu
komreHcaruu (tabi. 1), caeayer 3aMeTHTh, YTO ITO
MPOUCXOANT HAa (hOHE OTCYTCTBUS M3MEHEHUI CO
cropoubl I'C, I'IT u riyramunaspt. ITockombky, B 0T-
suune ot I/IT u Tmytamunasser, nesreasaocts I'C co-
npsukena ¢ pacxomoBanueM AT® [10], To ciemxyer
[oJIaraTh HapylleHHe BOBJICUCHUsT IJIyTamMaTa B 00-
pasoBaHue TIyTaMuHa us-3a gaeduiura ATD, o6Ha-
pyxkernoro B rosiosiom mosre npu ' [25]. Hapy-
mieHne  00pasoBaHWS  TJyTaMHUHA  CJIEAYeT
paccMaTpuBaTh KaK OJHY U3 MPUYUH COXPAaHEHUS K
70-it munyTe [l (cTazus koMTieHCAITMN ) TTOBBITIIEH-
HOTO CO/IEpsKaHus aMMHUaKa B CEHCOMOTOPHOI KOPE,
JIUMOMYECKOM ¥ IPOMEKYTOYHOM MoaTe (Tabir. 1).

Kaxk Bumno u3 tadu. 1, B cTaguy KOMICHCAINA
Ha 70-1t munyTe T'lll KOHTIEHTpaIMST C-KeTormyTapara
B UCCJIEYEMbIX CTPYKTYPax TOJOBHOTO MO3Ta COXpa-
HSJIach B Tpejiesiax HOPMbL. B yCc/IOBUSIX TIOBBITIEH-
Hoil akrusHocTu TJIT (Tabm. 2), KaTaausupyromei
€ro TpeBpallleHre B TJyTaMaT IIyTeM BOCCTAHOBH-
TEJTBHOTO AMUHUPOBAHUS, MOSKHO TOBOPUTH O CHUKE-
HUU B YKa3aHHBII MMEPUOJ UCTIOJIb30BAHUS Q-KETOT-
JIyTapara B IIUKJIe TPHKAapOOHOBBIX KUCJIOT.

CornocTaBiieHne TOJYyYeHHbIX Pe3yJIbTaToB I0-
KasbIBaeT, yTo K 70-11 MUHYyTe CTajini KOMIIEHCAINN
['TIT mporpeccupytoT HapylieHust MeTaboIu3Ma TJIy-
TaMara B (QUJIOreHeTHYeCKH Oojiee MOJIOIBIX CTPYK-
Typax rOJIOBHOTO MO3Ta (CEHCOMOTOPHAsT KOpa, JIUM-
OUYeCKMiT ¥ TIPOMEKYTOYHBIA Mo3r). IIpu aToM B
CEHCOMOTOPHOI KOPe U MPOMEKYTOUHOM MO3Te CHH-

ment of these reactions within the specified observa-
tion period and explains the maintenance of
increased glutamate concentration, but not the rea-
son for the incompliance of increasing glutamate
concentrations with GDG activity. The latter may be
caused by increased involvement of glutamate in
transamination reactions.

As for the reason for the glutamate accumula-
tion in the limbic system by the 70th minute of HS in
the stage of compensation (Table 1), it should be
noted that the accumulation occurs in absence of
changes in GS, GDG, and glutaminase. Since, unlike
GDG and glutaminase, the GS activity is associated
with ATP consumption [10], it may be concluded
that glutamate involvement in the glutamine forma-
tion is impaired due to the ATP deficiency detected
in the brain during HS [25]. The impairment of the
glutamine formation should be considered one of fac-
tors maintaining an increased ammonia concentra-
tion in the sensorimotor cortex, limbic system, and
diencephalon by the 70th minute of HS (the stage of
compensation) (Table 1).

Table 1 demonstrates that the a-ketoglutarate
concentration in the examined brain structures
remained within the normal range at a compensation
stage by the 70th minute of HS. In case of increased
GDG activity (Table 2) catalyzing its transforma-
tion into glutamate by reductive amination a-ketog-
lutarate consumption in the tricarboxylic acid cycle
during the specified period was reduced.

A comparison of results demonstrates that by
the 70th minute of the HS compensation stage, disor-
ders of glutamate metabolism are most progressive in
phylogenetically younger brain structures (sensori-
motor cortex, limbic system and diencephalon). In
sensorimotor cortex and diencephalon, the gluta-
mate involvement in the glutamine formation was
decreased following persistence of a-ketoglutarate
reductive amination stimulated earlier. In the limbic
system, the glutamate formation from a-ketoglu-
tarate increased previously was normalized due to
alteration of glutamate-to-glutamine formation. At
the same time, in the medulla, glutamine this com-
partment. This was due to the glutamate involve-
ment in coupled metabolic reactions such as
transamination and ammonia involvement in the
amidation of tissue protein carboxylic groups.

