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O1neHKa BIMAHMA OJHOHYKJIEOTHAHOTO noiuMopduama vall58met
reHa karexoJi-O-merusarpancdgepasdsi (COMT) nHa appekTUBHOCTH
CIIMHAJIBHOM aHAJIre3uM B 1 CyTKH OcJIe JJarapoCKONMHYeCKUX onepanuii
10 TIOBOJAY KOJIOPEKTAJBHOI0 paKa (MHJIOTHOE HCCJIeIOBaHUE)

A.JI. Iloramnos, /I. B. 3emckoBa, T. 1. IBaHOBa,
B. A. XopoxopuHa, I1. B. Illeraii, C. A. FiBanoB, A. JI. Kanpun
MeuIMHCKUI paIuoJI0THYeCKUI HayYHbIi eHTp uM. A. ®. [[p16a — dpusmrasn

HarmoHaIbHOT0 MEUITMHCKOTO MCCIIeJ0BATEIbCKOT0 PaIN0JI0THYECKOro eHTpa Munaapasa Poccun,
Poccusi, 249036, r. O6HUHCK, yi1. KopouieBa, 1. 4

COMTvall158met Polymorphism and Spinal Analgesia Efficacy
of Laparoscopic Surgery for Colorectal Cancer (a Pilot Study)

Alexander L. Potapov, Daria V. Zemskova, Tatiana I. Ivanova, Vera A. Khorokhorina,
Peter V. Shegay, Sergey A. Ivanov, Andrey D. Kaprin

A. F. Tsyba Medical Radiological Research Center, National Medical Radiological Research Center, Ministry of Health of Russia,
4 Korolev Str., 249036 Obninsk, Russia

Ilesb: ortenka BiausaamsA SNP vall58met rena COMT Ha 3¢ (eKTUBHOCTH CIIMHAJIBHON aHAITe3WH! B 1 CYyTKA
11ocJIe J1allapOCKONMYEeCKUX Ollepalui 10 IOBOLY KOJIOPEKTAIbHOIO pakKa.

MarepuaJj 1 MeTOABbI. B N1I0THOM HCcIe0BaHNnY, BRIOYaBmeM 100 nanueHToB ¢ KOJOPEKTaJIbHbIM
pakKoM, OllepUpPOBAHHBIX JIAIIAPOCKONUYECKUM JOCTYIIOM, C UCII0JIb30BaHUEM B KOMILJIEKCE aHECTe3H0JI0-
TUYECKOTO TTOCO0OUST CHUHAMbHOU aHanre3uu (10-12,5 mr 6ynmuBakamHa + 200 MKT MOp¢UHA), OTeHHUIN Ya-
crory noauMopoduama vall58met rena COMT, THTEHCUBHOCTH OOJIM B 1 CYTKH ITOCJIE OIIepaIliy, YaCcTOTy 1
BBIPA)KEHHOCTH TOITHOTHI, PBOTHI, KOYKHOT'O 3y7a, IOTPEOHOCTH B JOTIOJTHUTEIHFHOM 00€300/IMBaHAM.

Pesyasrarhl. Pacnipesnesnenue yactotT annesieii val/val (25%), val/met (45%) u met/met (30%) mogunuHA-
JIOCh 3aKOHY Xapau-Baitabepra (?=0,96; p>0,05) 1 cTaTHCTAYECKH 3HAYNMO He OTINYasI0Ch OT TPYIIIBI 3/10-
POBBIX IOHOPOB. B rpynnax Hocuresiell pa3ian4HbIx ajiesnei SNP vall58met uccienyemble IoKa3aresy CTa-
TUCTUYECKU 3HAYUMO He OTJINYAJINCE.

3akJrodyeHue. 3aBUCUMOCTU 3(p(peKTUBHOCTU CIIMHAIBHON aHAIre3UU B 1 CyTKU I10CJIe JIalapOCKOIIN-
YeCKUX Olepalyil no moBoay KoJIopeKTaabHOTo paka oT SNP vall58met rena COMT He BbIsABUIN. [1715 TIO-
JIy4eHU A OKOHYaTe/JIbHBIX BEIBOJIOB HCO6XOILI/IMO npoBeaeHune ,I[&HbHCﬁIHHX I/ICCJIeﬂOBaHI/II‘/JL

Kntouesvte croea: xupypeusi; K0I0pekmanibHblll pak; CRUHANbHAS AHAN2e3USl; KameXxoal-O-Memuimpa-
cpepasa; noaumopgpuam

The aim: To assess the effect of COMT G1947A genetic polymorphism (val158met) on the efficacy of spinal
analgesia on day 1 after laparoscopic surgery for colorectal cancer.

Material and methods. In a pilot study involving 100 patients with colorectal cancer, operated through la-
paroscopic access, using spinal analgesia (10.0-12.5 mg of bupivacaine + 200 mcg of morphine), the frequency
of COMT gene G1947A (vall58met) polymorphism, the intensity of pain on day 1 after surgery, the frequency
and severity of nausea, vomiting, skin itching, the need for additional analgesia have been assessed.

Results. The frequency distribution of alleles val/val (25%), val/met (45%) and met/met (30%) was consisted
with Hardy-Weinberg equilibrium (x?=0.96; P>0.05) and was not significantly different from the healthy donor
group. In the groups of patients with various COMT alleles of val158met polymorphism, the studied parameters
also did not differ significantly.

Conclusion. Study did not find significant link between spinal analgesia efficacy on day 1 after laparoscopic
surgery for colorectal cancer and COMT rs4680 G1947A (vall58met) polymorphism. Further research to en-
hance the power of the study is warranted to reach the final conclusions.

Keywords: surgery; colorectal cancer; spinal analgesia; Catechol-O-methyltransferase (COMT); polymor-
phism
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BBenenue

dd P eKTUBHOCTD ITepUOIIepallMOHHON aHAJT-
re3vu roABEpsKeHAa BbIpAKECHHBIM MHINBUAYAJIb-
HBIM KOJIe0aHUAM, KOTOPbIe MOT'YT OBITh CBSI3aHBI
HE TOJIBKO C 0COOEHHOCTSIMU OTIEPAIIUN U TTPUMe-
HsIEMBIX METOJI0B 00e300JIMBaHUA, HO TaKiKe
MMeIOT TeHEeTUUYeCKyIo Ipupoay. B Hacrosimee
BpeMsI OTNIMCAH PSIJi TeHETUUECKUX (DAKTOPOB, CII0-
COOHBIX BJIUSATH HA Teprieniuio 604, hapMako-
IUHAMUKY ¥ (DapMaKOKUHETUKY IIPENapaToB JIJIs
aHaJjaresuu [1-3]. OQHUM U3 HUX ABJISETCA TOYEY-
HBIT moauMopduam (single nucleotide polymor-
phism —-SNP) vall158met (rs4680) rena katexoJi-O-
MetuaTpaHncdepassl (COMT), cBA3aHHBIA CO
3HAYUTEJIbHBIMU U3MEHEHUAMU aKTUBHOCTU OaH-
Horo ¢epmenrta. OnHoit u3 ¢yukiuit COMT
SIBJIsIETCST MeTaboJIM3M KaTeXoJIaMUHOB B CUHAII-
cax [THC, moaToMy JIOTUYHO IIPEAIIOTI0KATE, YTO
M3MeHEeHNE ee AKTUBHOCTU MOMKET BJIMSATH Ha
IyTU Ilepefayvl U MOOYIALUN HOIMIEITUBHBIX
CUTHAJIOB, KOTOPBIE SIBJISIIOTCSI HOPAApeHaJNH-,
JIOTIaMUH- U CEpPOTOHUHIPTUUYECKUMU [4].

B anecresunosioruu nusdydyenue SNP vall58met
reHa COMTBeneTcs NIpenMyIeCTBEHHO B CBA3U C
CHCTeMHOU aHa/Ire3neil HApKOTUYECKUMU aHaJTb-
retukaMu [5-9]. CBegeHuil 0 BJIUSHUU JAHHOI'O
nosimMopduaMa Ha ap(eKTUBHOCTb peruoHap-
HBIX METOOB aHAJTE3UU B JOCTYITHOU JTUTEPATYPE
HAUTH He yaaa0ch. MBI IIpeanoaraeM, 4To mpo-
BeJleHHe WCCJAeJOBAaHUN B 3TOM HaIPaBJIEHUU
MOSKET UMETh HayYHO-TPAKTUYECKOe 3HAUEHUE
10 HECKOJIBKUM IIpUYMHAaM. Bo-IIepBbIX, IpUMe-
HeHUe PernoHapHON aHaAJITe3UU SIBJISIETCSI OCHO-
BOTIOJIATAIOIIINM METOJOM KOHTPOJIsI 00U TpHU
HEKOTOPBIX BUIaX ollepaliii, HampuMmep, B XUpyp-
TUU TOJICTOM KUIIKY [10]. Bo-BTOPBIX, PU HEHPO-
aKCHaJIbHBIX MeTojax 003060 TUBaHUSA UCIIOJIb-
3yIOTCSI HEe TOJIbKO MECTHBIE aHECTETUKH, HO U
AIbIOBAHTLI, B TOM YHCJIE HAPDKOTUYECKHE aHaJIb-
retuku [4]. Hakonern, IpoBepKa rUIIOTE3bI O BJIUSI-
uuu SNP vall58met rena COMT Ha Ka4ecTBO
pernoHapHoO# aHaJITe3UH MO3BOJIUT OATBEPIUTH
WUJIA OTIPOBEPTHYTH MEJIECO00PA3ZHOCTD IIPOHO0JI-
SKEHUsI UCCIIeTOBAaHUI B TAHHOM HAIIPABJIEHUN.

[{esTbI0 HACTOSIIIIETO MUJIOTHOTO MCCJIEIOBA-
HUSA ABJIsIeTCSA olleHKa BausHuss SNP vall58met
rena COMT na 3(p(PeKTUBHOCTb CHUHATBLHOU
aHaJIre3nu B 1 CyTKU MOCJIE JAmapOCKOMTUYECKUX
oIleparnuii mo MoBOIY KOJOPEKTATLHOTO paKa

MaTepna.n H ME€TOAbI

HccnenoBanue ABJAIOCH MUJIOTHBIM U HOCHUJIO
KOTOPTHBIM 00CepBaIMOHHBIN XapakTep, 0J00peHo
aTudeckuM KomutetroM MPHII um. A. @. IIp16a — ¢u-
sman ®IbY «HMUII paguosiorun» M3 P® (mpoTokoJ
Nel94 ot 18.01.2017). Bce maneHThI MOAIIMCAIN HH-
¢dopMupoBaHHOE CcOTIaCHe HA y9acTHe U 3a00p TeHETH -
4eCKOro Marepuasa. B uccnegosanue Braounan 100

Introduction

The efficacy of perioperative analgesia may
significantly vary between individuals, which can be
due not only to the type of surgery and used anal-
gesia, but also to genetic causes. Currently, a num-
ber of genetic factors affecting pain perception,
pharmacodynamics and pharmacokinetics of anal-
gesic drugs have been described [1-3]. One of them
is the catechol-O-methyltransferase (COMT) gene
(rs4680) single nucleotide polymorphism (SNP), as-
sociated with significant changes in the activity of
this enzyme. One of the COMT functions is the
metabolism of catecholamines in CNS synapses;
therefore, it is reasonable to suggest that the change
in its activity may affect the transmission and mod-
ulation of nociceptive signals, mediated by nora-
drenaline, dopamine, and serotonine [4].

In anesthesiology, COMTval158met polymor-
phism has been studied mainly in connection with
systemic analgesia with narcotic analgesics [5-9].
There is no data on the impact of this polymor-
phism on the efficacy of regional analgesia in the
available literature. We suggest that research in this
area may be of scientific and practical importance
for several reasons. First, regional analgesia is a fun-
damental way to control pain in some types of sur-
gical operations, for example, in colon surgery [10].
Second, in neuraxial pain management, not only
local anesthetics, but also adjuvants are used, in-
cluding narcotic analgesics [4]. Finally, testing the
hypothesis of the effect of the COMT G1947A
(vall58met) polymorphism on the quality of re-
gional analgesia will confirm or disprove the need
for further research in this area.

The purpose of this pilot study was to evaluate
the effect of COMT G1947A SNP on the efficacy of
spinal analgesia on day 1 after laparoscopic surgery
for colorectal cancer.

Materials and Methods

This was a pilot cohort observational study, ap-
proved by the Ethics Committee of the A. Tsyb Medical
Radiological Research Center (A. Tsyb MRRC) which is a
branch of the National Medical Research Radiological
Center of the Ministry of Health of the Russian Federa-
tion (Protocol No. 194 of 18.01.2017). All patients signed
an informed consent for participation and collection of
genetic material. The study included 100 patients after
laparoscopic surgery for colorectal cancer between Jan-
uary 2017 and June 2018 (Table 1) and 100 clinically
healthy donors.

Patient management was based on the rapid reha-
bilitation protocol [10]. All surgeries were performed
under general anesthesia (sevoflurane + fentanyl) with
muscle relaxants and the use of ventilation. Prior to the
general anesthesia induction, a subarachnoid space
puncture was performed at the level of LII-IIT and 10-12.5
mg of bupivacaine hydrochloride with 200 pg of mor-
phine hydrochloride were injected. Postoperative anal-
gesia in the groups was based on the numeric rating scale

GENERAL REANIMATOLOGY, 2019, 15; 6
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Ta6mua 1. KnnHuuyeckasi XxapakTepuCcTHKa 00C/1eJ0BAHHBIX TAIIEHTOB U CBEAEHH 0 BHIIIOTHEHHBIX OMePALHX.
Table 1. Clinical parameters of the studied patients and information about the performed surgery.

Parameters

Value of parameters

Total patients, n 100
Age, years (M+m) 61.1+1.04
Sex, m/f 50/50
ASA class* II-111
Duration of surgery, min (M+m) 181.4+8.0
Phentanyl dose during surger, mcg (M+m) 350+14.0
Anterior resection of the rectum 40
Sygmoid resection 19
Right hemicolectomy 18
Left hemicolectomy 8
Reconstructive surgery 7
Rectal extirpation 4
Recurrent pelvic tumors 4

Note. * ASA — American Society of Anesthesiologists scale for functional status assessment.

ITpumeuanue. [l Tabu1. 1, 3, 4: parameters — napamerpsl; value of — 3HaueHwus; total patients — Bcero narpeHToB; age, years —
BO3pacT, rofpl; sex, m/f — mour, M/3k; duration of surgery — numrenpHOCTH oneparuy; phentanyl dose during surger — mo3a
¢enTanmna Bo Bpemsi onepanuy; anterior resection of the rectum — nepenHsist pedexiys NpsiMON KUIIKY; sygmoid resection —
pe3eKIHs CHT'MOBUAHOM KUIIKY, right/left hemicolectomy — rmpaBocTOpOHHS/JIEBOCTOPOHHS TeMUKOJIDKTOMIS; reconstructive
surgery — BOCCTaHOBHTeJIbHBIE Olleparuy; rectal extirpation — skcTupnanusa IpsAMOI KUIIKY; recurrent pelvic tumors — pe-
LIUIUBHBIE OIIYX0JIM Ta30BOH JIOKAIU3auH. * — ASA — mIKasa (PyHKIHOHAJIBHOTO CTaTyca AMEpUKAHCKON accolMalyy aHe-

CTE€3U1O0JIOI0B.

NaIeHTOB KOJIOPEKTAIbHBIM PAKOM, IIPOOIIEPUPOBAaH-
HBIX JIAIIAPOCKONNYECKUM OCTYIIOM C AHBapsA 2017 o
nroHb 2018 roma (Tads1. 1) 1 100 KIMHUYECKH 30POBBIX
JIOHOPOB.

Benenue nanyeHTOB OCYIIECTBIISAJIN C UCIIOJIb30-
BaHWEM ITPOTOKOJIA YCKOPEeHHOH peabusmranyw [10]. Bece
oneparyiy BBITOJTHUIIN 1107 0011l aHecTe3nel (ceBogd-
JIIopaH + (peHTaHu) ¢ MuopeakcanTamu u VIBJI. Iepen
WHIYKIMEH B 00IIyI0 aHecTe3unio Ha ypoBHe LII-III BEI-
TIOJTHSTY IIYHKITUIO Cy0apaxHOWJaIbHOTO IIPOCTPAHCTBA
u BBOmmuH 10-12,5 Mr 6yniuBakamHa THIPOXJIOPHU/IA C 10-
6aBsiernem 200 MKTr MopduHa ruapoxiopuia. ITocre-
OIlepalMOHHYI0 aHAJITe3UI0 B IPYIIIAX OCYIEeCTBJISIN Ha
OoCHOBaHUU (P POBOY perTHHroBou mrassl (L{PII) nn-
TeHcHBHOCTH 60s111. [Tpum LIPIII>3 6a/1/10B BBIIOTHAIN
UHBbeKIMI0 30 MT KeTOpoJIaka TPOMeTaMyHa B/ B, IIPU OT-
cyrcrBuu adpdexra — tpumenepunut 20 mr B/m. Iep-
BYIO BEpTUKAJIU3ALINIO [TAIIEeHTOB OCYILeCTBJIAIN Yepes
6-8 yacos 11ocJie oreparuu.

B 1 cyTtku nocJie onepanuu npu nnomornu LPII B
6a/utax ot 0 70 10 orleHUBaIM MaKCUMAaJTbHYIO UHTEH-
CHUBHOCTB 60J11 B 1ToKoe (IIPIII,), ”HTEHCUBHOCTH OOJTH
npu nepBoii Beprtukanusanuu (LIPIII,), yacToTy U BbI-
paskeHHOCTb TOIIHOTHI (LIPII;), 4acTOTy M BBIpasKeH-
HOCTB KOKHOTO 3yna (LIPII,), vacTtory pBoThL. O1ieHun-
BaJd TaK)Ke TOTPEeOHOCTH B JOIOJHUTEJIHHOM
00e300/IMBAaHNY B TeYEHU € ITEPBHIX CYTOK MOC/Ie0nepa-
nuonHoro nepuona (HIIBC, onnounasr).

B xauecTBe reHETUYECKOr0 Marepuasia UCIoab30-
Basi JITHK kJieTok nepudgepuyeckoii BEHO3HON KPOBH,
KOTOPYIO Opasii B BaKyTeHHEPHI C 9TUJIEHANAMUHYKCYC-
HOU KasmeBol cosibio (K23/ITA) u XpaHu/Iu Npu TeMrie-
parype —20°C. IeromHyt0 JIHK BbIf€ss1/11 C TOMOIIBIO Ha-
6opa «Wizard Genomic DNA Purification Kit» («Promega»)
B COOTBETCTBUU C IPOTOKOJIOM IIPOU3BOAUTEJIS. VICTIO/b-
30BaJII METOAMKY IOJIMMEPA3HOU LeNMHON peakIuy C
TOCTIeMyIoNeN 00paboTKOM Crienu(UIecKoi pecTpUKTa-
3011 Hsp92II («Promega») 1 onpesiesieHreM JIJIMHBI hpar-
MeHToB pecTpuriyu (ITLP/TIIP®). [l amnmduranm
¢parmenTa COMT, conepskariiero ucciaeayeMbiiiSNP, vic-
ronb3oBas mpaiimeps! 5’-ACTGTGGCTACTCAGCTGTG

(NRS) of pain intensity. If NRS score was >3 points, 30 mg
of ketorolac tromethamine IV was injected, if no effect
was observed, 20 mg trimeperidine IM were given. The
first patient verticalization was done in 6-8 hours after
the operation.

On day 1 after surgery the maximum intensity of
pain at rest (NRS,), the pain intensity at first verticaliza-
tion (NRS,), the frequency and severity of nausea (NRS;),
the frequency and severity of itching (NRS,), the fre-
quency and severity of itching, and the frequency of vom-
iting were assessed in points from 0 to 10 according to
the NRS. The need for additional analgesia (NSAIDs, opi-
oids) during the first 24 hours of the postoperative period
was also assessed.

The DNA of peripheral venous blood cells was used
as a genetic material. The blood was drawn into vacutain-
ers with dipotassium ethylenediamine tetraacetic acid
(K2EDTA) and stored at a temperature of -20°C. Genomic
DNA was isolated using the «Wizard Genomic DNA Purifi-
cation Kit» («Promega») in accordance with the manufac-
turer's protocol. The polymerase chain reaction technique
with subsequent treatment with specific restrictase
Hsp92II («Promega») and determination of restriction frag-
ments length (PCR/RFLP) was used. The 5'-ACTGTGC-
TACTCAGCTGGTG (direct) and 5'-CCTTTTTTCCAGGTCT-
GACAAA (reverse, Eurogen) primers were used to amplify
the COMT fragment containing the studied SNP [11].

The statistical data analysis was done using STATIS-
TICA 6.0 software. The main array of the obtained data
had a distribution distinct from the normal one
(Shapiro-Wilk test), therefore, non-parametric ¥? crite-
rion and single-factor dispersion analysis (ANOVA
Kruskal-Wallis) were used. All data, except for those
specifically noted, are presented as median (Me) and val-
ues of quartiles II and III (QII-QIII). Differences were
considered statistically significant at P<0.05.

Results and Discussion

The gene encoding the structure and function
of COMT is localized on the chromosome 22

www.reanimatology.com
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Tabuuna 2. Yacrora SNP vall 58met rena COMT.
Table 2. Frequency of COMTvall58met SNP.

Group SNP, % Hardy-Weinberg distribution, y?
val/val val/met met/met

Patients n=100 25 45 30 0.96; P>0.05

Donors n=100 28 51 21 0.06; P>0.05

IIpumeuanwue. /lyis1 TabJ1. 2-4: group — rpymnma; patients — manuenTsl; donors — noHopsl; Hardy-Weinberg distribution — pac-

npenesieHne Xapau-BaiiHOepra.

(mpsimoit) u 5’-CCTTTTTCCAGGTCTGACAA (06paTHBIH,
«EBporen») [11].

CraTucTUYeCKyI0 00pabOTKY TaHHBIX IIPOBOUIA
nipu oMoty nporpaMmsl STATISTICA 6.0. OcHOBHOH
MAaCCHB II0JTyYeHHBIX JaHHBIX IMeJI paclpe/ie/ieHre OT-
JITYHOE OT HOpMasTbHOTO (KpuTepuii Shapiro-Wilk), mmo-
9TOMY HCITOJIb30BAJIN HellapaMeTpuyecKre KpUTepuu
¥? 1 0THO(aKTOPHBIH THUCIIePCUOHHBIN aHaan3 (ANOVA
Kruskal-Wallis). Bce maHHbIe, 3a UCKJIIOUYEHHEM 0CO00
OTMEUYeHHBIX, Ipe/iCTaBJIeHb] B BUe MeauaHsl (Me), a
takoke 3Hadenui 11 u 111 kBaptuseit (QII-QIII). Paszau-
YyA CYUTAIUA CTATUCTUYECKU 3HAYUMbIMU IIpU p<0,05.

Pe3ynbTaThl M 00CY:K/I€HHE

leH, konupyOIUNA CTPYKTYPY U (PYHKIIUIO
COMT, Jsioka;mm3oBaH HA xpoMocoMe 22ql1.21 u
cocTouT 13 6 9k30HOB. SNP 154680 ABJIsIETCA TPAH-
3ullMell ryaHWHAa Ha aJeHUH B HYKJIEOTUIHOH
nocJjaea0BaTeIbHOCTH 4eTBEepPTOrO 9K30Ha
(G1947A). OTO IPUBOAUT K 3aMeHe BaJIMHA Ha
METHOHWH B MO3UIUU 158 aMHUHOKHCJIOTHOH
MTOCJIeJOBATEIFHOCTH O€JIKOBOU CTPYKTYPHI pep-
MeHTa (vall58met) ¥ CHUYXEHUIO €0 aKTUBHOCTU
B 3-4 pa3a y TOMO3UTOTHBIX HOCUTEJIell MyTaHT-
HOU asuiesin met/met. [ToBbIllIeHWE COfepIKaHUS
JloTlaMWHAa B CHUHAICaxX MPUBOAUT K U3MEHEHUIO
AKTUBHOCTU [3-aJjpeHepruyecKux perenTopos,
KOHIIeHTpalny 9HKe(aInHaA U TJIOTHOCTHU OIHO-
naHbIX pententopos B [THC [1, 8].

Hamu 66Ut neHTH(UITMPOBAHbBI BCE TPY BO3-
MOYKHBIX koMOuHaruu SNP vall58met rema COMT.
Pacnipeniesienue asieneid NMOAYUHSIOCH 3AKOHY
Xapau—Batin6epra. 3To CBUAETETHCTBYET O TOM, YTO
o0csieToBaHHbIE TTONYIIAIIHN OJIM3KU K UAEATHHBIM
A He HaXOOWJIHCh II0J BJIMSHHUEM KaKUX-JIHI00
HeyuTeHHbIX (pakTOpoB. CTaTHCTUYECKY 3HAUYNMbIX
pasau4uil 4acToT ajiesieil Meskay rpynnamMu ary-
€HTOB ¥ JIOHOPOB He 00HAPY>KUIH (TadJ. 2).

OnHUM M3 KpUTEpHEeB KauyeCTBA aHAJITe3UN
SIBJISIETCST YaCTOTA TAaKUX MOOOYHBIX 9(P(eEKTOB,
KaK TOIIIHOTA, PBOTA 1 KOYKHBIH 3y, KOTOPBIHI 0CO-
0€eHHO aKTyaJseH IMPU HeHPOoaKCUAJIHHOM IIpUMe-
HeHUU MoppuHa. MBI OIleHU/IN YaCTOTY JAHHBIX
HeOJIaTOMPUATHBIX COOBITHH, a TaKyKe MOTpeod-
HOCTb B JONIOJHHUTEJIbHOM 00e300/IMBaHUN B
rpynmax HocuTesjed pas3jIMYHbIX aJiiesied
vall58met 11 He BBIABUJ/IN CTAaTUCTUYECKHU 3HAYU-
MBIX pas3jauuuii (TabJi. 3).

[naBHbIM mnOKa3aresieM 3¢ HEKTUBHOCTU
MOoCJIe0NepaMOHHOM aHaJTe3UHU SIBJSIETCS BbIpa-
SKEHHOCTH 60JIM B TIOKOE U TIPY aKTUBU3AIUH, &

(22q11.21) and includes 6 exons. SNP rs4680 is a gua-
nine to adenine transition in the nucleotide se-
quence of the fourth exon (G1947A). This leads to the
replacement of valine with methionine in position
158 of the amino acid sequence of the enzyme pro-
tein structure (val158met) and a 3—4-fold decrease in
its activity in homozygous carriers of the met/met
mutant allele. An increase in the dopamine content
in synapses leads to changes in -adrenergic recep-
tor activity, enkephalin concentration, and opioid re-
ceptor density in the CNS [1, 8].

We identified all three possible combinations
of COMTval158met SNP. The distribution of alleles
conformed to the Hardy-Weinberg equilibrium
which suggests that the populations studied were
close to ideal and not affected by any non-recorded
factors. No statistically significant differences in al-
lele frequencies between patient groups and
donors were found (Table 2).

One of the criteria for quality analgesia is the
frequency of side effects such as nausea, vomiting
and itching, which is particularly relevant in the
neuraxial use of morphine. We evaluated the fre-
quency of these adverse events, as well as the need
for additional analgesia in groups of various
vall58met alleles carriers, and found no statistically
significant differences (Table 3).

The main indicator of the postoperative anal-
gesia efficacy is the severity of pain at rest and dur-
ing activation, as well as the intensity of side effects
of the drugs used. The listed parameters did not dif-
fer in the groups of carriers of various SNP G1947A
on day 1 after the surgery (Table 4).

The obtained results show that the use of
spinal analgesia generally provides an adequate
level of anesthesia on day 1 after laparoscopic
surgery for colorectal cancer. Pain intensity not ex-
ceeding 3 points in NRS is considered acceptable
and does not require additional treatment [12]. A
combination of local anesthetic with low mor-
phine doses (up to 300 pg) is known to provide ef-
fective analgesia lasting from 16 to 20 hours with-
out increasing the frequency of side effects, and
the opioid-sparing effect remains up to 48 hours
after surgery [4, 13]. In our study, 39% of patients
required additional analgesia, but only 9% needed
narcotic analgesics prescription. No cases of clin-
ically significant respiratory  depression
(Sp0,<90% and/or respiratory rate <12 per min)
were reported.
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TaG.una 3. YacToTa TOIMIHOTHI, PBOTHI, KOJKHOTO 3y/ia U MOTPEOHOCTH B AOMOJIHUATEIHSHOM 00€300/MBaHuu B 1
CYTKH IOCJI€ OTI€paIUH.
Table 3. Frequency of nausea, vomiting, itching and the need for additional analgesia on Day 1 after surgery.

Parameters Value of parameters in groups

val/val (n=25) val/met (n=45) met/met (n=30)
Nausea, n (%) 10 (40) 17 (37.8) 13(43.3)
Vomiting, n (%) 3(12) 11 (24.4) 8 (26.7)
Itching, n (%) 14 (56) 29 (64.4) 16 (53.3)
Additional analgesia, n (%) 10 (40) 19 (42.2) 10 (33.3)

IIpumeuanue. Nausea — TOIIHOTA; vomiting — pBora; itching — koxxHbI# 3yx; additional analgesia — monosauTEIBHOE 06€360-
JINBaHUE.

Ta6suia 4. UHTEHCMBHOCTD OOJIH, TOIIHOTHI M KOJKHOTO 3y/1a B 1 CyTKH IOC/I€ OIIepaliyui.
Table 4. Intensity of pain, nausea and itching on day 1 after surgery.

Group SNP, % ANOVA Kruskal-Wallis
val/val (n=25) val/met (n=45) met/met (n=30)

NRS1 2 (1-3) 2 (1-4) 1(0-2) P=0.173

NRS:2 3 (2-5) 3 (3-5) 3 (1-5) P=0.296

NRSs3 3 (2-4) 4 (2-4) 4 (2-5) P=0.517

NRS4 3.5(2-4) 3 (2-4) 3.5 (2.5-4) P=0.802

IIpumeuyanne. NRS — IIPIII.

TaK)Ke WHTEHCUBHOCTb IO0OOYHBIX 3(¢deKrToB
HCIIOJb3yeMbIX IIpenaparoB. llepeuncieHHble
IapaMmeTpsbl B 1 CyTKM ITOCJIe ollepaliyiy He OT/InYa-
JINCh B TPYIIAax HOCUTeJEN pa3/IMUHbIX ajljiesei
SNP vall58met (TabJ1. 4).

AHanu3 IMOJIyYeHHBIX pe3yJIbTaTOB CBUIE-
TeJbCTBYeT O TOM, YTO BKJIIOUEHHE B KOMILJIEKC
aHEeCTEe3MO0JIOTUYECKOT0 II0COOMA CIUHAJbHOM
aHaJre3uu B IIeJI0M OOecIleurBaeT aJeKBaTHBIN
ypoBeHb 00e300/IMBaHuUsI B 1 CyTKU MOCJIe J1amna-
POCKOTIMYECKUX OIlepalyii o MoBOIYy KOJIOPEeK-
TaJIbHOTO paka. IHTEeHCUBHOCTD 601U, HE IPEBbI-
maromass 3 oOamaoB 1o IIPII, cuuTaercs
npuemJjieMol U He TpeOyeT JOMOJTHUTEJIHLHOTO
Jiedenus [12]. I3BeCTHBIM SABJISIETCS TOT (paKT, YTO
KOMOMHAIIMSA MECTHOTO aHEeCTeTHKa C HU3KUMU
nmosamu MopduHa (mo 300 MKr), obecreduBaeT
3¢ PeKTUBHYIO aHAITE3UIO JJIUTETBHOCTHIO OT 16
1o 20 yacoB 6€3 yBeJIMYeHUs YaCTOThl TOOOYHBIX
adderroB, a onwuoumacOeperaroIuii 3P derT
coxpaHsieTcd 10 48 yacos 1ocJie onepanuu (4, 13].
B mamem uccaenoBanuu 39% nanueHTOB IIOTPe-
0oBaJI JOIIOJTHUTEJILHOT0 00e300/IMBaHusA, HO
TOJBKO Yy 9% BO3HHUKJIA HEOOXOOUMOCTb B
Ha3HAaYeHUU HAPKOTUYECKUX aHaJbreTUKOB. He
3aUKCUPOBAIU HU OIHOTO CJIyYasi KIMHUYECKU
3HAYUMOU pecnupaTopHOi nenpeccuu
(Sp0,<90% n/nam YJIJIS12 B MUH).

PesysnbraThl HccaeqOBAaHUN OI[eHUBABIIUX
Baussuue SNP vall58met Ha MOPOT BOCIPUATUS
60y 1 9(p(PEeKTUBHOCTh CUCTEMHOU aHAITe3Uu
IIPOTUBOPEYUBBI. B pyKOBOACTBE MO JIeYEHUIO
ocTpotii 6oy Schug S. A. u coast. (2015) [4] yka3bl-
BaeTcsl, YTO y HOCUTeJIel asjiesiu met HabJII0qaeT-
Ccs1 CHUPKeHHME 00JIeBOTO IMOpOora W IOBBIIIIEHHE
MOTPEeOHOCTU B HAPKOTHYECKHUX aHaJbreTHUKaXx.
AHa/JIOTUYHBIE JaHHBIE TIPUBOIAT B CBOEH paboTe
Yao P. u coasrt. (2015) [7], a Takyke CnacoBa A. Il. u

The results of the studies evaluating the effect
of COMT vall58met SNP on pain perception
threshold and the efficacy of systemic analgesia are
contradictory. Schug S. A. et al. (2015) in a manual
of acute pain management [4] indicates that met al-
lele carriers have decreased pain thresholds and in-
creased need for narcotic analgesics. Similar data
are provided by Yao P. et al. (2015) [7], as well as
Spasova A. P. et al. (2016) [8]. At the same time, the
results of Candiotti K.A. et al. (2014) [5] and our pre-
vious study [9] showed a decrease in pain intensity
and the need for narcotic analgesics in this group
of patients. The results of the most relevant meta-
analysis suggest that heterozygous carriers of
val/met require less opioids to achieve adequate
postoperative analgesia [6].

We failed to identify the statistically significant
influence of the COMT G1947A SNP on the studied
parameters. This suggests that at present this poly-
morphism can be disregarded when planning
spinal analgesia in the investigated patient category.
The study of other polymorphisms may help to pre-
dict the need for additional anesthesia and the fre-
quency of nausea, vomiting and itching after sub-
arachnoid use of local anesthetics and opioids. The
efficacy of lidocaine use has been reported to de-
pend on the polymorphism of the melanocortin re-
ceptor type 1 gene (MCIR), while that of some nar-
cotic analgesics may depend on the opioid
p-receptor type 1 (OPRM1I) and the cytochrome
P450 (CYP2D6) system gene polymorphisms [1-4].
In the systemic use of opioids after nephrectomy,
the need for antiemetic therapy was associated with
another abnormality, namely COMTrs4818 SNP [5].
The impact of polymorphisms of cytochrome P450
(CYP2D6, CYP3A4), UDP glucuronyl transferase
(UGT2B7), and ATP-binding cassette transporter
(ABCBI1, ABCB3), k- and 6-opioid receptors (OPRK,
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coasr. (2016) [8]. B TO ke Bpems, pe3yssrarhl pado-
Tl Candiotti K. A. u coaBr. (2014) [5] 1 Halnero
IIpEeabIAYINero uccjaeqoBanus (9], mokasaau CHU-
sKeHre WHTEHCUBHOCTU 00U U MOTPeOHOCTH B
HapKOTHUYECKUX aHAJbIeTUKaX B JaHHOH rpymile
MmaryeHToB. Pe3ynbraThl Hanbo0JI€e€e aKTyaJIbHOTO
MeTa-aHajau3a CBUAETeJIbCTBYIOT, YTO TeTepPO3u-
roTHBIE HOcUTeau val/met TpeGyIOT MeEHBIIIEro
KOJIM4YeCTBa ONMOUA0B JIJI1 JOCTHUYKEHUsI aJIeKBar-
HOU mocJieoTeparioHHON aHare3uu [6].

Ham Be ymanoch BBIABUTH CTaTUCTUYECKU
3Haunmoro BausHusa SNP vall58met rema COMT
Ha HcciefyeMble II0Ka3aresu. JTO CBUIETeIbCTBY-
€T 0 TOM, YTO B HaCTOsIIIlee BpeMsi JaHHbBIHN TTOJIH-
MOp(hU3M MOYKHO He YUUTHIBATh IIPU IIJIAHUPOBA-
HUM CIIMHAJIbHOU aHaJITe3WH y 00CJIeJOBaHHOU
KaTeropuu alreHToB. Bo3MOXKHO, udydyeHue gpy-
TUX TTOJIMMOP(HU3MOB IMO3BOJIUT ITPOTHO3UPOBATH
MMOTPeOHOCTh B JIOTIOJHUTEJTLHOM 00e360JImBa-
HUU, YaCTOTY TOIIHOTEI, PBOTHI X KOSKHOIO 3yJa Ha
¢oHe cybapaxHOUIATBHOTO TPUMEHEHUST MECT-
HBIX aHEeCTeTUKOB 1 onuomoB. CooOIaercs, 4To
3 HEeKTUBHOCTH IPUMEHEHUS JINJOKANHA MOKET
3aBHUCETH OT MOJUMOP(PU3Ma reHa MeJIJAaHOKOPTH-
HOoBoro perentopa 1 tTuna (MCIR), a HEKOTOPBIX
HAapPKOTUYECKUX aHAJbTETUKOB — OT HOJHAMOP-
¢u3Ma reHoB OIIMOUAHOIO U-perentopa 1 Tuna
(OPRM1) 1 pepMeHTOB cUCTeMBI ITuTOXpoma P450
(CYP2D6) [1-4]. Tlpu cucTeMHOM TIPpUMEHEHUU
OIMOUIOB II0CJIe HE(DPIKTOMUU TOTPEOHOCTH B
AHTHIMETUYECKON Tepanuy Obla CBsi3aHa C Ipy-
ruM SNP rena COMT — rs4818 [5]. [IpoBogniiace

OIleHKA BJIUSHUS TOJIUMOp(dr3Ma reHOB ITUTOXPO-
Ma P450 (CYP2D6, CYP3A4), Y®-IIIOKYpOHUJI-
tpancdepadnsl (UGT2B7), ATP-cBA3BIBAIOIIETO
KacceTHOTro TpaHcnoptepa (ABCB1, ABCB3), k- n d-
onnogHbIX perilenTopoB (OPRK, OPRD), kaJIneBbIX
kaHanoB (KCNJ6, KCNJ9) Ha pa3BUTHE KOKHOTO
3yJa [ocJie S IypaaIbHOro IpUMeHeHrs1 Mopdu-
Ha, HO KaKOH-T100 CBSI3W HAUTH He yIaJIOCh [14].
B HacTosIiee BpeMs B MUpe BeleTC UHTeH-
CHBHBIHU IIOMCK MOJIEKYJISIPHO-FeHeTUYeCKuX (pak-
TOPOB IIPOTHO34a U ITepCOHAJTN3UPOBAHHBIX ITOAXO-
JIOB K JIEUeHUIO PAa3JTUYHBIX 3a00J/IeBaHU, B TOM
4ucje B MeJUIIMHE KPUTUYECKUX COCTOSTHUN U
aHecrte3uoJioruu [1-3, 15-18]. Onmcano MHOKe-
CTBO MOJUMOP(PHU3MOB, CBA3aHHBIX C 3P EKTUB-
HOCTBIO lepuoIepauoHHoli anaareauu [1-9, 19].
VYuuTbiBasgd HaJu4ue OOJIBIIOTO0 KOJUYEeCTBa
reHOB-KaHIMIaTOB U NX KOMOWHAIIUKA, IIOTEHIH -
aJIbHO CIIOCOOHBIX OKa3bIBATh BJMSAHNE HA Kade-
cTBO 00e300JIMBaHNsI, OTPUIATETbHbIE PE3YIIBTa-
Thl TaK)Xe MMEIT Hay4YHO-IIPAaKTU4YeCKOoe
3HaYeHMe C TOYKH 3PEeHMsI IONCKa HanboJsiee KiIu-
HUYECKMU 3HAYMMBIX U3 HuX. IlosrygenHble HaMu

Jluteparypa

1. Maxapun O.A., Kenuno B.M., Ilamiouenro O.JO. CoBpeMeHHBIe
TpeiCcTaBIeHusT 0 papMaKoreHeTuke 60/, AHecme3uoio2us u pea-
Humamoaozus. 2016; 61 (3): 219-223. DOI: 10.18821/0201-7563-
2016-3-219-223

OPRD), potassium channels (KCNJ6, KCNJ9) genes
on itching after epidural use of morphine was inves-
tigated, but no link could be found [14].

Nowadays, an intensive search for molecular
genetic prediction factors and personalized ap-
proaches to the treatment of various diseases is un-
derway in critical medicine and anaesthesiology [1-3,
15-18]. Many polymorphisms related to the effi-
ciency of perioperative analgesia have been de-
scribed [1-9, 19]. Given the large number of candi-
date genes and their combinations potentially
capable of affecting the quality of anesthesia, the
negative results are also of scientific and practical im-
portance for finding the most clinically informative
genetic variants. The data obtained do not support
the suggestion about the effect of COMT G1947A SNP
on the efficiency of spinal analgesia on day 1 after la-
paroscopic surgery for colorectal cancer. To obtain
the final conclusions further studies are necessary,
because the calculations (G¥*Power, 3.1.9.4 software)
show that the power of tests in our study is as low as
24.7%, whereas to achieve 80% power the sample vol-
ume should be as much as 264 [20].

Conclusion

This pilot study of the effect of COMT
vall58met SNP on the efficacy of spinal analgesia
on 1 day 1 after laparoscopic surgery for colorectal
cancer has not revealed such relationship. To reach
the final conclusions, further studies with higher
power are required.

JIaHHbIE HE ITO3BOJISIIOT CAeJaTh BBIBOI O BIUSHUN
SNP vall58met rena COMT Ha 3(pPeKTUBHOCTD
CIIMHAJIbHOH aHa/Ire3uu B 1 CYTKH IIOCJIE JIaapo-
CKOTIIMYEeCKUX ONlepanuii 1o MoBOIy KOJIOPEKTaIb-
HOro paka. [ljida noJiydeHuss OKOHYAaTeJbHBIX
BBIBOIOB HEOOXOUMO MIPOBEJIeHUE JaTbHEUIITNX
HCC/IeA0BAHUMY, IOCKOJIBKY PAcueThbl HIOKa3bIBAIOT
(mporpamma «G*Power 3.1.9.4»), 4TO MOIITHOCTH
TECTOB B HallleM UCCJEJOBAHWU He NPEBbIIIAET
24,7%, a 111 JOCTUKEeHM s MOIITHOCTH 80% Heo0x0-
IuMa BbIOOpKa 00 beMoM 1n=264 [20].

3akJrouenue

B wHacrosiieM MNHJIOTHOM HCCJIEJOBAaHUU
3aBUCUMOCTA 3(P(PEKTUBHOCTH CHHUHAJIBHOU
aHaJIre3uu B 1 CyTKU MOCJIE JaapOCKOIUYECKUX
olepanuii o MOBOLY KOJIOPEKTAIbHOIO paKa oT
SNP vall58met rena COMT He BbIABWJIU. Jljs
MOJIyYeHUsI OKOHYATeJIbHbBIX BEIBOJOB HEOOXOY-
MO IIpOBeJieHre NaJIbHEHIINX UCCJIeJOBAHUN C
0OJIBIIIE MOIITHOCTHIO.
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Ilesb pabOTHI. BhIsAB/IEHVE TIEPCITEKTUBHBIX TMATHOCTUYECKUX ¥ TPOTHOCTUYECKUX OMOMapKepPOB pas-
BUTHS ATOJIOTUTYECKHUX ITPOIECCOB HA OCHOBE 0COOEHHOCTEN MOP(MOJOTHUN ¥ HAHOCTPYKTYPhI MEMOpaH
SPUTPOIMTOB Y MMAIMEHTOB C HAPYIIEHUAMHU (PYHKIIMHU TOJIOBHOTO MO3Ta, HAXOSIIUXCS B OTIEJIEHIY aHe-
CTe3UO0JIOTUN U peaHUMalliu.

MarepuaJjsl M MeTOAbI. B rcciieqoBanye BRIIOYMIIN 24 MalieHTa OTAeJIeHUsI aHeCTe3NO0JIOTMH U pea-
anmanuu @HKI PP. KpoBb 3abupasiv y JaHHBIX TAIIMEHTOB JIJISI CTAHIAPTHBIX AaHAJIN30B, U BCE AJTbHEH-
III¥e WCCJIeTOBAHUS IIPOBOIWIIH in Vitro. I306paskeHUsI 9PUTPOIUTOB MOTYIAU C TOMOIIBIO aTOMHOTO CH-
sgosoro Mukpockona «NTEGRA Prima» (NT-MDT, Poccust) B IOJIyKOHTaKTHOM pesKUMe.

Pe3ynbTaThl. Y NalEeHTOB OTAe/IeHNA aHeCTe3U0JI0T MY U peaHUMAllUU C YepellHO-MO3T0BOH TpaBMOH,
HUIIEMAYECKAM U TEMOPPATTYECKUM UHCYJIBTOM, OTEKOM TOJIOBHOTO MO3Ta, ITOCTTUTIOKCUYECKOH 9HIeda-
JIOTIATHEN UMeJTU MECTO Pa3JIMIHbIE (POPMBI KJIETOK KPOBH, HA TOBEPXHOCTH MeMOPAHBI 9PUTPOIUTOB BO3-
HUKAJIA JIOKAJbHBIE e eKThI Pa3JIMTHON TOTIOJIOTHH: Ie(DEKTHI MTJIOPA, TOPA, HAHOCTPYKTYPHL.

3akJjrodyeHue. B TaHHOM MUJIOTHOM MCCJIEJOBAHUM MBI ITIOKA3aJIH, 4TO P 1eeKTOB SBJSAIOTCA CTap-
TOBBIM MEXaHH3MOB PAa3BHUTHUS TOTAJIHHBIX TOBPEKIeHN MeMOpaH. JIokaJbHbIe TOOTpaduiecKue e-
(peKTHI HAHOCTPYKTYP, a TaKKe HApyIIeHUsI MOP(OJIOTUH IPUTPOIUTOB HeoOpaTumbl. KosimyecTBo 1 Ka-
YeCTBO 9THX HApYIIEHWH B TMEPCIEeKTUBE MOTYT OBITh WMCIOJb30BAaHBI KaK [IHATHOCTHYECKUN U
MPOTHOCTUYECKUH OOMapKep MAaTOJIOTHYECKHIX ITPOIECCOB.

Kntoueswle cnosa: apumpoyumol; HALOCMPYKMYpa Memopar; amomHas CUL08ast MUKPOCKONUSL

The aim of the paper: to identify promising diagnostic and prognostic biomarkers of pathological processes
development based on the red blood cell membrane morphology and nanostructure in patients with brain
disorders in the Intensive Care Unit.

Materials and methods. The study included 24 patients from the anesthesiology and resuscitation ward
of the Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology. Blood was acquired
from the patients for standard tests, and all further tests were performed in vitro. The images of red blood cells
were obtained using the atomic force microscope «NTEGRA Prima» (NT-MDT, Russia) in semi-contact mode.

Results. Patients from the anesthesiology and intensive care ward with traumatic brain injury, ischemic
and hemorrhagic stroke, cerebral edema, and post-hypoxic encephalopathy had different blood cell shapes
and localized defects of different topology on the surface of erythrocyte membranes including defects of pallor,
torus, and nanostructure.

Conclusion. In this pilot study we have shown that several defects represent the trigger mechanisms for
the development of a total membrane damage. Local topographic defects of nanostructures and abnormalities
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of erythrocyte morphology are irreversible. The number and quality of these abnormalities may eventually be
used as a diagnostic and prognostic biomarker of pathological processes.

Keywords: red blood cells; membrane nanostructure; atomic force microscopy
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BBenenue

OJHOM 13 TPUOPUTETHBIX IIPOOJIEM peaHuMa-
TOJIOTUU SBJISIETCA HCCJIEJOBAHWE MEXaHU3MOB
pasBUTUA KPUTUYECKUX U TEPMUHAJBHBIX COCTOSI-
HUU HA OPTAaHHOM, KJIETOYHOM W MOJIEKYISPHOM
YPOBHSX [1, 2]. I3ydeHUro BOIIPOCOB, CBA3AHHBIX C
U3MEHEHUEM JPUTPOIUTOB NPU TePMUHATBHBIX
COCTOSTHUSIX, TIOCBSIIIIEH PSIJT MICC/IEIOBAHUH, IPOBE-
JIEHHBIX Ha KJIETOYHOM YPOBHE [3], OIHAKO, BOIIPOC
00 U3MeHEeHHsIX HAHOCTPYKTYPhI MEMOpPAH 3pUTPO-
LIMTOB MPHU PA3JTUYHBIX MTATOJOTUUECKUX COCTOS-
HUSX OCTAETCSI OTKPBITHIM. [Ipu psifie coCTOsTHUI
TaKUX Kak UIIeMUs], TUIIEPTOHUS, aTepPOCKIEPO3 B
OpraHu3Me NPOMCXOIUT KUCIOPOIHOE rOJIOIaHUE.
[TpoucxoguT n3MeHeHre MOP(OJIOTHN IPUTPOITH-
TOB — moukmaonuTo3 [4]. CocrossHre meMOpaH
3PUTPOIMTOB UTPaeT BAYKHYIO POJIb B COXpaHEHUH
WX IIEJIOCTHOCTH [5] ¥ B OCYILIECTBJICHUY UX Ira3o-
TPAHCIOPTHOU (PyHKIIUH [6].

B psime paboT rmokas3aHo, YTO HAHOCTPYKTYpa
MeMOpaH BJIMsIET Ha KECTKOCTH 9PUTPOITUTOB, a,
cJieJoBaTeJ IbHO, M Ha PE0JIOTHIO KPOBU B 11€JIOM U
Ha Ka4YeCcTBO Mepudepruieckoro KpoBOTOKa [7].
OCHOBHBIM TOKa3aTejieM (PYHKIIMOHUPOBAHUS
9PUTPOIUTA ABJISETCS CTAOMITBLHOCTH HAHOCTPYK-
Typbl MeMOpaHBI HA BCEX YPOBHSIX ee OpraHu3a-
nuu [8-10].

Takum 06pas3om, n3ydeHre HAaHOCTPYKTYPbI
MeMOpaH 3pUTPOIUTOB Y MAIIUEHTOB OT/IeJIeHUS
peaHuManuu sIBJSIETCS OTHOU M3 aKTyaJbHBIX
3anay4 peanumarosiornu [11-13].

BaskHbIM HampaBJieHHMEM pa3BUTHS COBpe-
MEHHOU MeIUITUHEI B I[eJI0M ¥ PEAaHNMAaTOJIOTUU
B YaCTHOCTH SIBJISIETCSI MPUMEHEHVe HOBEUIITUX
(pusmuecknx u 6MoPprU3NIECKUX METOTOB HCCIe-
JIOBAHUSI HAHOCTPYKTYP MeMOpaH 9pPUTPOIUTOB
(14]. HauboJsiee yHuBepCaIbHBIM U HH(POPMATUB-
HBIM METOAOM H3y4YeHUsI HAHOCTPYKTYPBbI MeM-
OpaHbI ABJISIETCS METOJ CKAHUPYIOIIEH 30HI0BOM
MHUKPOCKOTIUY, B YaCTHOCTH, aTOMHON CUJIOBOU
MUKpockonuu (ACM) [15-18]. IToT MeTox 1103BO-
JISIET PETUCTPUPOBATH HAHOCTPYKTYPY MEMOPAHBI
B IIITPOKOM JTHaIla30He ee N3MEHEeHU — OT MUK-
poHa 10 moJieit HaHoMeTpoB. ACM maeT BO3MOXK-
HOCTH 06HAPYKUTH MOP(OJIOTUYECKIE U3MEHe-
HUs Tpu 3abosieBaHusax [19], mpu ocTpon
KpoBonorepe [20] 1 mpU pa3JUYIHBIX (PUIUKO-
XUMUYECKUX BO3/IENCTBUSX [15]. ITO oTipenessieT-
Csl TeM, YTO IPU KPUTHUYECKUX COCTOSHUAX, IIPU
KPOBOTIOTEPSIX, TPU COYETAHHBIX TPAaBMax COOCT-
BEHHbIE IlapaMeTpbl MeMOpaH 3JPUTPOIUTOB
MEHSIOTCS B IIMPOKUX IIpejesax [21, 22].

Introduction

One of the key issues of intensive care is the
study of mechanisms of critical illness and terminal
states development at the organ, cellular and
molecular levels [1, 2]. Anumber of studies done at
the cellular level dealt with red blood cell alter-
ations in terminal states [3], however, the nanos-
tructure changes of the RBC membranes in various
conditions remained to be investigated. In various
diseases such as ischemia, hypertension, and
atherosclerosis, an oxygen starvation occurs in the
body. Erythrocyte morphology also changes —
poikilocytosis develops [4]. The state of erythrocyte
membranes plays an important role in the mainte-
nance of their integrity [5] and in gas transport
function [6].

Several studies have shown that the nanos-
tructure of membranes affects RBC stiffness and,
consequently, blood flow in general and the quality
of peripheral blood flow in particular [7]. The main
indicator of erythrocyte functioning is the stability
of the membrane nanostructure at all levels of its
structure [8-10].

Thus, the study of RBC membrane nanostruc-
ture in the intensive care unit (ICU) patients is one
of the key priorities of intensive care [11-13].

One of the challenges of contemporary
medicine, specifically, in ICU setting, includes to
study nanostructures of erythrocyte membranes
with the aid of the latest physical and biophysical
techniques [14]. The most universal and informative
technique for studying membrane nanostructures is
the scanning probe microscopy, namely, atomic
force microscopy (AFM) [15-18]. This method allows
to detect the wide range of the membrane nanos-
tructure changes, from microns to fractions of
nanometers. AFM helps to detect morphological al-
terations in diseases [19], acute blood loss [20], and
following the effects of various physical and chemi-
cal factors [15]. This is due to wide variations of ery-
throcyte membrane parameters in critical condi-
tions, blood loss, and combined traumas [21, 22].

The aim of this work was to reveal promising
diagnostic and prognostic candidate biomarkers of
pathological process development based on ery-
throcyte membrane shape and nanostructure in
patients with brain dysfunction in the anesthesiol-
ogy and resuscitation ward.

Materials and Methods

The research was conducted by the laboratory of

cell membrane biophysics in critical conditions of the
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Iesrb pabOTHI — BBISABIEHNE TEPCITIEKTUBHBIX
MUarHOCTUYECKUX U IIPOTHOCTUYECKUX OOMapKe-
POB pa3BUTHSA IAaTOJOTHYECKOTO IIporecca Ha
OCHOBe 0COOeHHOCTeH MOP(OIOTHY 1 HAHOCTPYK-
TYpbI MEMOpaH 3pUTPOIUTOB Y MAIlIEHTOB C HAPY-
IIEHUAMHI (DYHKIIN TOJIOBHOTO MO3Ta, HAXOSAIINX-
Cs B OT/IeJIEHUY aHECTE3NOJIOTUH M peaHVMAaIIHH.

MarepuaJ 1 MeTObI

Pabora BeIIOJTHEHA sTaboparopueir 6MOPUINKU
MeMOpaH KJIETOK NPU KPUTHYECKUX COCTOSHUSIX
HUMOP um. B. A. Herosckoro @HKII PP coBmecTHO €
Jaboparopureil MeTaboTMYECKON peabuIUTAIINN OT/Ie-
JeHus aHecTte3dnosiornu u peannmarnuu PHKI] PP

B uccienoBanue BKIIIOUMIU 24 TarieHTa OTIesie-
HUA aHecTte3nosoruy u peannmanuu ®HKII PP ¢ qe-
penHo-Mo3roBod TpaBMoii (UMT), uiieMruuecKUM U re-
MOpparu4ecKuM UHCYJIETOM, OTEKOM I'0JIOBHOTO MO3Tra
(OI'M), nocTrunokcuveckout annedasnonaruei (I113),
TpoMO030M BeH.

KpoBb 3abupanu y JaHHBIX MTAIUEHTOB JJIs CTaH-
JApTHBIX aHAJIM30B, U BCe AajbHelIINe UCClel0BaHus
NPOBOIUIIN in Vitro. Bce ncciieoBaHUA IPOBOAWIIN C
ydeToM TpeOoBaHMI XeJbCHHCKON JeKaapanuu Bce-
MHPHOU accounannu «TUYeCKUe IPUHITUITBI TPOBee-
HUA HAYYHBIX MEIUITUHCKHUX I/ICCJIeJIOBaHI/Iﬁ cyJactuem
yeJioBeKa» ¢ nonpaskamu 2000 1, a Takke ¢ HOpMaMu
arnyeckoro komurera PHKI] PP

ITocye 3abopa 10 MKJI e TbHOW KPOBU HAHOCHUJTU
Ha IIpeJMeTHOe CTEeKJIO U IIPUr0TABJIMBAIN MOHOCJION
9PUTPOLHTOB C ITOMOIIbIO Tpudopa «V-sampler, Vision
Microscopy» (ABcTpus).

V306paskeHus 9PUTPOIUTOB MOJIYUIAJIH C IIOMO-
MBI aTOMHOro cujoBoro Mukpockomna «NTEGRA
Prima» (NT-MDT, Poccus) B TIOJTyKOHTaKTHOM pesKAMe.
B kadecTBe 30HJOB HCIOJb30BAIUd KAHTUJIEBEPHI
NSGO1-A. Uucno Touek ckanupoBanus 512 n 1024, mosa
cranupoBanuda 100100 MKy, 10X10 MKM.

HcciienoBanue COCTOSIHUSA KJIETOK KPOBU M X
MeMOpaH BKJIIOYAJIO:

— aHau3 MOp(OJIOTUU SPUTPOIIATOB;

— aHaJIu3 pa3MepoB KJIETOK, aHU30I[UTO3a, IT0M-
KUJIOLIUTO33;

— OIIEHKY COCTOSTHUSI HAaHOCTPYKTYPBI MeMOpaH
9PUTPOIUTOB;

— OLIEHKY COCTOSIHHSI U COIepyKaHUsl B KPOBU
TPOMOOIIUTOB.

B kauecTBe I'pyIIbl CPABHEHUS UCIOJb30BAIU
9PUTPOIUTEI M MeMOpaHBI 3TOPOBBIX TOHOPOB U
HOPMBI, KOTOPbIE€ U3BECTHLI I10 JAHHBLIM JINTEPATYPHI, 1
HaMU HEOJTHOKPATHO OBLJIN OTIMCAHBI [7, 22].

Pe3ynbTaThl U 00CY:K/IEHHE

Y 300pOBOro 4eJ0BeKa OCHOBHYIO MaccCy
COCTABJIAIOT ~ 9PUTPOIUTBHI  JABOSIKOBOTHYTOMH
¢dopmbl — quckonuThI (80-90%). B HOpMe quameTp
apurporura cocrasjAa 7500+500 HM. MakcuMmalib-
Had BBICOTA TOpa AUCKOIUTA B MOHOCH0e — 1500
HM, BbICOTa BoaguHbl — 420 uM (7, 10, 22].

V naimeHToB, BKJIKYEHHbBIX B CCJIEI0BAaHUE,
HaOJTIOaI pas3udHble (DOPMBI 3PUTPOITUTOB
(rabsanna).

V. A. Negovsky Research Institute of General Reanimatol-
ogy of the Federal Research and Clinical Center of Inten-
sive Care Medicine and Rehabilitology (FRCCICMR) in
cooperation with the laboratory of metabolic rehabilita-
tion of the Anesthesiology and Resuscitation Department
of the FRCCICMR.

The study included 24 patients of the Anesthesiol-
ogy and Resuscitation Department of the FRCCICMR
with traumatic brain injury (TBI), ischemic and hemor-
rhagic stroke, brain edema, posthypoxic encephalopathy
(PHE), venous thrombosis.

Blood was taken from the patients for standard
tests, and all further tests were performed in vitro. All
studies were conducted in accordance with the require-
ments of the World Medical Association Helsinki Decla-
ration on the ethical principles of scientific medical re-
search involving human subjects, as amended in 2000, as
well as with the standards of the FRCCICMR Ethics Com-
mittee.

After 10 pl of whole blood had been collected, a
monolayer of red blood cells was prepared using the V-
Sampler, Vision Microscopy (Austria).

The images of red blood cells were obtained using the
atomic force microscope «NTEGRA Prima» (NT-MDT, Rus-
sia) in semi-contact mode. Cantilevers NSGO1-A were used
as probes. The number of scanning points was 512 and
1024, scanning fields were 100100 pm and 10X10 pm.

The study of the state of blood cells and their mem-
branes included:

— erythrocyte morphology analysis;

— analysis of cell size, anisocytosis, poikilocytosis
presence;

— assessment of nanostructure state of erythro-
cyte membranes;

— assessment of the condition and blood count of
platelets.

As a control group, we used erythrocytes and
healthy donor membranes and reference ranges taken
from the literature and repeatedly described in our pa-
pers as well [7, 10, 22].

Results and Discussion

In a healthy person, the bulk of the RBC
population is made up of double concave cells
called discocytes (80-90%). Normally, the ery-
throcyte diameter is 7500+500 nm. The maxi-
mum height of the discocyte torus in the mono-
layer is 1500 nm, the height of the central
indentation is 420 nm [7, 22].

Different shapes of red blood cells were ob-
served in the patients included in the study (Table).

Target cells, or codocytes, are cells with a thick-
ened center where hemoglobin accumulates. These
cells are large and heavily compacted, which pre-
vents their free passage through thin vessels.
Codocytes are typical for alpha- and beta-tha-
lassemia, hemoglobinopathy C and S, lead intoxica-
tion and liver disease, particularly prolonged me-
chanical jaundice. Codocytes are particularly
common in obstructive jaundice. Target cells have
increased sodium content and decreased potassium
content [23]. These cells (Fig. 1 a, b, ¢) were observed
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in 14 patients out of 24, on average, 20+8% per
smear. Codocytes were found in patients with trau-

throcytes are produced due to the increase of pH,
depletion of ATP stores [26], and also due to the in-
crease of intracellular calcium. They can be found
in uremia, transfusion of RBC suspension stored for
more than 3 weeks [27], peptic ulcer complicated
by bleeding, hypophosphatemia, hypomagne-
semia, hereditary deficit of pyruvate kinase or
phosphoglycerate kinase [23].

Echinocytes were observed in 18 out of 24 pa-
tients, on the average 26+4% per smear. Transfor-
mation of discocyte to echinocyte is reversible in
the early stages. If the cell stays in a state of
echinocyte for a long time, the loss of the mem-
brane lipid component occurs and the change of
shape becomes irreversible. This form of cells was
noted in patients with posthypoxic encephalopa-
thy, traumatic brain injury, ischemic and hemor-
rhagic stroke (Table 1).

Ovalocytes (Fig. 3) have typical oval or elon-
gated shape. Membrane or hemoglobin abnormal-
ities result into a change of cell shape. Ovalocytes
were observed in 2 out of 24 patients, with an aver-

Shapes
Codocytes

=
':'L-_ ‘3

Ovalocytes
TBI, ischemic stroke

IIpumeuanue. Red Blood Cells — apurpouutsr; shapes — dopmsr; defective — nedexrsr; platelets — Tpom6onuTsl; discocytes — nuckonuTsl; codocytes — kogouuTsl; echinocytes (burr cells) —

g matic brain injury, posthypoxic encephalopathy, is-
E chemic and hemorrhagic stroke, cerebral edema,
§ lower extremity venous thrombosis (Table).
s Abnormal erythrocytes are red blood cells that
_ g do not fall within the standard classification (Fig. 1
= § ' 5 d, e, f), they were observed in 17 out of 24 patients.
g g b On the average, 28+6% of abnormal cells were seen
® ©z2 ' z per smear in each patient.
Fi £ Stomatocytes have a slit-like central lumen
E % = (pallor). They are produced due to the increased
. s £ permeability of the membrane for sodium and
g —i g potassium. Stomatocytes with slit defects (Fig. 2 a,
= £ 5 b, c) were observed in 17 patients out of 24. The
g‘ g smears of each patient contain on the average
i E 16+4% stomatocytes with slit defects. These cells
= H £ are formed as a result of low pH, non-permeating
§ 2 i anions, cationic detergents, vitamin A. In a smaller
z & g number (approximately 3% of the total cell popu-
% é lation), stomatocytes can be found in obstructive
:: z liver disease, alcoholic cirrhosis, cardiovascular dis-
£ & ease, and malignant tumors [23]. Stomatocytes
g s Jn were observed in patients with lower extremity ve-
« o . . .
2 H _‘é nous thrombosis, cerebral edema, traumatic brain
E 8 g injury, posthypoxic encephalopathy, cerebral in-
& Fl £ farct (Table).
= + .
8| 5 2 Dacryocytes, or teardrop red blood cells (Fig.
§ §D % 2 d), have one large spicula. They were observed in
” = £ z 2 out of 24 patients with traumatic brain injury,
7} L7 = = = . .
HRES s| g £ with an average of 21+4% dacryocytes per smear in
% E - - f E each patient with TBI. Such cells are most often de-
| (2 3 - e tected in myelofibrosis [24] and in various forms of
2] <) . . . . . .
3 E z anemia. Hemoglobin crystallization inside a cell
) = . . . .
. 5 & like this is particularly dangerous [25].
5 E Each echinocyte has 30-50 spiculas of similar
= L size evenly distributed on the cell surface. Such ery-
=
=
=8
S
[3+1
=}
=
8
=}
[}
Q
=
=]
&
S
8
=
=
=
o
.
£
5]
o
[<P]
E
2

Tear-like
(dacryocytes)
TBI

TUYECKUI WHCYJIET; Cere

Discocytes
Normal,
healthy person

BO BraguHe; states and diseases — cocrostuus u 3abosieBanwst; normal, healthy person — HopwMma, 3m0poBsIit uemoBek; TBI — UMT; ischemic and hemorrhagic stroke — utiiemudeckuii u remoppa-

axuHOIUTEL; tear-like (dacryocytes) — ciie30BuHbIE (TAKPHOIKTEI); Stomatocytes — CTOMaTOIUTEL; ovalocytes — oBasionuTsl; abnormal — anomasbHbIe; torus — Ha Tope; Central indentation —

DOpMBI IPUTPOLMTOB B HCCJIEA0BAHHBIX 00pa3ax KPOBH.

Shapes of RBCs in the blood samples studied.
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MuliieHeBUIHBIE JPUT-
pOHI/ITI)I nJINn KOOOIUThI —
KJETKA C YTOJIIEHUEM B
IIEHTPE, B KOTOPOM CKaIlJINBa-
erca reMmomioouH. Takwue
KJIETKU UMEIOT OOJIBITIHE Pas-
Mepbl U CUJIBHO yrIJ'IOTHeHLI,
YTO IPEISATCTBYET UX CBOOO/I-
HOMY TPOXOKJIEHUIO dYepe3
TOHKHE cocygbl. KomonuTsl
XapakTepHbl [JII a- U P-
TaJgacCeMUM, I'eMOIJIOOUHO-
nmatun C u S, CBHHIIOBOU
WHTOKCUKAIIMN U 0oJie3Hen
IIe4YeHu, B 4YaCTHOCTH, OJIN-
TeJIbHON MeXaHNYeCKOU sKeJI-
Tyxu. KomomuTbl ocoOGeHHO
YacTO BCTPEYamTCs IPHU
OOCTPYKTHBHOH JKeaTyxe. VY
MUIIIEHEBUOAHbBIX KJIETOK YBe-
JIMYeHa KOHIIEHTpaIusl Hart-

pUYs U CHU)KEHA KOHIleHTpa-
s Kaaus [23]. ITU KJIeTKU
(puc. 1 a, b, ¢) HabmoHaAIUCh Y
14 nmanyeHToB u3 24, B cpel-
HeM, 20+8% Ha maske. Komo-
UTHI HAOJIOAAN Y TTalieH-
TOB C YepernHO-MO3TroBOU
TPaBMOH, TIOCTTUIIOKCHYe-
CKOM 9HIIedaIonmaTue, UIIIeMUYECKUM U TeMOP-
paru4yecKUM HHCYJBTOM, OTEKOM TIOJIOBHOIO
Mo03ra, TPoM6030M BeH HUKHUX KOHEUYHOCTEU
(cm. TabJ1.).

AHOMAaJIbHbBIE 9PUTPOLUTHI — 3TO SPUTPOIIU-
THI, KOTOpI)Ie II10 CBOUM XapaKTepI/ICTI/IKaM He BXO-
IAT B CTaHIAPTHYIO KiIaccudukamnuio (puc. 1 d, e,
f), Habmmonanu y 17 nanueHToB u3 24. Y KayKIoro
MalnyeHTa Ha Ma3Ke BCTpedasu B cpeqHeM 28+6%
aHOMAaJIbHBIX KJIETOK.

CroMaronuThl UMEIOT IIeJIeBUAHYI0 (hopmy
LIEeHTPaJIbHOTO IpocBeTa (maJnsopa). [TpuunHoi
X IMOABJIEHUA ABJIAETCA ITOBBIIIIEHHAA HpOHI/I-
I1aeMOCTb MeMOpaHbI I HaTpusl U Kaiaus. CTo-
MaTOIUTHI ¢ Aedekramu miegu (puc. 2 a, b, ¢
Habmomanu y 17 manueHToB U3 24. B cpenHewm,
16+4% CTOMaTOLUTOB C AedeKTaMu I11eJIU IIPUCYT-
CTBYeT B Ma3Kax KasKIOT0 MalyeHTa. ITU KJIETKU
00pasyloTcs rmop neficTueM: Hu3Koro pH, He ripo-
HHUKAaIIINX aHNOHOB, KATUOHHBIX }IETepFeHTOB,
BUTaMUHA A. B MeHbIIIEM Yuciie (MPpUOIU3UTETh-
HO 3% OT 00111e# TOMyJIAIUA KIETOK) CTOMAaTOIH -
THI BCTPEYAIOTCA TPU OOCTPYKTUBHBIX O0JIE3HSAX
Ie4eH!, aJKOT0JIbHOM IUPPO3e, KapANuOBaCKY-
JIIPHOU IIaTOJIOTMH, 3JI0KaUYeCTBEHHBIX OITYXOJIsAX
[23]. CTomMaTOIUTHI HAOJIIONATN Y MAIUEHTOB C
TpoM0OO0O30M BeH HUKHUX KOHEYHOCTEN, OTEKOM
TOJIOBHOT'O M0O3ra, YePEIHO-MO3TOBOU TpaBMOH,
MTOCTTUIIOKCUYECKOU aHIedaonarneii, mHpapK-
TOM T'OJIOBHOI'O Mo3ra (cMm. TabJ1.).

MKM.

Puc. 1. ACM u3o0paskeHue 3pUTPOLUTOB: d, hb— (pparMeHT MeMOpaHbI KOJOIUTA H er0
npo¢HIb; ¢ — HAHOCTPYKTypa (pparMeHTa MEMOpPaHbI KOJOIUTA; d — aHOMAJIbHBIE
apuTpouHThI 30X30 MKM (CHHHE CTPeJIKH); e, f— aHOMaJIbHbIE IPUTPOIUTHI 10X10

Fig. 1. AFM image of erythrocytes: a, b — fragment of codocyte membrane and profile
of a codocyte; c— nanostructure of a codocyte membrane fragment; d— abnormal ery-
throcytes 3030 pm (blue arrows); e, f— abnormal erythrocytes 1010 pm.

age of 8+3% per smear. Elliptocytes (ovalocytes)
normally make up less than 1% of all cells. In case
of anemia (thalassemia, iron deficiency and espe-
cially megaloblastic) their level reaches as much as
10%. The population of elliptocytes is not uniform
in size [23]. Such cells were observed in patients
with ischemic stroke and TBI (Table).

Metabolic disturbances and damage to cell
membranes cause an increase in the population of
echinocytes, target cells and degenerative forms of
erythrocytes, which may be accompanied by a high
probability of intravascular hemolysis and thus
contribute to the development of blood hypoxia
[28]. This is supported by the fact that irreversibly
altered red blood cells are prone to premature aging
and hemolysis. The abnormally shaped RBC have
less plasticity and while passing through the small-
est vessels can further worsen the blood flow and
dramatically change the capillary exchange [29, 30].

Figure 4 shows an image of red blood cells in
the AFM field of 1010 pm with pallor defects. Nor-
mal RBC indentation height is 400-450 nm.

An average of 70+15% of RBC with a pallor de-
fect per smear were found in 17 of 24 patients (Fig. 4
a, b). Defects in the pallor itself (Fig. 4 ¢, d, ) were ob-
served in smears of 15 patients out of 24. In case of
traumatic brain injury, ischemic and hemorrhagic
stroke, cerebral edema, posthypoxic encephalopathy;,
lower extremity venous thrombosis, their number
may increase up to 50+16% per smear.
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JlakpronyThI UK CIe30-
BU/IHbIE 3PUTPOLIUTHI (pHC. 2 d)
MMEIOT OfIHY OOJIBIIYIO CIIMKY-
Jay. VIx Habmionamu y 2 u3 24
MAIEHTOB C YePEeIHO-MO3I0-
BOH TpaBMOW, B CpeJHEM —
21+4% makpUOLIMTOB HA Ma3Ke
y Kaxkgoro nanuenra ¢ YMT.
Takye KJIeTKM 4dale BCero
BBIABJISAIOTCS TIPU MUEI0(GUO0-
po3e [24], npu pas/IMYHBIX
dopmax anemun. Ocobast omac-
HOCTB 3aKJII0YAETCsI B BO3MOK-
HOU KpUCTAIM3ALUU eMO-
100MHA BHYTPH KJIETKH [25].

OXMHOLMTHI MMEIT Ha
TIOBEPXHOCTH BBIPOCTHI, CXOZ -
HOU BeJIMYMHbBI, pABHOMEPHO
paclpenesieHHbIe Ha II0BepX-
HOCTH KJIETKH B KOJIMYECTBE
30-50 crturys. Takue apUTpoO-
OUTHl 00pas3yoTcs MpU yBe-
agudyeHun pH, wucromeHun
3aracoB AT® [26 ], a Takxke
Ipy [OBBIIICHUU YPOBHA
BHYTPHUKJIETOYHOTI'O KaJIbIIHA.

ol
0 g we
A% SEEATL amdy) 131,009 ua

A SR a0 TRO RE0E o
"

Puc. 2. ACM n3o0paskeHue 3pUTPOILMTOB: @ — aHOMAaJIbHbIE IPUTPOUHUTHI 30X30 MKM;
b, c— cTromarTouuT c AedeKTamMH IIeJH U ero Npoduis; d — JakpHOIUT.

Fig. 2. AFM images of erythrocytes: a— abnormal erythrocytes 30X30 pm; b, c— a stom-
atocyte with slit defects and a profile of a stomatocyte with slit defects; d— a dacryocyte.

BcrpeuaroTcs npu ypemuw,
TepeJIMBaHUY 9PUATPOLUATAD-
HOH B3BecU 1ocJie 3 Heaesln
XpaHeHus [27], IENTUYECKOU sI3B€, 0CI0KHEHHOU
KpoBoTeueHHneM, runogocgareMun, rurioMmarsye-
MUH, IIPU HACJIeICTBEHHOM JeduiuTe NupyBar-
KHHa3bl, (pochomuiieparkuHassl [ 23].

IXUHOIUTHI HabJTI0a/IM y 18 MaruenToB U3
24, B kosimuecTBe 26+4% Ha maske. Tpancdopwma-
sl JUCKOIUT-3XUHOIUT B HAYAJIbHON CTaauu
obOparuma. Ecom KJjeTka moJro mpeObIBaeT B
COCTOSIHAM 9XWHOILWTA, TO BO3HUKAET IIOTEpA
JINITUAHOTO KOMITOHEHTa MeMOpPaHbI M1 U3MEHEHNE
¢opmebI cTanoBUTCSA HEOOpaTMbIM. Takyto (popmy
KJIETOK HAOJTIOIa/IH Y TTAI[eHTOB C MTOCTTUIOKCH -
4eckou oaHIledasonarrueii, depemnHo-MO3TOBOH
TPaBMOM, HIIEMHUYECKUM M reMOpparunyecKum
WHCYJIBETOM (CM. Tab1.).

OBaJionnThI (pUC. 3) — KJIETKU XapaKTepHOH
OBaJIbHOU WJIU YIJIMHEHHOU (hOpMBbl. AHOMAJINU
MeMOpaHbI UM TeMOTI00MHA TPUBOJAAT K U3Me-
HeHUIOo (popMBbI KiIeTKH. OBaJIONUTHI HAOJIIOOATN Y
2 manyeHToB U3 24, B cpegHeM — 8% + 3 Ha Ma3Ke.
SJIJIMIITOLUTEI (OBAJIOLATHI) B HOPME COCTABJIAIOT
MeHee 1% Bcex KieToK. [Ipy pa3jimuyHbIX aHeMUAX
(tasmaccemus, skee3omeduUIUTHAA U 0COOEHHO
MeranobJ/acTHasA aHEMHH) UX COfiepKaHue JT0XO-
ouT 10 10%. ITpu aTOM momnysiAuus aJIJIUIITOLUTOB
HeoAHOpoAHA I1I0 padMepaM [23]. Takue KjaeTKU
Ha0JTIOAIN Y TAI[EHTOB C UIIIEMITYeCKUM UHCYJTh-
TOM M YePETHO-MO3TOBOM TPaBMOIi (CM. TabJ1.).

Mertabosmaeckie HapymIeH!s U TIOBPesKIe-
HUS KJIETOYHBIX MEMOPaH BHI3BIBAIOT YBEJTHMYEHNE

Puc. 3. ACM u300paskeHue 3pUTPOIUTOB B I10JIe 25X25 MKM.
Fig. 3. AFM image of erythrocytes in the field of 25X25 pm.
Note.Yellow circles indicate ovalocytes.

IIpumeuanue. JKesITBIMU KpyraMu BblJeJI€Hbl OBAJIOLUATHIL.

In 5 out of 24 patients, microdefects were ob-
served on the torus (Fig. 5 a, b), with an average of
10+3% per smear. Six out of 24 patients had grain
domains on the torus (Fig. 5 ¢, d, ), with an average
of 15+6% per smear. This represents the starting
mechanism for the irreversible membrane damage.
Microdefects on the torus appeared in patients
with the above mentioned abnormalities.

In all studied patients, 16+7% of active

platelets were observed per smear (Fig. 6).
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TIOMYJIAIA 9XWHOITUTOB,
MUIIIEHEBUIHBIX U IeTeHepa-
THUBHBIX (DOPM IPUTPOIUTOB,
YTO MOKET COMPOBOYKIATHCS
BBICOKOU BEPOSITHOCTHIO
BHYTPHUCOCYIUCTOTO T€MOJIH-
3a W, TeM CaMbIM, CIOCOO-
CTBOBATh PA3BUTHIO TeMHUYE-
CKO rumnokcu# [28]. B mosisay
9TOTO CBUJIETEJIHCTBYIOT TaH-
HBIE O TOM, YTO HEOOpaTUMO
U3MEHEHHBbIE JPUTPOIUATHI
CKRJIOHHBI K IIpeKIeBpPEMEH-
HOMY CTApeHUI0 ¥ TeMOJIA3Y.
H3meHeHHbIe (POPMBI 3PUT-
poIuMTOB 06J/IaTAI0T MEHBITIEH
IUTACTUYHOCTHIO B PE3YJIBTaTe
Yero IMPOXOKJEHUE TaKUX
KJIETOK B MeJIbYalIlInX COCy-
Jax ycyryoJisieT HapylIleHne
KPOBOTOKA ¥ PE3K0 U3MEHSIET
KaU/JISIPHBIN 06MeH [29].

Ha puc. 4 npencraBuin
n3ob6paskeHre KPacHbBIX KJe-
TOK KpoBH B 1Tosie ACM 10X10
MKM C lepeKTamMu naJuiopa. y
HOPMaJIbHOTO  3PUTPOIUATA
BriaguHa — 400-450 HM.

Ha wmaskax 17 wmns 24
MarieHTOB BCTpPEYaJu B
cpenHeM 70+15% sputponu-
TOB ¢ naedeKToM TaJjiopa
(puc. 4 a, b). edekTnl B
camMoM TaJtope (puc. 4 ¢, d, e)
HabJI0Ma/ M Ha Ma3kax y 15
narueHToB u3 24. [Ipu uepern-
HO-MO3TOBOUM TpaBMe, HIlle-
MHYECKOM U TeMopparmdye-
CKOM WHCYJIBTE, oTeKe
TOJIOBHOTO MO3Ta, IOCTTH-
MMOKCUYEeCKOU aHIledasiona-
THH, TPOMOO3e BEH HIKHUX
KOHEYHOCTeH UX KOJIUYECTBO
MOSKET YBEJIWYUBATHCS [0
50+£16% Ha Maske.

Y 5 mamueHTOB U3 24
HabII0IaI MUKPOIEdEKTHI
Ha Tope (puc. 5 a, b), B cpen-
HeM — 10+3% Ha Maske. VY 6
nanueHToB U3 24 Ha TOpe
TTOSIBJISIJINCH 3epHOBBIE
JoMeHbl (puc. 5 ¢, d, e), B
cpenHeM — 15+6% Ha Ma3ske.
JTO CTapTOBBIA MEXaHU3M
3aposKIeHnsT HeoOpaTUMBIX
MMOBPEKIEeHUN MeMOpaH.
MukponedeKTbl Ha TOpe

MNOABJIAJJUCH Yy MMAIUEHTOB C MEePEeINCICHHBIMU

BBIIIIE ITaTOJIOTUAMM.

—= -
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Puc. 4. ACM n3o0pakeHHe IPUTPOLIHUTOB: d, bh— TUCKOLHUT ¢ Je(EeKTOM IJIJI0Pa H ero
NPOoHIIB; ¢ — JUCKOIUT C Je(EeKTOM B CAMOM IAJII0pe; d, e— pparMeHT MeMOpaHbI
nedexTa B CaMOM IJIIOpe (CHHSAS CTPeJIKA yKa3biBaeT JedekT U ero npoguis).

Fig. 4. AFM image of erythrocytes: a, b— a discocyte with a pallor defect and its profile;
c— adiscocyte with a defect in the pallor itself; d, e— a membrane fragment of the de-
fect in the pallor itself (the blue arrow indicates the defect and its profile).

o Bnlnd B = -

Puc. 5. ACM u3o0paskeHye 3pUTPOLUTOB: 4— IPUTPOLHT C MUKPOAe(dEeKTOM Ha TOpe;
b — (parmeHT MeMOpaHbI C MUKPOe(DeKTOM Ha TOPE; C — JUCKOIUT C 3€PHOBBIMU
xoMeHamu; d, e — HaHOCTPYKTypa MeMOpaHbI 9PUTPOLUTA C 3ePHOBBIMH JOMEHAMH
M ero npogub.

Fig. 5. AFM image of erythrocytes: a — erythrocyte with a microdefect on torus; b —
membrane fragment with a microdefect on torus; c— discocyte with grain domains; d,
e— erythrocyte membrane nanostructure with grain domains and its profile.

Note. Green circles indicate the defects.

IIpumeuaHue. 3eJI€HBIMUA KPYTaMU BbIeIeHbI Te(EeKThI.

Platelets are among the indicators of acute in-
flammation in sepsis, tumors, bleeding. The increase
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Y BCeX MallMeHTOB,
BKJIIOYEHHBIX B HMCCJIEI0Ba-
HHe, wHabgogaaun 16+7%
AKTHUBHBIX TpOM6OHI/ITOB Ha
Maake (puc. 6).

TpoMOOIIUTEI BXOIAT B
YHCJIO TTOKa3areseil OCTPOoi
(asbl BocmasieHus pu cem-
CHCe, OIyXOJIsIX, KpOBOTEYE-
HUAX. YBeJUuYeHue Kojauye-
CTBa TPOMOOIIUTOB SIBJISIETCS
CUTHAJIOM Pa3BUTHUS BOCHA-
JINTEJIbHBIX maToJ0Tui. [Ipnu
AKTHUBAaIluU TpOM6OHI/ITI)I
mpruoOpeTaloT chepuIecKyo
¢opmy u oOpasdyioT crenu-
aJIbHbI€ BBIPOCTLI (HCEBJIO-
noauu), Kak NOpaBUJIO, 3ITO
(pubpuHOTEeHBI, IUKOMIPO-

TeNHBbl U Apyrue OeJIKOBbIE
¢pariuu mra3mel. [J1aBHBIE
¢daKTOPBI aKTUBAIIUU TPOM-
pomuTa: TpoMOUMH TJIa3MBI,
TpPOMOOKCaH (TPOAYKT TPOM-
oonura), AI®. C MOMOIIbIO
HO,IIO6HI)IX BBIPDOCTOB KPOBAHBIE IIJIACTUHKHU
MOT'YT COEIUHATHCA OAPYT C IPYyroM (arperupo-
BaTh) M 06pas3oBBIBAThE TPpoMO [29, 30].

platelets.

