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Pe3rome

Ileb MccaeqOBaHUS — U3YYNUTH BIUSTHUE THepObapuueckoit okcureHanuu (I'50) Ha KUCIOPOTHBIR
pe’kuM 1 0OMeH aMMHaKa B TOJIOBHOTO MO3Te KOIIEK IIPU FeMOPParudeckoM IIOKe.

MarepuaJs 1 MeToabI. B onbiTax Ha 164 KomKkax (camupl) nccienosaiu Bausaue 'O (3 ata, 50 MuH) Ha
kpoBoToK (MKT), Hanpsiskenne kucaopopna (PO,), conepskanne ammuaka (AM), mryramuHa (I's), myramara
(I't), a-retomtyraparta (¢-KI'), aktuBHOCTH miyTamataerugporenassl (LI, rmyramuacunTerassl (I'C), dpoc-
¢arzaBucumoii rmyramuHassl (P3I7) B ceHCOMOTOPHOM KOpe rosioBHOro moara (CKI'M); cogepskanme Am, I'n
¥ TIOKAa3aTesid KUCJIOPOAHOTO peskrMa B apTepuaIbHON KPOBU Y BEHO3HOM KPOBU CAarUTTAJbHOIO CUHYCA
IIPY reMOpparunyecKkoM IIIOKe, BHI3BBAHHOM JPOOHBIM KpoBomyckanueMm (a.femoralis, 10 My1/kr/10 MuH B
cpenneM obbeme 24+0,8 myi/Kr). KpoBonyckanue npekpaniagiv Ipyu CHUYKEHUH CUCTOJIMYECKOTO apTepu-
aJIBHOTO nasJseHud 1o 60,0+1,5 MM pr. cT. 'O HaynHa/M Ha 10 MPHYTE IOCTTEeMOPPAarn4eCcKoro nNepuoja u
IPOBOAMJIN B peskuMe 3 ara, 60 MUH.

Peaynrsrarel. CHmokenne MKT u PO, B CKI'M pa3BuBatorcs y:ke Ha 10-11 MUHYTe, IPOTPECCUPYS B CTAIUIO
JIeKOMITeHCalluy reMopparndeckoro moka (60+14 mun). Hakonstenne Am B CKI'M B cTafuio feKoMITIeHCallun
reMOpparuvecKoro MoKa MPOUCXOAuT Ha poHe cTumynasanun akTuBHOCTH D3I u I'/]T, yrHeTeHUs1 aKTUBHO-
ctu I'C u nedunura a-rerornyrapara. 'O, He ycrpanss runokcuio B CKI'M, nipefgorBpaliaeT: pa3BuTue
CTa/INY IEKOMIIEHCAIIUH Y }KUBOTHBIX C TEMOPPArn4eCKUM IIIOKOM, TIaTOJIOTMYeCKOe HaKOIJIeHe AM U CHU-
skerne aktuBHOCTH ['C B CKI'M, yBeiMumBasA MHKPEUIO U3 Hee B KPOBb ITyTamMuHa. B ycnoBusax 'BO co-
XpaHseTCs CTUMYJIHUPYIOIIee BJIUSAHIE TUIIOKCUU Ha aKTUBHOCTB [JI[;, HO KOHIIEHTpaIus IyTaMara 0OCTaeTcst
B IIpeJiesiaX HOPMBI, Kak U aKTUBHOCTb P 3T

3akJrouenne. [unepbapuyeckasi OKCUTeHaIHs, He ycTpaHsisa runokcuio B CKI'M, koTopasi pa3BUBaeTCs
TIPY TEMOpparn4ecKoM IIIOKe, IPeI0TBpaIaeT HapylIeHrne oOMeHa B Heil aMMHaKa, BEI3BAaHHOE OCTPOI He-
BO3MEIIEHHON KPOBOMOTEPEN.

Kntoueswte cnosa: 2uneporcus; Kposonomepsi; 2008HOL M032; KUCIOPOO; AMMUAK; MeMAaBbOoIUIM

Summary

Purpose. To study the effect of hyperbaric oxygenation (HBO) on the oxygen regime and ammonia
metabolism in the neurons of cat cortex in hemorrhagic shock.

Material and methods. Experiments were performed on 164 cats (males). The effect of HBO (3 ATA, 50
min) on cerebral blood flow (CBF), oxygen tension (PO,), the content of ammonia (Am), glutamine (Gn),
glutamate (Gt), a-ketglutarate (a-KG), the activity of glutamate dehydrogenase (GDG), glutamine syn-
thetase (GS), phosphate-dependent glutaminase (PDG) activity was studied in the sensorimotor cortex
(SMCQO); the content of Am, GN and oxygen parameters in arterial (AB) blood and venous blood (VB) of the
sagittal sinus in hemorrhagic shock caused by fractional bloodletting of their femoral artery at a rate of
10ml/kg/10 min in an average volume of 24+0.8 ml/kg, which was stopped with a decrease in systolic blood
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pressure to the level of 60.0+1.5 mm Hg. HBO was commenced on post-hemorrhagic minute 10 following

the regimen of 3 ATA for 60 min.

Results. The decrease in CBF and PO, in SMC develops as early as the 10th minute of hemorrhagic shock,
progressing to the stage of hemorrhagic shock decompensation (60+14 min). Accumulation of Am in the SMC
at the stage of hemorrhagic shock decompensation associated with stimulation of PDG and GDG activity, in-
hibition of hemorrhagic shock activity and deficiency of ¢-KG. HBO, without eliminating hypoxia in SMC, pre-
vented the development of the decompensation stage in animals with GS, pathological accumulation of Am,
and a decrease in the activity of hemorrhagic shock. HBO increases the Gn increment from the SMC, into the
blood. Under HBO conditions, the stimulating effect of hypoxia on GDG activity remains, but the concentration
of glutamate remains within the normal range, as does the activity of PDG.

Conclusion. Hyperbaric oxygenation, without eliminating hypoxia in SMC, which develops in hemorrhagic
shock, prevents a violation of the exchange of ammonia in it, caused by acute non-compensated blood loss.

Keywords: hyperoxia; blood loss; brain; oxygen; ammonia; metabolism
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BBenenue

HecMmoTpst Ha 60JIBIIIOE KOJTUYECTBO IKCIIe-
PYUMEHTAJIbHBIX UCCJIEJOBAHUN U KJIMHUYECKUX
HaOJIIOIEHU Y, MEXaHU3MbI Pa3BUTHUSI TeMopparu-
yeckoro 1moka (') nmpomoJpkamT MpuBJIEKaThb
BHUMaHUe HcciegoBaresieid. [Ipu aToM OTKpBI-
BAIOTCsI KaK He M3BeCTHble paHee MEXaHU3MBbI
aJiarnTaly opraHnaMa K OCTPOU MaCCUBHOU KPO-
Bomorepe [1, 2], Tak u neMoHCTpupyercs apdex-
TUBHOCTH HOBBIX METOJOB ee JjedeHus (3, 4]. B
TOKe BpeMs MHOTHe BOIIPOCHI OCTalOTCs HE U3y-
YeHHBIMU, HAllpuMep, MeTab0J/IM3M aMMUakKa B
CTPYKTypax TOJIOBHOI'O MO3ra Ha HayaJbHOM
arane pa3dBurtus ', korma TPOUCXOOUT MAKCH-
MaJibHasg aKTHUBAIUsA agalTalOHHO-MeTab0 M-
YeCKUX peaKlUi opraHuaMa B OTBET Ha OCTPYIO
KpoBororepio [5]. OgHuM u3 3 peKTUBHBIX METO-
JIOB yCTpaHeHUsI HapylleHus1 oOMeHa aMMUaKa B
OpraHu3Me NpPU NATOJIOTUM TeYeHU SIBJISAETCS
runiepbapuyeckass okcureHanus (I'BO) [7, 8].
Mesk 1y TeM BOIIPOC O BJIUSTHUY JIeUeOHBIX PEKU-
MoB I'BO Ha oOMeH aMMHuaKka B TOJIOBHOM MO3re
MIPU KPUTUYECKUX COCTOSTHUSIX OPTaHU3Ma OCTa-
eTcsl OTKPBIThIM. COTJTaCHO ONHUM HCCJIEqOBa-
HUSIM, TUIEPOKCHUsI OKa3bIBaeT BbIPAKEHHBIN
Je4eOHbIH a(deKT y OOJIBHBIX C IATOJIOTHEHN
rOJIOBHOT'O MO3Tra [8, 9], Torga Kak 10 IPYyTruM JaH-
HBIM, OIIpeeJIeHHbIe PesKUMBbI TUIIePOKCUY Hapy-
IIAIOT MO3TOBOU KPOBOTOK, IIPOBOIIUPYSI PA3BU-
THE CYLOPOKHOIro cuHapomMa [10].

Lesp nccienoBannsa — U3y4eHNe BIUAHNAA
I'bO Ha KMCJIOPONHBIN PEKUM U 0OMEH aMMHaKa
B HellpoHaX CEHCOMOTOPHOU KOPHI T'OJIOBHOTO
MO03ra Ipyu TEMOPPArunvecKoM II0Ke, BhI3BAHHOM
OCTPOI HEBO3MEIIIEHHOU KPOBOIIOTEPEN.

MarepuaJa u MeToabI

OmnbITHI TPOBEJIN HAa 164 KOIIKaX (CaMIIbl) MacCOU
3,5+0,07 KI, HApDKOTU3MPOBAHHBIX TUOIIEHTAIOM HaTpUs
(20 mr/kr). Pabotry c aKCIIepUMEHTAJIbHBIMU SKHUBOT-
HBIMU IIpOBOAMJIM C y4deToM «[IpaBuJs npoBeneHUA
paboT € UCI0JIb30BaHNEM IKCIIEPUMEHTATbHBIX YKUBOT-
HBIX», yTBep>kAeHHbIX [Ipukazom M3 CCCP ot 12.08.77 .

Introduction

Despite a large number of experimental stud-
ies and clinical observations, the mechanisms of
development of hemorrhagic shock continue to at-
tract the attention of researchers. At the same time,
previously unknown mechanisms of adaptation of
the body to acute massive blood loss are clarifying
[1, 2], and the effectiveness of new methods of its
treatment are demonstrating [3, 4]. At the same
time, many questions remain unexplored, for ex-
ample, the metabolism of ammonia in the brain
structures at the initial stage of HSh development,
when the maximum adaptive metabolic reactions
of the body in response to acute blood loss are ac-
tivated [5]. Hyperbaric oxygenation (HBO) is one of
the most effective approaches to fight altered am-
monia metabolism in the body in liver pathology
[6, 7]. Meanwhile, the the effects of treatment regi-
mens of HBO ammonia exchange in the brain in
critical conditions remain understudied. There are
also many ambiguities on impact of hyperoxia on
various brain areas in a critical illness. According to
some studies, hyperoxia has a significant therapeu-
tic effect in patients with brain pathology (8, 9]; ac-
cording to other studies, certain modes of hyper-
oxia disrupt brain blood flow, provoking the
development of convulsive syndrome [10].

The purpose of this study was to study the ef-
fect of HBO on the oxygen regime and ammonia ex-
change in neurons of the sensorimotor cortex of the
brain in hemorrhagic shock caused by acute non-
compensated blood loss.