First of all, results show that in animals with the
HS agonic stage caused by acute uncompensated
blood loss a decrease in the a-ketoglutarate concen-
tration become evident in all investigated brain
structures: by 52% in the sensorimotor cortex, by 47,
48 and 46% in the limbic system, diencephalon and
medulla oblongata, respectively (Table 1). Since this
metabolite is an important component of the tricar-
boxylic acid cycle and related metabolic reactions
[24], its deficiency indicates severe metabolic disor-
ders, which develop during the agony in the investi-
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JKaeTcs1 BOBJICUEHHE IJIyTaMara B 00pasoBaHue IiryTa-
MUHa Ha (hOHE COXpaHEHWs, CTUMYJIUPOBAHHOTO pa-
Hee, BOCCTAHOBUTEJIHHOTO aMUHUPOBAHUS Q-KETOT-
Jgyrapara. B jumOudeckoMm Mosre oOpasoBaHue
ryyTaMaTa u3 ¢-KeTOTJIyTapara, MOBBIIIEHHOE paHee,
HOpMaJiM3yeTcsi Ha (hOHe HApYIIEHUs BOBJIECUEHUS
riyTamara B oOpasoBanue riryramuHa. OHOBpeMeH-
HO B TIPOJIOJITOBATOM MO3T€ CTUMYJIMPYETCS JIe3aMHU-
JIUPOBaHUE ITyTaMUHA, HE COTIPOBOK/IASICh HAKOTLIE-
HUEM B €ro KJIeTKaX TJyTamMaTa W aMMHuaka. JTo
00BSICHSIETCS KaK BOBJICUEHHMEM TJIyTaMara B COIpsi-
JKEHHbIe MeTabOINYeCKIe PEaKIInu, HalpuMep rnepe-
AMUHUPOBAHUS, TAK BOBJIEYEHUEM aMMHUaKa B aMUJTH-
poBatue KapOOKCUJIBHBIX TPYIII TKAHEBBIX OEJIKOB.

ITepBoe, uTo GpocaeTcs B TJIasa IPU aHaJIM3e pe-
3yJIBTATOB MCCJIEIOBAHUS Y JKIBOTHBIX B arOHAJIbHYTO
craguio ['IIl, BrI3BaHHOTO OCTpPOIl HEBO3MEIIEHHOM
KPOBOIIOTEPEN, 9TO CHIIKEHUE KOHIIEHTPAIUU ¢-Ke-
TOTJTyTapaTa BO BCEX MCCIEyEMBIX CTPYKTYPax TOJIO-
BHOTO MO3Ta: B CEHCOMOTOPHO! KOpe Ha 52%, B JINM-
OUYECKOM, TPOMEKYTOUHOM U ITPOJIOJITOBATOM MO3Ie
Ha 47, 48 u 46% coorsercreenno (tabi. 1). Ilockoib-
Ky JIQaHHBI MeTabOJIUT SIBJISIETCST OHUM U3 BasKHBIX
KOMIIOHEHTOB IIMKJa TPUKAPOOHOBBIX KHUCJIOT U CO-
NPSKEHHBIX € HUM MeTaboInvecKux peakuuil [24],
TO €ro JAeUIUT yKasbiBaeT Ha riyOoKe MeTaboIu-
YecKue HapylleHus], KOTOpPble Pa3BUBAIOTCS TIPH aro-
HUU B WCCTEYEMBIX CTPYKTYypPax TOJIOBHOTO MO3Tra
He3aBUCUMO OT CTeTleHU WX (PUIOTeHeTHUeCKOU 3pe-
goctu. OIHOI U3 TIPUYHH TOTO CJIe/lyeT paccMaTpu-
BaTh CTUMYJISIIIIO BOCCTAHOBUTETHHOTO aMIUHIPOBA-
HUS a-KeTorayTapara. HecsrydaitHo y aroHUpyommx
JKUBOTHBIX akTUBHOCTH ['/II' B ceHCOMOTOPHOIT KOpe,
JIUMOUYIECKOM, MPOMEKYTOUHOM U IIPOAOJTOBATOM
Mo3re TipeBbiiiana Hopmy Ha 27, 33, 37 u 39% coor-
BercTBeHHO (Tabu. 2). OnHAKO, 9TO He TpeayTpeskKaa-
JIO HAKOTIJIEHUST aMMUaKa, KOHIIEHTPAIUST KOTOPOTO Y
ArOHUPYIONIUX KUBOTHBIX MTPEBbIINATA HOPMY B CEH-
COMOTOPHOII KOpE, TMMONYECKOM, TIPOMEKYTOTHOM U
IIPOOJITOBATOM MO3Te Ha 75, 53, 58 1 56% cooTBeTcT-
BeHHO (Tabu. 1). B oTimdre oT IpomoroBaToro Mos-
ra, B (puioreHeTIecKr 60JIee MOJIOJBIX OTIEaX Io-
JIOBHOTO MO3Ta OJIHOW W3 MPUYUH COXPaHEHUS
BBICOKOI KOHIIEHTPAIlUM aMMHaKa B aroHaJbHYIO
CTAINIO SIBJISIJIACH CTUMYJISIUS J1€3aMUTPOBAHUS
riyramMmiuHa. Ha 9To yKaspIBaeT MOBbITIIEHHAS OTHOCH-
TEJIBHO HOPMBI AKTUBHOCTH IJIyTAMUHA3BI B CEHCOMO-
TOPHOU KOpe, IUMOMYECKOM U ITPOMEKYTOTHOM MO3-
re Ha 43, 38 u 32% coorBercrBenHo (tabm. 2). Ipu
TOM aKTUBHOCTb TJIyTaMUHAa3bl B CEHCOMOTOPHO
KOpe MPEBBITIAa AaHATOTUIHBIH TTOKA3aTe b IS TIPO-
JIOJITOBATOr0 MO3ra, Torjga Kak aktuBHOcTb IJIT' B
MIPOIOJITOBATOM MO3T€ TIPEBBIIITAIA AHATIOTUIHBIH 1T0-
KasaTeJlb B CEHCOMOTOPHOI KOpe, JTUMOHYECKOM U
MIPOMEKYTOUHOM Mo3re (Tabr. 2).