3akJrouenue

B maHHOM NWJIOTHOM WCCJIE€JOBAaHUU MBI
MOKAa3aJ/lM, YTO TPU YKa3aHHBIX MATOJOTHSIX
MMEIOT MeCTO M3MeHeHUsT MOpP(OJIOTHH, COCTaBa
9PUTPOIUTOB, BO3HUKAIOT CIeNU(pUIeCKre
JIOKaJIbHbIE Je(eKThl pasJUYHON TOIOJIOTUU:
nedeKThI MAJIJIopa, TOpa, HAHOCTPYKTYPHL. Psn
neeKTOB SABJSETCS CTAPTOBBIM MEXaHU3MOM
pas3BUTHSA TOTAJBHBIX MOBPEKAEHUN MeMOpaH
9PUTPOIUTOB: HaIpHUMep, oOpa3oBaHUeE 3epPHO-
BBIX JOMEHOB Ha ITOBEPXHOCTH MeMOpaHkI, 00pa-
30BaHMeE CIUKYJ Ha TOpe, BOBHUKHOBEHME cde-
pO9XWHOIMTO3a, yBeawmdeHwe wmomyass IOHra
MeMOpaHbl. KosmrndecTBO U Ka4yecTBO 9TUX HAPY-
IIEHNH B IEPCIEKTHUBE MOTYT OBITH MCIIOJb30Ba-
HBI KaK TUAarHOCTUYECKUU U IPOTHOCTUYECKUN
OroMapkep MaTOJIOTHUIECKUAX ITPOIECCOB.

JJ1s1 mosrydeHus MOJIHOU KJlacCU(pUKamuu
HapyIlIeHn MeMOpaHHBIX CTPYKTYP 9PUTPOIH-
TOB, JOCTOBEPHO aCCOIMMPOBAHHBIX C HICCTIEye-
MBIMH TaTOJIOTUYECKUMU COCTOSTHUSIMY, HE00XO-
IUMO TIPOIOJIKUTD MCCJIEIOBAHNE U YBEJTUYUTH
BBIOOPKY PE3y/IbTaTOB.

bJiarogapHocTh.

HcciienoBanme BBITIOJIHEHO TPH (PUHAHCO-
BOW mofiepskke MUHHCTEPCTBA HAYKU U BBICITIETO
oOpasoBanus Poccutickoit Pemeparium u «Russian
Academic Excellence Project 5-100».

Puc. 6. ACM nao0paskeHue: @— JUCKOLIUT U aKTHBHBIE TDOMOOIIUTHI (CHHHE CTPEeJIKH);
b, ¢, d— akTHBHBIE TPOMOOIUTHI.
Fig. 6. AFM image: a— a discocyte, blue arrows indicate active platelets; b, c, d— active

in the number of platelets is an indicator of inflam-
matory disorders. When activated, platelets appear
spherical and form extensions called pseudopodia,
which are typically made of fibrinogen, glycoproteins
and other protein fractions of plasma. The main fac-
tors of platelet activation are plasma thrombin,
thromboxane (platelet product), ADP. With the help
of these extensions, the platelets may connect with
each other (aggregate) and form a clot [30].

Conclusion

In this pilot study, we have shown that various
factors lead to changes in morphology and compo-
sition of RBCs, as well as specific local defects in
various topologies, i. e. pallor, torus, and nanos-
tructure. Several defects represent the starting
points for the development of total erythrocyte
membrane damage, e. g. grain domains on the
membrane surface or spiculas on the torus, the oc-
currence of sphero- or echinocytes, and the in-
crease in the Young's module of the membrane. The
number and quality of these disorders can be used
as a diagnostic and prognostic biomarker of patho-
logical processes in the perspective.

It is necessary to proceed with the research and
increase the sample size to get a complete classifica-
tion of erythrocyte membrane structural alterations,
which reliably associate with the studied conditions.
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The First Successful Implementation of Family-Centered Health Care
in Pediatric Intensive Care Unit in Republic of Kazakhstan (Report)
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B JleliileHCKOW XapTHU MIpaB AeTel, HaxoaAuxcs B 0osbHUIEe (EBponelickast acconuanysi 1o 3anTe
mpas JieTe, Haxosuxcs B 6oapHULAx (European Association for Children in Hospital, EACH, 1988 r.), 3a-
KpemnJjieHo IIpaBo Ha TO, YTOOBI POIUTEN UJIH JINIA, UX 3aMellaiolye, ObLINA PSIIOM C HUMH BCE BPEMSI.

B 1aHHOM COOOIIEHUH IPEICTABUIN TEXHOJIOTUIECKYIO IIENDb OCYIIECTBJIEHHUS MOJIEIN COBMECTHOTO TIpe-
on1Banus (MCII) nanveHTa c poAUTesIMHI/ OTIEKyHAMU B OT/IeJIEHUU TeTCKOU aHECTE3NOJIOTUH PeaHMaluu
¥ nHTeHcuBHOU Tepanuu (OJIAPUT).

Ies1b COOOIIEHHA: TPOIEMOHCTPUPOBATE CIIOCOO MOBBIIIEHHS 0€30ITaCHOCTH MAI[EHTa 1 IIPO3PavYHOCTH
TIPOBeIEeHNsI MTHTEHCUBHOU TEPANHH, BHEPEHUSI aKTUBHOTO YXO/a 3a MAIMEHTOM IIyTeM «JBOMHOTO KOHTPOJISI».

Buegpenue MCII cnocob6cTBOBaIO BBIPAOOTKe JOBEPHUTEIHHOI0 B3AUMO/IeICTBUSA POUTE e/ OIEKYHOB
1 METUIIMHCKOTO [TepCoHaa, IPUoOPEeTEeHNIO HABBIKOB ITPABUJIBHOIO YX0/]a 32 CBOUM PeOEeHKOM.

KpymiocyrouHasa ceMeliHO-opueHTUPOBaHHaA noMolrb B OJJAPUT moJI0/KUTEIBHO OlleHeHa POIUTe-
JISIMH/ OTIEKYHAMH U, TI0 IPeIBAPUTEIbHBIM TAaHHBIM, CIIOCOOCTBYET CTA0M/IN3AIINH COCTOSIHUSA U YITydIlle-
HHIO CAMOYYBCTBUSI MTAIIIEHTOB.

Karoueevwie cnoea: Pecnybaura Kasaxcman; HayuoHanbHbLll HAYUHbLT YeHmp MAamepuHcmea u 0emcmea;
ceMeliHO-0pUeHMUPOBAHHAS MeOUYUHCKASE NOMOW,b; Oemckoe omoeaeHue; aHecme3uos02Usl; PeanuMayust;
UHMEHCUBHASL Mepanusl; cemeliHo-0pUeHmupo8antas MeOUyUHCKas NOMOULb

The Leiden Charter for Children in Hospital states that children in hospital shall have the right to have their
parents or parent substitute with them at all times (European Association for Children in Hospital (EACH) 1988).

In this report, the technology chain for the implementation of the patient's parent/guardian resident stay
model (RSM) in pediatric anesthesiology, resuscitation and intensive care unit (PARICU) was presented.

The aim of the report was to share the experience in improving patient safety and transparency of intensive
care and introducing the active patient care through a «double control».

The implementation of RSM has contributed to building a trustful interaction between parents/guardians
and medical staff, developing skills for the proper care of children.

The 24-hour family-centered care in PARICU was favorably evaluated by parents/guardians and, according
to preliminary data, helped to stabilize the condition and improve the well-being of patients.

Keywords: Republic of Kazakhstan; National Scientific Center of Maternity and Childhood; pediatric unit;
anesthesiology, resuscitation; intensive care; family-centered healthcare
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BBenenue

HcTtopuuecku CJIOKUIOCH, YTO OTHEJIEHUS
peaHuMaIuu B 00IIeM, U OTIEeJIeHNsI JETCKOU pea-
HUMAIIUU B YaCTHOCTH, IPOBOIUIN OTPAHUYEH-

Introduction

Historically, the intensive care units in gen-
eral, and pediatric intensive care units in particular,
have pursued a policy of limited visits, allowing
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HYIO TOJIMTUKY TIOCEIEHNH, paspelias TOJbKO
KpaTKOBpPEMeHHbIe BUSUTHI OJIM3KUX POJICTBEH-
HUKOB, 1 TO HE BO BCeX ciry4yasx [1].

[IpobseMbl, Jieskalliie B OCHOBE  3THUX
OTPAHUYUTEJIBHBIX MED, BKJIIOYAIU BO3MOKHOCTD
pacnpocrpaHeHus NH(MEKIMY; HapyllleHue Hellpy-
KOCHOBEHHOCTU YaCTHOM SKU3HU U KOH(PUIEHIIH-
QJIBHOCTH, SMOLMOHAJIBHYIO TPaBMYy IAl[MEeHTOB,
ponuTesed U 4JI€HOB CeMbHU, & TAKKE HEXBaTKy
MecTa U lepcoHasia JJjisi pa3MeliieHus ceMby. TeM He
MeHee, ICCJIeIOBAHUS ITOTPeOHOCTEN ceMel KpUTH-
YeCKHU 00JIbHBIX HAIMEeHTOB IOKAa3bIBAIOT, YTO CEMb-
sIM Hy>KHa MH(opMaIysi, yBepeHHOCTh B IeMCTBUX
TepcoHasIa v 6JIM30CTh K CBOUM POTHBIM [3].

IIpupogHas 3amava popuTesieii/ONeKyHOB
OCYIIIEeCTBAATH 3ab60Ty 0 cBOWX jaeTsax. Ho B To
BpeMs, Korma pebeHOK TsKe10 O0JIeH, B CBSI3U CO
CITeITaJIbHBIMU ITOTPEOHOCTSIMU U BOSHUKIITUMU
CJIOSKHOCTSIMU, OO0JIBITIasA YaCTh yX07a 1 3a00ThI
nepenaeTrcss MeIUIIMHCKOMY IlepCOHaJly. dTO U
ABJISIETCSI OCHOBHBIM MCTOYHUKOM CTpecca JIJis
poauTesieli/ ONIeKyHOB U aeTel [4].

OrpoMHoOe 3HaueHHUe, KOTOPOe TPHUIAETCS
BO3MOYKHOCTHA HPUCYTCTBUS POAUTEJIEN/OTIEKY-
HOB PsIIOM € O0JIeIoIIUM peOeHKOM, OTPAKEeHO B
JleliieHCKOM XapTUu NpaB JieTel, HaXOAIINXCS B
OoosapHUIE. [laHHBIA TOKYMEHT NPUHAT EBporeit-
CKOU accolialydei 1mo 3aiure mpas JeTel, Haxo-
namuxcsa B ooabpHauite (EACH), B 1988 1. 1 moroJi-
HeH KoMMeHTapusiMu B 2001 1., B Bproccese, Ha 7-i
roH(pepennnu EACH [5]. CornacHo crarbe 2 Jlel-
JIeHCKOU XapTHH, IeTH, HaXOAIITHUeCs B OOJTLHHUIIE,
MMEIOT PaBOo Ha TO, YTOOBI X POTUTEITN UJTH JIUTIA,
UX 3aMellaroIue, ObLIN PAIOM C HUMH BCE BPEMSI.

HecMmoTpss Ha Ha/imuMe 3aKOHOJATEbHOU
0a3sI 1 pecypcos, B Pecrrydsmke Kasaxcran Mogiestb
coBmectHOTO mpebObiBanuss (MCII) manueHToB U
ponuTesieli/ ONIeKyHOB B HACTOSIIIee BpeMsl 110 Psiay
CyO'bEKTUBHBIX IPUYMH HE PACIIPOCTPaHeHa.

HarmuonanpHBIN HayYHBIA EHTP MaTepUH-
cTBa u AerctBa Pecniybsimkn Kasaxcran mpuHAI
MOJIMTUKY OTKPBITOI'O KPYIVIOCYTOYHOTO ITOCele-
HuA nanuentos OJAPUT ponurenaMu/oneKkyHa-
MM, pacCMaTpUBasi 9TO KaK IIePBbIH IT1ar B MPOJIBU-
SKeHUU TPUCYTCTBUS CEMbU PSIOM C TTAIIUEHTOM,
Y ee BOBJICUEHHOCTH B yX071 3a HUM. PaboTy B aTOM
HallpaBJIeHUW Havau ¢ 26 HOoAOps 2018 roma:
HaMeTWUJ/IM IO3TalHbIA NJaH BHegpeHus MCII
IanueHTa ¢ poguresiamu/onekyHamu B OJJAPUT.

Onucanue MCII mayenTa
c poaurtesisimu/onekyHnamu B OJIAPUT

CeMeHHO-OpHEeHTHPOBAaHHAA MEIUIMHCKAs II0-
MOIIIb IM€eT I1eJIhb: IOBBICUTEH 0€30IIaCHOCTH ¥ CObJTIONe-
HY€ TPaB MAIEeHTOB TP MTPOBEIEHUH NHTEHCUBHOM Te-
panuy; oOyYUTh POJAUTEJIEN/ONEKYHOB MPABUILHOMY
YXOIy 3a CBOMM peOEeHKOM B I1ajlaTe MHTEHCHBHON Tepa-
Y; 00eCTIeYnTh AaKTUBHOE JTOBEPUTETbHOE B3aNMOIEH -
CTBUIE POTUITEIel/ OTIEKYHOB M METUIFTHCKOTO TIepCoHaIa.

only short-term visits by close relatives, and not in
all cases [1].

The rationale for these restrictive measures in-
cluded the risk of infection transmission; privacy and
confidentiality issues; emotional trauma to patients,
parents and family members; and lack of space and
staff to accommodate the family. However, studies of
the needs of families of critically ill patients show that
families need information, confidence in the staff
practices and proximity to their loved ones [3].

Caring for their children is a natural task for
parents/guardians. However, when a child is seri-
ously ill, due to special needs and difficulties, most
of the care and support is delegated to medical
staff. This is the main source of stress for
parents/guardians and children [4].

The enormous importance of the presence of
parents/guardians near a sick child is highlighted in
the Leiden Charter for Children in Hospital. This doc-
ument was adopted by the European Association for
Children in Hospital (EACH) in 1988 and supple-
mented by commentaries at the 7 EACH Conference
in Brussels in 2001 [5]. According to Article 2 of the Lei-
den Charter, children in hospital have the right to have
their parents or guardians with them at all times.

Despite the legal framework and resources,
resident stay model (RSM) of patients and par-
ents/guardians in the Republic of Kazakhstan is not
currently widespread due to a number of subjective
reasons.

The National Center for Maternity and Child-
hood Research of the Republic of Kazakhstan has
adopted a policy of open 24-hour visits to patients
by parents/guardians, viewing this as a first step in
promoting family presence and involvement in pa-
tient care. Work in this direction began on Novem-
ber 26, 2018 when a step-by-step plan for the im-
plementation of patient RSM with parents/
guardians in PARICU was outlined.

Description of the patient RSM
with parents/guardians in pediatric
anesthesiology, resuscitation

and intensive care unit (PARICU)

The family-centered health care aims to improve the
safety and human rights protection in intensive care, to
provide training to parents/guardians in the proper care
of their child in the intensive care ward, and to ensure an
active trusting interaction between parents/guardians and
medical staff.

The technical implementation of the patient RSM
with parents/guardians in PARICU consists of the follow-
ing key actions:

1. As soon as the child is admitted (transferred) to
PARICU, the parents/guardians are informed about the pos-
sibility of staying together; they sign an informed consent.

2. The parents/guardians determine the duration
of their stay at PARICU; they may be absent for taking
meals, sanitary needs, and rest.
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Texanyeckoe ocymectBienue MCII nanuenTa c
ponuresnamu/onekynamu B OIJAPUT npencrasiiser
c0001i ceyromye OCHOBHBIE NEeNCTBUS:

1. B MoMeHT mocTyIieHus (mepeBoja) pebeHka B
OJAPUT ponutesieit/ onekyHOB NH(POPMUPYIOT O BO3-
MOKHOCTHU COBMECTHOTO HpBGBlBaHI/IH; OHMU IIOAIINCHI-
BaIOT UH(POPMUPOBAHHOE COIIACHE.

2. Bpewms cBoero npebsiBanus B OJIAPUT ompe-
JeJIAI0T POAUTEJIN/OIeKYHbl; OHA MOTYT OTJIy4aThCs
IJIA IIpyueMa Ui, OCyIIeCTBJACHUA THTNEeHUYECKUX
HYK[, OTJbIXa.

3. Ha Bxone B OJAPUT ponuren/oneKyHbI Hajle-
BaIOT OJTHOPA30BbIN MEIUIIMHCKUI XaJ1aT, II1aII0YKY, MacKYy,
TIPY HEOOXOAMMOCTH — OaXWJIBL; POIUTENSIM PEKOMEH TY-
eTcsi OBITH OIETBIMHU B YHCTYIO OfIESKIY M3 HAaTypaIbHbIX,
TIPEeIIOYTHTE/THHO XJI0ITIaTOOyMasKHBIX MaTEPHUAJIOB.

4. O6paboTKy PYK KOKHBIM aHTHUCEIITUKOM POJIH-
TeJIM/OlleKyHbl OCYIIECTBJISIIOT COIJIACHO BHYTPEHHUM
npasuiaM KauHuky 1 OJAPUT, a uMeHHO: nepes BXO-
IIOM B OTZ€eJIEHNE U IIPU BBIXOJ e 13 HETo, IIepe U I10CJIe
KOHTaKTAa C MalleHToM, Tiepej] JI000i mpolenypoi u
TocJjie Hee, IPU KOHTAKTe C OM0JIOTUYEeCKUMH SKUIKO-
CTAMHU, IpU JII000M BHEIITHEM 3arpsi3HEeHUU.

5. OrpaHuYeHue JUYHOTO IPOCTPAHCTBA IALU-
€HTa U poJUTesell/ OlIeKyHOB B OTJeJIeHUH, UCKII0Ye-
HY€ 3PDUTEJIbHOI'O KOHTAKTa C JPYyrUMHU IMallueHTaMu 1
HUX CEMBbAMHU 00€CIIeYrNBaEeTCSA mmpMamu.

6. ITocyie oby4eHrs poguTe TN/ ONIEKyHBI OCYIIIeCTB-
JIAIOT ITPOCTBIE 3JIEMEHTHI YXOId 1 MaHUITY/IAINH, TaKe
KaK: TUTHeHnYeCcKast 00paboTKa KOMKHBIX TOKPOBOB, YXOJT
32 I10JIOCTBIO PTA, IVIa3aMH U T. [I.; CMEeHa [10JI0KeHUsI TeJIa
JJIs1 KOpMJIeHUsI TalJeHTa, PO UIIaKTUKY IPOJIesKHEel;
YX0J 32 TPAXeOCTOMOW; CAaHAIIAIO BEPXHUX JbIXaTeTbHBIX
yTel; 9HTepaIbHOE, B TOM YHCJle 30HI0BOE, KOPMJIEHHE;
JIENICTBHA IIPU PBOTE; yUIeT Dasanca U Apyrre MaHUITyIIs-
LIUAIM, 110 COIVIACOBAHUIO C MEJULIMHCKUM I1IepCOHAJIOM.

7. Pomuresin/OleKyHBI OKa3bIBAIOT [IOMOIIb IIep-
COHaJIy IIpU BBIIIOJIHEHUU MaHUIMYJIANUN (IepeBsA3Ka,
OYNCTHUTEeJbHAS KJIM3Ma, CMEeHa II0CTeJIbHOTO OeJIbs U
T.JI.) U IPAMEHEHNH 9J1eMEHTOB MOHUTOPUHIA (HAJIOKe-
HHe MaHKeTKU 1151 U3MepeHUsI apTepuaIbHOrO 1aBJie-
HUA, JaTYNKA [TyJIbCOKCAMETPA).

8. PonmuTesn/oneKyHbI IPHOOPETAIOT HAaBBIKU
HCI0/Ib30BaHUS IPUKPOBATHOIO MOHUTOPA CJIesKEHUS
1 UHTEepIpeTauuy OCHOBHBIX 8Ha‘IeHHfl, B CJIy4ae He-
00X0OIMMOCTH ¥ OTKJIOHEHUAX 3HAUEHNH, cpabaThIBa-
HUU TPEBOT'U Ha anmnaparype (MOHUTOpax, niepdysopax,
annaparax UCKyCCTBEHHOU BeHTUJIAIIMN) He3aMe -
TeJIbHO COOOIITAIOT MEIUITMHCKOMY IIepCOHAJTY.

9. PomuTenn/ONeKyHBI HMMEIOT IpaBo: obpa-
IAaThCs K MEJUIIMHCKOMY IIepCOHAJIY 10 BCeM BOIIPO-
caM, KacalolIuMCs: yXo/a 3a IallMeHToM, I1J1aHa jede-
HUA 1 IIPOBOIUMBIX HCCJIB,HOB&HI/Iﬁ, UX pe3yJbTaToOB U
10 APyTM BO3HUKIIUM Hp06JIeMaM; IIPpUCYTCTBOBATH
BO BpeMsi 00X07I0B, KOHCUJINYMOB U 33/1aBaTh BOIIPOCHI
yY9acTHHKaM 00X0ofa UM KOHCUINYMA.

10. Ponyitesi/ oneKyHbl IIOKWIAIOT OTIeJ/IeHue
Ipu MPOBEIEHUNW WHBA3UBHBIX M&HI/IHYJIHLII/Iﬁ, 0oCy-
IIEeCTBJICHUU peaHNMAIlnOHHBIX MBpOHpHHTHfI;

11.[Ipu HEOOXOAMMOCTH ¥ TI0 TPEOOBAHUIO POTU-
TeJIM/ OIleKyHBI I10J1y4aloT IPodecCruoHaIbHYIO IICUX0-
JIOTAYECKYIO IIOMOIIb.

12.Ponyitesin/ OneKyHbl CTPOTO W HEYKOCHU-
TeJIBHO CJIelyI0T YKAa3aHUAM MeJUIIMHCKOI0 IlepCoHaJIa
OTJleJIeHUsI.

3. Attheentrance to PARICU, parents/guardians are
required to wear a disposable medical gown, cap, mask and,
if necessary, shoe covers; parents are advised to wear clean
clothing made of natural materials, preferably cotton.

4. Parents/guardians should treat their hands with
skin antiseptic according to the local policy of the clinic
and PARICU, i.e. before entering and on leaving the ward,
before and after contact with the patient, before and after
any procedure, in case of contact with biological fluids or
any external contamination.

5. Private space for the patient and parents/
guardians in the ward with no visual contact with other
patients and their families is provided by using screens.

6. After training, parents/guardians perform sim-
ple care manipulations, such as sanitary skin, mouth, eye
care, etc.; change of body position for feeding the patient,
prevention of pressure sores; care of the tracheostoma;
sanitation of the upper respiratory tract; enteric feeding,
including tube feeding; handling vomiting; recording
fluid intake and output, and other manipulations, in
agreement with the medical staff.

7. Parents/guardians assist staff in performing ma-
nipulations (bandaging, cleansing enema, change of bed
linen, etc.) and in using monitoring items (placement of cuffs
for blood pressure measurement or pulse oximeter sensor).

8. Parents/guardians acquire skills of using a bed-
side monitor and interpretation of its basic measurements,
in case of necessity or abnormal values, if activation of the
alarm mode of the equipment (monitors, perfusors, venti-
lators) happens, they immediately inform the medical staff.

9. Parents/guardians have the right to contact
medical staff with any questions regarding patient care,
treatment plan and investigations, their results, and other
problems encountered; to be present during rounds, con-
sultations, and to ask questions to the participants.

10. Parents/guardians leave the ward during inva-
sive procedures or resuscitation interventions.

11. If necessary and upon request, parents/guardians
are provided with professional psychological support.

12. Parents/guardians shall strictly and rigorously fol-
low the instructions of the medical staff of the department.

Results and Discussion

Since the implementation of RSM with par-
ents/guardians in PARICU, based on the principle of
«open resuscitation», the activity has been monitored
and evaluated. The survey with participation of 127
parents/guardians showed that 100% of interviewees
fully agree with the importance of staying with the
child in PARICU for the patient's family. The oppor-
tunity to ask questions during rounds in the presence
of parents/guardians was highly appreciated. The in-
terviewees stated that they had no difficulty in fol-
lowing the rules and instructions adopted by PARICU
and were comfortable with them.

The main advantages of patient RSM with par-
ents/guardians are:

— increasing the level of communication
between parents/guardians and medical staff;

— improving the discipline of medical staff;

— reducing complications associated with
the «neglect»;

GENERAL REANIMATOLOGY, 2019, 15; 6
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Hpe,Z[BapHTeJIbHBIe pe3yinbTrarbl

Cwmowmenra Buenpenust MCII neteii ¢ ponuresisi-
mu/onekyHamu B OJJAPUT, ocHOBaHHOM Ha TPUHITHA-
Tie «OTKPBITON peaHnMaIiii», IIPOBOAUIN MOHUTO-
PUHT ¥ OIIEHKY TAHHOU MpaKTUKU. [1o pesynsraram
aHKeTHpOoBaHUsA 127 ponuresieii/ ONeKyHOB TaleH-
TOB BbIABIJIY, YTO 100% OIPOLIEHHDIX ITOJHOCTBIO
COWIACHBI C BAYKHOCTHIO COBMECTHOTO MTPeOhIBAHMUS
c pedbenxom B OJIAPUT ny1s ceMbu narpieHTa. Beicoko
OlleHEeHa BO3MOYKHOCTh 3aJ]aTh BOIIPOCHI BO BpeMs
00X0I0OB B IIPUCYTCTBUS POAUTESIEN/OIEKYHOB.
OnpolieHHble OTMEYAIOT, YTO CJIeA0BaTh IpaBUIaM
Y UHCTPYRIUAM, IPUHATHIM B O[JAPUT, He TpyaHO 1
C IIOHMMaHNeM OTHOCATCA K HUM.

OCHOBHBIMM IPEUMYIeCTBAMU BHEAPEHU
MCII mnanueHTa € pPOOUTENSIMU/ONEKYHAMU
ABJIAIOTCA:

— TOBBIILIEHUE YPOBHS KYJIBTYPbl KOMMYHHU-
KaIuil poguTesieii/ OeKyHOB MAIMEeHTOB U Me/l-
IepcoHaJIa;

— MOBBIIIEHNE JUCIUIJINHBI MeITIepCOHAa,;

— CHU’KEHHE OCJIO’KHEHUN, CBSI3aHHBIX C

«1eheKTOM yXofar;
— OBJIaJ€eHHue CliennuaJbHBIMHN HAaBbIKAMU
yxoja 3a narnueHToOM npu o0yueHUMN

ponuTesieii/ OIEKYHOB B YCJOBHUSX OT[EJIEHUS
peaHuManuy, CIoCOOCTBYIOIlee MPABWJILHO U
3¢ PeKTUBHO MPOIOIKATD VX0 32 CBOUM pebeH-
KOM IIpH ero epeBoie B IPOGUIbHOE OTIeIEHUE.

VYBEJIMYMIIOCH KOJTUYECTBO MOJIOKUTETHHBIX
OT3BIBOB POIUTEJIEH/ OTIEKYHOB 0O paboTe Meamnep-
COHaJIa, YTO CBSI3aHO C BO3MOYKHOCTBIO HETIOCpe/I-
CTBEHHOTO HaOJIIofleHus Ipoliecca JieueHUs B
ycaoBusax OJJAPUT.

Ha pannewm arane sHegpenust MCI narenToB
U poauTesieli/ ONEKYHOB OTMETHUJIN, YTO MEATIEPCO-
HaJI CTaJsI 3aTpavynBaTrh OOJIbIIIE BpEMEHU HA Pa3hb-
sSICHEHUE TEKYITEN CUTYaIN U COCTOSTHUSA TTaIfieH-
Ta, laske TOTJa, KOIJla COCTOsIHUe cTabuibHoe. B
ycioBusax MCII pomurenn/onekyHbl ITallMeHTa
MOTYT 33/1aBaTh OOJIbIIIEE KOJIMYECTBO BOIIPOCOB,
YTO 3aYaCTYIO OTBJIEKAET U MEIIIAET CKOHIIEHTPHUPO-
BaThCs Bpayy Ha OIIpeeIeHHOM MOMEHTe JIeYeHUsT
" Oake CBOEBPEMEHHOM BBINIOJIHEHVUMW Ha3Ha4e-
Huit. Hy>kHO IpUHUMAaTh BO BHUMAaHUeE, YTO HaX05K-
JleHre poauTeseli/ OeKyHOB B OTAEJIeHNU MOKET
OBITH JIOTIOJTHUTETHLHBIM (PaKTOPOM CTpecca Jist
MEIUITMHCKOIO ITIepcoHaa.

B HEKOTOPLIX CJy4dadX, Npu AJIUTEJIbHOM
COBMECTHOM TIPeOBIBAHUU POJIUTEJIEN/ OTIEKYHOB
B OTAe/JIEHMM OTME4Ye€HO, YTO OHMH OIeHHnBaloT
Ka4yeCcTBO PabOTHI MeATIEPCOHAIIA IO CTAKY, BHIOH-
paroT OIIBITHBIX MEJICECTEP MOJId BBIIIOJHEHUA
MeIUIIMHCKUX MaHUITYJISITAN.

IlepcoHaJ1 OTAeIeHUA MOYKET CTOJIKHYTHCS C
TpeOOBaHMEM MPEIOCTABJIEHUSI BO3MOKHOCTH
npeObIBaHUS OTHOBPEMEHHO 000UX POIUTEJIEN,
YTO TEXHUUYECKHU CJI03KHO JIJIS OCYIIleCTBJIEHUS.

— mastering special skills of patient care
when training parents/guardians in the intensive
care unit, contributing to the proper and effective
continuation of care for the child upon his/her
transfer to the specialized unit.

The number of positive feedbacks from par-
ents/guardians about the work of the medical staff
has increased, due to the possibility of direct obser-
vation of the treatment process in the PARICU.

In the early stage of RSM implementation, the
medical staff was found to spend more time ex-
plaining the current situation and the patient's
condition, even if the condition was stable. In the
RSM context, the patient's parents/guardians can
ask more questions, which often interferes with the
clinician's ability to concentrate on a certain point
of treatment and even timely prescribing. Consid-
eration should be given to the fact that the presence
of parents/guardians in the ward may be an addi-
tional stressor for medical staff.

In some cases, when parents/guardians were
in the ward together for prolonged periods of time,
they were found to assess the quality of the medical
staff's work by length of service and to select expe-
rienced nurses to perform medical procedures. The
staff of the ward may be facing the demand for the
possibility of both parents to stay at the same time,
which is technically difficult to accomplish.

The use of disinfectants and disposables
(gowns, caps and masks) has increased predictably.

Conclusion

The results of the anonymous survey of par-
ents/guardians confirmed the positive outlook for the
implementation of RSM. They have shown that 100%
of the participants highly appreciate the possibility of
staying together in PARICU. Staying together allows
watching the work of each employee of the ward, and
parents/guardians have the opportunity to appreciate
the work of medical staff and develop skills of caring
for their child. Interviewees are confident that the in-
troduction of RSM will help to stabilize the condition
and improve the well-being of patients.

[IpeackasyeMo yBeJTMUMJICA PaCXoh, Je3WH-
(pumupyomuyx pacTBOPOB U OJHOPA30BBIX
CpeACTB (XaJaros, IIallo4YekK, MacoK).

3akJrouenue

PeSYJ'IbTaTbI AHOHUMMHOI'O aHKETHUPOBaHUA
ponuTeJsieii/ OIEKYHOB TIOATBEPIUINA IIOJIOKU-
TeJbHBIN NporHo3 BHegpeHusa MCII. Vx ananus
nokasaJi, 9To 100% ompoIlIeHHbIX BBICOKO OII€HM-
BalOT BO3MOYKHOCTH COBMECTHOTO NTPeOBIBAHUS B
OJIAPUT. CoBMecTHOe TTpeOBbIBaHNE MTO3BOJISET
BUJETH PA0OTy KaKI0TO COTPYJHUKA OT/IeIEHNS,
¥ pogUTeJIM/ OIIEKYHBI UMEIOT BO3MOYKHOCTD Ol1e-
HUTH TPy MEAUIIMHCKOTO IIepCOHAJA, II0JIYYUTh
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HAaBBIKY yX0[1a 3a CBOUM pedeHKoM. OIIpOoIIeHHbIe
yBepeHHbI, 4To BHegpenue MCII cocobcTByeT
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[MuoMTOAPXUTEKTOHUKA 3y0UaToii (pacuyu
# noJis1 CA4 rumniokKamiia roIoBHOr0 MO3ra 0eJIbIX KpbIC
nocJie 20-MUHYTHON OKKJIIO3UU O0LIIUX COHHBIX apTepHH

A. B.TopbyHoBa, /1. b. ABnees, C. C. CrenaHos, B. A. AKyJINHUH,
A. C. Cremranos, A. 10. lloponoBa, A. A. CaMCOHOB

OMCKUY TOCyIapCTBEHHBIN MeUIIMHCKIY YHUBepcuTeT MuH3apasa Poccuy,
Poccus, 644099, . OMCK, yi1. JlenuHa, 1. 12

Glial Cell Architecture Dynamics in Dentate Gyrus
and CA4 Area of Wistar Rat Hippocampus Following 20-minute Occlusion
of Common Carotid Arteries

AnnaV. Gorbunova, Dmitry B. Avdeey, Sergey S. Stepanov, Victor A. Akulinin,
Alexander S. Stepanov, Anastasia Yu. Shoronova, Artem A. Samsonov

Omsk State Medical University, Ministry of Health of Russia,
12 Lenin Str., 644099 Omsk, Russia

Ilenb: U3y4yeHMe pacpeieseHus ¥ IPOCTPAaHCTBEHHON OpPraHU3aINy aCTPOIIUTOB 3yOUuaroi ¢gaciumn
(3®) 1 mostss CA4 runmoramia 6eJIbIX KpbIC B HOpMe U 1mocJie 20-MUHYTHON OKKJTIO3UX OOIINX COHHBIX ap-
Tepuii (OOCA).

Mertoabl HcciIef0BaHuA. VICI10/1p30Ba/IN TUCTOJIOTUYECKHUE (OKPAaCKa TeMaTOKCUJIMHOM U 903UHOM, 110
Huccimo), nmmyHorucroxumudeckue (GFAP, MAP-2) u MmopdoMerpudeckue MeTosbl. Ha TOHKUX (4 MKM) ce-
PUHHBIX GPOHTATBHBIX Cpe3axX TUIITOKaMIIa U3y4Ja/ar aCTPOIUTEI M HEHPOHBI B KOHTPOJIE (JIO’KHOOIIEPH-
pOBaHHBIE YKUBOTHBIE, N=5), yepes 6 9acoB (n=5), 1 (n=5), 3 (n=5), 7 (n=5), 14 (n=5) n 30 cyTok (n=5) mocmue
20-munyTHON OOCA. []7151 10Ty YeHU 1 [OIIOJTHUTE/IbHOM KOJIMYeCTBeHHOM NH(OpMAaIU O IPOCTPAHCTBEH-
HOW OpraHu3aly aCTPOLUTAPHBIX CeTell UCIo/Ib30BaIu ppakTanbHbli aHanus (Image] 1.52; niarus Fra-
cLac 2.5). CrarucTrYecKue TuIoTe3bl IPOBEPUJINA C IOMOIIBIO HellapaMeTPUIeCKAX KPUTEPUEB.

Peayabrarhl. Uepes 30 cyTok nocse 20-muayTHONH OOCA 0oTMEeYas i He0OPaTUMYIO IECTPYKIIUIO TOTHKO
5,3 % HetipoHOB CA4 1 coOXpaHeHUe 00IIell YNCIeHHOH IJIOTHOCTH IPaHY/ISIPHBIX KJIeTOK 3P Ha KOHTPOJIb-
HOM YpOBHe. Y3ke 4epes 6 gacoB 1 1 cyTku nocsie OOCA oTMedasi TUIepTPodUIo 1 YCIOKHEHHE IIPOCTPaH-
CTBEHHOU OpraHU3aliyi OTPOCTKOB aCTPOIUTOB, KOTOPbIE COXPAHSJIUCh Ha IPOTskeHuH 30 CyTOK. ACTPO-
IJIMO3 CONPOBOMKJAAJICA yBeJUYEeHUeM OTHOCUTeJIbHOU twiomanu GFAP-mosuTuBHOrO Marepuasa,
¢ pakTaaTbHON Pa3MepPHOCTH U YMEHBIIIEHNEM JIAKYHAPHOCTH aCTPOIUTApHOU ceTr. OCOOeHHO HAISITHO
nocJieqHee IpoABJsIOCh Yyepes 1, 14 n 30 cytok nnociae OOCA.

3axrrouenmue. [Toce 20-muayTHON OOCA B 3y6uaroit (pacrum n CA4 yBesinunBasach JIOTHOCTE GFAP-
ITO3UTHUBHOTO MaTepHaJa, YCI0KHAIACh peopraHusalys GudpoapxXuTeKTOHNKY 3a CUET Pa3BEeTBJIEHHUS OT-
POCTKOB acTponuTOB. IIpy aTOM 00111as1 YrIC/IeHHAsI IVIOTHOCTh HEUPOHOB M3MEHsIIach He3HAYNTeIbHO. Bee
9TO CBUJIETEILCTBOBAJIO O BEPOATHOU POJIM ACTPOLIUTOB IIPU IIOCTUIIEMUYECKOU aKTUBALIMY MeXaHU3MOB
€CTeCTBEHHOU HepOIIPOTeKIIUH.

Knroueswle croea: ocmpas uuiemust; 2UNNOKAMI; AcCmpoyumal; ummyHozucmoxumusi; GFAR MAP-2; ppax-
MALbHLLU AHAUS

Aim. To study the distribution and spatial organization of dentate gyrus (DG) astrocytes and CA4 area of
hippocampus of Wistar rats following 20-minute occlusion of common carotid arteries (OCCA) compared to
sham-operated control animals.

Material and methods. Histological (Nissl staining with hematoxylin and eosin), immunohistochemical
(GFAP, MAP-2) and morphometric methods were used. Astrocytes and neurons in control (sham-operated an-
imals, n = 5) group, after 6 hours (n=5), 1 days (n=5), 3 days (n=>5), 7 days (n=5), 14 days (n=5) and 30 days (n=5)
after 20-minute OCCA were studied on thin (4 pm) serial frontal sections of the hippocampus. Fractal analysis
(Image] 1.52; fraclac 2.5 plugin) was used to obtain additional quantitative information on the spatial organi-
zation of astrocyte networks. Statistical hypotheses were tested using nonparametric criteria.

Results. 30 days after the 20-minute OCCA, only 5.3% of CA4 neurons were irreversibly destroyed and the
total numerical density of DG granular cells remained at the control level. Hypertrophy and increased com-

Anpecc 11 KOpPECIIOHXEeHITHM: Correspondence to:
Imutpuii BopucoBuy ABieeB Dmitry B. Avdeev
E-mail: avdeev86@inbox.ru E-mail: avdeev86@inbox.ru
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plexity of the spatial organization of astrocyte processes were observed 6 hours and 1 day after OCCA and per-
sisted for 30 days. Astrogliosis was accompanied by an increased relative area of GFAP-positive material and
fractal dimension and reduced lacunarity of the astrocyte network. The latter was especially evident in 1, 14

and 30 days after the OCCA.

Conclusion. After the 20-minute OCCA, the density of GFAP-positive material increased, the fibroarchi-
tecture reorganized and gained more complexity due to the branching of astrocyte processes. At the same time,
the total numerical density of neurons changed only slightly. All this indicated the probable role of astrocytes
in post-ischemic activation of natural neuroprotection mechanisms.

Keywords: acute ischemia; hippocampus; astrocytes; immunohistochemistry; GFAR MAP-2; fractal analysis
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BBenenue

¥ MJIeKONIUTAIONIUX TUIIIIOKaMIIaabHasA op-
Manus coCToUT 13 1ByX C-00pas3HbIX B3aMOIIPO-
HUKAIOMUX 00pa3oBaHull — 3y04aTON M3BUJIH-
Ha/dacuu (3P) u nosieit CA1-CA4 co6CcTBEHHO
runmnokammna. 39 oxBaTbIBaeT 00JIACTh XUJIYCA,
KOTOpasA COAEPsKUT MOJIMMOPQHBINA KJIETOYHBIH
cjioit CA4 1 IpOKCUMAJIBHYIO YacTh MUPaMU/IaJlh-
Horo kjeroyHoro cjost CA3. To ects, Tonorpadu-
yecku 3P, CA3 u CA4 oO0beqUHEHBI B €QUHOM
CTPYKTYPHO-(QYHKINOHATLHOM KOMIIIeKce [1-3].

B Hacrosiee Bpems UMEIOTCA JaHHbIE, CBU-
JIeTeJIbCTBYIOIIME O TOM, 4TO B 39 B3POCJIOTO
MO3ra MJIEKONMTAIOINX (OPMUPYIOTCH HOBBIE
HelpOHBI, KOTOpPbIe YYaCTBYIOT B IIpolieccax obyue-
HUA U NAMATU Yepe3 UHTerpaluio B paHee Cylie-
CTBOBABIIIE HEHUPOHHBLIE CETU. IJTO BHISHIBAET
TIOBBIIIIEHHBIH NHTepeC K N3y4YeHUIO0 BCeX 0COOeH-
HOCTeU CTPYKTYPHO-(PYHKIIMOHAJIHHON OpraHm3a-
mun 3P [4, 5]. Kaskmasa 13 odJjacTel TuImoKamIia
MMeeT CBOIO YHUKAJIBHYIO CTPYKTYPY U (DYHKIIHIO.
Pasnuuusa kacaioTcs MoOpdOJIOTUH HeHpOHOB,
CUHANTUYECKOU IJIACTUYHOCTH, HEWPOMEIHUATO-
POB, CITOCOOHOCTH K HelfporeHeay, YyBCTBUTEJILHO-
CTU K PA3JIUYHBIM NOBpPEKIEHUAM (BKJIOYAs U
WIIIEMUIO), a TaKKe peaKIny Ha (papMarosoruye-
CKHMe IIpernaparsl [6]. bosbiioe BHUMaHNe yaesaser-
€5 U3yYEHUIO aCTPOIUTOB ¥ MUKPOTJIMOITUTOB I'UII-
MOKaMIla MJIEKOMUTAIUX B HOPME U TpHU
Pa3/IMYHBIX 1AaTOJIOTUYECKUX COCTOSTHUAX [OJIOB-
HOro Moasra [7-10]. VIMMyHOTHCTOXUMHYECKAs
peaxnust Ha GFAP 11o3BoJisieT HafIesKHO UAEHTU(H-
[IMPOBATH ACTPOIIUTHI B HEPBHOM TKaHM [11].

YCTaHOBJIEHO, YTO B OTBET HA YEPEITHO-MO3-
TOBYIO TpaBMy, HIIIEMHIO, HelpojereHeparuio
n3MeHsieTcs1 PyHKITUS ¥ MOP(OJIOTHSI aCTPOIIH-
TOB. B 3aBUCHUMOCTHU OT XapaKkTepa Bo3/eiCcTBHS,
peakIysi aCTPOIVINY MOSKET OBITH 04aroBOH, Aud-
(¢y3HOU M1 CMEITAHHOH, TPOSBAATHCS KaK aTPo-
¢us, runeptpodusi, peakKTUBHBIN U MTaTOJIOTHUYe-
ckuit actpomnos [7, 10-12]. OgHaKo, CTPYKTYpPHBIE
U3MEHEHHUs, JesKalllie B OCHOBE PeMOJeJIMpOBa-
HUS aCTPOIUTOB TUIINIOKaMIIa ocsie 20-MUHYTHOH
OKKJIIO3UM COHHBIX apTepuil TpeOyIoT nasbHeliIe-
ro U3y4eHUsI.

Panee MbI mokasasnu, 4To mnocse 20-MUHYT-

HOU OKKJII03UM 001THX COHHBIX apTepuii (OOCA)

Introduction

In mammals, the hippocampal formation
consists of two C-shaped interpenetrating forma-
tions: the dentate fascia/gyrus (DG) and the
CA1-CA4 areas of the hippocampus itself. The den-
tate gyrus covers the chylus region, which contains
the polymorphic cell layer CA4 and the proximal
portion of the pyramidal cell layer CA3. Thus, topo-
graphically, DG, SA3 and SA4 are united in a single
structural and functional complex [1-3].

Currently, there is evidence that new neurons,
involved in learning and memory processes through
integration into pre-existing neural networks, are
formed in the DG of the adult mammalian brain.
This attracts increased interest in the study of all the
features of the structural and functional organiza-
tion of DG [4, 5]. Each area of the hippocampus has
its own unique structure and function. The differ-
ences relate to neuron morphology, synaptic plas-
ticity, neurotransmitters, neurogenesis ability, sen-
sitivity to various injuries (including ischemia), as
well as response to pharmacological drugs [6]. Con-
siderable attention is given to studying astrocytes
and microglyocytes of the mammalian hippocam-
pus in normal and in various pathological condi-
tions of the brain [7-10]. Inmunohistochemical re-
action to GFAP allows reliable identification of
astrocytes in nervous tissue [11].

Astrocyte function and morphology were
found to change in response to traumatic brain in-
jury, ischemia, and neurodegeneration. Depending
on the nature of the impact, the reaction of as-
troglia can be focal, diffuse or mixed, manifested as
atrophy, hypertrophy, reactive and pathological as-
troglia (7, 10-12]. However, the structural changes
underlying the remodeling of hippocampal astro-
cytes after 20-minute carotid artery occlusion re-
quire further study.

Previously, we showed that after 20-minute
occlusion of the common carotid arteries
(OCCA), moderate diffuse-focal pathological,
adaptive and reparative changes in neurons and
astrocytes developed [13, 14]. Other studies have
been focused on the structural and functional
features of astrocytes after focal necrotic changes
of neurons with marked manifestations of patho-
logical astrogliosis [11].
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pa3BUBaJUCh yMepeHHble TU(¢y3HO-0uaroBblie
11aTOJIOTMYECKUe, aJalITUBHbIE U pellapaTuBHbIE
U3MeHeHUsI HEHPOHOB U acTporuToB [13, 14]. B
paborax ApPYyrux aBTOPOB IPEVMYIIECTBEHHO
HCCJIEA0BAJIOCh CTPYKTYPHO-(PYHKIMOHAJIBHOE
COCTOSIHHE aCTPOILUTOB MOCJIe OYAarOBbIX HEKPO-
TUYeCKUX U3MeHeHUH HelpOHOB, KOIJla oTMeva-
JINCh BbIpa)KeHHbIe [IPOSIBJIEHUS IIaTOJIOTUYECKO-
ro acrpornuosa [11].

[lo nuTeparypHBIM HAHHBIM, /IS OI[€HKU
ACTPOLUTAPHBIX CeTel MOKHO HCII0JIb30BaTh
(¢pakTanbHBIN aHAJAU3. OTOT METOJ II03BOJISET
KOJINYECTBEHHO ONMUCATh Ka4eCTBEHHbIE XapaKTe-
PUCTUKHU CJIOKHOU (ppaKkTaTbHOU MU (PpaKTaJIO-
MOI00HOM CTPYKTYPHI (HAaIpUMep, HEHPOHBI, acT-
poluThe) IyTeM  pacueTa  (ppakTaabHOU
pasMmepHocTu (PP) — mokasaTessi 3an0JTHEHUS
MIPOCTPAHCTBA (ppaAKTAIBHOM CTPYKTYPOH U JIaKy-
HAapHOCTHU (A) — Mepbl HEOJHOPOLHOCTHU 3aIl0JIHE-
HHUSI IPOCTPAHCTBA (PPAKTATBHON CTPYKTYPOU.
[ToaToMy 3TOT MeTO[ HalllesI IINPOKOE IpUMeHe-
HHe KaK Mepa CTPYKTYPHOU CJI0KHOCTHU IPUPOJ-
HBIX 00BEKTOB, B TOM YHCJI€ U HEPBHBIX KJIETOK
[11, 15, 16]. OmHako acTponuTapHasi CETh TUINO-
kamia nocJjie 20-MuHyTHOM OOCA B TaKOM acIleK-
Te He M3yJasnack. BeIOOp 115 viccaenoBanus 3y0-
yaroir ¢acupm u mossi CA4 oOycioBJIeH uX
Tonorpapu4ecKuM eIUHCTBOM, BBICOKOH YCTOM-
YUBOCTHIO K UIIIEMUU U HEOCTATOYHOU U3ydeH-
HOCTBIO aCTPOIIUTOB JAHHBIX OTJEJIOB IUIIIOKAM-
naJbHOU (popmarum.

[ToaToMy 11€/1b10 HACTOSAIIIEr0 UCCIIeJOBAHNS
OBLIO M3ydeHWe paclpesieseHusi U MPOCTPaH-
CTBEHHOHW OpraHM3aIi¥l acTPOIUTOB 3y0UaTOM
¢pacuuu u mosss CA4 runmokamna OesibIx KphIC B
HOpMe U 1tocie 20-MUHYTHON OKKJTIO3UH OOIIINX
COHHBIX apTepUI.

MarepuaJ 1 MeTObI

Pabory BeImosiHuIN Ha 6ade PTBOY BO «OMcruit
TOCy/IapCTBEHHBIN MEeTUITUHCKUHN YHUBEPCUTET», 0700~
peHa 3TUYEeCKUM KOMUTETOM YHUBEPCUTETA (IIPOTOKOJI
Nell2 ot 26 cenTsi6ps 2019 roza). B kagecTBe akcnepu-
MEHTAJIbHBIX YKUBOTHBIX HCII0JIb30BAIU KPBIC JJUHUU
Wistar maccoit 180-200 rp. VcciienoBadaust MIpOBOIUAIN
B COOTBETCTBUU C pEKOMEHIalIUsIMU MesKIyHapOTHOTO
KOMHTETA 10 paboTe ¢ 1ab0paTOPHBIMU KUBOTHBIMU,
noaaeps;kanabix BO3, mupexktuBoii EBponeiickoro ITap-
aamenTa Ne 2010/63/EU ot 22.09.10 «O 3amuTe sKUBOT-
HBIX, UCTI0JIb3YEeMbIX JJIsI HAYYHBIX IeJIei».

OcTpyto 20-MHAHYTHYIO UIIEMHUIO MO3Td MOZIEJIAPO-
BaJTU ITyTEM OKKJTIO3UU 00X COHHBIX apTepuii (OOCA,
2-cocynmcTasi MojieTb HEITOJTHOM IT00aIbHOU UIIIEMUN
6e3 THIOTOHWN) Ha (hOHe MpeMeauKaIuu (Cyabdar
arpormHa 0,1 MT/KT, TOJKOYKHO) W O0IIEeid aHeCcTe3nu
(Zoletil® 100, 10 Mr/kr). BRIOOP JAaHHO MOJTETH OBLIT 00-
YCJIOBJIEH TE€M, YTO OHA, B OTVIMYMU OT APYTUX, HE COMPO-
BOSK/IaeTCsI OSIBJIEHWEM KPYITHBIX 09aroB HeoOpaTu-
MOT0 ITIOBPEXKAEHNUA FOJI0BHOTO MO3ra KphbIc [17-19].

Marepuan 111 MOp(0JIOriYecKoro uccjaesoBa-
HUs 3abupasiu yepes 6 yacos (n=5), 1 (n=5), 3 (n=5), 7

According to the literature, fractal analysis
can be used to evaluate astrocyte networks. This
method allows to quantitatively describe the
qualitative features of complex fractal or fractal-
like structures (e.g., neurons, astrocytes) by cal-
culating the fractal dimension (FD) which is a
measure of space-filling fractal structure and la-
cunarity (L) which is a measure of the inhomo-
geneity of space-filling fractal structure. There-
fore, this method has been widely used as a
measure of the structural complexity of natural
objects, including nerve cells [11, 15, 16]. How-
ever, the astrocytic network of the hippocampus
after 20-minute OCCA in this aspect has not been
studied. The choice for the study of dentate gyrus
and CA4 area is due to their topographic unity,
high resistance to ischemia and insufficient study
of astrocytes of these hippocampal areas.

Therefore, the aim of this study was to explore
the distribution and spatial organization of astro-
cytes of the dentate gyrus and the CA4 area of the
hippocampus of albino Wistar rats following 20-
minute occlusion of the common carotid arteries
compared to sham-operated control animals.

Materials and Methods

The work was performed at the Omsk State Medical
University, approved by the Ethical Committee of the
University (Protocol No. 112 of September 26, 2019). Wis-
tar rats weighing 180-200 g were used in experimental
studies. The studies were carried out in accordance with
the recommendations of the International Committee for
work with laboratory animals supported by WHO and Di-
rective of the European Parliament No. 2010/63/EU of
22.09.10 on the protection of animals used for scientific
purposes.

Acute 20-minute cerebral ischemia was modeled by
occlusion of common carotid arteries (OCCA, 2-vascular
model of incomplete global ischemia without hypoten-
sion) with premedication (atropine sulfate 0.1 mg / kg,
subcutaneously) and General anesthesia (Zoletil® 100, 10
mg/kg). This model was chosen because, unlike others,
it is not accompanied by the appearance of large foci of
irreversible brain damage in rats [17-19].

The material for morphological study was collected
6 hours (n=5), 1 (n=5), 3 (n=5), 7 (n=5), 14 (n=5) and 30
(n=5) days after OCCA. The control group (n=5) included
sham-operated (without OCCA) animals. The brain was
fixed by perfusion of 4% paraformaldehyde solution on
0.1 M phosphate buffer (pH=7.4) through the ascending
part of the aortic arch. The blocks were encased in ho-
mogenized paraffin (HISTOMIX®) using a carousel-type
histological wiring machine «STP 120». Serial frontal slices
with a thickness of 4 microns were cut at the distance
from -2.40 to -4.36 mm from bregma [1]. The sledge mi-
crotome HM 450 (Thermo) with electronic control of the
slice thickness was employed to make preparations from
each 10-th serial cut (5 per case, 25 per each time point).

For a general histological study, the sections were
stained with hematoxylin and eosin according to Nissl.
Astrocytes were detected by immunohistochemical reac-
tion to glial fibrillary protein (GFAP), and neurons were
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(n=5), 14 (n=5) u 30 (n=5) cyrok nmocae OOCA. KoHTpoO-
JgeM (n=5) CJyXUJIU JIO’KHOOIIEpUpOBaHHbIEe (0e3
OOCA) xuBorHble. [0/IOBHOI MO3r (UKCHUpPOBAIUA
nytem nepdysuu 4% pacrBopa napadopma Ha 0,1 M
docdarnom 6ydepe (pH — 7,4) depe3 BOCXOSAIIYIO
4acTh Oyrd aopThl. BJIOKM 3ak/io4aid B TOMOTeHU3HU-
posannbiii napagun (HISTOMIX®) ¢ noMoipio aBTo-
Mara AJ1s TUCTOJIOTNYeCKOU IIPOBOAKYU KapyCeJbHOI0
tuna «STP 120». Cepuiinble pOHTATIBHBIE CPE3BI TOJI-
IIMHOU 4 MKM pe3aJjiu Ha ypoBHE (0T -2,40 10 -4,36 MM
Bregma) [1]. Micnosib3oBasiu caHHbIN MukporoM HM 450
(Thermo) c 91€eKTPOHHBIM KOHTPOJIEM TOJIIIIMHBI Cpe3a.
ITpenaparsl rOTOBUIU U3 Kaskaoro 10-ro cepuiftHOro
cpesa (5 — Ha ciay4aii, 25 — Ha CPOK).

Jly1s1 0630PHOTO THICTOJIOTHYECKOTO MCCIIe[0Ba-
HUs Cpe3bl OKpaluBaJu 1o Hucciio, reMaToKCUINHOM
1 903UHOM. ACTpOHI/ITBI BBIABJIAJJMA C IIOMOUIBI0O UMMY-
HOTHCTOXUMUYECKOU peaKIMy Ha NIHAJTbHBIN PUOpHII-
JISIpHBINA 6estok (GFAP), a HeipOHBI — acCOIMUPOBAH-
HOTO C MHKpOTpyOoukamu Oesqka (MAP-2). Cpesbl
IoMela/Iu Ha IOJIMJIN3UHOBBIE CTekJa. [Ipumenanu
MOHOKJIOHAJIbHBIE MBIIINHbIE auTUTesna K GFAP (kj10H
GA5, passegenue 1:400), (Leica Biosystems Newcastle
Ltd, BemkoOpuTaHU) M MOJUKIOHAIbBHBIE KPOJTUYbU
anTuresia kK MAP-2 (ab32454, passenenue 1:400) (abcam,
CIHIA). la susyamsanuu GFAP nu MAP-2 ncronsso-
BaJIi MyJIETUMepHBIH Habop NovolinkTM (DAB) Poly-
mer Detection System (Leica Biosystems Newcastle Ltd,
Beuko6puTanusi). [Tocsie peakiyy ¢ TepBUYHBIMU aH-
THTeJaMH Cpe3bl II0CIeI0BaTeIbHO HHKYOHMPOBAJIH C
BTOPAYHBIMU aHTUTEJIAMH, 3aTeM XpoMoreHoM DAB
(3,3'-mnamMruHOOEH3UINH), TOKPATITNBAJIN T€MATOKCHJIH -
HOM, 3aKJ/II09aJ/Id B [IOJTUCTUAPOJL.

IIpenapars! ¢pororpadupoBalu Ha MUKPOCKOIIE
Leica DM 1000 (kamepa GXCAM-DM800 Unique Wrap-
Around 8MP AUTOFOCUS USB, pixel size 1,4X1,4 pm).
Insi JOCTHKEHUsT MAaKCUMAJIbHOU KOHTPACTHOCTH U
YEeTKOCTHU MEJIKUX OTPOCTKOB acTporuToB B Photoshop
CC mpoBOANIN KOPPEKIIUIO U300 paskeHHsI C IOMOIIBIO
¢uierpa Camera Raw (ROHTpacTHOCTB, 6astaHc HesIoro,
4eTKOCTh). MopdomeTpuueckoe uccaegoBaHue acTpo-
IIUTOB IMPOBOJMJIN Ha MAaCKax 8-OMTOBBIX YePHO-0eJIbIX
n300paskeHnH (00bEKTHB X40) C UCIIOTH30BaHMEM IIPO-
rpammel Image] 1.52. ®pakTaabHbIN aHAIU3 II0JTYYeH-
HBIX U300paskeHUH OCYIIECTBJISIIN C TTOMOIIBIO T1JIa-
ruHa FracLac 2.5 (Box Counting Sampling Methods) [15].

Onpepnessay OTHOCUTeAbHYIO Itomans GFAP- n
MAP2-103uTHBHOI'0 MaTepuaJia B oJie 3peHus (mmo 80
1oJieli 3peHusl Ha KK b CPOK — C IISITU SKUBOTHBIX),
dpakranbHy0 pasMepHOCTh (PP — nokasaresib 3a-
TIOJIHEHUS IPOCTPAaHCTBa (DPaKTAJIbHOU CTPYKTYPOU)
U JJaKyHAapHOCTh (A — Mepa HeOLHOPOJHOCTHU 3aIl0JI-
HEeHUs IIPOCTPAHCTBA PpaKTATBbHOU CTPYKTYPOH) 1A
HeWPOHOB U aCTPOLUTOB. UeM BhIllle JaKyHAPHOCTD,
TeM 6OJIbIIIE B TI0JIE 3PEHUST UMEeJIOCh oOJtacTel 6e3
XpoMoreHa. 151 KOJINYeCTBEHHOU OLleHKU IIOIyJIA-
nuu HelipoHoB 3P u noJist CA4 gepes 1, 3,7, 14 u 30
cyTok nocse OOCA mogCYuThIBaIN YMCACHHYIO IIJI0T-
HOCTh HOPMOXPOMHBIX HEPOHOB, COAEp KAIIUX AJl-
PBIIIKO (Kak Mapkep).

IIpoBepKy CTaTUCTUYECKUX FUII0TE3 IIPOBOAIIN C
nomo1bio x2, Mann-Whitney U-test, Wilcoxon signed-
rank test u Kruskal-Wallis test (ANOVA) (StatSoft Statis-
tica 8.0) [20]. B xome npoBejeHN A CTaTUCTUYECKOTO aHa-
JIA3a HYJIEBYIO I'uIoresy orsepranu npu p<0,05.

identified using microtubule associated protein (MAR-2).
The sections were placed on poly-L-lysine glasses. Mon-
oclonal mouse antibodies to GFAP (GAS5 clone, 1:400 di-
lution) (Leica Biosystems Newcastle Ltd, UK) and poly-
clonal rabbit antibodies to MAP-2 (ab32454, 1:400
dilution) (Abcam, USA) were used. The NovolinkTM
(DAB) Polymer Detection System (Leica Biosystems New-
castle Ltd, UK) was used to visualize GFAP and MAP-2.
After reaction with primary antibodies, the sections were
successively incubated with secondary antibodies, then
with DAB Chromogen (3,3'-diaminobenzidine), stained
with hematoxylin, and encased in polystyrene.

The preparations were photographed with a micro-
scope Leica DM 1000 (camera GXCAM-DM800 Unique
Wrap-Around 8MP AUTOFOCUS USB, pixel size 1,4X1,4
pm). For maximal contrast and clarity of small processes
of astrocytes, image correction was performed in Photo-
shop CS using the Camera Raw filter (contrast, white bal-
ance, clarity). Morphometric study of astrocytes was
done on masks of 8-bit black-and-white images (lens
X40) using the Image]J 1.52 program. Fractal analysis of
the obtained images was carried out using the FracLac
2.5 plugin (Box Counting Sampling Methods) [15].

The relative area of GFAP- and MAP2-positive ma-
terial in the vision field (80 vision fields for each period,
from five animals), fractal dimension (index of space fill-
ing with fractal structure) and lacunarity (measure of in-
homogeneity of space filling with fractal structure) for
neurons and astrocytes were determined. The higher the
lacunarity, the more chromogen-free regions were seen
per vision field. The numerical density of normochromic
neurons containing nucleolus (as a marker) was assessed
to quantify the population of DG and CA4 area neurons
after 1, 3, 7, 14 and 30 days after OCCA.

Statistical hypotheses were tested using yx?
Mann-Whitney U-test, Wilcoxon signed-rank test and
Kruskal-Wallis test (ANOVA) (StatSoft Statistica 8.0) [20].
During the statistical analysis, the null hypothesis was re-
jected at P<0.05.

Results and Discussion

Normally, the dentate gyrus (DG) is character-
ized by a very high density of distribution of nor-
mochromic neurons (granular cells) (fig. 1, g, table 1)
and their dendritic processes containing MAP-2 (fig.
1, b). In CA4, the density of neurons was significantly
less, and their bodies and distances between cells
were greater than between granular cells in DG. How-
ever, the numerical density of gliocytes and the size
of their bodies did not differ (table 1). When stained
for MAR-2, the relative area of chromogen in the mo-
lecular layer of DG was 42.5 (38.7-44.1)% in the con-
trol, and 17.9 (13.4-20.5)% in the polymorphic layer.
The relative area of MAR-2 in the molecular layer of
CA4 was 38.5 (29.8-46.5)%.

After OCCA, various hyperchromic neurons
were detected in DG and CA4 throughout the post-
ischemic period (fig. 2, a). The maximum content
of hyperchromic neurons was observed 3 days after
the restoration of blood flow (15.5% in DG, 53.2%
in CA4). Non-shrunken neurons prevailed, the pro-
portion of irreversibly altered hyperchromic
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Puc. 1. 3y6uaTan pacuys runmokamia 6eJbIx KpbIC, KOHTPOJIb.

Fig. 1. Dentate gyrus of hippocampus of white rats, control.

Note. a— hematoxylin and eosin; b— immunohistochemistry, MAP-2. White arrows indicate granular layer; asterisks indicate mo-
lecular layer. For fig. 1-3: PL points out the polymorphic layer. Lens X40; scale 60 microns.

IIpuMeyaHue. @ — reMaTOKCUJIMH U 9031H; b — UMMYHOTHCTOXUMUsT, MAP-2. BeJjibie CTpesiku — rpaHyJIsipHbIiN CJI0H; * — MoJte-
KYJISIPHBIN cy1oi. {15 puc. 1-3: PL — nonumopdHblii caoit. O6beKTHB: X40; nmikaaa — 60 MKM.

Tabsmma 1. MopdomeTrpuiyeckas XapaKTepHCTHKA HEHPOHOB M aCTPOIUTOB 3youaroii daciiuu u CA4 rumnmo-
KaMIIa FOJIOBHOT0 M03ra 0eJIbIX KpbIC B KOHTpoJe, Me (QI-Qu).

Table 1. Morphometric characteristics of neurons and astrocytes of dentate gyrus and CA4 hippocampal field of
white rat brain in control group, Me (QL-QU).

Indicators Area

Dentate gyrus CA4
Total numerical density of neurons, per 1 mm? 6154 (5550-6408)* 1430 (1256-1495)
Pericaryon area, um? 52.8 (48.4-56.5)* 214.3 (178.3-232.8)
Core area, um? 40.4 (38.2-41.1)* 116.9 (98.8-133.5)
The distance between the nucleoli of neurons, um 10.5 (9.9-10.7)* 26.8 (15.3-37.5)
Total numerical density of gliocytes, per 1 mm? sector 1705.7 (1567.1-1799.8) 1722.2 (1498.5-1812.4)
The body area of an astrocyte, um? 39.2 (35.5-40.9) 37.2 (34.3-41.9)
Neuroglial index, units 0.27 (0.26-0.43)* 1.2 (0.8-1.3)

Note. Nissl staining. * — differences in comparison with CA4 are statistically significant at P<0.05 (Wilcoxon criterion for two
dependent samples). Me — median; QL — lower quartile; QU — upper quartile.

Ipumeuanue. Indicators — mokasareJsiu; A5 TadJ1. 1, 2: area — oTaeJt; AJjs1 TadJ. 1, 2, 4, 5: dentate gyrus — 3ybuaras dacius.
Total numerical density of neurons, per ... — 00111as YucA€HHAs JIOTHOCTh HEMPOHOB, Ha ...; pericaryon area — IJIOIIAAb I1e-
PpUKapUOHa; core area — IJIOLIAb ANpPa; the distance between the nucleoli of neurons — paccTosgHIe MesK Iy ANPBIIIKAMU Hel-
poHoB; total numerical density of gliocytes, per ... sector — o6111as1 Yuc/IeHHasA IJIOTHOCTb IJIMOIIUTOB, HA ... ceKTopa; the body
area of an astrocyte — mJiomaap TeJsia actporura; neuroglial index, units — HelfporIMaabHBIN UHIEKC, OT. ea. OKpacka 1o
Huccimo. * — passuusdA B cpaBHeHUH ¢ CA4 CTaTUCTUYeCKU 3HAYUMBbI ITpu p<0,05 (kputepuii BumkokcoHa 11 JBYX 3aBUCUMBIX
BBIOOPOK). Me — menuana; Ql — HuskHM; Qu — BepxHUi KBapTHay; 110 — saepHO-IUTONIa3MaTHYeCKOe OTHOIIIEHHE (T1710-
mans Aapa/mIomanh TUTOIIA3MBI).

Pe3ysbTaThl U oﬁcym menue | shrunken neurons with homogenized nucleus and
cytoplasm in this period was about 2-2.5% (DG)

B nopme sy6uaras dacuus (3P) xapakrepu- | and 3 59 (CA4 area). Thus, the proportion of typi-
30BaJ/IaCh O4€HB BBICOKOU IIJIOTHOCTBIO I'PAHYAP- | 4] normochromic neurons in comparison with
HBIX KJIETOK (pHC. 1, @ Tabi1. 1) 1 uX NEHAPUTHBIX | oniro] group was significantly reduced. In the CA4
OTPOCTKOB, coftepsramux MAP-2 (puc. 1, b). BCA4 | 4req statistically significant differences in the pro-

YMC/IeHHAs TUIOTHOCTD HEHPOHOB OblIa 3HAMA- | 1ortion of normochromic neurons persisted after
TEJIbHO MeHBbIIle, A MX TeJIa i PACCTOAHMA MEAIY | 7 14 and 30 days (table 2)
) ) .

KyieTkamu Gosbire, yeM B 3®. Ilpu arom obmas In the CA4 area after 1, 3, 7 and 14 days after
“HC/IEHHAS IVIOTHOCTD INOLUTOB M paSMEPBL X | CCA there were no statistically significant
TeJ He pasaudamch (rabii. 1). Ilpn oKpacke Ha | changes in the total numerical density of neurons
MAP-2 orHocuTesbHAs MJIOMAAb XPOMOTeHa B | (TNDN). Only after 30 days, the TNDN deficit was
MOJIERY/IAPHOM Ciloe 3 COCTaBUIIa B KOHTPOJIE | 5 39 (Mann-Whitney U-test, P<0.05). In DG, no

42,5 (38,7-44,1)%, a B nouMopHOM cl10e — 17,9 | gjonificant changes in TNDN were detected during
(13,4-20,5)%. OTHOCUTEAbHAA IIJI0IIaahs MAP-2 B
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Puc. 2. ITone CA4 u 3® runmnokamia 6esbIx KpsIc, 1 cyTok nmociae OOCA.

Fig. 2. Hippocampal CA4 and DG areas of white rats, 1 day after OCCA.

Note. a— normo- and hyperchromic neurons (Nissl staining); b— immunohistochemistry (MAP-2). White arrows indicate granular
layer, asterisks indicate molecular layer; PL points out the polymorphic layer. Lens x40, scale 60 microns.

IIpumeyaHue. @ — HOPMO- U FHIIEPXPOMHBIe HEHPOHBI (OKpacka no Huccmo); b — ummyHorucroxumusa (MAP-2). Besible
CTpEJIKY — TPaHy/ISPHBIN CJIOH; YepHBIE CTPEJIKU — HeHPOHBI 110151 CA4. O0beKTHB: X40, mKaia — 60 MKM.

Tabsmma 2. CogepskaHHe HOPMOXPOMHBIX HEHPOHOB B 3youaToii (pacuuu u CA4 runnokammna (aHa 1 Mm? moJss

3peHusA) B KOHTpoJie u nnocjie 00CA, Me (QL-QU).

Table 2. Numerical density of normochromic neurons in the dentate gyrus and CA4 of the hippocampus (per 1 mm?
of vision field) in the control group and after OCCA, Me (QL-QU).

Groups Area
Dentate gyrus CA4
Control 6001 (5420-6204) 1409 (1172-1488)
After OCCA, day

1 4941 (4745-5102)* 886 (805-1009)*
3 4470 (4234-4555)*" 659 (554-755)*"
7 5485 (5356-5878) 747 (543-897)*
14 5533 (5235-5902) 1005 (897-1230)**
30 5731 (5672-5876) 1155 (754-1432)*

Note. Me — median; QL — lower quartile; QU — upper quartile. * — differences are statistically significant in comparison with
the control; ¥ — comparison with the previous period (Mann-Whitney criteria); differences are statistically significant at P<0.05.
ITpumeuanue. Groups — rpymmel; control — KOHTPOJI; after ..., day — noce ..., cyTku; Me — Meauana; QL — Hipkani; QU —
BEepPXHUI KBapTUJ/IU. * — pa3IN4nsi CTATUCTHYECKY 3HAYUMBbI B CDAaBHEHUH C KOHTPOJIEM; ¥ — cpaBHEHHe C IPeIbIIYIIIM CPOKOM

(kpuTepuu MaHHa-YUTHN); pa3jInuus CTATUCTUYECKU 3Ha4YUMBbI I1pu p<0,05.

MOJIEKYJIAPHOM cjoe nojas CA4 cocrasuia 38,5
(29,8-46,5)%.

ITocne OOCA B 3P u CA4 Ha IPOTAKEHUN
BCEro IMOCTUIIEMUYECKOro Iepuojia BBIABJIAIN
pasJInYHble THIIepXPOMHBIe HEUPOHHI (pUC. 2, a).
MaxkcumaJibHOE UX CoflepsKaHe OTMedasy yepes
3 CyTOK I0CJI€ BOCCTAaHOBJICHUSI KPOBOTOKA (3P
15,5%, CA4 53,2%). ITpeob1agaim HeCMOPIIIEHHbIE
HeWPOHBI, a Cofiep;KaHne HeoOpaTuMO U3MEeHeH-
HBIX THIIEPXPOMHBIX CMOPIIEHHbIX HEHPOHOB C
rOMOreHHu3alnel Apa U NUTOIIa3MbI B 3TOT CPOK
6b1710 Ha ypoBHE 2-2,5% (3P) u 3-5% (nose CA4).
Kak cjieICTBUeE, YNCJI€EHHAA IIJIOTHOCTh TUIIMYHbIX
HOPMOXPOMHBIX HeprOHOB B CpPaBHEHHU C KOHT-
poJieM CTaTUCTUYECKH 3HAYMMO CHHU’KaJIach. B
nojsie CA4 3HaYMMble Pa3/In4us 110 COAepsKaHUIo
HOPMOXPOMHBIX HEHPDOHOB COXPaHAJIUCH Yepes 7,
14 u 30 cyToK (TadJI. 2).

the entire follow-up period (3.8%, P>0.05). Thus,
after a 20-minute OCCA in the studied parts of the
hippocampus, the TNDN remained at a level close
to the control.

In immunohistochemical light-optical study
of DG in the control group and after OCCA a het-
erogeneous distribution of GFAP-positive material
was revealed: the maximum was seen in the poly-
morphic layer, the minimum was recorded in the
granular layer (fig. 3).

In DG, GFAP-positive material was detected
mainly in the bodies and processes of fibrous astro-
cytes (FA) (fig. 3). These astrocytes had a tree-like
structure: a small body (diameter 7-13 microns),
long (more often in the molecular and granular lay-
ers) or short (more often in the polymorphic layer),
smooth weakly branched processes with a very
high density of chromogen. The fibrous astrocytes
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B nosie CA4 ugepes 1, 3, 7 u 14 cyTok nocjie
OOCA o061mas ync/ieHHas IJIOTHOCTh HEHPOHOB
(OUIIH Ha 1 MM? OJIs1 3peHUs) CTaTUCTUYECKHU
3HAYMMO He U3MeHA1ach. ToJIBKO yepesd 30 CYyTOK
nepunut OUITH cocraBua 5,3% (Mann-Whitney
U-test, p<0,05). B 3® 3HauMMBIX U3MeEHeHUN
OUIIH Ha npoTsyKeHUH BCero Meproaa HadJ o e-
HUs BBISIBJIEHO He Ob1710 (3,8%, p>0,05). Takum
o6pasom, nocsie 20-muayTHOH OOCA B M3y4deH-
HbIx orgesax OUIIH ocraBajach Ha OJIM3KOM K
KOHTPOJIIO YPOBHE.

IIp TMMYHOTHCTOXUMHAYECKOM CBETOOIITH-
4eCKOM uccjeqoBaHnu 3@ B KOHTPOJIe U TOCJe
OOCA BBIABAJIM HEOTHOPOJIHOE pacupeiesieHne
GFAP-1103UTMBHOTO MarepuaJsia: MaKCUMaJIbHO B
OJIUMOP(HOM, MUHUMAJIBbHO — B TPAHYISPHOM
cjoe (puc. 3).

B 3® GFAP-1103UTUBHBIN MaTepuaJl BbIABJISA-
JIV TIPEVMYIIIECTBEHHO B TeJIaX M OTPOCTKAxX (prod-
po3HBIX acTporuTOB (PA) (puc. 3). ITH ACTPOIUTHI
WMeJT JPEBOBUIHYIO OPraHU3aIMIo: HeOOoIbIIoe
Tegao (ouamerp 7-13 MKM), QJIMHHBIE (4alle B
MOJICKYJISIDHOM M TPaHyJIsAPHOM CJIOAX) WU
KOpOTKHeE (4Jalie B ToJIMMOpP(HOM cji0e), TIaiKue
cs1abopasBeTBIEHHBIE OTPOCTKY C OUY€Hb BHICOKOM
MJIOTHOCTBIO XpOoMOreHa. PA 3aHNMAN HellepeK-
phIBaOINMEcss WJIN CJieTKa IepeKphIBAIOIINecs
MMPOCTPAHCTBEHHBIE 00JIACTU (IOMEHBI), KOTOpPhIE
OBLIH 3AII0JHEHBI TOJICTHIMU U TOHKUMU BETBSIMU
orpocTkoB. Hambosee kpymabie @A ¢ TOICTHIMA
OTPOCTKAMU BBIABJIAJIN B MOJICKYJIAPDHOM ciioe 3P
yepes 14 u 30 cyrok nocse OOCA (puc. 3, ¢, f). PA
B I'PAHYJIAPHOM U MOJIEKYJIIDHOM CJIOSIX MMeEJIU
XapakTepHbIe IJMNHHBIE IIPSIMbIE OTPOCTKUA B
MoIlepevyHoM HarpasjeHuu. B mosumMopdHOM
ciioe mpeodstamany @A ¢ KOPOTKUMHU OTPOCTKAMU
0e3 mpeobJIamaroIero HampaBJaeHus (puc. 3).

[Iporonnasmaruueckue acrpouuTsl (ITA)
BBIABJIAJIN IIPEUMYIIECTBEHHO BOKpPYI IIOJIU-
MOP(QHBIX HEUPOHOB U B MOJIEKYJISIPHOM CJIO€
o1t CA4 (puc. 4). JIJ1st 9TUX KJIETOK OBLJIO XapakK-
TEPHO OTHOCHUTEJBHO KpPYyIHOE TeJIO, TOJICThIE
KOPOTKHE MepBUYHBbIE OTPOCTKU C HEPOBHBIMU
KOHTypaMmH, pPbIXJIOe 3all0JIHEHHE XPOMOT€HOM U
00JIBITIOE KOJTUYECTBO OYEHH METKUX OTPOCTKOB.
Mesnkue acTpOIMTapHBIE OTPOCTKU BBINVISIEJIN
KaK Xa0THYeCKUU PUCYHOK C HEBBICOKOH ONTHYe-
CKOU MJIOTHOCTHIO XpoMoreHa (puc. 4, a). I1A, kak
u @A 6T CBA3AHBI C KPOBEHOCHBIMHU COCYIaMHU
(puc. 4, b).

ITocne OOCA yBeau4uBaOCh KOJIUYECTBO
PEaKTUBHO NU3MEHEeHHBIX aCTPOIIUTOB — U IPOTO-
MJ1a3MaTUYECKUX, U PUOPO3HBIX. [[J15T 9TUX KIIETOK
OBLJIO XapaKTepHO: BEICOKAS 0YaroBasi INIOTHOCTH
pacnpeneaeHus, THIepTPOdUsI OTPOCTKOB (YTOJI-
IIeHue, yIJIMHEeHNE) U YCI0KHeHue pubpoapxu-
TEKTOHUKU (puc. 4, 5).

B koHTpoOJIE, IO IAHHBIM KJIACCAYECKOTO
MOP(OMETPUYECKOTO aHA/IM3a, OTHOCUTEJIbHAS

Puc. 3. ®poHTaIBHBIE CPE3bI TOJTOBHOTO MO3ra Ha YPOBHE
THIINOKAMIIA.

Fig. 3. Frontal sections of brain at the level of hippocampus.
Note. Uneven distribution of chromogen in the layers of the
dentate gyrus in the control (a), 6 hours (b), 1 day (¢), 3 days (d),
14 days (e) and 30 days (f) after OCCA. White arrows indicate
granular layer; asterisks indicate molecular layer. Staining: im-
munohistochemical reaction to GFAP, hematoxilin post-stain-
ing. Lens X40; scale 100 microns.

IIpumeuanne. HepaBHOMEpHOE pacrpesesieHue XpoMOreHa B
cJ1051X 3y0Ouaroii ¢paciuy B KOHTpoJie (a), uepes 6 yacos (b), 1
cyTkH (c), 3 cyTok (d), 14 cyTok (e) u 30 cyrok (f) mocae OOCA.
BeJsible CTpesIKM — TPaHY/IAPHBIN CJIOH; * — MOJIEKY/ISIPHBIH
cyoii. OKpacka: MMMYHOTHCTOXUMUYecKasi peakiys Ha GFAP,
JIOKpacKa reMaTokCu/IMHOM. O0BeKTUB: X40; mKana — 100 MKM.

occupied non-overlapping or slightly overlapping
spatial regions (domains), which were filled with
thick and thin branches of processes. The largest FA
with thick processes were detected in the molecular
layer of DG 14 and 30 days after OCCA (fig. 3, e, f.
The fibrous astrocytes in the granular and molecu-
lar layers had characteristic long straight processes
in the transverse direction. The polymorphic layer
was dominated by FA with short processes without
a predominant direction (fig. 3).

Protoplasmic astrocytes (PA) were detected
mainly around polymorphic neurons and in the
molecular layer of the CA4 area (fig. 4). These cells
were characterized by a relatively large body, thick
short primary processes with irregular contours,
loose filling with chromogen and a large number of
very small processes. Small astrocytic processes

www.reanimatology.com

GENERAL REANIMATOLOGY, 2019, 15; 6



DOI:10.15360/1813-9779-2019-6-26-37

BKCHepI/IMeHTaﬂbHBIe HCCJJaeqOoBaHUuA

IIJI0IaNb YaCTUL, XpOMOI'eHa (B eJUHULIe
T10JIs1 3PEeHN ) MUHUMAaJILHOH ObILJIa B rpa-
HYJIIDHOM, 2 MaKCUMaJbHOU — B I10JIU-
MopdHOM ciioe 3P (tabsa. 3). Uepes 1
cytkn nocsie OOCA Bo Bcex ciosax 3P
BBIABJIAJIM HE3HAYUTEJbHOE (Ha 5—-6%), HO
CTaTHCTUYECKUA 3HAYMMOE YBeJW4YeHUe
aTOrO TOKa3saress. [logoOHbBIE peaKTHB-
Hble U3MEHEHUA IJINTEJIbHO COXPAHAJINCE.
MakcuMa/nbHOE yBeJIMYeHHE IJI0LIaLNu
GFAP (ma 10,7% B cpaBHEeHUHU C KOHTPO-
JeM) OoTMedaau 4epes 14 CyTok IIocJe
OOCA B mosiumopdHOM citoe (TadJr. 3).

17151 TONTOJTHUTEIbHOU KOJIMYeCTBEeH-
HOU XapaKTepPHUCTUKU aCTPOLIUTOB, BKJIIO-
YaoIell OLleHKY He TOJIBKO IJIOIaau, HO
1 OpMBI, pacrpesieseHUsI UX OTPOCTKOB B
IIPOCTPAHCTBE UCIOJIb30BAIH (PpaAKTATIb-
HbII aHaJIW3 MOJIEKYISPHOTO W II0JIU-
MopgHoro ciaoeB 3P. CorigacHo ero
pea3ysbraraM, B KOHTPOJIE€ IIOKa3aTeJu
3aI0JIHEHUS IPOCTPAHCTBA (PpAKTATBHBI-
MU CTPYKTypaMu (MMMyHOpPEaKTUBHBIC K
GFAP oTpOCTKHU ¥ TeJia aCTPOIIUTOB) B 3TUX
CJIOAIX CTAaTUCTAYECKH 3HAYMMO pa3Jjnda-
JIICh. B mosimmopHOM cJioe Ob11a 60JIbIIe
dpakrambHasz paaMepHOCTH (PP) (TabJr. 4)
¥ MEHBIIIe — JIAKYHAPHOCTH (TabJI. 5). ITO
CBHJIETEIHCTBOBAJIO O OOJIBIIIEM 3aTIOTHE-
HUY NIPOCTPAHCTBA NTOJIUMOP(HOIO CI05I
OTPOCTKAaMU aCTPOLATOB.

B nuHamMuKe IOCTUIIEMHUYECKOTO
nepuoja  BBIABWJIM  CTaTUCTUYECKU
3HAYMMble N3MeHeHHs 00enx mepeMeH-

Puc. 4. [Iporonyiadmaruyeckue actporutbl CA4 yepes 6 yacoB nocJie
0OOCA.

Fig. 4. Protoplasmic CA4 astrocytes 6 hours after OCCA.

Note. a— large number of small processes on the main stems; b — struc-
tural connection of astrocyte processes with microvessels; ¢, d — increase
in the density of astrocyte distribution between neurons and their domains
(d). White arrows indicate microvessels. Staining: immunohistochemical
reaction to GFAP, hematoxilin post-staining. Lens X100; scale 25 microns.
IIpumeuyanue. @ — 6OJBIIOE KOJTUYECTBO MEJKUX OTPOCTKOB HA OCHOB-
HBIX CTBOJIAX; b — CTPYKTYypHas CBSA3b OTPOCTKOB aCTPOLIUTOB C MUKPO-
COCYZIOM; ¢, d — yBeJIMueHHe IJIOTHOCTH paclipejiesieHusI aCTPOLUTOB
MesKly HEHpOHAMU U UX JOMEeHBI (d). BeJsible CTpeIKU — MUKPOCOCYIbI.
Oxkpacka: IMMyHOTHCTOXUMHUYecKas peaknusa Ha GFAP, jokpacka rema-
TOKCHUIUHOM. O0beKTHB: X100; ImKaaa — 25 MKM.