Materials and Methods

Experiments were carried out on 124 cats (males)
weighing 3.5+0.07 kg, anesthetized with thiopental-Na
(20 mg/kg). Work with experimental animals was carried
out taking into account the «Rules of working with exper-
imental animals», approved by the Order of the Ministry
of Health of the USSR from 12.08.77 (No. 755). Hemor-
rhagic shock was caused by acute non-compensated
blood loss. It was performed by fractional bloodletting
from the right femoral artery (speed 10 ml/kg/10 min, av-
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(Ne 755). TemopparnyecKkuii IOK BbI3bIBAJIN OCTPOU He-
BO3MeIIeHHON KpoBorioTepeii. Ee TpoBoawIz TpoOHBIM
KPOBOITyCKaHWEM U3 MPABOU OeIPeHHON apTepuu (CKO-
poctb 10 Mu1/Kr/10 MUH, cpegHUN 00beM 24+0,8 MJI/KT).
KpoBonorepio npeKkpalaiy Ipy CHUSKEHUU CUCTOJIAYe-
CKOT0 apTepuaJbHOro naBjeHus (cucAJl) mo ypoBHA
60,0+1,5 mMm pr. cT. I'BO (3 ara (303,6 klla) — 60 muH) Ha-
4rHa/IX Ha 10-11 MUHYyTe [T0CJIe KpOBOIIYCKAaHUSA. ApTepu-
aJIbHOE JaBJleHre U3MePs/Iu NPSAIMbIM CIIOCOOOM I10CjIe
KaTeTepHU3alliy JeBoH OefpeHHO0H apTepuu. JKMBOTHBIX
pacnpenesuv Ha 5 cepuil onbITOB. 1 cepus (UCXOTHOE
COCTOSIHME, KOHTPOJIb) 3I0pOBblEe SKUBOTHBIE,
cncA/l=154,5+3,0 MM PT. CT.; 2 cepusi — >KUBOTHBIE, HC-
cje0BaHHbIe Yyepe3 10 MUH I10CIe KPOBONYCKAaHUA U
crabuusanyu cucAJl Ha ypoBHe 60,0+1,5 MM pT. CT. (Ha-
yajibHaA asa KOMIIeHCAIlu FeMOpParuyecKoro IoKa);
3 cepusi — JKMBOTHBIE, YKU3HECIIOCOOHBIE Yyepes 70 MIH
TOCJIe KPOBOITyCKaHWA IIpyu CUCAJl=54,7+2,3 MM PT. CT.
(mposioHrMpoBaHHasA dasza KOMIIEHcAlluy reMopparuye-
CKOTO IIIOKA); 4 Cepusi- })KUBOTHBIE, Y KOTOPBIX B TCUCHUN
60+14 MUH TIOCJIe KPOBOIYCKaHMs pa3BmiIach ¢asa je-
KOMIIeHCalluy reMOpparn4eckoro moka (cucAJ/l=9,8+1,5
MM PT. CT.); 5 CEpUAl — YKUBOTHBIE, KOTOPBIX uepe3 10 MuH
110J1e KPOBOITyCKaHUsA (HauasibHasA (haza KoMIleHcaluu
reMOpparnyecKoro II0Ka) IoMelaal B 6apokaMepy u
nposogunu ceaHc I'BO. (Ilocsne pexommpeccun —
cucAJl=74,3+6,2 MM PT. CT.). OOBEKTOM UCCIEOBAHUS
CJIy>KUJIM: TKAaHb CEHCOMOTOPHOU KOPBI I'OJIOBHOTO
moara (CKI'M), aprepuasibHast KpoBb (OeapeHHast apTe-
pH¥A) ¥ KPOBb CarMTTaJAbHOI0 BeHO3HOro crHyca. B CKIM
HCCIIeJOBAJIM MO3rOBOY KPOTOK METOJOM BOJOPOIHOIO
rimpeHca [11], HanpsisreHue kucaopoga (MPO,) — moJis-
porpaduyeckum MeTonoM [12]. C 1oMoIIbI0 MUKpOaHa-
smaaropa kposu BMC 3 Mk2 (PagromeTp) B apTepualib-
HOW M BEHO3HOU KPOBU OIpPeHesIsiii HamlpsisKeHue
rucaopoga (aPO, u vPO,), cogepsxaHnne OKCUTeMOIJIO-
6muna (aHbO, 1 VHbO,), BEIYMCIAIN cofepsKaHne KICIIO-
pozra B kpoBu (a0, u vO,). BesimunHy 1OCTaBKU KUCJIO-
porma (DO,) B M03r omnpepnessand, Kak NPONU3BeJeHNe
MO3TrOBOI'0 KPOBOTOKA Ha a0,. IKCTPAKIIUAIO KUCJIOPOAa
U3 KPOBU MO3roM (a-B)O, BEIUUC/IAIN KaK apTepuo-Be-
HO3HYIO PAa3HHUILy 110 €0 COJlepsKaHuUIO B IIpUTEKaloIen
(apTepuaJibHOI) 1 OTTEKAOIEeN (BEHO3HOM) KpoBHu. [To-
TpebiieHre Kucaopoaa Mo3rom (VO,) ompeesisyia Kak
pou3BeleHrne MO3TOBOT0 KPOBOTOKA Ha (a-B)O,. i
OTIpesiesIeHNsI CoflepsKaHNs a30THCTBIX MEeTabOoJINTOB,
MO3T 3aMOPaKUBAJIU B SKUAKOM a30Te, TOMOTeHU3UPO-
Basu 1 munyTy B 0,6N pactBope HCIO, B cooTHOIIEHUU
1:6. TomoreHnar ceHCOMOTOPHOU KOPbI F'OJIOBHOI'O MO3Ta
9KCTparupoBasiv Ha Xos101y 10 MUH 1 OCcayK Iy LEeHTPU-
¢yruposanuem B nentpudyre «[IBP-1» (t= 0-(—4°)C) pu
22000 g B Teyenue 15 muH. Conepsranre aMMHAaKa B TKAaHU
TOJIOBHOI'O MO3Ta OIpenesisiii MUKPoau(dy3noHHbIM
meTonoMm [13], myTaMuHa — MeTOLOM KHUCJIOTHOTO THI-
poJinaa [14], ¢-keTornmyrapara u ryramara — epMeHTa-
TUBHBIM METO/IOM C IyTamarjeruaporenasoi [15]. Co-
JepskaHre aMMHaka B IIa3Me KpOBHU OIlpefeJisiiv
(hbeHUITUNOXJIOPUTHBIM MeToIoM [16], IyTaMuHa — Me-
TOIOM KMCJIOTHOTO riiposin3a [14]. PaccunTeiBaiu apTe-
pY0O-BEHO3HYIO pa3HUlly 1o aMmmuaky (ABPam) u rmyra-
muny (ABPru). B MmuroxongpuansHoil dpaknuu CI'KM
OIIpeesAan akTUBHOCTD IyTamaraerugporenassl (I7110)
[17] 1 docdarsaBucumoii rryramunassel (P3I) [18], B ro-
moreHare CKI'M — aktuBHOCTB DryramuHcuHTeTasbl (I'C)
[19]. BeiesieHrie MUTOXOHAPHAIBHOU (DpaKLyy IPOBOIWIIN

erage volume 24+0.8 ml/kg). Blood loss was stopped with
a decrease in systolic blood pressure (sysBP) to the level
of 60.0+1.5 mm Hg. HBO (3 ATA (303.6 kPa) — 60 min)
began on the 10th minute after bloodletting. Arterial
blood pressure was measured directly after catheteriza-
tion of the left femoral artery. Animals are divided into 5
series of experiments: series 1 (original state, control) —
healthy animals, sysBP =154.5+3.0 mm Hg; series 2 — an-
imals studied 10 minutes after bloodletting and stabiliza-
tion of the sysBP at the level of 60.0+1.5 mmHg (initial
phase of hemorrhagic shock compensation); series 3 —
animals viable 70 min after bleeding (prolonged phase of
hemorrhagic shock compensation) when sysBP=54.7+2.3
mm Hg; series 4 — animals studied within 60+14 min after
bloodletting during the developed phase of hemorrhagic
shock and decompensation with sysBP value 9.8+1.5 mm
Hg; series 5 — animals, which were evaluated after 10-min
bloodletting (initial phase of hemorrhagic shock com-
pensation) in a pressure chamber and subjected to the
HBO session (after decompression, sysBP=74.3+6.2 mm
Hg). The objects of the study included: the tissue of the
sensomotor cortex (SMC), arterial blood (femoral artery)
and blood of the sagittal venous sinus. In SMC we studied
cerebral blood flow (CBF) by the method of the hydrogen
clearance [11], oxygen tension (cPO,) was evaluated by
the polarographic method [12]. Using the microprobe of
the blood of VMS 3 MK2 (Radiometer) in arterial and ve-
nous blood, we measured oxygen tension (aPO, and
vPO,), the content of oxyhemoglobin (aHbO, and
vHbO,), and calculated the oxygen content in the blood
(a0, and vO,). The amount of oxygen delivery (DO,) to
the brain was determined as the product of ut per aO,.
Oxygen extraction — (a-v)O,-from the blood by the brain
was calculated as an arterio-venous difference in its con-
tent (concentration of oxyhemoglobin + content of oxy-
gen physically dissolved in plasma) in the flowing in (ar-
terial) and flowing out (venous) blood. The oxygen
consumption of the brain (vO,) was determined as the
product of the ILC by (a-v)O,. For the determination of
nitrogenous metabolites, the brain was frozen in liquid
nitrogen, homogenized for 1 minute in 0.6 N HCIO, so-
lution at a ratio of 1:6. Sensorimotor cortex homogenate
was extracted in the cold for 10 min and deposited by
centrifugation in CVR-1 centrifuge (t= 0—(—4°)C) at 22000
g for 15 min. Ammonia content in brain tissue was deter-
mined by microdiffusion [13], glutamine — by acid hy-
drolysis [14], a-ketoglutarate and glutamate — by the en-
zymatic method with glutamate dehydrogenase [15].
Plasma ammonia was determined by the phenil-
hypochlorite method [16], 1-glutamine — by the method
of acid hydrolysis [14]. The arterio-venous difference in
ammonia (AVDam) and glutamine (AVDgn) was calcu-
lated. In mitochondrial fractions of the nervous tissue,
the activity of glutamatdehydrogenase (GDG) [17] and
phosphate-dependent glutaminase (PDG) [18], as well as
the homogenate glutaminsinthetase activity (GS) were
determined [19]. The mitochondrial fraction was isolated
by differential centrifugation [20]. The protein content in
the homogenate and mitochondria was determined by
the Lowry method [21].

Statistical analysis was performed using a personal
computer with the help of statistical software package
«Statistica 5.5» and «Microsoft Exel XP». The research re-
sults (independent samples) were processed statistically
using the Student's parametric #-test with preliminary
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TaGumiza 1. KHC/IOpOHBINH pesKHM B CEHCOMOTOPHOM KOpPe FOJIOBHOTO MO3Ta KOIIIEK B IIPOJIOHTHPOBaHHYIO a3y
KOMIIEHCAll¥ FeMOppParudecKoro moxa (M+m).

Table 1. Oxygen regime in the sensomotor cortex of cats in the prolonged phase of hemorrhagic shock compen-
sation (M+m).