B Heiiponax opiHOBpeMeHHas HeWTpaanu3arus
rJyTaMaTa 1 aMMHUaKa CBsi3aHa ¢ 00pa3oBaHUEM IJTy-
tamuna, kataausupyembim I'C [9]. ¥V aronupyiouux

gated brain structures irrespectively of their phyloge-
netic age. It may be explained by the stimulation of a-
ketoglutarate reductive amination. It is no coinci-
dence that in agonizing animals the GDG activity in
the sensorimotor cortex, limbic system, diencephalon,
and medulla oblongata exceeded the normal limits by
27, 33, 37% and 39%, respectively (Table 2).
However, it did not prevent the accumulation of
ammonia, which concentration in agonizing animals
exceeded the normal limits in the sensorimotor cor-
tex, limbic system, diencephalon and medulla oblon-
gata by 75, 53, 58 and 56%, respectively (Table 1).
Unlike medulla oblongata, stimulation of glutamine
deamidation was one of factors maintaining high
ammonia levels in the phylogenetically younger parts
of the brain. It was confirmed by a 43, 38 and 32%
increase in glutaminase activity in the sensorimotor
cortex, limbic system and diencephalon, respectively
(Table 2). At the same time, glutaminase activity in
sensorimotor cortex exceeded that of medulla oblon-
gata, whereas the GDG activity in the medulla was
higher than that in the sensorimotor cortex, the lim-
bic system and diencephalon (Table 2).

In neurons, simultaneous neutralization of glu-
tamate and ammonia is associated with the gluta-
mine formation of catalyzed by GS [9]. Agonizing
animals demonstrated a 36 and 28% reduction in the
GS activity in the sensorimotor cortex and the dien-
cephalon, respectively (Table 2), thus confirming a
reduction in the glutamine formation there. In the
limbic system and medulla, the GS activity in the HS
agonal stage remained within the normal range
(Table 2). However, the latter does not exclude
impairment of this metabolic reaction due to ATP
deficiency found in the brain during the HS agonal
stage [25].

The increased formation of glutamate during
reductive a-ketoglutarate amination and glutamine
deamidation, as well as impairment of glutamate
involvement in the glutamine formation should
increase the concentrations of this metabolite in tis-
sue. However, its concentration in all investigated
structures of the brain of agonizing animals did not
differ from the normal one (Table 1). It demonstrates
the increased involvement of glutamate in metabolic
reactions associated with its exchange, retaining its
high activity even at the agonal stage.