HBIX, XapaKTepHU3yIOIINX IPOCTPAHCTBEHHOE pac-
npenenenue GFAP-nosutuBHOTO Matepuasna 3P
(Taba. 4, 5).

Yepes 1 cyrku nocsie OOCA, B cpaBHEHHUH C
KOHTPOJIEM, B MOJIEKYJIIPHOM U ITOJIUMOP(HHOM
cinosax 3P ysennuuBanack ®P a jakyHapHOCTb —
yMeHbIanaach (Tada. 4, 5). Yepes 6 gacos, 3, 7, 14

looked like a chaotic pattern with a low optical den-
sity of chromogen (fig. 4, a). Protoplasmic astro-
cytes as well as FA were associated with blood ves-
sels (fig. 4, b).

After OCCA, the number of reactive astrocytes,
both protoplasmic and fibrous, increased. These

TaGsmna 3. OTHOCHUTe IbHAs IVIOINANb (%) YaCcTHI] XPOMOTreHa IPY UMMYHOTHCTOXHMHY€eCKOM BhIsiBJIeHNU (GFAP)
3JIEMEHTOB IVIMAJIbHOM ceTH 3y0uaToii (haciiu y 3kHBOTHBIX KOHTPOJIBHOI M OCHOBHOI# rpynnbi, Me (QI-Qu).
Table 3. Relative area (%) of chromogen particles in immunohistochemical detection (GFAP) of glial network el-
ements of dentate gyrus in animals of the control and main groups, Me (QL-QU).

Group Layers dimensions
All (total) Molecular Granular Polymorphic
Control 13.2 (10.8-14.2) 10.9 (8.9-13.3) 9.8 (8.9-12.1) 15.8 (13.4-17.3)*
After OCCA

6 hours 13.4 (12.8-15.5) 9.1 (8.4-15.1) 11,3 (10.7-14.2) 15.6 (14.1-18.7)*
1 17.8 (16.5-19.9)** 17.5 (15.9-20.3)** 16,7 (13.8-18.7)** 20.4 (18.8-23.2)*
3 14.9 (10.5-17.8) 12.0 (10.1-14.6)" 15,2 (13.6-17.9)* 16.0 (13.7-19.2)"
7 14.6 (13.4-17.5) 10,6 (9.1-13.5) 10,3 (9.7-13.4)* 20.2 (16.8-23.3)*##
14 21.3 (19.5-25.3)** 16,6 (15.1-19.9)** 16,7 (14.8-20.2)** 26.3 (22.8-28.5)*"
30 days 17.3 (14.8-20.5)* 16,3 (14.2-18.5)* 10.5 (9.1-15.5)*# 21.7 (18.6-24.5)*##

Note. * — differences are statistically significant in comparison with the control; # — in comparison with the previous period
(Mann-Whitney U-test); ” — in comparison with the molecular layer (Wilcoxon signed-rank test) at P<0.05.

IIpumeuanwue. /][5 TabJ1. 3-5: group — rpymima; control — KoHTpoJib; hours — yacer; days — nuuy; layers — cotou; after — nocie;
molecular — moJsiexkynsipHbIH; polymorphic — nosmmopduseil; dimensions — nuaMmepenus; all (total) — Bce (cymMmmapHo); gran-
ular — rpaHyJIsSpHBIHA. * — pa3IUYNA CTATHCTHYECKH 3HAYNMBI B CPAaBHEHUHU C KOHTPOJIEM; ¥ — B CpDaBHEHHH C IPEIbIIYIITUM
cpoxkoM (Mann-Whitney U-test); # — B cpaBHeHUH € MOJIERYIAPHBIM csioeM (Wilcoxon signed-rank test) mpu p<0,05.
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Puc. 5. Pudpo3HbIe acTpOIUTHI 3youaToii hacyu u CA4 uyepes 1 cyTku
nocye OOCA.

Fig. 5. Fibrous astrocytes of dentate gyrus and CA4 1 day after OCCA.
Note. a— hypertrophy of astrocyte processes in the molecular layer of den-
tate gyrus; b— increase in the density of astrocyte distribution in the poly-
morphic layer; c— increase in the density of astrocyte distribution within
the cell layer of CA4; d— hypertrophy of astrocyte processes in the granular
layer of dentate gyrus. Staining: immunohistochemical reaction to GFAP,
hematoxilin post-staining. Lens X100; scale 25 microns.

IIpumeyaHue. @ — runepTpodusa OTPOCTKOB ACTPOIUTOB B MOJIEKYJIAD-
HOM cJIoe 3y04aroil acuuy; b — yBesJndeHue JIOTHOCTU paclpesesie-
HUS aCTPOLUTOB B IOJIUMOP(MHOM CJI0€; ¢ — yBeJlndeHNe IIJIOTHOCTU pac-
IpejesieHUs] acTPOLUTOB BHYTPU KJieToyHoro cmjoss CA4; d —
rUnepTpodus OTPOCTKOB ACTPOIUTOB B IPAHY/IAPHOM CJIoe 3y04aToi
acuu. Oxpacka: UMMyHOTUCTOXUMUYecKass peaxius Ha GFAP, no-
Kpacka reMaTokCciimHOM. O6beKkTUB: X100; mkaaa — 25 MKM.

cells were characterized by high focal den-
sity of distribution, hypertrophy of
processes (thickening, elongation) and
complex fibroarchitecture (fig. 4, 5).

In the control group, according to the
classical morphometric analysis, the rela-
tive area of chromogen particles (per unit
of vision field) was minimal in the granular,
and maximal in the polymorphic layer of
the DG (table 3). A slight (5-6%), but statis-
tically significant increase in this indicator
was found 1 day after OCCA in all layers of
DG. Such reactive changes persisted for a
long time. The maximum increase in GFAP
area (by 10.7% in comparison with the con-
trol) was observed 14 days after OCCA in
the polymorphic layer (table 3).

For additional qualitative characteriza-
tion of astrocytes, including their area, shape
and spatial distribution of their processes,
we used fractal analysis of the molecular and
polymorphic layers of DG. According to its
results, the control group demonstrated sig-
nificant differences in the indices of space
filling by fractal structures (immunoreactive
to GFAP processes and astrocyte bodies) in
these layers. The fractal dimension (FD) was
more (table 4) and lacunarity was less (table
5) in the polymorphic layer. Data demon-
strate an increased filling of the polymorphic
layer space by the processes of astrocytes.

During the post-ischemic period, sta-
tistically significant changes in both vari-
ables characterizing the spatial distribution
of GFAP-positive material of the DG were
revealed (table 4, 5).

u 30 CYTOK OTMeYaJsu reTepoXpOHHbIE U reTepo-
Mop¢gHble ndMeHeHuss PP u JlakyHApHOCTH B
U3y4YeHHBIX c10sX. Kpome Toro, yepes 6 4acos, 3,
7 1 14 cytork B mosmuMopdHOM ciaoe P OGputa
BBIIIE, a JJAKYHAPHOCTh HUYKE, YeM B MOJICKYJIP-
HOM CJI0€. JTO, BEPOATHO, CBUAETEJbCTBOBAJIO O

One day after OCCA, FR increased and lacunary
decreased in the molecular and polymorphic layers
of DG in comparison with the control (tables 4, 5).
After 6 hours, 3, 7, 14 and 30 days, heterochronous
and heteromorphic changes in FD and lacunarity
were observed in the studied layers. In addition, after

Ta6suna 4. @pakranbHas padmepHocTs (PP) mmansHoi (GFAP) ceTu pa3JIMYHBIX cJ10€eB 3youaroii hacuuu B

koHTpoJe u mocsae O0CA, Me (Ql-Qu).

Table 4. Fractal dimension (FD) of the glial (GFAP) network of the various dentate gyrus layers in the control and

after OCCA, Me (QL-QU).

Group Layers of the dentate gyrus
Molecular Polymorphic
Control 1.56 (1.47-1.62) 1.67 (1.59-1.72)%
After OCCA

6 hours 1.50 (1.45-1.60) 1.80 (1.67-1.85)*#
1 1.77 (1.68-1.83)*# 1.79 (1.69-1.84)*
3 1.55 (1.43-1.61)* 1.62 (1.49-1.68)"#
7 1.57 (1.51-1.66) 1.73 (1.60-1.79)*#
14 1.67 (1.58-1.73)* 1.82 (1.66-1.89)*##
30 days 1.74 (1.62-1.81)** 1.72 (1.65-1.78)*

Note. * — differences are statistically significant in comparison with control; # — previous period (Mann-Whitney U-test), # —

molecular layer (Wilcoxon signed-rank test) at P<0.05.

IIpumeyaHme. ¥ — pas3/IM4UsI CTATUCTUYECKH 3HAYUMBI B CDAaBHEHUU C KOHTPOJIEM; ¥ — IIpeabIaynuM cpokoM (Mann-Whitney
U-test); # — momerynsspabIM ciaoeM (Wilcoxon signed-rank test) mpu p<0,05.
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TaGumia 5. JlJakyHapHocTs (L) minaasHo¥ (GFAP) ceTH pa3/IMYHBIX CJI0€B 3y0UaToi (paciiuy B KOHTPOJIE U ITOCIe

0O0CA, Me (QI-Qu).

Table 5. Lacunarity (L) of the glial (GFAP) network of the various layers of the dentate gyrus in the control and

after OCCA, Me (QL-QU).

Group Layers of the dentate gyrus
Molecular Polymorphic
Control 0.55 (0.49-0.57) 0.46 (0.41-0.50)*
After OCCA

6 hours 0.63 (0.55-0.68)* 0.39 (0.35-0.47)*#
1 0.39 (0.36-0.47)** 0.35 (0.32-0.42)*
3 0.66 (0.60-0.71)** 0.56 (0.50-0.62)*##
7 0.76 (0.68-0.79)** 0.35 (0.30-0.48)*##
14 0.59 (0.50-0.62)" 0.32 (0.29-0.38)*#
30 days 0.36 (0.33-0.46)** 0.34 (0.31-0.42)*

Note. * — differences are statistically significant in comparison with control; * — previous period (Mann-Whitney U-test), # —

molecular layer (Wilcoxon signed-rank test) at P<0.05.

ITpuMeyaHue. * — pas3/IMYUs CTATUCTUYECKN 3HAYNMBI B CDABHEHUH C KOHTPOJIeM; ¥ — Ipeapiaynum cpokoM (Mann-Whitney
U-test); # — mouteryssspHBIM c1oeM (Wilcoxon signed-rank test) mpu p<0,05.

HEpaBHOMEPHOW pPEaKTUBHOU peopraHu3aIuu
ACTPOIUTAPHBIX OTPOCTKOB B OTBET HA MIIIEMUIO 1
penepdy3uio — MOsIBJIEHUH 30H C 60J1ee BLICOKOH
IIJIOTHOCTBIO U IIJIOTHBIM PABHOMEPHBIM 3all0J/JIHE-
HHeM IPOCTPAHCTBA 3a CUET Pa3BeTBJIEHUsI TOH-
KUX nnepugepudeckux OTPOCTKOB.

CiienoBaresibHO, (ppaKkTaIbHbIN aHATUS TTO]I-
TBepaua To, 4yTo rocsie OOCA B 3P nmpoucxonuiaa
runeprpoguieckass HepaBHOMepPHasi IPOCTpaH-
CTBEHHAasl peOpraHu3alys peaKTUBHBIX aCTPOIH-
TOB (04aroBbIM ACTPOTIINO3).

Takum 00pa3oM, B HACTOsIIEeN padoTe, C
IIOMOIIIBIO KJIACCUYEeCKUX MeTOJI0B Mop( oMeTpun
(ommpenesienre oTHOCUTEbHOM TTOIanu GFAP-
IIO3UTUBHOIO MaTepuasia) U (ppakTaJbHOTO aHa-
Jiu3a IIPOBeJIM CPaBHUTEJIbHOE HCCJeJ0BaHUE
actponutoB 3P u nosia CA4 B KOHTpOJIE U ITOCJTIE
20-muayTHOM OOCA. [Tog06HBII MOAXOM UCIIOJTh-
30BaJICs paHee AJ1s pellleHus aHaJOIMYHbIX 3a/1a4
Ha OPYIrux 3KCIIEpUMEHTAa/JIbHbIX MOEJIAX HIIIe-
muu (7, 11, 12].

Ycranosuiy, uro nocsue OOCA akTuBupoBa-
JIMCh NIPOIeCChI Mpoandepanuu U runepTpopun
ACTPOLUTOB. BBIABU/IN KOJIUYECTBEHHYIO reTepo-
FeHHOCTh U TeTePOXPOHHOCTh M3MEHEHUU IIpo-
CTPAaHCTBEHHOU OpraHM3aluy acTPOIUTAPHBIX
OTPOCTKOB B MOJIEKYJIIDHOM U INOJUMOP(HHOM
ciosx 3. Bosiee 1aOUIBHBIMA U PEAKTUBHBIMHA
OBLTH MeJIKME OTPOCTKH aCTPOIMTOB. B oTmaneH-
HOoM nepuoge (14 u 30 cyrok) nocsie OOCA coxpa-
HS1JTaCh TOBBIIIIEHHAS IVIOTHOCTH OTPOCTKOB (prbd-
PO3HBIX aCTPOLMTOB M OOIIETro coaepsKaHus
GFAP-11o3nuTHBHOrO Mareprassa. MakcuMaJ/ibHbIE
3HA4YEHMsI XapaKTepPUCTUK BBISIBUJIU B IIOJIMMO]-
HOM cJjioe. B aTOT mepuopa Mepa CTPYKTYpHOH
CJIO’KHOCTH IMTMATBHBIX CETEH ObIIa CYIIIeCTBEHHO
BBIIIIE, A JJAKYHAPHOCTh HUSKe, YeM B KOHTPOJIE U
yepes3 3 U 7 CyTOK IIOCTULIEMUYECKOI0 Iepuoa.
OnHako, B HallleM UCCJIeJ0BAHUY, IIPU OTCYTCTBUU
BBIPpa’KEHHBIX 0YaroB HEKPO3a M HEDOJbIIIOM
JedunuTte HEUPOHOB, YBeJIMYeHHe KOoJInuecTBa U
TUIOIIAAN PeaKTUBHBIX (PUOPO3HBIX ACTPOIUTOB

6 hours, 3, 7 and 14 days, FD was higher and lacunar-
ity was lower in the polymorphic layer than in the
molecular layer. This probably indicated an erratic
reactive reorganization of astrocytic processes in re-
sponse to ischemia and reperfusion, i.e. appearance
of zones with higher density and dense uniform fill-
ing of space due to the branching of thin peripheral
processes.

Consequently, fractal analysis confirmed that
hypertrophic erratic spatial reorganization of reac-
tive astrocytes (focal astrogliosis) occurred in the
DG after OCCA.

Thus, in the present work, using the classical
morphometry methods (calculation of the relative
area of GFAP-positive material) and fractal analysis,
a comparative study of DG and CA4 astrocytes in
the control group and after 20-minute OCCA was
done. A similar approach was used earlier to solve
similar problems in other experimental models of
ischemia [7, 11, 12].

Mechanisms of astrocyte hypertrophy were ac-
tivated after the OCCA. The quantitative heterogene-
ity and heterochronicity of changes in the spatial or-
ganization of astrocytic processes in the molecular
and polymorphic layers of DG were revealed. Small
processes of astrocytes were more labile and reac-
tive. In the long-term period (14 and 30 days) after
OCCA, the increased density of fibrous astrocyte
processes and the total content of GFAP-positive
material persisted. The maximal values of the men-
tioned characteristics were revealed in the polymor-
phous layer. During this period, the structural com-
plexity of glial networks was significantly higher, and
lacunarity was lower than in the controls and after 3
and 7 days of the post-ischemic period. However, in
our study, with a small neuronal deficit and without
severe necrotic foci, the increased number and area
of reactive fibrous astrocytes should be considered
as evidence of the activation of natural protective
functions of the astroglia, aimed at preserving and
restoring damaged neurons. Some literature evi-
dence also suggests a protective and restorative role
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cjaenyeT paccMarpuBaTh KaK CBHIETEJIbCTBO
AKTUBAIIM €CTEeCTBEHHbBIX 3aIUTHBIX (PYHKIUN
ACTPOIINHY, HAIIPABJEHHBIX HA COXpaHEHUE U BOC-
CTaHOBJIEHUE TTOBPEKIEHHbIX HEUPOHOB. HekoTo-
pble JuTeparypHble JaHHbIE TaKKe CBUIETEJIb-
CTBYIOT O 3alIIUTHOIN ¥ BOCCTAaHOBUTEJIbHOUN POJIU
PeaKTUBHBIX aCTPOIUTOB [7, 11,12, 21-23]. Bce ato
CBHJIETEJbCTBYET O IIEPCIEeKTUBHOCTYU N3y4YeHUs
acTpomino3a U 0COO0eHHOCTEN HEMPONTHATbHBIX
OTHOIIIEHNH B Pa3HbIX OT/IeJIaX TOJIOBHOTO MO3Ta
1ocJie OCTPOU MIlIEMUH, TPAaBMbI U TIPU Helpo/ie-
reHepaTUBHBIX 3a00/1€BaHUsIX [24, 25]

ITonyuyeHHBIEe pe3yaBTaThl MOTYT OBITH
WUCIIOJIb30BAHbl I IIOHUMAaHUA CTPYKTYPHBIX
OCHOB €CTeCTBEHHOU HEWPOMPOTEKIIMUA 3a CUET
AKTUBAIlUM MEXaHU3MOB PEAKTHUBHOIO acCTpPO-
JIM03a B TOCTUIIIEMHUYECKOM MeproJie.

3akJrouenue

IMocne 20-munayTHOI OOCA B 3y64aToii pac-
nuu 1 nosie CA4 6eJibIX KpPBIC yBEJTUYUBAIACH
mioTHOCTh  GFAP-mo3WuTHMBHOrO  MarepuaJga,
YCJIOKHSIACh peopraHu3anys GuOpPoapXuTEKTO-
HUKU 3a CYeT pa3BeTBJIEHUsI OTPOCTKOB aCTPOIH-
TOB. ITO IPOUCXOAMJIO Ha (DOHE HE3HAYNUTETbHOTO
YMEeHBIIIEHU S 001IIeH YMCIeHHOH IJIOTHOCTH Hel-
poHOB. [IpakTUUeckoe 3HaUeHUe JaHHOTO UCCJie-
JIOBAHUS 3aKJIIOYAETCS B TOM, YTO OHO IOATBEp-
SKIaeT HaJIMYle PeaKTUBHOI0 acTPOIIN03a IpUu
MaJIbIX IIOBPEsKAEHUAX, lieJIeHallpaBJIeHHas pery-
JISAIYS1 KOTOPOT'O TI03BOJINT, BEPOSATHO, BJIUATH HA
IIPOLIECChI BOCCTAaHOBJIEHN ST HEPOHOB I10CJIE OCT-
poii uleMuu.

BuarogapHocts. [lanHasi paboTa BhITIOTHEHA
npu nonjiepsxkke PoHIA COAeNiCTBUSA MHHOBAIUAM
o nnporpamme «Y MHUEK» Nel4 ot 15.12.20171. 1
BHyTpenHero rpanta ®I'bOY BO Omckoro rocy-
JapCTBEHHOTO MEeJULMHCKOTO YHHUBEPCUTETA
Ne574 oT 24.11.2017 1.

KoH@uuKT nHTEepecoB. ABTOPHI JeKJIapu-
PYIOT OTCYTCTBHE SIBHBIX U ITOTEHIIUAJbHBIX KOH-
(pJIMKTOB MHTEPECOB, CBA3AHHBIX C ITyOJIMKAIIEH
HaCTOSIIeH CTaTbu.

CeMbI0 aBTOpaMHU JIMYHO U B PABHOM KOJIYe-
CTBe IPUMeEHEH KOMIIJIEKCHBIN MeTOJ0JI0THYeCKUN
IIOJIXO[T, BKJIIOUAIOIINI 3KCIIEpUMEHTAJIBHBIN, aHA-
TOMHUYECKUH, TUCTOJIOTUYECKUH, MOpdOoMeTpurye-
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1. Paxinos G., Watson C. The Rat Brain in Stereotaxic Coordinates. 51
ed. San Diego: Elsevier Academic Press; 2005.

2. SenzaiY. Function of local circuits in the hippocampal dentate gyrus-
CA3 system. Neurosci Res. 2019 Mar; 140: 43-52. PMID: 30408501
DOI: 10.1016/j.neures.2018.11.003.

3. Fares ], Bou Diab Z, Nabha S, Fares Y. Neurogenesis in the adult hip-
pocampus: history, regulation, and prospective roles. Int ] Neurosci.
2019 Jun; 129 (6): 598-611. PMID: 30433866 DOI: 10.1080/00207454.
2018.1545771.

4. Abbott L.C., Nigussie F. Adult neurogenesis in the mammalian den-
tate gyrus. Anat Histol Embryol. 2019 Sep 30. PMID: 31568602 DOI:
10.1111/ahe.12496.

5. Miller S.M., Sahay A. Functions of adult-born neurons in hippocam-
pal memory interference and indexing. Nat Neurosci. 2019 Oct; 22
(10): 1565-1575. PMID: 31477897 DOI: 10.1038/541593-019-0484-2.

for reactive astrocytes [7, 11, 12, 21-23]. All this
points to the prospects of studying astrogliosis and
neuroglial relations in different parts of the brain
after acute ischemia, trauma and in neurodegener-
ative diseases [24-26]

The results obtained contribute to clarifica-
tion of structural foundations of natural neuropro-
tection mediated by the activation of reactive as-
trogliosis mechanisms in the post-ischemic period.

Conclusion

After 20-minute OCCA in the dentate gyrus
and CA4 area of white rats, the density of GFAP-
positive material increased, complex reorganiza-
tion of fibroarchitecture occurred due to the
branching of astrocyte processes. This was associ-
ated with a slight decrease in the total numerical
density of neurons. This study confirms the pres-
ence of reactive astrogliosis in small lesions. Tar-
geted regulation of astrogliosis will probably affect
the neuronal recovery after acute ischemia.
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INUKapauaJdbHasA TPAHCIJIAHTALUA IJIaCTOB
U3 Me3eHXNMAaJIbHBIX CTPOMAJIbHBIX KJIETOK KMPOBOM KJIETUATKHU
CIIOCOOCTBYET aKTHBAIIUU IMMUKAp/Ia
Y CTUMYJIMPYeT aHTUOTreHe3 IIpU nH(apKTe MUOKapaa
(aKCIIepMMeHTaJIbHOE UCCJIeJOBaHHE)
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Epicardial Transplantation of Adipose Mesenchymal Stromal Cell
Sheets Promotes Epicardial Activation and Stimulates Angiogenesis
in Myocardial Infarction (Experimental Study)

Konstantin V. Dergilev!, Zoya I. Tsokolaeva!, Irina B. Beloglazova!, Anastasia V. Komova',
Sofia V. Pavlova?34, Dmitry O. Traktuev®, Yelena V. Parfyonova't
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Ileas uccieqoBaHUsA: OIIEHUTD BJIMSHNE TPAHCIJIAHTAIIMY TKaHEenHKeHepHbIX KoHCTpykIui (TUK) Ha
OCHOBe IIJTACTOB Me3eHXMMaJ/TbHBIX CTPOMAJIbHBIX KJIeTOK (MCK) mpu nH(papKkTe MUOKapa Ha aKTUBAIUIO
3IUKaPANAJIBbHOTO I1yJ1a KJIETOK U BaCKYJISIPU3ALUIO 30HbI IIOBPEKAEHUS.

Marepuassl 1 MeToabl. MCK mosrydnn u3 06pasIfoB IOJKOKHON JKMPOBOH KJIETYATKH KPBIC JTUHUN
Wistar u mbleit tuaun C57B1/6. THIK noJrydnsu myTeM KyJbTUBUPOBAHUS IJIACTOB KJIETOK Ha YalllKax C
TEpPMOYYBCTBUTEIHHBIM MOKpBITHEM (Nunc Dishes with UpCell Surface). Tparcnianrarmio TUK npoBogumm
1ocJie MOfle/IMpOBaHus HH(papKTa MUOKapa y KPbICHI IIyTeM IlepeBsI3KU IlepeiHell HUCXOAIIed KOpoHap-
HoW apTepuu. OLIEHKY COCTOSTHUS KJI€TOK TPAHCILJIAHTATa U 30HbI IIOBPEYKJEeHUS IPOBOJUJIN C UCII0JIb30-
BaHMEM UMMYHO(JIyOpeCIeHTHOI'O OKPAIIMBAaHUs KPHOCPe30B MUOKap/a. [{JIsl OLleHKU BJIUSAHUSA IPOAYK-
ToB cekpenuu MCK Ha MUIDAallMOHHYIO aKTUBHOCTBb KJIETOK 3IMKapla N Vilro UCIO0JIb30BaJU METOJ,
9KCILJIAHTHOU KYJIBTYPBI.

Pe3syasrarsl. MCK B coctaBe THK mocie TpaHCIUTAaHTAIIUH COXPAHSIOT YKU3HECTTOCOOHOCTD U BHI3BIBAIOT
AKTHUBALUIO 3NIMKAPAUAJIBHOTO I1yJIa KJIETOK U JIOKAJIbHOE ITOBBIIIeHNe BACKY/IsIPU3alliU 30HBI IOBPeXKIe-
HUs. IKCIIEPUMEHTHI in Vitro TOKa3aiu, 4YTo KOHAUIMOHNpPoBaHHas cpea MCK okasbIBaeT CTUMYJIUPYIOIee
BO3/IeHICTBHE HA MUTPAI[MOHHYIO aKTUBHOCTD KJIETOK 3MIMKAaP/a M BHI3bIBAET 00pa30BaHNE AKTHBUPOBAH-
HbIX Wt1/POD1 KIeToK-IIpeecTBeHHULI.

Anpecc A1 KOppeCcIOHAeHIIHH: Correspondence to:
Koucrantus Bnagumuposud Jlepruses Konstantin V. Dergilev
E-mail: doctorkote@gmail.com E-mail: doctorkote@gmail.com
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SKCHepI/IMeHTaﬂbeIe HCCJJaeqoBaHUuA

3akaro4denue. Tpancmiiantanysa TUK Ha ocHoBe mutactoB MCK npepcTrassieTcss paliiOHAJIbHBIM MOJI-
XOIOM 7151 9 (PEKTUBHON TOCTABKHU KU3HECIIOCOOHBIX KJIETOK B MUOKAP/I C 11€JIbI0 aKTUBUPYIOIIETO BO3-
JeMCTBUSA Ha SNIMKApPIUAJIbHYI0 KJIETOYHYIO HUITY U pellapaTUBHbBIN aHTHOTeHE3.

Ktouesvle cn108a: Me3eHXUMANbHDLE CINE0JI08ble KIeMKU; UHPAPKIM MUOKapOa; INukapo; 6acKyIsapusa-
YUsi; MKEAHEUHIHCeHePHAs KOHCMPYKYUS; NAACT KAemOK

Aim: to evaluate the impact of tissue-engineered structures (TES) transplantation based on mesenchymal
stromal cell (MSC) sheets in myocardial infarction on the activation of the epicardial cell pool and vascular-
ization of the damaged zone.

Materials and methods. Mesenchymal stromal cells were obtained from samples of subcutaneous fat of
Wistar rats and C57Bl/6 mice. Tissue engineering structures were obtained by culturing cell sheets on ther-
mosensitive plates (Nunc Dishes with UpCell Surface). Transplantation of TESs was performed after myocardial
infarction modeling in rats by ligation of the anterior descending coronary artery. Transplant cells and damaged
zones were assessed using immunofluorescent staining of myocardial cryosections. The impact of MSC secre-
tion products on the migration activity of epicardial cells in vitro was evaluated using the explant culture
method.

Results. MSCs in TESs after transplantation remain viable and induce activation of the epicardial cell pool
and local increase of the damaged zone vascularization. The in vitro experiments showed that the conditioned
environment of MSCs stimulates the migratory activity of epicardial cells and initiates the formation of acti-

vated Wt1/POD1 precursor cells.

Conclusion. TES transplantation on the basis of MSC sheets seems to be a promising approach for effective
delivery of viable cells into myocardium to activate the epicardial cellular niche and reparative angiogenesis.

Keywords: mesenchymal stem cells; myocardial infarction; epicardium; vascularization; tissue-engineered

cellular structure; cellular sheet
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BBenenue

Bricokoa(perTrBHBIE MpOIECCHI pemapa-
TUBHOU pereHepanuy MUOKap/a XapakTepHbIe 15
HUSIIINX IT03BOHOYHBIX U PBIO, KpaifHe cj1ado0 mpe-
CTaBJIEHBI Y MJIEKOTIUTAIOIINX, YTO HE TTO3BOJISIET
MHOKapTy MTOJTHOIIEHHO BOCCTAHABINBATHCS TPU
OOIITMPHBIX TOBPESKIEHUSIX U JIEYKUT B OCHOBE Pas-
BUTHSI MHOTHX KapOJOTUYECKHAX 3a00I€BaHU.
CoBpemMeHHas1 MeIUIITHA HE IMEET B CBOEM apce-
HaJle CPEeJICTB, II03BOJISIONINX BOCCTAHOBUTE yTpa-
YeHHBIEe B pe3yJIETaTe MaTOJI0THYECKIX ITPOITECCOB
KJIETKU cepama. Perrenne aToi mpo0JIeMbl JIESKUT
B 00JIACTH PACKPBITUS 9HIOTEHHBIX MEXaHU3MOB,
PETYIUPYIOIIUX ITPOITeCChI perlapaTUBHOMN pereHe-
pamuu B cepAre, W CO3JaHHWSA Ha 9TOH OCHOBE
HOBBIX TEXHOJIOTHH JIJI UX CTUMYJIAIAN. B mocsie-
HHYe roabl 3HAYNUTEJIbHOE BHUMAHUE HUCCjaeaoBare-
JIeH IpUBJIEKAET ATTMKAP/L ! €T0 POJIb B perapariu
MUOKapaa rocse nHpapkra. [lokasaHo, 9TO KJIeT-
KU Me30TeJIsI dNIMKap/a aKTUBUPYIOTCSA IO AeH-
CTBHEM CUTHAJIOB U3 ITOBPEKIEHHOTO0 MUOKAP/Ia,
BCTyIIalOT B SIIMTEeJINaJbHO-Me3eHXUMaJJIbHbBIA
repexoy (OMII), a o6pasyrorrecss Me3eHXuMaThb-
HbIE IPOTEHUTOPHBIE KJIETKHU TTUKAP/Ia ME3EHXH-
MasTbHOTO (peHoTHuIa T HepeHITIPYIOTCS B TIAT-
KOMBIII€YHbIE KJIETOK W IEepUIUTBI COCYIO0B,
CIIOCOOCTBYST BOCCTAHOBJIEHUIO BACKYJISIPU3AIlUHY,
aTakke B puOpPOOIACTHI, yUacTByOIIHE B (hopmMu-
poBanuu pybia [1]. [ToMuMO 9TOTO, yYacTHe ITTU-
Kapja B penapanuy cepjla OCYIIeCTBJsIeTCs
IMOCpeaCTBOM IMapaKpUHHBIX BJII/IHHI/IfI, B 4aCTHO-
CTH, cekpenuu (PaKTOpPOB pOCTa, MPEKIE BCETO,

Introduction

Highly effective reparative myocardial regen-
eration, typical for lower vertebrates and fish, is ex-
tremely poorly represented in mammals, which
does not allow the myocardium to fully recover
from extensive damage and underlies various heart
diseases. Nowadays, contemporary medicine does
not possess the necessary tools to restore the heart
cells lost due to pathological processes. The prob-
lem solution lies in the discovery of endogenous
mechanisms regulating the reparative regeneration
in the heart and creation of new technologies for
their stimulation.

In recent years, the epicardium and its role in
myocardial repair after infarction have attracted
considerable attention. The epicardial mesothelial
cells were shown to be activated by signals from the
damaged myocardium, enter the epithelial-mes-
enchymal transition (EMT), while the resulting
mesenchymal progenitor epicardial cells of the
mesenchymal phenotype differentiated into
smooth muscle cells and vascular pericytes, pro-
moting restored vascularization, as well as into fi-
broblasts involved in the scar formation [1]. In ad-
dition, the epicardium participates in cardiac repair
through paracrine effects, in particular, the secre-
tion of growth factors, primarily FGE and follis-
tatin-like protein-1, which suppresses apoptosis of
cardiomyocytes and stimulates their proliferation
[2]. In this context, the search for ways to stimulate
epicardial activation seems to be a promising strat-
egy for promoting endogenous reparation and re-
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FGF, u ¢osummcrarua momob6HOro Oemka — 1,
TIOJABJIAIOIIET0 allONTO3 KapJUOMHUOLIUTOB U CTHU-
MyJIIpYyIoIero ux nposaudepanuio [2]. B cBssu c
9TOM POJIBIO AMMKAapAA MIOUCK CIIOCOO0B CTUMYJIS-
LMY €r0 aKTUBALWUU IIPEICTABJIAETCS IIePCIIeKTUB-
HOU cTparerueil CTUMYJISIMY 9HJOTeHHbBIX perapa-
TUBHBIX U pereHepaTUBHbIX IIPOLIECCOB B cepaue. B
9TOM HAIpaBJIEHUU OCOOBIN WHTEpEC MpeJCTaB-
JsieT udydeHue 3((HeKToB JOKAIbHOU aIUKAPIU-
QJIBHOU TPaHIIAHTAIU IPOCTENIIINX TKAHENHYKe-
HEPHBIX KOHCTPYKIUHM, COCTOSIINX W3 IJIACTOB
KJIETOK (aHTJI. cell sheets) — cBOeoOpa3HbBIX «KJIe-
TOYHBIX 3aIJIATOK», COCTOSIIIINX U3 MHOTOCJIOMHBIX
KJIETOYHBIX CTPYKTYP B KOMIIJIEKCE C HapaboTaH-
HBIM VMU YK€ BHEKJIETOYHBIM MaTpuKCcoM. Kitetku
110CJIe TPAHCIIJIAHTALUY B BUJE TAKAX KOHCTPYK-
WA COXPaHSIOT >KU3HECIOCOOHOCTh U 3a CYET
MMapakpUHHON aKTHUBHOCTH U BBICBOOOKIEHUS
BHEKJ/ICTOYHBIX BE3UKYJI MOLEJIMPYIOT MUKPOOKPY-
JKEHVE U I'eHepUpYyIOT CUTHAJIb]I, aKTUBHUPYIOIIE
pereHeparuBHYIO IIPOrpaMMy B OKpYKalOIINAX
KJIeTKax. Hamm paHHUe nccienoBaHusi M padoThI
IPYTUX HAYYHBIX TPYIN ITOKa3aau 0€30MacHOCTh
TaKOr0 BUJA KJIETOYHOH Tepallnui, BO3MOKHOCTD
TIOJIHOM MHTerpanuy UMILJIaHTaTa B TKAHb CEPALIA,
obecnieyeHre INTETBHON >KU3HECITIOCOOHOCTH
KJIETOK U II0JIOYKUATEJIbHOE BJIMSAHME Ha peltaparyuB-
HbI€e ITPOIeCChl B TOCTUH(MAPKTHOM cep/tie [3-5].
OpHako MexaHNu3M TaKOI'0 TepareBTUYeCKOIO BO3-
JENCTBUS OCTAEeTCs MaIon3ydYeHHbIM. Hamu 66110
BBIIBUHYTO IIPEAIIOJIOKEHUE, YTO TPaHCIJIaHTa-
111 IUIACTOB ME3CHXMMA/IbHBIX CTPOMAJIbHBIX KJIe-
ToK (MCK) KMpOBOH TKaHU HA TOBEPXHOCTH CEP/I-
I1a MOKeT aKTUBHUPOBAaTh IIyJ MMKapAUAIbHBIX
KJIETOK-IIPpeIIeCTBEHHHUL], KOTOpbIe ITyTeM BCTYII-
JIEHUS B 3IIUTeIMaIbHO-Me3eHXMaJbHbIN 1epe-
xop (AMI]) u nocsenyromeit aud depeHIupoBKY, a
TaKKe C IIOMOIIBI0 ITapAaKPUHHBIX MEXaHU3MOB
Y4acCTBYIOT B pellapaTuBHBIX IPOlleccax.

esp ucciaenoBanus — OLEHUTH BJIHWSHUE
TPaHCIJIAHTAIUMH TKAaHEUHKEHEPHBIX KOHCTPYK-
nui (THK) Ha ocHOBE IJIaCTOB Me3eHXUMaJJIbHBIX
cTpoMasibHBIX KieTok (MCK) mpu nagapkre Muo-
Kapa Ha aKTUBAUMIO 3NMKAPIUAJIBHOIO IIyJa
KJIETOK ¥ BaCKYJIIPA3aLIO 30HbI IIOBPEKICHUS.

MarepuaJ 1 MeTObI

Brigesienue u KyasTusuposanne MCK skupoBoit
KJI€TYaTKH KPbICHI U MbIIIH. MCK KpBICHI OBITY BbIJIE-
JIEHBI 3 00Pa3I[0B MOIKOKHOUN KUPOBOU KJIETYATKU
KpbIchl TuHUM Wistar Bo3pacToM 12 Hesiesib B COOTBET-
CTBHUM C METOLOM, ONHUCAaHHOM paHee [3]. ’KupoByro
TKaHb U3MeJIBYaIN 10 pasdMepa 1-2 MM 1 obpabarsl-
BaJIM paCTBOPOM KoJitareHassl I (200 ex/mi), («Sigmay,
CIIA) 1 mucnaasl (30 en/mi), («Thermo Fisher Scientific
Inc», CIIIA) B Teuenue 1 vyaca npu 37°C, 3aTeM LIEHTpHU-
¢yruposanu npu 200 g, 10 MUHYT, OCa’kJeHHbIE KJI€TKU
PECYCIIeHIUPOBAIN U TIPOITyCKAJIN Yepe3 HeUJIOHOBOEe
cuto («BD Bioscience», CIIIA) ¢ tmameTpom rmop 40 MKM.
[TpoduasrpoBaHHYIO CyCIIEH3UIO IIeHTPpU(yrupoBaIn

generation in the myocardium. In this area, study-
ing the effects of local epicardial transplantation of
elementary tissue-engineered structures composed
of cell sheets, a kind of «cell patch» consisting of
multilayer cell structures in combination with the
extracellular matrix produced by them, is of partic-
ular interest. Cells embedded into this structure
after transplantation remain viable and due to
paracrine activity and release of extracellular vesi-
cles model microenvironment and generate signals
activating the regeneration program in adjacent
cells. Our early studies and the works of other sci-
entific groups have shown the safety of this type of
cell therapy, their complete integration into the
heart tissue, ensuring the long-term viability of
cells and a positive impact on reparation in the
post-infarction myocardium [3-5]. However, the
mechanism of this therapeutic effect remains
poorly understood. We have suggested that the
transplantation of mesenchymal stromal cells
(MSCs) sheets from adipose tissue to the heart sur-
face may activate a pool of epicardial precursor
cells participating in reparation by entering the ep-
ithelial-mesenchymal transition (EMT) with fur-
ther differentiation, as well as through paracrine
mechanisms.

This study aimed at assessment of impact of
tissue engineering structures (TES) based on mes-
enchymal stromal cell (MSC) sheets transplanta-
tion in myocardial infarction on activation of the
epicardial cell pool and the vascularization of the
damaged area.

Materials and Methods

Separation and cultivation of MSCs of subcuta-
neous fatty tissue in rats and mice. The MSCs in 12-week
Wistar rats were isolated from samples of subcutaneous
fatty tissue in accordance with the previously described
technique [3]. The fatty tissue was crushed to particles
sized 1-2 mm and then treated with collagenase I solu-
tion (200 units/ml) («Sigma», Thermo Fisher Scientific
Inc. (USA)) for 1 hour at 37°C, then centrifuged at 200 g
for 10 minutes, with the precipitated cells resuspended
and passed through a nylon sieve (BD Bioscience, USA)
with a pore diameter of 40 pm. A filtered suspension was
centrifuged at 200g for 10 min. Cellular precipitate was
resuspended in an adipose MSC growth medium
DMEM-F12 («Gibco», USA)/10% CFS (calf fetal serum)
(«ATCC», USA), then placed on Petri dishes and cultured
under standard conditions (5% CO,, 37°C). The next day,
loose cells and red blood cells were washed and the
medium was replaced. Then, the medium was changed
every 2-3 days. Upon reaching 70% of the monolayer, the
cells were split 1:3 using 0.05% trypsin solution/0.02%
EDTA (PanEco, Russia). The cells used in the experiments
were not older than 4 passages. A culture of adipose
MSCs from mice C57BL/6 was obtained using a similar
protocol.

Obtaining a conditioned MSC medium. Murine
MSCs (3 passage, 2X10° cells/plate) were transferred
and aliquoted in 2 plates with an area of 55 cm? in DMEM
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pu 200 g, 10 MuH. Ki1eTOYHBIN 0caloK pecyceHInpo-
BaJIU B cpeJie AJ1 KyJIETUBUPOBAHU S Me3eHXUMAJIbHbBIX
CTBOJIOBBIX KJIETOK >KUPOBOX TKaHu DMEM-F12
(«Gibco», CIIIA)/10% PTC (deTanbHasag CBIBOPOTKA Te-
JaeHka), («KATCC», CIIIA), BbICasknBaJI Ha KYJIBTYpaJib-
HbIe YallKK [leTpy 1 KyJIBTUBMPOBAJIA B CTAHAAPTHBIX
ycaoBusx (5% CO,, 37°C). Ha caenyomniuii JeHb OTMbI-
BaJinl HE IPUKpPENUuBUINECA KJIETKU U 3PUTPOIUTEHI,
cpeJly 3aMeHs1JIM Ha CBesKylo. /lajiee, IPOBOAU/IN CMEHY
cpenbl Kaskaple 2-3 nHA. [Ipu noctmskennu 70% MOHO-
CJI04 KJIETKU pacCaskuBajid B COOTHOILIeHUHU 1:3 ¢ uc-
noJsib3oBanueM 0,05% pactBopa tpuncuHa/0,02% 3ATA
(«ITandko0», Poccus). B akcrieprnMeHTax NCIOJIb30BaIN
KJIETKHU He cTaplie 4 naccaxka. IlosiydeHue KyJIbTypbl
MCK »xupoBoii TkaHu Mbly JuHuU C57BL/6 mpoBo-
JAJIH 110 CXOIHOMY IIPOTOKOJTY.

IMosryuyeHHe KOHAUIIMOHUPOBAHHOM cpenbl MCK.
MCK mpimn 3-ro naccaka (2xX10° kj1ieTok/4Janky) Bbl-
CaskKUBaJIu Ha 2 KyJbIypaJbHble YalllKY IJIOLIAABIO 55
cm? B cpeny DMEM («Invitrogen», CIIIA), comepskaBiieit
10% PTC, nmo 100 Ex/My1 neHUIUIIINHA U CTPENITOMHU-
nuHa, 2 MM L-tnyramuna. Ha cienyiommii 1eHb Yalku
JIBaKIBI TPOMBIBAIH (hochaTHO-COIeBBIM Oydepom u
no6asssaay o 10 ma cpensl DMEM («Invitrogen») 6es
n00aBoK. Jlasiee, MepByIO YaIIKy WHKYOHPOBAJIH B YCJIO-
BUSIX HOpMOKcHH (21% O,, 5% CO,), B BTOPYIO B YCJIO-
BUsAX runokcud (1% O,, 5% CO,) npu 37°C B TeueHme 48
4acoB. 3areM NpopUIETPOBAHHYIO Cpefy LeHTpudyru-
poBaJiz nnpu 300 g B Teyenue 10 MUH U XpaHWJIU [IpU
=70°C.

HccienoBaHus BJUAHUS KOHTHIITOHUPOBAHHOM
cpeabl MCK Ha MUTrpanyio SNUKapIHAJIbHBIX KJIETOK
3 3KcIIIaHToB. Cep/irie HeoHaTaabHOU MbIiu C57BL/6
(2 mHA TTOCTIE POKIEeHNA) NCCeKaJIU, U3MeJIbYaJlIy C I10-
MOIIBIO CKaJIbIleJIsl II0J KOHTPOJIEM MUKPOCKOIA /10
pasmepa KyCOYKOB 2 MM 1 BBICAKABAJIHU (ANIMKapIAa/Ib-
HBIM CJIOEM K HOBerHOCTI/I) Ha KyJIbTypaJ/JIbHbIE€ YalllKH,
MOKPHBITEIE 1% KeJIaTHHOM B OHY U3 HUYKEYKa3aHHBIX
cpen: a) KoHTpoJibHas cpena (DMEM («Invitrogen») 6e3
n06aBok); 6) cpexa MCK, npenKy/JIsTHBHPOBAHHBIX B
yCI0BUAX rUNokcny; B) cpega MCK, npegKyJasTuBupo-
BAHHBIX B YCJ/JIOBUAX HOPMOKCHMU. KY.HI)TI/IBI/IpOBaHI/Ie
9KCIIJIAHTHOU KYJIBTYPBI IIPOBOAM/IN B TEYEHUE 72 4aCOB.
PuKcaruio n300paskeHUH TPOBOIMIIH C ITOMOIIIHI0 MUK-
pockona Zeiss Axiovert 200 M («Carl Zeiss», I'epmanus),
KOJIMYEeCTBEHHBIN MOACYET KJIETOK 3IIMKap/Aa BBIIIOJI-
HSJICS C TIOMOIIIBIO TporpaMmebl Imaje J software («Na-
tional Institute of health», CIIIA).

XapakTepucTHKAa HMMYHO()EeHOTHUIIA IITUKapIH-
aJbHBIX KJETOK in vitro. AHaIu3 UMMyHO(QeHOoTHUIIa
KJIETOK 9KCIVIAHTHOU KYJIETYPBI IIPOBOAUJIM C [IOMOIIBIO
UMMYHOIIUTOXUMHWHU. Knetkn OKpalInBaJ/JIvd aHTUTEJIaMU
kK MapkrepaMm Wtl («Abcam», CIITA), POD1 («Santa Cruz»,
CIIIA), 6era kareHuH («Abcamy, CIIIA) B Teyernue 1 yaca,
3areM IIPOMBIBAJIN U OKpAIINBAJJIA aHTUTEJIaMU, KOH'BIO-
rupoBaHHbIMU C AlexaFluor488 («Invitrogen», CIIIA,
1:800, 1 ¥ npu 37°C). ly1a BU3ya/m3anuyl akTUHOBOTO
LIUTOCKeJIeTa IPOBOAMU/IN JOIIOTHUTE/IbHOE OKPAILINBA-
HHE q)aJIJIOI/I,I[I/IHOM, KOHBIOTUPOBAHHBIM C KpaCHUTEJIEM
Alexa Fluor™ 594 («Thermo Fisher Scientific Inc», CIIIA,
1:200, 20 munyT nipu 37°C). fAapa KIIETOK OKpaIlIuBaJIA C
niomotbio DAPI (4',6-Diamidine-2’-phenylindole dihyd-
rochloride («Sigma», CIIIA).

ITosryuenne THR Ha ocHose nutacroB MCKR. [l71a
TOJIyY€HUA KJIeTOYHBIX IntacToB MCK BbICEBaJIN B TEP-

(«Invitrogen», USA), containing 10% calf fetal serum
(CFS), 100 U/ml of penicillin and streptomycin, 2 mM L-
glutamine. The next day, the plates were washed twice
with phosphate buffered saline (PBS), and 10 ml of
DMEM («Invitrogen») were added without any additives.
Then, the first plate was incubated in normoxia (21% O.,,
5% O,), the second one was incubated in hypoxia (1% O,
5% O,) at 37°C for 48 hours. Then the filtered medium
was centrifuged at 300 g for 10 min and stored at -70°C.

Influence of the conditioned MSC medium on mi-
gration of epicardial cells from explants. The hearts of
neonatal mice C57BL/6 (2 days after birth) was dissected
and minced with a scalpel under the microscope to
pieces sized 2 mm and seeded (with the epicardial layer
facing surface) on plates pre-covered with 1% gelatin in
one of the following media: a) control medium (DMEM
(«Invitrogen») without additives); b) medium harvested
from MSCs pre-cultivated in hypoxia condition; c)
medium of MSCs pre-cultivated in normoxia. The ex-
plant culture was cultivated for 72 hours. Images were
obtained using the Zeiss Axiovert 200 M microscope
(«Carl Zeiss», Germany), and the quantitative calculation
of epicardial cells was done using the Image]J software
(«National Institutes of Health», USA).

In vitro characteristics of the epicardial cell im-
munophenotype. Inmunophenotype analysis of explant
culture cells was performed by immunocytochemistry.
The cells were stained with antibodies to Wtl («Abcamy,
USA), POD1 («Santa Cruz», USA) and beta catenin
(«Abcam», USA) markers for 1 hour, then washed and
stained with secondary antibodies conjugated with Alex-
aFluor 488 («Invitrogen», USA, 1: 800, 1 h at 37°C). To visu-
alize the actin cytoskeleton, additional staining with Alexa
Fluor™ 594 dye-conjugated phalloidin was performed
(Thermo Fisher Scientific Inc, USA, 1:200, 20 minutes at
37°C). Cell nuclei were stained with DAPI (4’,6-Diamidine-
2’-phenylindole dihydrochloride) («Sigma», USA).

Obtaining TESs from MSC sheets. In order to ob-
tain cellular sheets, MSCs were seeded into heat-sensitive
plates (300,000 cells/cm?) Nunc Dishes with UpCell Sur-
face («Thermo Scientific», USA). MSCs were pre-methy-
lated with fluorescent membrane dye (PKH26 Red Fluo-
rescent Cell Linker Kit for General Cell Membrane
Labeling dye («Sigma», USA). The cells were cultivated for
72 h in the DMEM/F12 medium (Invitrogen, USA) con-
taining 10% CFS, 100 U/ml penicillin and streptomycin,
2 mM L-glutamine. To detach the cellular sheets, the
plates were placed on a refrigerant and incubated at
room temperature. Cellular sheets were transferred using
alow-adhesion membrane («Thermo Scientific», USA).

The characteristics of cell sheets based on MSCs.
Frozen TES cryosections were fixed with 3.7%
paraformaldehyde (20 minutes at 37°C) and washed with
a PBS. Myocardial sections were blocked with a solution
containing 1% bovine serum albumin (BSA) and 10%
donor serum of second antibodies in PBS (30 min). After
that, the cryosections were stained with antibodies to Ki-
67 markers (Abcam, USA), cleaved caspase-3 (Cell Signal-
ing Technology, USA), and connexin 43 (ThermoFisher
Scientific), USA), collagen I («Bio-Rad», USA), fibronectin
(«Abcam», USA) for 1 hour, then were washed and
stained with antibodies conjugated with Alexa Fluor™
488 («Invitrogen», USA, 1:800, 1 h at 37°C). The cell nuclei
were stained with DAPI. Estimation of the number of nu-
clei per unit of area, diameter and thickness of TESs was
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MOYYBCTBUTEJIbHBIE KyJIbTypasbHble damky (300 000
kJreTok/cm?) Nunc Dishes with UpCell Surface («Thermo
Scientific», CIIIA). IlpenBapuressHo MCK MeTman
dryopeciieHTHBEIM MeMOpaHHBIM KpacutesgeM (PKH26
Red Fluorescent Cell Linker Kit for General Cell Mem-
brane Labeling dye («Sigma», CIIIA)). KiTeTKU KyJTETUBHU-
poBanu B TeueHue 72 4 B cpege DMEM/F12 («Invitro-
gen», CIIIA), cogepskaBueir 10% PTC, o 100 Ex/ma
NEeHUIU/JIMHA U CTPelITOMULIMHA, 2 MM L-miyTamMuHa.
JJ151 OTKpenIeHusI KJIeTOYHBIX I1J1aCTOB KYJIBTypaslbHble
YaIIKY IOMEIA/IN Ha XJIaJareHT U MHKyOUpOoBaJIyd IIpU
KOMHAaTHOH TemIeparype. [lepeHOC KJI€TOYHBIX IJIa-
CTOB OCYIIECTBJISIJIU C [IOMOIIbI0 HU3KOAAT€3UOHHON
meM6pans! («Thermo Scientific», CIIIA).

XapakTepHCTHKAa IJIACTOB KJETOK HAa OCHOBE
MCK. 3amoposkennble kpuocpesbl TUK ¢pukcrpoBammn
3,7% napadopMmasnbaerunoM (20 munyT nipu 37°C) 1 Ipo-
MbIBaIH (pocdaTHO-coseBbIM Gydepom (PCB). Cpesbr
MHOKap/aa 6JIOKIPOBaIN PAaCTBOPOM, cofepskanum 1%
O6BrYbero ceiBopoToyHOro ansbymuHa (BCA), 10% chIBo-
poTtku goHopa Bropbix antutes B PCb (30 mun). ITocae
9TOr'0 KPUOCPEe3bl OKPAIIUBaJId AHTUTEJIAMHU K MapKe-
pam Ki-67 («Abcamy, CIIIA), akTHUBUPOBaHHOU Kacrase-3
(cleaved caspase-3), («Cell signaling», CIIIA), KOHHEKCHUHY
43 («ThermoFisher Scientific», USA), konnareny I («Bio-
Rad», USA), pubponekTuny («Abcam», USA) B Teuenue
1 yaca, 3aTeM IIPOMBIBAJIN U OKPALIUBAJIN aHTUTEJIaAMH,
KOH'bIOrMpoBaHHbIMU ¢ Alexa Fluor™ 488 («Invitrogen»,
ClIIIA, 1:800, 1 4 mpu 37°C). Anpa KJIETOK OKpaIINBaJIH C
nomoibio DAPI. OrieHKy KostuecTBa siiep Ha eJUHALYY
nJomany, rnaMerpa u rosuasl TUK nposBonuiu ¢ mo-
MOIIBIO MUKPOCKOIa Zeiss Axiovert 200 M («Carl Zeiss»,
Tepmanus1) ¥ IporpaMMHOTO obecriedeHus Axiovision
3.1 («Carl Zeiss», Tepmanus).

MopesupoBanue nHpapkra muokapaa (MM) u
TpaHciianTauysa TUK. OkcnepuMeHThI 110 TpaHCIJIaH-
tanuu TUK npoBoanin Ha camnax KpbIc tuHuA Wistar,
NIPUOOPETEHHBIX B MUTOMHUKE JJaO0PaTOPHBIX YKUBOT-
HbIX «[lymunao» (Ilymuno, Poccus). IBTaHa3UI0 KPBIC
NPOBOAMWJIA II0CJI€ HHTAIAINUOHHON HapKOTU3aLUU
W3oduiopanomM MeTo0M JUCIOKAIAN IIIEMHOTO0 OTaes1a
IT03BOHOYHUKA. Bce HE0OX01Mble MAaHUNIYJISIINH BbI-
MOJIHAIN B cooTBeTcTBUU ¢ [lupektuBoit EC 2010/63 /
EC mo akcmepuMeHTaM Ha SKUBOTHBIX U OBIIN 000-
pEeHBI aTUYEeCKUM KOMUTeTOM uHcTuTyTa (HanuoHamis-
HBII IeHTP MeAULMHCKUX UCCJAeJOBaHUHN KapauoJIo-
rum, paspenienue Ne 385.06.2009). THpapKT MuOKapaa
OBLT MHAYIFPOBAH IIyTEM IIepPeBsI3KY IepeTHel HICXO-
Jslell KOpOHapHOU apTepuu y Kpbic Wistar ¢ IIoMo-
mpIo criocoba, OMMCaHHOTO paHee [6]. JKCIepUMeH-
TaJbHBIX JKMBOTHBIX pas3fe/uad Ha 2 Ipynnsl: 1)
KOHTpPOJIbHAs Tpylna; 2) rpylna sNuKapIuaJlbHON
tpadciianTanuu THUK. A nocaenyiomeid OleHKH
npoaudepaTUBHON aKTUBHOCTU KJIETOK B COCTaBe
TpaHcnaHTupoBaHHol THK ucnoJsb30Baiu pacTBOp
BPITY (6poMaesokcuypuanaa) B PCE (10 Mr/mi), KoTo-
PbIi BBOAW/IU HHTPallepUTOHeaabHo (200 MKJI, 1 pa3 B
CyTKM). JBTAaHA3UIO YKVBOTHBIX BBINNOJHUIN Yepes 5
JHel 1ocJ/ie TpaHCIJIaHTAllUK KJIETOYHBIX IIJIACTOB.

I'mcronoruyeckas OLEHKA COCTOSAHUA KJETOK
TPaHCIJIAHTaTa ¥ BaCKYJIApHU3alMU. 3aMOPOKEeHHbIe
KpHocpe3bl MUOKapaa pukrcuposanu 3,7% napadop-
Masibaerugom (20 munyt ripu 37°C) u npombisasia PCb.
Cpessl MUOKap/ia 6JI0KIPOBAJIN PACTBOPOM, COflepsKa-
M 1% BCA, 10% CbIBOPOTKH JOHOPA BTOPHIX aHTUTEJ

done using the Zeiss Axiovert 200 M microscope («Carl
Zeiss», Germany) and Axiovision 3.1 software («Carl
Zeiss», Germany).

Myocardial infarction (MI) modelling and TES
transplantation. TES transplantation experiments were
carried out on male Wistar rats purchased in the labora-
tory animal nursery «Pushchino» (Pushchino, Russia).
The rats were euthanized after Isoflurane inhaled anes-
thesia by cervical spine dislocation. All the necessary ma-
nipulations were performed in accordance with the EU
Directive 2010/63/EU on animal experimentation and
were approved by the Institute's Ethical Committee (Na-
tional Center for Cardiology Medical Research, Resolu-
tion No. 385.06.2009). Myocardial infarction was induced
by ligating the anterior descending coronary artery in
Wistar rats using the technique described earlier [6]. The
experimental animals were divided into 2 groups: 1) con-
trol group; 2) epicardial TES transplantation group. For
further evaluation of the cell proliferation in the trans-
planted TES, a BDU (bromodeoxyuridine) solution in
PBS (10 mg/ml) was used, which was injected intraperi-
toneally (200 ul, once a day). The animals were eutha-
nized 5 days after the cell sheet transplantation.

Histological assessment of transplant cells and
vascularization. Frozen myocardial cryosections were
fixed with 3.7% paraformaldehyde (20 minutes at 37°C)
and washed by FSB. Myocardial sections were blocked
with a solution containing 1% BSA and 10% serum of the
second antibody donor in PBS (30 min). The cryosections
were then stained with antibodies to BDU markers (R&D,
USA), Ki-67 (Abcam, USA), Wtl (Abcam, USA), Pecam
(CD31) (Becton Dickinson, USA) for 1 hour, then washed
and stained with antibodies conjugated with Alexa
Fluor™ 488 (Invitrogen, USA, 1:800, 1 h at 37°C).

Vascular network density analysis under the TES
transplant area was performed by counting CD31-posi-
tive structures. The data were presented as the number
of vessels per vision field.

Microscopy and image analysis. Myocardial cells
and cryosections were studied using the Zeiss Axiovert
200 M fluorescent microscope («Carl Zeiss», Germany)
and Axiovision 3.1 software («Carl Zeiss», Germany).

Statistical data analysis. Data were presented as
average * SD. Statistical significance was assessed using
the Mann-Whitney test and Statistica 8.0 software pack-
age (Statsoft, USA).

Results and Discussion

Cell integration and survival after transplan-
tation are the key factors ensuring cellular function
and reparation, which determines the efficacy of
cell therapy. To deliver these characteristics, cell
sheet-like structures have been developed consist-
ing of cell sheets in combination with the extracel-
lular matrix proteins they produce (Fig. 1). The
sheets showed a high level of cell compactization
(7224198 cells/ 100 pm?), which corresponds to the
cell organization density within the native/intact
myocardium (502+112 cells/100 pm?). The struc-
ture was a multilayer system consisting of 11-14
layers of cells interacting through connexin-43 con-
taining gap junctions and surrounded by extracel-
lular matrix proteins (collagen I and fibronectin).
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B ®CBb (30 mun). [Tocse aToro kpuoc-
pesbl OKpallWBa/IX aHTUTeJaMU K
mapkepam BPIIY («R&Dw», CIIIA), Ki-
67 («Abcam», CIIIA), Wtl («Abcamy,
CIIIA), Pecam (CD31) («Becton Dic-
kinson», CIIIA), B Teuenue 1 yaca,
3areM IIPOMBIBAJIM U OKpAIIUBAJIN
AHTUTeJaMU, KOHBIOTHPOBAHHBIMU
c Alexa Fluor™ 488 («Invitrogen»,
CIIA, 1: 800, 1 4 npu 37°C).

AHaJn3 IIJIOTHOCTH COCYJUCTOM
CeTH o7 00/1aCThIO TPAHCIIJIAHTAIIAN
THUK nposomuian IyTeM IofcdYeTa
CD31-1103UTHUBHBIX CTPYKTYp. [laH-
Hble [IPeJCTaBU/IN B (hopMare KOJIU-
4eCTBO COCYIOB B I10JIe 3pEHUsI.

MuKpoCKONIMsI ¥ aHaJIu3
u300paskeHuid. AHATU3 KJIETOK U
KPHUOCPEe30B MUOKapAa IPOBOJUIIN
C UCIOJIb30BaHueM (JiyopecueHT-
HOTO MHUKpPOCKoIa Zeiss Axiovert 200
M («Carl Zeiss», Tepmanus) u npo-
rpaMMHOTO oOecnedeHus1 Axiovision
3.1 («Carl Zeiss», Tepmanmus).

CraTHCTHYECKUH aHaIH3
JaHHBIX. /[aHHble NpeACTaBUIN B
¢opwmare cpeaunee + SD. CraTucTu-
YeCKYIO OIIeHKY JJOCTOBEPHOCTH pas-
JIMYUH NPOBOAUJIUA C MCIOJIb30Ba-
HHeM TecTa MaHHa-YUTHH "

IPOrpaMMHOrO nakera Statistica 8.0
(«Statsoft», CIIIA).

Puc. 1. XapakTepHCTHKa KJIE€TOYHBIX IJIacTOB Ha ocHoBe MCK.

Fig. 1. Features of MSC-based cell sheets.

Peayibrarsl
U 00Cy:K/IeHue

Note. The representative images of cellular sheet sections stained with antibodies to
Ki67 (a, green) proliferation markers and extracellular matrix proteins such as fi-
bronectin (b, red) and collagen 1 (c, green). Cell nuclei are stained with DAPI.

HpnMeanne. PereseHTaTI/IBHLIe I/I306pa)KGHI/IH OKpalinBaHUA CPE30B I1JIaCTOB

WHrerpariysi, BBLKUBAEMOCTh
KJIETOK TI0CJ€ TPAHCIJIAHTAINN
ABJISIETCS KJIIOUEBBIMU (haKTOpa-
MU, 00€eCTIeYMBAIOIIIMU (DYHKITHO-
HUPOBaHHE KJIETOK, BBINOJHEHNE penapaTuBHBIX
(yHKIMIH, 9TO OnpefiesisieT 3(Pp(HEeKTUBHOCTD KJIETOU-
HOM Teparmu. /1711 06ecrieYeHusT STUX XapaKTEPUCTHK
OblIM pa3dpaboTaHbl KOHCTPYKUuuU (1o THiy «cell
sheet»), cocTosiIIe U3 TJIACTOB KJIETOK B KOMOMHA-
U ¢ 6eJIkaMU BHEKJIETOYHOT'O MaTPHUKCA, KOTOPbIIA
OHM HapabarkIBaroT (puc. 1). [Tokasasy, 4To B cCOCTaBe
IIJIACTOB OTMEYAeTCs BBICOKUM YPOBEHb KOMITAKTU3a-
UM KJIETOK (7221198 kieTok/ 100 MKM?), KOTOPBIT
COOTHOCHTCS C TIJIOTHOCTBIO OPTaHM3AINHU KJIETOK B
COCTaBe HAaTMBHOI'O/HEMOBPEKIEHHOTO MUOKapAa
(502+112 ryrerox/100 MKM?). KOHCTpYKIIWA IPEICTaB-
Jisiia CODOM MHOTOCJIOMHYIO CTPYKTYPY, COCTOSIIITYIO
u3 11-14 cJji0eB KJIETOK, B3aUMOIEHUCTBYIOIINX Yepes
KOHHEKCHH-43 cofiepsKalye IesieBble KOHTaKThI 1
OKpY’KEHHBbIE OeJTKaMi BHEKJIETOYHOTO MaTpHKCa
(konnared I u pubporertnH). CpeqHUI AaMeTp
copmMHpoBaHHOTO TWIAcTa cocTaBJsia 1,25+0,09 e,
a ToJuHa — 94,4+12 MKM.

Tpancnianranuss coOpMHUPOBAHHOU KOH-
cTpykIuu nocsie MMM puBOAUIIO K ee aAre3uu K
Hapy>KHOH aNMKapAuaJIbHON IOBEPXHOCTU CepaLa

U UHTerpaluu B TKaHb MUOKapza (puc. 2). Iloka-

KJIETOK aHTHUTeJIaMU K MapKepaM mposindepannu Ki67 (a, 3enenviii), beikam BHEKIIE-
TOYHOTO MaTpuKca: GudpoHeKTHH (b, KpacHwlil) v KosnareH 1 (c, 3eneHulil). Anpa kie-
TOK OKpaiens! DAPI.

The average diameter of the resulting sheet was
1.25+0.09 cm, and its thickness was 94.4+12 pm.
Transplantation of the elaborated structure
after MI resulted in its adhesion to the external epi-
cardial surface of the heart and its integration into
the myocardial tissue (Fig. 2). The cells in the struc-
ture were shown to remain viable, as evidenced by
the positive staining for BDU and Ki67 markers. In
5 days after the transplantation, there was a signifi-
cant increase in the thickness of the subepicardial
layer including Wt1+ cells consistent with the acti-
vated epicardial cells. Quantitative analysis showed
that the average number of Wt1+ cells and their dis-
tribution area in the myocardium was significantly
higher in the transplantation group in comparison
with the control group (192482 and 43+36 cells per
vision field; 191.822+21.346 vs 45.117+30.812 pum?
(P<0.05), respectively). In addition, the length of the
«cellular pathway» from the external heart surface
to the localization zone of Wt1 cells in the cell sheet
transplantation group was significantly longer than
in the control group, which indicates a more signifi-
cant cell migratory activity in the underlying my-
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3aJIM, YTO KJIETKHU B COCTaBe KOHCTPYKIIMM COXpa-
HSAIOT KU3HECII0COOHOCTD, O YeM CBHUIETEILCTBO-
BaJIO TIOJIOKUTEJIbHOE OKPAIINBaHN e HA MapKePHhI
BPIY u Ki67. Ob6Hapykuiu, 4To 4Yepes 5 MHeNH
MOCJIe TPAHCIIJIAHTAIIN OTMEeYaJIOCh 3HAUYNTEJIb-
HOE YBeJIMYeHUE TOJIINHBI CYOIMIKapANaIbHOTO
CJI051, B COCTaBe KOTOPOTO pacriojiaraanuck Wtl+
KJIETKHM, XapaKTepU3ylollde aKTUBHPOBAaHHbBIEC
KJIETKN 9mnuKapja. KoJndecTBeHHBINM aHaIU3
MokasaJi, cpegHee KoandectBo Witl+ KJIETOK, a
TaK)Ke IIJIOM[AIb UX pacIipeiesIeHrs B MUOKapae
Obl71a 3HAYNTEJIHHO BBIIIIE B TPYIIe TPAHCIIAHTA-
MY, B CPAaBHEHUU C KOHTPOJIBHOU Tpynnon
(192482 u 43+36 KJIETOK B II0Jie 3pEeHud;
191822421346 n 45117+30812 mrm? (p<0,05), coort-
BETCTBEHHO). KpomMe TOro, AJIMHA «KJIETOYHOTO
IIyTH» OT HAPY>KHOM IOBEPXHOCTHU Cep.ilia 10 30HbI
Jokranmuaanuy Wtl KJIeTOK B IpyIlIie ¢ TPaHCIIaH-
Tayed KJIeTOYHBIX IIJIACTOB Obliia 3HaAYUTEIbHO
OoJTbIIIE, YEM B KOHTPOJIE, YTO YKa3bIBAET Ha O0jIee
BBIPa)KCHHYIO MUTPALlMOHHYIO aKTUBHOCTH KJIe-
TOK B IIOJJIeskalye cjaou Muokappaa (212+39 u
53+34 MkM (p<0,05), COOTBETCTBEHHO). YUUTHIBAs
HaJINYWe MIPU3HAKOB AKTUBAIMH KJIETOK SIIMKApAa
1ocJje TPAHCIIAHTAIIUNA KJIETOYHBIX IJIACTOB,
MIPOBEJIA WCCJEeNOBAHUA [N Vifro IJs OLEeHKHU
BJIMAAHUA NPORyKTOB cekpenun MCK na murpa-
OMOHHYIO aKTUBHOCTH 3IIMKapAUaJIbHBIX IIpOre-
HUTOPHBIX KJIETOK. BBIABMI/IU, YTO BO3/IENiCTBHUE
cpenbl KynsTuBupoBanus MCK cytiecTBeHHO yBe-
JIMTYNBAJIO KOJTTIECTBO 00Pa30BaHHBIX IITUKAP U -
AJTBHBIX KJIETOK U UX MUTPAlIMOHHYIO aKTUBHOCTD
(puc. 3). CraTUCTUYECKU 3HAYUMBIX Pa3JIUYUH 110
YUCJY KJIETOK 9KCIJIAHTHOU KYJIBTYpPhI, 00pa3o-
BaHHBIX o[ neiictBueM cpeabl MCK, KyJIBTUBU-
POBAHHBIX B HODMOKCHUYECKUX U TUIIOKCUYECKUX
YCJIOBUAX, He BBIABWIM. KileTKH 9KCIIaHTa
umesu «cobblestone» Mopdo0THI0 U XapaKTepu-
30BAJIMCh 9KCITPECCHEN TPAaHCKPUIIITUOHHBIX (DaK-
TopoB (Wtl u POD1) — MapkepoB aKTUBAIUY KJIe-
TOK 9IHWKApJa, YTO YKas3blBaJ0 Ha WUX
3MUKAPINATLHYIO TPUHAJIEKHOCTD. OO pariaio
BHUMaHWUeE TO, YTO IIPU KYJIETUBUPOBAHNY B CpeJie
MCK 4acTp KJIETOK 3NUKapIa, PacloJ0KeHHbIX
o mepudepun, mpuobdbperasia BepeTreHooOpas-
HyI0 (hOpMyY, UTO KOCBEHHO MOSKET CBUJIETEJIb-
CTBOBaTh 00 X BCTymieHuH B IMII u mpuobpere-
HUU Me3eHXUMaJIbHOTro (DeHOTHIIA.
NMmMmyHOdIyopeclieHTHOe  OKpalluBaHUe
Cpe30B MHOKapJa IToKa3aJio, 4To K 5 JTHIO IocJae
nHdpapKTa OTMeYaeTcss MHTEHCUBHOE 00pa3oBa-
HME KaluJJIIPOB U apTepuoJI (puc. 2 ¢, d), Kak B
30HE HEKPO3a, TAK U B ITepUUH(PAPKTHBIX 00J1a-
ctax. KpoMe Toro, oOHapy>KUIU BBIPAsKEHHYIO
BACKYJIAPHU3ALHUIO TPAHCIIJIAHTUPOBAHHOTO KJIe-
TOYHOTO Ir'padTa, KOTOPBIH CoJepsKaJl COCYIbl pas-
HOTO KaJimOpa. [Ipu aToM MbI He BBISIBUJIN CO-
Jokanudanuu  (QJIyOpPeCIiEHTHOTO KpacCUTeJs
PKH26 1 mapkepa annorenus Pecam, 4To yKa3sbl-

Puc. 2. AktuBanusa Wtl+ KJeTOK U aHTHOreHe3a 1nocJjie uH-
(apkTa MHOKapJa NOcJjIe TPAaHCITAaHTAIUH KJIeTOYHBIX IIJIa-
croB Ha ocHoBe MCK ¥ B KOHTPOJIBHBIX CepAllax.

Fig. 2. Activation of Wt1+ cells and angiogenesis after myocar-
dial infarction after MSC-based cell sheet transplantation and
in the control group.

Note. Immunofluorescent staining of myocardium with anti-
bodies to the marker of activated Wt1 epicardial cells in control
samples (a) and after cell sheet transplantation (b). The trans-
planted cells in the sheets were marked with fluorescent dye
PKH26 (b, red); immunofluorescent staining of myocardial tis-
sue with antibodies to CD31 vascular marker in control samples
(c) and after cell sheet transplantation (d). The transplanted
cells in the sheets are marked with fluorescent dye PKH26 (d,
red); cell nuclei are stained with DAPI.

IIpumeyanue. FimmyHO(DIyopeclieHTHOE OKpallIBaHUe TKAHU
cep/illa aHTUTeIaMH K MapKepy aKTHBUPOBAHHBIX dITUKaP/IN-
QJIBHBIX KJIeTOK Wtl B KOHTPOJIbHBIX 00pasnax (a) u mociie
TPaHCIVIAHTAIMH KJIETOYHOTO I1acTa (b). TpancmiaHTipoBaH-
HbI€ KJIETKH B COCTaBe IIJIACTOB TIOMEYEHbI (DJTyOpecIieHTHbIM
kpacurenem PKH26 (b, Kpactulii); iMMyHO(JIyOPECIIEHTHOE
OKpalIMBaHUe TKAaHU MUOKap/a aHTUTeJIaMU K MapKepy cocy-
1oB CD31 B KOHTPOJIBHBIX 00pasIax (c¢) v mocJie TpaHCIIaHTa-
MY KJIETOYHOTO I1acTa (d). TpaHCIUIaHTUPOBAHHbIE KJIETKYU B
COCTaBe IVIACTOB IIOMeYeHbI (DJIyOpPECIEHTHBIM KpacHuTesIeM
PKH26 (d, kpachbil); SInpa rinetok okpareHs DAPI.
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Puc. 3. Murpanus snMKapAHaIbHBIX KJIETOK B 9KCINIAHTHOMH KYJIBType 0] 1€ CTBHeM KOHTPOJIBHOH CpeIbl H KOHTUIIMOHH -
poBansbIx cpeg MCK.

Fig. 3. Migration of epicardial cells in an explant culture after exposure to the control medium and conditioned MSC media.
Note. Migration of epicardial cells from explants: a— when grown in a control medium; b — when exposed to the medium of MSCs
grown in normoxia; c— when exposed to the medium of MSCs grown in hypoxia; d, e, f— representative images of immunofluorescent
staining of epicardial cells with antibodies to beta-catenin (d, green), Wt1 (e, green), POD1 (f, green), fibrillary actin (e and f, red) markers.
Cell nuclei are stained with DAPI. Assessment of the migrating epicardial cells number (g) and the migration distance (h) when grown
in control medium and conditioned MSC media. * — differences are statistically significant in comparison with the control, P<0.05.
IIpumeyanue. Murparys sanuKapAUIbHBIX KJIETOK U3 9KCIIJIAHTOB: @ — IPH KYJIBTUBUPOBAHNUY B KOHTPOJILHOM cpejie; b — npu
Bo3zeiicTBuu cpebl MCK, KyJIBTHBUPOBAHHBIX B YCJIOBHSIX HOPMOKCHY; ¢ — ITPY BoseiictBruu cpesl MCK, KyJIETHBUPOBAaHHBIX
B YCJIOBUSIX TUIIOKCUY; d, e, f— penpe3eHTaTuBHbIE N300 paskeHHsI UMMYHO(JIyOPECIIEHTHOTO OKPAIITMBAHUS KJIETOK 9ITMKap/Ia aH-
TUTEJIAMH K Mapkepam: OeTa-KaTeHuH (d, 3enenviil), Wtl (e, 3enensiit), POD] (f; 3enensiil), GuOpuiIsIpHbIN aKTUH (€ U f, KpacHbLil).
fnpa kerok okpaiiensl DAPIL. AHaM3 KoJIn4ecTBa MUTPUPYIOIINX KJIETOK SIIMKap/a (g) v AVIMHBI MUTPAlIMOHHOTO Iy TH (1) IPU KyJIb-
TUBUPOBAHUU B KOHTPOJIBHOM CpeJie M KOHAUIIMOHIPOBaHHBIX cpefax MCK. Number of cells — umcio kietok; — cpefa; control —
koHTposibHasH; MSC — MCK; normoxia — HopMoKcust; hypoxia — runokcust; migration distance (relative units) — paccrosinue Mur-
pauuu (OTHOCUTeIbHbIE €IUHULIBI). * — CTaTUCTUYECKU TOCTOBEPHbIe Pa3/IM4Ksl 110 CPaBHEHUIO C KOHTpoJieM, p<0,05.

BaeT Ha (popMUpOBaHYE COCYOB UCKJIIOUNATETHBHO
Ha OCHOBE 9HJJOT€HHBIX 9HJ0TEJINAIbHBIX KJIETOK.
Bosiee Toro, 06HApPy)KUIN YBEJIUYEHUE KOJIIIE-
CTBa COCYI0B O] TPaHCILIAHTUPOBAHHBIM rpad-
TOM, B CPaBHEHUU C KOHTPOJIbHBIMU O6pa3HaMI/I
(456x69 1 303+58 cocynos B moJie 3peHud (p<0,05),
COOTBETCTBEHHO), IPUYEM COCYABI TaKKe ObLIN
06pa3oBaHbl UCKJIIOYATETHHO KJIETKAMU SKMUBOT-

ocardial layers (212439 vs 53+34 um (P<0.05), re-
spectively). Since epicardial cells showed signs of
activation after cellular sheet transplantation, in
vitro studies were performed to evaluate the effect
of MSC secretion products on the migration activity
of epicardial progenitor cells. Exposure to MSC
growth medium was found to significantly increase
the number of newly produced epicardial cells and

HOro-penunuenTa (0e3 GIyopecreHTHON METKH).

their migration activity (Fig. 3). No statistically sig-
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OcTtpoe HapylieHne KOPOHAPHOTO KPOBOOD-
parreHusi BbI3bIBAaeT TUOeJTh He TOJIBKO 3HAYUTETb-
HOT'0 KOJIMYECTBA KapUOMHUOIIUTOB, HO U 3TINATE-
JIMOTIOMOOHBIX KJIETOK Me30Tesusl, KOTOpbhIe
00pasyIoT Hapy>KHBIA CJIOHW cepAra — 3MUKAP/I.
KieTkn snmkappa WrparoT KIIIOYEBYIO pOJb B
nmepuon 9MOpHoreHe3a B PA3BUTUM MUOKApP.A,
KOpPOHApPHBIX apTepuil, MPOBOIAIIEH CHUCTEMBI,
KJIalla’HoB cepana [7-10], a TakKe ABJIAIOTCA Kile-
TOYHBIMU PEry/IATOPaAMU BOCCTAaHOBUTE/IBHBIX IIPO-
11EeCCOB B cepjilie Tocjie uHgapkrTa. B HopmasibHOM
COCTOSTHUH 3MUKAP/] MPeICTaBJIeH TOHKUM CJI0EM
Me30TeJHs, KJIETKU KOTOPOTO HAaXOASATCS B COCTOSI-
HUM TOKOoA. [Ipu moBpeskaeHn MUOKap/a Mmpo-
WICXONIUT PEAKTUBAINY 9MOPUOHAILHOM MPOrpaM-
MBI 9KCIIPEeCCHU TeHOB B KJIeTKax anmkapaa (Wtl,
Raldh2 1 Tbx18) [11-13], uTo BefeT k 3amrycky OMII,
X Iposudepanuy U MUTPAITUU C 00pasoBaHUEM
3MMKapINATbHBIX IPOT€HUTOPHBIX KJIETOK (ITIK)
Me3eHXUMaJIbHOTO (peHoTHma [14, 15]. B cybanu-
kapauanbHou obstactu IIIK moryT guddepenim-
POBATHCS B IEPUITUATHI M [VIAIKOMBIIITEYHbIE KJIETKA
cocymnos [16-21], pubpobitacTsl [22], a IO JTAHHBIM
psilia uccJieIOBaHUM B 9HIOTeUAIbHbIE KJIETKU U
Kapguomuonutel [23, 24]. Kpome Toro, mysn IIIK
T10CJIE IOBPEYKICHUA MOYKET BBICTYIIATh B KAYECTBE
WCTOYHMKA OMOJIOTUYECKU aKTUBHBIX MOJIEKYII,
CITOCOOCTBYIOIIMX AKTHUBAIUM pereHepaTUBHBIX
poI1ieccoB [1]. ITU CBOMCTBA aMMKApP/Ia [IeJ1al0T ero
MEepCHeKTUBHOU MUIIEHBIO [JIA BO3JAEUCTBUH,
HallpaBJICHHBIX Ha CTUMYJIALNIO 9TUX IIPOLIECCOB.
Peaynsrarel faHHOrO HCCIEH0BAHMSA II0KA3a/IA, YTO
JIOKAaJbHAsA 9MUKApIUaJIbHASA TPaHCIJIAHTALMSA
chOpPMUPOBAHHBIX i Vitr0 TKAHEMHKEHEPHBIX KOH-
CTPYKIMH B BUJle KJIETOUHBIX Iy1acToB U3 MCK u
HapabOTaHHOTO MMM BHEKJIETOYHOI'O0 MaTpUKCA
110CJIe 3KCIepUMEHTAIBHOIO NH(apKTa CTUMYJIN-
pyeT 9IIMKap[I, YTO IIPOSABJISAECTCA B aKTUBALIUU IIPO-
Judepanuu anuKapIuaibHbIX KIETOK, MMOBbIIIIe-
HUU CUHTe3a OEJIKOB BHEKJIETOUHOTO MaTPUKCA 1
YTOJIIIEHNN CYyOINMKapIuaIbHOTO C1051. CTUMYIOM
K TaKOUW aKTUBAIIUU SIBJISIETCS TapaKPUHHOE JIeH-
CTBHE YHUKAJIBHOI'O KOKTEHJIsI pOCTOBBIX (PaKTO-
POB, IMTOKWHOB, aHTUOKCUAAHTOB 1 MUKpPOPHK,
CEKPETHPYEMBIX U BEICBOOOYKIAEMBIX B BIJIE 9K30-
COM/MUKPOBE3HUKYJ KJIEeTKaMM TpaHCIJIaHTaTa.
Hamm npenpinyiye uccjiefoBaHus, a TAKKe NaH-
Hble IPYTUX HayYHBIX I'PYIII YKa3bIBAIOT, YTO CEKpe-
ToM MCK BRJIIOYaeT 3HAaYUTEJIbHOEe KOJIMYECTBO
OMOaKTUBHBIX (PAKTOPOB [25-27] ¥ BHEKJIETOUHBIX
BE3HUKYJI, B OCHOBHOM 9K30COM, IPOAYKIHS KOTO-
PBIX CyLIECTBEHHO YBEJIMYHUBACTCSA B YCJIOBUAX
runokcuu [28-30]. Bce aTu (pakTOpBI MOTYT CJIy-
SKATH [IOTCHIIMAJIbHBIMY PEry/IsITOpaMy aKTUBALUN
KJIETOK anuKapaa. Ha mogenn kapanuaabHbIX 9KC-
IJIAHTOB MBI [IOKA3aJI¥, YTO IIPOAYKTHI CEKpenuu
MCK, KyJIETUBUPOBaHHBIX B COCTOSIHUM KaK HOP-
MOKCHH, Tak U TUIIOKCUU, CIIOCOOHBI YCUINBATh
MUTPALHIO SUKAPIUATBHBIX KJIETOK, 4YaCTh KOTO-

nificant differences in the number of explant cul-
ture cells developed after the MSC medium expo-
sure and grown under normoxic and hypoxic con-
ditions were revealed. The explant cells had
«cobblestone» morphology and expressed the tran-
scription factors (Wtl and POD1) — characteristic
of epicardial cell activation, which indicated their
epicardial character. Noticeably, when cultivated in
MSC medium, a part of peripherically located epi-
cardial cells acquired a spindle-like shape, which
may indirectly indicate their entry into the EMT
and mesenchymal phenotype acquisition.
Immunofluorescent staining of myocardial
sections showed that by Day 5 after MI intensive
formation of capillaries and arterioles was ob-
served (Fig. 2 ¢, d), both in the necrosis zone and in
peri-infarction regions. In addition, there was a
marked vascularization of the transplanted cellular
graft containing vessels of different calibers. At the
same time, we did not detect co-localization of the
fluorescent dye PKH26 and the marker of endothe-
lium Pecam, which indicates the formation of ves-
sels was entirely based on endogenous endothelial
cells. Moreover, we found an increase in the num-
ber of vessels under the transplanted graft com-
pared to the control samples (456169 vs 303158 ves-
sels per vision field (P<0.05), respectively), and the
vessels were also formed exclusively by the cells of
the recipient animal (without fluorescent marker).
Acute coronary occlusion causes death of both
numerous cardiomyocytes and epithelial-like
mesothelial cells, which form the epicardium. Epicar-
dial cells play a key role in the development of my-
ocardium, coronary arteries, conduction system, and
heart valves during the embryogenesis period [7-10],
as well as they are cellular regulators of myocardial re-
generation after MI. Normally, epicardium consists of
athin layer of mesothelium with quiescent cells. In my-
ocardial damage, the reactivation of the embryonic
gene expression program in epicardial cells (Wtl,
Raldh2, and Tbx18) occurs [11-13], which leads to the
launch of EMT, their proliferation and migration to
form epicardial progenitor cells (EPC) of the mes-
enchymal phenotype [14, 15], in the subepicardial re-
gion, EPCs can differentiate into pericytes and vascular
smooth muscle cells [16-21], fibroblasts [22], and ac-
cording to several studies into endothelial cells and car-
diomyocytes [23, 24]. In addition, after damage, the
EPC pool can act as a source of biologically active
molecules promoting the activation of regeneration [1].
These properties make the epicardium a promising
target for the effects aimed at stimulating the above
processes. The results of this study showed that local
epicardial transplantation of tissue-engineered struc-
tures formed in vitroas cell sheets from MSCs and their
extracellular matrix after an experimental infarction
stimulates the epicardium, which results in activation
of epicardial cell proliferation, increase in the produc-

tion of extracellular matrix proteins, and thickening of

www.reanimatology.com

GENERAL REANIMATOLOGY, 2019, 15; 6



DOI:10.15360/1813-9779-2019-6-38-49

SKCHepI/IMeHTaﬂbeIe HCCJJaeqOoBaHUuA

PBIX TprOOpeTaeT Me3eHXNMOIIOI00HbIE XapaKTe-
PUCTHKH, YTO YKa3bIBaET HA UX BCTyIieHue B IMI],
HEeoOXOMUMBIA 1JIsT pemapanuu. [loMumo mapa-
KPUHHOTO BO3MIENCTBUS MEXaHU3MOM aKTUBAIIUHU
3NMKapJa MOSKET CJIY;KUTh KOHTAKTHOE B3aUMO-
JleficTBME KJIETOK TPAHCIJIAHTATA C dNUKapIAaIb-
HBIM KJIETOYHBIM CJIoeM. PaHee, MbI IOKa3aJIH, YTO
MCK B cocTaBe KJI€TOUHOTO IIJIACTa HECYT Ha CBOEN
noBepxHocTu uranel Jagged 1 u Delta-like 4 [31],
KOTOpbIe TIPU B3aUMOAEUCTBUM C perenTopamu
Notch Ha moBepXHOCTU KJIETOK SMUKApHa MOTYT
BBI3bIBATh MX aKTUBAIMIO, COIIPOBOKIAIOIIYIOCS
¢dopMUpOBaHMEM COCYJUCTBIX KJIETOK-IIpeille-
crBeHHuI [32-34]. Oba MexaHHM3Ma aKTUBAIAU
aNUKap/a KJIETKaMU TPaHCIJIaHTUPOBAHHOTO T1J1a-
CTa MOTYT CITOCOOCTBOBATh 0OPa30BAHMUIO HOBBIX
COCYJIOB, YTO MOYKET OO'BSCHATH YBEJIMYEHHE BaC-
KyJApU3anuy 30HBI TOBPEKAEHUs], 0COOEHHO
BBIpa’KeHHOE B CyOINMMKapANAILHON 30HE, 0OHa-
py’keHHOe B TaHHOU pabdoTte. [ToMUMO aKTHBAINN
3IMKAP/Ia B&YKHBIM MeXaHN3MOM CTUMYJISILIUY BaC-
KyJISIpU3auu 1ocjae nHPapKTa MOKET CIIYKUTh
KOMOUWHUPOBaHHOE JeliCTBre OMOAKTUBHBIX KOM-
IMIOHEHTOB CEKpeToMa TPaHCIIAaHTUPOBAaHHBIX
MCK u KJIETOK aKTUBHPOBAHHOTO aMKKap/a. Bece
9TH KOMIIOHEHTbI, 00J1aJafoIe aHr'MOreHHbIMU 1
AHTUANIONTOTUYECKUMU CBOUCTBAMHU, MOTYT CIIO-
cobcTBOBATH O0JIEe OBICTPOMY BOCCTAHOBJIEHUIO
KPOBOCHA0KeHM I, TIOJJaBJIEHUIO allONTO3a KJIETOK
B 30He IIOBPEYKIEHUSA U CTUMYJISIIIUY ITpoJstudepa-
nuu. bosee Toro, cekpennss MCK MoJiekys xemoar-
TPaKTaHTOB, Takux kKak MCP1, ycunusaer pexpy-
TUpPOBaHUE IUPKYIUPYIOIIUX MOHOIIUTOB B
MIOBpEeKIeHHble YYaCTKU Cep.lia, IJie OHU MOTYT
CIIOCOOCTBOBATH AaHTHIOTEHE3Y, CEKPETUPYSI AaHTHO-
reHHble (haKkTOpbI U U epeHIrpysich B 3HI0Te-
JaJbHbIe KJIETKU [28, 29]. Peasn3anuu Bcex pere-
HepatuBHbIX cBoiicTB MCK  oka3sbIBaercs
BO3MOSKHOH 3a CUET MOIep>KaHus KU3HECIIOCO0-
HOCTU TPaHCIJIAHTUPOBAHHBIX KJIETOK B COCTaBe
KJIETOYHOTO IJIACTa, YTO IIOKa3aHo B Psijie paborT [4,
5]. B Oojiee IMUPOKOM TTOHWUMAHUU KJIETOYHBIN
1acT OpMUPYET HEKYIO MOIOKKY—«MUKPOOKPY-
SKeHue» JJ151 KJIETOK 9MTMKAp/a, TTIOT00HYIO TOH, YTO
MPUCYTCTBYET B CyOIMMKapAMAIbHON 06sacTu
HeTOBPEKIEHHOTO cep/ra. BeposaTHO, 3TO CBO-
cTBO 00ycsoBeHO criocobHocThio MCK K mocTpoe-
HUIO MUKPOCPEHI (I0T00HOM MUKPOOKPY>KEHHIO B
IIepPUBACKYJISIPHBIX MJIM HUIIAX KOCTHOTO MO3Ta),
KOTOpasi COXpaHseTCsl y 9TUX KJIETOK Taske I0CJIe
aTana JJInTeJIbHOTO KYJIETUBUPOBAHUS i1 VilTo.