Parameters Values of parameters in the study series
Original state, Phase of HSh compensation
n=10 The initial, 10 min after Prolonged, 70 min after
blood loss, n=10 blood loss, n=10
1 2 3
Blood
aPO,, kPa 14.94+1.02 15.32+1.21 17.60+1.04
vPO,, kPa 7.05+0.72 6.43+0.82 5.68+0.73**
(a-v)PO,, kPa 7.89£1.18 8.90+1.48 11.92+1.41**
aHbO,,% 97.2+0.71 97.5+0.36 98.0+0.37
vHbO,,% 73.6£5.25 67.1£6.15 56.0+7.55**
(a-v)HbO,,% 23.6£6.48 30.4+6.20 42.0+7.34**
a0,, mmol/l 8.25+0.22 7.45+0.34 6.96+0.28*
vO,, mmol/l 6.17+0.45 5.02+0.46 3.58+0.49**
(a-v)O,, mmol/l 2.08+0.51 2.43+0.52 3.38+0.62**
Sensomotor cortex

cPO,,% 100 61.3+7.70* 54.1+2.60*
CBE ml/kg/s 15.8+2.37 10.8+2.44 7.63+1.52**
DO,, mkmol/kg/s 131.0+£19.9 80.3+18.50 53.1+10.76*
VO,, mkmol/kg/s 32.849.41 26.2+8.17 25.846.94

Note. For tabl. 1-3: HSh — hemorrhagic shock; ¢ — cortex; CBF — cerebral blood flow; DO, — oxygen delivery; VO, — oxygen
consumption; a0, and vO, — oxygen content, respectively, in arterial and venous blood; aHbO, and vHbO, — the content of
oxyhemoglobin, respectively, in arterial and venous blood; (a-v) — arterio-venous difference. * — P<0.05; ** — P<0.01 — signif-
icance of differences in comparison with the original state;

IIpumeyanwue. []j1s1 TabJ1. 1-5: Parameters — napametpsr; Values of ...in the study series — saHauenwusi... B cepusix uccsenoBanuii; Orig-
inal state — ncxogHoe cocrosinue; Phase of — ¢asa; The initial — nauasnbnas; after blood loss — nocsie kpoomnorepu; Prolonged —
IIPOJIOHTHUpOBaHHAaA. JI71s1 Tabu1. 1-3: HSh — remopparuueckutii mok; ¢ — koprekc; CBF — M03roBoit kpoBoTok; DO, — nqocraBka
kucsopona; VO, — morpebiienne kuciopoaa; a0, u vO, — coepskaHne KUCIOPOo/ia, COOTBETCTBEHHO, B apTEPUAIbHON U BEHO3HOM
kpoBy; aHbO, u vVHbO, — conepskaHne OKCUreMOIVIOONHA, COOTBETCTBEHHO B apTepUaIbHON M BEHO3HOI KpOBY; (a-v) — apre-

pHo-BeHO3Has1 pasHuna. * — p<0,05; ** — p<0,01 — ZOCTOBEPHOCTH PA3IUIHAN I10 CPABHEHUIO C ICXOIAHBIM COCTOSTHHEM.

MeTonoM nuddepeHnmaIbHOro neHTpudyruposanus [20].
Cognep:xaHue Oesika B rOMOreHaTe 1 MUTOXOHAPUSAX OIIpe-
JeJisd 1o Merony Jloypu [21].

CraTucTuyecKui aHaIN3 IPOBOAUIIN C UCIOJIb30-
BaHUeM [1aKeTa CTaTUCTUYeCKUX ITporpaMu «Statistica 5.5»
u «Microsoft Exel XP». Pe3yssrarsl ucciieJoBaHul (He3a-
BHUCHMbIE BLIOOPKH) 00pabaThIBaIN CTATUCTUYECKH C UC-
NOJIb30BaHUEM ITapaMeTPUUYecKOro t-Kpurepus CTbio-
JIeHTa C IpeBapUTeIbHBIM Ollpe/ie/IeHeM aCCUMEeTPUY,
9KcIlecca ¥ MPOBEPKU TUINOTe3bl 0 HOPMaJIbHOM BBIOO-
POYHOM pacrpeneaeHuu [22].

Pe3ynbTarhl ¥ 00CYyK/IEeHHE

Kak mokasanu mcciaemoBanusi (Tabma. 1), y
OJTHOM YaCTH KMBOTHBIX C OCTPOY HEBO3MEIIIEHHOH
KpoBorioTepeii Ha 10-i1 MUHyTe Pa3BUTUA reMop-
paru4yecKoro IokKa OTMeTU/IU CHusKeHue cPo, Ha
39% 1o cpaBHeHUIO ¢ KOHTpoJieM (1 cepus). [Ipu
9TOM [IOKa3aTe/Id KUCJIOPOIHOIO pesKUMa B IIPUTe-
Karorei u orrekamotieir or CKI'M kpoBu mocTo-
BEpHO He MEHSJINCh, KaK 1 MO3TOBOM KPOBOTOK U
DO, (Taba. 1). Ecmti padBuBaach mpoJIOHTUPOBAH-
Has (pa3a KOMIIEHCAIY TeMOPParn4eckoro moka
(3 cepyrs) MPOMCXOANIIO CHAKEHYE MO3TOBOT'0 KPO-
BOTOKA Ha 52% HUyKe KOHTPoJ1A (1 cepus). Besmun-
Ha cPo, 10CTOBEpHO He OTIMYaIach OT aHAJIOTHAY-
HOTO TIOKa3aTeJisi Ha4aJabHOU (ha3bl KOMIIEHC AU
I'IT (2 cepus) u ocraBasach Ha 46% HUYKE UCXOLHO-
ro coctostHUs (TabJ1. 1). OMTHOBPEMEHHO C 3TUM B
KPOBH, IpOTeKalomel yepes Mo3r (tadJ. 1), vPO,

determination of asymmetry, excess, and verification of
the hypothesis of a normal distribution of variables [22].

Results and Discussion

As shown in table 1, one portion (44%) of an-
imals with acute non-compensated blood loss at
the 10th minute of hemorrhagic shock develop-
ment showed a decrease in cPO, by 39% compared
to the control (series 1). At the same time, the pa-
rameters of the oxygen regime in the blood flowing
in and out of the SMC did not significantly change,
as did the cerebral blood flow with DO, (table.1). If
the extended phase of hemorrhagic shock compen-
sation developed (series 3, 70 minutes of the post-
hemorrhagic period), the cerebral blood flow de-
creased by 52% below the control (series 1).

The value of cPO, did not differ significantly
from the same indicator of the initial phase of HSh
(series 2) compensation and remained 46% lower
than the initial state (table 1). Simultaneously, in the
blood that flowed through the brain, vPO, de-
creased by 19%, so (a-V)PO, was 51% higher than
the original state ( series 1) (table 1). The value of
vHbO, became 24% lower than the control (series
1), so (a-v)HbO, 78% higher than it (table 1). The val-
ues of a0, and vO, in the prolonged phase of hem-
orrhagic shock compensation (series 3) decreased
relative to the initial state (series 1) by 16% and 42%,
as aresult (a-v)O, exceeded it by 63% (table 1).
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Tabmauna 2. KucjopoaHo# peskuM B CEHCOMOTOPHOI KOpe roJIOBHOTO MO3ra Kollek B a3y ieKoMIIeHCaliuu

(aroHHs) reMOpparu4vecKoro moka (M=m).

Table 2. Oxygen regime in the sensomotor cortex of cats in the phase of decompensation (agony) of hemorrhagic

shock (M+m).
Parameters Values of parameters in the study series
Original state, The initial phase Phase of HSh
n=9 of HSh compensation, decompensation 60+14 min
10 min after blood loss, n=9 after blood loss, n=9
1 2 4
Blood
aPO,, kPa 15.73+£0.94 16.72+0.82 15.83+0.89
vPO,, kPa 5.69+0.22 4.56+0.32* 5.16+0.69
(a-v)PO,, kPa 10.04+0.88 12.16+0.92 10.67+0.69
aHbO,,% 97.310.41 97.84+0.23 93.8+0.85*
vHbO,,% 65.20+3.57 48.10+4.68* 36.616.70**
(a-v)HbO,,% 32.10+2.37 49.7+4.67* 57.20+ 6.94**
a0,, mmol/l 8.00+0.22 7.00+£0.31 6.60+0.22*
vO,, mmol/l 5.28+0.29 3.21+0.326* 2.32+0.43*
(a-v)O,, mmol/l 2.72+0.32 3.79+0.45 4.28+0.54*
Sensomotor cortex
cPO,,% 100 67.10+4.36* 42.20+7.04*
CBE ml/kg/s 16.20+1.85 8.22+0.89* 4.58+0.50*
DO,, mkmol/kg/s 129.0£15.2 57.60+6.78* 30.2+3.44**
VO,, mkmol/kg/s 44.00+7.41 31.10+5.17 19.6+3.26*

Note. * — P<0.05; ** — P<0.01 — significance of differences in comparison with the original state;
IIpumeuanue. * — p<0,05; ** — p<0,01 — JOCTOBEPHOCTH PAZIUYUN 10 CPABHEHUIO C UCXOJHBIM COCTOSTHUEM.

CHMKAJIOCh Ha 19%, pesyssrare yero (a-v)PO, cra-
HOBMJIACh Ha 51% BBIIIEe NCXOOHOTO COCTOSAHUSA
(1 cepus). Benmmuuna vHbO, ctanoBusiach Ha 24%
HIKe KOHTPOJIsA (1 cepusi), moatomy (a-v)HbO, mipe-
BBINIIaJIa ero Ha 78% (Tabs. 1). B cBoto odepenb
BesinuuHbI a0, 1 vO, B IPOJIOHTMPOBAaHHYIO (pasy
KOMIIEHCAIlU reMOpparndecKoro moka (3 cepus)
CHMSKAJIMCh OTHOCUTEJIBHO MCXOIHOIO COCTOSIHUSA
(1 cepus) Ha 16 1 42%, B pesyiisrare (a-v)O, IpeBbI-
mrasta ero Ha 63% (tabur. 1).

Y Apyroil 4acTu HeJiedeHBIX SKUBOTHBIX C
reMopparu4ecKkuM MI0KOM (TadJI. 2) B HA9aIbHYIO
B (ha3y KOMITeHcaIuu (2 cepuisi) HAOJIOa TN CHU-
sxkenne vPO, Ha 20% OTHOCHUTEBHO KOHTPOJIA (1
cepwuisi), OJHAKO IOCTOBEPHOTo n3MeHeHus (a-B) PO,
He IIPOXCX0IUIIO. BMecTe € TeM, CHUYKEeHHE BeJInIu-
Hb1 VHbO, Ha 26% oTHOCUTENHHO 1 cepum onpeiesisi-
J10 yBesimdeHue (a-v)HbO, Ha 55% 1o cpaBHeHUIO C
HUCXOOHBIM COCTOsTHHEM (1 cepusi). ITO CONTPOBOKIA-
JIOCH (TabJI. 2) CHUKEHHEM B CEHCOMOTOPHOU KOpe
rosioBHOTO Mo3ra cPO,, Mo3rosoro kpoBoroka u DO,
Ha 40, 21 1 30%, COOTBETCTBEHHO, 10 CPABHEHHUIO C
KOHTpoJieM (1 cepusi). Y KABOTHBIX 9TOU I'PYIIIbI B
TeyeHuu 60+14 MUH IOCTTEeMOPParndecKroro repuo-
Jla pa3BUBAJIACh CTaWsA JEKOMIICHCAlUU reMoppa-
TUYECKOTO II0Ka (4 cepusi), KOTOpas XapaKkTepuao-
Bajacb 4-X KparHblM IageHunem DO, B
CEHCOMOTOPHOH KOpe TOJIOBHOTO MO3ra, 3-X Kpar-
HBIM CHUYKEHUEM MO3TOBOI'O KPOBOTOKA, 2-X Kpar-
HBIM CHIKeHneM cPO, OTHOCUTESIBHO KOHTPOJIA (1
cepus). B kpoBu nipu saTtoM BesimunHa vPO, ocTaBa-
J1ack Ha 20% HUYKe UCXOIHOT0 COCTOAHUA (1 cepuA) ;
aHbO, 1 vHbO, O6bL/IM CHHKEeHbI OTHOCHTEILHO HETO
Ha 4% u 26%, B peayisrare (a-v)HbO, nossimanace
Ha 78% (Tabu1. 2). B cBOIO ouepens camkenye vO, Ha