Conclusion

1. Phylogenetically diverse parts of the brain
of mammals do not differ in the rate of glutamate for-
mation from glutamine, whereas the rate of gluta-
mate involvement in the glutamine synthesis in neu-
rons of the sensorimotor cortex was higher than that
in limbic system, diencephalon and medulla oblonga-
ta. The rate of glutamate formation in reductive ami-
nation of a-ketoglutarate is the highest in medulla
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BKCHGPIAMGHTQABHHC MCCACAOBAHM I

KUBOTHBIX OOHAPYsKeHO cHmkenne aktuBHocTh ['C B
CEHCOMOTOPHOH Kope M IPOMEKYTOYHOM MO3Te Ha
36 u 28% cooTBeTcTBEHHO (TabI. 2), 4TO YKA3HIBAET
Ha HapylieHnre o6pa3oBaHus B HUX TAyTamuba. B
JUMOIYECKOM MO3TE ¥ TIPOIOJITOBATOM MO3T€ aKTHB-
nocts I'C B aronanbuylo craguio I'lIl ocrasanach B
npegenax HopMbl (Tabir. 2). OmxHAKO, 9TO HE MCKIIIO-
YaeT HAPYIIEHWs JAaHHOH MeTaboIMIecKoi peakiun
us-3a geduiura ATD, uTo 6bLIO OOHAPYIKEHO B TO-
JIOBHOM MO3T€ B arOHAJBHYIO CTAINI0 TeMopparndec-
KOro 1mroka [25].

VBenuuenne o6pazoBaHust TIyTaMara B IPO-
Iiecce BOCCTAHOBUTEIBHOTO aMIHIPOBAHUS (4-KEeTOT-
JiyTapara u Je3aMUIUPOBAHNS TIyTaMIHA, a TaKKe
HapyIleHe BOBJIEUEHUsT TIyTaMaTa B 0Opa3oBaHue
TJIyTaMUHA JIOJDKHO TIPUBOJUTH K MOBBITIEHUIO KOH-
MeHTPAIIY TaHHOTO MeTabosinTa B KieTke. Mexmy
TEeM, ero KOHI[eHTPAIINs BO BCEX MCCIEAYEMbIX OT/ie-
JIaX TOJIOBHOTO MO3Ta arOHUPYIONINX KIMBOTHBIX HE
oTIMYaIach oT HOpMbI (Tabu. 1). DTo yKaspiBaeT Ha
MIOBBINIIEHHOE BOBJIEUEHHUE TJIyTaMaTa B COMPSIKEH-
Hble C €r0 0OMEHOM MeTaboINYecKue Peakiiu, Co-
XPaHSIOIINE CBOIO MTOBBIIEHHYIO aKTHBHOCTBD JIa’Ke B
aTOHAJIBHYIO CTAHIO.

3akiaouyeHue

1. DunoreHeTwyecKn pasHble OTAEIBI TOJIO-
BHOTO MO3Ta MJIEKOMUTAIOMNUX HE Pa3IudaroTcs
MesKLy cODOIl TI0 CKOPOCTH 00pa3oBaHMs TIyTaMara
13 TIyTaMUHA, TOT/a KaK CKOPOCTh BOBJICUEHUS TJTY-
TamMaTa B CHHTE3 ITyTaMUHa B CEHCOMOTOPHOI Kope
BBIIIIE, YEM B JIIMOUIECKOM, IIPOMEKYTOUHOM U IIPO-
nosrosaroM mosre. CKoOpocTh 06pasoBaHUsI IIyTa-
MaTa IPU BOCCTAHOBUTETHHOM AMUHUPOBAHUH ¢-Ke-
TOTJIyTapaTa MaKCUMaJibHa B MTPOJIOJTOBATOM MO3TE,
MUHUMaJbHA B MTPOMEKYTOYHOM MO3T€ W CEHCOMO-
TOPHOH KOpe.

2. IIpm reMopparnveckoM IIOKe paHHUE U3Me-
HeHUst MeTabosIn3Ma TJlyTaMara HauMHAITCS B Heli-
POHAX CEHCOMOTOPHOU KOPBI M MPOSBISIOTCS CHU-
JKEHMEM BOBJICUEHHUST TJIyTamara B oOpasoBaHue
rJlyTaMUHA JI0 YPOBHS, XapaKTePHOTO (hUIoreHeTH-
Yyeckn GoJjiee CTapbiM CTPYKTypaM T'OJOBHOIO MO3Ta
(muMOMYeCKU, IPOMEKYTOUHBINA U TIPOILOJITOBATHII
M03T). OTHOBPEMEHHO C 3TUM B CEHCOMOTOPHON KO-
pe, TMMOUIECKOM U TIPOMEKYTOUHOM MO3TE aKTHBH-
pyercst o6pasoBaHue riyTamMaTa Ipu Je3aMUAnpoBa-
HUW TJyTaMWHa. OJTO BBI3bIBAET HAKOIJIEHHE
rlyTaMara ¥ aMMHUaKa.