3akJrouenue

SHI/IKap,ILI/Ia.J'II)HaH TpaHCIJIaHTallus I1JIaCTOB
KJIeTOK Ha ocHoBe MCK mocJie IKCIIEpUMEHTAJIb-
Horo UM ARTUBHDPYET ITYJI IIIMKAPANaJIbHbIX KJIE-
TOK 1 CHOCOﬁCTByeT Pa3BUTHUIO paHHeﬁ BacCRYyJIA-
pu3anyu 30HbI IIOBPENKIECHUA, YTO MOMKET OBITH

the subepicardial layer. Such activation is stimulated
by the paracrine action of a unique cocktail of growth
factors, cytokines, antioxidants and microRNAs se-
creted and released as exosomes/ microvesicles by
transplant cells. Our previous studies, as well as data
from other scientific groups, have shown that the MSC
secrete a significant number of bioactive factors
[25-27] and extracellular vesicles, mainly exosomes,
which are increasingly produced in hypoxia [28-30]. All
these factors can serve as potential regulators of epi-
cardial cell activation. On the cardiac explant model,
we showed that the secretion products of MSCs grown
in both normoxia and hypoxia are capable of enhanc-
ing migration of epicardial cells, some of which acquire
mesenchymal characteristics indicating their entry
into epithelial-mesenchymal transition (EMT) re-
quired for repair. In addition to the paracrine effect, the
mechanism of epicardial activation can include the
contact interaction of the transplant cells with the epi-
cardial cell layer. Earlier, we demonstrated that MSCs
in the cell sheet carry Jagged 1 and Delta-like 4 ligands
on their surface [31], which, when interacting with
Notch receptors on the epicardial cell surface, may
cause their activation accompanied by the formation
of precursor vascular cells [32-34]. Both mechanisms
of epicardial activation by the transplant sheet cells
may promote the formation of new vessels, which may
explain the increase in the vascularization of the dam-
aged zone, especially evident in the subepicardial zone
discovered in this study. In addition to the epicardial
activation, the combined action of bioactive compo-
nents of the secretome of transplanted MSCs and acti-
vated epicardial cells may serve as an important mech-
anism for stimulating vascularization after MI. All these
components with angiogenic and antiapoptotic prop-
erties may contribute to faster restoration of blood sup-
ply, apoptosis suppression in the damaged area and
stimulation of proliferation. Moreover, MSCs produce
chemoattractant molecules, such as MCP1, enhancing
the recruitment of circulating monocytes into the dam-
aged myocardial regions, where they can participate in
angiogenesis by secreting angiogenic factors and
differentiating into endothelial cells [28, 29]. Several
studies have shown that the regenerative properties of
MSCs can be maintained by the viable transplanted
cells in the cell sheet [4, 5]. In a broader sense, the cel-
lular sheet forms a «microenvironment» for epicardial
cells, similar to that found in the subepicardial region
of the undamaged myocardium. This property is prob-
ably due to the ability of MSCs to create microenviron-
mental conditions (similar to those in perivascular or
bone marrow niches), which persists even after long-
term in vitro culturing.

Conclusion

Epicardial cell sheet transplantation based on
MSCs after experimental MI activates the epicardial
cell pool and promotes early vascularization of the
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Laser-Induced Fluorescence Spectroscopy in the Diagnosis
of Tissue Hypoxia (Review)

Anastasiya S. Babkina'?

1'V. A. Negovsky Research Institute of General Reanimatology,
Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
25 Petrovka Str., Build. 2, 107031 Moscow, Russia
2 Peoples’ Friendship University of Russia,
6 Miklukho-Maclaya Str., 117198 Moscow, Russia

Ilesis 0030pa — aHAJIN3 ONBITA JUATHOCTUKYA TKAHEBOU T'MIIOKCUU METOIOM Jia3ep-UHAYIIUPOBAHHON
CIIEKTPOCKOIINY, & TAK}Ke BBISIBJIEHNE EPCIEKTUBHBIX HAIPABJIEHU! U MTOTEHIINAJbHBIX BOSMOKHOCTEH
JTAHHOT'O METO/[a /151 Ta/IbHENIIIEr0 ero IPUMEHEHUSI B 9KCIIEPUMEHTAIBHON U KITMHUYECKON MeTUIIUHE.

B 0630pe npeacTaBUIN JaHHBIE UCCAEI0BAHUI HHTEHCUBHOCTH (hJIyOPECIIEHIINH 9HIOTE€HHBIX MOJIE-
Ky/I-()ayopodopoB (HUKOTUHAAEHUHIUHYKIEO0THIa BOCCTAHOBJIEHHOT0, (DIaBUHANEHUHINHYKJIEOTHIA
OKHCJIEHHOT0) KaK MapKEPOB UIIIEMHUYECKOTO MIOBPESKIEHNSI BHYTPEHHUX OPraHOB (MO3ra, CEp/ALa, TeYeHH ,
Mo4eK 1 Ap.). PaccMoTpesu mpuHIuUIIb MeToa GhJIyopeCcieHTHOM JTa3ep-UHIYIIUPOBAHHOM CIIEKTPOCKOTINHU
in vivo. Yieauavu BHUMaHUE UCTOPUYECKUM acreKTaM TeMbl. [[okasasu peaysibrarhbl IPUMEHEHUsI METOIA B
9KCIIEPUMEHTATBHBIX U KJIMHUYECKUX UCCIIeJOBAHUSIX TKAHEBOU TMIIOKCUY U UIIIEMUU. BBISIBUIIN TPYIHOCTH
B UHTEpPIpeTaNU 3HAYEHUI NHTEHCUBHOCTH ayTO(JIyOPECIEHTHOT'O CUTHAJIA UCCIeyeMbIX MOJIeKyI. OT-
METHJIU, YTO HEM3BECTHBIM OCTAETCS [TEPUOJ COXPAHEHUST CIIOCOOHOCTU TKAHU K ayTO(JIYyOPECIEHIIUN B
YCJIOBUSIX JJIUTEIbHOM aHOKCUHU, OTCYTCTBYIOT CHCTEMAaTU3MPOBAHHbIE MIPEJCTABJIEHUsI O BIUSHUU 9K30-
TEHHBIX U 3HJOTE€HHBIX (PAKTOPOB HA MHTEHCUBHOCTD ayTO(JIyOPECIEHIUN.

Cphenayiv BBIBOJ, UTO PUMEHEHNe METOa JIa3ep-UHAYIIMPOBAHHON (DJIYOPECIIEHTHOH CIIEKTPOCKOIIUHI
C LIEJIBIO TUArHOCTUKY TKAHEBOU UIIIEMUM SIBJISIETCSI IEPCIEKTUBHBIM HAlIPABJIEHUEM B 9KCIIEPUMEHTAJIb-
HOU U KIIMHUYECKOU MeININHE, HE MCUYEPITaBIINUM Ce0s1, ¥ OCTABJISIONINM Psii HEPEIIEHHBIX BOIIPOCOB, He-
CMOTPSI Ha 60JIBIII0E KOJTUYECTBO UCCIEeJOBAHUN B TAHHOHN 00JIaCTH.

Knrouesbvle crosa: nasep-undyyuposarras gayopecyenyus; HAJTH; @AJ]; 2unokcus; aH0ozeHHble (hyo-
podopul; mrarnesas 2UNOKCUSL; ULLeMUSL 2008 HO20 MO324

The aim of review is to discuss the results of studies on diagnosis of tissue hypoxia by laser-induced spec-
troscopy, as well as to identify promising trends and prospects of this technique for its further application in
experimental and clinical medicine.

The review presents the findings of studies of the fluorescence intensity of endogenous fluorophore
molecules (reduced nicotinamide adenine dinucleotide, oxidized flavin adenine dinucleotide) as markers of
ischemic injury of internal organs (brain, heart, liver, kidneys, etc.). The principles of fluorescence laser-in-
duced spectroscopy in vivo are discussed. The historical aspects of the subject are also covered. The results of
the use of the technique in experimental and clinical studies of tissue hypoxia and ischemia are shown. Diffi-
culties in interpreting the intensity values of autofluorescent signal of the studied molecules are revealed. It
was noted that the tissue autofluorescence in a long-term anoxia remains unknown, and there are no struc-
tured ideas about the impact of exogenous and endogenous factors on autofluorescence intensity.

In conclusion, the use oflaser-induced fluorescence spectroscopy to diagnose tissue ischemia is a promis-
ing area of experimental and clinical medicine, which still has various unresolved issues, despite a large num-
ber of studies in this domain.

Keywords: laser-induced fluorescence; NADH; FAD; hypoxia; endogenous fluorophores; tissue hypoxia; brain

ischemia
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BBenenue

Bompoc ycToHUYnBOCTH TKAHU K TUIIOKCUU U
AHOKCHUU SIBJIsieTCsl (PyHIaMEHTAJbHON TeMOHd B
MeIUITHe, UMeIoNell MYJIBTUANCITATIINHAPHOE
3HavyeHune. KucgopomHoe rojofaHue sBJISIETCS
MPUYUHON HapYIIIEHUsI TKAHEBOTO MeTaboJim3Ma
MIPU KPOBOIIOTEPE, HAPYIIIEHUSIX KPOBOOOpAIIIEHHUS,
TpaBMaTUYECKUX IOBPEKIEHUSIX, OCTPBIX OTpaBJIe-
HUAX U IIPUA JPYTUX KPUTUYECKUX COCTOSAHUAX [1-3].
M3yyeHrie MeXaHW3MOB THUIIOKCUY/AHOKCHUU KaK
MaTOJIOTUYECKOTO TIPOIEcca M COBPEMEHHBIX CIT0-
CO0OB ee IMarHOCTUKY TPEJICTABJISIET UHTEPEC IS
Bpauei 060 crenuasbHOCTH. [IpenmytiiecTBa
JIUArHOCTUKU TKAaHEBOU TMIIOKCUH in Sifl B 9KCIIe-
PHMEHTAJIbHBIX MOZIEJIAX, @ TAKKe B KIIMHUYECKOH
MEeJUIINHE, 3aKJI0YalONUecs] B BO3MOMKHOCTH
WHTPAOIEPAIMOHHOTO0 MOHUTOPUHTA COCTOSTHUS
OpPraHOB U TKaHEH, OTIpe/ie/IeHNS 5KU3HECTIOCOOHO-
CTU TKaHU MPU HAPYIIEHUU KPOBOOOpAIIEHUs], a
TaKsKe TPAHCIIJIAHTUPYEMOU TKAHU 00YCJIOBJINBAET
HEeoOXOMUMOCTh YIEJUTh OOJblllee BHUMaHUE
MeTOojIaM, II03BOJISIIOIIUM B peaIbHOM BPEMEHH, in
situ JTMArHOCTHUPOBATh TKAHEBYID TUIIOKCHIO.
OTHUM U3 TAKUX METOJIOB SIBJISIETCSI JIA3€P-UH I~
poBaHHas1 ayTo(JIyopeClieHTHAsI CIIEKTPOCKOIIHS.

ITeJsib 0630pa JUTEpaTyphl — aHAIU3 OTBITA
ANArHoCTUKN TKAHEBOW TIHUIIOKCUU MeToa0M
Jla3ep-uHIYIIUPOBAHHON  CIIEKTPOCKONHUH, a
TaK’Ke BbIsSIBJIEHUE NIEPCIIEKTUBHBIX HAIPaBJIEHUH
Y IOTEHIIUATbHBIX BO3MOYKHOCTEN JAHHOTO METO-
Jla 17151 TaJIbHEHUIIIEro ero MPUMeHEHUsI B 3KCIIEPU -
MEHTaJbHOH 1 KIANHNYECKON MEIUIAHE.

TeopeTHUyecKre OCHOBBI METO/a ayTO(JIy-
OPECIIEHTHOH CIeKTPOCKomuu. MeTos ayTodJry-
OPECIIEHTHON CHEKTPOCKOIIMUA OCHOBaH Ha
perucTpanuyu UHTEHCUBHOCTU (JIyopecIieHIInn
9HJIOTEHHBIX MOJEKYI-pJiryopodopos. fIBaenue
ayTo(IyOopECIIeHITNY 3aKTI0YAeTCsI B UCITyCKAHUU
KBAHTOB CBeTa BO30Y)KJIEHHBIMU B pe3yJbTaTe
BO3IENCTBUS UJyYEHUS C OTPeeIEHHOU JINH-
HOIi BOJTHBI MOJIEKYJIaMU TIPU TIEPEXOJIE U3 MeTa-
CcTabUIBLHOTO COCTOSIHUS, C 00JIee BEICOKOTO 9HEP-
reTUYECKOTO YPOBHSI, B OCHOBHOE COCTOSTHUE, C
HauUMeHbIIIel sHepTruel (4, 5].

HauboJiee BayKHBIMU JJ151 TUATHOCTUKU SHI0-
TEeHHBIMU TKAHEBBIMU (PIyopodopaMu SABIISIOTCS
TpunTodaH, KoJjIareH, 3JIaCTUH, BOCCTAHOBJIEH-
HBI HUKOTUHaMUAaieHnHanHykaeorun (HA/TH), a
taxyke ero ¢ocdar (HAIPH), paaBuns! u daaso-
nporeruHsl (PAJ], PMH), mopdupuHsl, 6eTa-kapo-
THH. HI/IpI/I,III/IHOBI:vIe nu q)ﬂaBI/IHOBI)Ie HYKJIEOTHUDbI,
JIOKAJIU3YIOIIECS] B OOJIbIIIEN CTETIEHU B MUTO-
XOHOPUAX U B MeHbIIIEH — B nuToIlJIa3Me, ABJIAIOT-
CA OOJHUM M3 OCHOBHBIX HCTOYHUKOB KJIETOYHOM
dutyopectiennu [6]. YaacTue TaHHBIX COeTUHEHUN
B IIMPOKOM CHIERTPE BHYTPHUKJIETOYHBIX ITPOIIEC-
COB, TAaKUX KaK [VINKOJIN3, IEHTO3HBIN ITUKJI, ITUKJ
Kpe0ca, okuciienne sk pHBIX KUCJIOT, padoTa AbIxa-

Introduction

Tissue resistance to hypoxia and anoxia is a
fundamental topic in medicine of a multidisci-
plinary significance. Oxygen starvation is the cause
of tissue metabolism disorders in case of blood loss,
blood circulation disorders, traumatic injuries,
acute poisoning and other critical conditions [1-3].
Studying the mechanisms of hypoxia/anoxia as a
pathological process and modern methods of its di-
agnosis attracts the attention of clinicians of any
specialty. In-situ diagnosis of tissue hypoxia in ex-
perimental models, as well as in clinical medicine,
offers a possibility of intraoperative monitoring of
organs and tissues, tissue viability determination in
circulatory failure after transplantation. Therefore,
itis necessary to place more emphasis on methods
that allow to diagnose tissue hypoxia in situ in real
time. One of such methods is laser-induced aut-
ofluorescence spectroscopy.

The aim of this literature review is to examine
the available data on diagnosing the tissue hypoxia
by laser-induced spectroscopy, as well as to identify
the promising directions and prospects of this tech-
nique for its further application in experimental
and clinical medicine.

Fundamentals of autofluorescence spec-
troscopy. Autofluorescence spectroscopy is based
on the detection of fluorescence intensity of en-
dogenous fluorophore molecules. The phe-
nomenon of autofluorescence consists in emitting
quanta of light by molecules excited due to the ef-
fects of radiation with a specific long wavelength,
when changing from a metastable state with a
higher energy level to the basic state with the lowest
energy [4, 5].

The most important diagnostic endogenous
tissue fluorophores are tryptophan, collagen,
elastin, reduced nicotinamide adenine dinu-
cleotide (NADH), as well as its phosphate
(NADPH), flavins and flavoproteins (FAD, FMN),
porphyrins, beta-carotene. Pyridine and flavin nu-
cleotides, which are located to a greater extent in
mitochondria and to a lesser extent in cytoplasm,
are one of the main sources of cellular fluorescence
[6]. They participate in a wide range of intracellular
processes, such as glycolysis, pentose cycle, Krebs
cycle, fatty acid oxidation, mitochondrial respira-
tory chain, and biosynthetic processes, and can be
used as markers of cellular metabolism in normal
and pathological processes [7-10]. The NADH
coenzyme fluoresces only in the reduced form and
the maximum excitation is registered on exposure
to radiation with a wavelength of 340 nm, while the
quantum fluorescence yield is greater if NADH is
bound to the protein. Flavin nucleotides are only
capable of fluorescence in oxidized form. The max-
imum excitation is registered on exposure to radi-
ation with a wavelength of 450 nm [5, 7]. Based on
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TeJIbHOU IeT MUTOXOHIPHH, OMOCHHTETUYECKIE
TIPOIIECCHI, 00YCIOBINBAET BO3SMOKHOCTH UCIIOJTh-
30BaHUA HUX B Ka4eCTBE MapKepOB KJIETOYHOIO
MeTaboJI3Ma B HOpMe U IIPH ITaTOJIOT MYECKUX ITPO-
neccax [7-10]. Kopepment HA/TH dutyopecuupyet
TOJIBKO B BOCCTaHOBJIEHHOU (hopMe U MaKCUMyM
BO30YKIIEHUSI PETUCTPUPYETCS TIPU BO3TEHCTBUN
HU3JIy4YeHusl ¢ AJUHOU BOJHBI 340 HM, IIpU 3TOM
KBaHTOBBIN BBIXO] (pryopeciieHnnu 60JIbIIIe, eCTU
HAJTH cBs3an c 6enxkoM. PaBUHOBBIE HYKJIEOTH-
IIbI CIOCOOHBI K (PITyOPECIIEHIINH TOJBKO B OKHC-
JIeHHO# (hopme. MakcuMyM BO30OYKIEHUST PETH-
CTpUpyeTcs IpU BO3AEHCTBUM U3JIYUYEHUS C
JIUIMHOM BOJIHBI 450 HM. [5, 7] Ha ocHOBaHuU pas-
JIMYHOTO KBAHTOBOTO BBIXOJIA 3TUX KO(hEepPMEHTOB B
UX OKHUCJIEHHOW U BOCCTAaHOBJIEHHOW ¢opmax
MOSKET OBITH OCYIIIECTBJIEH MOHUTOPHHT KJIETOYHO-
0 ¥ TKaHeBOoro Meradosmama [10-18].

Hcropusa meroaa. C MOMEHTa OTKPBITHUSA OIITH-
YeCKUX CBOMCTB BOCCTAHOBJIEHHOTO HUKOTUHAMU-
JageHUHAVHYKIeoTuaa B 1950 romy HavaoCh
WHTEHCUBHOE MCCJIENOBAaHME €ero Kak Mapkepa
MUTOXOHIPUAIBHBIX (PYyHKIMI. OCHOBOIIOJIOYKHUK
JAHHOTO HanpasJjeHusa bputTon YaHC B pe3yssrare
CBOMX MHOTOYMCJIEHHBIX NCCJIEIOBAHUH KaK i Vilro,
Tak ¥ In vivo NOKa3ajs, 4TO MUTOXOHJApHUAIbHAsA
(pyHKIIHIST MOYKET OBITH OIIEHEHaA 10 PEeIOKC-COCTOSI-
auto HAJTH. OcHOBHOU BeX0Ol B UICTOPUHU UCCIIEN0-
BaHUs1 KOhepMEeHTOB CTaJIo co3fanue B 1954 rony b.
YaHcoM ABYXJIy4eBOrO crekTpodoromerpa [19].
CnexktpodoromMeTpriecKM METOIOM OBITH BIIED-
BbI€ M3Y4YEeHBI META00TIMYECKIE COCTOSTHUS N30T -
POBAaHHBIX MUTOXOHJPUN B 3aBUCUMOCTH OT CyO-
crpara, Kkucjiopoga 1 ypoBHA AJI®. B 1959 rony
Chance u Legallais paspaboranu quddepeHnmans-
HbII MUKPO(IyOPUMETP, UTO ITO3BOJIUIIO UCCIIEH0-
BaTh KO(pepMeHTbI He TOJIBKO B KJIETOYHBIX CyCIIeH-
3UsX, YJABTPATOHKHUX 00Opaslax TKaHeld, HO U B
TKaHAX JKMBOTHBIX 71 Vivo. B 1962 roga mossBJIsIIOTCS
niepBbIe padorsl Chance et al., B KOTOPBIX MOHUTO-
pusar HAJ/IH nipoBonuiica opraHax aHecTe3upOoBaH-
HBIX KPBIC.

B 1971 roxy Jobsis 1 coaBT. BiepBble IpUMeHe-
HUJI TAHHBIN METO/, Ha MO3Tre HeHPOXUPYPrudecKux
MaIeHToB ¢ (POKaTBLHOU anuIericuent in vivo. belia
BBIsIBJIEHA KOppeJiAus nokasaresneit HA/IH ¢ qan-
HBIMU 3JIEKTPOKOPTUKOTpapuy IpU IPSIMOI KOp-
TUKATBHON CTUMYJISIINNA KOHTPOJIFPYEMO# 00J1a-
cru. [TosrydeHHBIe pe3y/IbraTbl OKa3aIuCh CXOKUMU
C pe3yJisTaTaMu IIPeAIIeCTBYIOIEer0 aHAIOTUYHOIO
9KCIIEPUMEHTAIBHOI0 uccjeqoBanus [20].

W3-3a TpygHOCTEH NHTepIIpeTanuu ayTodJry-
OpeCleHIIMA TKaHW HCIOJb30BaHUE METOnAa
(yIyopeciieHTHON CIIEKTPOCKOIINYU IIOJYYHUJIO
IIMPOKOE PACIPOCTPAaHEHNE B MEIUIINHE TOJIBKO
C UCIIOJIb30BAaHUEM 9K30TeHHBIX (P1yopodopoB.
OpHako, “HTEpeC K ayTo(pJyopeCeHTHOM! CleK-
TPOCKOIIMU TKaHe! in vivo JOKa3aH MHOYKECTBOM
pabort, HaunHasA ¢ uccienoBanuii b. YaHca 1 coaBrT.

the different quantum yield of these coenzymes in
oxidized and reduced forms, cellular and tissue
metabolism can be monitored [10-18].

History of the method. Since the discovery of
the optical properties of the reduced nicotinamide
adenine dinucleotide in 1950, it has been inten-
sively studied as a marker of mitochondrial func-
tion. The founder of this area of research, Britton
Chance, has proven through his numerous studies,
both in vitro and in vivo, that mitochondrial func-
tion can be evaluated by the redox state of NADH.
A major milestone in the history of coenzyme re-
search was the creation of a two-beam spectropho-
tometer by B. Chance in 1954 [19]. Metabolic char-
acteristics of isolated mitochondria as a function of
substrate, oxygen and ADP level were studied for
the first time by a spectrophotometry. In 1959,
Chance and Legallais developed a differential mi-
crofluorimeter for studying coenzymes not only in
cell suspensions and ultra-thin tissue samples, but
also in animal tissues in vivo. In 1962, the first
works by Chance et al. appeared, where monitoring
of NADH was done on anesthetized rat organs.

In 1971, Jobsis et al. pioneered this method in
the brain of neurosurgical patients with focal
epilepsy in vivo. A correlation between NADH and
electrocorticography data was found in direct cor-
tical stimulation of the controlled areas. The ob-
tained results were consistent with those of a pre-
vious similar experimental study [20].

Due to difficulties in interpreting the tissue
autofluorescence, the use of fluorescence spec-
troscopy has become widespread in medicine only
with the introduction of exogenous fluorophores.
However, the interest in autofluorescence spec-
troscopy of tissues in vivo has been demonstrated
by a number of studies ranging from the works of
B. Chance et al. to modern Russian and foreign re-
search dealing with the role of tissue autofluores-
cence in malignant neoplasms, neurodegenerative
diseases, ischemia and reperfusion [21].

Diagnosing the ischaemic injury of internal
organs by laser-induced fluorescence spec-
troscopy. The cells switch to anaerobic respiration
as aresult of hypoxia. Changes in the respiratory en-
zyme chain are initialized at the NADH-dependent
site with a short-term increase in functioning, fol-
lowed by suppression of this mitochondrial com-
plex site. Lack of oxygen leads to the accumulation
of reduced nicotinamide coenzyme (NADH), fluo-
rescing in ultraviolet light, which makes it possible
to use NADH as a marker of mitochondrial dysfunc-
tion caused by hypoxia/anoxia. Autofluorescence
fading is observed with continued anoxia [22-24].

Since the problem of tissue viability assess-
ment in the context of ischemia has remained to
this day, it is still relevant to use techniques to de-
termine the condition of cells in the ischemic area

without special preparation of the tissue sample

www.reanimatology.com

GENERAL REANIMATOLOGY, 2019, 15; 6



DOI:10.15360/1813-9779-2019-6-50-61
0630pHI

Y, 3aKaH4YMBasl COBPEMEHHBIMHU OT€YE€CTBEHHBIMU
1 3apyOesKHBIMU TyOJIMKAIIASIMY, TIOCBSIIIIEHHBI-
MM U3y4YEeHMIO TKaHeBOU ayoduiyopecieHIIUU B
3JIOKAYeCTBEHHBIX HOBOOOPA30BaHUSIX, IPU HEH -
ponereHepaTUBHBIX 3a00JIEBAHUSAX, TPU UIITEMUHU
u penepdysumn [21].

JnarHocTuka MIIeMHUYeCKOro IoBpesKe-
HHA BHYTPEHHHX OpPraHoB MeETOJOM Ja3ep-
HHIYIMPOBAHHOMH (PJIyOpeCIIEeHTHOHN CIIEKTOPO-
ckonuu. CieICTBHEM TUIIOKCUUA  ABJISIETCA
Iepexoy1 KJIETOK Ha aHaapoOHoe abixaHue. Iame-
HeHUe B [IelU bIXaTeJIbHbIX (pepMEeHTOB NHUIINA-
ausupyercsa Ha HA/ITH-3aBuCUMOM y4acTKe, YTO
BBIpa)KaeTcs B KPaTKOBPEMEHHOM YCHUJICHUH, a
3areM Io/1aBJIeHrEeM PAbOThI ITOTO YIaCTKA MUTO-
XOHJPHUAJBHOTO KOMILIEKca. OTCyTCTBHE KUCJIO-
polia IpUBOIUT K HAKOILJICHUIO BOCCTAHOBJICHHO-
ro HUKOTMHaMuUAHOTO Kodepmenta (HAJ/IH),
¢urypecuupyolero B yJasrpadroseToBOM CBeTe,
4TO I03BOJIAET Ucob3oBark HA/IH B kauecTBe
MapKepa MUTOXOHAPUAJIBHBIX OUCPYHKIUH,
BBI3BAHHBIX THIIOKCHUEN/aHOKCHel. B ycaoBusax
MIPOJI0JIKATIOIIENCST aHOKCHUH HAa0JTI0]aeTcs yraca-
HUe ayTodJiyopecueHum [22-24].

Tak kak mpo6JieMa OIleHKY YKIU3HECITOCOOHO-
CTU TKaHel Ha (hOHe UIIIeMUH CYILeCTBYeT 10 cer
JeHb, COXpaHseTCs aKTyaJbHOCThb IIPUMEHEHUS
METOJIOB, II03BOJIAIOIINX OIIPENEe/IUTh COCTOSIHUE
KJIETOK MIIIEMU3NPOBAHHOTO yYacTKa 0e3 criernu-
QJIFHOM TTOAATOTOBKM 00pasIiia TKaH! U B PEsKUME
peanbHOro BpeMeHH. K HacTosmeMy BpeMeHU
IIPOBEJEH PAL 9KCIIEPUMEHTAIbHbBIX U KJIUHAYe-
CKHX HCCJIeJOBAHUH 10 UCIIO/Ib30BAHMIO J1a3ep-
UHAYLMPOBAHON (hJIyOpPECIeHTHOU CIIEKTPOCKO-
MY B HeUpo- U KapJUOXUPYPTUU, OHKOJIOTHUH,
racrpoanrepoJjioruu [25-30].

B camoM HavaJsie BHEIpEHUsI METOA B 9KCIIe-
puMeHTaabHyl0 MegunuHy C. H. Barlow (1977)
OBLIN TIPOBEEHBI MCCJIeTOBAHMUS (PJIyopeCIeH-
unu HAJTH B MrOKap;ie mpy KOPOHAPHOU OKKJIIO-
3WM, B pe3yJbTaTe KOTOPHIX OBIIU BBISBJIEHBI
N3MEHEHHUs yKe 4depesd 15 CekyHI OT MOMEHTa
HAJIOYKEHU A JINTaTyphbl HA KOPOHAPHYIO apTEepPHIO.
B nccaenosannu F. H. Tomlinson 65110 06HapYy-
SKEHO, YTO HUIIEeMHUs MO3ra COIIPOBOKAAETCS YBe-
audyeHueM ¢uryopecteniiuu NADH Ha 150% yepes
15 MUHYT [TOCJIE OKKJIIO3UM COHHOU apTepuu [31].

Fitzgerald J. T. 1 coaBT. MOKa3aJ/u B 3KCIIEPU-
MeHTe 3(p(PeKTUBHOCTh Ja3epHOU ayTodayopec-
LIeHTHOU BU3yaju3aluy B JUATHOCTUKE UIIeMU-
YecKOro U penepdysvoOHHOTO IIOBPeKIeHUsI
MOYeK in Vivo M OIEHKE WX SKM3HECII0COOHOCTH
1ocJje Iepruoja OKKJIIO3UU IOYeYHBbIX apTepui
[32]. Tirapelli L. F. u coaBT. ycnenHo ucnoabp30Ba-
JI MeTof, ayTo(hJIyOpeCLieHTHOUN CIIeKTPOCKOIINH
IJIsI KCCIIEeOBAHM A UX PEaKUU Ha AJIUTEIbHYIO
WIIeMHUI0 U penep@ys3nuio B IKCIEepPUMEHTe, a
TaK’Ke BBIABUJIN CBA3b MEKAY HHTCHCUBHOCTBIO

(bJ'IYOPECI_IEHHI/II/I IIO4YEeK IIpyu HIIEeMHUYECKOM U

and in real time. To date, a number of experimental
and clinical studies on the use of laser-induced flu-
orescence spectroscopy in neuro- and cardiac
surgery, oncology, gastroenterology has been car-
ried out [25-30].

In the early days of the method implementa-
tion in experimental medicine, C. H. Barlow (1977)
studied the fluorescence of NADH in myocardium
during coronary occlusion and identified its
changes after 15 seconds from the moment of coro-
nary artery ligation. In the study by E H. Tomlinson,
brain ischemia was associated with a 150% increase
in NADH fluorescence 15 minutes after carotid oc-
clusion [31].

Fitzgerald J. T. et al. showed in their experi-
ment the efficacy of laser autofluorescent imaging
in the diagnosis of ischemic and reperfusion dam-
age of the kidneys in vivo and assessment of their
viability after a period of renal artery occlusion [32].
Tirapelli L. E et al. successfully used autofluores-
cence spectroscopy to study the response to long-
term ischemia and reperfusion in the experiment,
and also found a correlation between the intensity
of renal fluorescence in ischemic and reperfusion
damage and histological signs of renal, as well as
mitochondrial damage [33, 34]. Raman R. N. et al.
suggested using multimodal autofluorescence
spectroscopy to predict the post-transplantation
kidney function [35].

The study of NAD(F)H and FAD as autofluo-
rescent biomarkers of metabolic disturbances and
liver and hepatocyte damage began in the 1950s.
The purpose of later studies was to monitor the
liver response to ischemia/reperfusion. Subse-
quently, fluorescent fatty acids, lipopigments, and
collagen were characterized as optical biomarkers
of liver steatosis and fibrosis [36, 37].

M. E Lacour et al. demonstrated a correlation
between the redox ratio (NADH/FAD) and other
markers of hepatic injury on a 60-minute and 90-
minute liver ischemia model with and without
reperfusion [38].

Croce A. C. et al. studied the autofluorescence
properties of bile and concluded that autofluores-
cence bile spectroscopy can provide additional in-
formation to assess changes in the liver metabolic
activity balance [39].

Arutyunyan A. V. et al. demonstrated in an ex-
periment the high efficacy of intraoperative use of
the laser-induced fluorescence spectroscopy
method for diagnostics of pancreas tissue necrosis
in situ at acute pancreatitis [40].

Smelt M. J. et al. suggested using fluorescence
of HADH and FAD coenzymes of pancreatic beta
cells to determine their viability before transplan-
tation [41].

M. V. Shinkin et al. have shown a high diagnos-
tic significance of the laser-induced spectroscopy
method in combination with laser doppler fluom-
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peniep(y3noHHOM ITOBpesKIeHUN ¢ MOP(OJIOTU-
YeCKUMM NMPU3HAKaMU NOBPEXKAECHUs MOYKH, A
TaK)Ke C MMOBPEKJIEeHNEM MUTOXOHIpUM [33, 34].
Raman R. N. 11 cOaBT. IpeaIoKnau UCI01b30BaTh
MYJIBTUMOAAJIBHYIO ayTO(JIyopeCeHTHYIO CIeK-
TPOCKONHUIO NIJI1 IPOTHO3MPOBAHUSA MOCTTPAHC-
MJIAIIMOHHOU (DyHKIIMU MOYeK [35].

WNayuenne HAJI(P)H u PA]] B kauecTBe aBTO-
(sryopeciieHTHBIX  OMOMapKepoB HapyIIEHUS
MeTaboJI3Ma U MOBPESKIeHUH TeYeHH U TeraTo-
IUATOB HayaJioch ¢ 1950-x romoB. lleabio OoJiee
MO3JHUX UCCJIEIOBAHUN CTAJI MOHUTOPUHT peak-
1Y [IeYeHU Ha uieMuio/ penepdysuto. Briocaen-
CcTBUH, (JyOpecleHTHble >SKUPHblE KUCJIOTHI,
JIMTIONTUTMEHTHI ¥ KOJIJIareH ObLIN OXapaKTePU30-
BaHbI KaK ONTHUYEeCKHe OMOMapKepbl CTeaTo3a
nevyenu, pudbposa [36, 37].

M. F. La cour 1 coaBT. Ha MOAeJ/IN II€YeHOUYHOMN
HUIIEMUU IIPOAOJIKUTEJIBHOCTBIO 60 1 90 MUHYT C
penepdysueil u 6€3 Hee BBIIBUIN KOPPETSIIIIO
penokc-otHomenuss (HAJJH/PAN) ¢ apyrumu
MapKepaMu IIeYeHOYHOI'0 ITI0BpeskaeHud [38].

Croce A. C. 1 coaBT. MpOBeJIX UCCJIEJOBAHNE
ayTo(JIyopeClieHTHBIX CBOMCTB 5KeJTUYN U NPUIILIN
K BBIBOJLY, UTO ayTO(JIyOPECIIEHTHAS CIIEKTPOCKO-
U SKeJTYA MOYKET NPeJOCTaBUTh JOMOJHUTEIb-
HyI0 MH(OPMAIIHIO 7T OIEHKY N3MEeHEeHHH OasiaH-
ca MeTab0JJINYEeCKO aKTUBHOCTU IeyeHu [39].

ApyTiOHAH A. B. 1 COaBT. B 9KCIIEpUMEHTE
ObL/Ta MPOJEMOHCTPUPOBaHA BhICOKasI 9(ppeKTUB-
HOCTh WHTPAONEepPallMOHHOTO WCHOJb30BAHUS
MeToja Jia3epHO-UHIYIIUPOBAaHHOU (uiyopec-
IIEHTHOU CIIEKTPOCKONHUH /151 TUAaTHOCTUKU HEK-
po3a TKaHM NOMKeJIYI0YHOH 5KeJie3bl in Sifu Ipu
OCTpOM naHkpearure [40].

Smelt M. J. 1 coaBT. TPeAJIOKUIN UCIIOJIH30-
Barhk (uiyopecnennuio kopepmentos HAIH u
®AJ] 6eTa-KIETOK MOMKETYTOTHON KeTe3bl A
ompefesieHusT WX SKU3HECIIOCOOHOCTH Tiepen
TpaHcIIaHTauen [41].

[MvakuH M. B. 1 coaBT. TIOKa3aaud BBEICOKYIO
JUAarHOCTAYECKYI0 3HAYMMOCTb MeToHa Jiasep-
WHIYIIMPOBAaHHON CIEKTPOCKOIINY B COYETAHNE C
JIJI® B OTHOIIEHNH PaHHET0 BBIABJICHUSA HAPYILe-
HUHA TKaHEeBOTO MeTaboJu3Ma U OIeHKH PHUCKa
pasBUTHUSA CHUHApPOMA AMAabETUYECKOW CTOIBI Y
OOJIBHBIX CaXapHBIM TUabEeTOM BTOPOTO TUTIA [42].

Staniszewski K. 1 coaBT. ObLJI0O TIPOBETEHO
HccieJOBaHNe UHTEHCUBHOCTH (DJIyOpeCceHIIuN
HAJIH n ®A]] n3osmpoBaHHbIX Hepdy3upoBaH-
HBIX JIETKUX KPBIC TIpH J00aBIeHNH B Iepdysar
WHTHOUTOPA MUTOXOHIPHUATBHOTO KOMILIEKca I
(HAJTH-yObmXrHOH-OKCUJOPEAYKTA3bl) — pOTe-
HOHa, MHTUOUTOpa KoMIlsiekca IV (ruroxpom C-
OKCHJa3bl) — IMHMAHUAA KaJaus U PasoOIuTess
TKAaHEBOIO [ObIXaHUS nedTaxsiaopdenoJa.
V3MeHeHusI METab0JINYECKOTr0 COCTOSIHUS MUTO-
XOHJIPUH B JIETKUX OTPAKAJIUCh HA TTOKA3aTeJIsIX
WHTEHCUBHOCTHU (psryopecieHIIny KopepMeHTOB.

etry for the early detection of tissue metabolic dis-
orders and the assessment of the risk of diabetic
foot syndrome in patients with type 2 diabetes mel-
litus [42].

Staniszewski K. et al. studied the intensity of
NADH and FAD fluorescence of isolated perfused
rat lungs after adding rotenon, mitochondrial com-
plex I (NADH-ubiquinone-oxidoreductase) in-
hibitor; potassium cyanide, complex IV inhibitor
(C-oxidase cytochrome), and pentachlorophenol,
tissue respiration inhibitor, into the perfusate.
Changes in the metabolic state of mitochondria in
the lungs affected the intensity of coenzyme fluo-
rescence. The autofluorescence signal decreased
after adding blood to the perfusate, but the redox
ratio remained unchanged. This study demon-
strated the sensitivity of coenzyme fluorescence in-
tensity and redox ratio to changes in redox pro-
cesses in mitochondria [43].

Diagnosis of cerebral ischemia. The diagnos-
tic significance of brain autofluorescence became
apparent from the findings of B. Chance's early
studies. The first use of laser-induced fluorescence
spectroscopy in vivoin the clinic was carried out on
neurosurgical patients for a reason [20]. A number
of studies have shown a correlation between
changes in the fluorescence signals of the reduced
NADH and the oxidized FAD and the functional ac-
tivity of neuronal and glial mitochondria, intracel-
lular concentration of calcium and its transmem-
brane transport of calcium in mitochondria [44-47].

Despite the experimentally and clinically
proven applicability of the fluorescence intensity
indexes of NADH and FAD coenzymes as biomark-
ers of ischemic brain damage [48-55], the method
has some limitations associated with the difficulty
of data interpretation. In the in vitro study, Kahra-
man S. et al. demonstrated differences in the fluo-
rescence mechanisms of pyridine nucleotides in
neural and glial cells. Persisting anoxia after the
initial increase in NADH fluorescence in neurons
was accompanied by its gradual decrease, which
was not observed in astrocytes. There is also a need
to differentiate the changes in the autofluores-
cence of NAD(P)H caused by metabolic disorders
from the changes induced by the stimulation of
local blood flow by the increased lactate produc-
tion during ischemia [56].

Polesskaya O. et al. developed a technique based
on the relationship between the intensity of endoge-
nous fluorescence of NADH and partial oxygen pres-
sure in the tissue, allowing to diagnose the microre-
gional hypoxia of the murine cerebral cortex [57].

In the light of several studies, the NADH and
FAD autofluorescence intensity indices serve as
markers not only for hypoxic brain damage, but
also for neoplastic and neurodegenerative pro-
cesses. In 2017, Shi L. et al. in experimental studies

showed the possibility of using NADH, FAD and
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[Tpu noGaBsieHNU KPOBU B mepdysaT ayTodiry-
OpECLIEHTHBIA CUTHAJI CHUSKAJICS, HO PemoKC-
OTHOIIIEHHE OCTaBaJOCh HEU3MEHHBIM. JTO
HCCJeN0BaHNue IPOLEeMOHCTPAPOBAJIO YyBCTBU-
TeJIbHOCTh IT0Ka3aresjiell ”HTEeHCUBHOCTU (JI1yo-
pecueHnuu Ko(pepMeHTOB U PeIOKC-OTHOIIEHUST
K U3MEHEHUAM OKUCJIUTEIbHO-BOCCTAHOBUATEIIb-
HBIX IIPOIECCOB B MUTOXOHIPUAX [43].

JuarHocTuka MIIeMHH IOJIOBHOIO MO3ra.
Juarsoctruyeckast 3BHa4UMOCTb ayTO(IyopecIieH-
UM TOJIOBHOI'O MO3ra CTajga O4YeBUIHOU u3
pesymsraToB nepBbix pabot b. Yanca. He ciygaiino
IepBoe IIpUMEHEHHe MeToja Jas3ep-UHIyLUpOo-
BaHHOU (pJIyOpeCIieHTHOH CIIEKTPOCKONIUY i1 Vivo
B KJIMHUKE OBLJIO OCYIIIECTBJIEHO HAa HEUPOXUPYP-
ruveckux nanuenTax [20]. B psne ucciaenoBanuit
Obls1a TMOKa3aHa B3aWMOCBSA3b JUHAMHUYECKHUX
n3MeHeHUl (hJIyopeclieHTHBIX CUTHAJIOB BOCCTA-
HoBJIeHHOH (popmbl HAJIH 1 okucieHHOU hopMbl
DA/l ¢ (PyHKIIMOHAJIBHOU aKTUBHOCTHIO MUTO-
XOHAPUHI HEeHPOHOB U INIMU, BHYTPUKJIETOYHOU
KOHIIEHTPAIeN 1 MporeccaMy TpaHCMeMOpPaHHO-
I'0 TPAHCIIOPTAa KAJIbIIUA B MUTOXOHAPUAX [44—-47].

HecmoTps Ha fOKa3aHHYI0 9KCIIEpAMEHTAaJIb-
HBIMY U KJIMHUYECKUMU UCCJIECIOBAHUAMHU BO3-
MOSKHOCTB HUCIOJb30BaHUsA ITIOKa3aTe el NHTeH-
cuBHOCTHU paryopecneHnnu kopepmentos HATH
u ®AJ] B kKauecTBe OMOMapPKEPOB UIIIEMIUIECKOTO
IIOBPEXKIEHUA FOJIOBHOrO Mo3ra [48-55], cyie-
CTBYIOT OTPAaHUYEHU METOa, CBA3aHHBIE C TPy -
HOCTBIO HHTepIIpeTanuu naHHbix. Kahraman S. u
COAaBT. B MCCJIEOBAHUH in Vitro OB MOKa3aHbI
pasInuus MeXaHUu3MOB (DJIyOpeCIeHIIUY TUPUIN-
HOBBIX HYKJIEOTUJIOB B HEPOHAJIBHBIX U [NINAJIb-
HBIX KJeTKax. [Ipu npogosskamoiieiica aHOKCUU
nocJie yBesqmueHus1 payopecuenuu HAJTH B Heli-
poHax HabJIIOAIOCH ee MOCTEeTIEHHOE CHIPKEHNE,
4yero He OBLIO OTMEYEHO B ACTPOIUTAX. A TakKe
BO3HUKAeT HE0OXOMUMOCTh AuddepeHInpoBaTh
uaMeHenuss ayrogJayopecuennuun  HAJI(D)H,
BBI3BaHHbIE HApyIIeHNEM MeTaboJ/In3Ma, C u3Me-
HEHUSAMHY, CIPOBOLMPOBAHHBIMU CTUMYJIALNAN
JIOKQJIbHOT'O KPOBOTOKA yBEJIWYEHUEM IIPONYK-
1Y JIaKTaTa [Ipu uineMuu [56].

Polesskaya O. m coaBTt. ObBLT paspaboraH
METOJl, OCHOBAHHBI Ha B3aWMOCBSI3U MEKIY
WHTEHCUBHOCTBIO 3HAOTEeHHOH! (pyIyopecieHInn
HAJIH m nmapruipajbHbIM JaBJIeHUEM KUCJI0pOoaa B
TKaHW, KOTOPBINA II03BOJIMJ JUATHOCTUPOBATH
MHUKPOPETruOHAJIbHYIO TUIIOKCHAIO KOPBI TOJI0BHO-
ro Mo3ra MbIIIH [57].

Hcxons ua psaaa ucciaeqoBaHui IokasaTesu
WHTEeHCUBHOCTH ayToduyopecueninuu HAIH u
DA]] ABJIAIOTCA MapKepaMu He TOJIbKO T'MIIOKCH-
4YEeCKOr'o NOBPEXICHUA I'OJIOBHOTO MO3ra, HO U
OIlyXOJIEBBIX, a TaK)Ke HeWpoJereHepaTUBHBIX
nporieccoB. B 2017 r Shi L. u coaBT. B akcriepuMeH-
TaJIbHOM HCCJIEJOBAHUHU II0KA3a/I BO3MOKHOCTD

ucnoJsib3oBaHuA ayrtoduyopecienniuu HAJTH,

tryptophan autofluorescence for early diagnosis of
Alzheimer's disease [58].

Pascu A. et al. have demonstrated that the
comparative assessment of autofluorescence
ranges of normal and neoplastic tissue helps to
identify them.

The results of the experimental in vitro study
led the authors to suggest using the fluorescence
spectroscopy for the real-time assessment of neo-
plastic and adjacent normal tissue autofluores-
cence during surgery in vivo [59]. Zhu M. B. et al.
supplemented the autofluorescence spectroscopy
with optical coherence tomography, which in-
creased the sensitivity of the tumor tissue identifi-
cation from 86.1 to 95.9% [60].

Ibrahim B. A. et al. showed the effect of tem-
perature on the fluorescence of NADH and FAD
coenzymes in the rat cortex. An association be-
tween an increase in temperature and a decrease in
FAD fluorescence was found [61].

A study by Reinert K. C. et al. showed that aut-
ofluorescence of cerebellar flavoproteins is related
to inhibition and excitation processes [62].

The study of NADH and FAD coenzymes in is-
chemic brain damage not only proved the possibil-
ity of their use as damage and regeneration mark-
ers, but also gave rise to the development of drugs
containing pyridine nucleotides which reduce the
area of necrosis in the brain, improve the functional
recovery, and reduce mortality in experimental an-
imals after ischemic stroke [63].

Diagnosis of myocardial ischemia. Since aut-
ofluorescence spectroscopy of NADH and FAD
coenzymes helps to evaluate tissue metabolism in
real time, the use of this method for intraoperative
cardiac monitoring is a promising aspect of clinical
and experimental medicine.

Papayan G. et al. based on the results of stud-
ies of NADH and FAD coenzymes in ischemia-
reperfusion of an isolated rat heart recommended
this technique for intraoperative monitoring of my-
ocardial metabolism during episodes of anoxia in
patients who underwent cardiac surgery under car-
diopulmonary bypass [64].

Lagarto J. L. et al. on the Langedorff isolated
heart model revealed changes in FAD and NAD (P)H
fluorescence associated with the glucose and oxy-
gen depletion. Meanwhile, the coenzyme fluores-
cence intensity was more sensitive to changes in
oxygen content in the perfusate than to changes in
glucose level. The potential for using autofluores-
cence spectroscopy to estimate the content of type
I collagen in the post-infarct period was demon-
strated [65-67].

Despite the hypothetical background and the
correlation between autofluorescence and rejec-
tion of the cardiac allograft found in experimental
studies with rats, study on the use of laser-induced
autofluorescence spectroscopy to assess the risk of
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DA/l u TpuntodaHa /s paHHEW TUATHOCTUKU
b6osesnu Anblireiimepa [58].

Pascu A. 11 coaBT. OBLJIO TPOIEMOHCTPUPOBA-
HO, YTO CpaBHEHUeE CIIEKTPOB ayTodJiyopecieH-
1M1 HOPMaJIbHOU 1 OITyX0JIEBOU TKaHU FOJI0BHO-
ro Mo3ra MO3BOJSIET UX HIEHTUDUIIUPOBATH.
Pesynbrarbl 9KCIIEpUMEHTAaJIbHOTO MCCJEN0Ba-
HUsI, IPOBEIEHHOI0 in Vifro, NajJ0 OCHOBaHUE
aBTOpaM BBICKA3aTh MOKeJaHWe B JajbHeUIeM
HCI0JIb30BaTh MeTO[ (PJIyOpeCIeHTHON CIIEKTPO-
CKOIIMU JAJIs1 U3MepeHUs ayTodJayopecleHInn
OITyXOJIU U IIpUJjIeramlleii HopMaabHON TKAHU in
Vivo B UHTPAOIePaiOHHBIX YCIOBUAX B PeaJlb-
HOM Bpemenu [59]. Zhu M. B. coaBrt. 1omoaHMIN
ayTo(JIyopecleHTHYIO CIIEKTPOCKOIIUIO ONITHYe-
CKOH KOTepeHTHOU ToMorpaduei, 4To yBeJIndniIo
YyBCTBUTEJIBbHOCTb METOIA UAEHTU(PUKAIIUY OITY-
X0J1eBOH TKaHu ¢ 86,1 10 95,9% [60].

Ibrahim B. A. u coaBT. OBLJIO TOKa3aHO BO3-
JelicTBUe TeMIepaTrypbl Ha (JIyopecleHInIo
ropepmenToB HAJ/IH u ®AJ] B kKope TOJI0BHOTO
MO3Ta KpHbIC. bbliia BBIABJIEHA CBSI3b ITOBBIIIIEHN-
eM TeMIlepaTypbl U CHUKeHHeM (JIyopeclieHIInn
DAJT [61].

HccnenoBanue Reinert K.C. u coaBT. mokasa-
JIO B3aMMOCBSI3b ayTo(uiyopecieHIIun ¢JiaBo-
NPOTENHOB KOPbI MO33KeYKa C IIPOIieccaMu TOP-
MOKeHUs 1 BO30YKIeHus [62].

Nayuenue kopepmentoB HATH u ®A]l npu
UIIEMAYEeCKOM ITOBPEKIEHUU TOJIOBHOTO MO3Ta
T03BOJIMJIO HE TOJIBKO JOKA3aTh BO3MOYKHOCTD X
HUCIIOJIb30BAHUS B KAY€CTBE MapKEPOB ITOBPEsKIe-
HUS U pereHeparyi, Ho U 1aTh HavaJIo pa3paboTke
IpernaparosB, ConepyKalliX MIUPUIUHOBBIE HYKJIEO-
TUIbI, BBEJIEHNE KOTOPBIX 9KCIIEepUMEHTAIbHBIM
SKABOTHBIM I10CJIE MIIEMUYECKOT'0 NHCYJIETA CHU-
JKaeT IJIoIaab HEKpPO3a B TOJIOBHOM MO3re, yJIy4-
maeT (PyHKIMOHAIbHOE BOCCTAHOBJIEHNE U CHU-
sKaeT CMepTHOCTS [63].

JlmarsHocTuka vuieMuH MHUOKapa. Tak Kak
ayTodiyopeciieHTHasi CHEKTPOCKONUs Kodep-
meHTOB HAJIH 11 @Al 103BOJISAET OLIEHUTH TKaHe-
BOIT MeTab0J/IM3M B pesKUMe PeaTbHOTO BpeMEHH,
HUCNIOJIb30BAHUE TAHHOTO METOAA C I1eJIbI0 MHTPA-
ONEepanMHHOr0 KapOUOMOHUTOPWUHIA SIBJIAETCS
MepPCIeKTUBHBIM HAlPaBJIE€HNEM B KJIMHUYECKON
U 9KCIIepUMEHTATbHON MeUITHE.

Papayan G. u coasT. B peaysbrare uccjefoBa-
Huit kopepmentoB HAJIH, ®A]l npu uiemMuu-
pernepdys3un U30JUPOBAHHOIO CepAlla KPBICHI
peKOMeHJ0BaJIN JaHHBIN METO]I J/IsI MHTPaoIiepa-
IIMOHHOT0 MOHUTOPUHTA MeTaboJm3Ma MUOKapIa
BO BpeMs 9111M3010B aHOKCHUH Y ITalMEeHTOB, Ilepe-
HECIINX KapJUOXUPYPrudeCcKoe BMeIaTebCTBO
P UCKYCCTBEHHOM KPOBOOOpareHn# [64].

Lagarto J. L. 1 coaBT. Ha MO €11 U30JIUPOBAH-
HOTO ceppana no Jlauregopdy ObLIN BBIABJIEHBI
n3MeHeHUs oKasaresnei dayopecueHiu PAI u
HAJI(®P)H na ¢one ucrorenus WitOKO3bl U KUC-

cardiac transplant rejection done by Yamani M. et
al. has not yielded positive results [68].

A number of papers deal with the use of this
technique to control the condition of the my-
ocardium in ischemia in cardioprotection. The
study of NADH fluorescence changes in relation to
the reperfusion period duration and type of cardio-
plegia conducted by T. Nishioka (1984) was among
the earliest in this area. The incomplete recovery of
coenzyme fluorescence level was explained by irre-
versible changes in myocardium [31]. Horvath et al.
studied the changes of laser-induced NADH fluo-
rescence in the myocardium during sequential oc-
clusion and cold cardioprotection. Immediately
after the occlusion, a rapid increase in the fluores-
cence of NADH was recorded over a period of less
than 5 min, followed by a decline over the entire pe-
riod of ischemia, which lasted for 2 hours. The FAD
fluorescence patterns shown in this study was dif-
ferent: within 5 minutes after occlusion, there was
arapid decrease in fluorescence, followed by a slow
decrease during 30 minutes, a steady level during 1
hour and a slow rise until the end of the study [69].
In a study by Aldakkak et al. (2009), the changes in
NADH and FAD levels in myocardial ischemia in-
duced by cardioplegia with hyperkalemic solution
and lidocaine were evaluated. Different patterns of
NADH changes with and without cardioplegia were
demonstrated [70].

Camara A. K. and colleagues studied the car-
dioprotective effects of sevoflurane, warm reperfu-
sion and hypothermia on the cold ischemia model
inisolated guinea pig hearts, measuring metabolism
using NADH and FAD levels. Ischemia caused a
rapid increase in NADH and a decrease in FAD,
which declined in 2 hours. Warm reperfusion re-
sulted in a decrease in NADH and an increase in
FAD. Sevoflurane attenuated changes in NADH and
FAD and reduced the size of infarction [71].

Changes in the intensity of NADH and FAD
autofluorescence in the myocardium during is-
chemia, reperfusion, in cardiomyopathy and car-
dioprotection found in a number of studies have
made it possible to consider them as markers of
myocardial ischemic injury [72-80].

Conclusion

The literature review shows that despite exten-
sive research on this topic the interpretation of the
auto-fluorescent signal intensity and the determi-
nation of the hypoxia/anoxia period are still open
issues. Tissue autofluorescence has been studied
quite well and explained theoretically only in the
case of short-term ischemia. Studies on ischemia
continuing for 60-90 minutes are rare, and they
have provided no indication of tissue autofluores-
cence changes in complete lack of oxygen over the
period of tissue death. Little attention has been
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Jopoja. ITpu aToM UHTEHCUBHOCTH (pJIyopeciieH-
¥ KopepMeHTOB Obla 60Jiee YyBCTBUTETHHA K
M3MEHEHUIO CoJlepsKaHusI KUCI0poa B iepgdysa-
Te, 4eM K MU3MEHEHUIO YPOBHs IVIIOKO3bl. bblia
MMOKa3aHa BO3MOYKHOCTb HCITI0JIb30BaHUS MEeTOAA
ayTo(IyopecleHTHON CIIEKTPOCKOIINH /115 OIeH-
KM COfeps;KaHus KoJljlareHa | Tuma B IOCTHH-
dapkTHOM TIEpUOEe [65-67].

HecmoTps Ha TeopeTrYecKre IPeanOChIIKA
U BBIABJICHHYIO IIPH IIPOBENECHUU IKCIIEPUMEH-
TaJIbHBIX MCCJIEJOBAHUI Ha KPbICaX KOPPEIALHIO
MesKTy ayTo(JIyopeCclieHTHBIMU ITI0Ka3aTesIsIMU U
OTTOp>KEHHWEeM  aJIJIOTpaHCIJIaHTaTa CepAla,
HCI0JIb30BaHUE JIa3ep-UHAYIUPOBAHHOU ayTo-
(y1yopeciieHTHOH CIIEKTPOCKOINM [IJIs1 OIL[eHKU
PpUCKa OTTOpPYKEHUsI TPAHCIJIaHTAaTa Ccepara
Yamani M. u coaBT. He JaJ0 ITOJIOMKUTEIbHBIX
pes3yasraros [68].

Psim paboT MTOCBSAIIEH UCIIOJB30BAHUIO pac-
CMATpUBAEMOr0 MeTO[Aa C IeJbI0 KOHTPOJA
COCTOSAHUSA MHUOKapJa IIpU WUIIEMUU B YCJIOBUAX
KapAuONpoTeKInU. lcciaeqoBanue NTUHAMWUKU
¢ayopecuennuu HA/IH B 3aBUCUMOCTH OT [IJIU-
TeJIbHOCTU pernep(py3noHHOTO Iepruofa U TUIa
kapauoruieruu, mposenenHoe T. Nishioka (1984),
SABUJIOCHh OJHUM U3 NEPBbIX B JAHHOM HallpaBJie-
Huu. HemosiHOE BocCcTaHOBJIEHUE YPOBHS (DJIyO-
pecueHI KopepMeHTOB OBIJI0 00 BSCHEHO HAJIH-
qreM HeoOpaTUMbIX U3MeHEeHUH B Muokape [31].
Horvath u coaBr. 6bply1a M3y4yeHa TMHAMUKA J1a3ep-
UHAYIUpoBaHHOU (uryopecreniuu HAJTH B Tka-
HsIX MHOKap/a IpH Mocaeq0BaTeIbHON OKKJTIO3UHN
U XOJIONOBOU Kapauonporekiuu. Cpasy mnocie
OKKJTIO3UHY OBIJT 3aPETUCTPUPOBAH OBICTPHIN POCT
¢ayopecuennuu HAJTH 3a BpeMs MeHee 5 MUH C
IOCJIENYIOIIUM CIIaJOM B T€YEHHE BCEro Iepruopaa
WIIIEMUH, COCTaBUBIIEro 2 yaca. JJuHamuka Jiyo-
pecniennuu PAJl, mpuBeneHHAas B JaHHOU paboTe,
r“MeJsia Jpyroi xapakTep: B TedeHue 5 MUHYT [10cJIe
OKKJTIO3WH HAOJTIOAJICS OBICTPHIN criaf (uryopec-
IEeHIINH, 3aTeM MeJJIEHHbIN cruaja B TedeHue 30
MUH, CTalliOHAPHBIN YPOBEHb B TeUeHue 1 U 1 MeJI-
JIEHHBIN IIOIbEM /10 OKOHYAHWS HMCCJIeNOBaAHMS
[69]. Aldakkak et al. B 2009 oneHuam guHaAMHUKY
nameHeHus yposHeid HA/IH u ®AJ] npu umemuun
MHUOKap/a IPUA MCIOJb30BAHUN KaPAUOILJIETUN
TUIlepKAJIEMUYEeCKAM PAaCTBOPOM U JIUJOKANHOM.
B pesynbrare 66111 TOKa3aHbI OTIMYWS B TUHAMU--
ke HA/ITH npu ncnoab30BaHUY KapAUOILJIETUU U
0e3 TakoBoii [70].

Camara A. K. 1 coaBT. mpoBeJix UCCaen0Ba-
HHMeE KapJIUOIIPOTEKTUBHOTO IEACTBUSA CEBO(JIIO-
paHa, Temyioil penepdy3uu U TUIOTEPMUMU HaA
MOJIEJIN XOJIOAOBOU HINEMUU HI0JTUPOBAHHBIX
cepJier; MOPCKUX CBUHOK, KOHTPOJIMPYS MeTabo-
Jau3m 1o nokasareasaM HAJIIH u PAJl. Ninemus
BbI3BaJIa ObIcTpoe yBeandenne HA/TH v ymeHb-
meHue PAJl, KoTopoe yMEHBIINJIOCh 3a 2 Jaca.
Tenias penepdysus npusesa Kk cHmxeHuo HAJTH

paid to the impact of cytotoxic hypoxia on tissue
autofluorescence. Studies in these areas could re-
veal in detail the mechanisms of autofluorescence
and identify the patterns of its changes in the atten-
uated tissue metabolic processes after biological
death, which is essential for intensive care, trans-
plantation and forensic medicine.
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3akJaouenue

B pesynbraTe npoBeneHHOro 0030pa JuTe-
paTypbl MOYKHO YTBEPYKAATh, YTO HECMOTPS HA
00JIBIIIOE KOJIUYECTBO padOT IO TAaHHOU TeMe,
OCTa0TCH OTKPBITBIMU BOIIPOCHI UHTEPIIpEeTAlun
3HAYEeHUU MHTEHCUBHOCTU ayTODJIyOpECIIEHTHO-
r'0 CUTHaJIa, BO3MOKHOCTH OIlpeJie/IeHUs [Iepro-
Ja TUOOKCUU/aHOKCUHU. AyTOoJIyopecleHIUus
TKaHel JOCTaTOYHO XOPOIIIOo U3ydeHa 1 00bsIiCHe-
Ha TeOpeTUYeCKH TOJIBKO IIPU KPAaTKOBPEeMEeHHO!
ummemuu. Peiko BcTpedaloTcsi paboThl, B KOTO-
PBIX IIepUOJ UIIIEMUU TOCTUTAT MakCUMyM 60-90
MMHYT, HO 9TO He JjaeT [IPeJICTaBJIeHUs O TOM, KaK
MEHSIOTCS  ayToJIyopeclieHTHble CBOMCTBA
TKaHU IpU IIOJHOM OTCYTCTBHUM KHUCJIOpPOJA C
TeyeHueM BpeMeHU B IIpoliecce yMUPaHUA
TKaHu. HejgocraToyHoe BHHMaHWe YIeJEeHO
U3Y4YEHUIO BJIMSIHUSA LUTOTOKCUYECKOH THUIIOo-
KCUM Ha ayToJiyopectieHIuIo TkaHe. Mccieno-
BaHMA 110 JaHHBIM HalpaBJIeHUSM I103BOJIUJIN
OBbI He TOJILKO MOAPOOHO PACKPHITH MEXAaHU3MbI
sIBJIEHUSI ayTOJIyOpeCLieHI[UN, HO U BBISIBUTH
3aKOHOMEPHOCTHU ee U3MEHEeHUs IIpU yracaHuu
MeTaboJIMuecKUX IMPOIECCOB B TKAHAX IIOCTe
OMOJIOTUYECKON CMEPTH, YTO MMEET OOJIBIIOE
3Ha4YeHue [J1s peaHuMaroJIOTuH, TPaHCIJIaHTO-
JIOTUH, CyJeOHOU MeTUITUHBI.
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Metabolism of Microbiota in Critical Illness (Review and Postulates)
Natalia V. Beloborodova
V. A. Negovsky Research Institute of General Reanimatology,

Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
25 Petrovka Str., Build. 2, 107031 Moscow, Russia

B marHOM 0630pe 00CysKIaeTcst BOMPOC, TOYeMy HY>KHO U3y4aTh MEXaHU3MbI IEUCTBUS U YIYUTHIBATD
MeTab0JIM3M MUKPOOHOTHI B OpTaHU3Me TKeJT000JIbHOTO MallueHTa, 1 KAaKUM 00pa3oM CIEeIHUaJIMCTHI B
O6JIaCTI/I KJINHUYECKOI'O ITUTAHUA MOFyT HpI/IHHTI) B 9TOM CaMO€ aKTHUBHOe Y‘IaCTI/Ie

[Tpu KPUTHYECKUX COCTOSTHUSX TUCPETYIISANNS 9HI0TeHHBIX 0OMEHHBIX ITPOIIECCOB U OEJTKOBO-3HEPTe-
TUYECKUH Te(UIUT YCYryOJIsIIOTCS M3MEHEHNEeM HAIIPaBJIEHHOCTH MeTa00INYeCKUX IPOIECCOB MUKPO-
O61OTHI. PacTeT MOHNMaHWe BaKHOCTH U3YUYeHUsT MUKPOOHOTO MeTabom3Ma B 0011IeM MeTaboTndeCKOM
mpoiiecce. [IepCneKTUBHOCTH PA3BUTHSI 3TOT0 HAIPABJIEHUS [JTsI TOBBIIIIEHUsT 3 (PEKTUBHOCTH JIEUEHUS B
peaHI/IMaTOJIOFI/II/I nu yCHeHIHOfI pea6HﬂHTaHHH IIAaITMEeHTOB OYEeBUIHA.

Cy1iecTByIOIIHE MEKTyHAPOTHbIE PEKOMEHIAIINY IT0 MHTEHCUBHOU T€pPAITU CO BpeEMEHEM MOTYT OBbITh
HepeCMOTpeHI)I B CBA3U C ITIOABJIEHUEM HOBBIX Hay‘IHI)IX JAaHHBIX O MEeXaHHu3Max KpI/ITI/I‘IeCKI/IX COCTOHHHf/i,
CBSI3aHHBIX C META0OJTMIECKON aKTUBHOCTHIO MUKPOOHOTHI YesioBeKa. MIeT MOUCK ClI0COO0B aKTUBHOTO
yIpaBJIEeHUsI META0O0/IMYECKAMH MIPOIECCAMU Yepes MOIYnHeHre MeTabom3mMa OaKTeprii MHTepecaM Xo-
3auHa. 1 aHTUMUKPOOHEIe, U OHMoIpernapars! (IpeOMOTUKH, METAaOMOTHKHN) B IIEPCIEKTHBE OYAyT MprMe-
HSATBHCS IeJIeHAIIPaBJIEHHO, 10l KOHTPOJIEM KJIIOUYEBBIX MUKPOOHBIX META00/TUTOB, C UCII0/IH30BAHUEM JI0-
CTyHHI)IX METOa0B J1a6opaTopHoro MOHI/ITOpI/IHFa.

Ha ocHOBe TaHHBIX JINTEPATYPbI ¥ PE3YJIBTATOB COOCTBEHHBIX UCC/IENOBAHIIA aBTOP (DOPMYJTUPYET ITOCTYIaThI
0 MeTab0/IM3Me MUKPOOHMOTHI ITPH KPUTHYECKUX COCTOSTHUSAX, BBOAUT HOHATHSA «TUCHYHKIIIN HEBUIMOTO Op-
raHa» ¥ «CUTHAJIbHBIX MOJIEKYJI OaKTePHUil», OTBEYAET Ha BOITPOC «YTO JIEJIATh?» U B KAYECTBE MHTETPAIHHOIO 110~
KasareJIsi [IpejIjIaraeT UCII0/Ib30BaTh Psii MUKPOOHBIX METADOJIMTOB apOMaTHYeCKIX AMUHOKHUCIIOT.

Knrouesvte croea: kpumuueckoe COCmosiHue; Memadooaiusm baxmeputl; MUKpobuoma; MumoxoHopuais-
Hasi OUCPYHKEYUSL; AHMUMUKPOOHAS mepanust; buonpenapamat

This article discusses the importance of eliciting the mechanisms of action and the metabolism of micro-
biota in the critically ill patients, as well as the role of nutrition specialist in the management of these patients.

In critically ill patients the impaired regulation of endogenous metabolic processes and protein-energy de-
ficiency are aggravated by abnormal microbiota metabolic processes. There is growing awareness of the im-
portance of studying microbial metabolism in the general metabolic process. Its implications for the improved
efficacy of treatment in critical care and rehabilitation are obvious.

Current international intensive care guidelines are being constantly revised in response to the new research
data available on the mechanisms of critical illness. The course of the latter may significantly associate with
the metabolic activity of human microbiota. Active management of metabolic processes is being sought
through the subordination of bacterial metabolism to the interests of the host. Both antimicrobial and biofor-
mulations (prebiotics, metabiotics) will be used in the long term in a targeted manner with the control of key
microbial metabolites through available laboratory monitoring tools.

Based on the literature data and the original research, the author formulates postulates of the microbiota
metabolism in critical illness, introduces the concepts of «invisible organ dysfunction» and «signaling bacterial
molecules», offers answers to the eternal «what is to be done?» question and suggests using a number of mi-
crobial aromatic amino acids metabolites as an integral indicator of a course of critical illness.

Keywords: critical states; metabolism of bacteria; microbiota; mitochondrial dysfunction; antimicrobial ther-
apy; bio-drugs
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MHUKpPOOHBIIT MeTab0Ju3M M TOMEOCTa3.
IlocTosiTHHOE IPUCYTCTBHE B OPraHU3Me YesI0BeKa
OIPOMHOTO0 YHCJIa CallpO(PUTHBIX U YCJIOBHO-IIATO-
FeHHBIX MHKPOOPTraHM3MOB CONPSKEHO C HX
MeTab0JIMYeCKON aKTUBHOCTBHIO, YTO BBLI3BIBAET
€CTeCTBEHHBIM MHTEPEC B CBSA3U C BO3MOYKHBIM
BMeEIIaTeJIbCTBOM IIPOLYKTOB sKU3HENEATEIbHO-
ctu GakTepuii B MeTabOJIUYECKHE TTPOIECCHI
xo3simHa [1-5]. Ocobyi0 BasKHOCTH 3TOT BOIPOC
npuoOpeTaer, Korma pedb UIeT O peaHuMaIloH-
HBIX NAIIUeHTAaX, BBIXKUBAEMOCTb KOTOPBIX HATIPSI-
MYIO 3aBUICHUT OT a/IEKBaTHOW KOPPEKINHN MeTabo-
Juyeckux HapyuleHuil. CjlosKUBIIMeECSd B
OHTOTEHE3€e MEXaHU3MBbI YYaCTUSI MUKPOOHMOTHI B
peryjisiiuy ¥ NoALepsKaHuy IIOCTOSHCTBA BHYT-
peHHel cpefpl YeJ0BeKa U3y4daloTcs C pacTyIIuM
WHTEPECOM, HO Ha CETOIHSAINIHUN JIeHb BCe eIle
ocTaroTcs 6e3 TOPKHOTO BHUMAHUSA U HE YIUTHI-
BAIOTCSI B TPOTOKOJIaX MHTEHCUBHOU TepaNiuy IMpHU
KPUTUYECKUX COCTOAHUAX [5]. MexayHapoaHbIe
MPOEKTHI IO U3YUYEHUI0O MUKpPOOMOMa YesoBeKa
MMOATBEPANJIN, UYTO OaKTepUW HACEJSIIOT BCe
OTKPBIThIE JINUTEJHUAJbHbIE ITOBEPXHOCTHU, HO
OCHOBHOE WX COOOIIECTBO JIOKAJTU3YEeTCHd B
kurevydnke. O61Iee Yncji0 OaKTepUil B MUKPO-
6rome B 10-100 pas mpeBBIIIIAET YUCIO0 KIETOK
CaMOro 4YeJIOBEKa, a KOJIUYeCTBO TeHOB MUKPO-
OMOTHI KUITIeYHUKA B 150 pas mpeBOCXOIUT YHCJIO
reHOB YeJioBeKa [2, 3]. B opranusmMme 310poBOro
YeJsi0BeKa IpeacraBJieHbl 0KoJ10 1000 BULOB MUK-
po60B, 70% 13 KOTOPBIX HE IO IAETCI MUKPOOHO-
JIOTUYECKOMY KYJBTUBUPOBAHUIO, TO €CTb He
MOTYT OBITH BBIJEJEHBI B YHCTON KYJBType Ha
nuTareJbHbIX cpenax. Cerogusa CocTaB MUKPO-
OMOTHI KMIIEYHUKA TOCTYITEH IeTATbHOMY H3yde-
HUIO IIyTE€M METareHOMHOTI'0 CEKBEHHUPOBAHMUS C
ncmoJsib3oBanneM 16S pubocomanbubix PHK
(pPHR) no 16S pPHK [6]. [Tapamokc cOCTOUT B TOM,
YTO C yIIyOJIeHreM HaITNX 3HAHUH 0 MUKPOOHoMe
yCcyryoJsieTcsi BIedaTeHWe HeOOBATHOCTH U
HEII03HABAEMOCTU «MHUKPO-BCEJIEHHOW», SKUBY-
el BHYTpU 4YeJsioBeKa. [Horma KIMHUIMCTOB
OTIIyTUBaeT CJI0KHOCTh U TPOMO3IKOCTh UCCJIe-
JMIOBaHUN MUKPOOMOMA, YTO Ha IMTPAKTUKE HE CII0-
CcOOCTBYeT HOBBIM pelleHusIM. B kauecTBe omHOMI
M3 3aJ1a4 HAIINX NCCJIeJOBAaHUI SIBJIAETCS JOCTH-
sKeHUe MPOCTOThI B TOHNMAaHWH ITPOIIECCOB UHTET -
panuu MeTaboJu3Ma U MaKCUMaJabHOe MpUoJIn-
JKeHHe MEeTOIOB MCCJIeJOBaHUsI KJIIOUYEeBBIX
MHUKPOOHBIX METAOOTUTOB K PEIIEHHIO paKTUye-
CKHUX BOIIPOCOB, B TOM YHCJI€ — B 00JIaCTH ONTHU-
MU3AIMN KJIMHUYECKOTI0 ITUTaHUS.

MeTab013M HYTPHUEHTOB B JKEJIYIOYHO-
KUIIIEYHOM TPaKTe — MHOTOCTaIUNHBIN ITPOIlecc,
3aBUCAIINN OT MHOTUX (PaKTOPOB, KOTOPbIE B
CBOIO O4Yepeib B 3HAUYUTEJILHOM CTelleH! N3MeHe-
HBI ¥ IPUHOUNNAJIBHO OTJIMYAIOTCA Y peaHnuMa-
[IMOHHBIX NAIMEHTOB 10 CPABHEHUIO CO 3JOPOBBI-
MU JIIOOBMU (pHUc. 1).

Microbial metabolism and homeostasis. The
constant presence of a huge number of saprophytic
and opportunistic microorganisms in the human
body is associated with their metabolic activity,
prompting natural interest due to the possible in-
terference of bacterial products with the metabolic
processes of the host [1-5]. This issue becomes es-
pecially important when dealing with intensive care
patients whose survival directly depends on ade-
quate correction of metabolic disorders. The onto-
genetic mechanisms of microbiota participation in
regulation and maintenance of the human internal
environment have been intensely studied, but still
are underestimated in the protocols of intensive
treatment of critical conditions [5]. International
projects for studying the human microbiome have
confirmed that bacteria inhabit all open epithelial
surfaces, but the main bacterial community resides
in the gut. The total number of bacteria in the mi-
crobiome is 10-100 times higher than that of human
cells, and the number of intestinal microbiota genes
is 150 times higher than that of human genes [2, 3].
Currently, the intestinal microbiota can be studied
in detail by metagenomic sequencing using 168 ri-
bosomal RNA (rRNA) determination [6]. Ironically,
the deeper is our knowledge of the microbiome, the
more is the impression of the immensity and in-
comprehensibility of the «micro-universe» residing
inside a human being. Sometimes clinicians are
scared away by the complexity of microbiome re-
search, which in practice does not encourage new
solutions. Our aims were to simplify the under-
standing of metabolic integration processes and to
maximize the practical implications of key micro-
bial metabolites detection, including their use in the
optimization of clinical nutrition.

The nutrient metabolism in the gastrointesti-
nal tract is a multistage process depending on
many factors, which are significantly altered and
fundamentally different in the critically ill patients
as compared to healthy people (Fig. 1).

More interestingly, the blood concentration of
microbial metabolites in healthy persons is quite
stable regardless of sex, age, season and diet. This
has been demonstrated with aromatic microbial
metabolites (phenylcarboxylic acids) in a study
with over 70 healthy donors [7]. This fact supports
the existence of mechanisms maintaining the sta-
ble concentrations of microbial metabolites in the
systemic blood flow and, consequently, their signif-
icance for the macroorganism.

Microbial metabolites are actively involved in
maintaining homeostasis of a healthy human, in-
cluding endocrine regulation and immune adapta-
tion to microbial loads [8-13]. The role of microbiota
metabolites in various diseases has been intensively
studied in recent years. This issue has been brought
to the attention of specialists in various fields of
medicine due to the potential possibility of control-
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Puc. 1. ®aKkTOpHI, BIAHAIONINE HA MeTA00IM3M MHKPOGHOTHI B 3KeTyJ0YHO-KHIIeTHOM TPAKTe YeJ0BeKa.
Fig. 1. Factors affecting microbiota metabolism in the human gut.

Tem GoJiee MHTEPECHO, UTO B KPOBU 3/I0PO-
BBIX JIIOJIEN KOHIIEHTPAIIMA MUKPOOHBIX MeTabo-
JIITOB JIOCTAaTOYHO CTAOMJ/IBHBI y PA3HBIX JIIOAEH,
He3aBHCUMO OT I10J1a, BO3PaCTa, BpEMEHH To/ia 1
XapakTepa nuTaHusA. Mbl yOeqUINCh B 9TOM Ha
IIpuMepe apoOMaTHIECKUX MUKPOOHBIX METa00JTH -
TOB — (heHMTKapOOHOBHIX KUCJIOT — IIpU 00CJTe-
noBaHUM OoJiee 70 3MOPOBBIX JOHOPOB [7]. ITOT
(paxT yrasbIiBaeT Ha CYI[eCTBOBAaHNE MEXAaHN3MOB,
obecrieunBaOINX B HOPME CTAaOWIbHBIE KOH-
IEHTPAIN MUKPOOHBIX METaOOJIMTOB B CHCTEM-
HOM KPOBOTOKE, U, CJIe[0BaTeIbHO, Ha X 3HAYM-
MOCTb JIJII MAKpOOpraHu3ma.