In another part of the untreated animals with
hemorrhagic shock at the initial stage of the com-
pensation phase (series 2), a 20% decrease of vPO,
relative to the control (series 1) was observed, but
there was no significant change of (a-b) HbO.,.
However, the decline of vHbO, by 26% relative to
series 1 determined the increase in (a-v)HbO, by
55% compared to the initial value (series 1) (table 2).
This was accompanied by a 40%, 21% and 30% de-
crease, vs. the control (series 1), in SMC values of
cPO,, cerebral blood flow and DO,, respectively
(table 2). The animals of this group developed the
decompensated stage of hemorrhagic shock within
60+14 min of posthemorrhagic period (series 4). As
can be seen from table 2, the phase of decompen-
sation of hemorrhagic shock was characterized by
a 4-fold drop in DO, in SMC, 3-fold decrease in
cerebral blood flow, 2 — fold decrease in cPO, rela-
tive to the control (series 1), i.e. decompensated
brain hypoxia developed. In the blood, the magni-
tude of the vPO, remained 20% below its initial
state (series 1), aHbO, and vHbO, were reduced rel-
ative to it by 4% and 26%; therefore, (a-v)HbO, in-
creased by 78% (table 2). A 56% decrease of vO, in
the decompensation phase of hemorrhagic shock
resulted in a 56% increase of (a-v)O, relative to the
initial level (table 2).

Among the compensatory mechanisms trig-
gered by acute blood loss, there are three «<hemic»
mechanisms for compensating oxygen deficiency
in the body: arterial-hyperoxemic, venous-hypox-
emic, and combined. The arterial-hyperoxemic
mechanism of hypoxia compensation is associated
with hyperventilation of the lungs and is typical for

mild and moderate blood loss. It is characterized by
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56% B (hasy IeKOMIIeHCAlUU reMOopparun4ecKkoro
IIOKA IIPUBOAMWJIO K YBEJIWYEHUIO Ha 57% (a-v)O,
OTHOCHUTEJIHLHO MCXOIHOI'0 COCTOSIHMA (Ta0I. 2).

Cpeny KOMIIEHCAaTOPHBIX MEXaHU3MOB, 3allyC-
KaeMbIX IIpU OCTPO KPOBOIIOTepe, Pa3/jInyaloT TpU
«reMUYEeCKUX» MeXaHU3Ma KoMIIeHcalnu geduimra
KHCJI0pPOJa B OpraHu3Me: apTepaabHO-TAIIePOKCe-
MUYECKUI, BeHO3HO-TUIIOKCEMUYECKUU U COUeTaH-
HBI. ApTepuaIbHO-IUIIePOKCEMUYECKU TUTI CBSI-
3aH C TUIepBEHTUJISIIMEN JIETKUX, XapaKTepeH J1JIs1
JIETKOU 1 CpellHed TsIPKeCTH KPOBOIIOTepU 1 Xapak-
Tepusyercs nosbliiieHreM aP0O, u aHbO,. BenosHo-
TUTIOKCEMUYECKNIT MeXaHW3M 00ecredynBaeTcs
C/IBUTOM KPHWBOH JUCCOIAAIINY OKCUTEMOTIOOMHA
BIIPaBO B peayJisrare CHyKeHusA pH KpoBu 1 HaKo1I-
Jgenus 2,3-qudocdorunepara B apurpormrax. On
nposiBjsiercss cHukenueM BPO, u BHbO,. [Tatodu-
3MOJIOTUYECKUH CMBICJI 3TUX PeaKIIUH 3aKJII0YaeTCsI
B yBeJIMYEHHE KOJINYEeCTBa KUCJI0OPOa, IIOCTYIIAal0-
IIIeT0 U3 KPOBHU B TKaHU. CONOCTaBJICHHE ITOJIy4YeH-
HBIX PE3YJIBTaTOB IIOKAa3bIBAeT, YTO IIOBBIIICHUE
Irdysun KUCJI0poaa U3 aprepuajbHON KPOBU B
Heiiponsl CKI'M, pasBuBaloliieecsi B OTBET Ha UIlle-
MMIO TOJIOBHOI'O M03ra, He IIpeloTBpalaeT pasBu-
THEe B HUX TUINOKCUHU Ha 10-I MUHYTe pPa3BUTUSA
reMOpparn4eckoro moka. MlHeiMu cioBamu, CUH-
JIPOM IIEHTPATN3AINH KPOBOOOPAIIEHHs ITPU OCT-
PpoIi HeBO3MellleHHOU KPOBOIIOTEPE HE IPeIyIIpesK-
Jaer passurue runoxkcuu CKI'M npu cHuxeHuun
cucAJl o 60,0+1,5 MM pT. cT. [Tpu aTOM OOHAPY KU
CJIeyIOIIyI0 OCOOEHHOCTh paHHEW aganTalu
CKI'M k MaccuBHOU KpoBomnorepe. Ecin y sKUBOT-
HbIX Ha 10-11 MUH IIOCTreMOpparuyecKoro repruona
yBesauyenue (a-v)PO, He COIPOBOKAAIOCH U3MEHE-
HHeM KoHueHTpanuu HbO, mpu npoxoskneHuu
KpOBH Yepe3 MO3TOBBIE COCY/IbI, TO Ha 70-i1 MUHyTe
IIOCTTEeMOPPAarun4ecKoro rnepuona nogaepskanue B
rpeiesiax HopMbl VO, y 9THX SKUBOTHBIX 00€ecIiedn-
BaJIOCh IOIBITKON CpOPMUPOBATh apTepUaIbHO-
TUNIEPOKCEMHUYECKYIO (TEHIECHINA K IOBBIIIEHUIO
aPO, n aHbO,) KoMIIeHCAaTOPHYIO peaKIyio, Ha (poHe
Ppas3BUTUSA BEHO3HO-TUIIOKCEMUYECKOH (CHU)KeHUe
vPO, u vHbO,) koMnieHcaTopHOU peakiyu. B pe3ysnb-
Tare K 70-i1 MUHyTe TeMOPPArnyecKoro II0Ka pa3BU-
Bajlach IPOJIOHTMPOBaHHAsA (hasa KOMIIEHCAIWH.
Ona XxapakTepu30Ba/Iach YBeJIMYCHUEM OKCTPaKIUN
MO3IOM KHCJIOpPOJa U3 KPOBY, HA YTO YKa3bIBaeT
yBenmaenue (a-v)PO,, (a-v)HbO, u (a-v)O, (Tabm. 1).
OnHaKo, cOYeTaHHbIM TUI KOMIIEHCATOPHBIX MeXxa-
HU3MOB aIallTalluK K TUIIOKCUY SIBJISIETCsI KpaliHel
CTeNeHbI0 UX HAIIPSIP)KeHUs U OTINYAeTCsT HeYCTON-
4UBOCTEIO [23]. IToaTOMY KUBOTHBIE C IIPOJIOHTHUPO-
BaHHOU (pa30i KOMIEHCAIUM reMOpparundeckoro
IIIOKA [T0CJIE OCTPOU HEBO3MeEIlleHHOH KPOBOIIOTepU
BCe paBHO NOTUOAIN B Te4eHnH 1,5-4 4acoB.

Ecin sxe y YKMBOTHBIX C FeMOpparu4ecKkum
IIOKOM BKJIIOU€HHE BEHO3HO-TUIIOKCEeMUYEeCKON
peaknuu (cHuskenue vPO, u vHbO,, yBennuenue

(a-v)HbO,) kommeHcanmuyn HaYWHAJIOCH Ha 10-1

increased aPO, and aHbO,. The venous-hypoxemic
mechanism is provided by the shift of the dissocia-
tion curve of oxyhemoglobin to the right as a result
of a decrease in blood pH and the accumulation of
2,3-diphosphoglycerate in erythrocytes. It is char-
acterized by a decrease of vPO, and vHbO,. The
pathophysiological meaning of these reactions is to
increase the amount of oxygen coming from the
blood into the tissue. Comparison of the results
shows that increased diffusion of oxygen from the
arterial blood into the neurons of SMC, developing
in response to cerebral ischemia, does not prevent
the development of hypoxia in them at the 10th
minute into hemorrhagic shock development. In
other words, the syndrome of blood circulation
centralization, developing in acute blood loss, does
not prevent the development of hypoxia of SMC
with a decrease in systolic BP to 60.0+1.5 mm Hg.
The following feature of early adaptation of SMC to
massive blood loss was found. If in the animals at
the 10" min of the post-hemorrhagic period, in-
creased (a-v)PO, was not accompanied by a change
in the concentration of HbO, during the passage of
blood through the cerebral vessels, then at the 70
minute of the post-hemorrhagic period, the main-
tenance of normal VO, in these animals was pro-
vided by an attempt to form an arterial-hyperox-
emic (a tendency to increase aPO, and aHbO,)
compensatory reaction following the venous-hy-
poxemic (decrease in vPO, and vHbO,) one. As a re-
sult, a prolonged compensation phase was devel-
oped by the 70" minute of hemorrhagic shock. It
was characterized by an increase in extraction of oxy-
gen from the blood by brain, as indicated by an in-
crease in (a-b)PO,, (a-v)HbO,, and (a-v)O, (table 1).
However, the combined type of compensatory
mechanisms of adaptation to hypoxia is an extreme
degree of their stress and is characterized by insta-
bility [23]. Therefore, in our studies, animals with a
prolonged phase of compensation for hemorrhagic
shock after acute non-compensated blood loss still
developed agony and died within 1.5-4.0 hours.

If in animals with hemorrhagic shock, the acti-
vation of venous-hypoxemic reaction (decrease in
vPO, and vHbO,, increase in (a-v)HbO,) of compen-
sation began at the 10% min of the post-hemorrhagic
period, they, as it turned out, had low resistance to
blood loss. They had a decompensation phase at
60+14 minutes of the post-hemorrhagic period and
died. During this period, the venous-hypoxemic re-
action was maintained as a result of a significant in-
crease in (a-b)O, (table 1), but it was not enough to
preserve the life-compatible VO, of the brain tissue.