3. B mposnonrmpoBannyio (asy KoMIleHcalun
['TIT HapyuieHus MeTaboIM3Ma TJlyTaMaTa B CEHCOMO-
TOPHOW KOPEe W MPOMEKYTOUHOM MO3Te HapacTaioT:
HaOI0aeTCsT TOPMOIKEHIE BOBJICUEHHUS IJIyTaMaTa B
obpasoBaHue IJIyTaMUHA U3-3a CHUKEHUST aKTUBHOC-
™ I'C Ha doHe CTUMYISAIUU BOCCTAHOBUTETHHOTO
aMUHUPOBaHUS @-KeToryiyTapaTa. B mpomoaroBarom
MO3T€e OTCPOYEHHAS CTUMYJISIUS Je3aMUIUPOBAHUS

oblongata and the lowest in the diencephalon and
the sensorimotor cortex.

2. In case of hemorrhagic shock, early changes
in glutamate metabolism begin in neurons of the sen-
sorimotor cortex and are manifested by decreased
glutamate involvement in the glutamine formation to
the level typical for phylogenetically older brain
structures (limbic system, diencephalon, and medulla
oblongata). At the same time, in sensorimotor cortex,
limbic system and diencephalon, glutamate produc-
tion is activated during glutamine deamidation as
compared to similar process in medulla oblongata,
causing the accumulation of glutamate and ammonia.

3. Inprolonged HS compensation phase, disor-
ders of glutamate metabolism in the sensorimotor
cortex and diencephalon keep worsening: the gluta-
mate involvement in the glutamine formation is
inhibited due to decreased GS activity on the back-
ground of stimulation of the reductive amination of
a-ketoglutarate. In medulla oblongata, the delayed
stimulation of glutamine deamidation is accompa-
nied by the inhibition of its formation that does not
result in accumulation of glutamate and ammonia,
unlike in other parts of the brain,.

4. During the agonal state in animals with HS,
the reductive amination of a-ketoglutarate is stimu-
lated in all brain structures irrespective of their phy-
logenetic maturity and accompanied by a decrease in
an a-ketoglutarate concentration with no alterations
of glutamate concentrations. At the same time, in
phylogenetically younger brain structures (sensori-
motor cortex, limbicsystem and diencephalon) the
formation of glutamate by glutamine deamidation
reaction is activated due to selective inhibition of
glutamate involvement in glutamine formation in
neurons in sensorimotor cortex and diencephalon
compartments.

[JIyTaMUHa COIPOBOXKIAETCST TOPMOKEHUEM €ro 00-
pasoBaHus, YTO He TTPUBOJNUT, B OTJINYHE OT JPYTUX
OT/IEJIOB TOJIOBHOTO MO3Ta, K HAKOTJIEHNIO TJIyTaMara
1 aMMHUaKa.

4. Ilpu pa3sBUTHM aroHAJIBHOTO COCTOSTHUS Y
skuBoTHBIX ¢ ['TIl BoccTaHoBuTETBHOE aMUHMPOBA-
HUe ¢-KeToTJyTapaTta CTUMYJINPYeTCs BO BCeX HC-
cJielyeMbIX OT/leJlaX TOJIOBHOTO MO3Ta He3aBUCHMO
OT cTerneHn ux (pujIoreHeTUIeCcKoi 3pesIoCTH, COIpo-
BOXKIASICh CHUKEHWEM CO/IlepKaHns B HUX Q-KeTOr-
JyTapata Mpu OTCYTCTBUHM M3MEeHEHWIH KOHIIeHTpa-
1 raytamata. OJIHOBPEMEHHO B (PUIIOT€HETHYECKH
6oJsiee MOJIOZIBIX OT/Ie/IaX TOJIOBHOTO MO3ra (CEHCO-
MOTOpPHas KOpa, JUMOWYECKUI U TPOMEKYTOUHBII
MO3I') aKTUBHpPYeTCs: 0OpasoBaHUE TiryTamara IpU
Jle3aMUINPOBaHIe TJIyTaMiuHa Ha (hoHe M36upaTesib-
HOT'O TOPMOJKEHUST BKJIIOUEHUs TIyTamMmaTta B 00paso-
BaHMe TJIyTaMIHA HeHPOHAMU CEHCOMOTOPHOMN KOPBI
1 IPOMEKYTOYHOTO MO3Ta.
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