MwukpoOHbIE MeTa0OJUTHI aKTUBHO ydYa-
CTBYIOT B IOJJiep>KaHNY TOMe0CcTa3a OpraHmama
3JJOPOBOTO YeJ0BEKa, BKIOYAs IHIOKPHUHHYIO
PETyAANNI0 1 UMMYHHYIO aIalTalliio K MUKPOO-
HBIM Harpyskam [8-13]. Posib MeTab0IUTOB MUK-
pOOHOTHI TPU PA3JTMIHBIX 3a00JI€eBAHUSIX MHTEH-
CHMBHO W3y4YaeTcs B OCJETHUE TOIbl. BHUMaHMe
CITeIMaIMCTOB B PA3HBIX 00J1aCTAX MEIUITUHBI K
9TOMY BOITPOCY CBSI3aHO OTEHITUATHEHON BO3MOSK-
HOCTBIO YIIPaBJIATH MaTOJOTHYECKIM IIPOI[ECCOM
OTIOCPEIOBAHO Yepe3 MUKPOOHOTY, C HOBBIMH BO3-
MO>KHOCTAMU B jJieueHuu [14].

B maHHO1 cTaThe 06Cy>RIaeTCs BOIIPOC, IT0Ye-
MY HY>KHO M3y4aTh MEXaHU3MbI I ICTBUA U YIU-
TBIBaTh MeTaA00JIU3M MUKPOOMOTHI B OpTaHU3Me
TSKeJI0-00JIFHOTO TAIMeHTa, M KaKuM 06pasom
CIIeMaIUCThI B 001aCTH KIIMHUYECKOTO TUTaHUS
MOTYT IIPUHSATH B 9TOM CaMO€ aKTHBHOE y4acTHe.

B kauecTBe BBeJEHUs IIpejJaraeTcss pac-
CMOTpEeTh pHC. 2, KOTOPBHIA YCIOBHO MOMKHO
Ha3BaTh epapxueil MmetaboanToB. He HEM TTOKa-
3aHBI MHUIBI U3MEPEHUST MeTab0TUTOB, KOH-
IIEHTPay KOTOPBIX B KPOBU YeJI0OBEKa Pa3Jiu-
YaoTCsI Ha TOPSIKH.

ling the pathological process indirectly through mi-
crobiota, with new treatment options [14].

This article provides rationale for exploring the
mechanisms of action and metabolism of the micro-
biota in critically ill patients, as well as the role of clin-
ical nutrition experts in the patient management.

The basic information is shown in Fig. 2, de-
picting the hierarchy of metabolites and different
magnitudes of metabolite concentration values in
human blood.

Obviously, hormones are found in the blood
at very low concentrations (in pg/l, ng/l, pg/l),
compared to other metabolites. Apparently, other
compounds measured in micrograms and
nanograms should not be considered as substrates,
but as signal molecules with more regulatory func-
tions. Looking ahead, we would like to draw atten-
tion to the fact that aromatic microbial metabolites
(AMMs) also belong to this group, which will be dis-
cussed in more detail below.

This article is not a classic topic-specific review
of literature. The text includes postulates based, in
particular, on the results of our own research. The
readers' attention is drawn to the facts and contra-
dictions that have become quite common in the crit-
ical medicine, but remain unexplained from the tra-
ditional human biochemistry viewpoint.

On hypermetabolic-hypercatabolic syn-
drome. Undoubtedly, treatment of critical condi-
tions associated with organ dysfunction and life-
threatening metabolic disorders is complex and
multifaceted. There are more questions than an-
swers in the debate about nutrient support in sepsis
and multiple organ failure [15]. In the fundamental
intensive care manuals, the authors often make ap-
parently contradictory statements. For example, in
monographs or textbooks on intensive care
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Apomarnyeckne MEKpoGHbIe MeTadomTh (AMM),
mMKr/n  Ipoxaasuuronnn (PCT), Koprusoa
Jlakrar, Buumpyoun, |
C-peakrusHblii 6es10k (CPB)
Mouesuna (0,2-0,4), Kammii (0,172-0,205),
Kaabumii (0,1)
I'moko3a (0,8-1,2), Xoaecrepun (1,8-2,5),

r/a

/i
Dudpunoren (3-6), Kupsi (4-7), Hatpnii (3,1-3,45), Besiok (60-85)

pg/l Estradiol,

angiotensin, glucagon

ng/l Aromatic microbial metabolites (AMM),
procalcitonin (PCT), cortisol
Lactate, bilirubin,
C-reactive protein (CRP)
Urea (0.2-0.4), potassium (0.172-0.205),
calcium (0.1)

g/l

g/l Glucose (0.8-1.2), cholesterol (1.8-2.5), fibrinogen (3-6),
lipids (4-7), sodium (3.1-3.45), protein (60-85)

Puc. 2. CpaBHeHHE HEKOTOPBIX OMOXHMHYECKHX IIOKa3aTe e, MeTaG0INTOB H TOPMOHOB IT0 YPOBHIO H3MEPEHH I B KPOBH.
Fig. 2. Comparison of blood levels of some clinical chemistry parameters, metabolites and hormones.

HarnsgHo mokasaHo, 4To, IO CPaBHEHHIO C
IPYyTUMHU MeTaboJUTaMU, TOPMOHBI OOHAPYKU-
BalOTCA B KPOBHY B OU€Hb HU3KUX KOHIOEHTPAIUAX
(B MKr/a, Hr/a, ur/ma). Ilo-sBunuMoMy, U apyrue
COoeITHEHM ], U3MepsieMble B MUKPOTrpaMMax H
HaHOTpaMMax, CJIe[lyeT pacCMaTpUBarTh He KaK
cyOcTpaThl, a Kak CUTHAJIbHBIE MOJIEKYJIBI, 06J1a-
JAIoIIe CKOpee PETrYJISTOPHBIMUA (PYHKIHUSIMHU.
Heckousibko 3aberast Buepeq;, X04eTcsi 00paTuTh
BHUMAaHUE, YTO K ITOU TPyIIie MPUHATJIEKAT U
apoMarnyeckre MeTaboJUThHl MUKPOOHOTO TTPO-
ucxoxkaenust (AMM), o ueM nmogpobHee OyIeT cKa-
3aHO HIUKeE.

JlaHHas1 CTaThs He SIBJISIETCS KIACCHYECKUM
TeMaTH4eCKMM 0030pOM JIUTeparypsl. B TekcT
BKJIIOYEHBI NOCTYJIaThl, chOpMYJIHUPOBaHHbBIE, B
TOM YHCJIe, HA OCHOBE PE3yJIBETaTOB COOCTBEHHBIX
ncciaeqoBaHnil. Buumanue ynraresei corycu-
POBaHO Ha ABJIEHUAX U IDOTUBOPEYUAX, KOTOPbIE
CTaJqu NPAKTUYECKU IIPUBBIYHBIMU B MEOQUIINHE
KPUTHYECKUX COCTOSTHUMN, HO OCTAJIUCh HEOOBsIC-
HEHHBIMHU C TTO3UNUY TPATUIIMOHHON OMOXUMUU
yeJioBeKa.

O cuHapoMe runepMeTadoIn3Ma — rumnep-
KaTrabonuama. besyciioBHO, IpobJieMa JiedueHusT
KPUTHUYECKUX COCTOSIHUN, COIPOBOYKIAIOIIUXCS
OpraHHBIMM AUCPYHKIUAMHI U KU3HEYTPOKAIO-
MU MeTa00/IMYeCKIMY HAPYIIIEHUSIMH, CI0KHA
¥ MHOTOIpaHHa. B TucKyccuu o HyTpUTUBHOM IO
JEPIKKE TP CETICUCE U MTOJNOPTaHHON HEeI0CTa-
TOYHOCTH OOJIBIIIE BOITPOCOB UYeM OTBETOB [15]. B
(yHIaMeHTaNIbHBIX TPyAaX IO PeaHuMaTOJIOTUHN
aBTOPBI HEPEIKO KOHCTATUPYIOT Ha TEPBHIN B3WIS]
AOBOJIBHO MIPOTHUBOPEYUBLIC ABJICHUA. HaHpHMep,
B MOHOTPaUsIX UK yueOHUKAX IO MHTEHCUBHON
Tepanuu cTaja IPUBbLIYHOU TaKast POPMYIIPOBKA
MeTab0INYEeCKUX IPOLIECCOB KaK CHHAPOM THIIep-
MeTaboJsm3Ma — rurnepkarabosmsma.

Takast IpOTUBOIIOJIOKHASA (MOSKHO CKa3aTh —
B3aMMOMCKJIIOYAIOIIIAsl) HAIPABJIEHHOCTh MeTabo-
JITYECKUX IIPOIIECCOB, KOTOPasi PETUCTPHUPYETCST Y
ManMeHTOB KaK OTBET HA TIOBPEKIEHUS Pa3JIny-
HOH 9THUOJIOTUH, 00BbACHAETCA TUCPETYISITOPHBI-
MU U3MEHEHUSIMU B CUCTEME «aHA00TN3M-KaTabo-
JIN3M», PE3KUM YBeJNUYEeHHEM NOTPeOHOCTU B

metabolic processes in critical illness are commonly
called «hypermetabolic-hypercatabolic syndrome».
This contrasting (if not mutually exclusive)
orientation of metabolic processes seen in patients
as a response to various injuries, can be explained
by dysregulatory changes in the system of «an-
abolism-catabolism», a sharp increase in the need
for energy and plastic material donators, an in-
crease in energy demand combined with the patho-
logical tolerance of the tissues to «common» nutri-
ents [16, 17]. Severe protein-energy deficit resistant
to standard nutritive therapy develops, which can
lead to cachexia and death of the patient [18, 19].
If we consider this process from the stand-
point of microbiota concept, we should postulate
that in critical conditions of abnormal microcircu-
lation, temperature, and gas exchange of mucous
membranes, enterocytes and adhesive symbiotes
suffer from malnutrition, and numerous types of
bacteria can belost [5, 20, 21]. The abrupt reduction
of the microbiota species composition leads to the
breakdown of the «metabolic conveyor» of normal
biodegradation of substrates (nutrients) [22].
Postulate 1. The development of critical illness
along with the other disorders is accompanied by a
dramatic deterioration of the microbiotic environ-
ment. Bacteria have much more developed adapta-
tion mechanisms than eukaryotes, they «switch»
metabolic processes to meet their needs, which leads
to the anabolic-catabolic imbalance in the host.
Notably, nothing of the kind happens in case
of simple starvation, when the organism simply
does not get the necessary nutrients. In case of star-
vation (with preserved microbiota!), an adequate
adaptation reaction of the organism is imple-
mented: the resting energy consumption is re-
duced, gluconeogenesis processes are slowed
down, protein catabolism is reduced. In a common
starvation case, lipids are the main sources of en-
ergy, and the body weight decreases gradually,
without the dramatic disturbances in systems and
organs, to reasonable limits, naturally.
QUESTION: What is the fundamental differ-
ence between these two examples: simple starva-
tion and critical illness?
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JIOHATOpPAaxX 9HEPrUu U MJIACTUYECKOro MaTepuasa,
pOCTOM 3HEPTromOTPEeOHOCTH C MapaslieIbHBIM
pa3BUTHEM ITATOJOTUYECKOU TOJIEPAHTHOCTH TKa-
Hell opraHmaMa K «00BIYHBIM» HyTpHeHTaM [16,
17]. PasBuBaeTcs TsoKesasi 0€JTKOBO-9HEpPreTUYe-
CKasg HeJIOCTaTOYHOCThb, PEe3UCTEHTHasli K CTaH-
JapTHON HYTPUTHUBHOM Tepaluu, YTO MOYKeT IIPU-
BECTH K KaXeKcruu 1 rudesiu mamuenTa 18, 19].

Ecaiu paccMOTpeThb 9TOT MPOIeCce ¢ MO3UINHI
3HAHWUH 0 MUKPOOWOTE, CIeAYEeT MOCTYINPOBATh,
4TO IIPU KPUTUYECKUX COCTOSHHUAX B YCJIOBUAX
HapyluleHUsd MAKPOLUPKYJIALNY, TeMIIepaTyphl U
rasoobMeHa CIM3UCTHIX CTPaJaeT MUTaHNe 9HTe-
POIIUTOB U aATe3UPOBAHHBIX CUMOMOHTOB, IIPO-
HCXOAUT BbINaJeHne MHOTOYMCJIEHHBIX BUJIO0B
bakrepwuii [5, 20, 21]. Pe3koe yrpoliieHre BUJ0BO-
ro COCTaBa MUKPOOUOTHI IPUBOIUT K ITOJIOMKE
«MeTaboJIMIeCKOTO0 KOHBelepa» HOPMATbHOU
duonmerpamanuy cyocTpaTroB (HyTPUEHTOB) [22].

ITocrynar nepBhIil. Pazsumue Kpumuuecko-
20 COCMOSIHUSL HapPsI0Y € U3BECMHbIMU HAPYULeHUSL-
MU 8 OpeaHu3Me Ues08eka conposoicoaemcs pes-
Kum  yxyouieHuem cpedbl. obumanus 0as
Mukpobuomeol. bakmepuu 061a0ar0m sHa4umens-
HO 60.J1ee pas3sumbsiMi MeXaHu3Mamu adanmayuu
10 CPABHEeHUI0 C IYKapuomami, OHU «neperio-
uarom» memadoauueckue npoyeccovl 015 ydose-
meopeHUst coUX nompebHocmell, uno npueooum
K ducbanamcy npoueccos anaboausma u kamabo-
JUIMA 8 OP2AHU3ME XO3AUHA.

Ba)KHO OTMETHUTBH, YTO HUYEro HOL00HOI0 He
OPOUCXOOUT TPU TPOCTOM TOJIOJLAHUHU, KOTHA
OPTaHu3M IPOCTO HE TTOTyYaeT He0OXOTUMbIE eMY
HYTpHUeHTHI. I1pu ronoganuu (B yCJa0BUAX COXpa-
HEHHON MUKPOOHOTHI!) peannayeTcs afleKBaTHast
aIanTallMOHHAS PEAKIINS OPraHnu3Ma: CHUYKAETCSA
9HEPTrOMOTPEOHOCTD MOKOSI, 3aMeJISIIOTCS TIPO-
[IeCChl IVIIOKOHEOreHe3d, YMEeHbIIaeTcsa pacnaj
0esikoB. IIpu OOBIYHOM TOJIOMAHUU B KadeCTBE
OCHOBHBIX WCTOYHHKOB OHEPIUM BBICTYyIAIOT
JAIIAIbI, TPOUCXOIUT ITOCTENEHHOE CHUKEeHUe
Macchl Tesia — 6e3 KaTacTpo(UUeCcKux HapyIie-
HUU B CHCTeMax U opraHax, padyMeeTcss — J0
pa3yMHBIX IpEIeJIOB.

BOIIPOC: YewM ke MPUHIUNNUAIBHO PA3JIU-
YalOTCs 9TU J1Ba IpUMepa — MPOCTOe TOJ0AaHue
OT KPUTHUUYECKOTO COCTOSTHUA?

OTBET: neduiuT HyTPUEHTOB IIPU COXPAHHOU
MHUKpPOOMOTE TTPUBOAUT JIUIIL K «IIePECTPOMKa»
MeTaboJIMIeCKOTO peakTopa B MHTEPEeCcaxX OpraHus-
Ma xo3suHa. [Ipy KpUTUYeCKOM COCTOSTHUAU B yCJI0-
BUSIX THO€JI HOPMaTbHON MUKPOOUOTHI BHI)KHUB-
miue, MeTaboJIMIeCKU -9y KePOTHbIE BUJIbI
OakTepuii (BceM N3BECTHBIE TaK Ha3bIBAEMbIE BO3-
OyauTes i TH(MEKITMOHHBIX OCTI0KHEHUH — TICEB-
JIOMOHATBI, AlITHETOOAKTEPHI, KIeOCUeIThI U 1Ip.),
OBITASICh KOJTOHU3UPOBATh CIAU3UCThIE, aKTUBU-
PYIOT Ipyrue MeTaboJIndecKue My TH, THUITUAPYIOT
pacnaj 6eJ1K0B, OMOTpaHC(OPMAIIII0 AMIUHOKKC-

ANSWER: Nutrient deficiency with the pre-
served microbiota leads only to «rearrangement» of
the metabolic reactor according to the host’s inter-
ests. In a critical illness, when the normal micro-
biota is lost, the surviving, metabolically aggressive
types of bacteria (the infectious agents such as
Pseudomonas, Acinetobacter, Klebsiella spp., etc.),
while trying to colonize the mucous membranes,
activate other metabolic pathways, initiate the pro-
tein catabolism, biotransformation of amino acids
(glutamine, alanine, glycine, etc.) for the synthesis
of polysaccharide matrix (biofilm). Biofilms are
vital for bacteria to control the host organism
through biologically active metabolites and survive
the antibacterial therapy [14, 23].

On hyperglycemia. Another controversial
metabolic abnormality in critical conditions is hy-
perglycemia, when, against logic, both glycogenol-
ysis and gluconeogenesis increase simultaneously.
The increased production of glucose by hepato-
cytes (from lactate, glutamine, alanine, glycine, ser-
ine, glycerol) is not accompanied by insulin synthe-
sis [16]. Hyperglycemia is spontaneous, unstable,
and difficult to correct, and its high variability may
increase mortality, even in patients with average
glucose levels [24]. The administration of exoge-
nous glucose with insulin does not affect the rate of
biochemical reactions [25-27], whereas intensive
control of glucose is associated with almost 4-fold
increase in the risk of hyperglycemia [28-30].

This phenomenon cannot be attributed to the
compensatory reactions of the macroorganism, es-
pecially since hyperglycemia is associated with se-
rious complications [31], and severe hypoglycemia
is an independent risk factor of death [32, 33]. The
failure of regulation mechanisms, interference of
«outside force», namely, a huge starving army of
bacteria, for which glucose is the most important
substrate (see above), can clearly be seen. To prove
and find ways to eliminate this failure, it is neces-
sary to identify those microbial metabolites which
specifically block certain enzymes and disrupt the
coordinated work of biochemical cycles in the liver.
This is a matter of the nearest future [34, 35].

On amino acids. In critical illness, due to the
activation of the alanine-glucose-6-phosphate
cycle, amino acids are mobilized from skeletal
muscles and transported to the liver for glucose
synthesis [16, 36, 37]. Since in hyperglycemia (see
above) the patient's body is not «interested» in ac-
tivation of gluconeogenesis, the microbiota again
acts as a «client» ordering the accelerated muscle
proteolysis [38-40]. As indirect evidence, the non-
uniform utilization of amino acids from the blood
can be expected, i.e. the level of those amino acids
that are of particular interest to bacteria will de-
crease most intensively. This can be easily con-
firmed by studying the aminograms of patients

with sepsis. The decrease in the levels of such
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JIOT (IyTaMUH, aJIaHVH, NIMLYH U AP.) [JI CHHTe3a
MOJINCAXapPUTHOTO MaTpuKca (OHUOIIeHoK). bro-
TUIEHKY KU3HEHHO HeOOXOIUMEBI DAKTepUSIM JJIsT
peanu3anuy MeXaHN3MOB BJIMSHUS HA OPTaHU3M
X03sIMHa Yepe3 OH0JIOrnYeCcKr-aKTUBHBIE METa00-
JIUTBI, B TOM YHCJIe — /151 BBI)KUBAHUS O] IIpec-
CUHTOM aHTHOAKTepHUaJIbHON Tepanuu [14, 23].

O runepriaukemMuu. Emje ofHUM OPOTHUBO-
peunBbIM (hAaKTOM HApPYIIEHUsT 0OMEeHa P KPu-
TUYECKUX COCTOSTHUSIX ABJISIETCS Pa3BUTHE THUIIEP-
IMKEMUU, KOTHAa BOIPEKHU JIOTUKE OGHOBPEMEHHO
YBEJIMYNBACTCA aKTUBHOCTD M INIMKOICHOJIN3a, U
IJIIOKOHeoreHesa, [loBblennas nponyKIus rema-
TOI[UTAMH TUTIOKO3bI (13 TAKUX CYOCTPATOB IIIOKO-
HeoreHesa Kak JIaKkTaT, IJIyTaMWH, aJaHuH, LJI1-
[IVH, CEpWH, IVIUIEPOJI) He CONPOBOKIAETCH
CUHTE30M MHCYJINHA [16]. [uneprnukeMuss HOCUT
CIIOHTAHHBIN, HECTAOUIBHBINA XapaKTep, TPYILHO
MOAJaeTCsI KOPPEKIINY, a BHICOKAasi Bapruadeshb-
HOCTb IJIMKEMHUU MOSKET yBEJIMYUTh CMEPTHOCTD,
JasKe y IalIeHTOB CO CPEITHUM YPOBHEM INIIOKO3bI
[24]. BegeHue 9K30reHHOU IVIIOKO3bI C UHCYJIMHOM
He BJIMsIET Ha CKOPOCTh OMOXUMIYECKUX PEAKITUI
[25-27], a UTHTEHCUBHBIN KOHTPOJIb YPOBHSA IJIIO-
KO3bI IOYTHU 4-KpaTHO YBEJINYUBAET PUCK PAa3BU-
TUA TUIIepriinKeMuu [28-30].

HeB03MOKHO 00'BbSICHUTD 9TO SIBJICHUE IIeJIe-
C000Pa3HOCTHIO KOMIIEHCATOPHBIX PeaKINH MaK-
poopranuama, TeM 0oJiee YTO TUIEPIITUKEMUS
YypeBaTa pa3BUTHEM CEPbE3HBIX OCI0KHEHU [31],
a TsKeJiasi THIOTVIMKEMU ST He3aBUCHMO CBsI3aHa C
pUCKOM JieTaJbHOTO ucxona [32, 33]. ABHO 1po-
cMarpuBaeTcsi cOOl MeXaHW3MOB pPETYJISNH,
BMEIIATeIbCTBO «CTOPOHHEN CUJIbI», a UMEHHO —
OTPOMHOM TOJIOMAIONIEed apMuu OGaKTepui, IJIs
KOTOPOU TJIIOK03a SIBJISIETCA BasKHEWIINM Cy0-
crparoM (cM BhIlre). UTOOBI MOKa3aTh M HAUTU
CITIoco0BI yCTpaHEHUsA 3TOro c60si, HEOOXOIUMO
BBISIBUTH T€ MUKPOOHBIE META00JIUTHI, KOTOPHIE
TOYEYHO OJIOKUPYIOT OTIpefiesIeHHbIe (DePMEHTHI U
HapyIIAOT CAaKEHHYI0 Pab0Ty OMOXUMUYECKIX
IIMKJIOB B IIEYEHH; 9TO JeJI0 CAMOro OJIMKAMIIero
oymymero [34, 35].

006 amuHOKHCH0TaX. OTIMCAHO, YTO IIPU KPU-
TUYECKHUX COCTOSHUAX BCJIEJCTBHE aKTHBAIlNU
[MKJIa aJIaHUH-TII0K03a-6-pocdar aMUHOKHUCIIO-
THI MOOUTUYIOTCS U3 CKEJIETHOW MYCKYJIaTyphl U
TPaHCIOPTUPYIOTCA B II€Y€Hb /151 CHHTEe3a [IIOKO-
351 [16, 36, 37]. IIOCKOJIBKY B yCJIOBUAX FUNEPIIIN-
KeMuu (CM BbIIIe) 60JTLHON OpraHu3M TarueHTa
COBCEM «He «3aHTEePeCOBAH» B aKTUBAIINH [IIOKO-
HEeOoreHe3a, B KA4eCTBe «3aKa3unKa» MPOTrpecCcu-
PYIOLIEro MBIIEYHOI'0 IIPOTE0JIM3a CHOBA BBICTY-
rmaeT MUKpoOmoTa [38-40]. B kauecTBe KOCBEHHOTO
JI0OKA3aTeJIbCTBA MOKHO OKHUIATh, YTO IPU 9TOM
13 KPOBY aMUHOKWCJIOTHI OYAYT YTUIN3UPOBATHCS
HEepaBHOMEPHO, TO €CTh HamOoJiee MHTEHCUBHO
OyleT CHUKAThCS YPOBEHb T€X aMHUHOKHCJIOT, B
KOTOPBIX 0COOEHHO 3aMHTePeCcOBaHbI OakTepuu. B

amino acids as glutamine, alanine, glycine, etc. is
invariably registered in sepsis, while blood concen-
trations of aromatic amino acids remain un-
changed and even tend to rise [36, 41, 42].

On catecholamines. When the normal micro-
biota is lost and replaced by opportunistic bacteria,
the microbial biotransformation of tyrosine is dis-
turbed, and at the same time intermediate metabo-
lites are accumulated in the blood, which negatively
affects the metabolic pathway of catecholamine syn-
thesis. Interference of bacterial metabolites into the
host metabolism contributes to the development of
arterial hypotension and septic shock, which was
previously described in detail in our paper [43].

On mitochondria and energy deficiency. The
condition of these intracellular organelles deter-
mines the energy supply of organ cells and their per-
formance. The abnormal function of organs in criti-
cal conditions was found to be largely determined by
mitochondrial dysfunction [44-46]. However, the re-
search has shown that low molecular weight biolog-
ically active substances produced by bacteria can af-
fect the activity of mitochondria, their shape, size,
and function. Data on the effect of microbial
metabolites on the activity of enzymes involved in
the regulation of protein expression and modifica-
tion in the human body have been accumulating.
Short-chain fatty acids and phenolic acids were
found to act as inhibitors of deacetylation reactions,
causing hyperacetylation, and thus inhibiting the
functions of a number of proteins and enzymes
[47,48]. Reversible acetylation of proteins and en-
zymes is one of the mechanisms for controlling the
metabolic activity of cells, which is responsible for
both deterioration and restoration of the organ func-
tions. Sixty three percent of proteins localized in mi-
tochondria are known to contain acetylated sites. In
addition to activity modulation, acetylation affects
such properties as protein interactions, stabilization,
conformation, and subcellular protein localization.
Among the mitochondrial enzymes which undergo
acetylation, succinate dehydrogenase (SDH), gluta-
mate dehydrogenase, isocitrate dehydrogenase, fatty
acid oxidation enzymes, and some respiratory chain
complexes subunits have been identified [49, 50]. As
already mentioned, these reactions involve microbial
metabolites, i.e. short-chain fatty and phenolic acids.

The «invisible organ» concept. A simple
mathematical calculation gives an idea of the sig-
nificance of the microbiota in the human body in
numerical terms, regardless of its functional value.
The total weight of trillions of bacteria that make
up the human microbiota is comparable, if not
greater, to that of the main vital organs (Table 1).

The significance of microbiota metabolism
cannot be overestimated if their collaboration with
mitochondria is admitted. Each cell contains hun-
dreds and thousands of mitochondria, which rep-
resent up to 25% of the total volume of the cell. The
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9TOM JIETKO YOeaNThCsI, aHAJIM3UPYS aMUHOTPaM-
MBIl TIAIMEHTOB C CEIICMCOM: IIPU CeTCUce
HEN3MEeHHO PerucTpupyercsi CHUMKEHNE YPOBHel
TaKUX aMUHOKHUCJIOT KaK IVIyTaMUH, aJIaHUH, [JIU-
IIVH ¥ JIp., IPY 9TOM KOHIIEHTPAIlUX apoMaruye-
CKUX aMUHOKMCJIOT COXPAHSAIOTCA U JasKe UMEIOT
TEeHJCHIUIO K HAKOIJICHUIO B KpoBHU (36, 41, 42].

O karexosaMuHax. [lokasaHo, 4TO B ycCJIO-
BUSIX JeCTPYKIIUM HOPMaJIbHOI'O COCTaBa MUKPO-
OMOTHI U ee 3aMeIleHNs] YCIOBHO-ITaTOTeHHBIMA
bakTepussMu MUKpoOHass OuoTpaHcdopmamnus
TUPO3UHA HAapYLIAeTCsl, IPU 9TOM B KPOBU HaKarl-
JIMBAIOTCST 00Pa3yIoTCsA TPOMEKYyTOUHbIE MeTabo-
JIUTHI, KOTOpPbIe HETaTUBHO BJIUSIOT HA META00JTH -
YeCcKUM NIyTh CHHTe3a KarexoJaMHHOB. Takoe
BMeIIaTeIbCTBO MeTab0IUTOB HaKTepUil B MeTa-
00JM3M MaKpOOpraHu3Ma CIIoCOOCTBYET pa3BH-
THIO apTepUaTbHOU TUIIOTEH3UU U CENITUUYECKOTO
1II0Ka, YTO paHee JeTaJbHO OMHUCAHO B HaIllel
crarbe [43].

O MUTOXOHJPHSX U IHEPTETUIECKOH HE0-
cTaTO4YHOCTH. OT COCTOSIHUSA 3TUX BHYTPUKJIETOU-
HBIX OpraHeJiJl 3aBUCUT dHepTreTUYecKoe obec-
rnevyeHre KJIETOK OPTaHOB U BBINIOJHEHUE UMU
COOTBEeTCTByIOIIUX (PyHKIUNA. OKa3anaoch, 4TO
HapylieHus (yHKIIMU OPraHOB IIPU KPUTUYECKUX
COCTOSIHUSIX BO MHOTOM OIIPEAeJISIOTCS MUTO-
XOHAPUAJBHON nuchyHKnuel [44-46]. B To ske
BpeMsl, UCCJIeJOBAHUS II0KA3aJId, YTO IIPOIyIU-
pyeMble DaKTepUsAMU HU3KOMOJIEKYIsIpHbIE OHO-
JIOTUYECKU aKTHBHbIE COEIUHEHHsI CIIOCOOHBI
BJIUATh Ha AKTUBHOCTh MUTOXOHAPUH, UX (popmy,
pasMepsl U PyHKIIUKU. HakanauBaloTcs JaHHbIE O
BJIMSTHUA MUKPOOHBIX METabOOJUTOB HAa aKTHUB-
HOCTb (D€PMEHTOB, YYACTBYIOIIUX B PETYIAIUN
9KCITPeCCUU ¥ MOoTU(UKAITUY 0eJTKOB B OpPraHu3-
Me YesioBeka. OOHApPYKEeHO, YTO KOPOTKOIIEIIO-
YeyHbIe YKMPHbIE KMCI0THI U (PeHOTbHbIE KMCII0-
TBI JEHUCTBYIOT KaK WHTAOWTOPHI pearknui
JlealleTUIMPOBaHMs1, BbI3SbIBAs TUIIEPAIIETHINPO-
BaHMeE, U TEM CaMbIM MHTHUOMpPOBaHNeEe (PYHKIUH
psana 6enkoB u pepmenToB [47, 48]. O6parumoe
aneTwIMpoBaHue OeJIKOB U (DePMEHTOB SIBJISIETCS
OIIHUM M3 MEXaHW3MOB KOHTPOJISI MeTaboJmde-
CKOM aKTUBHOCTU KJIETOK, CJI€I0OBaTeJbHO —
OTHUM M3 MEXaHU3MOB PA3BUTH S OPTAHHbBIX JINC-
(pyHKIMN 1, HAIPOTUB, BOCCTAHOBJIeHUS (PyHK-
1y opraHoB. M3BecTHO, 4YTO 63% O€eJIKOB, JIOKA-
JIU30BAHHBIX B  MUTOXOHIPHUAX, COJepsKar
aneTUJNpPOBaHHbIE caliThl. Kpome Mopymnsanuu
AKTUBHOCTH, alleTUJIUPOBAHUE BJIUSET HA TaKUe
CBOMCTBa KaKk Me)KOeJIKOBbIe B3aUMOIEHCTBUS,
crabunusanysi, KOHGOpManusA U CyOKJIeTOUYHas
JIoKasu3anus oesmka. Cpel MUTOXOHIPHUATbHBIX
¢dhepMeHTOB, KOTOPHIE TTOIBEPTAIOTCS ALETUINPO-
BAHWIO, M3BECTHbl CyKLIMHaTAEeruaporeHasa
(CAT), miyTamararugporesasa, i30nUTpaTAern-
poreHasa, GepMeHThbI OKUCJIEHUS YKUPHBIX KHUC-
JIOT, HEKOTOpble CYOBEeIUHUIBI KOMILJIEKCOB

total weight of trillions of mitochondria is appar-
ently impossible to estimate, since mitochondria
are extremely lively and mobile organelles that are
rapidly dividing and being destroyed in response to
changes in the cell's energy demand [51-53].

Postulate 2. Human microbiota and mito-
chondria are functionally interrelated. Together they
form an «invisible organ» responsible for the
metabolic and energetic homeostasis of the body as
a whole.

This «invisible organ» has a number of distinct
differences from other human organs, namely:
both mitochondria and bacteria have their own
unique genetic apparatus (DNA) and protein-syn-
thetic system (ribosomes). These characteristics
make it possible to switch the metabolism «to itself
and against the host» both for bacteria and mito-
chondria under unfavorable conditions and in case
of severe homeostasis disturbances [14].

The functional unification of trillions of mi-
crobial cells and intracellular organelles into a sin-
gle organ is associated with their common ontoge-
netic origin [54]. The progenitors of mitochondria
were found to be related to bacteria that integrated
into eukaryotic cells in prehistoric times. Presum-
ably, these were alpha-proteobacteria of the Rick-
ettsia, Ehrlichia or Anaplasma spp. During the evo-
lution process, they lost their autonomy by
transferring some of their genes to the nucleus of
the cell and became a cellular organelle [55]. The
existing functional relation between mitochondria
and microbiota is assured by bacterial exometabo-
lites, which selectively, under strict liver control,
enter the systemic blood flow and act as signal
molecules [44].

On organ dysfunction. The organ dysfunction in
a critical patient most often indicates a septic process
[56]. Abnormal function of an organ is determined by
individual features, hereditary predisposition, preex-
isting illnesses, etc. In sepsis, one or multiple organs
with numerous variants can be involved in the patho-
logical process. Many authors, emphasizing the role of
intestinal microbiota, call the intestine «a motor» of
multiple organ dysfunction [56-59].

According to the current (2016) international
classification «SEPSIS-3» [60], the dysfunction of
two or more organs must be documented for the di-
agnosis of sepsis.

However, the microbiota is not even men-
tioned in the list of organs and systems either in the
Sepsis 3 classification or in the organ dysfunction
severity assessment scales (SOFA, MODS, etc.).
Meanwhile, this «invisible organ» dysfunction is the
most important pathogenetic component in the
development of sepsis. In the last few years, the un-
derstanding of significance of the microbiota has
led to an overwhelming growth of publications in
various medical areas [12, 13, 40, 61-67]. Despite
the fact that the term «microbiota» is a relatively
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IbIxaTeabHOU nenu [49, 50]. Kak ysxe Ob1710 cKasa-
HO, B 3THUX PEAKIUAX YYaCTBYIOT METa0OJUTHI
MHKPOOHOTO MTPOUCXOKIEHNST — KOPOTKOIIEIIO-
YeyHble ;KUPHbIE U (PeHOJIbHBIE KUCJIOTHI.

KoHuenuusa o «<HeBUAUMOM opraHe». [Ipo-
CTOU MaTeMaTu4eCKui OJICUET JAET IpejcTaBe-
HUE O 3HAYMMOCTH MUKPOOUOTHI B OpPraHu3Me
4eJI0BEKa B YHMCJIOBOM BBIPAsKEHUH, JAKE €CJIU
OTNYCTUTH 32 CKOOKM ee (PYHKIIMOHAJIbHOE 3HAYe-
Hre. COBOKYIIHOCTh TPWJLIMOHOB OaKTepwi,
COCTaBJIAIONINX MUKPOOUOTY YeJI0BEKa, IO CBOE-
My BeCy COIIOCTaBMMa M Ja’Ke IIPEBBIIIAeT Bec
OCHOBHBIX ;KU3HEHHO-BasKHbBIX OPTaHOB (Tab1. 1).

TpyoHO IIepeolleHUTb, HACKOJBbKO 3HAYHU-
MOCTb MeTaboIM3Ma MUKPOOMOTHEI BO3PACTAET,
€CJIU IOIyCTUTh UX COBMECTHOE (PYHKIITMOHUPOBA-
HHME C MUTOXOHJIpUSMU. B KayKI0U KJIeTKe collep-
SKATCSI COTHH U TBICSIYM MUTOXOHIPUI, 00heM
KOTOPBIX COCTaBJISIET 10 25% OT 001Iero o6bema
kJieTKU. CyMMapHBbIN BeC TPUIJIMOHOB MUTOXOH/T-
puii, MO-BUIUMOMY, HEBO3MOYKHO OI[€HUTH, TaK
KaK MUTOXOHJAPUU — YpPe3BBIYAWHO SKUBbIE U
MTOABUSKHBIE OPTaHEJIIbI, OBICTPO JeAININecs U
paspylIamlyecs B 0TBeT Ha U3MEHEHUs dHepre-
THUYeCKOI TOTPeOHOCTH KyieTKHu [51-53].

INoctynar Bropoi. Mukpobuoma u mumo-
XoHOpuu uenosera PyHKEUUOHALbHO 63AUMOCEA3A-
Hbl. Bmecme oHU @opmupyrom «HesUuOUMDbLL
op2aH», 0MeemcmeeHMbLll 3a Memaboauueckull u
IHepeemuU1ecKull 20Meocmas OpeaHu3ma 6 UesloM.

ITOT «HEeBUAUMBIHN OpTaH» 00J1a1aeT psAa0M
BBIpQKEHHBIX OTVINYNH OT JPYTUX OPTaHOB YeJio-
BEKA, a UMEHHO: U Y MUTOXOH/IPUH, U Y 0aKTepUil
MMeeTCs COOCTBEHHBIH, OTIMYHBIA OT OpraHu3-
Ma X03sMHa, reHeTuueckuii anmapar (IHK) u
coOcTBeHHAsA 0eJIOK-CHHTE3UpPYIOIasi CucTeMa
(pubocombl). Takre 0COOEHHOCTU TTO3BOJISIIOT B
HeOJJIaronIpUATHBIX YCIOBUSX, IPHU IPYOBIX HAPY-
IIIEHUsIX TOMEOCTasa IepekraiovaTb MeTaboanu3M
«Ha cebs1 — MPOTUB X03sAWHA» KaK OAKTepUsIM,
TaK U MUTOXOHAPUAM [14].

OyHKIMOHATbHOE 00 beTMHEHNE B eUHBIN
OpraH TPU/JIMOHOB MUKPOOHBIX KJIETOK U BHYT-
PUKJIETOUYHBIX OPTaHe 1 I-MUTOXOHIPUI CBS3aHO C
UX OOIITUM IIPOUCXOKIEHNEM B OHTOTeHe3e [54].
YcTaHOBJIEHO, YTO TIPEIKU MUTOXOHIPUH OTHOCH-
JINCHh K OAKTepUsIM, KOTOPhIE B JOUCTOPUUECKUE
BpeMeHa BHEIPUJINCH B 9yKapUOTUYECKUE KJIET-
k. [IpeamosoKuTeIbHO, 9T0 OBLIN abda-mpo-
TeobakTepum pomoB Rickettsia, Ehrlichia wam
Anaplasma. B ripor1iecce 9BOJIIOIIUY OHU MIOTEPSLIIN
ABTOHOMHOCTb, TepeaB 4acThb CBOUX TeHOB B
ANPO KJIETKU, U CTAJU KJIETOYHOU OpraHesjion
[55]. PyHKIMOHAJBHAS CBA3b MUTOXOHJPHUU C
MHKPOOMOTON COXpaHUIACh U 00eCIedYnBaeTcs
9K30oMeTaboJInTaMu 0aKTEPHUd, KOTOpbIe U30Mpa-
TeJIBHO, II0J, CTPOTUM KOHTPOJIEM IIe4Y€eHH, II0CTY-
MalT B CUCTEMHBIA KPOBOTOK, BBIMOJIHSSA POJIb

CUTHAJIbHBIX MOJIERYJI [44].

Ta6Gsnna 1. BecoBas moJis1 JkH3HEHHO-BaKHBIX Opra-
HOB M MUKPOOHOTHI B % OT MacChI TeJs1a B3pOCJIOro Je-
JIOBeKa BecoM 70 Kr (pacyeTHbIe JaHHbIE aBTOPA).
Table 1. Weight portion of vital organs and microbiota,
% of adult body weight of 70 kg (author's estimates).

Parameters Values of parameters, % of body weight
Kidneys 0.4

Heart 0.5

Lungs 1.4

Brain 2.1

Liver 2.4

Microbiota 1.4-2.9

IIpumeuanue. Parameters — napamerpsr; values of — 3Hade-
Hust; body weight — Bec resa; data from the reference litera-
ture — JaHHBIE CIPaBOYHOM iuTeparypsl; of body weight —
oT maccel Tesna; kidneys — mouku; heart — cepaie; lungs —
Jierkue; brain — mo3r; liver — neuens; microbiota — Mmukpo-
ouora.

new for scientists and physicians, more than 50,000
full-text articles on microbiota, including the re-
sults of randomized double-blind trials, are now
available online through the PubMed query. The
papers not only deal with the microbiota composi-
tion in various diseases, but also frequently address
the global significance of its metabolic activity, its
relation to antimicrobial therapy, complications,
and adverse outcomes [68-79].

What is to be done? Postulate 3. Treatment of
acritical patient at least should not aggravate exist-
ing microbiotic abnormalities. A positive treatment
result is best achieved when all the components are
used to reach a balance of signal molecules of micro-
bial origin. The treatment which does not promote
the restoration of metabolomic host-microbiota bal-
ance is considered inappropriate, organ dysfunction
progresses and the pathological process becomes ir-
reversible. To ensure patient survival, control (mon-
itoring) of the microbiota metabolic activity and its
proper correction are necessary.

Correction of the microbiotic metabolism in
the critically ill patients can be challenging. First of
all, it is necessary to override the long-established
policy of bacterial eradication from the human
body. Most international studies show that more
than 70% of ICU patients receive antibiotics, and in
every third case the prescribed antibiotic is either
inadequate in terms of the spectrum (dose, regi-
men) or not indicated at all [80].

There is an intensive search for effective ways
to «manage» the microbial metabolism.

The study of the metabolic activity of different
types of bacteria in vitro has shown that some of
the anaerobes in human microbiota can actively
utilize intermediate (toxic) products of aromatic
amino acids metabolism to the final metabolites
[81]. Apparently, the deficiency of this necessary
bacteria in intestinal microbiota in critical patients
is one of the factors leading to excessive accumula-
tion of «sepsis-associated» phenylcarboxylic acids
in blood [82].
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00 opranmHoii pauchyHknmu. PassBurne
OpPraHHBIX OUCPYHKIUNA y peaHUMaIMOHHOTO
0OJIEHOTO YaIlle BCETO YKa3bIBAET HA CENTHYECKII
npouecc [56]. Hapymienue (pyHKIMU TOTO WU
WHOI'0 OpraHa oNpeesIsieTcss UHANBUYaIbHBIMU
0COOEHHOCTSIMU, HAaCJIEACTBEHHOM ITPeIPacIioio-
SKEHHOCTBIO, TpeMopOuIHBIM (poHOM U Ap. [Tpu
CeTICHCe YKMCJIO OPTaHOB, BOBJI€YEHHBIX B ITAaTOJIO-
TUYECKUU MPOIIeCC, a TaKKe BApHUAHThI COUeTaHUHN
OPraHHBIX AUCQPYHKIIUA MOTYT OBITH JIIOOBIMHU.
MHorue aBTOpHI, TOAYEePKUBAS POJIb MUKPOOHO-
ThI KUIIIEYHUKA, Ha3bIBAIOT KUIIIEUHUK MOTOPOM
TIOJIMOPTAaHHON AuChYHKIUN [56-59].

ComtacHO COBpPEeMEeHHOH MesKIyHapOogHO!
riaccuduranmm «Cercuc-3» 2016 roga [60], nis
ITOCTAaHOBKHY IMATHO3a CETICHC TO/KHA OBITH TOKY-
MEHTHUPOBaHa TUCQYHKIMS HE MeHee IBYX OpraHOB.

OnmHako MUKpPOOMOTA asKe He YIIOMUHAETCS
B IIepevYHe OPTraHOB U CUCTEM OpTraHU3Ma YeJIoBe-
Ka HU B Kjaccuduranuu «Cerncuc-3», HH B IIIKaJIax
OIIeHKU TSPKEeCTH OpraHHbIX nuc@yHKIui (SOFA,
MODS u np), a BeiJb UMEHHO IUC(HYHKIUS 3TOTO
«HEBUINMOTI'0 OpTraHa» — Ba’KHEHIasa maToreHe-
THUYeCKasi COCTaBJIAIOIIAsA B Pa3BUTHUHU cellcuca. B
nocJieJHYEe HECKOJILKO JIeT IIOHUMaHNe 3SHAYHMO-
CTA MUKPOOHOTHI IPUBEJIO K JIJABUHOOOPa3HOMY
pocTy myO/IMKauii B caMbIX pa3HBIX 00JaCTAX
menunuHel 12, 13, 40, 61-67]. HecMoTps Ha TO, YTO
TEPMHUHOM «MUKpPOOMOTa» yUeHbIe ¥ BpayM CTaTN
M0JIb30BAThCSI CPABHUTEJLHO HE/TaBHO, CETO/THS B
oTBeT Ha 3ampoc B PubMed npemaraercs 6oJee
50 TBIC. TOJTHOTEKCTOBBIX CTATell 0 MUKPOOUOTE,
BKJIIOYAsl pe3y/lbTaThl pPaHIOMH3UPOBAHHBIX
MBOMHBIX CJIETBIX MCCAeM0OBaHUui. B paboTax He
TOJIBKO 00Cy>RIaeTcs (PaKTOIOTHIEeCKUI MaTepu-
a1 00 0COOEHHOCTAX COCTaBa MUKPOOUOTHI IIPHU
pa3IUYHBIX 3a00JI€BaHUSX, HO BCE Yallle CTAaBUTCS
BOIIPOC O T7100aJIbHOM 3HAYeHUH ee MeTaboIuye-
CKOI aKTUBHOCTH, CBSI3b C AHTUMUKPOOHOM Tepa-
rel, pa3BUTHEM OCJIO’KHEHUH W HebJIarompu-
ATHBIM UCXOJI0M [68-79].

Yro nenarsp? Iloctymar Tperuii. JleueHue
PearuMayuOHH020 nayuenma (Kax MUHUMYM) He
00J0ICHO  yCy2yOasmob uMmeloujuecs HapyuleHus
Mukpobuomut. ITonodxicumenvHoiil pe3yiomam 8
JleueHuU Hauboiee 00CMUNCUM NPU YCA08UL, K020a
8ce cocmasasuue 8 mepanuu HanpaeieHsl Ha
docmuoiceHue OANAHCA CUZHANLHBIX MONCKYL MUK -
pobH0o20 npoucxodcdenus. Eciu mepanus He cho-
cobcmeyem 80CCMAHOBACHUIO MemadoI0MHO20
bananca MaxpoopeaHudmMa ¢ Mukpobuomoti, oHa
HeadekeamHua, Op2anHbie OUCHYHKYUU Npopeccu-
pyem u namoJio2uueckull npoyecc cnmaHosumcs
HeobpamumbsiM. /I15 8blocusaeMocmu NAyUeHmMos
Heobx00uMbL cnocobbl KORMpPOJis (MOHUMOPUH2a)
Memadonuweckoll akmueHoCmu MukKpoouomaol u
ee adekeammasi KOppekyust.

MeTonbl KOppeKIuu MeTaboIM3Ma MUKPO-
OMOTHI B OpraHU3Me KpUTUYECKH OOJTBHOTO YeJI0-

At the beginning of the 20" century, Ilya Mech-
nikov pointed out the impact of substances pro-
duced by normal microflora on human life and
health. Further development of his ideas has led to
the creation of a group of drugs based on living nor-
mal human bacterial cultures or probiotic prod-
ucts. So-called useful bacteria have made their way
into our lives as drugs and supplements, which is
extensively covered in the literature. As for intensive
care patients, the number of studies of bio prepa-
rations in ICU was significantly restricted for sev-
eral objective reasons, including

e difficulty of conducting the randomized
blind clinical trials in the ICU (where the risk of
death is high) due to issues with gaining informed
consent and other ethical aspects,

* necessity of comparable homogeneous pa-
tient groups for obtaining the objective results,
which is also difficult in intensive care

e reasonable doubts about the appropriate-
ness of using live probiotic cultures combined with
antibiotic therapy

* high probability of intestinal barrier failure
in critical conditions, translocation of the enterally
administered probiotic bacteria into the blood with
unpredictable consequences.

An additional «obstacle» for progress in this
area was created by negative results of a random-
ized double-blind controlled trial of a lactobacillus
preparation (in combination with prebiotic) in pa-
tients with pancreatic necrosis: the mortality rate
in the group receiving the biologic drug was higher
than in the controls [83]. This fact suggests that the
prescription of biodrugs in ICU requires serious
consideration and objective control.

In the last fewyears, the growing number of pub-
lications on the efficacy of biologics (prebiotics, probi-
otics, synbiotics, and metabiotics) in the ICU became
available [84-88]. The literature discusses various ways,
the most obvious of which is replacement therapy with
probiotics, prebiotics and/or metabiotics. These ap-
proaches indeed can be considered as a component of
replacement therapy, but the results obtained with the
use of biologics can only be trusted if the requirements
for a comparative randomized trial are met. One of the
most recent meta-analyses done in 2017 [65] on the use
of microbiome-oriented therapy in the perioperative
period summarizes the data from 31 randomized trials
with more than 3,000 participants. The best results
were obtained using the so-called synbiotic therapy
(probiotics together with prebiotics). A significant de-
crease in the frequency of wound infection, postoper-
ative pneumonia and sepsis was shown, but none of
the studies managed to alter the mortality rate. Other
authors suggest the use of plant polyphenols as a sub-
strate for the bacterial transformation into biologically
active metabolites [89].

The significant abnormalities of intestinal mi-

crobiota species diversity in ICU patients obviously
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BEeKa — 3ajada He u3 Jerkux. IIpeskne Bcero,
HY’KHO IIPEOJOJIeTh YCTOSBIIYIOCS 34 MHOTHE
roJbl YCTAHOBKY HAa dpaguKaIUAi0 O0aKTEpUi U3
opraHu3Ma 4eJjioBeKa. B 00IbIIMHCTBE MesKTyHa-
POIHBIX HMCCAeIOBAaHUU MoKa3aHo, uto B OPUT
6osee 70% MaNMEHTOB MOJTYYAOT AHTUOMOTHKY,
IIPXA 9TOM B Ka)KJIOM TpPeTheM CjIydae Ha3Ha4deH-
HBIM aHTUOWOTHK HealeKBaTeH 110 CIIeKTPY/ mo3e/
pesruMy, 1100 BOOOIIE He TToKa3aH [80].

Wner WHTEHCUBHBIA IIpollecC IIOMCKA
3((DEKTUBHBIX CIIOCOOOB «IHPUKUPOBAHUSI»
MHUKPOOHBIM METa00JIM3MOM.

IIpu n3yyeHnn MeTaboIMIeCKON aKTUBHO-
CTH pPa3HBIX BUJOB OaKTEpUil in vifro mokasaHo,
YTO OTAEeJbHBIE aHA9POOBI U3 COCTaBa MUKPOOHO-
THI Y€JIOBEKA CITOCOOHBI aKTUBHO YTUJIN3UPOBATh
IIPOMEKYTOYHbIE (TOKCHYHBIE) IPOLYKThI MeTa-
fonMamMa apoMaTUYeCKHMX aMHUHOKHCJIOT J0
KOHEUHBbIX MerabonuToB [81]. Ilo-BHauMowmy,
neUIAT TAaKUX HYKHBIX OAKTepUU B COCTaBe
MHUKPOOMOTHI KUIIEYHUKA Y peaHuMaliOHHBIX
MaIeHTOB — OJVH 13 (h)aKTOPOB, IPUBOIAIINN K
M30BITOYHOMY HAaKOTIJIEHHIO «CETICHC-aCCOIMUPO-
BaHHBIX» (PEHNTKAPOOHOBBIX KUCJIOT B KPOBH [82].

Eme B Hauase XX Beka 1. 1. MeuyHukoB o6pa-
TWJI BHUMaHWeE Ha BJIMAHUE BeIleCTB, IPOAYLIY-
pyeMBbIX HOpMaJIbHOU MUKPO(JIOPOH, Ha YKU3He-
JIesATeJIbHOCTh ¥ COCTOSIHUE 3[J0POBbS OPraHu3Ma
yeJsioBeKa. JlasnbHellllee pa3BUTHe 9TUX Ulel ITpU-
BeJIO K CO3[JaHUIO 11eJI0H I'PYIIIbI IpenapaTroB Ha
OCHOBE SKUBBIX KYJIBTYp OaKTepUil HOPpMaTbHOU
MUKpPOQJIOPHI YesI0BeKa MU IIPOAYKTOB — IIPO-
O6moTHKOB. Tak Ha3bIBaeMbIe IMOJIE3HbIEe OAKTEPUH
aKTHMBHO BOIIJIA B HAIIly Y)KU3Hb B BAJIE IIperapa-
TOB U OMOJIOTUYECKUX TOOABOK, UM ITOCBSIIEHA
obmmpHas auTeparypa. UTo Kacaercsi peaHuMa-
[IMOHHBIX MTAIIIEHTOB, YK CJI0 UCCJIeI0BaHUH O1O-
npemapatoB B OPUT OB CyIieCTBEHHO TUMUTH -
pOBaH 110 PsAAY 00BEKTUBHBIX IPUYHH, TAKAX KaK:

* B PEAaHMMATOJIOTMH IIPU BBICOKOM PHUCKE
JIETAJIbHOCTH IIPOBEIeHNE CPaBHUTE/IbHBIX paH-
JOMU3HPOBAHHBIX CJIENBIX UCCJIEJOBAHUN CBsI3a-
HO C TPYIHOCTSIMU ITOJTy4eHUsI ”H(POPMUPOBAaHHO-
T'O COWIACHSI U APYTUMHU ITHIECKUMHI IIPOOJIEMaMU;

* 11 00BEKTUBU3ANNH PE3YJIBTAaTOB Tpe-
OyIOTCsI COTTOCTaBUMbIE OTHOPOTHBIE TPYIIIIHI TTAITH-
€HTOB, YTO TaKyKe 3aTPyAHEHO B PEaHUMAaT0JIOI1Y;

° TIpaBOMEpHbIE COMHEHUS B I[eJIeco0Opas-
HOCTH NIPUMEHEHUS SKUBBIX KYJIBTYp MPOOHOTH-
KOB Ha (pOHE aHTUONOTHUKOTEPATINH;

* BBICOKAas BEPOATHOCTb HECOCTOATEJIbHO-
CTH KUWIIEYHOTO Oaphepa IpPH KPUTUUECKUX
COCTOSIHMSIX, TPAHCJIOKANMs B KDOBb BBEICHHBIX
9HTEpaAJIbHO OAKTEPUI-TIPOOUOTHKOB C HETpe-
CKa3yeMbIMH IIOCJICICTBUSAMU.

JIOTIOJTHUTESIBHBIM «TOPMO30M» B PA3BUTHUU
9TOT0 HAIIPABJIEHUsI ITOCJTY;KWUJI HEraTUBHbBIN pe3yiib-
TaT OJJHOTO M3 3apyDe’KHBIX NCCIIeJOBaHMH (paHI0-

MHU3HUPOBAHHOE, ,HBOP'IHOE, CJIeTioe, KOHTPOJINpye-

need to be corrected, but how can this be done
most effectively? Experts sometimes completely
disagree on this issue, suggesting that efforts
should be made in two quite different directions, as
e.g. fecal transplantation or selective decontamina-
tion. The discussion of this problem should be re-
visited some time later, after the new data become
available, since the effectiveness of selective decon-
tamination has already been well studied [90-95],
while the technologies of fecal transplantation are
still very controversial and require a time check
[96-98]. The FDA has already warned openly about
the risk of transmitting dangerous bacteria with
multiple antibiotic resistance to the recipient from
the donor [99].

On novel antimicrobial therapy options. Tra-
ditionally, the main goal of systemic antibacterial
therapy in sepsis is to eliminate the so-called
pathogens that are currently dominating the infec-
tion site and directly activating the inflammatory
cascade. However, it is now understood that the real
goal is not limited to controlling the number of bac-
teria. The primary goal is to minimize the func-
tional (metabolic) activity of dominating microbes
in order to reduce the entry of «toxic» metabolites
into the systemic blood flow [14]. Antimicrobial
therapy aimed at the dominating pathogen should
not aggravate the current abnormal function of the
«invisible organ», but, on the contrary, should pro-
mote its normalization. The prospects for antibiotic
therapy are to develop new treatment regimens and
combinations for achieving this goal using prefer-
ably the «old» antibiotics.

The majority of antibiotics used in intensive
care are beta-lactams (semi-synthetic and com-
bined penicillins, cephalosporins of all generations,
carbapenems, monobactams), and their main ac-
tion mechanism is the disruption of the bacterial
cell wall synthesis. The choice of antibiotics today
is based solely on their ability to prevent bacterial
growth/proliferation. The clinical principles of an-
tibiotic selection today do not take into account
their ability to influence the metabolic activity of
specific pathogens and microbiota of the patient in
general.

The metabolomic approach to sepsis and the
possibility to evaluate the evolution of the process
using an integral index (the level of aromatic
metabolites) will make it possible to use the antimi-
crobial therapy regimens based on antibiotics with
different mechanisms of action in the treatment of
septic patients [14, 100-102]. For example, to regu-
late the metabolic activity of bacteria, one would
need antibiotics that interfere primarily with the
synthesis of microbial cell proteins, since metabolic
pathways are switched with the help of enzymes of
protein origin. Aminoglycosides, macrolides, tetra-
cyclines, and levomycetin are known to have this
mechanism of action, but these groups of antibi-
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MO€) 0 IIPUMEHEHUIO TTpernapara Ha OCHOBE JIAKTO-
OakTepwi (B KOMOMHAIMY C TPEONOTUKOM) Y TIAITH-
€HTOB C IaHKPEOHEKPO30M: JICTAJIbHOCTD B I'PYIIIIE,
TOJTyJaloIel Grompenapar, OKkasausach BhIIIE, YeM
B KOHTpoJI€ [83]. ITOT (paKT yKasbIBaeT, 4YTo Ha3HaYe-
Hue 6uonpemnaparoB B OPUT TpebyeT cepbe3HOTO
OTHOIIIEHUS 1 00 bEKTUBHOTO KOHTPOJTS.

B mocnenHue HECKOJIBKO JIET PACTET YUCIIO
MyOIMKANIAN B 3apyOeKHOM JTUTeparype O MOJI0KHU-
TeJIbHBIX 3hheKTax MpUMeHeHNsT OMOTIPeIaparToB:
MPeONOTUKOB, MPOOUOTUKOB M CHHOWOTHKOB U
merabmornkoB B OPUT [84-88]. B mumreparype
00CYKIar0TCsT pas3Hble Iy TH, Han0oJIee OUeBUTHBIN
U3 KOTOPBIX — 3aMeCTUTeJIbHAs TePaIusi C Ipume-
HeHNeM MPOOMOTUKOB, MPeOUOTUKOB 1/ WJIN MeTa-
OMOTHUKOB. ITU TEXHOJIOTH MOKHO pacCMaTpUBaTh
KaK 9dJIeMEeHT 3aMeCTUTeJbHOU Tepanmuu, HO K
pesyssraraM, IIOJy4YeHHBIM IIpA HCIIOJIb30BaHUU
OuormperaparoB, MOKHO OTHOCHUTBCSI C JIOBEPUEM
JINIIIb TIPU  YCJIOBUU COOJTIONEHUsT TpeOOBaHMUH
CPaBHUTEJIHLHOIO PAHIOMU3UPOBAHHOIO UCCJIEI0BA-
HUA. B 0omHOM M3 moCJIeIHUX MeTa-aHaInu30B 2017 T.
[65] IO TPUMEHEHUIO MUKPOOMOM-OpUEHTHPOBAH-
HOI TepaIH B IIEPHUOIIePAIIIOHHOM ITeprofie 0006-
IIIeHbI TaHHbIe 31 paHIOMU3UPOBAHHOIO UCCJIENI0-
BaHUs, 00Illee YMCJI0 BKJIIOYEHHBIX ITAllMeHTOB —
Oostee Tpex ThICsY. [ToKasaHO, YTO HAMJIYYIIHE
pesysibrarbl [OJY4YeHbl IIPA MCIIOJIb30BAHUMU TaK
Ha3bIBAEMOII CHHOMOHTHOU Tepanuu (IIPOOUOTUKHA
BMecTe C TpebroTnkamu). [TokasaHo J0CTOBEpHOe
CHIKEHUE YaCTOThI paHeBOU MHQEKIINH, TTOCIeore-
pallMOHHBIX ITHEBMOHUM U CEICHCca, OJHAKO HU B
OJTHOM M3 MCCJIeJOBaHNI He yAaI0Ch OBJIUATh HA
TI0Ka3areJib JICTAJIbHOCTHU. [Ipyrue aBTopbI IIpesJia-
ralT MpPUMeEHEeHNEe PACTUTEJbHBIX MOJIU(EHOOB
Kak cyocTpara aJ1si TpaHcopMaIiy OaKTepusiMA B
OMOJIOrMYECKU-aKTUBHbIE MeTa00JINTEI [89].

BrIpaskeHHBIE HapylIeHNA BULOBOIO pa3Ho-
006pasusl KUIIeYHOH MUKPOOHOTHI Y MAallEHTOB
OPUT, 6e3ycI0BHO, HY3KIAIOTCSI B KOPPEKIIUH, HO
Kak 9To caeJsiaTh Hanbosiee appekTuBHO? B 9TOM
BOIIPOCE MHEHU S 9KCIIEePTOB MHOTAA PACXOATCS
KapAWHAJIbHO, IIpeJJiarasi HallpaBUTh yCUJINAA B
IBYX OYEHb PAa3HBIX HAIIpaBJICHUAX, HAIIpAMeED,
TakuX Kak (ekasbHasd TpPaHCIJAHTAUA WU
ceJIEKTMBHAsI eKOHTaMuHAIsA. K 00CcykIeHnio
9TOM MPOO6JIEMBI 11E7IECO00PA3HO BEPHYTHCS Yepes
HEKOTOPOe BpeMs, IT0CJIe NOsIBJeHN S HOBBIX JTaH-
HBIX, TaK Kak 9(P@PEeKTUBHOCTb CeJIEKTUBHOU
JEeKOHTAMUHAIIUU yKe XOpoIIo udydyena [90-95], B
TO BpeMsi KaK TEXHOJIOTWU (peKasbHOU TpaHCc-
IJIAaHTAIlUM TTOKa OYeHb CIOPHBI, TPEOYIOT Ipo-
Bepku BpeMeHeM [96-98], a FDA yske OTKpBITO
MpeaynpexaaeT O pUCKe Iepefady peuIIueHTy
OT JJOHOPA OITACHBIX HaKTEPUI C MHOKECTBEHHOM
AHTUOMOTUKOPE3UCTEHTHOCTHIO [99].

O HOBBIX BO3MOKHOCTSIX aHTHMHUKPOOHOH
Tepanuu. TpauIIMOHHO 3a/1a4a CUCTEMHOU aHTH-
OakTepHraILHOU Teparnuy IIPU CETICUCe HaIlpaBJie-

otics are not popular today either in surgery or in
intensive care.

We have described a novel approach to an-
timicrobial therapy as a targeted regulation of mi-
crobial signaling molecules. The new antibiotic
therapy regimens will be oriented towards
organoprotection, as the treatment guided by the
monitoring of the aromatic metabolites level will
allow preventing the progression and development
of the organ dysfunction. Antibiotic therapy regi-
mens for targeted regulation of microbial signaling
molecules are under development and stand ready
for clinical testing.

Postulate 4. The severity of metabolic disorders
associated with «invisible organ» dysfunction (mi-
crobiota and mitochondria) in intensive care pa-
tients can be evaluated objectively using blood pro-
file of the aromatic signaling metabolites, which can
be utilized as an integral indicator of metabolomic
condition in sepsis.

The strict specialization of microbiota for var-
ious biological areas (gut, oropharynx, skin, uro-
genital tract, etc.) and incredible variability in re-
sponse to many factors (concentration of oxygen,
nutrients, pH, etc.) make the study of the metabolic
process particularly challenging. The study of
metabolomics in sepsis revealed the most signifi-
cant metabolites for sepsis [102], which can be
measured as an integral indicator in the blood
serum and helps control the direction of the septic
process and treatment efficacy using the degree of
deviation from the reference values.

Table 2 presents a brief description of four key
aromatic metabolites that proved to be the most
clinically, pathogenetically, and diagnostically sig-
nificant among hundreds of other low-molecular
substances of different classes studied [101].

Thus, microbiota dysfunction manifests, on
the one hand, as an increased output of certain mi-
crobial products being a result of high microbial
load combined with pathological colonization of
gut by bacteria involved into the septic process. On
the other hand, the microbial biodegradation of the
excess hormones and other endogenous biologi-
cally active substances necessary for the homeosta-
sis maintenance is impaired. The reason for this is a
defect in the species diversity of intestinal bacteria,
particularly the lack of indigenous anaerobes. The
altered profile of aromatic metabolites in the blood
representing multiple impaired functions of the «in-
visible organ» is indeed an integral indicator.

Conclusion

A novel understanding of the role of human
microbiota will soon lead to a major revision of ap-
proaches to adequate compensation for energy loss
and nutrient deficiencies in critical conditions. In
order to increase the efficiency of patient manage-
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Table 2. Key aromatic microbial metabolites used for monitoring in ICU.

Name Abbreviation Function under normal conditions Changes in sepsis

Aromatic microbial AMM Always present in the blood, maintains Severely impaired AMM profile
metabolites the microbiome-metabolome balance

Phenylpropionic acid PhPA The final product of phenylalanine metabolism Absent in the blood of patients

by anaerobic bacteria of microbiota. Lipophilic,

with sepsis

easily penetrates into the cells and mitochondria,
regulates the activity of mitochondria, increasing
the active oxygen species production, modifies
the thiol groups of proteins and enzymes

p-Hydroxyphenyllactic ~ pHPhLA Hydrophilic, in low concentrations is constantly Significantly elevated in blood,
acid present in the blood, indicates tyrosine metabolism. interacts with the cell membrane,
Intermediate metabolite of intestinal microbiota. disrupts the metabolism
Maintains the microbiome-metabolome balance, of arachidonic acid, reduces
has a «useful» anti-inflammatory effect similar the phagocytic activity
to antiprostaglandins in the gastrointestinal of neutrophils, correlates
tract lumen. with mortality.
p-Hydroxyphenylacetic p-HPhAA Hydrophilic, the final product of the alternative Together with the metabolites
acid pathway of tyrosine endogenous metabolism. of its microbial biotransformation
Usually absent in the blood. it suppresses the activity of enzymes
(tyrosine hydroxylaze), disrupts
the synthesis of catecholamines
and contributes to the development
of septic shock.
Phenyllactic acid PhLA Lipophilic, biotransformed by intestinal microbiota Its elevation in the blood is a bad

into PhPA. Its excess is metabolized in the liver

by conjugation.

prognostic sign (development
of liver dysfunction?)

Ha Ha 3JJMMUHAINIO TaK Ha3bIBaeMbIX BO30yaUTE-
Jeu, JUAUPYIOUIMX B JAHHBIA MOMEHT B Od4are
WH(MEKINNA, U HEMOCPEJCTBEHHO PeaTM3yIOIIIX
AKTHUBALMIO BOCIIAINTEIBHOTO KacKkaaa. OlHaKo B
HacTosilllee BpeMs IPUXOAUT ITOHWMAaHUWE, YTO
peaJibHasd 1eJIb COCTOUT HE TOJIBKO (a BepHee, He
CTOJTBKO) B TOM, YTOOBI MTOBJIUATH HAa KOJIMYECTBO
OakTepunii. 3aaya HOMepP OOUH — MUHUMHU3UPO-
BaTh (PYHKIIMOHATHHYIO (META0OJIMIECKYTI0) aKTHB-
HOCTb MUKpPOOOB-JINIEPOB, YTOOBI YMEHBIIUTH

MTOCTYTJIEHNE B CHCTEMHBIN KPOBOTOK «TOKCHY-
HBIX» MeTa00nTOB [14]. BaykHO, YTOOBI AHTUMUK-
pobHas1 Tepanvisi, HarpaBJIeHHAs Ha JTUIAPYIOIIET0
BO30yamuTEsIsI, HE YCYTy0JIsijia MMEIONIyIoCcs JVC-
(pyHKIHIO «HEBUAMMOIO OpraHa», a HAl[POTUB —
criocob6cTBOBaIa HOpMaIU3aIuu. [lepceKTUBBI
AHTHOMOTHKOTEPANINM COCTOST B pa3paboTke
HOBBIX PEKMMOB U KOMOWHAIWI, MPUMeEHEeHUe
KOTOPBIX 00€CIIeYnT BBITIOJTHEHNE 9TON 3a7a4u. B
TOM YHCJIe — Ha OCHOBE «CTaPhIX» aHTHOMOTHKOB.

H3BecTHO, 4TO OOJIBIIIMHCTBO aHTUOWOTH-
KOB, TPMMEHSAEMBIX B peaHUMaTOJIOTUH, OTHOCST-
cs K 6eTa-sakTamMaM (TI0JTyCUHTETUYECKIE U KOM-
OMHMpPOBaHHbBIE TEHUITUIJIUHEI, e aT0CITOPUHBI
BCeX MTOKOJIEHUH, KapOarneHeMbl, MOHOOAKTaMBI),
a OCHOBHOM TOYKOU MPUJIOMKEHUS NX aHTHOAKTe-
pHaJBFHOM aKTUBHOCTH SABJSETCS HapylleHue
CUHTEe3a KJIETOYHOHN CTEeHKHM OakTepuil. Bribop
AHTHUOMOTHKOB CETOHS CTPOUTCS UCKJIIOUNTEITh-
HO Ha OCHOBE WX CITOCOOHOCTH IpeIOTBPAIaTh
poct/pa3MHOkeHrne OakTtepuii. [Ilpm BBIOOpE
AHTHUOMOTHUKOB CETOHS B KJIIMHNUKE HUKaK He YIu-
THIBAETCS MX CIIOCOOHOCTH BIVATH HA META00H -
YeCKyI0 aKTUBHOCTHh KOHKPETHBIX BO30yauTeIel
1 MUKPOOMOTHI MaIllieHTa B IeJI0M.

ment and rehabilitation, the new solutions will be
found for active control of metabolic processes
through subordination of bacterial metabolism to
the benefit of the host [103, 104]. Antibiotics and
bio-drugs will be used in a targeted manner, guided
by key microbial metabolites levels and using avail-
able laboratory monitoring methods. Develop-
ments in this area in the intensive care setting will
have a crucial impact on the future critical care
medicine.

MeTaboI0MHBI TTOIXOM K TTpobJieMe cericruca
¥ BO3MOKHOCTB OLIEHUBAaTh TUHAMHKY IPOIECCa C
IIPUMeHEHeM HHTErPaIbHOTO TIOKa3aTeJIst (YPOBHS
apOMaTUYeCKUX MeTabOJIUTOB) ITO3BOJIUT B IIEp-
CIIEKTUBE IPUMEHATH B JIEYEHUU CEINTUYECKUX
MaIeHTOB PesKUMbl aHTUMUKPOOHOU Tepamnuuy,
IIOCTPOEHHbIE HA AHTUOMOTHKAX C APYyIr'MU Mexa-
HU3MaMu ferictBus [14, 100-102]. Hampumep, ais
perynsanuu MeTabo/IMuecKod akTUBHOCTH OakTe-
puil TIOHAMOOATCS AHTUOMOTUKY, HAPYIIAIOIINE
TIpesK/ie BCero CMHTe3 0e/IKOB MUKPOOHOH KIIETKY,
TaK Kak IepeKIoueHrne MeTaboIMYeCKHX IyTel
IIPOUCXOIUT C y4acTUEM (PEPMEHTOB, TO €CTh COEIH-
HeHUd 6eJTKOBOY MpUpoabl. Kak M3BeCTHO, ITUM
MEeXaHU3MOM JIEWCTBUsI 00J13/1al0T AMUHOTTIMKO3H-
Abl, MAKPOJIUbI, TETPAIUKJINHBI, IEBOMULIETUH, HO
9T T'PYNIIbI aHTUOWOTHKOB CETO/IHS KaK pa3 He
TOMYJIAPHBI HU B XUPYPryuv, HU B pEaHNMaTOJIOTUN.

HoBblii TOIX0 K aHTUMUKPOOHOH Tepanuu
Ha3BaH HaMU IlieJleHalpaBJIeHHON peryasnuei
CUTHQIBHBIX MOJIEKYJI MUKPOOHOTO ITPOUCXOSK]IE-
HUA. HOBBIE pesKIMBI aHTUOMOTHKOTEPAITNY OY/IyT
HallpaBJIEHbI Ha peaJJn3alniio IpUHIUIIa Opralo-
MPOTEKIIVH, TAK KAK JIeUeHHe 10/ MOHUTOPUHIOM

GENERAL REANIMATOLOGY, 2019, 15; 6
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Tabsauia 2. KirroueBbie apoMaTuyeckue MUKPOOHbIE MeTa00MThI JJiA MOHUTOPUHTA B OPUT.

Haspanue AGOpeBHaTypa DyHKLIHA B HOpMe Oco0eHHOCTH IIPH cencuce
Pycck. Anru.

ApoMarn4decKue AMM AMM  Bcerga npucyTCTBYIOT B KPOBH, ITpoduae AMM rpy6o

MHKPOOHBIE obecrieynBaroT 6aIaHC MEKpOOHOMa HapyIlIeH

MeTabOoJIUThI 1 MeraboJioMa

DeHnI-Iponno- PIIK PhPA  KoHeuHBII IPOAYKT MeTa0o/n3Ma (peHnIaaniia  [Ipu cencuce IpakTUYeCKI

HOBas KUCJI0Ta

AHa’9POOHBIMU OAKTEPUSIMU MUKPOOHUOTHI.
JIumoduabHass — JIETKO TPOHUKAET BHYTPh KJIETOK
¥ MATOXOHJPHH, PETyIUpyeT aKTUBHOCTh MUTOXOH-
JIPUi, HOBBIIIAET IPOAYKIIMIO AKTUBHBIX (hopM
KHUCJIOPOZIA, CIIOCOOHA K MOAU(PHUKAIIUHI THOTOBBIX
rpymi 6esIKoB U (hpepMeHTOB

OTCYTCTBYET B KPOBU

n-I'napokcu-
¢ eHmII-MOJTOUHAs
KUCJI0Ta

n-T®MK p-HPhLA

TunpodunpHasi. B HUBKUX KOHIIEHTPAIHSIX BCETIa
MIPUCYTCTBYET B KPOBH, OTPAKAET HOPMAJIbHBIH
MeTabo/IM3M TUPO3HHA. SIBJIAETCA IPOMESKYTOUHBIM
MeTabOoTUTOM IIpH OUOerpaalliy TUPO3UHA KHUIIIe-
YHOU MUKpO6UOTON. [Toaep krBaeT 6aaaHC MUKPO-
6moma u Merabosioma, B mipocBere JKKT okasbiBaer

3HAYUTEIBHO MTOBBIIIIEHA
B KPOBHU, B3aMOJIEHCTBYET
c MeMOpaHO¥ KJIETOK,
HapyIaet MeTaboIn3M
apaxuI0HOBOI KHCJIOTHI,
CHIIKaeT (paronuTUpHyIo

«I10J1€3HBIN» TIPOTUBO-BOCHAIUTETBHBIN 3 PeKT
10 TUMY «aHTU-TIPOCTATJIAHIUHOBOTO»

AKTHUBHOCTb HEUTPODUIIOB,
KOPPEJIPYeT C JIeTaTbHOCTHIO

n-I'ugpokcude-
HUJI-yKCyCHAsI
KHCJIOTa

n-I'dYK p-HPhAA

I'uppodunpHas. KoHeuHbI IPOAYKT ajlbTepHAaTUB-
HOTO IIyTU 3HJOT€HHOI'0 MeTaboJ1i3Ma THPO3UHA
OOBIYHO OTCYTCTBYET B KDOBH.

[1-T®VYK u MeTaboJIUTEI ee
MUKpOOHOU 6uoTpanchop-
Malli1 [O/IaBJIAIOT aKTUBHOCTh
¢depMeHTOB (TUPO3UH-TUAPO
KCHJIa3y), HapyIIaloT CUHTe3
KarexoJJaMIHOB, CIIOCOOCTBYIOT
Pa3BUTHUIO CEITUYECKOTO IIOKA

DeHUIMOJIOYHAST DMK PhLA

KHCJI0Ta

JlunodunwvHas. ITonsepraercst ouoTpaHchopManumu
MHKPOOHOTOM KuiieuHunka 1o PIIK.
130BITOK KOHBIOTUPYETCA B [I€YEHHU.

INoBbl1IeHNEe B KPOBU — IIJIOXOH
NIPOTHOCTUYECKUH IPU3HAK
(HanpuMep, NpUCOeIUHEHNE
IUCGHYHKIINY IIe4eHNn)

YPOBHSI apOMaTUYeCKUX META00JUTOB TTO3BOJUT
MPEOTBPATUTH POTPECCUPOBAHUE YKe HMEI0-
OIUXCA U IMIPUCOEAVMHEHE HOBBIX OPraHHbIX OUC-
(bysrIUi y ManuenTa. Pe)kMbI aHTHONOTHKOTEPA-
MUY JIJTs1 TeJIeHaNpaBIeHHOM Pery/Isiiiuy YPOBHS
CUTHATBHBIX MOJIEKYJT MUKPOOHOTO MTPOUCXOK]IE-
HUSI HAXOAATCS B CTAAUU PaspabOTKU U SKAYT
Pe3yJIBTaToB KJIMHUYECKOU anpoOaIuy.

Iocrynar yerBepThIii. CrmeneHb memabosiuye-
CKUX HapyuleHUll, C8s13aHHblX ¢ OucyHK el «HesU-
0umo20 opeara» (MUKpobUONbL U MUMOXOHOpUIL) ¥
PeanuMamonosuteckux nayueHnmos MO*CHo 00o-
eKMUBHO OUEHUMb N0 NPOPUIIO CUHAILHBIX Mema-
00UMO8 APOMAMUUECK020 CIPOEHUSL 6 KPOBU NALU-
eHma, UCNONb3Ysi e20 6 Kauecmee UHMezpaibHo20
NoKasamessi COCosiHUs MemadosoMa npu cencuce.

TpyaHOCTb U3y4YeHUsT METAO0JTUIECKOTO ITPO-
mecca ycyryoJisieTcsi CTpOTOU cHenuaan3anuei
MUKPOOHMOTHI JIJIsI PA3HBIX OMOJIOTHYECKUX HUIIT
(KHMIIIEYHUK, POTOIJIOTKA, KOKAa, YPOT€HUTATbHBINA
TPAKT U Jp.) U HEBEPOATHOU M3MEHUYMBOCTHIO B
3aBUCUMOCTH OT MHOTHUX (DPAKTOPOB (KOHIIEHTpa-
YA KUCJI0poaa, HyTpueHToB, pH u np.). isyueHue
ocobeHHOCTe MeTab0I0Ma TIPH CETICHCEe TT03BO-
JIJIO BBISIBUTH HarboJiee 3HAYUMBIE JIJIsI CeTICrca
MeTabonThI [102], KOTOPbIe MOYKHO U3MEPSITH B
KauyecTBe WHTErpaJibHOTO IOKAa3aresisi TUCTaH-
IIMOHHO — B CBHIBOPOTKE KPOBH, a 1O CTENEHU
OTKJIOHEHUSI OT pepepeHCHBIX 3HAYeHUI KOHTPO-
JINPOBAaTh HANPABJIEHHOCTh CENTUYECKOTO MPO-
1ecca v 9(ppeKTUBHOCTD TEPAITNU.

B Tabu1. 2 mpuBeeHa KpaTKas XapaKTepHCTH -
Ka YeThIpex KJII0YEBBIX apOMATUUECKUX MeTab0JTr-
TOB, KOTOPBIE CPEIV COTHU M3YIEHHBIX HAMU JIPY-
TUX HU3KOMOJIEKYISIPHBIX COETUHEHUUH pPasHBIX
KJIACCOB OKa3aJINCh HanboJsiee KITMHIYECKH, TTaTO-
TeHEeTUYECKH U MUATrHOCTUYEeCKU 3HaYUMbIMHU [101].

Takmm oOpasoMm, AUCHYHKRIUA MUKPOOUOTHI
MPOSIBJISIETCS, C OTHOU CTOPOHBI, U3OBITOYHOMN
MMPOAYKIMEN OTpeIeIEHHBIX IIPOAYKTOB MUKPOO-
HOT0 TIPOUCXOKIEHN S — KaK OTPaskeHNe BBICOKOH
MHUKPOOHOH Harpy3ku (HeCaHMPOBAHHBIN Odar) B
COYETAaHNM C IIaTOJIOTUYECKOM KOJIOHU3aruen
KHIIeYHUKA OaKTePUAMU-YIaCTHUKAMU CETITUYe-
ckoro npoiecca. C Ipyroii CTOpoHbI, HapyllaeTcs
Takas BaKHasI (PYHKITN MUKPOOMOTHI, HEOOXOTH -
Masi JJIsI IO AepsKaHusI TOMEeoCTasa, Kak MUKPOO-
Has Ouomerpamanus n30bITKa TOPMOHOB U IPYTUX
9HJIOTEHHBIX OMOJIOTUYECKU-aKTUBHBIX COeTMHE-
Hui. [IpuunHa — nedexT BUAOBOTO pasHoobpa-
3us O0aKkTepuidl B KUIIEYHUKE, TIPEKIIE BCEr0 —
neUIUT THIUTEHHBIX aHAa9poOOoB. MI3aMeHeHHbIH
mpodUIHL apOMATUIECKUX META0OJTUTOB B KPOBU
OTpa’KaeT HapylleHue U TeX, U IPyrux GyHKIUN
«HEBUIUMOTO OpTaHa» — TO €CTh JIeHCTBUTETHLHO
SIBJISIETCST MHTETPATLHBIM IIOKA3aTeJIEM.