The use of HBO at the 10th minute of hemor-
rhagic shock development stimulated the develop-
ment of arterial-hyperoxemic reaction of the body
to blood loss (table 3). Therefore, despite the rapid
desaturation of oxygen from the brain tissue and
blood in the early (5-10 min) posthyperoxic period,

GENERAL REANIMATOLOGY, 2020, 16; 2

www.reanimatology.com



70

DOI:10.15360/1813-9779-2020-2-64-76

Experimental Studies

Tabauna 3. BnusaHnue runepoapuveckoii okcureHanuu (F'60) Ha KMCJIOPOTHBIN PEsKUM B CEHCOMOTOPHO# Kope
TOJIOBHOT'0O MO3ra KOLUIEK IIPU reMOpparu4eckoM Ioke (M+m)
Table 3. Effect of hyperbaric oxygenation (HBO) on oxygen regime in the sensomotor cortex of cats in hemorrhagic

shock (M+m)
Parameters Values of parameters in the study series

Original state, The initial phase HSh+HBO

n=10 of HSh compensation, 70 min after blood loss,
10 min after blood loss, n=10 n=10
1 2 5
Blood
aPO,, kPa 13.82+0.82 16.80+0.67* 18.47+0.92**
vPO,, kPa 5.71+0.28 5.52+0.41 5.31+0.41
(a-v)PO,, kPa 8.11+0.67 11.88+0.81* 13.16+1.17*
aHbO,,% 96.6+0.52 98.3+0.11* 98.3+0.22*
vHbO,,% 69.2+3.77 65.3+2.52 60.1+4.64
(a-v)HbO,,% 26.4+3.21 33.0+2.58 38.2+4.69*
a0,, mmol/l 7.63+0.22 6.65+0.18* 6.34+0.23*
vO,, mmol/] 5.50+0.28 4.28+0.18* 3.75+0.30*
(a-v)O,, mmol/l 2.13£0.20 2.37+0.19 2.59+0.30
Sensomotor cortex

cPO,,% 100 58.8£6.71* 57.8+£12.7*
CBF, ml/kg/s 14.4+0.90 9.30+0.70* 8.70+1.00*
DO,, mkmol/kg/s 110.0+£7.76 61.6+4.95* 55.3+6.74*
VO,, mkmol/kg/s 30.7+3.53 21.9+2.41 22.5+3.66

Note. * — P<0.05; ** — P<0.01 — significance of differences in comparison with the original state.
IIpumeuanwue. * — p<0,05; ** — p<0,01 — TOCTOBEPHOCTDH PA3IUYUH 10 CPABHEHUIO C UCXOIHBIM COCTOSIHUEM.

MUH NOCTTEMOPPArn4ecKOro nmepuona, ToO OHH,
KaK 0Ka3aJI0Ch, UMeEJIA HU3KYIO0 Pe3UCTEHTHOCTD
K KpoBoOIlOoTepe. Y HUX HacTynasda (pasa gexoM-
neHcanuu Ha 60+14 MUH IOCTTeMOpPParn4ecKoro
neproaa 1 oHH norubanmu. CoxpaHeHUs K 9TOMY
CPOKY BEHO3HO-TMIIOKCEMHYECKOU peaklus B
pesyJsbrare 3Ha4uTeJbHOIO yBeandenus (a-B)O,
(tabJui. 1) okasagoCch HEJOCTATOYHO JIJIsSI COXpaHe-
HUSI COBMECTUMOTO C KU3HBIO IOTPeOIEHUS KUC-
gopoaa (VO,) MO3TOBOU TKaHbBIO.

[Tpumenenue I'O Ha 10-if MUHYTe pa3BUTHS
reMOpPparn4ecKoro MoKa CTUMY/IAPOBasia pa3Bu-
THEe apTepUaIbHO-TUIIEPOKCEMUYECKON peakluu
opraHm3Ma Ha KpoBomorepio (tabut. 3). [ToaTomy,
HeCMOTPSI Ha OBICTPYIO JlecaTypaliio KICJI0OPO/ia 13
TKaHU MO3Ta ¥ KPOBU B paHHeM (5-10 MuH) riocTae-
KOMITPECCHOHHOM Tiepriofie, BesmynHb! aPO,, aHbO,
1 (a-v)O, Y OKCUT'eHHPOBAHHBIX KOIleK Ha 70-i
MMHYTE Pa3BUTH IFeMOPPArn4eCcKOro IOKa IPEeBbI-
maau ucXonHoe cocrosgHue (1 cepus), COOTBET-
CTBEHHO, Ha 34, 2 1 62% (TabJr. 3). OgHaKo, Ha (hoHe
CHUKeHHOTO (Ha 40%) MO3TOBOT0 KPOBOTOKA 3TO
OKa3aJI0Ch HE0CTAaTOYHbIM, YTOOBI HOPMAJIM30BaTh
JIOCTaBKy Kucjopoza Kk Heiiponam CKI'M. PO, B Heil
0CTaBaJIOCh HUKe KOHTPOoJIA (1 cepus) Ha 50%, cBu-
JIeTeJIbCTBYSI O PAa3BUTUM IOCTTUIEPOKCUYECKON
runokcuu (tabs. 3). Mekay TeMm, B OTIMYHE OT
HeJIeYeHBIX YKUBOTHBIX C TeMOPParndeCcKruM IIIOKOM,
Y KOTOPBIX 2-X KparHoe cHuskenue DO, B Mosre ciry-
SKUAJIO TTYCKOBBIM (DaKTOPOM PA3BUTHSI BEHO3HO-
TUNIOKCEMUYECKOM peaKIiy, Y OKCUT€HUPOBAHHBIX
SKUBOTHBIX B IIOCTTUNIEPOKCAYECKOM TIEPUOJIE ITA
peaknus orcyrcrBoBadsa: vPO, u vHbO, noctoBepHO
He OINYaJINCEh OT UCXOJHOI0 COCTOSSHUA (Ta0JI. 3).
MOKHO IIpEanoJIOKUTh, YTO TUIIEpPHACHIIeHNUE

the values of aPO,, aHbO, and (a-v)O, in oxygenated
cats at the 70" minute of hemorrhagic shock devel-
opment (series 5) exceeded the initial state (series 1),
respectively, by 34%, 2%, and 62% (table 3). However,
on the basis of reduced (40%) cerebral blood flow, it
was not enough to normalize the delivery of oxygen
to the brain, where PO, remained below the norm
(series 1) by 50%. This indicates the development of
posthyperoxic hypoxia (table 3). Meanwhile, unlike
untreated animals with hemorrhagic shock, in
which a 2-fold decrease in DO, in the brain served as
a trigger for the development of venous-hypoxemic
reaction, in oxygenated animals with hemorrhagic
shock in the posthyperoxic period, this reaction was
absent: vPO, and vHbO, did not differ significantly
from the norm (table 3). We can assume that prior
(during the session), over-oxygenation of the brain
had made the engagement of the venous-hypoxemic
compensation mechanism of hypoxia immediately
after decompression unnecessary. It should be noted
that the reaction of compensation of oxygen deficit
in the brain of oxygenating animals with hemor-
rhagic shock was characterized by stability during
the posthyperoxic period. It is no coincidence that
100% daily survival of oxygenated animals with
acute non-compensated blood loss was observed in
that group after decompression.

Studies of ammonia metabolism in SMC of
cats in hemorrhagic shock have shown (table 4)
that at the initial stage (10" min) of the formation
of the extended phase of hemorrhagic shock com-
pensation AVDam remained unreliable, although
the concentration of ammonia in the SMC neurons
was increased by 44% (table 5). However, by the 70"

minute, in the animals of this series negative
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TaGuma 4. Bnusinue runepo6apudeckoii okcureHanuu (I’bO) Ha cofep:kaHne aMMHaKa U NIyTAMUHA (MMOJIB/JT)
B apTepHAJBHOI M BEHO3HOH KPOBH CarHTAJBFHOTO0 CHHYCA OJIOBHOTO MO3Ta KOIIIEeK IIPH reMopparu4ecKoM

moke (M+m)

Table 4. Effect of hyperbaric oxygenation (HBO) on ammonia and glutamine (mmol/]) in arterial and venous blood
of the sagittal sinus of the cat brain in hemorrhagic shock (M+m)

Parameters Values of parameters in the study series
Original state, The initial phase of HSh Prolonged compensation
n=10 compensation, 10 min after phase of HSh, 70 min
blood loss, n=10 after blood loss, n=10
1 2 3
a-ammonium 0.142+0.016 0.138+0.017 0.142+0.013
v-ammonium 0.138+0.021 0.138+0.018 0.162+0.030
AVDam nd nd -0.021+0.006
a-glutamine 0.388 £0.039 0.405+0.069 0.560+0.057*
v-glutamine 0.424+0.061 0.470+0.066 0.488+0.050
AVDgn nd -0.065+0.015 0.072+0.026
Indicators Original state, The initial phase HSh decompensation
n=10 of HSh compensation, phase (60+14 min),
10 min after blood loss, n=10 n=10
1 2 4
a-ammonium 0.145+0.016 0.166+0.015 0.271+0.027**
v-ammonium 0.149+0.018 0.135+0.017 0.221+0.021
AVDam nd 0.031+0.010 0.050+0.013
a-glutamine 0.296 £0.033 0.263+0.037 0.329+0.045
v-glutamine 0.288+0.026 0.288+0.032 0.355+0.033
AVDgn nd nd nd
Indicators Original state, The initial phase HSh +HBO
n=10 of HSh compensation, 70 min after blood loss,
10 min after blood loss, n=10 n=10
1 2 5
a-ammonium 0.167+0.010 0.171+0.023 0.183+0.025
v-ammonium 0.181+0.025 0.164+0.026 0.197+0.026
AVDam nd nd nd
a-glutamine 0.430 +£0.052 0.447+0.026 0.430+0.074
v-glutamine 0.460+0.044 0.474+0.065 0.489+0.066
AVDgn nd nd -0.059+0.028

Note. AVDam, AVDgn — accordingly, the arterio-venous difference in ammonia and glutamine; nd — the difference is unreliable.
* — P<0.05) — significance of differences in comparison with the original state.

IIpumeuyanune. AVDam n AVDgn — COOTBETCTBEHHO apTepHO-BeHO3HasI pa3HUIIA 10 aMMHAKY U IIyTaMuHy; nd — pa3HuIia He-
JocToBepHa. * — p<0,05 — JOCTOBEPHOCTH PA3JIMYUI OTHOCUTETIHbHO UCXOIHOIO COCTOSHHA.

MO3ra KHCJIOPOAOM BO BpeMs CeaHca [JeJs1allo
W3JIMIITHAM BKJIIOYEHUE Cpasdy II0CJIe TEeKOMIIPEeCCUr
BEHO3HO-TUIIOKCEMUYECKOI0 MeXaHN3Ma KOMIICH-
CallV¥ TUTIOKCUH. Y OKCUT€HNPOBAHHBIX YKUBOTHBIX
C TeMOPparu4eCKuM IIOKOM PeakIyy KOMIIeHCa-
muu nedwurura kuciaopoga B CKI'M oTmryanmch
CTabMITHBHOCTHIO B TOCTIAEKOMIIPECCHOHHOM IIEPHIO-
Ie. He ciryuaifHO B 3TOI Tpylllie IOC/e JeKOMIIpec-
cun ormerrid 100% cyTouHas BBIKMBAEMOCTb.
UccaenoBanusa ooMena ammuaka B CKI'M
KOIIIEK MPHA I'eMOPPAarn4eCcKOM IIOKe II0Ka3aIu
(Taba1. 4), YTO HA HAYAJIHFHOM 3Tarte (2 cepusi) ¢op-
MUPOBaHUsI IPOJIOHTUPOBAHHON (Da3bl KOMIIEHCA-
MY FeMOPParn4ecKoro IoKa COXpaHAaach HeJo-
croBepHasa ABPaM, XOTA KOHIIEHTpanyd aMMUaKa B
HelipoHax CKI'M 1nipu 3TOM yBejinunBaJjach Ha 44%
OTHOCHUTEJIbHO HCXOJHOTO COCTOSHHUA (TabJ. 5).
OnHako, k 70-11 MUHyTe pa3BUTHS FeMOpparn4ecKo-
IO IIIOKa (3 cepusl) Y KUBOTHBIX (pOPMUPOBAJIACH
orpunaresbHast APBam (Tabur1. 4), YTO yKa3bIBaeT Ha
TOBBIIIIEHHYI0O UHKPEIMI0O aMMUaKa U3 HEMPOHOB
KOpPBI B KPOBb. bJsiarogapsa 9ToMy KOHLEHTpaIys

amvuaka B CKI'M cTabmin3npoBaiach, MPOIOJIKasT

AVDam formed (table 4). This indicates an in-
creased increment of ammonia from the neurons
of the cortex into the bloodstream. As a result, the
concentration of ammonia in SMC stabilized at the
level of the initial stage of hemorrhagic shock com-
pensation, exceeding the norm by 49% (table 5).

If animals with acute blood loss at 60+14 min
of hemorrhagic shock developed agony (series 4),
then they had positive AVDam formed as early as
10 minutes into the post-hemorrhagic period that
remained until agony (table 4). This indicates a
pathological retention of ammonia in the SMC
neurons (table 5). Therefore, positive AVDam and
venous-hypoxic response, emerging in the 10%
minute of the hemorrhagic shock development,
can be regarded as a poor prognostic marker.

The arterial hyperammonemia (table 4) dis-
covered in this study should be considered as an ad-
ditional reason for the pathological accumulation
of ammonia by SMC neurons in cats during the ag-
onal stage of hemorrhagic shock (series 4, table 5).
One of the reasons for its development is a violation
of ammonia-free liver function in this pathology

GENERAL REANIMATOLOGY, 2020, 16; 2

www.reanimatology.com

71



72

DOI:10.15360/1813-9779-2020-2-64-76

Experimental Studies

Ta6uumna 5. ComepskaHue a30THCTBIX MeTA00IUTOB (MMOJIB/KT BJIAKHOHM TKAHH) M aKTUBHOCTH (DepMEHTOB a30-
THCTOTO MeTa00IHu3Ma (HMOJIB/MT OeJIKasC) B CCHCOMOTOPHOH KOpe rOJIOBHOTO MO3ra KoIlleK NP reMopparu-
YeCKOM LIOKe U runepoapuyeckoil okcureHanuu (M+m).

Table 5. The content of nitrogenous metabolites (mmol/kg of wet tissue) and the activity of nitrogenous metabo-
lism enzymes (nmol/mg protein-s) in the sensomotor cortex of cats hemorrhagic shock and hyperbaric oxygena-
tion (M+m).

Parameters Values of parameters in the study series
Norm. The initial phase Prolonged HSh decompensation Blood loss+
n=10 of HSh compensation, compensation phase phase 60+14 min, HBO,
10 min after of HSh. 70 min after after blood loss, n=10
blood loss, n=9 blood loss, n=9 n=9
1 2 3 4 5
Ammonium 0.97+0.074 1.40+0.10** 1.45+0.09** 1.70+0.12** 1.23+0.14
Glutamime 5.22+0.35 6.27+0.22* 5.97+0.49 5.59+0.44 6.85+0.52*
Glutamat 9.11+0.32 10.72+0.55* 10.51+0.51* 9.55+0.35 9.24+0.55
a-kG 59.70+8.54 50.00+9.87 51.30+7.75 28.9+5.42%* 44.8+9.53
n=10 n=10 n=10 n=10 n=9
GS 1.02+0.04 0.93+0.12 0.74+0.12* 0.65+0.15* 1.12+0.16
GDH 9.72+0.54 10.72+0.55 13.50+1.47* 12.30+0.82* 11.60+0.76*
PDG 7.83+0.75 8.95+0.40 8.98+0.46 11.17+0.80* 7.71+0.86

Note. * — P<0,05; ** — P<0,01 — significance of differences with respect to the norm; HSh — hemorrhagic shock; ABL — acute
blood loss; a-KG — a-ketoglutarate, GS — glutamine synthetase, GDG — glutamate dehydrogenase, PDG — phosphate depend-
ent glutaminase.

IIpumeuanmue. * — p<0,05; ** — p<0,01 — FOCTOBEPHOCTH pas3an4uil OTHOCUTeIbHO HOpMBbI; HSh — hemorrhagic shock; ABL —
octpas kpoBonoreps;; a-KG — a-keromryrapat; GS — mryramuHcuHTeTasda; GDG — mryramaraeruaporeHasa; PDG — docrdar-

3aBUCHUMas1 IiiyTaMyuHasaa.

MPEBBIIIATL UCXOAHbIE 3HAYeHUs Ha 49% (TabJr. 5).
Ecsu ske y sKUBOTHBIX C OCTPOU KpOBOIIOTepel Ha
60+14 MUH reMOpparuvecKoro IoKa pa3BuBajach
craaus JeKOMIIeHCallnu (4 cepus), TO Y HUX YoKe Ha
10-#1 MUHYTe TTOCTreMOpparuvyeckoro nepuoaa (2
cepusi) popMUpoOBaIaCh MOJOKUTETbHAsE ABPam
(Tabs. 4). 9TO yKa3bIBAET HA MTATOJIOTUYECKYIO pETEH-
1o aMmuaka B Heliponax CKI'M (tabu1. 5), mostomy,
oJI0KUTeIbHYI0 ABPaM, Ha 10-11 MUHYTe pa3BUTHUA
TeMOppParn4ecKoro MoKa, KaK ¥ BEHO3HO-TATIOKCe-
MHYECKYIO PEAKIINIO OPraHru3Ma Ha OCTPYI0 KPOBO-
T10TEPIO, MOYKHO paCCMaTpUBATh KaK IIPOrHOCTHAYE-
CKM HeOJIarOnpUATHbIE TPU3HAKY.

Jpyroii npruunHON MaTOJIOTUYECKOT0 HAKOII-
JleHUs1 amMmMuaka HeiipoHamu CKI'M koiiek B cra-
JHIO TeKOMIIEHCAluy FTeMOPpParundecKoro moxa (4
cepusi, TabJ1. 5) cylelyeT paccMaTpuBarh Kak apTe-
pUuaIbHYIO TUIIepaMMOHUEMUIO (TabJI. 4), OgHOI
U3 MPUYUH KOTOPOW sBJISIETCs HapylleHue
aMMHaro0e3BpeKUBaloiell (QyHKIUN TeYeHn
[23]. H3BecTHO, YTO BBICOKME KOHIIEHTpaluu
aMMUaKa MOTI'YyT OKa3bIBaTbh TOKCHYECKOE BJINA-
HUe Ha HEPBHbIE KJIETKU [24], BBI3bIBaA pa3sBUTHUE
JTeduinTa a-KeTorayrapara B pe3yJsrare ero Boc-
CTAHOBUTEJILHOTO aMIHUPOBAaHUsI C 00pa3oBaHM-
€M IJIyTaMara, KOTOpI:.IfI B ITIOBBIINIEHHBIX KOHIIEHT-
panusax npuobpeTaeT IKCAUTOTOKCUIHOCTD [26].

Ha 10-# 1 70-#1 MUHyTaX IocTreMopparuue-
CKOI0 Ilepruoja comepskanue rmmyramara B CKI'M
IIPEBBIIIAI0 KOHTPOJIb (1 cepus), COOTBETCTBEHHO,
Ha 17 u 15% (TabJ. 5). [Tpu aTom akTUBHOCTH [1T,
KaTaJIU3UpYyIolllel aMUHUPOBaHUeE @ -KeToTyTapa-
Ta, Ha 10-11 MUHYTe (2 cepusa) JOCTOBEPHO He MEHsI-
Jlack, a Ha 70-1 MUHYTe reMOpparunyeckoro moKa
(3 cepust) IpeBBIITIaTIa KOHTPOJIb Ha 38% (TadJI. 5).

[23]. It is known that high concentrations of ammo-
nia may provide a toxic effect on nerve cells [24],
causing deficiency of a-ketoglutarate as a result of
its reductive amination to form glutamate, which in
elevated concentrations becomes excitotoxic [26].

In our studies, at minutes 10 and 70 of the
post-hemorrhagic period, the content of glutamate
in SMC was higher than normal (series 1), respec-
tively, by 17% and 15 % (table 5). At the same time,
the activity of GDG, catalyzing the amination of a-
ketoglutarate, did not change significantly at the
10th minute (series 2), while at the 70t minute of he-
morrhagic shock (prolonged compensation phase,
series 3), it exceeded the norm by 38% (table 5). Dur-
ing the stage of hemorrhagic shock decompensa-
tion, the increased (by 27%) activity of GDG in the
SMC neurons was not accompanied by reliable
changes in the concentration of glutamate, whereas
the concentration of a-ketoglutarate in SMC was re-
duced by 52% (table 5). Comparison of the results
suggests that the pathological accumulation of am-
monia in the brain tissue in hemorrhagic shock ac-
tivates one of the intracellular reactions of its neu-
tralization: restorative amination of a-ketoglutarate,
the decrease in the concentration of which in the
neurons of the sensomotor cortex accompanies the
development of agony. Absence of an increase in the
concentration of glutamate in SMC demonstrates its
involvement in conjugated metabolic reactions, for
example, transamination with pyruvate.

One of the ways to neutralize ammonia in the cell
is the formation of glutamine, catalyzed by GS. From
table 4, we can see that a part of animals with blood
loss in the initial phase of hemorrhagic shock com-

pensation (series 2) formed negative AVDgn indicating
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SKCHepI/IMeHTaﬂbeIe HCCJJaeqOoBaHUuA

B cramuioo pexkoMmneHcallid TeMOPParunvecKoro
mIoka (4 cepus) yBennyenue aktusHoctu LI B
HetipoHax CKI'M (Ha 27%) OTHOCUTEJIBHO KOHTPO-
JisI He COIPOBOKIAJI0CH JOCTOBEPHBIMU NU3MeEHe-
HUSMHY KOHIIEHTPAaIUX IyTamara, TOrha Kak KOH-
neHTpanus a-kerowryrapara B CKI'M craHoBmI1ach
Ha 52% Hiske (Tabu. 5). ConocTaB/ieHre MOJTyIeH-
HBIX Pe3yJIETaTOB II03BOJIAET TOBOPUTH O TOM, YTO
MaTOJIOTUYECKOE HAKOIIJIEHe aMMHaKa B MO3I0-
BO TKaHU aKTUBUPYET OHY U3 BHYTPUKJIETOUHbBIX
peakIvii ero HeUTpaIM3aly: BOCCTAHOBUTEIHLHOE
aMUHMpPOBaHueE ¢-KeToryrapara. CHUKeHHne KOH-
[IEHTpAIlUM TTOC/IeTHEr0 B HEHPOHAaX CEHCOMOTOP-
HOU KOpBI COOPOBOMKIAET pPAa3BUTHE aroHUU.
OTCyTCTBHE IIPYA 3TOM YBEJIUYCHU KOHIIEHTPauuu
mryramara B CKI'M ykasbIBaeT Ha ero BOBJIeYCHUE
B CONpSKEHHBIE MeTa0OJUYecKrue pPeakInu,
HallpuMep — [epeaMUHUPOBaHUe C [IUPYyBATOM.