3akJrouenue

HoBblIii ypOBEHb 3HAHUN O POJI MUKPOOHO-
THI B OPraHW3Me YeJIOBEKa yKe B OJsmskaiiiiee
BpeMsi IPUBEAET K CEPbE3IHOMY ITePECMOTPY O -
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XO/IOB K aJ]eKBaTHON KOMIIEHCAIINY dHEPTeTuYe-
CKUX IIOTEPH U TePUINTA HYTPUEHTOB IPU KPUTH -
YeCKUX COCTOSTHUsIX. JIJIs1 TOBBIIIIeHNS 9 HEKTUB-
HOCTH JIEYEHUs], BBIXQ)KWUBAHUSA W YCHEITHOH
peaduuTauy ManueHToB OyayT HalJeHbI CIIOCO-
OBl AaKTUBHOIO YIIpaBJIEHUS MeTa00IUYeCKUMU
IpolieccaMn 4yepe3 IMOAYMHEHVE MeTabosm3ma

Jluteparypa

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Dickson R.P. The microbiome and critical illness. Lancet Respir. Med.
2016; 4 (1): 59-72. DOI: 10.1016/S2213-2600 (15)00427-0. PMID:
26700442

Cho L, Blaser M.J. The human microbiome: at the interface of health and
disease. Nat. Rev. Genet. 2012; 13 (4): 260-270. DOI: 10.1038/nrg3182.
PMID: 22411464

Ley R.E., Turnbaugh P.J., Klein S., Gordon J].I. Microbial ecology:
human gut microbes associated with obesity. Nature. 2006; 444
(7122): 1022-1023. DOI: 10.1038/4441022a. PMID: 17183309

Porras D., Nistal E., Martinez-Florez S., Gonzdlez-Gallego J., Garcia-
Mediavilla M.V., Sanchez-Campos S. Intestinal Microbiota Modula-
tion in Obesity-Related Non-alcoholic Fatty Liver Disease. Front Phys-
iol. 2018; 9: 1813. DOI: 10.3389/fphys.2018.01813. PMID: 30618824
Yepnescrkasi E.A., Benobopodosa H.B. MUKpPOOMOTA KUIIEYHUKA IIPU
KPUTHYECKUX COCTOSIHHUAX (0030p). Obwas peanumamonozus.
2018; 14 (5): 96-119. DOI: 10.15360/1813-9779-2018-5-96-119.
Tringe S.G., Hugenholtz P. A renaissance for the pioneering 16S rRNA
gene. Curr. Opin. Microbiol. 2008; 11: 442-446. DOI: 10.1016/j.mib.
2008.09.011. PMID: 18817891

Benobopodosa H.B., Mopos B.B., Ocunog A.A., Bedosa A.IO., OneHun
A.IO., I'eyuna M.JI., Kapnoea O.B., Onenuna E.I' HopMaJIbHBIH ypo-
BEHb CEIICUC-ACCOIMMPOBAaHHBIX (DEHUIKAPOOHOBBIX KUCJIOT B ChI-
BOPOTKe KPOBU 4esioBeKa. buoxumus. 2015; 80 (3): 449-455. JCRIF-
1,303 DOI: 10.1134/S0006297915030128. PMID: 25761691

Clarke G., Stilling R.M., Kennedy P.J., Stanton C., Cryan J.F., Dinan
T.G. Minireview: Gut Microbiota: The Neglected Endocrine Organ.
Mol. Endocrinol. 2014; 28 (8): 1221-1238. DOI: 10.1210/me.2014-
1108. PMID: 24892638

Hooper L.V., Macpherson A.J. Inmune adaptations that maintain
homeostasis with the intestinal microbiota. Nat. Rev. Immunol. 2010;
10 (3): 159-169. DOI: 10.1038/nri2710. PMID: 20182457

Kau A.L., Ahern P.P., Griffin N.W., Goodman A.L., Gordon J.I. Human
nutrition, the gut microbiome and the immune system. Nature. 2011;
474 (7351): 327-336. DOI: 10.1038/nature10213. PMID: 21677749
Fung T.C., Olson C.A., Hsiao E.Y. Interactions between the micro-
biota, immune and nervous systems in health and disease. Nat. Neu-
rosci. 2017; 20 (2): 145-155. DOI: 10.1038/nn.4476. PMID: 28092661
Hornung B., dos Santos V.A.P.M., Smidt H., Schaap P.J. Studying mi-
crobial functionality within the gut ecosystem by systems biology.
Genes and Nutrition. 2018; 13: 5. DOI: 10.1186/s12263-018-0594-6.
Kim C.H.Immune regulation by microbiome metabolites. Immunol-
0gy. 2018; 154 (2): 220. DOI: 10.1111/imm.12930. PMID: 29569377
Benobopodosa H.B. CEIICHC. MeTab0J/I0MHBIN OAXOJ, (MOHOTpa-
¢us). M.: MUA; 2018: 272 c. ISBN 978-5-9986-0350-1
VincentJ.L.Metabolic support in sepsis and multiple organ failure: More
questions than answers. Crit. Care Med. 2007; 35 (9 Suppl): S436-440.
DOI: 10.1097/01.CCM.0000278601.93369.72. PMID: 17713390
Tenvgpand B.P, Carmanos A.H. VIHTeHCUBHAsA Tepanus: HallioHab-
HOe PyKOBOICTBO: B 2 T. M.: 'OOTAP-Menua; 2009: 1744 c. ISBN 978-
5-9704-0939-8

Mtaweh H., Soto Aguero M.]., Campbell M. Systematic review of fac-
tors associated with energy expenditure in the critically ill. Clin. Nutr.
ESPEN. 2019; 33: 111-124. DOI: 10.1016/j.clnesp.2019.06.009
Alverdy J.C. Hypermetabolism and Nutritional Support in Sepsis. Surg.
Infect. (Larchmt). 2018; 19 (2): 163-167. DOI: 10.1089/sur.2017.313.
PMID: 29394142

Viana M.V., Pantet O., Bagnoud G., Martinez A., Favre E., Charriere
M., Favre D., Eckert P., Berge M.M. Metabolic and Nutritional Char-
acteristics of Long-Stay Critically Ill Patients. J. Clin. Med. 2019; 8 (7):
985. DOI: 10.3390/jcm8070985.

Marshall J.C. Gastrointestinal flora and its alterations in critical ill-
ness. Curr. Opin. Clin. Nutr. Metab. Care. 1999; 2 (5): 405-411. DOI:
10.1097/00075197-199909000-00009. PMID: 10589383

Blum H.E. The human microbiome. Adv. Med. Sci. 2017; 62: 414-420.
DOI:10.1016/j.advms.2017.04.005. PMID: 28711782

Beloborodova N.V. Chapter 1. Interaction of host-microbial metabo-
lism in sepsis In: Kumar V. (Ed.) Sepsis. Rijeka, Croatia: InTech; 2017:
3-19. DOLI: 10.5772/68046 ISBN 978-953-51-3395-7. https: //www.in-
techopen.com/books/sepsis

Byxapun O.B., Tunybype A.JI., Pomanoea IO.M., dnv-Pecucman IH.
MexaHu3MbI BEIKUBaHUA OakTepuii. M.: Menuiinaa; 2005: 367.
Hsu C.-W. Glycemic control in critically ill patients. World J. Crit. Care
Med. 2012; 1 (1): 31-39. DOI: 10.5492/wjccm.v1.i1.31.

van den Berghe G., Wilmer A., Hermans G. Intensive insulin therapy
in the medical ICU. N. Engl. J. Med. 2006; 354: 449-461. DOI:
10.1016/50084-3741 (08)70038-6

OakTepuil mHTepecaM xo3ssuHa [103, 104]. AHTH-
OroTHUKH U OGuompenaparsl OYIyT MPUMEHSITHCS
[eJIeHaNpaBJIeHHO, O] KOHTPOJIEM KJIIOYEBBIX
MHUKPOOHBIX MeTab0JIMTOB, C WCIOJb30BaHUEM
JTOCTYITHBIX METOAOB JJaDOPaTOPHOTO MOHUTOPHH-
ra. [lepcIeKTUBHOCTD PA3BUTHS ITOTO HAIIpaBJe-
HUS JJ15 PEaHUMAaTOJIOTHH TPYTHO MTePEOIEHUTD.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Dickson R.P The microbiome and critical illness. Lancet Respir. Med.
2016; 4 (1): 59-72. DOI: 10.1016/S2213-2600(15)00427-0. PMID:
26700442

Cho I, Blaser M.J. The human microbiome: at the interface of health and
disease. Nat. Rev. Genet. 2012; 13 (4): 260-270. DOIL: 10.1038/nrg3182.
PMID: 22411464

Ley R.E., Turnbaugh PJ., Klein S., Gordon J.I. Microbial ecology:
human gut microbes associated with obesity. Nature. 2006; 444
(7122): 1022-1023. DOI: 10.1038/4441022a. PMID: 17183309

Porras D., Nistal E., Martinez-Florez S., Gonzdlez-Gallego J., Garcia-
Mediavilla M.V., Sanchez-Campos S. Intestinal Microbiota Modula-
tion in Obesity-Related Non-alcoholic Fatty Liver Disease. Front Phy-
siol. 2018; 9: 1813. DOI: 10.3389/fphys.2018.01813. PMID: 30618824
Chernevskaya E.A., Beloborodova N.V.Gut Microbiome in Critical Illness
(Review). Obshchaya Reanimatologiya=General Reanimatology. 2018;
14(5): 96-119. [In Russ.] DOI: 10.15360/1813-9779-2018-5-96-119.
Tringe S.G., Hugenholtz P A renaissance for the pioneering 16S rRNA
gene. Curr. Opin. Microbiol. 2008; 11: 442-446. DOI: 10.1016/j.mib.
2008.09.011. PMID: 18817891

Beloborodova N.V., Moroz V.V,, Osipov A.A., Bedova A.Yu., Olenin A.Yu.,
Getsina M.L., Karpova O.V,, Olenina E.G. Normal level of sepsis-asso-
ciated phenylcarboxylic acids in human serum. Biokhimiya. 2015; 80
(3): 449-455. [In Russ.] JCRIF-1,303 DOI: 10.1134/S0006297915030128.
PMID: 25761691

Clarke G., Stilling R.M., Kennedy PJ., Stanton C., Cryan J.E, Dinan T.G.
Minireview: Gut Microbiota: The Neglected Endocrine Organ. Mol.
Endocrinol. 2014; 28 (8): 1221-1238. DOI: 10.1210/me.2014-1108.
PMID: 24892638

Hooper L.V, Macpherson A.J. Inmune adaptations that maintain ho-
meostasis with the intestinal microbiota. Nat. Rev. Immunol. 2010;
10 (3): 159-169. DOI: 10.1038/nri2710. PMID: 20182457

Kau A.L., Ahern PP, Griffin N.-W,, Goodman A.L., Gordon J.I. Human
nutrition, the gut microbiome and the immune system. Nature. 2011;
474 (7351): 327-336. DOI: 10.1038/nature10213. PMID: 21677749
Fung T.C., Olson C.A., Hsiao E.Y. Interactions between the microbiota,
immune and nervous systems in health and disease. Nat. Neurosci.
2017; 20 (2): 145-155. DOI: 10.1038/1nn.4476. PMID: 28092661
Hornung B., dos Santos VA.PM., Smidt H., Schaap PJ. Studying mic-
robial functionality within the gut ecosystem by systems biology.
Genes and Nutrition. 2018; 13: 5. DOI: 10.1186/512263-018-0594-6.
Kim C.H.Immune regulation by microbiome metabolites. Immuno-
logy. 2018; 154 (2): 220. DOI: 10.1111/imm.12930. PMID: 29569377
Beloborodova N.V. SEPSIS. The metabolomic approach. (mono-
graphy). M.: MIA; 2018: 272 p [In Russ.]. ISBN 978-5-9986-0350-1
Vincent J.L. Metabolic support in sepsis and multiple organ failure:
More questions than answers. Crit. Care Med. 2007; 35 (9 Suppl): S436-
40. DOI: 10.1097/01.CCM.0000278601.93369.72. PMID: 17713390
Gelfend B.R., Saltanov A.I. Intensive therapy: national guideline: in 2
vol. M.: GEOTAR-Media; 2009: 1744 p. [In Russ.]. ISBN 978-5-9704-
0939-8

Mtaweh H., Soto Aguero M.J., Campbell M. Systematic review of fac-
tors associated with energy expenditure in the critically ill. Clin. Nutr.
ESPEN. 2019; 33: 111-124. DOI: 10.1016/j.clnesp.2019.06.009
Alverdy J.C. Hypermetabolism and Nutritional Support in Sepsis. Surg.
Infect. (Larchmt). 2018; 19 (2): 163-167. DOI: 10.1089/sur.2017.313.
PMID: 29394142

Viana M.V., Pantet O., Bagnoud G., Martinez A., Favre E., Charriere
M., Favre D., Eckert P, Berge M.M. Metabolic and Nutritional Charac-
teristics of Long-Stay Critically Ill Patients. J. Clin. Med. 2019; 8 (7):
985. DOI: 10.3390/jcm8070985.

Marshall J.C. Gastrointestinal flora and its alterations in critical ill-
ness. Curr. Opin. Clin. Nutr. Metab. Care. 1999; 2 (5): 405-411. DOI:
10.1097/00075197-199909000-00009. PMID: 10589383

Blum H.E. The human microbiome. Adv. Med. Sci. 2017; 62: 414-420.
DOI: 10.1016/j.advms.2017.04.005. PMID: 28711782

Beloborodova N.V. Chapter 1. Interaction of host-microbial metabo-
lism in sepsis In: Kumar V. (Ed.) Sepsis. Rijeka, Croatia: InTech; 2017:
3-19. DOI: 10.5772/68046 ISBN 978-953-51-3395-7. https: //www.in-
techopen.com/books/sepsis

Bukharin O.V, Ginzburg A. L., Romanova Yu. M., El-Registan G. I.
Mechanisms of bacterial survival.M.: Medicina; 2005: 367 [In Russ.].
Hsu C.-W. Glycemic control in critically ill patients. World J. Crit. Care
Med. 2012; 1 (1): 31-39. DOI: 10.5492/wjccm.v1.il.31.

van den Berghe G., Wilmer A., Hermans G. Intensive insulin therapy
in the medical ICU. N. Engl. J. Med. 2006; 354: 449-461. DOIL:
10.1016/s0084-3741(08)70038-6

GENERAL REANIMATOLOGY, 2019, 15; 6

www.reanimatology.com



76

DOI:10.15360/1813-9779-2019-6-62-79

Reviews

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Orford N.R. Intensive insulin therapy in septic shock. Crit. Care Re-
susc. 2006; 8 (3): 230-234. PMID: 16930111

Farrokhi F., Smiley D., Umpierrez G.E. Glycemic control in non-diabetic
critically ill patients. Best. Pract. Res. Clin. Endocrinol. Metab. 2011; 25
(5): 813-824. DOI: 10.1016/j.beem.2011.05.004. PMID: 21925080
Yamada T., Shojima N., Noma H., Yamauchi T., Kadowaki T. Glycemic
control, mortality, and hypoglycemia in critically ill patients: a system-
atic review and network meta-analysis of randomized controlled trials.
Intensive Care Med. 2017; 43: 1-15. DOI: 10.1007/s00134-016-4523-0.
Yatabe T., Inoue S., Sakaguchi M, Egi M. The optimal target for acute
glycemic control in critically ill patients: a network meta-analysis. In-
tensive Care Med. 2017; 43: 16-28. DOI: 10.1007/s00134-016-4558-2.
FuY., SunY., ZhangJ., Cheng Y. Intensive glucose control for critically
ill patients: an updated meta-analysis. Endocr. Connect. 2018; 7 (12):
1288-1298. DOI: 10.1530/EC-18-0393. PMID: 30352416

Krinsley J. Association between hyperglycemia and increased hospi-
tal mortality in a heterogeneous population of critically ill patients.
Mayo Clin. Proc. 2003. 78 (12): 1471-1478. DOI: 10.4065/78.12.1471.
PMID: 14661676

Krinsley J.S., Grover A. Severe hypoglycemia in critically ill patients:
risk factors and outcomes. Crit. Care Med. 2007; 35: 2262-2267. DOI:
10.1097/01.CCM.0000282073.98414.4B. PMID: 17717490

Clain J., Ramar K., Surani S.R. Glucose control in critical care. World
J Diabetes. 2015; 6 (9): 1082-1091. DOI: 10.4239/wjd.v6.i9.1082.
PMID: 26265994

Han H., Li Y., Fang]., Liu G., Yin ., Li T., Yin Y. Gut microbiota and type
1 diabetes. Int. J. Mol. Sci. 2018; 19 (4): 995. DOI: 10.3390/ijms19040995.
PMID: 29584630

Zhao L., Zhang F., Ding X., Wu G., Lam Y.Y., Wang X., Fu H., Xue X., Lu
C,Ma].,YuL.,XuC.,RenZ,XuY., XuS., Shen H., Zhu X., Shi Y., Shen
Q., Dong W, Liu R, Ling Y., Zeng Y., Wang X., Zhang Q., Wang J., Wang
L, WuY., Zeng B., Wei H., Zhang M., Peng Y., Zhang C. Gut bacteria se-
lectively promoted by dietary fibers alleviate type 2 diabetes. Science.
2018; 359 (6380): 1151. DOI: 10.1126/science.aao5774. PMID: 29590046
Hirose T., Shimizu K., Ogura H., Tasaki O., Hamasaki T., Yamano S.,
Ohnishi M., Kuwagata Y., Shimazu T. Altered balance of the amino-
gram in patients with sepsis — the relation to mortality. Clin. Nutr. 2014;
33 (1): 179-182. DOI: 10.1016/j.cInu.2013.11.017. PMID: 24377412
Carro M.L.F. Proteins, Catabolism and Sepsis: A Literature Review.
EC Nutrition. 2018; 13.3: 126-134.

Nyangale E.P., Mottram D.S., Gibson G.R. Gut microbial activity, im-
plications for health and disease: The potential role of metabolite
analysis. J. Proteome Res. 2012; 11 (12): 5573. DOI: 10.1021/pr300637d.
PMID: 23116228

Bréer S., Broer A. Amino acid homeostasis and signalling in mam-
malian cells and organisms. Biochem J. 2017; 474 (12): 1935-1963.
DOI: 10.1042/BCJ20160822. PMID: 28546457

Sitkin S.1., Vakhitov T.Y., Demyanova E.V. Microbiome, gut dysbiosis
and inflammatory bowel disease: That moment when the function
is more important than taxonomy. Almanac of Clinical Medicine.
2018; 46 (5): 396. DOI: 10.18786/2072-0505-2018-46-5-396-425.
SulL., LiH., XieA., LiuD., Rao W., Lan L., Li X., Li F., Xiao K., Wang H.,
Yan P., Li X., Xie L. Dynamic changes in amino acid concentration
profiles in patients with sepsis. PLoS One. 2015; 10 (4): e0121933.
DOI: 10.1371/journal.pone.0121933. PMID: 25849571

Gunst J., Vanhorebeek 1., Thiessen S.E., Van den Berghe G. Amino acid
supplements in critically ill patients. Pharmacol. Res. 2018; 130:
127-131. DOI: 10.1016/j.phrs.2017.12.007. PMID: 29223645
Beloborodova N.V., Sarshor Yu.N., Bedova A.Yu., Chernevskaya E.A.,
Pautova A.K. Involvement of Aromatic Metabolites in the Pathogen-
esis of Septic Shock. Shock. 2018; 50 (3): 273-279. DOI: 10.1097/SHK.
0000000000001064. PMID: 29189605

dedomuesa H.H., lumeurosa E.I, Ocunos A.A., Oxenun A.IO.,
Mopo3 B.B., Bero6opodoea H.B. Bnusaue MUKPOOHBIX METab0IUTOB
(enobHOI IPUPOJIBI HA AKTUBHOCTh MUTOXOH/IPHA/IbHBIX (bep-
MeHTOB. Buogpusura. 2015; 60 (6): 1118-1124.

Mottawea W., Chiang C.-K., Miihlbauer M., Starr A.E., Butcher J., Abu-
Jjamel T., Deeke S.A., Brandel A., Zhou H., Shokralla S., Hajibabaei M., Sin-
gleton R., Benchimol E.L, Jobin C., Mack D.R., Figeys D., Stintzi A. Altered
intestinal microbiota-host mitochondria crosstalk in new onset Crohn’s
disease. Nat. Commun. 2016; 7: 13419. DOI: 10.1038/ncomms13419.
Franco-Obregon A., Gilbert J.A. The Microbiome-Mitochondrion con-
nection: Common Ancestries, Common Mechanisms, Common
Goals. mSystems. 2017; 2 (3): €00018-17. DOI: 10.1128/mSystems.
00018-17. PMID: 28497122

Waldecker M., Kautenburger T., Daumann H., Busch C., Schrenk D.
Inhibition of histone-deacetylase activity by short-chain fatty acids
and some polyphenol metabolites formed in the colon. J. Nutr.
Biochem. 2008; 19 (9): 587-593. DOI: 10.1016/j.jnutbio.2007.08.002.
PMID: 18061431

Kaelin W.G.Jr., McKnight S.L. Influence of metabolism on epigenetics
and disease. Cell. 2013; 153 (1): 56-69. DOI: 10.1016/j.cell.2013.03.004.
PMID: 23540690

Baeza J., Smallegan M.]., Denu J.M. Mechanisms and Dynamics of
Protein Acetylation in Mitochondria. Trends Biochem. Sci. 2016; 41
(3):231-244. DOI: 10.1016/j.tibs.2015.12.006. PMID: 26822488
Mengzies K.J., Zhang H., Katsyuba E., Auwerx J. Protein acetylation in
metabolism — metabolites and cofactors. Nat Rev Endocrinol. 2016;
12 (1): 43-60. DOI: 10.1038/nrendo.2015.181. PMID: 26503676

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Orford N.R. Intensive insulin therapy in septic shock. Crit. Care Re-
susc. 2006; 8 (3): 230-234. PMID: 16930111

Farrokhi E, Smiley D., Umpierrez G.E. Glycemic control in non-diabe-
tic critically ill patients. Best. Pract. Res. Clin. Endocrinol. Metab. 2011;
25 (5): 813-824. DOI: 10.1016/j.beem.2011.05.004. PMID: 21925080
Yamada T, Shojima N., Noma H., Yamauchi T., Kadowaki T. Glycemic
control, mortality, and hypoglycemia in critically ill patients: a systema-
tic review and network meta-analysis of randomized controlled trials.
Intensive Care Med. 2017; 43: 1-15. DOI: 10.1007/s00134-016-4523-0.
Yatabe T, Inoue S., Sakaguchi M, Egi M. The optimal target for acute
glycemic control in critically ill patients: a network meta-analysis. Ir-
tensive Care Med. 2017; 43: 16-28. DOI: 10.1007/s00134-016-4558-2.
FuY, SunY., Zhang]., ChengY. Intensive glucose control for critically
ill patients: an updated meta-analysis. Endocr. Connect. 2018; 7 (12):
1288-1298. DOI: 10.1530/EC-18-0393. PMID: 30352416

Krinsley J. Association between hyperglycemia and increased hospi-
tal mortality in a heterogeneous population of critically ill patients.
Mayo Clin. Proc. 2003. 78 (12): 1471-1478. DOI: 10.4065/78.12.1471.
PMID: 14661676

Krinsley J.S., Grover A. Severe hypoglycemia in critically ill patients:
risk factors and outcomes. Crit. Care Med. 2007; 35: 2262-2267. DOI:
10.1097/01.CCM.0000282073.98414.4B. PMID: 17717490

Clain J., Ramar K., Surani S.R. Glucose control in critical care. World
J Diabetes. 2015; 6 (9): 1082-1091. DOI: 10.4239/wjd.v6.i9.1082.
PMID: 26265994

Han H., LiY,, Fang]., Liu G.,Yin J., Li T, Yin Y. Gut microbiota and type
1 diabetes. Int. J. Mol. Sci. 2018; 19 (4): 995. DOI: 10.3390/ijms19040995.
PMID: 29584630

Zhao L., Zhang E, Ding X., Wu G., Lam Y.Y., Wang X., Fu H., Xue X., Lu C.,
Ma].,YuL., XuC., Ren Z., XuY, Xu S., Shen H., Zhu X., Shi Y,, Shen Q.,
DongW, LiuR., LingY,, Zeng Y., Wang X., Zhang Q., Wang J., Wang L., Wu
Y, Zeng B., Wei H., Zhang M., Peng Y., Zhang C. Gut bacteria selectively
promoted by dietary fibers alleviate type 2 diabetes. Science. 2018; 359
(6380): 1151. DOI: 10.1126/science.aao5774. PMID: 29590046

Hirose T, Shimizu K., Ogura H., Tasaki O., Hamasaki T, Yamano S., Oh-
nishi M., Kuwagata Y., Shimazu T. Altered balance of the aminogram
in patients with sepsis — the relation to mortality. Clin. Nutr: 2014; 33
(1):179-182. DOI: 10.1016/j.cInu.2013.11.017. PMID: 24377412

Carro M.L.E Proteins, Catabolism and Sepsis: A Literature Review. EC
Nutrition. 2018; 13.3: 126-134.

Nyangale E.R, Mottram D.S., Gibson G.R. Gut microbial activity, im-
plications for health and disease: The potential role of metabolite ana-
lysis. J. Proteome Res. 2012; 11 (12): 5573. DOI: 10.1021/pr300637d.
PMID: 23116228

Bréer S., Broer A. Amino acid homeostasis and signalling in mamma-
lian cells and organisms. Biochem J. 2017; 474 (12): 1935-1963. DOIL:
10.1042/BCJ20160822. PMID: 28546457

Sitkin S.I., Vakhitov T.Y., Demyanova E.V. Microbiome, gut dysbiosis
and inflammatory bowel disease: That moment when the function
is more important than taxonomy. Almanac of Clinical Medicine.
2018; 46 (5): 396. DOI: 10.18786/2072-0505-2018-46-5-396-425.

Su L., LiH, XieA., Liu D., RaoW,, Lan L., Li X., Li E, Xiao K., Wang H.,
Yan P, Li X., Xie L. Dynamic changes in amino acid concentration
profiles in patients with sepsis. PLoS One. 2015; 10 (4): e0121933.
DOI: 10.1371/journal.pone.0121933. PMID: 25849571

Gunst J., Vanhorebeek 1., Thiessen S.E., Van den Berghe G. Amino acid
supplements in critically ill patients. Pharmacol. Res. 2018; 130:
127-131. DOI: 10.1016/j.phrs.2017.12.007. PMID: 29223645
Beloborodova N.V,, Sarshor Yu.N., Bedova A.Yu., Chernevskaya E.A.,
Pautova A.K. Involvement of Aromatic Metabolites in the Pathogene-
sis of Septic Shock. Shock. 2018; 50 (3): 273-279. DOI: 10.1097/SHK.
0000000000001064. PMID: 29189605

Fedotcheva N. I, Litvinova E. G., Osipov A. A., Olenin A. Yu., Moroz V.
V., Beloborodova N. V. The effect of microbial metabolites of phenolic
nature on the activity of mitochondrial enzymes. Biofizika. 2015; 60
(6): 1118-1124 [In Russ.].

Mottawea W., Chiang C.-K., Miihlbauer M., Starr A.E., Butcher J., Abu-
Jjamel T, Deeke S.A., Brandel A., Zhou H., Shokralla S., Hajibabaei M., Sin-
gleton R., Benchimol E.I, Jobin C., Mack D.R., Figeys D., Stintzi A. Altered
intestinal microbiota-host mitochondria crosstalk in new onset Crohn’s
disease. Nat. Commun. 2016; 7: 13419. DOI: 10.1038/ncomms13419.
Franco-Obregon A., Gilbert J.A. The Microbiome-Mitochondrion con-
nection: Common Ancestries, Common Mechanisms, Common Goals.
mSystems. 2017; 2 (3): €00018-17. DOI: 10.1128/mSystems.00018-17.
PMID: 28497122

Waldecker M., Kautenburger T., Daumann H., Busch C., Schrenk D.
Inhibition of histone-deacetylase activity by short-chain fatty acids
and some polyphenol metabolites formed in the colon. J. Nutr. Bio-
chem. 2008; 19 (9): 587-593. DOI: 10.1016/j.jnutbio.2007.08.002.
PMID: 18061431

Kaelin W.G.Jr., McKnight S.L. Influence of metabolism on epigenetics
and disease. Cell. 2013; 153 (1): 56-69. DOI: 10.1016/j.cell.2013.03.004.
PMID: 23540690

Baeza J., Smallegan M.]., Denu J.M. Mechanisms and Dynamics of
Protein Acetylation in Mitochondria. Trends Biochem. Sci. 2016; 41
(3): 231-244. DOI: 10.1016/j.tibs.2015.12.006. PMID: 26822488
Mengzies K.J., Zhang H., Katsyuba E., Auwerx J. Protein acetylation in
metabolism — metabolites and cofactors. Nat Rev Endocrinol. 2016;
12 (1): 43-60. DOI: 10.1038/nrendo.2015.181. PMID: 26503676

www.reanimatology.com

GENERAL REANIMATOLOGY, 2019, 15; 6



DOI:10.15360/1813-9779-2019-6-62-79
O630pHI

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Henze K., Martin W. Evolutionary biology: essence of mitochondria.
Nature. 2003; 426 (6963): 127-128. DOI: 10.1038/426127a.

MecBride H.M., Neuspiel M., Wasiak S. Mitochondria: more than just
a powerhouse. Curr. Biol. 2006; 16 (14): R551-560. DOI: 10.1016/j.
cub.2006.06.054. PMID: 16860735

Sanchis-Gomar F., Garcia-Giménez J.L., Gomez-Cabrera M.C., Pallardo
F.V. Mitochondrial biogenesis in health and disease. Molecular and
therapeutic approaches. Curr. Pharm. Des. 2014; 20 (35): 5619-5633.
DOI:10.2174/1381612820666140306095106. PMID: 24606801
Chandel N.S. Evolution of mitochondria as signaling organelles. BMC
Biol. 2014;12 (1): 34. DOI: 10.1186/1741-7007-12-34. PMID: 24884669
Baxumoe T.A., Cumkun C.H. KoHulenus cynepopraiu3ma B 61o-
JIOTUU ¥ MeUIIHE. IKCNepUM. U KAUH. 2acmpoaHmepoaous. 2014;
7 (107): 72-85.

Klingensmith N.J., Coopersmith C.M. The gut as the motor of multiple
organ dysfunction in critical illness. Crit. Care Clin. 2016; 32 (2):
203-212. DOI: 10.1016/j.ccc.2015.11.004. PMID: 27016162

Carrico C.J., Meakins J.L., Marshall J.C., Fry D., Maier R.V. Multiple-
organ-failure syndrome. The gastrointestinal tract: the «motor» of
MOF. Arch Surg. 1986; 121 (2): 196-208.

Mittal R., Coopersmith C.M. Redefining the gut as the motor of criti-
cal illness. Trends Mol. Med. 2014; 20 (4): 214-223. DOI: 10.1016/j.
molmed.2013.08.004. PMID: 24055446

Clark J.A., Coopersmith C.M. Intestinal crosstalk: a new paradigm for
understanding the gut as the «motor» of critical illness. Shock. 2007;
28 (4): 384-393. DOI: 10.1097/shk.0b013e31805569df. PMID: 17577136
Singer M., Deutschman C.S., Seymour C.W., Shankar-Hari M., Annane
D., Bauer M., Bellomo R., Bernard G.R., Chiche J.D., Coopersmith C.M.,
Hotchkiss R.S., Levy M.M., Marshall J.C., Martin G.S., Opal S.M.,
Rubenfeld G.D., van der Poll T., Vincent J.L., Angus D.C. The Third In-
ternational Consensus Definitions for Sepsis and Septic Shock (Sep-
sis-3). JAMA. 2016; 315 (8): 801-810. DOI: 10.1001/jama.2016.0287.
PMID: 26903338

Singh V., Roth S., Llovera G., Sadler R., Garzetti D., Stecher B., Dichgans
M., Liesz A. Microbiota dysbiosis controls the neuroinflammatory re-
sponse after stroke. J. Neurosci. 2016; 36 (28): 7428. DOI: 10.1523/
jneurosci.1114-16.2016. PMID: 27413153

Dovrolis N., Kolios G., Spyrou G.M., Maroulakou 1. Computational
profiling of the gut-brain axis: Microflora dysbiosis insights to neu-
rological disorders. Brief. Bioinform. 2019; 20 (3): 825-841. DOIL:
10.1093/bib/bbx154. PMID: 29186317

Averina O.V., Danilenko V.N. Human intestinal microbiota: Role in
development and functioning of the nervous system. Microbiology.
2017; 86 (1): 1-18. DOI: 10.1134/50026261717010040.

Yissachar N., Zhou Y., Ung L., Lai N.Y., Mohan J.F., Ehrlicher A., Weitz
D.A., Kasper D.L., Chiu .M., Mathis D., Benoist C. An Intestinal Organ
Culture System Uncovers a Role for the Nervous System in Microbe-
Immune Crosstalk. Cell. 2017; 168 (6): 1135-1148. DOI: 10.1016/j.cell.
2017.02.009. PMID: 28262351

Kasatpibal N., Whitney J.D., Saokaew S., Kengkla K., Heitkemper
M.M., Apisarnthanarak A. Effectiveness of Probiotic, Prebiotic, and
Synbiotic Therapies in Reducing Postoperative Complications: A Sys-
tematic Review and Network Meta-analysis. Clin. Infect. Dis. 2017; 64
(Suppl. 2): S.153-1606. DOI: 10.1093/cid/cix114. PMID: 28475793
Villéger R., Lopes A., Carrier G., Veziant J., Billard E., Barnich N., Gag-
niere J., Vazeille E., Bonnet M. Intestinal Microbiota: A Novel Target
to Improve Anti-Tumor Treatment? Int. J. Mol. Sci. 2019; 20 (18):
E4584. DOI: 10.3390/ijms20184584. PMID: 31533218

Ruppé E., Lisboa T., Barbier F. The gut microbiota of critically ill pa-
tients: first steps in an unexplored world. Int. Care Med. 2018; 44 (9):
1561-1564. DOI: 10.1007/s00134-018-5309-3.

Benobopodosa H. VInTerpanysa MeTabo/11M3Ma 4eI0BeKa U ero MUK-
pobuoma Npu KPUTUYECKUX COCTOAHUAX. Obuias peaHumamono-
eus, 2012; 8 (4): 42-54. DOI: 10.15360/1813-9779-2102-4-42
Ilinskaya O.N., Ulyanova V.V., Yarullina D.R., Gataullin I.G. Secretome
of intestinal bacilli: A natural guard against pathologies. Front. Micro-
biol. 2017; 8: 1666. DOI: 10.3389/fmicb.2017.01666. PMID: 28919884
Wilson I.D., Nicholson J.K. Gut microbiome interactions with drug
metabolism, efficacy, and toxicity. Trans. Res. 2017; 179: 204-222.
DOI: 10.1016/j.trsl.2016.08.002. PMID: 27591027

Oleskin A.V., Shenderov B.A. Neuromodulatory effects and targets of
the SCFAs and gasotransmitters produced by the human symbiotic
microbiota. Microb. Ecol. Health Dis. 2016; 27: 30971. DOL: 10.3402/
mehd.v27.30971.

Schroeder B.O, Biickhed F. Signals from the gut microbiota to distant
organs in physiology and disease. Nat. Med. 2016; 22 (10): 1079-1089.
DOI: 10.1038/nm.4185. PMID: 27711063

Zhou C.B., Fang].Y. The regulation of host cellular and gut microbial me-
tabolism in the development and prevention of colorectal cancer. Crit.
Rev. Microbiol. 2018; 44 (4): 436. DOI: 10.1080/1040841X.2018.1425671.
Omotayo O. Erejuwa, Siti A. Sulaiman, Mohd S. Ab Wahab Modula-
tion of Gut Microbiota in the Management of Metabolic Disorders:
The Prospects and Challenges Int ] Mol Sci. 2014; 15 (3): 4158-4188.
DOI: 10.3390/ijms15034158. PMID: 24608927

Beloborodova N.V., Chernevskaya E.A., Pautova A.K., Bedova A.Y.,
Sergeev A.A. Altered serum profile of aromatic metabolites reflects
the biodiversity reduction of gut microbiota in critically ill patients.
Crit. Care. 2018; 22 (Suppl 1): 82. DOI: 10.1186/5s13054-018-1973-5.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Henze K., Martin W, Evolutionary biology: essence of mitochondria.
Nature. 2003; 426 (6963): 127-128. DOI: 10.1038/426127a.

MecBride H.M., Neuspiel M., Wasiak S. Mitochondria: more than just
a powerhouse. Curr. Biol. 2006; 16 (14): R551-560. DOI: 10.1016/j.
cub.2006.06.054. PMID: 16860735

Sanchis-Gomar E, Garcia-Giménez J.L., Gémez-Cabrera M.C., Pallardé
EV. Mitochondrial biogenesis in health and disease. Molecular and
therapeutic approaches. Curr. Pharm. Des. 2014; 20 (35): 5619-5633.
DOI:10.2174/1381612820666140306095106. PMID: 24606801
Chandel N.S. Evolution of mitochondria as signaling organelles. BMC
Biol.2014;12 (1): 34. DOI: 10.1186/1741-7007-12-34. PMID: 24884669
Vakhitov T Ya., Sitkin S.I. The concept of a superorganism in biology
and medicine. Eksperim. i klin. gastroenterologiya.2014; 7 (107):
72-85 [In Russ.]

Klingensmith N.J., Coopersmith C.M.The gut as the motor of multiple
organ dysfunction in critical illness. Crit. Care Clin. 2016; 32 (2):
203-212. DOI: 10.1016/j.ccc.2015.11.004. PMID: 27016162

Carrico C.J., Meakins J.L., Marshall J.C., Fry D., Maier R.V. Multiple-
organ-failure syndrome. The gastrointestinal tract: the «motor» of
MOE Arch Surg. 1986; 121 (2): 196-208.

Mittal R., Coopersmith C.M. Redefining the gut as the motor of criti-
cal illness. Trends Mol. Med. 2014; 20 (4): 214-223. DOI: 10.1016/j.
molmed.2013.08.004. PMID: 24055446

Clark J.A., Coopersmith C.M. Intestinal crosstalk: a new paradigm for
understanding the gut as the «motor» of critical illness. Shock. 2007;
28 (4): 384-393. DOI: 10.1097/shk.0b013e31805569df. PMID: 17577136
Singer M., Deutschman C.S., Seymour C.W,, Shankar-Hari M., Annane
D., Bauer M., Bellomo R., Bernard G.R., Chiche J.D., Coopersmith C.M.,
Hotchkiss R.S., Levy M.M., Marshall J.C., Martin G.S., Opal S.M., Ruben-
feld G.D., van der Poll T, Vincent J.L., Angus D.C. The Third International
Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA.
2016; 315 (8): 801-810. DOI: 10.1001/jama.2016.0287. PMID: 26903338
Singh V,, Roth S., Llovera G., Sadler R., Garzetti D., Stecher B., Dichgans
M., Liesz A. Microbiota dysbiosis controls the neuroinflammatory
response after stroke. J. Neurosci. 2016; 36 (28): 7428. DOI: 10.1523/
jneurosci.1114-16.2016. PMID: 27413153

Dovrolis N., Kolios G., Spyrou G.M., Maroulakou I. Computational
profiling of the gut-brain axis: Microflora dysbiosis insights to neuro-
logical disorders. Brief. Bioinform. 2019; 20 (3): 825-841. DOI:
10.1093/bib/bbx154. PMID: 29186317
Averina O.V,, Danilenko V.N. Human intestinal microbiota: Role in
development and functioning of the nervous system. Microbiology.
2017; 86 (1): 1-18. DOI: 10.1134/S0026261717010040.

Yissachar N., Zhou'Y,, Ung L., Lai N.Y., Mohan J.E, Ehrlicher A., Weitz
D.A., Kasper D.L., Chiu I.M., Mathis D., Benoist C. An Intestinal Organ
Culture System Uncovers a Role for the Nervous System in Microbe-
Immune Crosstalk. Cell. 2017; 168 (6): 1135-1148. DOL:
10.1016/j.cell.2017.02.009. PMID: 28262351

Kasatpibal N., Whitney J.D., Saokaew S., Kengkla K., Heitkemper M.M.,
Apisarnthanarak A. Effectiveness of Probiotic, Prebiotic, and Synbio-
tic Therapies in Reducing Postoperative Complications: A Systematic
Review and Network Meta-analysis. Clin. Infect. Dis. 2017; 64 (Suppl.
2):S.153-1606. DOI: 10.1093/cid/cix114. PMID: 28475793

Villéger R., Lopes A., Carrier G., Veziant J., Billard E., Barnich N., Gag-
niere J., Vazeille E., Bonnet M. Intestinal Microbiota: A Novel Target
to Improve Anti-Tumor Treatment? Int. J. Mol. Sci. 2019; 20 (18):
E4584. DOI: 10.3390/ijms20184584. PMID: 31533218

Ruppé E., Lisboa T., Barbier E The gut microbiota of critically ill pati-
ents: first steps in an unexplored world. Int. Care Med. 2018; 44 (9):
1561-1564. DOI: 10.1007/s00134-018-5309-3.

Beloborodova N.V. Integration of Metabolism in Man and His Micro-
biome in Critical Conditions. Obshchaya Reanimatologiya=General
Reanimatology. 2012; 8 (4): 42. (In Russ.) DOI: 10.15360/1813-9779-
2012-4-42

Ilinskaya O.N., Ulyanova V.V, Yarullina D.R., Gataullin I.G. Secretome
of intestinal bacilli: A natural guard against pathologies. Front. Mic-
robiol. 2017; 8: 1666. DOI: 10.3389/fmicb.2017.01666. PMID: 28919884
Wilson I.D., Nicholson J.K. Gut microbiome interactions with drug
metabolism, efficacy, and toxicity. Trans. Res. 2017; 179: 204-222.
DOI: 10.1016/j.trs1.2016.08.002. PMID: 27591027

Oleskin A.V,, Shenderov B.A. Neuromodulatory effects and targets of
the SCFAs and gasotransmitters produced by the human symbiotic
microbiota. Microb. Ecol. Health Dis. 2016; 27: 30971. DOI: 10.3402/
mehd.v27.30971.

Schroeder B.O, Biickhed F. Signals from the gut microbiota to distant
organs in physiology and disease. Nat. Med. 2016; 22 (10): 1079-1089.
DOI: 10.1038/nm.4185. PMID: 27711063

Zhou C.B., Fang].Y.The regulation of host cellular and gut microbial me-
tabolism in the development and prevention of colorectal cancer. Crit.
Rev. Microbiol. 2018; 44 (4): 436. DOI: 10.1080/1040841X.2018.1425671.
Omotayo O. Erejuwa, Siti A. Sulaiman, Mohd S. Ab Wahab Modulation
of Gut Microbiota in the Management of Metabolic Disorders: The
Prospects and Challenges Int ] Mol Sci. 2014; 15(3): 4158-4188. DOI:
10.3390/ijms15034158. PMID: 24608927

Beloborodova N.V,, Chernevskaya E.A., Pautova A.K., Bedova A.Y., Ser-
geev A.A. Altered serum profile of aromatic metabolites reflects the
biodiversity reduction of gut microbiota in critically ill patients. Crit.
Care. 2018; 22 (Suppl 1): 82. DOI: 10.1186/513054-018-1973-5.

GENERAL REANIMATOLOGY, 2019, 15; 6

www.reanimatology.com



78

DOI:10.15360/1813-9779-2019-6-62-79

Reviews

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Bhalodi A.A., van Engelen T.S.R., Virk H.S., Wiersinga W.J. Impact of
antimicrobial therapy on the gut microbiome. J. Antimicrob.
Chemother.2019; 74 (Supplement_1): i6-i15. DOI: 10.1093/jac/dky530.
PMID: 30690540

Lamarche D., Johnstone J., Zytaruk N., Clarke F., Hand L., Loukov D.,
Szamosi J.C., Rossi L., Schenck L.P., Verschoor C.P., McDonald E.,
Meade M.O., Marshall J.C., Bowdish D.M.E., Karachi T., Heels-Ansdell
D., Cook D.]J., Surette M.G.; PROSPECT Investigators; Canadian Criti-
cal Care Trials Group; Canadian Critical Care Translational Biology
Group. Microbial dysbiosis and mortality during mechanical venti-
lation: a prospective observational study. Respir Res. 2018; 19 (1): 245.
DOI:10.1186/s12931-018-0950-5. PMID: 30526610

XuR., Tan C., Zhu J., Zeng X., Gao X., Wu Q., Chen Q., Wang H., Zhou
H., HeY., Pan S., Yin J. Dysbiosis of the intestinal microbiota in neu-
rocritically ill patients and the risk for death. Crit. Care. 2019; 23 (1):
195. DOI: 10.1186/513054-019-2488-4.

Yin L., Wan Y.D., Pan X.T., Zhou C.Y., Lin N., Ma C.T., Yao J., Su Z.,
Wan C., Yu Y.W., Zhu R.X. Association Between Gut Bacterial Diver-
sity and Mortality in Septic Shock Patients: A Cohort Study. Med. Sci.
Monit. 2019; 25: 7376-7382. DOI: 10.12659/MSM.916808.

Davison J.M., Wischmeyer P.E. Probiotic and symbiotic therapy in the
critically ill: State of the art. Nutrition. 2019; 59: 29-36. DOI:
10.1016/j.nut.2018.07.017. PMID: 30415160

Beloborodova N., Moroz V., Osipov A., Bedova A., Sarshor Y., Vlasenko
A., Olenin A. Tyrosine metabolism disorder and the potential capa-
bility of anaerobic microbiota to decrease the value of aromatic
metabolites in critically ill patients. Crit. Care. 2014; 18 (Suppl 2): P60.
DOI: 10.1186/cc14063 http: //ccforum.com/content/18/S2/P60
Mopos B.B., Beaobopodosa H.B., Ocunos A.A., Baacenko A.B., Bedosa
A.IO., Ilaymosa A.K. PeHnyikapOOHOBbIE KHCJIOThI B OLIEHKE TsKe-
CTH COCTOAHUA U 3(P(HEKTUBHOCTY MHTEHCUBHOTO JIeYeHUs 60JIb-
HBIX B peaHuMaroJioruu. Obwas peanumamonozus. 2016; 12 (4):
37-48.DOI: 10.15360/1813-9779-2016-4-37-48

Besselink M.G., van Santvoort H.C., Buskens E., Boermeester ML.A., van
Goor H., Timmerman H.M., Nieuwenhuijs V.B., Bollen T.L., van
Ramshorst B., Witteman B.J., Rosman C., Ploeg R.J., Brink M.A., Schaa-
pherder A.F., Dejong C.H., Wahab P.J., van Laarhoven C.J., van der
Harst E., van Eijck C.H., Cuesta M.A., Akkermans L.M., Gooszen H.G.;
Dutch Acute Pancreatitis Study Group. Probiotic prophylaxis in pre-
dicted severe acute pancreatitis: a randomised, double-blind,
placebo-controlled trail. Lancet. 2008; 371 (9613): 651-659. DOI:
10.1016/S0140-6736 (08)60207-X. PMID: 18279948

Morrow L.E., Wischmeyer P. Blurred Lines: Dysbiosis and Probiotics
in the ICU. Chest. 2017; 151 (2): 492-499. DOI: 10.1016/j.chest.2016.
10.006. PMID: 27771302

Manzanares W., Lemieux M., Langlois P.L., Wischmeyer P.E. Probiotic
and synbiotic therapy in critical illness: A systematic review and
meta-analysis. Crit. Care. 2016; 19: 262. DOI: 10.1186/s13054-016-
1434-y. PMID: 27538711

Bongaerts G.P., Severijnen R.S. A reassessment of the PROPATRIA
study and its implications for probiotic therapy. Nat. Biotechnol.
2016; 34 (1): 55-63. DOI: 10.1038/nbt.3436.

Mukherjee S., Joardar N., Sengupta S., Babu S.P.S. Gut microbes as
future therapeutics in treating inflammatory and infectious diseases:
Lessons from recent findings. J. Nutr. Biochem. 2018; 61: 111. DOI:
10.1016/j.jnutbio.2018.07.010. PMID: 30196243

Ilendepos B.A., Tkauenko E.H., lazebnuk JI.B., Apdamckas M./.,
Cunuuya A.B., 3axapuenro M.M. MeTaONOTUKN — HOBasl TEXHOJIO-
rusi NPOUIAKTUKY U JlIedeHHs 3a00/1eBaHuH, CBA3AHHBIX C MUK-
PO3KOJIOrMYeCKUMHU HApyIIEHUAMH B OPraHU3Me YesioBeKa. JKc-
nep. u kauH. zacmpoarnmepoaozus. 2018; 151 (3): 83-92.

Espin J.C., Gonzalez-Sarrias A., Tomas-Barberan F.A. The gut micro-
biota: A key factor in the therapeutic effects of (poly) phenols.
Biochem. Pharmacol. 2017; 139: 82-93. DOI: 10.1016/j.bcp.2017.
04.033. PMID: 28483461

Spreadborough P., Lort S., Pasquali S., Popplewell M., Owen A., Kreis
L, Tucker O., Vohra R.S. and on behalf of the Preventing Postoperative
Pneumonia Study Group and the West Midlands Research Collabora-
tive. A systematic review and meta-analysis of perioperative oral de-
contamination in patients undergoing major elective surgery. Peri-
oper. Med. 2016; 5: 6. DOI: 10.1186/513741-016-0030-7.

Resino E., San-Juan R., Aguado J.M. Selective intestinal decontami-
nation for the prevention of early bacterial infections after liver trans-
plantation. World J. Gastroenterol. 2016; 22 (26): 5950-5957. DOI:
10.3748/wjg.v22.i26.5950. PMID: 27468189

Zandstra D.F., Van Saene H.K. Selective decontamination of the di-
gestive tract as infection prevention in the critically ill. A level 1 evi-
dence-based strategy. Minerva Anestesiol. 2011; 77 (2): 212-219.
PMID: 21102395

Sdnchez-Ramirez C., Hipola-Escalada S., Cabrera-Santana M.,
Herndndez-Viera M.A., Caipe-Balcdzar L., Saavedra P., Artiles-
Campelo F., Sangil-Monroy N., Liibbe-Vdzquez C.F., Ruiz-Santana S.
Long-term use of selective digestive decontamination in an ICU
highly endemic for bacterial resistance. Critical Care. 2018; 22: 141
DOI:10.1186/513054-018-2057-2

Price R., MacLennan G., Glen J., SuDDICU Collaboration. Selective di-
gestive or oropharyngeal decontamination and topical oropharyn-
geal chlorhexidine for prevention of death in general intensive care:

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Bhalodi A.A., van Engelen T.S.R., Virk H.S., Wiersinga W.J. Impact of
antimicrobial therapy on the gut microbiome. J. Antimicrob. Chemot-
her. 2019; 74 (Supplement_1): i6-i15. DOI: 10.1093/jac/dky530.
PMID: 30690540

Lamarche D., Johnstone J., Zytaruk N., Clarke E, Hand L., Loukov D.,
Szamosi J.C., Rossi L., Schenck L.P, Verschoor C.P, McDonald E8.,
Meade M.O., MarshallJ.C., Bowdish D.M.E., Karachi T., Heels-Ansdell
D., Cook D.J., Surette M.G.; PROSPECT Investigators; Canadian Criti-
cal Care Trials Group; Canadian Critical Care Translational Biology
Group. Microbial dysbiosis and mortality during mechanical venti-
lation: a prospective observational study. Respir Res. 2018; 19 (1): 245.
DOI:10.1186/s12931-018-0950-5. PMID: 30526610

XuR., Tan C., Zhu J., Zeng X., Gao X., Wu Q., Chen Q., Wang H., Zhou
H., He Y, Pan S., Yin J. Dysbiosis of the intestinal microbiota in ne-
urocritically ill patients and the risk for death. Crit. Care. 2019; 23 (1):
195. DOI: 10.1186/513054-019-2488-4.

Yin L., WanY.D., Pan X.T., Zhou C.Y,, Lin N., Ma C.T., Yao J., Su Z., Wan
C., YuY.W, Zhu R.X. Association Between Gut Bacterial Diversity and
Mortality in Septic Shock Patients: A Cohort Study. Med. Sci. Monit.
2019; 25: 7376-7382. DOI: 10.12659/MSM.916808.

Davison J.M., Wischmeyer PE. Probiotic and symbiotic therapy in the
critically ill: State of the art. Nutrition. 2019; 59: 29-36. DOIL
10.1016/j.nut.2018.07.017. PMID: 30415160

Beloborodova N., Moroz V,, Osipov A., Bedova A., Sarshor Y., Vlasenko
A., Olenin A. Tyrosine metabolism disorder and the potential capa-
bility of anaerobic microbiota to decrease the value of aromatic me-
tabolites in critically ill patients. Crit. Care. 2014; 18 (Suppl 2): P60.
DOI: 10.1186/cc14063 http: //ccforum.com/content/18/S2/P60
Moroz V.V, Beloborodova N.V,, Osipov A.A., Vlasenko A.V,, Bedova A.Y,, Pau-
tova A.K. Phenylcarboxylic Acids in The Assessment of The Severity of Pa-
tient Condition and The Efficiency of Intensive Treatment in Critical Care
Medicine. Obshchaya Reanimatologiya=General Reanimatology. 2016;
12(4): 37-48. [In Russ.]. DOI: 10.15360/1813-9779-2016-4-37-48
Besselink M.G., van Santvoort H.C., Buskens E., Boermeester ML.A., van
Goor H., Timmerman H.M., Nieuwenhuijs V.B., Bollen T.L., van Ram-
shorst B., Witteman B.J., Rosman C., Ploeg R.]., Brink M.A., Schaap-
herder A.E, Dejong C.H., Wahab PJ., van Laarhoven C.J., van der Harst
E., van Eijck C.H., Cuesta M.A., Akkermans L.M., Gooszen H.G.; Dutch
Acute Pancreatitis Study Group. Probiotic prophylaxis in predicted
severe acute pancreatitis: a randomised, double-blind, placebo-cont-
rolled trail. Lancet. 2008; 371 (9613): 651-659. DOI: 10.1016/S0140-
6736(08)60207-X. PMID: 18279948

Morrow L.E., Wischmeyer P. Blurred Lines: Dysbiosis and Probiotics
in the ICU. Chest. 2017; 151 (2): 492-499. DOI: 10.1016/j.chest.
2016.10.006. PMID: 27771302

Manzanares W,, Lemieux M., Langlois PL., Wischmeyer PE. Probiotic
and synbiotic therapy in critical illness: A systematic review and
meta-analysis. Crit. Care. 2016; 19: 262. DOI: 10.1186/s13054-016-
1434-y. PMID: 27538711

Bongaerts G.R, Severijnen R.S. A reassessment of the PROPATRIA
study and its implications for probiotic therapy. Nat. Biotechnol.
2016; 34 (1): 55-63. DOI: 10.1038/nbt.3436.

Mukherjee S., Joardar N., Sengupta S., Babu S.RS. Gut microbes as fu-
ture therapeutics in treating inflammatory and infectious diseases:
Lessons from recent findings. J. Nutr. Biochem. 2018; 61: 111. DOI:
10.1016/j.jnutbio.2018.07.010. PMID: 30196243

Shenderov B.A., Tkachenko E.I, Lazebnik L.B., Ardatskaya M.D., Si-
nitsa A.V,, Zakharchenko M.M. Metabiotics - a new technology for the
prevention and treatment of diseases associated with microecologi-
cal disorders in the human body. Eksper: i klin. gastroenterologiya.
2018; 151 (3): 83-92 [In Russ.]

Espin J.C., Gonzalez-Sarrias A., Tomas-Barberan EA. The gut micro-
biota: A key factor in the therapeutic effects of (poly) phenols. Bio-
chem. Pharmacol. 2017; 139: 82-93. DOI: 10.1016/j.bcp.2017.04.033.
PMID: 28483461

Spreadborough P, Lort S., Pasquali S., Popplewell M., Owen A., Kreis
L, Tucker O., Vohra R.S. and on behalf of the Preventing Postoperative
Pneumonia Study Group and the West Midlands Research Collabora-
tive. A systematic review and meta-analysis of perioperative oral de-
contamination in patients undergoing major elective surgery. Perio-
per. Med. 2016; 5: 6. DOI: 10.1186/513741-016-0030-7.

Resino E., San-Juan R., Aguado J.M. Selective intestinal decontami-
nation for the prevention of early bacterial infections after liver trans-
plantation. World J. Gastroenterol. 2016; 22 (26): 5950-5957. DOI:
10.3748/wjg.v22.i26.5950. PMID: 27468189

Zandstra D.FE, Van Saene H.K. Selective decontamination of the dige-
stive tract as infection prevention in the critically ill. A level 1 evi-
dence-based strategy. Minerva Anestesiol. 2011; 77 (2): 212-219.
PMID: 21102395

Sdnchez-Ramirez C., Hipola-Escalada S., Cabrera-Santana M.,
Herndndez-Viera M.A., Caipe-Balcdzar L., Saavedra P, Artiles-
Campelo E, Sangil-Monroy N., Liibbe-Vizquez C.F, Ruiz-Santana S.
Long-term use of selective digestive decontamination in an ICU hig-
hly endemic for bacterial resistance. Critical Care. 2018; 22: 141 DOIL:
10.1186/513054-018-2057-2

Price R., MacLennan G., Glen J., SuDDICU Collaboration. Selective di-
gestive or oropharyngeal decontamination and topical oropharyn-
geal chlorhexidine for prevention of death in general intensive care:

www.reanimatology.com

GENERAL REANIMATOLOGY, 2019, 15; 6



DOI:10.15360/1813-9779-2019-6-62-79
O630pHI

95.

96.

97.

98.

99.

100.

101.

102.

10

w

104.

systematic review and network meta-analysis. BMJ. 2014; 348: g2197.
DOI: 10.1136/bmj.g2197. PMID: 24687313

Buelow E., Bello Gonzdlez T.D.]., Fuentes S., de Steenhuijsen Piters
W.A.A., Lahti L., Bayjanov J.R., Majoor E.A.M., Braat J.C., van Mourik
M.S.M., Oostdijk E.A.N., Willems R.J.L., Bonten M.J.M., van Passel
M.W.J., Smidt H., van Schaik W. Comparative gut microbiota and re-
sistome profiling of intensive care patients receiving selective diges-
tive tract decontamination and healthy subjects. Microbiome. 2017;
5 (1): 88. DOI: 10.1186/s40168-017-0309-z. PMID: 28803549

van Nood E., Speelman P., Nieuwdorp M., Keller J. Fecal microbiota
transplantation: Facts and controversies. Curr. Opin. Gastroenterol.
2014; 30 (1): 34-39. DOI: 10.1097/M0OG.0000000000000024. PMID:
24241245

Han S., Shannahan S., Pellish R. Fecal microbiota transplant: Treat-
ment options for Clostridium difficile infection in the intensive care
unit. J. Intensive Care Med. 2015; 31 (9): 577-586. DOI: 10.1177/
0885066615594344. PMID: 26141116

MecClave S.A., Patel J., Bhutiani N. Should fecal microbial transplan-
tation be used in the ICU? Curr. Opin. Crit. Care. 2018; 24 (2):
105-111. DOI: 10.1097/MCC.0000000000000489. PMID: 29432297
FDA In Brief: Important Safety Alert Regarding Use of Fecal Micro-
biota for Transplantation and Risk of Serious Adverse Reactions Due
to Transmission of Multi-Drug Resistant Organisms. 13 June 2019.
Available from: https: //www.fda.gov/news-events/fda-brief/fda-
brief-fda-warns-about-potential-risk-serious-infections-caused-
multi-drug-resistant-organisms

Beloborodova N., Sarshor Y. The first experience of targeted antibi-
otics for the regulation of the metabolic activity of the gut microbiota
(MAGM) in critically ill patients with pneumonia or abdominal in-
fection. Intensive Care Med. Experimental. 2018; 6 (Suppl 2): 0399.
DOI: 10.1186/540635-018-0201-6.

Benobopodosa H.B., Mopos B.B., bedosa A.FO. O posu apomaruye-
CKUX MUKPOOHBIX MeTaboIuTOB. Ilam. pusuonozus u skcnepumeH-
manvHas mepanus. 2018; 62 (1): 97-108. DOI: 10.25557/0031-2991.
2018.01.97-108.

Beloborodova N.V., Olenin A.Yu., Pautova A.K. Metabolomic findings
in sepsis as a damage of host-microbial metabolism integration. J.
Crit. Care. 2018; 43: 246. DOI: 10.1016/j.jcrc.2017.09.014. PMID:
28942199

. Chernevskaya E., Beloborodova N. Microbiota-Oriented Diagnostics

and Therapy in Sepsis: Utopia or Necessity? [Open access peer-re-
viewed chapter — Online First]. In: Sepsis. London, United Kingdom:
IntechOpen; 2019. DOI: 10.5772/intechopen.89187.

Beloborodova N.V., Grechko A.V., Olenin A.Yu. Metabolomic Discov-
ery of Microbiota Dysfunction as the Cause of Pathology. [Online
First]. In: Metabolomics — New Insights into Biology and Medicine.
London, United Kingdom: IntechOpen; 2019: 21. ISBN: 978-1-78985-
127-4. DOI: 10.5772/intechopen.87176

IMocrynuia 28.06.19

95.

96.

97.

98.

99.

100.

10

—_

102.

103.

104.

systematic review and network meta-analysis. BM]J. 2014; 348: g2197.
DOI: 10.1136/bmj.g2197. PMID: 24687313

Buelow E., Bello Gonzdlez T.D.]J., Fuentes S., de Steenhuijsen Piters
W.A.A., Lahti L., Bayjanov J.R., Majoor E.A.M., Braat ].C., van Mourik
M.S.M., Oostdijk E.A.N., Willems R.J.L., Bonten M.J.M., van Passel
M.WJ., Smidt H., van Schaik W. Comparative gut microbiota and re-
sistome profiling of intensive care patients receiving selective dige-
stive tract decontamination and healthy subjects. Microbiome. 2017;
5(1): 88. DOI: 10.1186/s40168-017-0309-z. PMID: 28803549

van Nood E., Speelman P, Nieuwdorp M., Keller J. Fecal microbiota
transplantation: Facts and controversies. Curr. Opin. Gastroenterol.
2014; 30 (1): 34-39. DOI: 10.1097/MOG.0000000000000024. PMID:
24241245

Han S., Shannahan S., Pellish R. Fecal microbiota transplant: Trea-
tment options for Clostridium difficile infection in the intensive care
unit. J. Intensive Care Med. 2015; 31 (9): 577-586. DOI: 10.1177/
0885066615594344. PMID: 26141116

MecClave S.A., Patel J., Bhutiani N. Should fecal microbial transplan-
tation be used in the ICU? Curr. Opin. Crit. Care. 2018; 24 (2): 105-111.
DOI: 10.1097/MCC.0000000000000489. PMID: 29432297

FDA In Brief: Important Safety Alert Regarding Use of Fecal Micro-
biota for Transplantation and Risk of Serious Adverse Reactions Due
to Transmission of Multi-Drug Resistant Organisms. 13 June 2019.
Available from: https: //www.fda.gov/news-events/fda-brief/fda-
brief-fda-warns-about-potential-risk-serious-infections-caused-
multi-drug-resistant-organisms

Beloborodova N., Sarshor Y. The first experience of targeted antibio-
tics for the regulation of the metabolic activity of the gut microbiota
(MAGM) in critically ill patients with pneumonia or abdominal in-
fection. Intensive Care Med. Experimental. 2018; 6 (Suppl 2): 0399.
DOI: 10.1186/s40635-018-0201-6.

. Beloborodova N.V., Moroz V.V, Bedova A.Yu. On the role of aromatic

microbial metabolites. Pat. fiziologiya i eksperimentalnaya terapiya.
2018; 62 (1): 97-108 [In Russ.]. DOI: 10.25557/0031-2991.2018.01.97-
108.

Beloborodova N.V,, Olenin A.Yu., Pautova A.K. Metabolomic findings
in sepsis as a damage of host-microbial metabolism integration. J.
Crit. Care. 2018; 43: 246. DOI: 10.1016/j.jcrc.2017.09.014. PMID:
28942199

Chernevskaya E., Beloborodova N. Microbiota-Oriented Diagnostics
and Therapy in Sepsis: Utopia or Necessity? [Open access peer-revie-
wed chapter — Online First]. In: Sepsis. London, United Kingdom:
IntechOpen; 2019. DOI: 10.5772/intechopen.89187.

Beloborodova N.V,, Grechko A.V,, Olenin A.Yu. Metabolomic Discovery
of Microbiota Dysfunction as the Cause of Pathology. [Online First].
In: Metabolomics — New Insights into Biology and Medicine. London,
United Kingdom: IntechOpen; 2019: 21. ISBN: 978-1-78985-127-4.
DOI: 10.5772/intechopen.87176

Received 28.06.19

GENERAL REANIMATOLOGY, 2019, 15; 6

www.reanimatology.com

79



DOI:10.15360/1813-9779-2019-6-80-93

Reviews

3abosieBaHUs IeYeHU U reMocTa3 (0030p)
Yacts II. XosriecraTnueckue 3a00/1eBaHHA MeUYEeHH U TeMOoCTa3

B. 1. PemetHak!, U. B. Maes!, T. M. Pemmietuax?, C. B. JRypasess?, B. M. [Iucapes*

! MOCKOBCKU T'OCY/1apCTBEHHBIH MeJIMKO-CTOMATOJIOIMYeCKUil yHuBepcuTeT uM. A. V. EBjoknMoBa Munaapasa Poccun,
Poccus, 127473, r. Mocksa, ya. [lesnerarckas, n. 20, cTp. 1
2 HMU peBmatoJsioruu uM. B. A. HacoHoBo#,

Poccus, 115522, . MockBa, Kamupckoe mocce, a. 34A

$ HU cropoii nomomu uM. H. B. Criaudocosckoro I3M,

Poccus, 129090, r. MockBa, bosnbsmaa CyxapeBckas LI, . 3
4+ HUU o61eit peanumarosioruu uM. B. A. Herosckoro ®HKI] PP,

Poccus, 107031, r. Mocksa, ya. IleTpoBka, 1. 25, cTp. 2

Liver Disease and Hemostasis (Review)
Part 2. Cholestatic Liver Disease and Hemostasis

Vasiliy I. Reshetnyak!, Igor V. Maev!, Tatiana M. Reshetnyak?,
Sergei V. Zhuravel®, Vladimir M. Pisarev*

1 A. . Evdokimov Moscow State University of medicine and dentistry, Ministry of Health of Russia,

20 Delegatskaya Str., Build 1, 127473 Moscow, Russia

2V. A. Nasonova Research Institute of Rheumatology,
34A Kashirskoye highway, Moscow 115522, Russia

3 N. V. Sklifosovsky Research Institute of Emergency Care, Moscow Healthcare Department,
3 Bolshaya Sukharevskaya Square, Moscow 129090, Russia
4V. A. Negovsky Research Institute of General Reanimatology,
Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,

25 Petrovka Str., Build. 2, 107031 Moscow, Russia

Hasimave nyti pa3BUTHE HapYIIEHUH (PYHKIIMH ITeYeHU MOKET CYIIIeCTBEHHO OCJIOKHATh TeUeHNEe KPH-
TUYECKUX ¥ TEPMUHATBHBIX COCTOSTHUN. CHCTEeMHBIe HapyIITeHNs TeMOCTa3a HepeaKo SABJISAIOTCS BeIyIITIMU
y TaIeHTOB PEAaHNMAaTOJIOTHIECKOTO IPOMUIIA C XOIeCTaTHIeCKUMH 3a00/IeBaHUSIMY ITIEYeHH, II09TOMY
MU3YyUYE€HNE MEXaHU3MOB UX PA3BUTUA MOKET BHECTU BRJIA/] B IOHUMAHNE PA3BUTUA HOJII/IOpI‘aHH()ﬁ Henmo-
CTaTOYHOCTH [IPU KPUTHYECKHUX COCTOSTHUSIX.

B 0630pe npencTaB/IeHBI COBpEMEHHBIE TaHHbIe 00 N3MEeHEeHHUsX IT0KasaTe/ied TeMOoCTa3a y MalueHToB
C X0JIECTaTUYeCKUMU 3a00/IeBaHUAMM ITeUeHH, TIpe/ijlaraeTcsl MeXaH!N3M Pa3BUTH TaKUX HapYIIIEHUH, B KO-
TOPOM Y9acCTBYIOT (hOoChONMUIHABI MEMOPaH TPOMOOIIUTOB 1 9HIOTETNOIUTOB. OOOCHOBEIBAETCS IIPEIIO-
JIOKEHUE O TOM, YTO CKJIOHHOCTb K TPOM0O03aM y ITaIFieHTOB C X0JIeCTaTHYeCKUMHU 3ab0/IeBaHIAME ITeYeHN
00yCJ/I0BJIeHA TOBHIMIIEHHBIM HAKOTIJIEHHEM 5KeTYHBIX KACJIOT B CHCTEMHOM KPOBOTOKe. [IprBeieHbI JaHHbIE
0 TOM, 4TO IPX AHTH(DOCHOJUIHITHOM CHHAPOME IPEAPACIOTIOKEHHOCTh K 00pasoBaHMIO TPOMOOB 00-
yCJIOBJIEHA N3MEHEHUAMH (POCHOJUITIIHOTO COCTaBa MeMOpaH TPOMOOIINTOB U 9HJO0TETHATBHBIX KJIETOK
COCYZI0B, BOSHUKAIOIIMMH B Pe3YJIETaTe NX B3aNMOJI€HCTBHA C IUPKYIUPYIOIIUMA aHTU(DOCH 0TI THBIMI
anTATesiaMu. O60CHOBAHO MTOJIO’KEHUE O TOM, YTO [T03HAHNE MEXaHU3MOB, JIESKAIX B OCHOBE Pa3BUTHA
W3MeHEeHUH B CHCTeMe CBePThIBAHIA KPOBH IIPH HAPYIIEHUAX (PYHKIIUH [TeYeHH, TOMOSKeT ITOMCKY HOBBIX
myTel obecriedeHrs1 ONTUMAIbHON KOPPEKIINN HAPYIIIEeHW reMoCcTasa y MalieHTOB C XPOHMYECKUMU 3a-
60JIeBaHUSAMU ITEYEHH.

Knaroueswte crosa: zemocmas; HApyuweHus Koazyaiuyuu, xoiecmanuuecrkue 3a60.J1e8aHUSL NeYeHU

The presence or development of liver disorders can significantly complicate the course of critical illness
and terminal conditions. Systemic hemostatic disorders are common in Intensive Care Units patients with
cholestatic liver diseases, so the study of the mechanisms of their development can contribute to the under-
standing of the development of multiorgan failure in critical illness.

The review discusses current data on changes in hemostatic parameters in patients with cholestatic liver
diseases, proposes a mechanism for the development of such disorders, which involve interactions of phos-
pholipids with platelet and endotheliocyte membranes. It is suggested that a trend for thrombosis in patients
with cholestatic liver disease is due to increased accumulation of bile acids in the systemic circulation. Available
data demonstrate that the antiphospholipid syndrome may predispose to the formation of blood clots due to
alterations of phospholipid composition of membranes of platelets and vascular endothelial cells by circulating
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antiphospholipid antibodies. Clarifying the mechanisms contributing to changes of the blood coagulation sys-
tem parameters in liver disorders will aid to development of optimal correction of hemostatic disorders in pa-

tients with chronic liver diseases.

Keywords: hemostasis; disorders of coagulation; cholestatic liver diseases
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BBenenue

Cucrema remocTrasa Ipe[CcTaBjseT CO00M
COBOKYIHOCTh MEXaHM3MOB, 00€CIedYrBaIOIINX
COXpaHeHHUe KUIKOI0 COCTOSIHUSI KPOBH, IIpe[-
yIOpeskaeHrue M OCTAaHOBKY KpPOBOTEYEHHU, a
TakyKe [1eJJOCTHOCTH KPOBEHOCHBIX COCYHO0B. B ee
(pyHKIIMOHMpPOBAaHNYM IPUHUMAIOT y4acTre (dak-
TOPBI CBePTHIBAIOIIEN, IIPOTUBOCBEPTHIBAIOIIEH
(QaHTUKOATYJASHTHOW) W (PUOPUHOJIUTHIECKON
CUCTeM KpoBU. V3MeHeHHe (PyHKIIMOHAJIBHOIO
COCTOSTHUSA OTHOTO U3 3BEHbEB B CUCTEME I'eMO-
CTa3a NarreHTOB C XPOHNYECKUMHU AU} Py3HBIMI
3aboJsIeBaHUSAMY TI€YE€HHU COMPOBOYKIAETCA KOM-
MTeHCATOPHBIMU CABUTAMU B EATEHHOCTH APY-
I'UX KOMITIOHEHTOB. Hapyrienre (hyHKIIMOHATBHBIX
B3aMMOCBSI3€el IpU MPOTPECCUPOBAHNU 3aboJie-
BaHWSA MEYEeHHN MOKET ITPUBECTH KaK K yBeJnde-
HUIO PHCKa KPOBOTEYEHMsI, TaK ¥ Pa3BUTHS TPOM-
6o3a [1-5]. B mpenbimymeii dactm 0630pa
00Cy’®/1a/I0Ch pa3BUTHE CKJIOHHOCTU K KPOBO-
TeUYEeHUsIM y NAIlMEeHTOB C HEX0JIECTaTHYEeCKUMU
3a00JIeBaHUAMY I€YEHU B XOJle TeUeHUsI 3aboe-
BaHUA [2], B TO BpeMsA KaK IIPU XOJ1eCTaTUICeCKUX
3a00JIeBaHUAX IIEYEHN B IPOIIECCE TPOTPECCUPO-
BaHUs1 60JIE3HN OTMEYaJIach CKIOHHOCTH K TPOM-
6oo0OpasoBanuio [5-7]. Bo Bropoii yactu o630pa
00CY’RIaIOTCS BOIPOCHI HapYIIEHWHA B CHUCTEME
reMocTasa y IMaleHTOB C X0JIeCTaTUYeCKUMH
3aboJsieBaHUSAMY TI€Y€HU W C TOBPEKIEHUSIMH
Ie4eHU COCYJUCTOro reHesa, KOTopble, KakK Ipa-
BUJIO, COIIPOBOKIAIOTCA THIIEPKOATYJIALUAEN.
[IpenJioskeH HOBBIN MEeXaHNU3M pa3BUTHS Hapyllle-
HUH B CHCTEME TeMOCTa3a IIPH X0JIECTATUIEeCKIX
3a00JIeBaHUSAX I€YEHU.

XosecTaTu4ecKye MOBPEKICHUS IEYEHH U
remocra3. K XpoHHUYECKHMM XOJieCTaTU4eCKUM
MTOBPEXRAEHUSM I€YeHH OTHOCATCS MEPBUYHBIN
ommapnbiil xomaurut ([16X), panee M3BeCTHBIN
KaK MepBUYHBIN OunapHbIi iuppo3 (TT1BL) [9], u
IIepBUYHBIN CKJyepo3upyromuil xonanrur (I1CX).
[1BX sABAsIeTCS XPOHUYECKUM XOJIEeCTATUYECKUM,
rpaHy/IeMaTO3HbIM 1 BOCITAJIUTEIHHO-IECTPYKTHUB-
HBIM TIOPAsKEHNEM MEYKIOIHKOBBIX M CENTATHHBIX
SKeJTYHBIX IIPOTOKOB, KOTOPOE MOYKET OBITH BHI3BA-
HO ayTOMMMYHHBIM MEXaHU3MOM C IOTEHITATEHON
TeHJeHI[uel TporpeccupoBarb B uppo3 [10-13].
[1BX xapakTepusayeTcsi OI0CpeJOBAHHOU IIUTOTOK-
cryeckuMu T KJI€TKAMU TECTPYKIIUEH 9IUTETNO-
[IMTOB, BEICTHJIAIONINX MEJIKYE BHYTPUIIEYeHOUHBIE
SKeJTYHBIE IIPOTOKH. ITO IPUBOIUT K AYKTYIONEHUN
Y CTOMKOMY BHYTPHUII€YEHOYHOMY X0JIECTa3y, KOTO-

Introduction

The hemostasis represents a set of mecha-
nisms that ensure the preservation of the liquid sta-
tus of the blood, the prevention and stopping of
bleeding, as well as the integrity of blood vessels.
Coagulation factors, anticoagulant (anti-blood clot-
ting) and fibrinolytic systems of blood are the func-
tioning components of the hemostasis. Alterations
of one components of hemostasis in patients with
chronic liver diseases are accompanied by com-
pensatory shifts in the activity of other compo-
nents. Altered relationships within the hemostasis
during the progression of liver disease increase the
risk of bleeding or thrombosis [1-5]. In the previous
part of the review, the development of the tendency
to bleeding in patients with non-cholestatic liver
diseases during the course of the disease was dis-
cussed [2], while in cholestatic liver diseases, the
tendency to thrombosis was noted during the pro-
gression of the disease [5-7]. The second part of the
review discusses the issues of hemostasis alter-
ations in patients with cholestatic liver diseases and
liver lesions due to vascular damages, which are
commonly accompanied by hypercoagulation. A
new mechanism for the development of disorders
in the hemostatic system in cholestatic liver dis-
eases is proposed.

Cholestatic liver damage and hemostasis.
Chronic cholestatic liver damage includes primary
biliary cholangitis (PBC), formerly known as pri-
mary biliary cirrhosis [9], and primary sclerosing
cholangitis (PSC). PBC is a chronic cholestatic,
granulomatous and inflammatory-destructive le-
sion of the interlobular and septal bile ducts, which
can be caused by an autoimmune mechanism with
a potential tendency to progress into cirrhosis [10-
13]. PBC is characterized by cytotoxic T cell-medi-
ated destruction of epithelial cells lining the small
intrahepatic bile ducts. This leads to ductulopenia
and persistent intrahepatic cholestasis, which in
the terminal stage causes the development of cir-
rhosis and liver failure.

PSCis a fairly rare chronic cholestatic liver dis-
ease characterized by inflammation, obliteration
and fibrosis of the intra-and extrahepatic bile ducts,
the development of biliary cirrhosis, portal hyper-
tension and liver insufficiency [14]. In both PBC and
PSC, the main pathological changes in the liver
occur in the intrahepatic bile ducts. This leads to al-
tered bile evacuation processes, accompanied by
intrahepatic cholestasis. The latter in the early
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PpBIli B TEpMUHAIBHOM CTaAny 00yCJIaBIMBAET pas-
BUTHE IUPPO3a ¥ IEYeHOYHON HEJJOCTATOYHOCTH.

[ICX — moBOIBHO peKoe XpOHUYECKOE X0J1e-
cTaTuyeckoe 3a0o0JieBaHUe TeYeHM, XapaKTepu-
3yroIeecst BocrajgeHneM, odaureparieii u guob-
pO30M BHYTPH- ¥ BHEIIEYCHOYHBIX JKEJYHBIX
IMPOTOKOB, PA3BUTHEM OMJIMAPHOTO IITPPO3a, IOpP-
TaJbHOM TUIEPTEH3UU U TTeYeHOYHOU HeJI0CTaTou-
"HocTtu [14]. Kak nipu I1BX, Tak u npu [ICX ocHOB-
Hble TIIaTOJIOTUYECKHE M3MEHEeHHUsI B IeYeHU
IIPOUCXOAAT BO BHYTPUIIEYCHOYHBIX SKEJYHBIX
MIPOTOKAaxX. JTO IPUBOIUT K HAPYIIEHUIO SKEJTYCBbI-
JleJICHN s, COIIPOBOKIAIOIEI0CS BHYTPUIIEYCHOY-
HBIM X0J1ecTa3doM. [locaeTHI Ha paHHUX CTaIUsAX
3a00JIeBaHUs MaJjIo BJIMsET Ha 0€JIKOBO-CUHTETH -
4eCKyI0 (PyHKIMIO TIe4eHOYHBIX KIeToK. CucreMa
reMocTasa IIpu 9TOM JOBOJIBHO YCTONUYNBA K pas-
BHUBAIOIIEMyCsd BHYTPUIIEYCHOYHOMY XO0JIECTa3y.
[IpoxoarysiAlMOHHbIE, AHTUKOATyJIALMOHHbBIC U
pubpuHOIUTIYECKIE TTOKA3aTeJ I Ha PAHHUX CTa-
Vs 3a00J1eBaHUsI 3a9aCTyI0 OCTAIOTCS B IIpeie-
Jlax HOpMaJIbHbIX 3HaUYeHu# [15, 16].

ITamyeHThI ¢ X0JIeCTaTHYECKIMU 3a00JIeBaHK -
MMU IIeYCHHU XapaKTepU3YIOTCsI HOPMaJIbHbIMU UJIN
TTOBBIIIIEHHBIMU TTOKA3aTeISIMU KOATYIISAIIN: OoJtee
BBICOKHI YPOBEHb MHTMONTOPA aKTUBAIIH TIJIa3MH-
HoreHa 1 (MATI-1) mo cpaBHEHUIO ¢ 3a001€BAHUSIMI
TeYyeH!U APYToi STUOJIOMH YPaBHOBEIINBAET IT0BbI-
IIEHHYIO aKTUBHOCTH TKAHEBOI'O aKTUBATopa I1J1a3-
munorena (TAIT). M Jiuiis Ha IMO3HUX CTaausax 3a00-
JeBaHUsI 3a CYeT [JIUTEJIbHOTO TOKCHUYECKOIO
BO3JIENCTBUA U30BITOYHBIX YKEJYHBIX KHCJIOT Ha
CTPYKTYpY I'ellaTonuTa, IPOUCXONUT HAPYIIIEeHUE ero
(pyHKIIM, B TOM YHCIIE ¥ OETKOBO-CHHTETUYECKOM.
[TosToMy TIpM XOJIECTAaTHYECKUX 3a00JIEeBaHUSX
neyeHn WU3MEHEHUsI B CBEPTHIBAIOIIEH cucTeMe
KPOBHU MeHee BbIPAsKeHbI, YeM IPU ITUPPO3axX Ieve-
HU BUPYCHOU U aJIKOTOJILHOU NPUPOJBL. JIUIh HA
OUY€eHb MO3THUX CTAIUSIX 3a00JIeBaHMsI Pa3BUBAETCS
MeYeHOYHO-KJIETOYHAsA HeJOCTaTOYHOCTh W MOP-
TaJIbHAs TUIEPTEeH3Ms. BbHKMBAaeMOCTb ITIPU KPOBO-
Te4YeHUsIX U3 BApDUKO3HO PaCIIMPEeHHBIX BEH ITUIIe-
BOJIA 1 YKeJTyJIKa IIPU ITOPTAJIbHOM TUIIepTEH3UH 9THX
MaleHTOB BBIIIE, YeM IIPU HeXO0JIeCTaTUYeCKUX
nuppoasaxeyenu [17, 18].

B koarymorpamme HaOJTI0jaeTCs YAJITNHEHNE
TpoMOuHOBOTO BpeMeHu (TB) rmpu HOpMaJIBHBIX
3HAYEHNAX aKTUBUPOBAHHOTO YACTUYHOTO TPOM-
bomtacTuHOBOTO Bpemenu (AUTB) u mpoTpomMOu-
HoBOTO Bpemenu (I1B); comepskanue pubprHOTEHA
0OCTaeTCsI B IpefeJsiax HOpMbI MY MTOBBINIaeTCs. B
CBsI3U C HEJOCTATOYHBIM KOJIMYECTBOM KeJTIHBIX
KMCJIOT, IOCTyIIAlOKX B KAIeyHuk npu [ICX u
[TIBEX, oTMedaeTcsi yMeHbIIIeHNE a0bcopoIuu u3
TOHKOTO KUIIIEYHUKA YKUPOPACTBOPHUMBIX BUTAMU-
HOB, B TOM uncJje Butamuia K. Buramun K saBiisieT-
¢s1 00513aTeTEHBIM KO(PaKTOPOM /TSI CHHTE3a O10-
JIOTUYECKHU aKTUBHBIX popMm dakTopos I, VII, IX,
X, XIII v ecTeCTBEHHBIX aHTUKOATYJITHTOB, IIPOTEU-

stages of the disease has minor effect on the protein
synthesis in liver cells. The hemostatic system is rel-
atively resistant to developing intrahepatic
cholestasis. Procoagulation, anticoagulation and
fibrinolytic parameters in the early stages of the dis-
ease often remain within the normal values [15, 16].

Patients with cholestatic liver diseases are
characterized by normal or increased coagulation.
Higher level of plasminogen activation inhibitor 1
(PIA-1), may compensate the increased activity of
the tissue plasminogen activator (tPA). Only in the
later stages of the disease due to the long-term toxic
effects of excess bile acids on the structure of the
hepatocytes, their function including synthetic is
corrupted. Therefore, in cholestatic liver diseases,
changes in the blood coagulation system are less
significant than they are for patients diagnosed with
viral or alcoholic liver cirrhosis. Only at very late
stages of the disease the hepatic cell failure and por-
tal hypertension are developing. Survival in bleed-
ing from varicose veins of the esophagus and stom-
ach in patients with portal hypertension is higher
than in non-cholestatic cirrhosis of the liver [17, 18].

In the coagulogram, there are elongations of
thrombin time (TT) and normal values of both ac-
tivated partial thromboplastin time (APTT) and
prothrombin time (PT); the fibrinogen content re-
mains within the normal range or increases. Due to
the insufficient amount of bile acids entering the
intestine in PSC and PBC, there is a decrease in the
absorption of fat-soluble vitamins from the small
intestine, including vitamin K. Vitamin K is a
mandatory cofactor for the synthesis of biologically
active forms of factors II, VII, IX, X, XIII and natural
anticoagulants, proteins C and S. Vitamin K defi-
ciency may affect the calcium-binding sites of the
thrombin-thrombomodulin-protein C complex
[19]. When the y-carboxylation is damaged due to
vitamin K deficiency or the action of its antagonists,
inactive forms of these factors are formed.

There is evidence that hyperfibrinolysis may
develop due to high levels of endotoxins in blood
plasma [7, 20]. Until now, it remains problematic to
predict whether hyperfibrinolysis might develop,
which is not detected by laboratory tests in patients
with cholestatic liver damage due to stress factors
(infection, surgery). Despite the fact that patients
with cholestatic liver diseases in the terminal stage
of hepatic cell failure form inactive forms of clotting
factors and may develop hyperfibrinolysis, they do
not have a tendency to bleed [7]. On the contrary,
activation of coagulation is a sign of alteration of
the blood coagulation system in cholestatic liver
diseases [21-24]. When conducting coagulation
tests in patients with cholestatic liver diseases, the
increases in platelet activity, Willebrand factor level
and a decrease in the activity of ADAMTS-13 met-
alloproteinase are commonly found [22, 25, 26]. Pi-

husch R. et al. shown the platelet function to differ
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HOB Cu S. [lepurut Buramuaa K MoskeT BJIUATH HA
KaJIbIIUH-CBA3BIBAIOIIME CANTHI KOMIIJIEKCA TPOM-
ouH-TpoMOoMonyuH-6esok C [19]. [Tpu Hapy1Ie-
HUM Y-KapOOKCUINPOBAHUS BCJIEICTBHE JTeDUITH-
Ta BUTaMuHa K nim neficTBUsI ero aHTaroHNUCTOB
00pasyIoTcs HeaKTUBHBIE (DOPMBI ATHX (DAKTOPOB.

HmeroTcsa JanHble O TOM, YTO MOSKET pa3BU-
BaTbCs THUNEPPUOPUHONINS, OOYCTOBIEHHBIN
BBICOKHM YPOBHEM 9HIOTOKCUHOB B IIJIa3Me KPOBU
[7, 20]. [To cux TIOp OCTaeTcsl MPOoOJIeMaTUIHBIM
MpeayrafaTh, Pa30BBETCSA JIU TUIepHUOPUHOINS,
KOTOPBIH JTaO0PaTOPHO HE BBISABJISIETCS Y MTAlNEH-
TOB B CTAOMILHOM COCTOSTHUH C XOJIECTaTUIECKUM
IIOBpEsKICHUEM IIeYeHY, BOSHUKIINMU B Pe3yJIb-
Tare BO3/IeNCTBHUSA CTPECCOBBIX (haKTOPOB (MH(pEK-
M5, ollepaTuBHOE BMellaTe/IbCcTBo). HecMoTps Ha
TO, YTO Y HAIIMEHTOB C XOJIEeCTaTHIECKUMU 3a00Je-
BaHUAMU [IeYeHU B TEPMUHAJIBHOU CTAIUU eve-
HOYHO-KJIETOYHOW HEJI0CTAaTOYHOCTH 00Pa3yioTCs
HeaKTUBHbIe (POPMBI (DAKTOPOB CBEPTHIBAHUSA U
MOKET Pa3BUTHCS TUNEPPUOPUHOIINS, CKIOHHO-
CTH K KPOBOTEUYEHUSIM y HUX He Habsromaercs [7].
Haobopor, mpuaHakamMy HapymIeHWUs CHUCTEMBI
CBEPTHIBAHUS KPOBU IIPU X0OJI€CTAaTUYECKUX 3200-
JIEBaHUSIX IICYEHU SABJIACTCA aKTUBALUAA KOAryJIA-
nuu [21-24]. IIpu npoBeIeHUN KOaryIalMOHHBIX
TECTOB Y HAIIEHTOB C XOJIeCTaTUIECKUMU 3a00Je-
BaHUAMU [1€YCHU 9aCTO OTMEYAETCsI yBeJInYeHue
AKTUBHOCTH TPOMOOITUTOB, YpOBHs (pakTopa Bui-
JiebpaH/Ia ¥ CHIKEHNE aKTUBHOCTH METaJIIONPO-
TenHa3bl ADAMTS-13 [22, 25, 26]. Pihusch R. et al.
MTOKa3aJd, YTo (PYHKIHSA TPOMOOITUTOB passnda-
€TCA y ITAllMeHTOB C X0JIeCTaTUYeCKAM 1 HexoJ1e-
CTaTUYECKUM IIOBPE)KICHUEM [ICYCHU U ABJIACTCA
CTaOMJIBHOM MJTH JasKe TUTIEPAKTUBHON y ITarfieH-
ToB ¢ IICX 1 [1BX [22].

Tpomb6oanactorpaduss (TII) BBIABIsET
runeproarynanuio y nanueHtos [ICX m I1BX
3aJ0JIr0 0O CTaAWM PAa3BUTHUA LUPPO3a, HO HE Y
IIalMeHTOB C BUPYCHBIM remarurom C [22, 26].
I'mneproarymnanua o TOI mpu u I1CX, acconuupy-
ercsi ¢ 60oJee BBICOKUM YPOBHEM (pUOpPUHOTeHa
(22, 26]. IIpu npoBegeHUN PYTUHHBIX KOAryJisd-
IMOHHBIX TECTOB, Y IAIIMEHTOB C XOJIeCTaTUYeCKU-
MU 3a60/I€BaHUSAMU MTeYeHU YaCTO BBISABJISETCS
3aMeTHOE ITOBBIIIIEHNE KOJTMYeCTBA TPOMOOIINTOB
1 ypoBH#A ¢pudbpuHoreHa [21]. IIpu arom cumTaer-
Csl, UTO BBICOKAsi KOHIleHTpanus (pubpuHOTEeHa y
MaIFEHTOB C XOJIECTaTHIECKUMU 3a00/1eBaHUSIMA
U remnaToleJJII0JIIPHON KapIIMHOMOU He BeJleT K
MTOBBIMIIEHNI0O 00PAa30BaHUs CTYCTKOB, TaK Kak
OoJbIras yacTh ero He(pyHKIMOHAMbHA [27]. TIpn
9TOM OBLJIO TIOKA3aHO, YTO Y MAIMEHTOB C TePBUY-
HBIM OWJIWApPHBIM XOJIAHTUTOM OOHapy’KeHa
0oJee BBICOKAsA YaCTOTAa TPOMOO30B B IMOPTAJIb-
HOM BEHO3HOM KpOBOTOKe. Ben-Ari Z. et al.
MCI0Jb30Bau TpoMboasmactorpaduio (TEG) miis
OLICHKM CHCTEMBbI reMocTasa y nanueHTos ¢ [ICX n

[TBX [21]. TpomboaJsacTorpacduss u TpomboaIa-

in patients with cholestatic and noncholestatic liver
damage and to be stable or even hyperactive in pa-
tients with PSC and PBC [22].

Thromboelastography (TEG) reveals the hy-
percoagulation in patients with PSC and PBC long
before the stage of cirrhosis, but not in patients
with viral hepatitis C [21, 22, 26]. Hypercoagulation
by TAG in PBC and PSC patients is associated with
higher fibrinogen levels [22, 26]. During routine co-
agulation tests, patients with cholestatic liver dis-
ease often demonstrate a marked increase in the
number of platelets and fibrinogen levels [21]. At
the same time, it is believed that the high concen-
tration of fibrinogen in patients with cholestatic
diseases and hepatocellular carcinoma does not
lead to increased clot formation, since most of it is
non-functional [27]. It was shown that patients with
primary biliary cholangitis showed a higher inci-
dence of thrombosis in the portal venous blood
flow. Ben-Ari z et al. employed TEG to assess the
hemostatic system in patients with PSC and PBC
[21]. TEG and thromboelastometry (ROTEM) are
generally accepted coagulation tests that allow
evaluating the specific components of the plasma
coagulation system and blood cells [28, 29]. TEG al-
lows determining the interaction of plasma coagu-
lation factors, platelets and other blood cells. Based
on the three parameters of the thromboelastogram,
the authors showed that patients with PSC and PBC
exhibit hypercoagulation (PBC 28%, PSC 43%)
compared to patients with noncholestatic cirrhosis
(5%), P=0.005 and P=0.0005, respectively, and com-
pared with healthy volunteers (P=0.005 for PBC and
P=0.00001 for PSC) [21].

Patients with PBC and PSC who experience
hypercoagulability were found to possess a low
level of natural anticoagulants (proteins S and C
and/or antithrombin III [16, 30]. This is due to al-
terations of the protein-synthetic function of hep-
atocytes and a lack of vitamin K. Proteins C and S
belong to vitamin K-dependent glycoproteins that
are synthesized by hepatocytes. It is believed, that
the low concentrations of vitamin K-dependent gly-
coproteins C and S may contribute to increased
thrombosis. In cholestatic liver damage, an imbal-
ance between decreased level of natural anticoag-
ulants and decreased concentration of blood clot-
ting factors leads to the development of
hypercoagulation. The initiators of the develop-
ment of hypercoagulation in cholestatic liver dis-
eases can be bile acids, appearing in high concen-
trations in the common bloodstream. Normally,
bile acids carry out enterohepatic circulation and
practically do not get into the blood flow [31].

Getting into the common bloodstream, in pa-
tients with intrahepatic cholestasis the bile acids af-
fect the phospholipid composition of the cytoplas-
mic membranes of the blood cells and vascular
endothelium, breaking the transverse asymmetry
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crometpusi (ROTEM) sIBsTIOTCS OOIIENTPUHATHIMU
TecTaMM KOaryJsiliuy, KOTOpbIe II03BOJIAIOT Olie-
HUTBH CBOMCTBA KPOBH, COjlepsKallledl Bce KIeTKU
KPOBHU M KOMIIOHEHTbHI CBEPTHIBAIOIIEN CUCTEMBI
miasMmbl [28, 29]. TEG mo3BoJiseT ompeneasiTh
B3aUMOJIeMCTBYE TIJIa3MEHHBIX (DAKTOPOB CBEP-
THIBAHUS, TPOMOOIINTOB U IPYTUX KJIETOK KPOBHU.
Ha ocHOBe Tpex mapamMeTpoB TpoMO0aIacTorpaM-
MBI, aBTOPBI ITIOKAa3aJ/Id, YTO y nanueHTos ¢ [ICX u
[TEX mabmonaercs runeproaryasanus (ITBX 28%,
[ICX 43%) 110 cCpaBHEHUIO C MAllMEHTAMH, UMEI0-
IIIMMU HEXOJIECTAaTUYeCKUU ITUppo3 neuenu (5%),
p=0,005 1 p=0,0005 COOTBETCTBEHHO U I10 CpaBHE-
HHUIO CO 3II0POBBIMH mgoOpoBosibiiamMu (p=0,005
oA [1bX n p=0,00001 moa [ICX) [21].

¥ nanuenTos c¢ [ICX u [1BX, y KOTOpBIX oIIpe-
JIeJIsIeTCA TUIIEePKOAry/Isanys, TaKKe OTMedaeTcs
HU3KUU yPOBEHb €CTeCTBEHHBIX AHTUKOATYJISIHTOB
(mpotewnna S, C u/unu anturpom6buna III) [16, 30].
ITO 00yCJI0BJIEHO HApPyIIEHHEM OEJTKOBO-CHHTE-
TUYECKOH (PYHKIIMU rernaTouuTOB U HEJOCTaTKOM
BuTtamuHa K. [Tporenns: C 1 S — ButamuH-K-3aBu-
CHMBI€ [JINKOIIPOTENHbI, CAHTE3UPYIOTCS IIPEUMY-
IeCTBEHHO renaronurTaMu. Huskasa KOHIleHTpa-
Y1 BUTaMUH-K-3aBUCUMBIX NIMKOOPOTeNHOB C 1
S MOKeT crTocOOCTBOBATH MOBBIIIIEHHOMY TPOMOO-
oOpasoBanwuio. [Tpu X0I€eCTaTUIECKUX TTIOBPESKIEe-
HUSIX ITeYeHU TUCOATaHC MEKTY CHIYKEHEM YPOB-
Hs €CTeCTBEHHBIX aHTUKOATYJISTHTOB 1 CHUKEHUEM
KOHIIEHTpAIuM (aKTOPOB CBEPTHIBAHUSA KPOBU
NIPUBOIUT K PA3BUTHUIO THIIEpKoarynanuu. Vuum-
OyaTopaMy pPas3BUTUA TUIEPKOATYIANUMN IIPU
X0JIECTaTUYeCKUX 3a00JIeBaHUSAX IME€YEHU MOTYT
BBICTYIIATh SKE/TYHbIE KACJIOTHI, ITOABJIAIONINEC B
MTOBBINIIEHHOW KOHIIEHTPAIIUH B 00IIIeM KPOBOTO-
Ke. B HoOpMe sKeJTYHbIe KUCJI0THI OCYIIEeCTBJIAIOT
9HTEPOTeNMaTHYEeCKYI0 ITUPKYIANNIO U B 00N
KPOBOTOK IIPaKTUYECKU He nonasaror [31].

IMomamas B 061U KPOBOTOK, Y TAIIEHTOB C
BHYTPHUIICYCHOYHBIM X0JIECTA30M KEJIYHbIC KUC-
JIOTBI CIOCOOHBI BJIMATH Ha (PoCchOTUTUITHBIN
COCTaB ITUTOIJIa3MaTUYeCKUX MeMOpaH popMeH-
HBIX 3JIEMEHTOB KPOBU M JHIOTEJUs COCYHAOB,
HapylIas MOMepPeYHyI0 aCHMMETPHUI0 MeMOpaH.
JKesryHBIE KUCHOTHI, ABJISAACH CUJIBHBIMU JIeTep-
TreHTaMH, MOT'YT 3aXBaThIBaTh HeUTpasbHbIE (OC-
hoTMIIUIBI C BHEIITHETO JIETIECTKA IIUTOIIa3MaTH -
Jyeckoli MeMOpaHbl (POpPMEHHBIX 3JIEMEHTOB
KPOBU U 3HIO0TEJIMOLUTOB (puc.) I[Ipu aToMm oTpu-
11aTeJIbHO 3apsisKeHHble (pochoaunuabl, MOTyT
«IepeckakuBarb» 10 MexaHuaMmy «flip-flop» c
BHYTPEHHEro JenecTka IUTOIJIa3MaTUYeCKON
MeMOpaHbl Ha BHEITHUH.

[Ipu HapylieHUH nonepevyHol acuMMeTpuu
MeMOpaH TPOMOOIIMTOB U 9HIOTETUATBHBIX KJTe-
TOK COCYJOB Ha UX IIOBEPXHOCTU (hOPMUPYIOTCSA
OTpUIIATETLHO 3apsKeHHbIE (TPOMOOTEHHBIE) y4a-
CTKY U 9KCIIOHUpYyeTcs anonporeuH III TkaHeBoro
¢akropa. Tkanesoii pakrop (TF) u oTpuriare/ibHO

of the membranes. Bile acids, being strong deter-
gents, can capture neutral phospholipids from the
outer lobe of the cytoplasmic membrane of blood
cells and endotheliocytes (Fig. 1). In this case, neg-
atively charged phospholipids can «jump» by the
mechanism of «flip-flop» from the inner lobe of the
cytoplasmic membrane to the outer one.

When the transverse asymmetry of platelet
membranes and vascular endothelial cells is al-
tered, negatively charged (thrombogenic) areas are
formed on their surface and tissue factor III
apoprotein is exposed. Tissue factor (TF) and neg-
atively charged phospholipids of the outer lobe of
the cell membrane of platelets and endotheliocytes
become available for plasma clotting factors. On
the surface of the cytoplasmic membrane, the first
enzyme complex of the procoagulant coagulation
pathway is formed consisting of coagulation factor
VII, TF and calcium cations Ca?* (VII-TF-Ca?*). The
appearance of negatively charged phospholipids
on the outer lobe of the cytoplasmic membrane
leads to platelet activation, and changes in the
phospholipid composition of endotheliocytes can
promote adhesion of activated platelets on the vas-
cular wall and trigger the process of thrombosis.

The loss of asymmetry of phospholipids with
exposure to phosphatidylserine (PS) on the outer
lobe of cell membranes is important for the forma-
tion of microparticles (MP) expressing TF and PS
on their surface simultaneously [32, 33]. TF is the
main physiological initiator of coagulation in vivo
through its interaction with coagulation factor
VII/VIla protease and is expressed by most cellular
components of the vascular wall [34]. Exposure of
both PS and TF on the cell membranes can explain
their procoagulant activities in blood. An increased
amount of TF+ and PS+ MPs in blood plasma has
been demonstrated in a number of prethrombotic
conditions [32, 35].

It is known that a number of substances, such
as endotoxins or cytokines, can act as specific stim-
ulators of induction of MP formation [36]. However,
to date, there are no data on the contribution of
MPs to the imbalance of the hemostatic system
during development of hypercoagulation in pa-
tients with cholestatic liver diseases. It can be as-
sumed that in these patients, due to the appearance
of an increased content of bile acids in the systemic
circulation, an excess amount of MPs enriched with
TF+ and PS+ is formed. Loss of asymmetry of phos-
pholipids in platelets and endotheliocytes can lead
to blebbing of membranes with formation and re-
lease of MPs [32]. The surface of MPs formed due to
platelet blebbing has 50-100 times greater proco-
agulant activity than the surface of activated
platelets [37]. It is believed that studies of MPs in
cholestatic liver diseases can aid to clarify the
mechanism of increased risk of thrombosis in these

patients.
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Mo/ie/ib aKTHBAMH MEMOPAH TPOMOOLMTOR U IHAOTEJHONHUTOB JKETIYHBIMU KMCJIO0TAMH IIPH X0JECTaTHIECKUX 3a00/eBa-
HHSX IleYeHHU (00 bsICHEHHE B TEKCTE).

Model of activation of platelet and endotheliocyte membranes by bile acids in cholestatic liver diseases (explanation in the text).
IIpumeuanue. Activated platelets — akTuBupoBaHHble TpoMbo1UTEI; phospholipids-bile acids-cholesterol micelles — muresnbr,
cocrostye u3 GochoIUINUI0B, KEeJTIYHBIX KUCJIOT, XoJiecTepodia; neutral phospholipids — nefiTpanbhbie hochonmunuasl; nega-

tively charged phospholipids — orpumaresnsHo 3apssreHHBIE pocdomunmabl; coagulation factors — dakTops! KoaryIAIAN.

3apsiskeHHbIe (hOCHOTUNHIbI BHEIITHETO JIETIECTKA
KJIETOYHOU MeMOpaHbl TPOMOOIIUTOB W 3HJIOTE-
JIMOITUTOB CTAHOBSATCS JOCTYITHBIMU AJ15 [IJITa3MeH-
HBIX (paKTOPOB CBepTHIBaHMS KpoBU. Ha moBepx-
HOCTU IIATOILJIa3MaTUIeCKON MeMOpaHbl MOSKET
¢dopMHUpOBATHCA NTEPBBIN (pepMEeHTHBIN KOMIIJIEKC
MMPOKOATYJITHTHOTO TYTH CBEPTHIBAaHUSA KPOBH,
cocrossmuil us ¢gaxropa VII ceepreiBanus, TF u
karuoHoB Kaabrnusa Ca* (VII-TF-Ca?"). [TosgpaeHue
OTpHUIIATeJIbHO 3aPSKeHHBIX (PochoInnnIoB Ha
BHEIITHEM JIETIECTKE IIUTONIa3MaTHIeCKO MeM-
OpaHbl MPUBOIUT K aKTUBAIIMK TPOMOOIUTOB, a
n3MeHeHUA B (pocdOoIUNNIHOM COCTaBe 9HI0Te-
JINOITUTOB MOTYT CIOCOOCTBOBATD AATE€3MHU aKTUBU-
POBaHHBIX TPOMOOIIMTOB HA COCYVICTOM CTEHKE U
3aITycKaTh Iporecc Tpom6000pa3oBaHusl.

[orepst acummeTpuu hocdOTUITHIO0B C IKCIIO-
aunueit docdaruauicepud (PS) Ha BHellHeM
JIETIECTKE KJIETOYHBIX MeMOpaH IpeCTaBsAETCs
BaYKHBIM /1151 HOPMUPOBAHUS MUKPOYaCTHUIIbI (MY)
C HaJIM4YMeM Ha X II0BEPXHOCTU OqHOBpeMeHHO TF+
u PS+ [32, 33]. TF siBsisieTcsi OCHOBHBIM (pU3UOJIOTH -
4YEeCKUM WHUIATOPOM KOAary/Isluu i vivo Yepes
€ro B3auMOJIefiCTBUe C IPOTea3oii (pakTopa CBEPThI-

In the early stages of cholestatic liver diseases,
bile acids accumulating in the general bloodstream
undergo compensatory glucuronidation (by the en-
zyme UDP-glucuronyltransferase) and sulfation (by
the enzyme sulfotransferase) [10]. This diminishes
the detergent properties of bile acids. Therefore,
during this period, changes in the hemostatic sys-
tem in patients with PSC and PBC may be minimal
and practically undetectable [38]. Conservation of
the protein synthesis function of hepatocytes al-
lows for maintenance of the balance between pro-
coagulant and anticoagulant components of the
blood coagulation system [39].

Whereas the disease progresses the concen-
tration of bile acids in the general bloodstream in-
creases. At the same time, the intensity of their glu-
curonidation and sulfation in hepatic cells may be
decreased due to hepatocyte dysfunction caused by
enhanced intrahepatic cholestasis [10]. In the ter-
minal stage of cholestatic diseases requiring organ
transplantation, an increasing number of unconju-
gated bile acids may appear in the general blood-
stream. The latter possess maximum detergent
properties compared to conjugated bile acids. A
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Banwus VII/VIIa u axcipeccupyeTcsi 60JIbIIMHCTBOM
KJIETOUHBIX KOMIIOHEHTOB COCYIUCTON CTEHKH [34].
Kak akcnosunmeil ¢ocdaruauicepuia, Tak u
HaJIMYMEeM TKaHeBOro akTopa B MeMOpaHax MY
MOKHO OO'BSICHUTD VX ITIPOKOATYJISTHTHBIE CBOMCTBA.
[ToBwitienHOE KOTM4ecTBO TF+ 1 PS+ MY B nmasme
KpPOBHU OBLIO 3apETUCTPUPOBAHO TIPHU Psijie TIPe/I-
TPOMOOTHYECKUX COCTOSTHUI [32, 35].

W3BecTHO, YTO psAN BEIIEeCTB, TAKUX KaK
9HJOTOKCHAHBI WJIN IUTOKUHBI, MOT'YT BBICTYIIATh
B KayeCcTBe cHenu(pUUECKUX CTUMYJIATOPOB
HAYKOuU obpasoBanusa MY [36]. OmHako Ha
CETOIHSTHUH JeHb OTCYTCTBYIOT JaHHbBIE 00 y4a-
CTAY MUKPOYACTHII B AMCcOATaHCE CUCTEMBI TeEMO-
CTas3a [Ipy Pa3BUTUY I'MIIEPKOATYJIALNA Y ITallAeH-
TOB C XOJIECTaTUYECKUMHU 3a00JIeBaHUSAMU
neyeHu. MOKHO IPEIII0I0KUTh, YTO y 9TUX ITaly-
€HTOB BCJIEJCTBHE IIOSABJICHUs IIOBBIIIEHHOI'O
COZlepsKaHUA YKEJTYHBIX KUCJIOT B CHCTEMHOM KpPO-
BOTOKe 00pa3dyeTcs M30BITOYHOE KOJIMIecTBO MY,
o6orameHnabix TF+ u PS+. IloTepss acumMmMeTpuu
¢ochoaunmmos B TpoMOOIIATAX U 9HIOTEJTHOIIH -
Tax MOKET IIPUBOJUTH K 0J1€00MHTY MeMOpaH ¢
oOpa3oBaHMeM U BBICBOOOKmeHMEeM MY [32].
[ToBepXHOCTH MUKPOYACTHI], 00Pa30BABIINXCS B
peayisraTe 6,1e60MHTa TPOMOOIIMTOB, 00J1a1aeT B
50-100 pa3 6oJbIIIeli TPOKOATYISHTHON aKTUB-
HOCTBIO, YeM [IOBEPXHOCTh CAMUX aKTUBUPOBAH-
HBIX TpoMOoIuTOB [37]. I3yuernne MY nipu xoJe-
CTaTM4YecKux 3aboJIeBaHUAX TEYEeHH MOSKET
IIOMOYb [IOHATH MEXaHU3M Pa3BUTHUS CKIIOHHOCTHA
K TpoM0O006pa30BaHUIO Y 9TUX MAIFEHTOB.

Ha panamMX 9Tanax xoJiecTaTuieckux 3aboJre-
BaHUWH ITeYeHN HaKaIJIMBAIOIIMeCcs B 00IIEM KpO-
BOTOKE KEJIYHbIe KUCJIOTBI IIOABEPraloTCsA KOM-
IIeHCAaTOPHOMY NIIOKYPOHUPOBAHUIO ((hepMeHTOM
Y ®-rmokypoHUITpaHcdepaso) u cyiabgharupo-
BaHUIO (pepMeHTOM cynbdoTrpaHcdepasoii) [10].
JTO yMEHbIIAET JAeTepreHTHbIEe CBOMCTBA KeJIu-
HBIX KUCJIOT. [I09TOMY B 9TOT Iepuo U3MEHECHN A B
cucreMe remocrasda y nagueHTos ¢ IICX u ITBX
MOTYT OBITh MUHUMa/JIbHBIMHU U MIPAKTUYECKH HE
BBISIBJIATHCA [38], a coxpaHsomasicsa 6eJIKOBO-
CHHTeTHYecKasi (PyHKIMS FenaToUTOB II03BOJIsIET
NOJIePsKUBATh B PABHOBECHUM IIPOKOATYJIAINOH-
HYIO ¥ aHTUKOAryJIsIHTHYIO CUCTEMY CBEPThIBaHUSA
KposBu [39].

ITo mepe mporpeccupoBanus 3aboJsieBaHUs
IIPOUCXOAUT yBeJINYeHNEe KOHIEHTPALUN yKeJId-
HBIX KHCJOT B 00IIeM KpoBoToKe. IIpu arom
WHTEHCHABHOCTH IIPOLIECCa UX IIIOKYPOHUPOBAHUA
U CyJb(aTUpPOBAaHUS B I€YEHOYHBIX KJIETKAX
MOYKET YMEHBIATbCA BCJENCTBUE HapyLIEeHU:
(PYHKIIMU rernaTonuToOB, BBISBAHHOI'O BO3pACTAlO-
LM BHYTPUIIE€YEHOYHBIM XoJiecTadoM [10]. B Tep-
MHUHAJIBHOHN CTaIU¥ X0JIECTaTHYECKUX 3a00eBa-
HUH, TpeOyIOIUX TPaHCIJIAHTAlMM OpTraHa, B
00111eM KPOBOTOKE MOJKET ITOSIBJISATHCS BCE OOJTh-
ee KOJIN4eCTBO HEKOHbIOTMPOBAHHBIX YKETYHbBIX

significant increase in the concentration of uncon-
jugated bile acids in the general bloodstream can
cause significant changes in the phospholipid com-
position of the cytoplasmic membranes of en-
dotheliocytes and blood elements including
platelets. During this period, the imbalance be-
tween the procoagulant and anticoagulant systems
may further increase due to the development of se-
vere hepatic cell insufficiency and impaired ab-
sorption of vitamin K. Alteration of transverse
asymmetry of platelet membranes, endothelial
cells and skewing the imbalance toward the proco-
agulant system can lead to activation of thrombus
formation.

Patients with PSC and PBC are characterized
by better survival after bleeding from varicose veins
of the esophagus and stomach, as well as decreased
blood loss during orthotopic liver transplantation,
compared to patients with non-cholestatic liver
diseases [40]. Liver transplantation in patients with
PSC and PBC is performed relatively easier than in
patients with viral and alcoholic cirrhosis or fulmi-
nant liver failure. Post-transplant outcomes in pa-
tients with PSC and PBS are more favorable com-
pared to viral hepatitis and alcohol-associated liver
disease [41, 42]. In patients with PSC and PBC the
liver is only slightly enlarged in size, portal hyper-
tension is not evident, and there are no developed
fragile venous (portocaval) collaterals on the ab-
dominal wall and in the abdominal cavity. All this
contributes to significantly less blood loss in these
patients during liver transplantation than in pa-
tients with non-cholestatic cirrhosis. The best long-
term outcome in surviving and earlier rehabilita-
tion of recipients were achieved in PSC patients and
PBC patients [41-45].

Liver damage associated with hepatic artery,
portal and hepatic veins thrombosis (Antiphos-
pholipid syndrome, Budd Chiari disease), and
hemostasis. Prothrombotic conditions may consti-
tute a background of disorders of the hemostatic
system in liver diseases [46]. The underlying causes
of portal vein thrombosis (PVT) are recognized as
multifactorial ones that include malignancies, pro-
gressive chronic liver diseases, and acquired and
congenital thrombophilia [47]. Studies revealed
that thrombophilia represents a significant risk for
developing portal vein thrombosis in non-cirrhotic
patients [48, 49].

Thrombosis of the hepatic veins in antiphos-
pholipid syndrome, Badd—Chiari syndrome or ma-
lignant liver tumors may lead to severely impaired
liver function that may require liver transplantation.
Various studies have identified congenital and ac-
quired disorders that serve as predisposing factors
PVT development in patients with cirrhosis [50-54].

Development of thrombosis may stem from
acquired and genetically determined thrombophilia

cases. Most common hereditary risk factors for
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KucJaoT. [Tocsienare o0JaqaoT MakKCUMaJJIbHBIMU
JIeTepTEHTHBIMU CBOMCTBAaMHM II0 CPaBHEHUIO C
KOHBIOTUPOBAHHBIMU SKEJTYHBIMU KHCJOTaAMMU.
3HauuTeJbHOE yBeJIMYCHHE KOHIEHTpaluuu
HEKOHBIOTUPOBAHHbIX KeTYHBIX KUCJIOT B 00IIIEM
KPOBOTOKE CIIOCOOHO BBI3BATh CYIECTBEHHBIE
uaMeHeHus1 pocdoNUIUIHOTO COCTaBa ITATOILIA3-
MaTU4eCcKuXx MeMOpaH (POpMEHHBIX 3JIEMEHTOB
KpPOBH, B TOM YHCJIE TPOMOOITUTOB U 9HIOTETNO-
IIUTOB. B 9TOT mepmoy MOYKET yCUIIMBATHCS qucOa-
JIAaHC MesKAY IPOKOAry/IsIHTHOU M aHTUKOATYJISIHT-
HOW cucTeMaMM reMocTas3a 3a CYeT Pa3BUTHS
BBIpQ)KEHHOM IMeYeHOYHO-KJIETOUYHOM HeJOCTaTO4-
HOCTHU W HapyIIeHHWs BcacblBaHWA BATamMuHa K.
Hapymrenue morepeyHoii aciMMeTpuu MeMOpaH
TPOMOOIIMTOB, SHIOTETNATBHBIX KJIETOK U Trucha-
JIQHC B [OJIb3Y IIPOKOATYISTHTHOU CUCTEMBI MOTYT
MIPUBOAUTDH K aKTUBAIIUHM TPOMO0O0OOpa3oBaHMUsI.

Otrmeueno, uro manueHThl ¢ IICX u IIBX
XapaKTepu3yloTCsl Jiydlllell BBI)KMBAEMOCTBHIO
1ocJie KpOBOTEUEHUH 13 BAPUKO3HO pPacIIupeH-
HBIX BEeH IIUIIEBO/A U 5KeJTyIKa, a TAK)Ke MeHbIIIen
KPOBOIIOTEPEN NPU BBINOJHEHUU OPTOTONHYE-
CKOU TpaHCIIaHTAIIMU TIeYeHH, 10 CPAaBHEHUIO C
nmareHTaMy C HexXoJieCTaTUYeCKUMHU 3a0oJieBa-
HUAMU neyenu [40]. XupyprudecKku TpaHCIlJIaHTa-
nusA nedenu y nanueHToB ¢ I1CX u 116X orHOCH-
TEJIbHO IIPOIe, 4YeM IpPH [UPPO3ax IIeYeHU
BUPYCHOM, aJIKOTOJIBHOM 9THUOJIOTUU U (DYIbMU-
HAHTHOH IIeYeHOYHOM HemoCTaToYHoCTH. ITocT-
TPaHCIUIAHTAIJMOHHBIE MCXOIbl Yy MAIUAEHTOB C
[1CX u ITBX 60/1€€ 61aTOTTPUATHBI IO CPAaBHEHUIO
C BUPYCHBIM I'elIaTUTOM U aJIKOI'0JIb-aCCOLUUPO-
BaHHBIM 3a6oJieBaHueM euenu (41, 42]. TTpu [ICX
u I1bX nmevyeHp He3HAYUTEJBLHO YBEJIMYEHA B pas-
Mepax, HopTaJbHasA TUIIEPTEeH3UA He BBIPAYKEHA,
OTCYTCTBYIOT Pa3BUThIE XPYIIKME BEHO3HbIE (II0P-
TOKaBaJIbHbBIE) KOJLIaTepasii Ha OPIONTHOM CTEHKe
1 B OpromrHO# moJiocTu. Bece aTO0 cmoco6CcTByeT
3HAUUTEJBHO MeEHbIIIell KpOBOIIOTEpE Yy 3TUX
MMAaIlMEeHTOB IIPY TPAHCIJIAHTAUY IIEYeHH, YeM Y
MareHTOB C HEX0JIECTATUYEeCKUMU IIUPPO3aAMMU.
Hawryunine rmokasaresim MHOIOJIETHErO BbI)KMBa-
HUSA ¥ peabuInTaIuy PENUITNEHTOB TOCTUTHY T
nMeHHO nipu [ICX u I16X [41-45].

IoBpekaeHUsI MeueHH, CBsI3aHHbIE C TPOM-
0030M NMeYeHOYHOI apTepHH, BOPOTHOM U Ieve-
HOYHBIX BeH (aHTH(OCHOTUTTUIHBIA CHHAPOM,
60osae3ub bagga—-Kuapu) u remocras. [IporpomM60-
TUYeCKUe COCTOSTHUS MOTYT OBITH (DOHOM HapyIIe-
HUI B CUCTeMe TeMOoCTa3a IMpu 00JIe3HsIX ITeUeHn
[46]. OCHOBHBIE TIPUYUHBI TPOMOO3a BOPOTHOM
BEHbBI YaCTO MHOTO()aKTOPHBIE M BKJIIOYAIOT 3J10-
KadeCcTBEHHbIe HOBOOOpa30BaHUsI, IPOTPECCHU-
pyIoiyie XpoHUYeCKe X0JIecTaTuIecKkre 3adoJe-
BaHUs TI€YEeHU, a TakK)Ke NPUOOpEeTeHHbIe U
HacJeICcTBeHHbIe TPoMOodmnu [47]. TpomOodu-
JIUU SBJISIIOTCS 3HAYUTEIbHBIM (paKTOPOM pUCKA

pasButHsA TpoM603a BOPOTHOM BEHBI Y HEITUPPO-

thrombosis include genes encoding inherent forms
of thrombophilia [55, 56]. They include factor V Lei-
den G1691A mutation; prothrombin G20210A mu-
tation; mutation C677T, gene methyltetrahydrofo-
latereductase, hyperhomocystyneemia; protein S
and protein C antithrombin deficiency, increased
activity and amount of factor VIII [57-59].

Genetic defects of coagulation-anticoagula-
tion result in prothrombotic state, which is likely to
relate to the increasing synthesis of von Willebrand
factor by endothelial cells, increased level of factor
VIII combined with low levels of hepatic anticoag-
ulation factors — proteins C and S, and antithrom-
bin IIT [60, 61].

The most common acquired risk factors for
thrombosis include myeloproliferative disorders
and antiphospholipid antibodies (aPL). The detec-
tion of aPL commonly results in diagnosis of an-
tiphospholipid syndrome (APS) [62]. APS repre-
sents an acquired thrombophilic disorder with
autoantibodies to a variety of phospholipid deter-
minants of cell membranes or phospholipid bind-
ing proteins [58, 62-65]. In the coagulogram of pa-
tients with APS, thrombocytopenia is common,
prolongation of the clotting time of phospholipid-
dependent tests is frequently observed that in-
cludes activated partial thromboplastin time coag-
ulation time determined by Russell's viper poison
[66]. Hypocoagulation diagnosed by the in vitro co-
agulation testing is associated in vivo with throm-
bosis, not bleeding, even when presenting along
with thrombocytopenia.

So far the mechanism of activation of throm-
bus formation in patients with APS has not been
clarified. aPL significantly contribute to initiation
of thrombus formation by APS. aPL represent ex-
tremely heterogeneous population of autoantibod-
ies, each of which has its unique epitope specificity
and pathogenic potential [62-67]. In the blood-
stream, aPL can bind to membranes of blood cells
and endotheliocytes, changing the phospholipid
composition of the outer leaflet of the plasma
membrane. Presumably, aPL through interaction
with endothelial cells and platelets may act as sig-
naling molecules triggering Ca?*-dependent regu-
latory systems that drive thrombogenesis.

Indeed, the increase in the content of Ca?* in the
cytoplasm might inhibit the ATP-dependent
aminophospholipid transferase. The latter con-
tributes to maintaining the transverse asymmetry of
membranes since it transfers phosphatidylserine
from the outer leaflet of the phospholipid bilayer into
the inner one. Decreasing the activity of aminophos-
pholipid transferase will lead to an increased exposi-
tion of PS at the outer leaflet of plasma membrane
and the formation of negatively charged patches nec-
essary for the formation of membrane enzyme com-
plexes. As a result of this disruption of the plasma
membrane structure, the tissue factor becomes ex-

GENERAL REANIMATOLOGY, 2019, 15; 6

www.reanimatology.com



88

DOI:10.15360/1813-9779-2019-6-80-93

Reviews

TUYECKUX MmarueHToB [48, 49]. TpoM603 revYeHoq-
HBIX BEH NMPU aHTUPHOCHOJUTIUTHOM CUHIPOME,
cungpoMe banma-Krapu MoykeT IprUBeCTH K Hapy-
[IeHNI0 (PYHKOWU TermaronuToB, TpeOyomei
TPAHCIIJIAHTAlIMUA TleYeHU. PsAj uccaeqoBaHUN
BBISIBUJIA HACJEICTBEHHBbIE U TPUOOPETEeHHbIE
HapyLIeHUs B CHCTEME I'eMOCTa3a, Kak IIpegpactio-
Jaratore (hpakTopI 151 TPOMOO0OPa3oBaHUs B
BOPOTHOMU BeHe Y ITaIleHTOB C IUppo3oM [50-54].

PasmuaroT mproOpeTeHHbIE U TEHETUYECKU
00yCI0BJIEHHBIE TPOMOO(DUINH, TIPUBOJSAIINE K
pasButHio TpomM6030B. K HanboJiee pacmpocTpa-
HEHHBIM HacCJIeJCTBEHHBIM (DaKTOpaM pHUCKA
TpoM003a OTHOCATCS T€HbI, KOTUPYIOIINE BPOsK-
neHHble (popMbI TpoMbOpuIHH [55, 56], a UMEHHO
myTtanusa G1691A dakropa V Jleiinena, Mmyranus
G20210A mporpombuHa, myTtanuss C677T rena
MeTuaTerparugpodoaaTpeayKTasbl (IIOBBIIIEH-
HBI PUCK TUIEPTOMOIMCTEUHEMUN), TePUIUT
6esikoB S u C, a TakKe aHTUTPOMOWMHA, BHI3BIBAIO-
VX IIOBBIIICHHYI0 AKTUBHOCTb U KOJIMYECTBO
dakropa VIII [57-59].

lenetnyeckue nedeKTsl, BRIOYAIOIITe Koary-
JIIIOHHO-aHTUKOATYISAIMOHHBIA OaIaHC, MOTYT
MIPUBOJIUTH K MPOTPOMOOTHYECKOMY COCTOSTHUIO.
[TocsiemHee 0OyCIOBIEHO YCHJIEHMEM CHHTE3a
9HJIOTeIMATbHBIMU KJIeTKaMu (aktopa Busuie-
OpaHJa ¥ HOBBINIIEHNEM YpoBHs ¢akrtopa VIII B
COYETaHWH C HU3KUM YpoBHEeM aHTuTpoMbuHa I1 i
(paxkTopoB anTHKOArYIISIIIMT — OesikoB C U S, CHH-
Te3UpPyeMBIX B Iieyenu (60, 61].

K nauboJiee 4acToO BCTpPEYAIOIIUMCS TIPU-
00peTeHHBIM (paKTOpaM PHCKa TPOMO03a OTHOCSAT
MuesIonposudeparnBHblie 3a00JIeBaHUS U aHTHU-
dochomunuanbie antuTesna (aPL). BeisiBienne aPL
ABJISIETCA NMIPU3HAKOM PAa3BUTHUSA ONPeeIeHHOTO
CUMIITOMOKOMILIEKCA — aHTU(GOCHOIUTTHTHOTO
cuanpoma (ADC) [62]. ADC — 3aboJieBaHME, OTHO-
cseecsi K IprobpeTeHHON TPOMOO( U C ayTo-
AHTUTEJIaMU K Pa3JIMYHBIM KOMIUIeKcaM ¢ocdo-
JIMTIATHBIX TeTEPMUHAHT KJIETOYHBIX MeMOpaH 1
dochomununcpsaspIBaroUM Oesikam [58, 62-65]. B
KoaryjorpamMMe InanueHToB ¢ APC Hepenko
Ha0JTIOIaeTcs TPOMOOIIUTOTIEHN S, YIJIMHEHHE Bpe-
MeHN CBEpPThIBAaHUSA (HOCHOTUTUI3ABUCUMBIX
TecToB: AUTB, BpeMeHU CBEPTBHIBAHUA C AOM
ramioku Paccesa [66]. OTMedyaemasi B TecTax CBEp-
TBIBAHUS 7 Vir0 BBIPAsKeHHAA TUIIOKOATYJIALNA,
aCCOLMUPYETCS in Vivo He C KPOBOTOUYUBOCTHIO, a C
TpoMbo3aMu ajke Ha (poHe TPOMOOIUTOIIEHUH.
HawuboJiee yacTo cpeny HeHAC/IeICTBEHHBIX ITPU-
YK H NOBBIIIEHNS CBEePTHIBAHUS KPOBU — HAJINUNE
B KpoBUu aPL [62-65]. MI3BeCTHO 3HAYUTEJbHOE
qucao 3abojieBaHUM, MPU KOTOPBIX B KPOBU
BbIABJIAIOTCA aPL [58, 66, 67]. Berasiaenue aPL npu
HEKOTOPBIX ATPOr€HHBIX COCTOSHUAX, & TAKXKe Y
0,2% 300pOBOTO HACeJIEHUA CBUAETE/JILCTBYET He
TOJBKO O HAJTMYUH Pa3INIHBIX UX CYOTUIIOB, HO U
BO3MOJKHOCTU CYILIeCTBOBAHHUSI KaK (POHOBOTO

posed on its outer surface, and the first enzyme com-
plex of the procoagulant blood-clotting pathway VII-
TF-Ca? is formed. The same changes can occur on
the outer leaflets of plasma membrane of platelets to
promote their activation, adhesion and aggregation
on the endothelial wall [68, 69]. Despite thrombocy-
topenia, activation of platelets close to endothelial
wall of the vessel may be enough to trigger thrombo-
sis generation. APS is characterized by a hypercoag-
ulable state that can result in thrombosis in any vas-
cular segment [70].

There are several reports on the association
between antiphospholipid antibodies (APA) and
the development of the Budd-Chiary syndrome
(BCS) [71-73]. BCS is a disorder of blood outflow
from the liver caused by primary obliterating
thrombophlebitis, malformations of the hepatic
veins, their thrombosis following the disease, char-
acterized by liver damage and the development of
portal hypertension [74-76]. BCS is a rare disease
with fatal outcome if no optimal treatment has
been prescribed. The classical BCS is a clinical and
pathological entity characterized by structural and
functional liver abnormalities due to obstruction of
the hepatic venous blood outflow [76].

Pathogenetic role of the aPL in the develop-
ment of BCS remains controversial. It is believed that
the liver cells severely injured because of obstruction
of venous outflow induce production of self-directed
autoantibodies as a response to liver damage [77].
The identification of these antibodies before the de-
velopment of BCS, however, provides the proof that
the production of the aPL may not result from au-
toimmune responses secondary to liver injury [78].

Management of BCS, from simple medical
treatment to liver transplantation, depends on the
acute and chronic evolution of the disease and on
the degree of hepatic insufficiency. BCS in patients
progressing to cirrhosis is an indication for liver
transplantation [79].

Mutations of the gene encoding the prothrom-
bin molecule is the most frequent (22% of cases)
cause of portal vein thrombosis in patients without
cirrhosis. Mutant gene for factor Vin 20% of cases is
the cause of thrombosis of the hepatic veins. Genet-
ically determined protein C deficiency is found in
20% of patients with Badd—Chiari syndrome, and
congenital deficit of protein S occur in 7% of patients
with primary sclerosing cholangitis or portal vein
thrombosis [80, 81]. Patients with factor Vinhibitors
may be clinically asymptomatic, possess mild to se-
vere bleeding symptoms, and develop thrombosis.
Three cases of factor V inhibitor have been reported
to be associated with liver transplantation [82].

Conclusion

Patients with cholestatic liver disease, specifi-
cally in the terminal stage of the disease, have

hemostatic defects that affect the hemostatic sys-
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COCTOSIHUSA U JOCTAaTOYHOM KOMITEHCAITUN CCTEMBI
reMocTasa [0 omnpeneseHHoro nepuoaa. I1puco-
eJMHeHNe IPYTUX TPaAUIIMOHHBIX (paKTOPOB TPOM-
0603a MOYKET TPUBECTU K JEKOMIIEHCAIINH CUCTEMBI
reMocTasa.

MexaHM3M aKTUBAIIUHA TPOMO0O0OOpa3oBaHUSA
y nanueHToB ¢ ADC 10 mocjiefHero BpeMeHu He
coBceM siceH. B mauruarum TpoM6000pasoBaHus
npu A®C BaYKHYIO POJIb UTPAIOT aHTUDOCHOIH-
nuaHble aHTHTesa. aPL TpencTaBJsOT COOOM
Ype3BbIUalfHO reTepOreHHYI0 IOMYJIAIUI0 ayTo-
AHTHTEJ, KAKIAsA N3 KOTOPBIX 00/1a/1aeT YHUKATh-
HBIM 3MUTONIOM CIIENU(MPUIHOCTHA U MTATOT€HHBIM
roTeHIaaoM [68]. Haxomsick B 00111eM KPOBOTOKE,
aPL MoryT cBA3bIBaThCS C MeMOpaHamMu (hopMeH-
HbBIX 9JIEMEHTOB KPOBU U 9H]JIOTEJTUOITUTOB, U3Me-
HsAs QochOMUNUIHBIN COCTAaB BHEITHETO JIETIECT-
Ka [IUTOTIa3MaTHIeCKO MeEMOPAHBI 9THX KJIETOK.
Bo3aMoykHO, yTO aPL BBICTYIIaIOT CUTHAJIBHBIMU
MOJIEKYJIaMHY, 3alyCKAIoIUMU TPOMOOTeHEe3.
MOo>KHO TIPEIOJIOKUTD, UTO UX B3AUMO/JIENCTBIE
C 9HIIOTEJTNAJIFHBIMY KJIETKAMU U TPOMOOITUTAMU
crioco6cTByeT akTuBanum Ca?*-3aBUCHMBIX PeTy-
JIATOPHBIX CUCTEM. ITO MOYKET MPUBOIUTH K
MOBBINIEHUIO COAepsKaHusd B ruToriaszme Ca?,
KOTOpBIN MHrnompyetr AT®-3aBUCUMYI0 aMHHO-
docdomunuarpanchepasy. ITOT pepMeHT urpaer

Ba’KHYIO POJIb B COXpaHEHUHU II0IIePEeYHON acuM-
MeTpuu MeMOpaH, Tak Kak rmepeHocuT gocdaTu-
JUJICEPUH C BHEIIHEro JienecTka (gochoaunusi-
HOro Owciaoss BO BHyTpeHHUH. CHUKeHUE
AKTUBHOCTU aMuHO(OchOIUNUATPaHCPEepPa3bl
MOJKET IIPUBOIUTH K YBEJIMYEHUIO COLEPyKaHUA BO
BHeEIIIHEM JIelleCTKe [IUTOIIa3MaTuyeCcKol MeM-
Opanbl ¢ocharuguicepuHa U 00pa30BAHUIO
OTPHUIIATETHHO 3aPsKeHHBIX y9aCTKOB, HEOOXO ! -
MBIX 17151 DOPMHUPOBAHUSI MEMOpPAHHBIX (DEPMEHT-
HBIX KOMILJIEKCOB. Kpome Toro, B pesyJisrare Tako-
ro HapylleHUsi CTPYKTYypbl IJIa3MaTHYeCKON
MeMOpaHbI Ha €€ BHENTHEN TOBEPXHOCTH 9KCIIO-
HUPYeTCsI TKAHEBOU (pakTop u popMuUpyeTcs nep-
BBII (pepMEeHTHBIN KOMILJIEKC IIPOKOATyIsIHTHOTO
nytu cBéprbiBanusa Kposu VII-TF-Ca?. Takue sxe
M3MEHEHMsI MOTI'YT IPOMCXOIUTH 1 Ha IUTOIJIA3-
MaTn4YecKoil MeMOpaHe TPOMOOIINITOB, YTO MOKET
CITI0COOCTBOBATH WX aKTUBAIMH, a[IT€3UH U arpe-
raiyy Ha COCygucToii cteHke [68, 69]. [ToaTomy,
HECMOTpPsI Ha TPOMOOIIUTOIIEHNIO, aKTUBUPOBaH-
HBIX TPOMOOIIUTOB MOYKET OKa3aThCs JOCTATOYHO
IJIs1 3arrycka TpomboobpasoBannsa. AOC xapakre-
PpHU3YyeTCs TUIIePKOAryJIALMOHHBIM COCTOSTHHUEM,
KOTOpPO€ MOSKET IMIPUBECTU K TPOMOO3Y B JIIOOOM
CerMeHTe COCyaucToro pycJa [70].

HMeroTcs1 naHHBIE O CBSA3U MEYKy aHTU(OC-
doaunuaHbIMU aHTUTeaMu (aPL) 1 pasBuTuem
cuggpoma banna-Kuapu (CBR) [71-73]. Tlon
IIOCJICIHUM IIOHMMAIOT HapylLlIeHre OTTOKAa KPOBHU
13 TeveHd, 00yCJIOBJIEHHOE TEPBUYHBIM 00JTUTE-
pUpYIOIUM TPOoMO0(pIeOUTOM, TOPOKAMU PA3BU-

tem. Severity of these defects depends on the de-
gree of liver damage. Lisman T. et al. suggested con-
cept of a compensatory balanced of the hemostatic
system in liver damages due to various causes [83,
84]. Despite the frequently revealed changes in rou-
tine coagulation tests in patients with hepatic fail-
ure, the hemostatic system is rather balanced by
compensatory mechanisms. An imbalance toward
the dominance of hypocoagulation or hypercoag-
ulation occurs in certain clinical conditions, most
commonly in terminal stage of hepatic failure. One
of the possible causes of hypercoagulation in pa-
tients with PSC and PBC is an increased content of
bile acids in the common bloodstream [85]. The
mechanisms underlying the development of
thrombotic conditions in patients with cholestatic
liver diseases — PSC and PBC, which may be useful
in correcting the hemostatic system in these pa-
tients, are proposed. Detecting high levels of aPL in
patients with thrombotic complications pre-
surgery might warrant a need for their determina-
tion post-surgery. Timely performance of throm-
boelastography and thromboelastometry in
patients with cholestatic liver diseases, as well as
laboratory monitoring of hemostasis will aid to in-
time preventing the thrombotic complications and
improving the quality of life of the patients.

TUS IeYeHOYHBIX BeH, UX TPOMO0O30M C IIOCIeyI0-
IIell OKKJII031el, XapaKTeprayIoleecsi IOBPeskK-
JleHUEeM IeYeHN U Pa3BUTHEM ITOPTATLHON rumnep-
TeHsum [74-76]. CBK — penkoe 3aboJieBaHue C
MOTEHITUAJIBHO JIETAJBHBIM MCXOIOM 0€e3 IIpoBe-
JIeHus ONTHUMaJbHOTrO JiedeHusa. Kyaccuueckui
CBK xapakTepuayeTcsi KJIMHUYECKON KapTUHON
CO CTPYKTYPHO-(PYHKIIMOHAIbHBIMY N3MEHEHUsI-
MM IIeYeHU BCJIeJCTBUE HapyllIeHNUs IIPOXOJUMO-
CTU IEYEHOYHOT'0 BEHO3HOI'0 KPOBOTOKaA [76].

ITatorenernyeckasa poJib aPL B passuruu
CBK octaércs criopHoil. FiMeeTcsi MHEHHE O TOM,
4TO KJIETKU II€YeHUH, I[IOBPEKJIEHHbIe MpU
0OCTPYKIIUU BEHO3HOT'O OTTOKA, MOTYT UHAYIIUPO-
BaTh BBIPA0OTKY ayToaHTuTeJI [77]. B TOke BpeMsi
BBIsSIBJIEHHE 9TUX aHTUTea A0 pas3Butus CBK
ABJIAETCA 10Ka3aTreJIbCTBOM TOT'0, YTO IPOAYKIUA
aPL He sBJigeTcs CJIeACTBHEM NOBPEXKIEHUS
nevyenu [78]. CbK y manueHToOB ¢ Iporpeccupylo-
MM I[IUPPO30OM SIBJISIETCA TTOKA3aHUEM K TPaHC-
IJIaHTALUU IleYeHu [79].

MyTanus resHa, KOQUpyoIero mIpoTpoMOunH,
sIBJIsIeTCsI HauboJiee yacToi (22% ciryyaeB) IpUYU-
HOU TpoMOO3a BOPOTHO! BEHBI y MAIlUEHTOB 0e3
nupposa. MyTariusi reHa, Kogupyloiero akTtop V,
B 20% cJydaeB sIBJSETCS MPUYMHON TpombO3a
MeYeHOYHbBIX BeH. [eHeTHYeCKN 00yCI0BIEHHBIH
nedurut nporenHa C oOHapy:kuBaeTcs y 20%
nanueHToB ¢ CBK, a nporenna S —y 7% nanueH-
TOB C IIEPBUYHBIM CKJIEPO3UPYIOIIAM XOJAHTUTOM
U1 TPOMO030M BOpPOTHOM BeHbI [80, 81]. [TarueH-
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TBI ¢ MyTanuei akropa V JlefimeHna MOTyT OBITh
KJIMHAYECKA 0eCCUMIITOMHBI, UMETh CUMIITOMBI
KPOBOTEUEHUS OT JIETKOU /IO TAKEJION CTelleH!, a
TaK’Ke y HIX BO3MOSKHO pa3BUTHE TPOMOO30B [82].

3akJrouenue

ITanieHTHI C X0JIeCTaTUYeCKUMU 3a0oJj1eBa-
HUSIMHU TTe4eHH, 0COOEHHO B TEpMUHAJIBHOI CTa-
oui  3aboJjieBaHUA, HMEIOT TI'eMOCTaTu4YecKue
Je(eKThbl, KOTOpble 3aTParuBalOT MHOTHE 3BEHbS
CUCTEeMBI TeMO0CTa3a, ! TAYKECTh KOTOPBIX 3aBUCUT
OT CTeleHu MoBpexIeHns meueHu. Lisman T. et al.
BBICKA3aJIX KOHIIEIIIHUI0 O KOMIIEHCATOPHOU cOa-
JIAHCUPOBAHHOCTH CHCTEeMBbI TeMoCTasa IIpu
TOBPEKIEHUSIX IEUeHU PA3JTUYHOU 93TUOJIOTHH [83,
84]. HecMOTpA HaA 4acCTO BbISABJIAEMbIe U3MEHECHUS
B PYTHHHBIX KOAT'yJIALMOHHBIX TeCTaX y IallieHTOB
C TIIEYEHOYHO-KJIETOYHOH HEeJI0CTATOYHOCTBLIO
“MeeT MeCTO CKOMIIEHCUPOBAHHBIA OaslaHC B
cucteme remocrtasa. OgHaKo Takue MNallueHTbI
HUMEIOT 10CTATOYHO Y3KUH «KOPUI0P» JJIs1 HOIep-
SKaHUsI TEMOCTAaTHYeCKOTo OaIanca, M CyIIeCTBYIO-
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1iee paBHOBECHE JIETKO MOKeT TPaHC(HOPMUPO-
BaThCsA Y NAI[MEHTOB C XOJIECTaTUYeCKUMU 3aboJe-
BAaHUAMU I€YCHU B COCTOSIHUE THUIIEPKOATYJIALAN.
OnHO 13 BO3MOYKHBIX IPUUWH I'MIIepKOATYIANUN
y nanuenTos ¢ [ICX u [1BX ABJiseTcs IOBBIIEHHOE
coflepsKaHMe JKeJTIHBIX KUCJIOT B 00IITeM KPOBOTO-
Ke [85]. ITpensoskeHbl MEXaHU3MBI, JeyKallue B
OCHOBE Pa3BUTHs TPOMOOTUYECKHUX COCTOSHUN Y
OOJIbHBIX XOJIECTaTUYECKUMHU 3a00JieBaHUAMU
neuedn — [ICX u I1BX, KOTOphIE MOTYT OBITH
I10JIE3HBbI IPA KOPPEKIMYU CUCTEMBbI reMocTa3a y
9TUX MAIlUEeHTOB. BhIsiBJIeHNEe BBICOKUX YPOBHEN
aPL y manueHTOB C TPOMOOTHYECKUMH OCJIOKHE-
HUSIMU JI0 OTIEPAIIVY CBU/IETETLCTBYET O HEOOXOTH -
MOCTH UX OOpefeseHUs B IIOCJe0INepariOHHOM
nepuone. CBoeBpeMeHHOe BHITIOJTHEHE TPOMO03-
Jractorpadpuu ¥ TpOMO03/IaCTOMETPUH ITAITieHTaM
C X0JIECTaTUYECKUMU 3a00J/IeBaHUSAMU IIeYeHH, a
TaKsKe JJabopaTOpHOE BHISIBJIEHUE UMEIOITUXCS Y
HUX Je(EKTOB CHCTEMBI TeMocTa3a Oyer crocoo-
CTBOBaTh IMPEIOTBPAIIEHUIO TPOMOOTHYECKUX
OCJIO’KHEHUU U YTYUIIIeHUIO Ka4eCTBA UX SKU3HU.
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TepaneBTHYecKkoi runorepmun (TT) Tpagummon-
HO paccMaTpUBAIOT C IO3ULIUH Pa3BUTHS MeTa00-
JIMYECKOU JIeNTpeCcCUy IPpY MTOHWKEHNH TeMIlepa-
TypBI TKaHEH, BJIEKYIIIeH 32 COO0I yMeHbIIIeHNE

O0630p NOCBAIIEH PACCMOTPEHUI0 HETPOIPOTEKTOPHBIX MEXaHU3MOB TepaleBTUYeCKO TUIIOTEPMUH C
TIO3UIUI META00INYECKOU IeTTPEeCCHUU U PeAKIINI TeHOMHOTO IIepenporpaMMUPOBaHNS HEHPOHOB, Pa3BU-
BAIOIIMXCSI IPY TIOHMYKEHUY TEMITEPATyPhI FOJIOBHOTO MO3Ta.

K o6bsicHeHUIO 3¢h(PeKTOB BIANUAHUSA HU3KUX TeMIlepaTyp IpUBJIedYeHa KOHIIeNINA FTUI0TepMUYeCKOro
NIPEKOH/INIIMOHMPOBAHYs], OCHOBAHHAs Ha PAa3BUTUY TUIIOBBIX HeCclelM(UIECKUX PeaKIuii, 00ecrevynBao-
mux GopMUPOBaAHUE IUTOIPOTEKTOPHOTO (heHOTHUIIa HEHPOHOB MIPU IEHCTBUY MOTEHIIUAIBHO OMACHBIX
pasapakuTeseil — UIIeMUH, penep@ysun 1 nepeoxyiakaeHus. [lokazana posb KpaHuolepeopasbHOU TH-
IIOTEPMHUH, KAK METOJUKH CEJIEKTUBHOIO TUIIOTEPMUYECKOT0 BO3/IENCTBYS HAa TOJIOBHOM MOST C I1eJ1bI0 HEl-
POIIPOTEKIINY 1 KOPPEKIIMK HAPYIIIEHUH TeMIIEpAaTypPHOTo HGasiaHca roJIOBHOTO MO3Ta.

IToxxop K TepaneBTUYECKOM THIIOTEPMUN KaK K THIIOTEPMUYECKOMY IIPEKOHJUIIMOHUPOBAHUIO II03BO-
JISIET CYIECTBEHHO PACIIMPUTH 00/1aCTH ee IPUMEHEHHUSI U UCII0/Ib30BATh B PA3J/INYHBIX METOIUYECKIX Ba-
pUaHTax.

Knrouesbwle cnoea: mepanesmuyeckas 2unomepmust; npeKoOHOULUOHUPOBAHUE; MeNnJ080l balanc; 20108-
HOUL MO32

The review focuses on the neuroprotective mechanisms of therapeutic hypothermia from the standpoint
of metabolic depression and genomic reprogramming of neurons that develop when brain temperature de-
creases.

The concept of hypothermic pre-conditioning based on the development of typical nonspecific reactions
for the formation of the cytoprotective phenotype of neurons due to potentially dangerous stimuli, such as is-
chemia, reperfusion, and hypothermia, was used to explain the effects of low temperatures. The data confirm-
ing the role of therapeutic cerebral hypothermia as a technique of selective brain exposure to mild cold for the
neuroprotection and correction of temperature balance disorders are shown.

The approach to therapeutic hypothermia as a hypothermic pre-conditioning allows to significantly expand
the scope of its use in various procedural variants.

Keywords: therapeutic hypothermia; pre-conditioning; thermal balance; brain
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BBenenue Introduction

Hauwmnas c cepequubl XX BeKa MEXaHU3MBbI Since the mid-twentieth century, the mecha-
nisms of therapeutic hypothermia (TH) have been
traditionally considered within the framework of
metabolic depression due to the tissue temperature
drop, leading to reduction of oxygen and substrate
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OTpeOIeHN s KUCI0POo/a U cydcTpara, ImoBbIIe-
HHe YCTONYNBOCTU TKaHe! K UIIIeMUU U TUIIOKCUN
[1, 2]. TTo3nHEE OBLJIO TTOKA3AHO, YTO B YCIAOBUSX
TUIIOTEPMUM OIPAaHUYMBAECTCA CHUHTE3, BBICBO-
0osKIeHe Y B3aUMOIECTBUSI CUTHATBHBIX MOJIE-
KyJI, TOpPMO3SITCSI BOCIIAJIUTEJIbHBIN OTBET, CBO-
6omHO-paguKaJbHbIE TTPOIECCHI U aloMNTO3 [3].
[Tornykenne TeMnepaTypbl TOJIOBHOTO MO3Tra IIPHU-
BOJHUT K YTHETEHHUIO IPAKTUYECKU BCEX U3BECTHBIX
MEeXaHM3MOB 9KCAUTOTOKCUYHOCTH, a 3TO CIIOCO0-
HO 00€eCIeuynTh yMeHbIIIeHNEe 00'beMa BTOPUIHBIX
TOBPEXKIEHUN HEHPOHOB IIPU OCTPOH (POKaATHHOM
HWIIEeMHUH, BHYTPAUMO3TOBBIX KDOBOU3JIUAHUAX U
HelpoTpaBMme.

3Ha4YUTEeJbHBIN HEUPOTTPOTEKTUBHBIH ITOTEH-
rmast TT, ybequTesbHO JOKa3aHHBIN B 9KCIIEPUMEH-
Tax, MOOyIUJI K IIUPOKOMY ITPUMEHEHUIO Pa3JInd-
HBbIX METOAOB IIOHMIKEHUs TeMIleparypbl TeJa.
OpHako, B KPYIHBIX KIMHUYECKUX UCCIIeN0BAHUAX
He ObBLIO OOHApPY'KEHO IPENMYIIECTB 0OIIero
OXJIQYKIEHUS 110 CPAaBHEHUIO CO CTAaHJAPTHOM Tepa-
nveu y nanueHToB ¢ uHcysnsraMu 1 UYMT, a ociosk-
HeHHA U M0O00YHbIe 9 (PEKTHI Y HUX HAOTIONATA
ropa3no 4ame [4-6]. O4eBUIHO, NO3UTUBHBIE
acpderTn1 TT okasbIBaIOTCA cOATaHCUPOBAHBI HETa-
TUBHBIMU [TOCJIEICTBUSAMHU OOIIEN TUITOTEPMUH.

B aroii cBs3U 1esiecoo0pasHo paccCMOTPETh
METOJUKY CeJIEKTUBHOU I'UIIOTepMUU T'OJIOBHOTO
MO03ra B BapHaHTe KpaHHOoIlepedpabHON THUIIO-
tepmuu (KII'). [TokasdaHo, 4TO OXJIaKI€HIE BOJIO-
CHCTOH TOBEPXHOCTH KOYKH TOJIOBBI CIIOCOOHO
MTOHU3UTH TEMIIEPATYPY KOPHI OOJIBIITNX ITOJTyIIIa-
Py TP MaJIO3HAYMMOM TTOHMKEHUH 6a3aJIbHON
TeMmIlepaTypsbl [7]. Tem He MeHee, B KIIMHUYECKOU
IIPAKTUKE [IpeBaJUPYIOT METOAbl WHAYKIHUU
001IIETO OXJIAKIEHUS.

B psime omyOJMKOBAaHHBIX HCCIETOBAHUN
adpextuBHOCTH TpuMeHeHus KIII' B cocrase
CTaHJAPTHOH Tepaluy y Mal[ieHTOB C UIlleMuye-
CKUMHU I1epebpaIbHBIMU KaTacTpogaMHu IpeCTaB-
JIEHBI TaHHbIE, JeMOHCTPUPYIOIIYE CYIlIeCTBEHHOE
CHUKEHHUeE JICTAJIbHOCTH, Pa3BUTHE BBIPAsKEHHOI'O
1 CTOMKOTO perpecca HeBpoJOTu4ecKoro neduIu-
Ta, NOBBIIIEHNE (PYHKIIMOHAJIBHOIO pe3yJIBTrara
Tepanuy, 10 CPaBHEHUIO C IPyNIIaMU NAIEHTOB,
roropbiM KITI' He npoBonuiu [8-10]. IIponenypsl
KpaHUOIepeOpaTbHOTO OXJIAKJEHUS HE COIpO-
BOSKJTQJIMCH TOOOYHBIMU 3(p(PEKTAMU U OCTIO’KHE-
HUSIMHM, CBOVCTBEHHBIMH METOAWKAM OOIIero
OXJIKIECHUA. BasKHO OTMETUTD, YTO IIPUMEHEHHE
HenpepbIBHOH npouenypsl KU nynTebHOCTHIO
16-24 4aca, 103B0JIAA CHUSUTH TEMIIEPATypPy KOPHI
OoutbIHX osTyIapuii 1o 30-32°C, He TPUBOAMIIO K
MMOHMKEHNIO 0al3aJbHON TeMIlepaTypbl MeHee
35-35,5°C.

B 0CHOBE NO3UTUBHBIX KINHAYECKUX Pe3YJIb-
TaTOB MIPUMEHEHUS CeJIEKTUBHOU 1epedpaibHON
TUTIOTEPMUM JIeKaT U3BECTHBIE, META00TNYeCKHI
00yCJI0BJIEHHBIE, MEXaHU3MBI HEHPOITPOTEKIIHH.

consumption and increase of tissue resistance to is-
chemia and hypoxia [1, 2]. Later, limited produc-
tion, release, and interaction of signal molecules, as
well as inhibition of inflammatory response, free
radical processes, and apoptosis inhibition were
shown to develop in hypothermia [3]. The decrease
in brain temperature leads to the suppression of al-
most all known mechanisms of exitotoxicity, and
this can provide a reduction in the extent of sec-
ondary damage to neurons in acute focal ischemia,
intracerebral hemorrhage, and neurotrauma.

The significant neuroprotective potential of
TH, which has been well established in experi-
ments, has led to the widespread use of various
ways to lower body temperature. However, no ad-
vantages of general cooling over standard therapy
have been found in large clinical trials in patients
with strokes and traumatic brain injury, and com-
plications and side effects have been observed
much more frequently [4-6]. Obviously, the positive
effects of TH are balanced by the negative effects of
general hypothermia.

In this regard, craniocerebral hypothermia
(CCH), a variation of selective brain hypothermia,
should be considered. Cooling of the scalp was
shown to reduce the temperature of cerebral cortex
while the decrease in basal temperature remained
insignificant [7]. Nevertheless, the general cooling
techniques are prevalent in clinical practice.

A number of published studies on the efficacy
of CCH as a component of standard therapy in pa-
tients with ischemic cerebrovascular events have
shown a substantial reduction in mortality, signifi-
cant and persistent regression of neurological
deficits, and an increase in the functional outcome
of treatment compared to groups of patients who
were not treated with CCH [8-10].

A number of published studies on the efficacy
of CCH included in treatment of patients with is-
chemic cerebrovascular events have shown a sub-
stantial reduction in mortality, significant and per-
sistent regression of neurological deficits, and an
increase in the functional outcome of treatment
compared to groups of patients who were not
treated with CCH [8-10]. Craniocerebral cooling
procedures were not associated with side effects
and complications typical for the general cooling
techniques. Importantly, the use of continuous
CCH procedure lasting 16-24 hours and reducing
the cortical temperature to 30-32°C did not result
in a fall in basal temperature below 35-35.5°C.

Positive clinical results of selective cerebral
hypothermia are based on well-known, metaboli-
cally determined mechanisms of neuroprotection.
Apparently, absence of a significant decrease in
body temperature, which requires control of mus-
cular tremor and additional sedation, also seems to
be important. In addition, the targeted cerebral hy-
pothermia allows achieving a positive temperature
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[lo-BupmMoOMYy, onlpefiesIeHHOe 3HAaYCHNE UMeeT U
¢axT Toro, uro npu KIII' He pa3BuBaeTcst 3HAUYU-
MoOe TTOHIKEHNE TeMIIEPATYPHI Tesa, TpedyroIee
KOHTPOJISI MBIIIIEUHOU APOKU U TOTIOTHUATETBHON
ceqanmu. Kpowme Toro, TapretHas niepedpanabHas
TUIIOTEPMUSI II03BOJIAET JOCTUYD [0JI0KUTEIBHO-
ro rpajgydeHTa TeMIlepaTypbl — TeMIleparypa
TOJIOBHOI'O MO3Ta HHYKE TeMIleparyphbl TeJia.

OnHako, 00bsicHeHUs 9(p(PEKTOB CeTeKTUB-
HOW TUITOTEPMUH TOJIOBHOTO MO3Ta HE MOTYT OBITh
OTPaHWYEHBI TOJIHKO META00TMIECKIM TTOTXOIOM.
[lokasaHO, YTO IpU JOCTHKEHUU TeMIlepaTyphl
28-32°C B HelipoHaX, HECMOTPSI Ha CHUIKEHHYIO
TeMIlepaTypy, UHUIIUUPYETCSI 9HEPIrUYHbIN CUHTE3
cTpecc-0eJIKOB HE CMOTPS Ha CHIPKEHHYIO TeMIIe-
parypy, IPOAYKIHs KOTOPHIX 00yCI0BJIEHA IKC-
npeccuerl reHOB paHHero pearupoBaHus [11].
TenoMHas1 mepecTporika obecreurBaia GOpMUPO-
BaHMe IUTOIIPOTEKTOPHOIO (DeHOTHIIAa HEHPOHOB,
TIOBBIIIAsT UX YCTOWYUBOCTD K JIEHCTBHUIO CBOOOT-
HBIX PAJUKAJIOB U 9KCAUTOTOKCUYECKOU CTUMYJISI-
nuu NMDA-penenrtopos [12].

OnpepesieHHas1 I0CA€J0BAaTEIBHOCTE (POP-
MHPOBAaHUSA COCTOSIHUSI HEeUpONPOTEKIUU IIPU
OXJIQKIEHUH, BRJIIOYAIOIIAsl KOMILJICKC PAaHHUX 1
OTCPOYEHHBIX peaKlUi 3alUThl, COOTBETCTBYET
nporneccaM, XapakTepHBbIM AJI UIIEeMHAYeCKOIO
npekoHaunuonupoBanusa (I1K). Mmemuueckoe
[IK — sABJIeHnE NOBBIICHUA TOJIEPAHTHOCTH KJle-
TOK Pa3JIMYHBIX OPraHOB K IIOBPEKIAIOIM BO3-
JleficTBHAM, pa3BUBAlOIIeecs II0cJIe IpebsBJie-
HU CEPUHU «TPEHUPYIOLINX» IIIN3040B UIIEMUU 1
penepdysuu [13]. B ocHoBe aroro (enHomeHa
TaK)Ke JiesKaT paHHss MeTaboJsimdyeckas Iepe-
CTpOIiKa U OTCpOYEHHas], TeHEeTUYEeCKU OII0Cpeio-
BaHHAsl YCTOWYUBOCTH KJIETOK K HWIIEeMUU U
penepdyauu [14-17]. B 3T0i1 CBSA3U 3aKPENUIOCH
noHATHe o runorepmudeckoM 1K [11, 18].

KpanwnornepebpanbHOe OXJTaKJ€HHE, TTO3BO-
JISISl TOHU3UTD TEMITEPATYPY KOPBI OOJIBIIIHX ITOJTY-
mmapui, okasbiBaeTcsi 3 PeKTUBHON METOTUKOMN
[ KYIIMPOBAHUSA JIUXOPAIKH, 4aCTO COIIPOBOYK-
Jlaio1el OCTPbIH ITepuof; TIOBPEsKAEHNsI TOJIOBHO-
ro moara [19]. CymiecTBeHHO, 4TO y 32% ITallieHTOB
c uHcyasTamMu 1 UMT pasBuBaeTca CKpBITO IIPOTe-
Karotas nepebpanbHas runeprepmus 6e3 BbIpa-
SKEHHOTO MogbeMa 0a3anbHON TeMnepaTypsI [20].
[loBbIleHME TeMIlepaTyphl Tejla 1 MO3ra Cyle-
CTBEHHO yXy[IIaeT TSKeCTh TeYEHUsI U UCXOObI
nepebpabHBIX TopaskeHui [21]. B aTux coay4asx
KT MoskeT crtoco0CTBOBaTh HOPMATU3AIIAH TET -
JIOBOTO HajtaHca roJIOBHOTO MO3Ta.

Paccmorpenne KIII' kak cpeacTBa KOppek-
Y 1epedbpaaTbHON TUIIEPTEPMUH U TUXOPATKY C
no3unuii runorepmudeckoro IIK moaBosser
CYIIIECTBEHHO PACIIMPUTH 00JIaCTH TPUMEHEHUS
KIII' B pa3/iuYHbIX METOAUYECKUX BapUaHTax He
TOJIBKO B OCTPOM IIepUO/ie pa3BUTHUSA ITOpAKeHU
TOJIOBHOTO MO3Ta.

gradient when the brain temperature is lower than
the body temperature.

However, the selective hypothermia effects
cannot be explained only through a metabolic ap-
proach. A vigorous synthesis of stress-proteins de-
spite the reduced temperature was shown to be ini-
tiated when the temperature in neurons reached
28-32°C. This production was due to the expression
of early response genes [11]. Genome rearrange-
ment provided formation of cytoprotective neu-
ronal phenotype, increasing their resistance to free
radicals and excitotoxic stimulation of NMDA-re-
ceptors [12].

A specific pattern of neuroprotection develop-
ment during cooling, including a series of early and
delayed defense reactions, is consistent with the is-
chemic pre-conditioning (PC) processes. Ischemic
PCis a phenomenon of increasing tolerance of cells
of different organs to harmful effects, developing
after exposure to a series of «training» episodes of
ischemia and reperfusion [13]. This phenomenon
is also based on early metabolic rearrangement and
delayed and genetically mediated resistance of cells
to ischemia and reperfusion [14-17]. In this regard,
the concept of a hypothermic preconditioning was
introduced [11, 18].

Craniocerebral cooling leading to a reduction
in the cortical temperature is an effective way to ter-
minate fever which is common for an acute brain in-
jury [19]. Significantly, 32% of patients with strokes
and traumatic brain injury develop latent cerebral
hyperthermia without a distinct rise in basal tem-
perature [20]. An increase in body and brain temper-
ature significantly worsens the course and outcome
of cerebral events [21]. In these cases, CCH can help
to normalize the brain thermal balance.

A view of CCH as a way to correct the cerebral
hyperthermia and fever within the framework of
the hypothermic PC helps to significantly expand
the scope of CCH use in various procedural variants
beyond the acute period of cerebral injury.

The classical ischemic preconditioning. The
concept of «pre-conditioning» is associated with the
discovery of a fascinating type of organ and tissue
adaptation to ischemia/reperfusion. This phe-
nomenon develops due to the preventive subtermi-
nal training effects of recurrent ischemia/reperfu-
sion episodes, which promote activation of
standard nonspecific endogenous cytoprotection
programs responsible for the formation of cytopro-
tective or cytodestructive phenotypes.

For the first time, the PC phenomenon was de-
scribed as the increased tolerance of myocardium
to ischemia developing after exposure to 3-5 short
sequential episodes of interrupted and restored cir-
culation (about 5 minutes of ischemia and 5-10
minutes of reperfusion). Subsequent repetitive ter-
minal test ischemia lasting 40 minutes led to the

development of a myocardial infarction with the
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KRuaaccn4yeckoe nmemudeckoe IIK. [Tossiie-
HUe IOHATHSA «IIPEKOHIULIMOHUPOBaHue» (precon-
ditioning— NOArOTOBKA, aHIVI.) CBSI3aHO C OTKPHI-
THEM OJTHOU U3 MHTEPEeCHEUTTNX (POPM aJanTanuu
OpraHOB U TKaHeH K UIlleMUYecKu/ perepdy3noH-
HbIM Harpyakam. B ocHOBe pa3BUTHSA 3TOTr0 (DEHO-
MeHa JIe)KUT IPUMEeHEeHNe TPEeBEHTUBHBIX CyOTep-
MHUHAJbHBIX  TPEHUPYIOIIUX  BO3JeUCTBUN
aMMU30aMu UIIeMun/penepdysnn, obdecredn-
BaIOINX aKTUBAIUIO TUIIOBBIX HeclleluIecKux
9HJOICHHBIX IHUTOIIPOTEKTOPHBIX IIPOrPaMM,
aKTyaJIbHasA COCTOATEJBHOCTH KOTOPBIX Olpese-
JsieT (popMupoBaHHUE ITUTOIPOTEKTOPHOTO HUJIN
IUTOJEeCTPYKTUBHOTO (hEeHOTHUIIA.

BuepBbie penomen ITK ObLT ommcaH, Kak
3¢ (eKT NOBBILIEHUA TOJIEPAHTHOCTHU cepala K
WIIIEMUY, Pa3BUBAIOIIUICSA ITOCJIe IPeIbABJIEHUS
opraty cJIeQyoIIux Opyr 3a APyroMm 3—-5 KpaTKo-
BPEMEHHBIX 9IIM30[10B [IPEPhIBaHMU U BOCCTAHOB-
JIeHUsT KpoBooOpameHusi (OKOJI0 5 MUHYT HIIIe-
Muu 1 5-10 MmuHyT penepdysun). [locaenyroiiee
BOCIPOM3BeeHNEe TePMUHAIbHOMN TeCTOBOU UIlle-
MUH AJIUTEIbHOCTBIO 40 MUHYT IIPUBOIUIIO K hOpP-
MUPOBaHUIO NH(APKTAa MUOKapAa, 06 eM KOTOpO-
ro B 30HE PUCKA OBLJI 3HAYUTETHHO MEHBIIE TI0
CPaBHEHMIO C TAKOBBIM Y ;KUBOTHBIX KOHTPOJIbHON
IpyNIIbl, KOTOPbIE He MOJBEpPrajuch Iponenype
ITK — 7,3 1 29,4% cooTrBeTcTBEHHO [13].

B akcmepuMeHTax OBIIO OOHAPYSKEHO, YTO
0COOEHHOCTHIO KJIACCUYECKOT0 HWIIEMUYECKOTO
[IK aBasercsa pasBUTHE OPraHOIPOTEKTOPHOIO
adexTa cpasy nocsae npegbsaBIeHUs] TDEHUPO-
BOYHBIX 31IM30/I0B UIlleMUH/ periepysuu, Ajsie-
roCsI OKOJIO 2-X 9acOB, 3aTeM 0CJIabeBaroIIero, HO
nmajee BO30OHOBJISIIONIETOCSA Ha Iepuoj 12-24
yaca, ¢ GopMHPOBAaHUEM TaKUM 00pa3oM paHHETO
U IO3JHET0 «OKHa» TOJIEPAaHTHOCTH [22].

IIpu ogHOKpATHOM CyOTEpMUHATBHOM 9TIH-
307 UIIEeMUN Pa3BUBAIOTCA PEaKINY, XapaKTep-
Hble JJIs OOpaTUMBIX IOBPEKAEHUN KJIETKH,
BRJIIOYAIONIME pa3BUTHE aluj03a, CHUYKEHUE
IIyJla aJeHUHOBBIX HYKJICOTHUIOB U HAKOILJICHUE
kpearuHdocdara. [IpenbsBieHne MTOBTOPHOU
WIIIeMUH T10CJIe NTepuoja penepdysun naMeHser
XapaKTep KJIETOYHOI'0 OTBETa, COIIPOBOKIACTCSA
MeHBIINM pacxogoBanueM AT® 1 HakomeHuEM
JlakTara [23].

[Iponiecc dopmupoBanusa cocrosgsHus I[1K
YCJIOBHO pa3feJsisAIoT Ha TPHU JTalla: BOCIpUATHE
MIOBpEsKAAIONIero CTUMYyJa (TPUITEpPHBIN aTam),
€ero BHYTPUKJIETOYHYIO Iepefauvy (CUTHAJIbHBIN
9Tal) U COOCTBEHHO TPAHCJISANHIO K CTPYKTYpam
peanu3anuu IUATONPOTEKIUU (3 (PeRTOPHBIN
aTamn) [24].

B orTBer Ha HMIIEMHUYECKYI0 CTHAMYJIALUIO
HAKaIJIMBAIOTCA BHYTPEHHUE PeLelTOP-3aBUCH-
Mble TPUITEPHI (aleHO3KH, OIMOUAbI, HOpaJgpeHa-
JIMH, OpaJUKUHVH U JIP.) ¥ PeNeNTOp-He3aBUCH-

MbI€ TPUITEPDLI (pa,ZLI/IKa.J'IbI KuCJI0poaa, HMOHBI

much smaller volume in the risk zone compared
with that in the control animals who did not un-
dergo the PC procedure, i.e. 7.3% and 29.4%, re-
spectively [13].

Experiments revealed that in a typical is-
chemic preconditioning the organoprotective ef-
fect occurs immediately after the exposure to train-
ing episodes of ischemia/reperfusion, and lasts
about 2 hours, then fades, but resumes for a period
of 12-24 hours, thus forming an early and late «win-
dow» of tolerance [22].

In a single subterminal episode of ischemia,
responses typical of reversible cell damage develop,
including acidosis, reduction of the adenine nu-
cleotide pool and accumulation of creatine phos-
phate. Repeated exposure to ischemia after a reper-
fusion period alters the patterns of the cellular
responses and is accompanied by lower ATP con-
sumption and lactate accumulation [23].

Preconditioning develops in three conven-
tional stages: the perception of the damaging stim-
ulus (trigger stage), its intracellular transmission
(signal stage), and the actual translation to the
structures of cytoprotection implementation (ef-
fector stage) [24].

In response to ischemic stimulation, internal
receptor-dependent triggers (adenosine, opioids,
norepinephrine, bradykinin, etc.) and receptor-in-
dependent triggers (oxygen radicals, calcium ions,
nitrogen oxide, etc.) accumulate [25, 26]. Triggers
may also include external stimuli.

Next, the damage signal is transmitted to the
cell targets with active participation of kinases (pro-
tein kinase C, tyrosine kinase, mitogen-activating
protein kinase, reperfusion injury salvage kinases,
etc.) [27-29]. Pre-conditioning develops following
the activation of effectors, which primarily include
potassium-dependent ATP channels of mitochon-
drial membranes [30]. The intracellular response
cascade leads to deactivation of the mitochondrial
pore, which, in most authors' opinion, lies at the
heart of the cytoprotective effects of the early «win-
dow» of ischemic tolerance [31].

The employment of antioxidants during the
multiple training ischemic cycles (superoxide dis-
mutase, catalase) and Al receptor antagonists pre-
vented the development of preconditioning
demonstrating significant impavt of adenosine and
reperfusion triggers in the myocardial precondi-
tioning [32, 33].

Factors of intracellular signal transmission, in
particular, free radicals and protein kinase C, which
transfers the signal to the cell nucleus, seem to play
a major role in the formation of the late tolerance
«window». Signal transmission promotes the early
response genes transcription and activates the syn-
thesis of de novo effector stress proteins and an-
tioxidant protection factors [34, 35]. Following the
stabilization of mitochondrial membrane poten-
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KaJIbIIMA, OKCUJ a3oTa U ap.) (25, 26]. Tpurrepst
MOTYT OBITh U BHEIITHUMH.

Jlasmee curHaJj MOBpesKIEHUSA NepefaeTca K
KJIETOYHBIM MHUIIEHAM IIPU aKTHUBHOM y4aCTHUU
KNHa3 (mpoTrenHKnHa3a C, TAPO3WHKNWHA3a, MUTO-
reH-aKTUBHpYyIOIIasg IIpoTenHKuHa3a, RISK —
reperfusion injury salvage kinases u np.) [27-29].
dopmupoBanune cocrossHusa [IK pasBuBaercs
BCJIe]l 3a akTuBaiue appekTopoB, B KauecTBe
KOTOPBIX, B IIEPBYIO O4Yepelb, PacCMaTpUBAIOT
AT®-3aBucuMbIe KaJiMeBble KaHaJabl MUTOXOH]I-
puanbHBIX MeMOpaH [30]. Kackag BHYTpUKJIETOY-
HBIX peaKIUU, MPUBOIUT K JeaKTUBAIIUUA MUTO-
XOHJIPUAJILHOU  TMOPBI, HYTO, IO MHEHHUIO
OOJIBIIMHCTBA aBTOPOB, JIEXKUT B OCHOBE ITUTO-
MPOTEKTOPHBIX 9(P(HEKTOB paHHETO «OKHA» UIIIe-
MHUYECKOU ToJIepaHTHOCTH [31].