OnHUM U3 IyTell HeWTpaau3anuy aMMuaKa B
KJIETKE sIBJISIETCSI 00pa30BaHMeE MIyTaMIHA, KaTasIu-
aupyemoe I'C. Kak BugHO 13 TabJ1. 4, y 4aCTH SKUBOT-
HBIX B HQUQJIbHYIO (pady KOMIIeHCAalluu reMopparu-
Yeckoro Imoka (2 cepus) QopmupoBasiach
orpunaresibHasg ABPrH. To ykasbIBaeT Ha IIOBBI-
IIIeHHBIN BBIXOA IyTaMuHa 13 HelipoHoB CKI'M B
KpoBb. [Ipym 39TOM KOHIEeHTpanys IIyTaMHWHA B
CKI'M mipeBbImiana Hopmy Ha 20% (Taba1. 4). Ecom Ha
70-11 MUHyTe IOCTreMOpparn4ecKkoro rnepuoaa op-
MHUpOBaJach MPOJOHTUPOBaHHas (pa3da KOMIIeHCca-
LIUU TEMOPPArnvecKoro mokKa (3 cepus), 3To CoIpo-
BOYKJIAJI0Ch (POPMHUPOBAHUEM TIOJIOKUTETHHOMN
ABPrH (Tabur. 4). [Tpu 9TOM coziepsKkaHye IyTaMIHA
B CKI'M nmocToBepHO He OTVIMYAI0Ch OT KOHTPOJISA
(1 cepusi), HECMOTPSA HA CHUKeHMe (Ha 27%) B 9TOT
riepuo akTuBHOCTH ['C (TabII. 5).

ComocraBJsieHue IIOJYYEHHBIX DPE3YJIbTaTOB
II03BOJIsIET TOBOPUTH O TOM, UTO B HAYaJIbHYIO (pasy
KOMIIEHCAIIUM TEMOPPArunvecKoro IokKa B Helpo-
Hax CKI'M yBeJsimunBaeTCcsa CPOLCTBO aMMHUaKa U
mryramara k I'C Ha ¢oHe pedppakreproctu P3I" k
TUINIOKCUM. JTO He YCTPaHsIeT HAKOIJIeHUsI B Hell-
poxax CKI'M amMmMmaka, Ho IpeJOTBpPAaIlfaeT Pa3BU-
THe B HUX JNedunura IIyraMuHa Ha (oHe ero
TOBBIIIIEHHOW WHKpPENUU M3 HEUPOHOB KOPHI B
KpOBOTOK. C IepexofoM B IIPOJIOHTHPOBAHHYIO
(pasy KoMIeHcaluy reMopparunyeckoro moka (3
cepusi) TOPMO’KeHHe 00pa3oBaHUs IIyTaMHHA B
pesyJsbrare CHUKeHus Ha 27% aktTuBHOCTH ['C ripo-
HUCXOUT HA (DOHE COXpaHEHMs ero Je3aMUIupoBa-
HUs, B peaknuy, karaausupyemoii ®3I. OnHako,
OTHOCHTEJIbHOE ITpeobJIaTaHue Je3aMUTUPOBaHUS
IJyTaMUHA Han ero oOpa3oBaHMEM B HeWpPOHAX
CKI'M He NpMBOIUT K HAKOIIJIEHWIO B HUX aMMHaKa
Y CHI)KCHUIO KOHIIeHTpanuu yramusa. Ilepsoe
JIOCTUTAETCS MOBBINNIEHHON WHKPEIel aMMuaKka
13 HEUPOHOB B KPOBb, BTOPOE — PETEHIIMOHHOHN
3aJlep>KKOU IIyTaMyHa B HepoHax.

Ecnu y ")KUBOTHBIX Ha 60+£14 MUH IIOCTTeMOp-

parn4eCroro rnepruoja pa3dBsuBa/JIdChb CTaAUA JEKOM-

an increased release of glutamine from cortical neu-
rons into the blood. The concentration of glutamine
in SMC exceeded the norm by 20% (table 4). If 70 min-
utes into the post-hemorrhagic period, the prolonged
phase of hemorrhagic shock compensation formed
(series 3), it was accompanied by the formation of a
positive AVDgn (table 4). At the same time, the content
of glutamine in SMC did not differ significantly from
the norm (series 1), despite a decrease (by 27%) of GS
activity during this period (table 5).

Comparison of the results obtained suggests
that during the initial phase of hemorrhagic shock
compensation, in SMC neurons the affinity of am-
monia and glutamate for GS increases due to PDG re-
fractoriness to hypoxia. This does not eliminate the
accumulation of ammonia in the SMC neurons, but
prevents the development of glutamine deficiency in
them due to its increased increment from cortex neu-
rons into the bloodstream. During transition to the
long-term phase of hemorrhagic shock compensa-
tion (series 3), inhibition of glutamine formation due
to 27% decrease of GS activity is not accompanied by
achange in the rate of its deamidation in the reaction
catalyzed by PDG. However, the relative predomi-
nance of glutamine deamidation over its formation
in SMC neurons does not lead to accumulation of
ammonia in them or a decrease in the concentration
of glutamine. The first is achieved by increased incre-
ment of ammonia from neurons into the blood, the
second — by retention of glutamine in them.

If animals developed the hemorrhagic shock
decompensation phase by 60+14 min of the post-
hemorrhagic period (series 4), they had no
changes in AVDgn at the 10 minute into the post-
hemorrhagic period (table 4). The concentration of
glutamine in SMC neurons in the decompensated
stage of hemorrhagic shock (series 4) did not differ
significantly from the norm, but against the back-
ground of reduced (by 36%) GS activity there was
a 43% increase of PDG activity in the brain (table
5). In other words, the development of agony in he-
morrhagic shock was accompanied by an absolute
predominance of glutamine desamidation over its
formation in SMC neurons. The former presum-
ably is a result of accumulation of inorganic phos-
phate in bloodless brain [23], which is a stimulator
of PDG activity. The latter may be explained by the
accumulation of alanine, which is an allosteric in-
hibitor of GS, by SMC neurons during hemorrhagic
shock [23]. Being one of the reasons for the pro-
gressive accumulation of ammonia by SMC neu-
rons during the decompensated stage of hemor-
rhagic shock (series 4), the predominance of
glutamine deamidation over its formation in them
was not accompanied by a decrease in the concen-
tration of glutamine (table 5). Data show the alter-
ation of its inclusion in other reactions associated
with metabolism of glutamine, for example, the
formation of glutathione.
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neHcauuu (4 cepus), To y HUX Ha 10-i1 MuUHyTe
NOCTTEMOPPAruYeCcKOro Iepuofa W3MeHEHUs
ABPru orcyrcTBOBasM (Tabs. 4). KoHrneHnTpanus
mIyTamuHa B HelipoHax CKI'M B cTaquio JeKOMITeH-
calyy reMOpparnvecKoro 1Ioka (4 cepus) 10CTO-
BEPHO He OTVIMYAJIACh OT UCXOHOTO COCTOSTHUS, HO
MIpH 9TOM, Ha (poHe CHUKeHHO (Ha 36%) aKTUBHO-
cru I'C, nmeJio Mecto yBesimaenue Ha 43% aKTABHO-
ctu @3 Mo3roBoii Tkauu (TadJ1. 5). IHBIMU cJ10Ba-
MH, pasBuTHe cTaguu JIeKoMIIeHCalluK
COTIPOBOKIAJIOCH aDCOJTIOTHBIM ITpeodIaaHeM B
HelipoHax CKI'M nesaMunupoBaHUsl IIyTaMHHA
Haj ero obpasoBanueM. [lepBoe MOKHO paccMar-
puBarh, KaK pe3y/ibTaT HAKOIJICHUS B aHEMU3UPO-
BAHHOM TOJIOBHOM MO3Te HeopTraHu4YecKoro ¢oc-
dara [23], sABJALIIErocs, CTAMYJIATOPOM
aktuBHOCTH D3I [IpUYMHOI BTOPOTO MOSKET CJIy-
SKUTh HAaKONJIEHWEe MPU FeMOpparndecKoM IIOKe
HeripoHamu CKI'M astanuHa, ABJIAIOIIETOCS aJljio-
crepraecknM naruomropom I'C [23]. Bymyuu omqHOM
U3 [PHUYUH IPOTPECCUPYIOLIEr0 HAKOIJICHU
ammuaka HeripoHamu CKI'M B cTaiuio JeKOMITEH-
calyy reMopparn4yeckoro IIoka (4 cepus), mpe-
obJtajaHye 1e3aMUIMPOBAHYSA TIyTaMIHA HAJl eT0
0Opa3oBaHMEM B HUX HE COMPOBOKIATIOCH CHIDKE-
HHFEM KOHIIEHTPAIW! B HUX IIyTaMuHA (TabJ1. 5).
JTO YKa3bIBAeT Ha HAPYLICHUE €r0 BKJIIOYEHU B
peakIyu, COnpsiPKeHHbIE C MeTa00IN3MOM Ty Ta-
MWHa, HapuMep — o0pa3oBaHNe [IyTaTHOHA.
Ecsiit s9kMBOTHBIE TOJIBEPTAJIUCH BO3/IEHCTBHUIO
I'BO (5 cepusi), To coiepskaHre aMMHaKa B HEHPO-
Hax CKI'M nocToBEpHO HE OTVIMYAJIOCh OT HOPMBI
(TabJ1. 4), Kak U ero comepsKaHre B IPOTEKAIOIIel
yepesd M0o3r Kposu. ABPam ocraBaJsiack HeZOCTO-
BepHOII (TabJ1. 3). BMecTe ¢ TeM, y OKCUTeHHPOBaH-
HBIX KOIIEeK (5 cepusi) IPOUCXONUJIO0 YBeJIUnYeHue
KOHIIEHTpalluu IiTyTaMuHa B HeiipoHax CKI'M Ha
31%, HecMOTps1 Ha GOPMUPOBAHKE OTPUTIATE/THHON
APBrH (TabJ. 3). [Ipu arom aktuBHOCTE ['C 1 P3T
HaXOJWJIach B TIpeiesiaX HOPMEI (Tabut. 4). MoKHO
MPEeNnoJIOKUATH, UTO B IIPOIlecce TUITePOKCUYECKO-
0o BJIUSHUS HA aHEMU3UPOBAHHBIN OPTaHU3M B
CKI'M co3pgatoTcs yCa0BUs JJj1s1 aKTUBHON HEUTpa-
JIN3aIY aMMHUaKa yepe3 00pa3oBaHue IIyTaMIHa
C JaJbHeHIelt MHKpelre mocaeJHEr0 B KPOBO-
TOK. K TakuM yCc10BUAM CJleyeT OTHECTH YyCTpaHe-
HUe TUunepOdapuiecKuM KUCIOPOIOM HAKOTIJIEHUS
B FOJIOBHOM MO3Te aHEMU3UPOBAHHOT'O OPraHN3Ma
aocTepuyeckoro uaruouropa 'C — asanuaa u
crumynapyioniee Biausiane 60 Ha oOpasoBaHue
AT® B HepBHOU TKaHuU [23]. I3BecTHO, 4yTO ATP
HeoOXoauM /111 06pa3oBaHus mIyTamuHa [24]. B
CBOIO O4Yepeqb, CTUMYIUpysi oopadoBanue ATD B
HelpoHax aHEMU3UPOBAHHOTO MO3Ta, TUepoapu-
YeCKUU KUCJIOPO]] IIPeIoTBPaIllaeT HAaKOIJIEHWE B
HUX Heopranndeckoro ocdara [23], ABjasiomniero-
Cs1 CTUMYJIATOPOM aKkTuBHOCTH D3I
[TpenorBpaiiiast HAKOMIJIEHE HEUPOHAMU KOPbI
rosioBHOro Mmosra HAJTH [23], I'bO ycrpanser, TeM

If animals with hemorrhagic shock were ex-
posed to hyperoxic effects (series 5), the ammonia
content in SMC neurons did not differ significantly
from the norm (table 4), as well as its content in the
blood flowing through the brain. AVDam remained
unreliable (table 3). However, oxygenated cats with
hemorrhagic shock formed negative AVDgn (table 4)
while the glutamine concentration in the SMC neu-
rons increased by 31%, whereas the activity of GS and
PDG in them was within the norm (table 4). It can be
surmised that during hyperoxia in the anemic body,
conditions for active neutralization of ammonia
through the formation of glutamine with further in-
cretion of the latter into the bloodstream are develop-
ing in SMS. Such conditions include the elimination
by hyperbaric oxygen of accumulation of allosteric in-
hibitor GS — alanine — in the brain of a bloodless
body and the stimulating effect of HBO on the forma-
tion of ATP in nervous tissue in blood loss [23]. Glut-
amine formation is related to ATP-dependent meta-
bolic reactions [24]. Hyperbaric oxygen, stimulating
the formation of ATP in the neurons of the anemic
brain, prevents the accumulation of inorganic phos-
phate [23], which is a stimulant of PDG activity.

Preventing the accumulation of NADH by neu-
rons of the cerebral cortex [23], HBO eliminates the
shift of the GDG reaction towards the reductive ami-
nation of ¢-ketoglutarate, which is observed with an
increase in the concentration of this metabolite in the
cell [23]. This explains the absence of changes in the
concentration of ¢-ketoglutarate in the SMC neurons
of oxygenated cats with GSH against the background
of anincreased (by 19%) activity of GDG (table 4). The
lack of significant differences between the high ac-
tivity of GDG in posthyperoxic (series 5) and prehy-
peroxic (series 2) periods (table 4) indicates the mor-
bic type of refractoriness of a given enzyme to
hyperoxia. This is the case when the enzyme, which
changed its activity during adaptation of the cell to
the action of an emergency (pathogenic) stimulus,
retains this change both in hyperoxic conditions and
after it [26]. Increased activity of GDG in the SMC
neurons of oxygenated cats with GS was not accom-
panied by the accumulation of glutamate (table 4),
which indicates its active involvement in metabolic
reactions like formation of glutamine.

Conclusion

Alterations in oxygen regime and ammonia ex-
change in the cats’ SMC in hemorrhagic shock start
from the 10" minute of the post-hemorrhagic period
and progresses depending on the individual resist-
ance of animals to acute non-compensated blood
loss. The predictors of development of fast (60+14
min. of the post-hemorrhagic period) decompensa-
tion of hemorrhagic shock include: the formation on
minute 10 post-hemorrhage of only venous-hypox-
emic compensatory reaction of the body to the blood

loss and appearance of a positive difference in am-
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cambIM, casur [JII-peakiiuu B CTOPOHY BOCCTaHOBU-
TeJIBHOI'0 aMUHHPOBAHUSA ¢-KeTOWIyTapara, KoTopoe
MO3KeT HaOJTIOIaThCs TIPY YBEJTMYE€HNH KOHIIEHTpPa-
[WH 3TOr0 METa00JINTA B KJIETKe [23]. ITO 00 bsCHSET
OTCYTCTBHE Y OKCUT'€HHUPOBAHHBIX KOIIICK U3MEHe-
HUSI KOHIIEHTPALMU ¢ -KeTOIIyTapara B HepOoHax
CKI'M Ha (pone noBbItieHHOH (Ha 19%) aKTUBHOCTH
[T (Taba. 4). OTCYTCTBHE JOCTOBEPHOTO PA3JIAYUS
MesK/1y ITOBBIIIEHHON akTUBHOCTHIO /1" B mocTru-
MIEPOKCUYECKOM (5 cepuisi) ¥ IPeIruIePOKCUTIECKOM
(2 cepust) mepronax (Tabur. 4), TO3BOJISET TOBOPUTD O
MOpOMYecKkoM TuIre pedpakTepHOCTH TAHHOTO
9H3MMA K TUIIEPOKCHUH. ITO CIIydai, Koraa (hepMeHT,
W3MEHUBIIINU CBOI0O aKTUBHOCTH MPHU aJanTaluu
KJIETKU K IECTBUIO YPE3BBIYANHOTO (TaTOT€HHOT0)
paspaskuTesisi, COXpaHsEeT 3TO NU3MEHEeHNE KaK B
YCJIOBUSIX THIIEPOKCUYECKOIO BO3/IEUCTBYSA, TAK U
nocJie Hero [26]. IloBbnnenne aktuBHoOCcTU [JII' B
Hetiponax CKI'M okcureHHpoBaHHbBIX Koltek ¢ T'TI1
HE CONPOBOKAAJIOCHh HAKOIJICHUWEM IvIyramara
(Tabur. 4), 9TO ITO3BOJISIET TOBOPUTH O €T0 AKTUBHOM
BOBJIEYEHUHN B COIPsIPKEHHBIE MeTaboJMYecKre
peaKIyy, B YaCTHOCTH — 00pa30BaHUe IyTaMIHA.

3akJrouenue

Hapy1ieHre KMCI0pOIHOTO peskruMa 1 ooMe-
Ha amMmuaka B CKI'M Kollek 1ipu reMopparuye-
CKOM IIIOKe HauMHaITCA Ha 10-i MUHYyTe ITocTre-
MOpparn4ecKoro nepuoga MU Mporpeccupylor B
3aBUCUMOCTHU OT UHAUBUYATBHOU YCTOMYNBOCTH
SKUBOTHBIX K OCTPOI HEBO3MeIlleHHON KpOBOIIOTe-
pe. IlpenukTOopaMu pas3BUTHs OBICTPOH CTAANU
JIeKOMIIeHCally FeMOpparuvecKkoro moka (60+14
MUH [I0CTT€MOPParn4ecKoro epruoja) ABJsa0TCA:
¢dopmupoBanue Ha 10-i1 MUHyTe IOCTTeMOpparu-
YEeCKOI0 Iepuoia TOJbKO BEHO3HO-TAIIOKCeMUrYe-

CKOM KOMIIEHCATOPHOM peakIuu opraHuaMa Ha
KPOBOIIOTEPIO U MOSIBJIEHHE [TOJIOKUTEILHOU pas-
HHUIIBI 10 aMMUAKy MesKy apTepHuaIbHOU KPOBBIO
1 KPOBBIO BEHO3HOI'O CATUTTAJBHOIO cCUHyca. [jia
CTaJiuy eKOMIIeHCALlu TeMOPParn4ecKoro mokKa
IIpU OCTPOI HEBO3MELIEHHOHM KPOBOIIOTEPE XapaK-
TepHO: NT0fiaBJIeHNe KOMIIEHCATOPHOU apTepuaJb-
HO-TUIIEPOKCEMUYECKON peaKIUuu OpraHusMa,
nporpeccupoBaHue runokcum HelipoHoB CKI c
¢dopMupoBaHUEM B HUX Ie(DUIIATA ¢-KETOITyTapa-
Ta Ha (OHe IATOJIOTUYECKOr0 HaKOIJIEHUS
amMMuaka. llpyuynHamMy HakKOIJIEHUS aMMHaKa
SIBJISIIOTCSI: CTUMYJISAIAS 00pa3oBaHusl aMMUaKa
IIpUA [e3aMUIpPOBAHUN I[VIyTaMWHA, HapylleHHue
HelTpasm3anuy aMMuaka depe3 0oOpasoBaHUeE
IyTaMUHA; peTeHIus aMMHaka B HelipoHax CKI'M
B YCJIOBUSIX apTepPUAIbHON rurepaMMOHUEeMIN.
[Ipumenenne I'GO B peskume 3 ara, 60 MyUH Ha
10-i1 MUHYTe pPa3BUTHUS reMOpPParunyecKoro 1okKa,
CTUMYJIAPYS1 apTepUualbHO-TUIIEPOKCEMUYECKYIO
peakIuIo afanTallii Opranu3Ma K OCTpOi HEBO3-
MellleHHOI KPOBOIIOTEPE, He yCTPaHsieT F'UIIOKCHUI0

monia concentration between arterial blood and ve-
nous blood of the sagittal sinus. The stage of hemor-
rhagic shock decompensation in acute non-compen-
sated blood loss is characterized by suppression of
compensatory arterial-hyperoxemic reaction of the
body, progression of SCG neurons’” hypoxia with the
formation of a-ketoglutarate deficiency following
pathological accumulation of ammonia. The reasons
for the latter include stimulation of ammonia forma-
tion during glutamine desamidation, alteration of
ammonia neutralization through the formation of
glutamine; retention of ammonia in SMC neurons in
the arterial hyperammoniemia environment.

The use of HBO in the mode of 3 ATA, for 60 min
starting from the 10" minute of the of hemorrhagic
shock development, stimulating the arterial-hyper-
oxemic reaction of the body's adaptation to acute
non-compensated blood loss, does not abrogate hy-
poxia in SMC neurons. Despite this, hyperbaric oxy-
gen prevents both the stimulating effect of hypoxia
on glutamine deamidation and its inhibitory effect
on glutamine formation in SMC neurons. This is ac-
companied by hyperoxic stimulation of glutamine
increment from SMC neurons into the blood. Preser-
vation of the stimulating effect of hypoxia on GDH
activity in the post-hyperoxic period, in contrast to
non-oxygenated animals, is not accompanied by the
development of a-ketoglutarate deficiency in SMC
neurons and their accumulation of glutamate. The
results obtained refute the idea of hyperbaric oxygen
as an exclusively antihypoxic therapeutic factor [27],
and allow us to consider it as universal adaptogenic
regulator of metabolic processes in the cell [28],
which increases the sanogenic potential of the body
under the conditions of hemorrhagic shock devel-
oped due to acute non-compensated blood loss.

HeiiponoB CKI'M. Hecmorpst Ha aTo, runiepbapuye-
CKUI KUCJOPOJ MpefoTBpaliaeT Kak CTUMYJIU-
pylolee BIMAHNE TUIIOKCUY Ha [e3aMUIApPOBa-
HYe [VTyTaMIHA, TaK ¥ ee MHTUOMPYIOITee BJIUSTHIE
Ha oOpa3oBaHue IyTamMuHa B HelipoHnax CKI'M.
ITO CONPOBOYKIAETCS TUIIEPOKCUYECKON CTUMYJISI-
Lyel MHKpenuy yTaMuHa u3 HelipoHoB CKI'M B
KpoBb. CoxpaHeHHE B IIOCTTHIIEPOKCUYECKOM
rnepuoae CTUMYJINPYIOIIEeTro BJAUAHUA TUIIOKCUN Ha
axkTUBHOCTL ['JII' He COIIPOBOYKIAETCA Pa3BUTHEM
B HelipoHax CKI'M nedunura a-keTomiyrapara 1
HaKOIlJIECHUeM HWMH [JIyTaMara. HOJ‘Iy‘{eHHI)Ie
pes3yJbraTbl OIPOBEPraiT IpencTaBJIeHUuEe o
runepbapmIeckoM KUCJIOPOE, KaK NCKJTIOYUTEh-
HO aHTUTHUIIOKCUYECKOM JiedeOHOM (parTope [27],
Y TTO3BOJISIIOT TOBOPUTH O HEM KaK 00 YHUBEPCATh-
HOM a/IalITOTEHHOM PETYIATOPE META0OTMIECKIX
IIPOIIECCOB B KJIETKe [28], ITOBBIIIAIONIEM CAHOT€H-
HBIH ITIOTEHIIMAJI OpTaHU3Ma B YCJIOBUAX FeMoppa-
TUYeCKOro III0Ka, pa3BUBaloIerocs Ha hOHe OCT-
poii HEBO3MEIIIEHHOU KPOBOIIOTEPH.
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