PoJib aieH03MHOBOIO U penepdy3noOHHOTO
TpurrepoB B ¢popmupoBanum [1K muokapaa oka-
3bIBA€TCSI 4YpPE3BBIUYAHO Ba’KHOU, IOCKOJBKY
NpUMeHEHNEe aHTHOKCUIAHTOB B IIEPUOJ BOC-
NIpOU3BEINCHNA TPEHUPYIOIINX HIIEeMAYEeCKUAX
IVKJIOB (CyIepOKCHUIIUCMYyTa3a, Karajasa) u
AHTAaroOHMUCTOB Al penenTopoB NpeIoTBpAIAET
passurue cocrossuus [1K [32, 33].

B mporeccax ¢dopMmupoBaHHUs MO3THETO
«OKHa» TOJIEPaHTHOCTU OCHOBHYIO POJIb, 10-BUM-
MOMY, UTPAIOT (PaKTOPhI BHYTPUKJIETOYHOH Ilepe-
Jlavyy CUTHAJIa, B YaCTHOCTU — CBOOOIHBIE paTUKa-
Japl U TnporenHKnHa3a C, KOTOpble MNepenaroT
CUTHaJ K Apy KaeTKu. [lepenada curaasna odec-
MeYnBAET TPAHCKPUIIINIO TEHOB PAHHET0 pearupo-
BaHMS U TPUBOJIUT K aKTUBAIIUU CUHTE3a «de novo»
3¢ peKTOPHBIX CTpecc-0eJIKOB B (DAKTOPOB aHTHU-
OKCHIAHTHOI 3aiuThl [34, 35]. Besen 3a ctabuiim-
3anell  MHUTOXOHIPHWAJIBLHOTO MeMOpPaHHOTO
MOTEHIIAaa, YMEHBIIAeTCsI BBICBOOOKIIEHNE
nuroxpoma C [36], BIIOKMPYIOTCS CUTHATBHBIE TTYTH
arnonTo3a 1 CUHTEe3 Kaclas, yBeJIMYUBaeTCs CHHTEe3
AHTHATIONTOTHYECKUX OeJTKOB Kiacca Bcl, ymeHb-
IITaeTCsI 9KCIIPECCHSI ITPOAIOTITOTUYECKOTO OesTKa
Bax [37, 38], mogaBjiAeTcA TPAHCKPUIIIIUA I'€HOB,
AKTUBUPYIOIIUX IUTONECTPYKTUBHBIE IIPOLIECCHL.

OfHMMU U3 OCHOBHBIX YYaCTHUKOB (pOpMU-
pOBaHUs UTOMPOTEKTOPHOTO (PpeHOTUTIA KIETOK
OpraHa-MUIIeH! IpU uiemMudeckoM [ 1K ABsA10T-
cs cTpecc-6esku. YBen4eHne CHHTe3a 0eJIKOB
terioBoro 1oka (BTII, HSP — heat shock prote-
ins) ABJsIeTCA YHUBepCaJbHBIM Heclenuduye-
CKHUM OTBETOM KJIETKU Ha JII0OOe Ype3BhIYaiiHOE
BO3JIeliCTBUe, BKJIIOYAs UIIEMUIO, perepdysuio,
neperpeBaHue u repeoxjaxkaenue (39, 40].

Hassanue «bTIIl» BeCbMa yCJIOBHO U CBA3aHO
C U3BECTHBIM (DaKTOM CJIYYAHHOTIO UX OTKPBITHUS
IIpY HarpeBaHUM MYIIKH IP030(puJIbl. BaskHo TO,
YTO 3TOT KJiacC HauboJjiee KOHCEPBATUBHBIX U
dumoreHeTYECKH IPEBHUX 6€TKOB 00€ecIeyrBa-
€T YHHBepCaJbHble TUIIOBbIC PEAaKIUU 3alATHI
KJIETKH JIIOOBIX OPTaHU3MOB OT CaMbIX pa3HO00-

tial, cytochrome C release decreases [36], signaling
pathways of apoptosis and caspase synthesis be-
come blocked, the synthesis of antiapoptotic pro-
teins of Bcl class increases, the expression of
proapoptotic protein Bax decreases [37, 38], and
the transcription of genes activating cell destruc-
tion is suppressed.

Stress proteins are among key participants in
the formation of the cytoprotective phenotype of
target organ cells in ischemic PC. Increased pro-
duction of heat shock proteins (HSP) is a universal
nonspecific response of a cell to any emergency ef-
fects, including ischemia, reperfusion, overheating,
and hypothermia [39, 40].

The name of HSP is quite tentatively related to
the fact of their accidental discovery when heating a
drosophila fly. Importantly, this class of the most con-
servative and phylogenetically old proteins is respon-
sible for universal typical cell protection reactions of
any organism against various types of damage. The
most important functions of HSP are control over the
tertiary structure of proteins formation (folding/re-
folding), regeneration of damaged proteins or their
degradation (renaturation/denaturation), and pro-
tein transport through intracellular membranes. The
HSP class is very diverse, and their participation in
organism reactions is fundamental [41, 42].

Within a few hours after PC initiation, the
number of stress proteins in the cell may increase
manifold, which ultimately provides effective cel-
lular protection [43]. A direct correlation between
the number of HSPs in cardiomyocytes and the
level of myocardial ischemic tolerance was found
[44]. The late «<window» of PC initiates in parallel
with the activation of the acute cellular protection
phase. Protein-synthetic processes take time and
fully develop within 12-24 hours, being the basis of
delayed cell tolerance.

The ischemic PC phenomenon is typical not
only for the heart, but also for other organs, includ-
ing the brain [45], where it is observed as the re-
duced neuronal injury during the long-term test is-
chemia preceded by the training periods of
ischemia/reperfusion [46].

The triggers of cerebral ischemic PC include
both cardiomyocyte-specific inducers and excito-
toxic cascade mediated reactions, triggered by the
release of glutamate from neurons during ischemia
and regulated by the GABA system [47].

Moderate stimulation of NMDA receptors
with glutamate leads to adaptation of potential-de-
pendent calcium channels and reduction of cal-
cium overload during the test cerebral ischemia
(48], and the use of NMDA receptor antagonists
blocks the ischemic neuronal tolerance caused by
a temporary decrease in the delivery of substrate
and oxygen.

The neuroprotective effect of NMDA receptor

activation by physiological levels of glutamate can

www.reanimatology.com

GENERAL REANIMATOLOGY, 2019, 15; 6



DOI:10.15360/1813-9779-2019-6-94-114
0630pHI

pasHbIX BHIOB IOBpesKAeHUs. BakHeHInMu
¢ynkusamu BTII ABAAIOTCS KOHTPOJIb KOPPEKT-
HOTO (POPMUPOBAHUS TPETUYHOU CTPYKTYPHI O€JI-
KOB ((posnuHr/pedosiuHr), BOCCTAaHOBJIEHUE
MMOBPESKAEHHBIX OEJKOB WIW WX Jerpaganus
(peHaryparmusi/ neHaTypanus), TPaHCIIOPT OEJTKOB
yepes3 BHYTpHUKJIeTOUHbIe MeMOpanbl. Kacc BTII
BeCchbMa pa3HO0Opa3eH, a UX Y4acTHhe B PEAKIIHAX
opranusma pyHaaMeHTaIbHO [41, 42].

B TeueHMe HECKOJIBKUX 4aCOB I10CJIe NHULAA-
nuu [TK kosm4yecTBO cTpecc-0eIKOB B KJIETKE
MOYKET YBEJIMYUTHCS MHOTOKPATHO, YTO B UTOTE
obecrieunBaeT 3(p(PeKTUBHYIO KIETOYHYIO 3AIIUTY
[43]. ObHapykeHa IpsiMasi KOPPEJIAIUSI MERIY
KoJsimuectsoM BT B kaparuoMuonuTax u crere-
HBIO WIIEMHUYEeCKON TOJepaHTHOCTH MHUOKapaa
[44]. Tlo3nHee «okHO» [IK HaunmHaeT OpMUPO-
BaThCsI NMapaJsJieJIbHO C aKTUBAIMel ocTpoi ¢asbl
KJIETOYHOU 3aluThl. BesJKoBOCHHTETHYECKUE
nporecchl TpebyoT BpeMeH: U (pOPMUPYIOTCS B
TeueHuu 12-24 4acos, COCTABJIAA OCHOBY OTCPO-
YeHHOU TOJIEPaHTHOCTHU KJIETOK.

®enomeH nmemmndeckoro I TK okasasca xapak-
TepeH He TOJIBKO AJ1A CepAlia, HO U 1 IPYTUX opra-
HOB, B TOM 4HCJIe — JJIs1 TOJIOBHOTO Mo3ra [45], ipo-
SIBJIsISI ce0s1 B YMEHBIIIEHUH CTETIEHH TIOBPESKIEHUS
HeUPOHOB IIpU IIPeIbsIBJIEHUN TECTOBOU JJIATEIb-
HOU UIIIEMUU, KOTOPOU IpeaIecTBOBAIN TPEHU-
pyrolye neproasl uiiemMun/ penepgysuu [46].

Tpurrepuble MexaHU3MbI IepedpPaLHOTO
nmemMuyeckoro [TK BK/II09aloT Kak CBOMCTBEHHbIe
KapAXOMHUOLMTAaM MHULIIMNPYIOIIYE peaKuy, TaK
U peakliuy, OII0Cpe0BAHHbIE KaCKalaMU aKcai-
TOTOKCUYHOCTH, 3aITyCKaeMble BRIOPOCOM LTy Ta-
Mara 13 HeipOHOB BO BpeMs UIIIEMUU U Peryiu-
pyemsble nipu yuactuu [AMK-cucreMmsr [47].

YMmepennada crumynAanusa NMDA-penenTo-
POB INIyTaMaTOM IIPUBOJUT K afalTalluy IIOTCHI -
aJ1-3aBUCUMBIX Ka/IbII€BbIX KAHAJIOB X YMEHBbIIIe-
HUIO KQJIbLIMEBO Ileperpy3Ku BO BpeMs TECTOBON
nepebpaIbHON HUilleMud [48], a BBelleHNe aHTaro-
HrctoB NMDA-pernienTopoB 6/10KApyeT (hopMUpO-
BaHMeE UIIEeMUYEeCKON TOJIepaHTHOCTU HEUPOHOB,
BBI3BAHHOU BpEMEHHBIM CHUKEHUEM [10CTaBKU
cyOcTpaTa 1 KUCI0pPOo/a.

HefiporipoTekTUBHBIN 3 hEeKT aKTUBAIIUU
NMDA-pelnientopoB (HU3UOJOTUUYECKUMHU KOH-
[EeHTPAIUsIMY TTyTamMaTa MOYKeT OBITh OII0CpeIo-
BaH BBICBOOOKJEHIEM MO3TOBOTO HEHPOTPOhU-
4yecKoro akTopa M CTUMYJANUENH 3KCIIPecCuu
IIeJI0TO psifia cTpecc-0eskoB [49].

ITokasaHo, yTo runokcudeckoe 1K KynsTyp
HEHPOHOB M ACTPOLUTOB TUIIOKAMIA KPBICHI
COIIPOBOYKIAETCA YCUJICHUEM IMOCTYIJICHUS [UII0-
KO3bI BHYTPb KJIETKH, a 9 (PeKT ToJIepaHTHOCTU
MOJKET OBITh CBSI3aH KaK C (paKTOM oOecIiedyeHus
HEHUPOHOB CyOCTpaTOM, Tak W C YyAy4dlIeHWEeM
KaJibIiieBoro romeocrasa [50]. [TK BosmericTBue

obecrmeuynBaeT CTa6I/IJ'II/ISaI_II/IIO FeMaTOSHHe(i)aJ'II/I-

be mediated by the release of the brain neu-
rotrophic factor and stimulated expression of sev-
eral stress proteins [49].

The hypoxic PC of neuronal cultures and as-
trocytes of rat hippocampus was shown to associ-
ate with the increase in glucose entry into the cell,
and the tolerance effect can be associated with
both the availability of substrate for the neurons
and the improvement of calcium homeostasis [50].
Preconditioning stabilizes the hemato-encephalic
barrier and reduces brain edema in small rodents
after terminal ischemia exposure [51].

Another effect of brain PC is the activation of
synaptogenesis as a mechanism of nerve tissue regen-
eration after injury, including the growth of axonal
branches and changes in the dendritic spines [52].

Ischemic PC reduces the expression of proin-
flammatory factors (IL-1, IL-6) after ischemia, as
well as a number of genes involved in inflammation.
Remarkably, the blockade of the proinflammatory
component of responses developing in different
types of PC and the activation of anti-inflammatory
factors neutralize the effects of PC [53].

Reproduction of ischemic PC in the brain has
specific features. For example, a series of
ischemia/reperfusion episodes is required for the de-
velopment of myocardial tolerance, whereas in the
ischemic brain PC a single ischemic episode is more
often used [54], because the exposure to repeated
subterminal stimuli may lead to significant neuronal
damage prior to the development of PC [55].

The cerebral ischemic tolerance was found to
grow slowly for several hours, while a single sub-
lethal stimulus produces a strong neuroprotective
effect after 24-48 hours rather than immediately
upon the test ischemia exposure, and it can persist
for up to 7 days [56, 57].

This also suggests that an early PC «window»
may only play a minor role in providing the basic is-
chemic tolerance of the brain, but is necessary for
the late «window». However, there is evidence indi-
cating relationship between intensity of the effect of
training ischemia episodes and the dose of PC [58].

Preconditioning can be measured out by re-
ducing or increasing the duration of ischemia and
reperfusion periods and changing their amount in
series. An important factor of efficacy for the train-
ing episodes of abnormal brain circulation is occlu-
sion of a large caliber artery i. e. one or more cere-
bral arteries. However, it is not possible to identify
the objective criteria of PC sufficiency, the accept-
able limits of ischemia and reperfusion periods du-
ration, especially since the cell actual condition due
to ongoing injury can considerably modify them.

Sublethal intensity of exposure, mobilizing the
emergency defense responses and creating the
structural trace of adaptation, is a prerequisite for
the development of the classic PC state. The well-
known phrase of Friedrich Nietzsche: «What does
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yecKoro Oapbepa ¥ yMeHbIIIEHHEe OTeKa MO3Ta Y
MeJIKUX TPBI3YHOB II0CJ/E IIpeIbsIBJIEHNS TePMU-
HaJbLHOU unieMuu [51].

Eme ogaum apdexrom ITK rosoBHOro Mo3ra
ABJIAETCS aKTUBAIIUA CUHANITOTeHe3a, KaKk MEXaHH13-
Ma pereHepari HEpBHOM TKaHU TTOCJIe TIOBPEYK/Ie-
HUs, BKJIIOYasi pOCT BETBEN aKCOHOB U U3MEHEHU s
MIXAIIMKOBOTO amliapara IeHIpuTosB [52].

Nmemnyeckoe [TK ymeHbIIaeT aKCIIPeCcCUIo
mpoBocHaauTeabHbIX (aktopos (IL-1, IL-6) B
MOCTUIIIEMUYECKOM ITEPUO]IE, a TAKIKE Psijia TEHOB,
Y4acTBYIOIIUX B BOocHaleHuU. IIpumeuaTesibHO,
4TO OJIOKAIa MIPOBOCITATUTETHHOTO KOMITOHEHTA
peakiuii, pas3BUBAIONIETOCS MPHU PAIJIMUYHBIX
Bugax [1K, n akTUBanys MPOTUBOBOCTATUTEIh-
HBIX (paKTOpOoB HUBeJsupyeT ad¢pexTrl IIK BO3-
merucTBui [53].

BocnpousBenenue wuiniemuyeckoro I[IK B
TOJIOBHOM MO3Te MMeeT CBOU 0cobeHHoCTH. Tak,
IJIsT pa3BUTHSI TOJIEPAHTHOCTHU cepAIia Tpedyercst
HECKOJIBKO Cepuil a1IN30/10B UllleMuu/pemnepdy-
3WH, TOT1a Kak pu uiemMudeckoM [ 1K rosioBHoTO
MO3Tra Yallie UCII0JIb3YeTCsI OGHOKPATHBIN UIIeMHU-
4yecKUU anu3on [54], TOCKOJIbKY IpeabsBIeHNE
TIOBTOPHBIX CyOTEPMUHAIBHBIX CTUMYJIOB MOKET
MPUBECTHU K BhIPAKEHHBIM IMOBPEKIEHUSAM HEM-
poHOB 10 pa3sutus cocrosgaus [1K [55].

Bb110 00HApY’KEHO, UTO UIIIEMIYECKasI TOJIe-
PaHTHOCTH T'OJIOBHOTO MO3Ta HapacTaeT Me/JlJIeH-
HO B TeYeHNe HECKOJbKHUX YaCOB, a OTHOKPATHBIN
cy0JieTaIbHBIA CTUMYJI O0€ecTieqBaeT pa3BUTHE
BBIPQYKEHHOTO HeHpompoTeKTopHOTO 3adderTa
IIpU IIpeIbsIBJIEHUH TECTOBOU HILIEMUU He Cpasy,
ayepes 24-48 4acoB, U OH MOKET COXPAHATHCS 10
7 CyTOK [56, 57].

W3 aToro Takske cjieyeT, UTO paHHEee «OKHO»
[TK Mo>keT He UTparhb 3aMeTHOII poJIu B obecreue-
HUU 0a30BOW WINEMUYECKON TOJIEPAHTHOCTH
TOJIOBHOTO MO3Ta, HO HEOOXOIUMO MJIsT (DOPMUPO-
BaHUSA MO3JHETO «OKHa». BripoueM, ecTh ykasa-
HUs, YTO BBIPASKEHHOCTD BJAUSHUS 9TIM300B Tpe-
HUpYIOIled WIIeMUH 3aBUCUT OT [03bl [IK
BO3/elicTBUA [58].

Hosuposars [1K Bo31eiicTBHSI MOYKHO YMEHb-
11asi WM yBeJIWuMuBasi JJUTEJbHOCTDb IIEPUOJOB
UIIeMUH U periepdy3nu U onpemesisisi UX YUcJo B
cepun. BaskHa m106aIbHOCTH TPEHUPYIOIINX ITTH -
30/10B HapyIIEHNsI KPOBOOOpAIeHUs — OKKJIIO-
3Us1 OTHOU M/ HECKOJbKUX MO3TOBBIX apTEPUH.
OJHaKo 70 HACTOSAIIEr0 BpeMeHHU He MpeCcTaB-
JISIeTCS BO3MOSKHBIM OOBEKTHUBHO OIPEIEUThH
kputepuu nfocrarouHoctu [1K Bo3nericTBus, rpa-
HUILIBI TONYCTUMBIX IEPUOJIOB UILIEMUU U penep-
(¢ysuu, Tem GoJsiee YTO aKTyaabHOE COCTOSTHUE
KJIETOK, B TOM YHCJIE B CBSI3U C y>Ke IIPOU30IIe]-
UM TOBPEKJIEeHUEM, MOKeT UX CYILIEeCTBEHHO
KOPPEKTUPOBATh.

O6s13aTeTbHBIM YCIIOBHEM PAa3BUTHSI COCTOS -
HUA Kiraccudeckoro [1K sBisiercs cybseTanbHast

not kill me makes me stronger» fully conveys the
main requirement of ischemic PC.

In other words, the consequences of training
exposures can lead to both cell protection and cell
destruction. This limits the clinical use of ischemic
PC and prompts the search for safer ways to acti-
vate endogenous cytoprotection programs. Alter-
native methods of PC induction include remote,
hypoxic, pharmacological and hypothermic PC. In
relation to the issue under discussion, we will con-
sider the specific features of a hypothermic PC.

Hypothermic PC. Tissue hypothermia is a
well-known cause of blood flow depression, and
this type of ischemia has no negative consequences
within the specified limits of temperature drop [59].
The hypothermia reduces neuronal reactions to is-
chemia and extends their lifespan in low perfusion
due to decreased demand. The release of the ener-
gizing amino acids and glutamate-mediated exci-
totoxicity, cellular respiration activity, and produc-
tion of reactive oxygene species is decreasing;
transmembrane permeability (including mito-
chondrial) is stabilized, and intracellular calcium
overload becomes limited. Thus, the main trigger
reactions of neuronal damage provoked by the is-
chemic cascade are blocked [60].

Hypothermia limits the local aseptic inflam-
mation in brain ischemia and neurotrauma, re-
duces the release of proinflammatory factors,
leukocyte migration and brain tissue infiltration,
reduces edema, lowers the intracranial pressure,
stabilizes the blood-brain barrier, and suppresses
apoptosis cascades. Positive impact of low temper-
ature on the development of pathogenetic reac-
tions is shown both in the acute phase of ischemia
and during the reperfusion.

The development of cytoprotective reactions
immediately after reaching the therapeutic values
of temperature reduction would apparently repro-
duce the effects of early «<window» of tolerance.
However, the resemblance of these effects of hy-
pothermia with the emergency adaptation re-
sponse in the classical PC appears to be only for-
mal, because the decrease in the tissue temperature
does not stimulate, but rather suppresses the main
endogenous stages of PC development. The trigger
stage is inhibited due to restricted free radical and
NMDA-receptors stimulation processes, and re-
duced metabolism is accompanied by decrease in
adenosine accumulation. When the temperature
drops, the signaling stage is also inhibited due to
reduced activity of enzymes, particularly kinases.
In addition, the hypothermia contributes to the sta-
bilization of mitochondrial membranes, thus com-
pleting the effector stage. This means imitation of
the early endogenous mechanisms of PC but not
their activation.

Notably, the therapeutic hypothermia in
emergency conditions is used in the acute period
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WHTEHCUBHOCTb BO3AEWCTBUSA, MOOHUIN3YIOMIAs
CpOYHBIEe peakIUM 3aluThl U (popMuUpyromas
CTPYKTYpHBIH cJjen apjantauuu. l3BecTHoe
BhIcKa3bIBaHue ®. Humre: «To, 4To Hac He yOMBa-
€T, IeJlaeT HaC CUJIbHee» OYeHb IMOJTHO IepeTaeT
OCHOBHOE conepskanue niremudeckoro [1K.

Wnade roBops, 10CaeICTBUS TPEHUPYIOIINX
BO3JEHCTBUII MOTYT IPUBOIUTH K PA3BUTHIO KaAK
OUTONPOTEKTOPHBIX, TAK U IUTOLECTPYKTUBHBIX
IIpoLeccoB. B cBOIO ouepenpb 3TO OrpaHUYUBAET
KJIMHUYECKOe IIpUMeHeHue niemudeckoro 11K n
moOy>k/1aeT Monuck 6oJiee H€30MMacHbBIX CIIOCOO0B
AKTUBAaLMU 9HIOT€HHBIX IUTOIIPOTEKTOPHBIX IIPO-
rpamm. K ansrepHaTUBHBIM CITOCOH6aM BOCITPOU3-
BeneHus cocrosanusa IIK orHOocATCA ypaneHHOe
(AucTaHTHOE), TUIIOKCHYECKoe, (papMakoJioruye-
ckoe u runorepmudeckoe I1K. IlpumMeHnTe bHO K
obcy>rmaemMoii mpobJsiemMe, pacCCMOTPUM 0COOEHHO-
cru runorepmuyeckoro I1K.

I'mnorepmuueckoe ITK. Xopoi1rio n3BecTHo,
4YTO FUIIOTePMUS TKaHEeH NPUBOIUT K EIPecCun
KPOBOTOKA, MPHUYEM TAKOIO poja HIIeMUus He
“MeeT HeraTuBHBIX MOCJIEeICTBUH B M3BECTHBIX
npegeJsax NOHWXEeHUs TeMIieparypsl [59]. ['uno-
TepMHUsI CHOCOOCTBYEeT YMEHBIIIEHWIO peaKkIui
HEHpOHOB Ha HIIEMUIO, YAJUHSIEeT Iepuof ux
SKU3HU B YCJIOBUSAX UNONEpPQYy3UU B CBA3U CO
CHIDKEHVWEM  TOoTpebHOCTel.  YMeHbIIaeTcs
BBIOPOC BO30OYRIAIOIINX AMUHOKHCJIOT U TTyTa-
MaT OIOCpefOoBaHHAsl 9KCAWTOTOKCUYHOCTD,
AKTHBHOCTDH KJIETOYHOTO IbIXaHWUSA U IPONYKIUA
CBOOOHBIX PAIUKATIOB, CTA0MJIN3UPYETCS TPAHC-
MeMOpaHHasi TPOHUIIAEMOCTh (BKJIIOYasi MUTO-
XOHJPUM) OrPAaHUYNUBACTCS IIeperpy3Ka BHYTPHU-
KJIETOYHBIM  KajblueM. TakuM  oOpasom
OJIOKUPYIOTCA OCHOBHBIE ITYCKOBBIE pEaKIIUN
MIOBpesKIeHNUsI HEPOHOB, IIPOBOLIUPYEMBbIE UIlle-
MHYECKHM Kackajom [60].

l'uniorepmusAa orpaHn4YnBaeT pa3BUTHE MECT-
HOTO aCeITHYEeCKOI0 BOCHAJIEHUs IIPU UIIEeMUU
Mo03ra ¥ HelpoTpaBMe, 06ecrieYnBaeT CHIKEHNE
BBICBOOOSK/IEHS IIPOBOCIAIUTETHHBIX (PAKTOPOB,
MUTpaUU JIeUKOIUTOB U UH(PUIBTPAIUN UMU
TKaHU MO3ra, YMEHBIIIAET OTeK, IoHmkaeT BU/I u
CTAaOMIM3MPYET reMaTodHIedaTniIeckuii bapbep,
IoJaBJsAeT Kackanpl amnonros3a. llosutuBHOE
BJIMSIHYE IOHUKEHHOH TeMIlepaTypbl Ha pa3BUTHeE
[IaTOreHeTUYEeCKUX PeaKIuii IOKa3aHo KaK B OCT-
poii (pase umemMuy, Tak U B Iepuoj; penepdysun.

PasBuTHe IUTONPOTEKTOPHBIX peaKUul
cpasy mocJje [OOCTUKEHHUS TepaleBTUYeCKuX
3HAaUYeHUU IOHMKEHUsI TeMIIepaTyphl, Ka3aJdoCh
0bI, BOCIpOU3BOAUT 3P (PEKTHI paHHETO «OKHa»
ToslepaHTHOCTA. OOHAKO CXOACTBO [JAaHHBIX
3 (PeKTOB rUNOTEPMUU C PEAKIIUAMU IKCTPEH-
HOW ajanTanuu npu kiaaccudueckom I1K okasbiBa-
€TCs BHEIITHUM, IIOCKOJIbKY IIOHMYKEHHE TeMIlepa-
Typbl TKaHell He CTUMYJIHUpYyeT, a CKopee
II0/1aBJIsIeT OCHOBHBIE 9HIOT€HHbIE 3TaIlbl (POPMU-

after severe vascular events, e. g. as a part of car-
diopulmonary resuscitation, when the endogenous
PCreactions have already been initiated, the spon-
taneous circulation has been restored, and the de-
crease in temperature leads to a safer terminal pe-
riod of ischemia due to the working factors of
ischemic PC initiation.

Apparently, the adequate balance of the
metabolic cell protection intensity with temperature
decrease and actual consistency of the functional
endogenous cellular protection programs after the
cerebrovascular accident and reperfusion is the
main factor of prognosis for early period course.

Furthermore, the role of emergency response
in the development of ischemic brain PC, in con-
trast to the heart, may prove to be insignificant and
consist mainly in the initiation of genomic repro-
gramming of neurons, which results in basic long-
term tolerance to ischemia/reperfusion. In this case,
the hypothermia may reduce the negative conse-
quences of acute terminal ischemia episode and,
quite probably, maintain the state of late tolerance.

In particular, the animal experiments and stud-
ies with human cortical neuronal culture have shown
that a decrease in temperature by 5-7°C, i. e., to
28-32°C, initiates the development of a sequence of
delayed intracellular reactions, which are character-
istic of the classical ischemic PC for neurons. Thus, a
significant temperature signal triggers a drastic in-
crease in the synthesis of different HSP molecules of
ditinct molecular masses (20-70 kDa). The activation
of synthetic processes occurs with reduced temper-
ature and affects mainly stress-proteins [61, 62].

In addition, under these conditions, the syn-
thesis of cold shock proteins (CSP) is activated,
their cellular level starts to increase in an hour,
reaching a maximum after 24 hours and remains
high for several days after a single temperature ex-
posure lasting from 3—4 to 24 hours [11, 63]. The
role of CSP in the hypothermic PC, in contrast to
the classical PC, seems to be quite significant.

Cold shock proteins were discovered when
studying the effect of low temperatures on plants
and microorganisms. Later, they were found to be
stress-protective proteins that protect cells from
various adverse factors, not only cold, in animals
and humans.

The most studied proteins of the CSP family
are RNA-binding proteins RBM3 (RNA-Binding
Proteins) and CIRBP (Cold Inducible RNA Binding
Protein). They prevent the aggregation of matrix
RNA, thus facilitating the process of protein synthe-
sis, possess the properties of chaperone proteins,
antioxidant properties and have a peculiar an-
tifreeze effect on membranes [64].

The decrease in brain temperature to 32°C has
also been shown to provoke the transcription of the
c-fos early reaction gene, its content in neurons in-
creasing threefold. Particularly noticeable increase
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posanusa cocroaHusa [IK. Topmosurcsa tpurrep-
HBIN 3Tal B CBS3U C OTPaHUYEHUEM CBOOOTHO-
paguKaJIbHBIX IIPOLECCOB U IPOLIECCOB CTUMYJIA-
muu  NMDA-penenTtopoB, a  [OOHHYKeHUE
MeTabo3Ma CONMPOBOKIAETCS YMEHBIIIEHUEM
HaKOIVIEHNs afleHo3nHa. [Ipy moHuKeHny remiie-
paTrypsbl, I0-BUIUMOMY, TAKKE TOPMO3UTCS CUT-
HaJIBHBIN 3Tal 3a CUYET CHUYKEHUS aKTUBHOCTU
¢depMeHTOB, B 4acCTHOCTH KuHa3. Kpome Toro,
TATIOTEPMUSI  CHOCOOCTBYeT  CTabWaIM3anuu
COCTOSTHUSA MeMOpaH MUTOXOHIPUN, TEM CaMbIM
3aBepimnasi a¢pdekTopHbIH aTan. To ecTh, TOHUKe-
HUe TeMIlepaTypbl He aKTUBUPYeT PaHHUE 9H[IO-
resHble MexaHua3Msl 1K, a CKopee UX UMUATHUPYET.

OpHaxo HaIO yYUTBIBATh, YTO TepaleBTuYe-
CKYIO TUIIOTEPMUIO B HEOTIOKHBIX COCTOSHUAX
NIPUMEHAIOT B OCTPOM IIepHUOJie II0CJIe Pa3BUTHUA
TSI3KEJIBIX COCYIMCTBIX KaTacTpod, Halpumep B
cocrase CJIP, To ecTh TOrIa, KOrga 3amyck aHI0-
reHHbIx peakuuii [1K yske mpounsoriesi, CIOHTaH-
HOe KpoBooOpareHne BOCCTAaHOBUJIIOCH, a CHIKE-
HHE TeMmIlepaTypbl IIPABOJUT IIOCJIEACTBUA
TepMUHAJIBHOTO IePHOo/a UIIeMUN K OoJiee 6e3-
OTIACHOMY Te4eHHIo Ha (poHe cpaboTaBmIMX (ak-
TOPOB MHUIAnUNU niemudeckoro [TK.

ITo-BuIuMOMY, UMEHHO aJleKBaTHOE COOTHO-
IIIeHVe BBIPAKEHHOCTH METab0JIIYECKH 00YCI0B-
JIEHHOU ITUTONIPOTEKIIMY IPU IOHW>KEHUU TeMIIe-
paTrypel W  AKTYaJbHOH  COCTOSATEJIBbHOCTHU
OIlepaTUBHBIX 9H/IOT€HHBIX IPOrPAMM KJIETOYHON
3aIMUTHI IIOCJIE OCTPOTO HAPYIIEHUsT KPOBOOOPa-
meHus1 U perepdysun oOecredynBaOT HapaB-
JIEHHOCTh Pa3BUTHUS MOCJIENCTBUH COCYIUCTHIX
KaracTpod B paHHeM Ilepuoje.

Kpowme Toro, poJsib CpOUYHBIX peakIuil B pas-
BuTHM nmemndeckoro IIK rosmoBHoro moasra, B
OTJIMYNeE OT CepJLa, MOYKET OKa3aTbCA HeBeJIUKa 1
3aKJII0YaTbCA B OCHOBHOM B 3allyCKe FeHOMHOTI'O
IepenporpaMMHUpOBaHusl HeHpPOHOB, TOCJIeN-
CTBHUSI KOTOPOTO 0O0ecredynBaioT 0A30BYIO M-
TeJIbHYIO TOJIEPAHTHOCTB K UllleMun/ perepdysnn.
B aToMm ciydae TUIIOTEpMUA MOKET YMEHBIIUTH
HeraTUBHBIE II0CJICICTBUS OCTPOr0 TE PMUHAJIBLHO-
T'0 3IIM30[1a UILIEMUHU 1, BIIOJIHE BEPOSATHO, IO Iep-
5KaTh COCTOSIHUE TI03HEN TOJIEPAHTHOCTH.

B yacTtHOCTH, B 9KCIIEpUMEHTaX Ha JKUBOTHBIX
U B UCCJIEJJOBAHUSIX B KYJIBType KOPKOBBIX HEUPO-
HOB 4€JIOBEKA II0KAa3aHo, YTO CHIYKEHUE TeMIlepa-
Typbl Ha 5-7°C, To ecThb 1o 28-32°C, uHULIUUPYET
pasBUTHE IIOCJIENOBATEJIBHOCTA OTCPOYECHHBIX
BHYTPHUKJIETOYHBIX PeaKI1ii, KOTOpPbIE OKAa3bIBAIOT-
Cs1 CBOMICTBEHHBI KJIACCUYECKOMY UIIIEMUYECKOMY
[IK nms "HelipoHOB. Tak, 3HAaUUMBII TeMHeparyp-
HBIH CUTHAJ 00eCTieYrBaeT B HUX JaBUHOOOpa3Hoe
yBesuueHue cuHTe3da BTIII ¢ pa3muuHoi MoJeKy-
JgsspHoi maccout (HSP 20-70 k/Ia). [IpuueM akTHBa-
U CUHTETHYECKUX IIPOLEeCCOB NPOUCXOOUT Ha
(¢ oHe CHUKEHHOU TeMIlepaTyphl U KacaeTcs IpakK-
TUYECKHU TOJIBKO CTpecc-0eJikoB [61, 62].

in c-fos is observed after 24 hours of hypothermia.
The RMB3 stress-protein production also increases
manifold when the temperature drops to 32°C, re-
maining high after cooling. Equally interesting is the
fact that the hypothermia leads to the activation of
the c-jun early response gene, which provides a sig-
nificant increase in the CIRBP synthesis, which is
also most significant after 24 hours of hypothermia.

The participation of CIRBP in changing the
balance of tau protein forms synthesis contributes
to the restoration of the damaged microtubular sys-
tem of the neuron, improvement of axonal trans-
port, maintenance and restoration of cellular cy-
toskeleton. In addition, CIRBP is also involved in
the refolding of pathological proteins, in particular
beta-amyloid, which suggests a positive role of neu-
ronal hypothermia not only in the formation of is-
chemic tolerance, but also in preventing the devel-
opment of neurodegenerative processes.

The data on the role of tau-protein in the for-
mation of neuronal tolerance appeared to be highly
interesting. In experimental models of human cor-
tical neuronal culture, the effect of reduced temper-
ature (to 28°C and to 32°C) on phosphorylation-de-
phosphorylation of tau-protein and the associated
effects of increasing neuronal resistance to damage
were studied. Injury was modelled by stimulation
of NMDA receptors and introduction of free radi-
cals into the culture.

Tau phosphorylation was found to be re-
versibly activated at a temperature of 32°C, which
was accompanied by a decrease in the extent of
neuronal damage in excitotoxic and free-radical
load. Dynamic transitions of the main key isoforms
of tau-protein (phosphorylation-dephosphoryla-
tion) due to temperature decrease, in the authors'
opinion, can promote synaptic plasticity and recov-
ery of damaged neurons [64, 65]. The temperature
reduction to 28°C did not affect the result in any
fundamental way.

These facts confirm that the genomic repro-
gramming of neurons plays a key role in the devel-
opment of the late tolerance effects of hypothermic
PC, as well as in classical ischemic PC, contributing
to the structural adaptation trace. On the other
hand, we can assume potentiation of positive ef-
fects of both PC types.

As aresult of increased stress proteins produc-
tion, the cytoprotective phenotype develops which
associates with the increase in the synthesis of
stress proteins, which eventually makes it possible
to reduce the extent of brain damage in cerebrovas-
cular accidents.

Importantly, the launch of genomic reprogram-
ming requires a significant decrease in the temper-
ature of neurons up to 28-32°C. If we consider the
cooling of incoming blood as the only way to reduce
the cerebral temperature, we can clearly see that in
order to achieve the required level of hypothermia it
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KpomMme TOTO, B 9THX YCIOBUAX aKTUBUPYETCA
cuHTe3 0eJKOB x0J10m0Boro moka (BXIII, CSP —
cold shock proteins), comepskaHue KOTOPBHIX B
KJIeTKe HayMHAeT Hapacrarb ysKe depes d4ac,
JOCTUTasA MaKCUMYyMa yepeas 24 yaca ¥ COXpaHsieT-
Cs1 Ha BBICOKOM YPOBHE B T€YCHHUU HECKOJBKHUX
CYTOK IIpU OJHOKPATHOM TeMIIepaTypHOM BO3el-
CTBUH JIJINTEJIBHOCTBIO OT 3—4 10 24 yacos [11, 63].
Pouss BXIII B runnorepmuyeckoM I1K, B oTinyue ot
Kjgaccudeckoro [1K kaskercsa BecbMa 3HAYUMOM.

BXII 6b1711 OTKPBITHI IPU U3YYEHUH BJIUS-
HUA HU3KUX TeMIlepaTyp Ha paCTeHUs U MUKPO-
opraamuamsl. [lo3nHee 66110 0OHAPYKEHO, YTO OHU
OTHOCSITCSI K CTPeCcC-IIPOTEKTOPHBIM OejKaM U
06ecneynBaloT 3alUTy KJIETOK OT AeHCTBUS pas-
JIMYHBIX HEOJIArONIPUATHBIX (DAKTOPOB, a HE TOJIb-
KO X0J10[1a, Y YKMBOTHBIX U YeJI0BeKa.

HauboJsee naydens! 6esiku cemerictsa BXIII,
aro PHK-cBsi3niBaromiue 6egaxu RBM3 (RNA-Bin-
ding Proteins) u CIRBP (Cold Inducible RNA Bin-
ding Protein). OHU IPeNATCTBYIOT arperanuy Mar-
puunoii PHK, o0OJjierdast TeM caMbIM IIPOIIECC
cuHTe3a OeJsika, 00J1a7aI0T CBOMCTBAMU OEJIKOB-
I1aTIEpOHOB, aHTUOKCUIAHTHBIMU CBOMCTBAMU U
CBOeOoOpa3HbIM aHTHU(PPU3HBIM [eHCTBUEM Ha
MeMOpaHkI [64].

[TokasaHo TaksKe, YTO NOHUKEHNE TeMIlepa-
TypbI MO3ra 10 32°C IpoBOLUpPYyeT TPAHCKPUIIIUIO
reHa pa"HHero pearupoBanus c-fos, conepskanue
KOTOPOTO B HEHWpPOHAX TPOEKPATHO HapacTaer.
OcobeHHO BBIpa’keHHOE yBenaudeHue c-fos
HabJI0maeTcs ciycTs 24 dyaca runorepmun. [pn
9TOM, cHHTe3 cTpecc-0esskoB RBM3 Takske yBe-
JAYMBAETCA MHOTOKPATHO NIPY CHUSKEHUY TeEMIIe-
parypsl o 32°C, ocTaBasiCh Ha BBICOKOM YPOBHE
rnocJje oxJjaskaeHus. He MmeHee WHTepeCcHO U To,
4TO TUIMOTEPMUA NMPUBOAUT K aKTUBAIIUUA TeHA
paHHETO pearnpoBaHusi C-jun, 06eCIeYnBaIOIIETO
3HauMUTeJIbHOEe HapacTaHue cuHTe3a CIRBP, uto
TaksKe HanboJiee 3HAYMMO Yepe3 24 yaca HHAYK-
[IUU TUTIOTEPMHUU.

Yuactue CIRBP B uaMeHeHUU COOTHOILIEHU S
cuHTe3a (opM tau-ImpoTenHa CIIoCOOCTBYET BOC-
CTAHOBJIEHUIO TIOBPEYKIEHHON MUKPOTYOYIAPHON
CHCTeMBbl HeHpOHA, YJIy4YIIeHUI0 aKCOHAJIbHOTO
TPAHCIIOPTA, COXPAHEHUI0 W BOCCTAHOBJIEHUIO
nurockesera kietku. Kpome toro, CIRBP yua-
CTBYyeT B pe(OAMHTE TaTOJIOTHIECKUX OEJTKOB, B
YacTHOCTU O6eTa-aMUJIOU A, U3 Yero MOKHO IIpe-
MIOJIOSKUTH O3UTHUBHYIO POJIb TUIIOTEPMUM Hel-
POHOB He TOJILKO B (DOPMUPOBAHUU UIIIEMUYE-
CKOU TOJIEPAHTHOCTH, HO U B IIpeaylpesKkIeHUU
pas3BUTHUS HEWPO/IereHEPATUBHBIX ITPOIIECCOB.

Becbpma MHTEpeCHBIMM OKa3aJIMCh TaHHBIE O
poJiu tau-mporerHa B hOPMUPOBAHUU TOJIEPAHT-
HOCTH HEMPOHOB. B aKcIieprMeHTaTbHBIX MOAEJISIX
KYJBTYpbl KOPTUKAJIbHBIX HEHPOHOB YeJI0BEKa
HMCCJIeI0BAIN BJIUsIHNE CHIKEeHHOM 10 28°C m1 32°C

TeMIeparypbl Ha Iporecchl ¢ocdopuamupona-

is necessary to reduce the basal temperature to a
dangerous level, invariably leading to complications,
neutralizing the desired positive results.

Taking into account the clinical risks of reach-
ing the critical body temperature necessary for ini-
tiation of cellular mechanisms of endogenous pro-
tection, the attempts to model fragments of the late
hypothermic PC development with the use of drugs
affecting tau-protein phosphorylation have been
made. As a result of imitation, we can obtain the
processes typical for cooling of neurons and boost-
ing their resistance to hypoxia and conclude: «One
can reap the benefits of cooling — without cooling
the patient!» (Rzechorzek N. M., 2015).

This approach is typical for the pharmacological
PC techniques where the early and delayed ischemic
tolerance is reproduced by imitation of endogenous
mechanisms but not by their real initiation.

Several studies reveal the mechanisms of de-
layed cellular resistance to hypoxia/reperfusion
and show the persistence of the hypothermic ef-
fects over a long period after cooling has stopped
[]. In this sense, the above statement seems to be
extremely important and accurate.

The high risks of general hypothermia compli-
cations should be eliminated, but an adequate level
of brain hypothermia should be achieved at the
same time. The use of selective cerebral hypother-
mia in the CCH variant appears to be the most ad-
equate in this respect, making it possible to lower
the temperature of neurons, at least in the cortex,
to the specified limits without a significant de-
crease in basal temperature.

Selective hypothermia of the hemispheric
cortex. Brain is the main target of hypothermia in
cerebral damage. Considering CCH as a technique
of predominant hypothermia of the hemispheric
cortex, we should determine what mechanisms and
to what extent the scalp cooling can lower the tem-
perature of the brain.

Convection provided by powerful central flow
of arterial blood (about 20% of the minute blood
volume) is usually considered as the main way to
remove excess heat from the brain. Heat removal is
also associated with heat exchange in the anatom-
ical junctions of jugular veins (carrying externally
cooled blood) with internal carotid arteries (coun-
tercurrent heat exchange), which makes the normal
resting temperature of blood in the internal carotid
artery approximately 0.2°C lower than in the aorta
[66-68]. As a result, the cooling of the scalp can re-
duce the temperature of the outgoing blood, which
may lower the temperature of the inflowing blood
after entering the jugular vein system. Under nor-
mal hospital conditions, the temperature of the
blood flowing from the scalp is not lower than 34°C.
With CCH, scalp temperatures of 8-10°C and lower
can be achieved, which can increase the efficiency
of heat exchange.
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HUs1/ nepocopuINpoBaHus tau-IIpoTeNHA U CBSI-
3aHHbIE C HUMHU 9((PeKThbI HOBBIIIEHNU YCTONYN-
BOCTH HEIPOHOB K NOBpeskAeHuIo. [loBpeskaenue
MozenrpoBasu ctumynsanuei NMDA-perienTopos
¥ BBeJIEHVEM B KYJIBTYPY CBOOOTHBIX PATUKATIOB.

Oxasasocsk, 4To IpHU TeMIlepaType KyJIbTyphl
32°C obpatuMo akTHUBUpYyeTcs tau-pocdopuiim-
poBaHue, YTO CONPOBOMKAAETCS yYMEHbIIIEHHueM
obbemMa TOBpERIEHNs HEHPOHOB B YCIOBUAX
9KCAaUTOTOKCHUYECKOHN M CBOOOTHO-PaTUKATEHON
Harpysku. /luHaMuuHBIe IlepexoAbl OCHOBHBIX
KJII0Y€eBbIX 130(hopM tau-poTtenHa (dpochopumu-
poBanue/nedochopuinpoBaHue) Noj BIUsIHIEM
CHU’KEHUsI TeMIlepaTyphl, 10 MHEHUIO aBTOPOB,
MOTYT CIIOCOOCTBOBAaTh PA3BUTHIO CHHANITHYE-
CKOI JIACTUYHOCTU U BOCCTAHOBJIEHUIO IIOBPEK-
JIeHHBIX HEUPOHOB [64, 65]. [ToHnKeHne TeMIiepa-
Typbl 00 28°C IpUHIMNNAJIBHO He BJIMAJIO Ha
pesyJbrar.

YkasaHHbIe (DAKThI CBUAETEJIBCTBYIOT O TOM,
YTO TeHOMHOE€ IlepelporpaMMUpOBaHue Helpo-
HOB UI'PaeT KJIIYeBYI0 PoJib B (POPMUPOBAHUU
adPerToB MO3THEN TOJEPAHTHOCTU TUIIOTEPMU-
yeckoro [IK, Tak ske, Kak U IIpU KJIACCUYECKOM
nmemudeckoM [1K, obecneunBas hopmMupoBanme
CTPYKTYPHOTO cJiefia afantanuu. B cBoio ouepenn
MOSKHO JOIIYCTUTh HaJIN4YMe IIOTeHI[aIluy II03U-
TUBHBIX 3P ekrToB 000ux BumoB [1K.

MMmeHHO Cc HapacTaHWeM CHUHTe3a CTpecc-
0eJTKOB CBA3BIBAIOT (P OPMUPOBAHUE ITUTOTTPOTEK-
TOpPHOrO (DEHOTUIIA, YTO B UTOTE (POPMUPYET YyCJII0-
BUs, MPHUBOIAIIAE K YMEHBIIEHWI0O oO0bema
TIOBPEsKAEHUSI MO3ra IPU OCTPbHIX HAPYIIEHUIX
KpOBOOOpaIeHus.

BaskHO OTMETUTH, UYTO 3allyCK F'€HOMHOTO
TepenporpaMMUPOBaHus TpebyeT 3HAUYNTETHHO-
ro NOHUKEeHUsl TeMIlepaTypbl HEHPOHOB — M0
28-32°C. Ecsii paccmaTpuBaTh B KaUeCTBE eUH-
CTBEHHOTO CITI0co0a MOHWKEHUs 1lepedpasTbHON
TeMIIepaTyphl OXJIasKkIeHne IPUTEKAIOIIUI KPOBH,
CTaHOBHUTCS SICHO, UTO JIJIs TOCTH)KEHMs HeoOXo-
JIVMOTO YPOBHS TUIIOTEPMUU TPeOyeTCs MOHMKe-
HHe 6a3a7TbHON TEMITEPATYPHI 0 OTTACHOTO YPOB-
Hs1, HeM30esKHO BJIEKYIIIETO 3a COOOUM pa3BUTHE
OCJIO’KHEHUH, HUBEJIMPYIOIINX UCKOMBbIE IIO3U-
TUBHBIE Pe3YJIBTATHI.

YUUTHIBAsA KJIMHUYECKHE PUCKHU TOCTUKe-
HUSI KPUTUYECKOH TeMIIepaTyphl TesIa, HeoOXomu-
MOH i1 MHUNUAIUU KJIEeTOYHbIX MEXaHHU3MOB
9HJIOTEHHOM 3alllUThl, BBINOJHEHBbl MOIBITKU
MoOJleJIMpOBaHusl (parMeHoB (HOPMHUPOBAHUSA
nosaHero runorepmudeckoro I1K ¢ ucnosnp3osa-
HHeM [IperapaToB, BJAUAIOMNX Ha (ochHOopuInpo-
BaHUe tau-nporeuHa. [losiydeHue B peayJbrare
UMUTAUU IIPOIECCOB, PA3BUBAIIIUXCA IIPU
OXJIKJIEHUN HEWPOHOB U IIOBBIIIAIIINX HUX
YCTOWYMBOCTh K TMIIOKCHUH, II03BOJIUJIO CLeJIaTh
BBIBOJ;: «[l03KMHATH MJI0/1bI TUIIOTEPMUU MOKHO
6e3 runorepmunl» (Rzechorzek N. M., 2015).

Cold blood flowing from the scalp through the
emissary veins and the parietal bone perforations
enters the dural sinuses and, through pial vessels,
directly reaches the surface of the hemispheric cor-
tex, lowering its temperature [69]. When cooling the
scalp surface, the blood flow in the skin is main-
tained but reduced to 35% of the baseline [70], cre-
ating a way for convection cooling of the hemi-
spheric cortex.

Cooling the cranial region can produce a sig-
nificant temperature difference between the skin
and brain surface of about 25°C. Despite the low
thermal conductivity of soft tissues and flat bones
of the skull, the resulting temperature gradient can
provide a significant outward heat flow from the
hemispheric cortex through conduction.

The analytical approach to the problem of
heat transfer in the targeted hypothermia of the
brain induced by the cooling of the craniocerebral
region has demonstrated that the values of the ex-
ternal scalp temperature during cooling signifi-
cantly affect the temperature distribution in the
surface area of the cerebral cortex, causing its de-
crease. The estimated results were confirmed by ex-
periments on rats [71]. Cooling of the scalp has
been shown to have less effect on the temperature
of the base of the brain than on the surface area.

The pattern of temperature distribution in the
human brain was studied using MRI, which made
it possible to build a 3D model of the brain thermal
profile based on the NMR spectroscopy data. Using
this approach, the researchers revealed that when
the temperature of the scalp decreases, hypother-
mia of the cerebral cortex develops without signifi-
cant changes in the temperature of subcortical
structures [70].

There have been a lot of theoretical publica-
tions on the construction of a thermal brain model.
In particular [72], when modeling brain cooling and
the thermodynamic temperature distribution using
the solution of the heat conductivity equation for
living systems, the modeling of 4-hour cooling of
the scalp at a temperature of 0-10°C was shown to
reduce the temperature of the surface brain regions
to 33.2°C to a depth of 25 mm. Estimates took into
account the characteristics of cold impact on the
scalp and thermal properties of tissues that make
up the path of heat conduction (soft tissues of the
scalp surface, flat bones of the skull, brain mem-
branes). The estimated data very accurately match
the model of brain thermal balance in craniocere-
bral hypothermia, presented in another study [74].

Thus, the experimental results, NMR spec-
troscopy modeling and estimates of thermody-
namic temperature distribution inside the brain
demonstrate the possibility of lowering the cortical
temperature during craniocerebral cooling. How-
ever, experimental and computational models do

not take into account all possible pathways of heat
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JlaHHBIN TTOAXO/T XapaKTePEH /ISl pa3BUTUS
MeToIUK (papmarosiorudeckoro 1K, mpu KoTopbIx
PaHHIOIO M OTCPOYEHHYIO HUIIEMHYECKYIO TOJIe-
PaHTHOCTB BOCIIPOM3BOIAT 3a CUET UMUTAIH, HO
He BOCIIPOU3BeIeHNS 9HIOTEHHBIX MEXaHU3MOB.

B psime paboT pacKkpbIThI MeEXaHU3MBI (POP-
MHUPOBaHUsI OTCPOUYEHHOU YCTOHUYUBOCTH KJIETOK
K TUIIOKCUU/pernepdy3un U IOKa3aHO COXpaHe-
H1e 9(p(HEeKTOB TUIIOTEPMUYECKOTO BO3TENCTBUSA
Ha JJUTEJbHBIA Mepuoj Mocje MpeKpalleHust
oxJasknenus [11, 12, 15-17, 56]. B aToM cMmBbIcTie
MIpUBeJeHHOE BhICKA3bIBAHNE KAKETCS YPEe3BbI-
YalHO BA’KHBIM 1 TOYHBIM.

HeobxomumMo mpeomosieTh BBICOKWE PUCKU
OCJIO’KHEHUH 00IIIel TUIIOTEPMUH, HO 00€eCIIeYnTh
JIOCTAaTOYHBIN YPOBEHb T'MIIOTEPMUM MO3ra. B aTom
CMBICJTe TIpUMeHeHE CeJIEKTUBHOU IepedpaTbHOM
runorepmuu B BapuanTe KIII' okasbiBaeTcst Hanbo-
Jlee aleKBaTHbBIM, II03BOJIAA IIOHU3UTh TeMIlepary-
Py HEHPOHOB, IO KpaiiHEN Mepe KOPbI OOJIBIITNX
TIOJTYIIIApUHA, 10 YKa3aHHBIX IIPeesIoB 0e3 3HaAYM-
MOTO ITOHMKeHN s 6a3aTbHON TeMITepaTyphI.

CeleKTHUBHAsI THTIOTEPMH ST KOPBI 0OIBIIINX
nosymapuii. OCHOBHOU MUIIIEHBIO TUTIOTEPMUYE-
CKOTO BO3TENICTBUS IIPHU IlepedbpaIbHBIX ITOpaske-
HUSAX SIBJISIETCS TOJIOBHOUM MO3Tr. PaccmarpuBast
KIII, kak MeTOOUKYy NpeuMyIeCTBEeHHONU T'UIIOo-
TEPMUH KOPBI OOJIBIITNX OTyIIIapUiA, HE0OXOTUMO
OIpeNesTUTh OJiarogapsi KAaKUM MeXaHnu3MaM U B
KaKOU CTeneH! OXJIaKIeHUe BOJIOCUCTOM TOBEPX-
HOCTH KOKU I'0JIOBBI CIIOCOOHO IIOHU3UTH TEMIIE-
parypy roJIOBHOT'O MO3ra.

B KavyecTBe OCHOBHOTO My TH yAAIEHUS N30bIT-
Ka TETJIOTHI OT TOJIOBHOTO MO3ra B HOpMe OOBIYHO
paccMarprBaoT KOHBEKIHIO, 00eCIIeYeHHYI0 MOIII-
HBIMU I[eHTPAJIbHBIMU TIOTOKAMHU apTepuabHON
KpoBH (0koJ10 20% MOR). TeriooTBeeHne CBA3aHO
Takyke C 0OMEHOM TEeILJIOThI B 00JIaCTU aHaTOMUYe-
CKHX KOHTAaKTOB COCY[IOB CHUCTEMbI IDEMHBIX BEH,
HeCYIIUX OXJIa’K/IeHHYIO BO BHEIIIHEH cpeJie KPOBb,
C BHyTPEHHUMU COHHBIMU apTepUsIMU (IIPOTABOTOY-
HBIN TeriooOMeH), GJiaromapsi 4eMy TeMIieparypa
KpOBU BO BHyTpPEHHEU COHHOI apTepuy B HOpMe B
Nokoe npuMepHo Ha 0,2°C Huyke, ueM B aopTe [66-68].
W3 aroro ciaepyer, 4YTO OXJIKICHUE KOYKU I'OJIOBBI
CIIOCOOHO MPUBECTH K MOHMKEHUIO TEMIIEPATYPHI
OTTeKaIoIell KpOBU, KOTOpasd, onagasi B CUCTEMY
SIpPEMHBIX BeH, MOSKeT CITOCOOCTBOBATH ITOHIKEHUIO
TeMIlepaTypbl NpUTeKalolleld K MO3ry KpoBHU. B
OOBIYHBIX YCJIOBUSAX CTAIIOHAPa TEMIIEpaTrypa oTe-
KaIoIIed OT KOYKU TOJIOBbI KPOBU OKa3bIBAETCS He
Hrke 34°C. TTpu KL MoskeT OBITH TOCTUTHYTA TEM-
TepaTypbl KO3KY rosI0BbI 8-10°C 1 HIKE, YTO CITOCO0-
HO YCHJTUTD 9(P(DEKTUBHOCTH TEIJI00OMEHa.

Hano Takske yuecTb, 94TO X0JI04HASA KPOBb OT
KO3KH T'OJIOBHI TI0 3MUACCAPHBIM BEHAM Yepes mep-
¢dopaHTHBIE OTBEPCTHS TEMEHHBIX KOCTEN TPOHM-
KaeT B CHHYCHI TBEP/IOH MO3TOBON 0OOJOYKH U
NMaJbHbIE COCYAbI HEIIOCPEACTBEHHO K IIOBEPX-

removal and may not fully reflect the real picture of
the influence of CCH on the brain thermal home-
ostasis. To solve this problem, the technique of
non-invasive microwave radiothermometry can be
used.

This technique consists in measuring the
power of human deep tissues' own electromagnetic
radiation (EMR) registered in the microwave range
(wavelength 3-60 cm, frequency 109-1010 Hz),
which makes it possible to measure the tempera-
ture at the depth up to several centimeters from the
skin surface [75].

Any physical body with a temperature above
absolute zero (-273 °K) is known to be a source of
EMR in a wide range of frequencies, and in the
radio range the intensity of radiation is directly pro-
portional to the temperature of a biological object.
In the medical literature [76], the terms «radio-
brightness» and «internal» temperature of biologi-
cal tissues, which corresponds to the true thermo-
dynamic temperature, are the most common.

The obtained temperature values are esti-
mates taking into account the dielectric tissue
properties, the depth of EMR tissue attenuation,
and other parameters. The penetration depth of ra-
diation in biological objects depends on its fre-
quency. In particular, the depth of internal tissue
temperature measurement in the centimeter range
of about 3 GHz is about 5-7 centimeters from the
surface [77]. At the same time, measurements are
made by placing an antenna of a specific area on
the skin surface.

The measurement of the power of deep tissue
EMR allows obtaining the average temperature val-
ues in a sufficiently large volume, depending on the
diameter of antenna and spreading of radiation.

Thus, the contact antenna of about 30 mm in
diameter can register deep tissue EMR in the volume
up to 1500-1800 mm?, and the estimated tempera-
ture values in this case will correspond to the average
temperature in the whole volume for a predeter-
mined period of time required for measurement.

The recorded radio-brightness (internal) tem-
perature values are affected by the initial skin tem-
perature and the ambient temperature. In this re-
gard, modern devices for non-invasive registration
of internal temperatures usually contain a dual-
band antenna that can register EMR in the infrared
(skin temperature) and microwave (internal tem-
perature) ranges.

Computerized measuring devices (microwave
radiothermometers), such as RTM-01-RES (Russia),
provide an automated calculation of radio-bright-
ness temperature based on the numerical solution
of the Maxwell equation.

The measurement procedure itself is quite
simple. The antenna is installed by pressing it firmly
against the skin surface in the target tissue or organ
projection. Within 3-5 seconds the measurement is
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HOCTH KOPBbI O0JIBIIINX TTOJTyIIAPUi, IIOHUKAs ee
TeMmieparypy [69]. [Ipy ox1akIeHY IOBEPXHOCTU
CKaJIbIla KPOBOTOK B KOYKE COXpaHAETCs, HO IIOHU-
skaercsi 10 35% ot ucxogHoro [70], popMupys IyTh
KOHBEKIIMOHHOTO OXJa)KIE€HUs KOPHI OOJIBIINX
TOJIyLIapui.

Cirenyer TakyKe YYUTBIBATh, YTO OXJIAKICHUE
KpaHUaILHOU 00J1aCTH TOJIOBBI CIIOCOOHO cop-
MHPOBaTh 3HAYUTEJIbHYIO PA3HOCTb TeMIIepaTyp
MEsKAY KOsKell U TOBePXHOCThIO MO3ra, KOTopas
CcOoCTaBUT OKO0J10 25°C. HecMOTps Ha HU3KYIO Tell-
JIOIPOBOAHOCTh MSATKUX TKaHeld U IIJIOCKUX
KOCTel uepela, CO3JaBaeMblii TeMIepaTypHbII
TPaiEeHT CIIOCOOEH 00eCceYnTh 3HAYNTETbHBIN
TIOTOK TEIJIOTHI OT KOPBI OOJIBIITUX IOJTyIIapUi
Hapy Ky IIyTeM KOHIYKIIN.

[Ipu anaMTAYECKOM pelIeHun 3aJa4dy Iepe-
Jla4y¥ TEeIJIOTHI IIPU 11eJIeBOU TUIIOTEPMUHU I'OJIOB-
HOTO M03ra, MHIYyIIUPyeMOl oXJIasKIeHueM Kpa-
HHUOIlepeOdpaTbHOM 06J1acT OBLIO TTOKA3aHO, YTO
3HA4YEeHUsI HAPY>KHOU TeMIIepaTyphbl KOKHU FOJI0BbI
IIpU ee OXJIAKIEHUU CYIIECTBEHHO BJIHAIOT Ha
pacripefiejieHre TeMIIEPATyPhl B TIOBEPXHOCTHOMU
30HE KOpPHI TOJIOBHOTO MO3Ta, obecriednBasi ee
noHmxkenue. [logydyeHHble pacyeTHbIEC JaHHBIE
OBLTN TTONTBEPSKIEHBI IKCIIEPIMEHTaMH Ha KPbI-
cax [71]. IlokasdaHO, 4TO OXJIaXKJIeHHEe KOKH r0JIO-
BBI HE TaK CUJIBHO BJIMSET HA TeMIIepaTrypy OCHO-
BaHHUA MO3ra, Kak Ha IOBEPXHOCTHYIO 30HY.

Xapakrep pacupefeseHusl TeMIleparypsl B
TOJIOBHOM MO3Ie 4eJIOBeKa UCCJIeJOBaJIU C IIPU-
meHeHueM MPT, 4To 1103B0OJIMJIO HA OCHOBE JaH-
Hbix AMP-cniekTpockonuu chopmuponath 3/1-
MOJIesIh TETJIOBOH KapTHUHBI B 00 beMe Mo3ra. [Tpu
TaKOT0 pojia MOX0axX OBIJIO BBISIBJIEHO, YTO IPHU
TIOHUKEHUU TeMIIEpPaTypbl KOKU F0JI0BbI (POPMU-
pyeTcsi TUIIOTepPMUsT KOPBI TOJIOBHOTO M0O3ra 6e3
3HAYMMBIX NU3MEeHEeHUH TeMIlepaTypbl IOIKOPKO-
BBIX CTPYKTYD [70].

Teoperndeckux  paboT, TOCBSIIEHHBIX
IIOCTPOEHHUIO TETJI0BOU MOJIe/IN TOJIOBHOTO MO3Tra
BBIINIOJIHEHO JOCTATOYHO MHOTO. B yacTHOCTH, [72]
Ipyu MOJEJUPOBAHUM IIpoLecca OXJIaKICHUs
MO3ra M paclpejeseHuss TepMOIUHAMUYECKON
TeMIlepaTyphl C IIOMOIIBIO pELIeHUs YPaBHEHUA
TETJIONPOBOJHOCTH [IJISI SKMUBBIX CHCTEM OBIIO
IIOKAa3aHO, 4YTO MOAeJnpoBaHue 4-X 4acoBOIO
OXJIAKIECHUSI KOKHU TOJIOBBI IIPU TeMIleparype
0-10°C cnocoOHO TOHU3UTH TEMIIEPATYPY IOBEPX-
HOCTHBIX 00J1acTeli roJI0BHOTO Mo3ra 110 33,2°C Ha
wIyouHy 10 25 MM. B pacdeTax y4uTHIBaJIN 0CO-
OEHHOCTH XOJIOMOBOTO BO3MEUCTBUSA HA KOXKY
TOJIOBBI U TEIJIOBbIE CBOMCTBA TKaHeH, COCTaB-
JIAIOIUX MYTh TEIJIONPOBeNeHUs (MATKYE TKaH!
IIOBEPXHOCTH T'OJIOBBI, IIJIOCKHAE KOCTH 4Yepela,
000JI09KYM MO3Ta). ITU pacyeTHbIE TaHHbIE OYEHb
TOYHO COBHIAJAIOT C MOJIEJIBIO TETIOBOTO Dastanca
TOJIOBHOTO MO3Ta MpHW KpaHuonepeOpaabHON
TUTIOTEPMUY, TIPUBEJIEHHBIE B APYTOH padore [74].

performed and the data are received in °C, averaged
with due regard to the measurement duration.

It is essential to change the position of the an-
tenna sequentially, making measurements in spec-
ified areas, getting a pattern of distribution of the
organ's internal temperature in the volume of the
measurement depth resolution.

The technique [78] of measuring the brain
temperature has been developed, with the antenna
successively moving along the surface of the scalp
and being installed in the standard symmetric pro-
jection areas of the left and right hemispheres. This
helps assess the pattern of temperature field distri-
bution in the hemispheric cortex over the entire
surface of the brain. The depth of deep tissue EMR
localization averages 5-7 cm from the skin surface,
so the technique only allows estimating the tem-
perature of the cortical surface of hemispheres.

Despite the sufficient body of publications
confirming the correct use of microwave radiother-
mometry for estimating brain temperature [85], it
is appropriate to refer to the study [7], which vali-
dated the measurement technique in experiments
on animals (rabbits) and in clinical trials.

Induction temperature sensors were im-
planted into the brains of experimental animals
and the registered parameters were compared with
the results of microwave radiothermometry.

In the clinical section of the study, the brain
temperature values recorded with the temperature
sensors (Pressio®Sophysa) implanted into the
brain parenchyma of neurosurgical patients to a
depth of 6-7 cm were compared with the data ob-
tained in microwave radiothermometry.

Based on the comparison of brain temperature
values recorded by different methods (number of
measurements: rabbits n=100, patients n=200), a
satisfactory data agreement was obtained: in ani-
mals +0.23°C, in neurosurgical patients +0.52°C [8].

Discrepancies in the temperature measure-
ment of the implanted temperature sensor are
quite objective, since the brain tissue volume in
contact with the active part of the sensor does not
exceed 10-20 mm?3, whereas microwave radiother-
mometry covers the tissue volume up to 1800 mm?
and records the values of the average temperature
in the whole volume. At the same time, the repre-
sentativity of the results is confirmed by repeated
measurements done at different times and by dif-
ferent researchers. In microwave radiothermome-
try, a good agreement of results was found in re-
peated measurements.

A study of the hemispheric cortical tempera-
ture in healthy individuals (n=120) using mi-
crowave radiothermometry [7] showed that by the
4™ hour of cooling, the use of CCH to stabilize the
scalp temperature at about 8-10°C provided a reli-
able reduction in the average temperature of the
left hemisphere from 36.74+0.37°C to 32.9+0.26°C,
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Takmm 0Opas3oMm, pe3yabTaThl IKCIIEPUMEH-
TaJIbHBIX MCCJIEJ0BAaHNN, MOJIeJINPOBaHue Ha OCHO-
Be AAMP-cnekTpockonnu u pacuer pacupeneaeHust
TepMOIMHAMUUYECKOU  TeMIlepaTypbl BHYTPU
TrOJIOBHOI'O MO3ra IeMOHCTPUPYIOT BO3MOKHOCTH
MTOHM>KEHUS TEMITEPATyPhI KOPBI OOJIBIITNX MOJTY-
IIapui TPU KpaHHOoIlepeOpaTbHOM OXJIasKIEHUH.
OpHakKo, 9KCIepuMeHTaNIbHbIE U paCYeTHBIC MOZe-
JIX He YYUTBIBAIOT BCE BO3MOJKHBIE ITyTU OTBeJe-
HUS TEIJIOTHI U MOTYT He B IIOJIHOM Mepe OTPaskaTh
peasibHy10 KapTuny BiausHuA KT Ha TenioBoil
roMeocTas roJIOBHOIO MO3ra. [lJis1 perieHus sTon
3ajlayd MOSKET OBITh HCIIOJIb30BaHA METOAMKaA
HeuBasuBHOU CBY-pasimoTepMOMeTpUN.

Cy1iecTBO METOOUKU COCTOUT B M3MEPEHUU
MOIITHOCTA COOCTBEHHOTO 3JIEKTPOMArHUTHOTO
nasydeHuss (OMU) mIyOOKWX TKaHEH 4YeJsIOBEKa,
3aperuCTpupOBAHHOIO B MUKPOBOJIHOBOM JUAIa30-
He (A=3-60 cM, yacToTa 109-1010 I'r), yTO ITO3BOJIAET
OTIpeIeSTUTh TEMITEPATYPy Ha IyOWHE HECKOTbKIX
CaHTUMETPOB OT IIOBEPXHOCTU KOKHU [75].

W3BecTHO, uTO JTI000E (pM3HIECKOe TEJIO C TEM-
meparypoii Bble abcosotHoro HynA (-273 °K),
ABJIAETCA NCTOYHUKOM DM B IIMPOKOM AuarnasoHe
4acToT, IpUYeM B pagyonraa3oHe MHTEHCHUBHOCTD
H3JIy4eHNs IIPSMO IIPOIIOPLIUOHAIBHA TeMIleparype
OmoJTornyecKoro o0'beKTa. B MeTUITMHCKOI TuTepa-
Type [76] HarboJIbIIIEE PACITPOCTPAHEHIE TIOTYIHITN
TEPMUHBI «PaIAOSPKOCTHASI» U «BHYTPEHHAS» TEMITe-
parypa 61oI0TYeCKUX TKaHEeH, KOTOpasi COBIIATA€eT C
HMCTUHHOW TEpMOJHAMUYECKOU TeMIepaTypo.

[Tosygyaemble  3Ha4YeHUs  TeMmIleparypbl
ABJIAIOTCS PACYETHBIMU U YYUTBIBAIOT JUAJICKTPHU-
YyecKye TapaMeTpbl TKaHeH, NTyOMHY 3aTyXaHUs B
Hux OMU u ap. mapameTpsl. [myOMHA MPOHUKHO-
BEHUSI M3Jy4eHUsl B OMOJIOTHMYECKUX 00BbEeKTax
3aBUCHUT OT €T0 YacCTOTHI. B wacTHOCTH, TTyOMHA
“3MepeHUsI TeMIlepaTypbl BHyTPEHHUX TKaHel B
CaHTUMETPOBOM auana3oHe okoJo 3 [T gocrura-
eT 5-7 CaHTUMETPOB OT IoBepxHocTu [77]. [Ipu
9TOM, U3MEPEHUs IPOBOJAT, padMellias aHTeHHY
oIlpeieJIeHHOU IJIOIIAAM Ha IOBEPXHOCTH KOYKU.

Heo0xoauMo mMeTh BBUY, YTO U3MEPEHUS
MOIITHOCTU coOcTBeHHOT0 MU riTy0OKMX TKAaHEH
obecriednBalOT MOJyYeHNe 3HAYEHWH CpegHel
TeMIIepaTyphl B IOCTATOYHO OOJIBIIIOM OO0BEME,
YTO 3aBUCUT OT TUMETpPa aHTEHHBI ¥ 0COOEHHO-
cTell pacpocTpaHeHus U3JIyYeHusI.

B yacTHOCTH, KOHTaKTHas aHTEHHA AUaMeT-
poM OKo0J10 30 MM IIO3BOJIAET PETUCTPUPOBATH
IMU ryboKuX TKaHEH B 00beMe, TOCTUTAIOIIEM
1500-1800 mM?, a pacueTHBIE 3HAUYEHUSA TEMIIepa-
Typhl B 3TOM cJjyd4ae OyIyT COOTBETCTBOBATH
yCpeIHeHHOH TeMIlepaType Bo BCeM 00beMe, TIpHU-
yeM 3a ompefesIeHHbBIH ITeproj] BpeMeH!, Heo0Xo-
JUMBIU AJIs1 U3MEPEeHUsI.

Ha 3aperncrpupoBaHHble 3HAYECHUSA Palnuo-
SIPKOCTHOH (BHYyTpeHHEN) TeMIlepaTyphl BJIUsSET

nucxogHadg TeMileparypa KOXH, TeMIlepaTrypa

and of the right hemisphere from 36.64+0.32°C to
32.95+0.26°C. At the same time, the axial tempera-
ture did not change. Notably, these results coincide
quite accurately with the estimates obtained in the
previous paper [72].

The same authors have shown that in patients
in the first day of ischemic stroke (n=121) the aver-
age temperature of the left hemisphere was
37.11+0.1°C, and the average temperature of the
right hemisphere was 37.14+0.1°C. After a 16-hour
session of CCH, the temperature of the left hemi-
sphere decreased to 32.64+0.54°C, the temperature
of the right hemisphere decreased to 33.01+0.45°C,
and after 24 hours of cooling the temperature of the
left hemisphere reached 31.05+0.4°C, and the tem-
perature of the right hemisphere reached
30.41+0.2°C. Basal temperature remained within
the range of 36-35.5°C, and such a mild general hy-
pothermia was not accompanied by muscular
tremor and did not require additional pharmaco-
logical correction.

The fact of the decrease in the cortical hemi-
spheric temperature caused by CCH without signifi-
cant changes in basal temperature was also con-
firmed in another study, which included non-invasive
microwave brain radiothermometry in healthy indi-
viduals and patients with ischemic stroke [9].

In addition, in neurosurgical patients (n=3)
with severe traumatic brain injury after decompres-
sive trepanation and restoration of bone defect, the
brain temperature was measured with temperature
sensors implanted into the brain parenchyma at a
depth of 6-7 cm (Pressio®, Sophysa) [7]. Craniocere-
bral hypothermia was found to cause a rapid de-
crease in brain temperature by 3-5°C.

These data demonstrate that CCH can effec-
tively reduce the brain surface temperature and,
with sufficient duration, help to achieve the tem-
perature values initiating the hypothermic PC.

Using microwave radiothermometry, the areas
of elevated temperature up to 38-41°C were de-
tected in the first and second days of the focal cere-
bral ischemia, regardless of the localization of the
lesion site. These areas coincided with the primary
focus projections in 85% of cases. The average tem-
perature of the hemispheric cortex was 0.5-0.7°C
higher than in healthy individuals. This means that
in acute ischemia almost all patients developed
cerebral hypothermia. In 32% of cases, it was latent,
without raising the basal temperature. Craniocere-
bral hypothermia reduced the average temperature
of the brain cortex, including in hyperthermic foci,
and normalized the body temperature in patients
with fever, emphasizing the cerebroprotective ca-
pabilities of CCH [80].

The increase in neuronal temperature during
the acute period of brain damage is caused by the
development of almost all stages of the ischemic
cascade in the area of penumbra [81]. Thus, the glu-
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BHeIITHEH cpejbl. B 3TOU CBsA3U COBpeMeHHbIE
yCTpOUMCTBA JJi1 HEMHBA3UBHOU perucTrpanuu
BHYTPEHHUX TEMIIEPATYP OOBIYHO COAEPIKAT ABYX-
JIUAaNa3OHHYI0 aHTEHHY, II03BOJIAIOIIYIO peru-
crpupoBarb OMHU B UK (Temneparypa Koxu) u
CBY (BHYTpEeHHME TeMIIepaTyphbl) AUalla3OHax.

B KOMIBIOTEpHU3MPOBAHHBIX YCTPOUCTBAX
n3mepenus (CBU-pagnorepmMoMeTphl), HATpUMep
PTM-01-P3C (P®), nperycMOTpEH aBTOMaTU3upO-
BaHHBIU pacueT paJuosIpKOCTHOU TeMIlepaTypshl,
OCHOBAHHBIN HA YNCJIEHHOM pellleHU ypaBHEHU s
MaxkcBesia.

Cama 1o cebe mporerypa n3MepeHusi 10CTa-
TOYHO IIPOCTA. YCTAaHABJIUBAIOT aHTEHHY, IIJIOTHO
OpUKAMasi ee K IIOBEPXHOCTU KOYKU B IPOEKIUN
TKaHM UM OpraHa, TeEMIIePaTypy KOTOPBIX TPeby-
eTcs1 U3BMepuTh. B TedeHne 3-5 cek MpOBOIAT N3Me-
peHue U IIoIy4YaloT JaHHble B °C, yCpegHeHHbIe C
y4eTOoM OIpefie/IeHHOM AJINTEIbHOCTA U3MEPEHUSI.

Becpma cCymiecTBeHHO, 4YTO IIOJIOKEHUE
AHTEHHBI MOKHO OCJI€eI0BaTeIbHO MEHATH, IIPO-
BONISI M3MepeHUs B OIpeJeeHHBIX 00JIacTAX,
roJydasi KapTUHY paclipejie/leHus1 BHyTpeHHel
TeMIIepaTyphbl opraHa B 00beMe pa3pemraoniei
mIyOWHBI U3MEPEHUS.

Paspaborana MeTomuka [78] UsMepeHUs TeM-
reparypbl FOJIOBHOT'O MO3Ta, IPU KOTOPOI aHTEHHY
MOCJIEOBATEJIFHO ITepeMeIaloT M0 MOBEPXHOCTHU
BOJIOCHCTOM YAaCTH TOJIOBBI M YCTAHABJIMBAIOT B
CTaHTAPTHBIX CHMMETPHUYHBIX 00/TACTSIX ITPOEKITUIA
JIEBOTO U IIPABOTO ITOJIYIIIAPUIA, YTO IIO3BOJISIET OL1e-
HHUTH 0COOEHHOCTH pacIipeiesIeHusI TeMITeparyp-
HBIX TIOJIEH KOPBI OOJBIINX MOJYIIIAPUH M0 BCEH
MOBEPXHOCTHA TOJOBHOTO MO3Td. YUYUTHIBASA, UTO
mTyomHa Jokanyy IMU rryOboKMX TKaHel COCTaB-
JsieT B CpelHeM 5-7 CM OT IOBEPXHOCTU KOKU,
METOJYKA IT03BOJIsIET OLIEHUTH TOJIBKO TeMIlepary-
PY TTOBEPXHOCTH KOPHI OOJTBIITNX MTOyIITapUH.

HecmoTpst Ha 1OCTAaTOYHBIA 00BEM ITyOJINKA-
WM, TTOATBEPIKAAIOIINNA KOPPEKTHOE UCIIOJH30-
BaHne CBY-pannoTepMOMeTpUH U1 OLIEHKYU TEM-
meparypbl TOJOBHOro Moara [85], yMecTHO
COCJIaThCS Ha UCCJIeIOBaHME [7], B KOTOPOM OBLIa
npoBelleHa BaJIMaanus METOMUKNA U3MEPEHUS B
3KCIIEpPUMEHTAaX HA YKUBOTHBIX (KPOJIMKU) U IPU
KJIMHUYECKUX UCCIeJOBaAHUSIX.

B MO03r akcnepuMeHTAJTbHBIX >KHUBOTHBIX
UMILJIAHTAPOBAIN UHIYKIMOHHbIE TEPMOJATYNKA
¥ CPaBHUBAJIA 3aPEeTUCTPUPOBAHHBIE ITOKA3aTeJ N
¢ pesyssraramu CBY-pagnorepMoMeTprn.

B k/IWHM4YECKOM pasjese HCCIeOBaHUSA
IIPOBOJIUJIN CPaBHEHUE 3HAYEeHUU TeMIlepaTyphbl
MO3Ta, 3aperuCTPUPOBAHHBIX C UCIIOJIb30BaHNEM
TepMonaTyukoB (Pressio®,Sophysa), ummniantupo-
BaHHBIX B [TAPEHXUMY MO3Ta Ha TJIyOUHY 10 6-7 cM
y HelpoXupypruuecKux MalueHToB, ¢ JAHHBIMY,
noJrydeHHbIMU IIpu CBY-paguorepMoOMeTprn.

Ha ocHOBaHHMHM COIIOCTaBJIEHUS 3HAYEHHH
TeMIlepaTypbl MO3Tra, 3aperuCTPUPOBAHHBIX pa3-

tamate «hit» and the resulting neuronal excitation
is inevitably accompanied by an increase in
metabolism, i. e. a focal temperature increase. Cel-
lular respiration disorders with the activation of
free radical processes lead to an increase in non-
enzymatic oxidation, i. e. to the activation of inef-
fective metabolism, resulting in an increase in tem-
perature [82]. Inflammation leads to a metabolic
«fire» and a temperature increase. At the same time,
hyperthermia has an independent damaging effect
on neurons, causing their additional excitation, in-
creasing excitotoxicity reactions, activating proin-
flammatory processes and completing patho-
genetic vicious circles [83].

Obviously, more research is needed to obtain
a complete picture of the effects of CCH on the
thermal processes in the brain. At the same time,
the presented data and obtained positive clinical
effects of the technique in patients with acute cere-
bral accidents suggest its preference over general
cooling.

Firstly, in brain damage, edema develops, in-
tracranial pressure increases, and cerebral perfu-
sion decreases. As a result, the central delivery of
chilled blood to penumbra (which is the only way
of brain hypothermia in general cooling) is difficult.
In the case of CCH, heat removal is accomplished
both by convection and conduction (two heat re-
moval paths), which seems to be preferable.

Secondly, in contrast to general hypothermia,
CCH offers very «mild» lowering of basal tempera-
ture, can be done to patients with different levels of
consciousness, does not require additional seda-
tion and muscular tremor control, reduces the
pharmacological burden on the patient. The typical
complications and side-effects of general hy-
pothermia capable of neutralizing the positive ef-
fects of cooling do not develop in CCH.

Third, basic therapy involves the use of nu-
merous drugs with various types of action, which
can interfere with the endogenous mechanisms of
PC. Ketamine, barbiturates, propofol, beta-block-
ers, calcium channel blockers inhibit the PC effects.
Antioxidant and anti-inflammatory drugs, hypo-
glycemic drugs and hyperglycemia have the same
effect [84-88].

Obviously, the above-mentioned list of factors
hampering the positive effects of hypothermia is
incomplete. Nevertheless, it is reasonable to as-
sume that the lack of evidence for the effectiveness
of general hypothermia in stroke and traumatic
brain injury is largely related to them. Hypotheti-
cally, a certain «conflict» between general and cere-
bral hypothermia can be suggested to develop in
focal brain lesions due to an unreasonable decrease
in the temperature of internal organs.

This suggests that the induction of selective
cerebral hypothermia of sufficient depth along with

the general very «mild» hypothermia or normal
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HBIMU METOIaMHU (YMCJI0 U3MEPEHUN: KPOJUKU
n=100, maruedTsI 1n=200), OBIJIO0 TOJTYUYEHO YI0B-
JIETBOPUTEJIbHOE COBIIAJCHUE JAHHBIX: Y SKABOT-
HbIX — +0,23°C, y HeipOXUPYPTrUYeCKUX MaleH-
ToB — +0,52°C [8].

Hasimame pacxosxkIeHni UMeeT BIIOJTHE 00b-
€KTHBHbIC OCHOBAHHUs, 3aKJ/II0OYAIOIIECa B TOM,
4TO IIPY U3MEPEHUU TeMIlepaTypbl UMILJIAHTUPO-
BaHHBIM TEPMOJATYNKOM OOBEM TKaHHW MO3Ta,
KOHTAaKTUPYIOIINN C aKTUBHOM 4aCThIO 1aTYNKA,
He npesbiaetr 10-20 mm3, Torma kak CBY-panno-
TEPMOMETPUsI OXBaThIBAeT 00'beM TKaHH 10 1800 mm3
U (puKCcHpyeT 3HAYEHUsI yCpeJTHEHHOU TeMIlepary-
PBI BO BceM o0beMe. B Toske Bpems, perpeseHTa-
TUBHOCTb PE3Y/IbTaTOB I10JYePKUBACTCS IIPOBEIe-
HHEM MHOTOKPAaTHBIX U3MEPEeHU B padHOe BpeMs
U pa3HbIMU ucciaenoBareasamu. [Ipu CBY-panno-
TepMOMeTpHY OBLJIO 0OHAPY’KEHO XOPOIIlee COB-
IafieHye NPy ITI0BTOPHBIX U3MEPEHUSIX.

HcciienoBanme temiepaTrypbl KOpPbI O0Jb-
KX [OJyIIApUN Y 300POBBIX JiuIL (n=120) ¢ npu-
MmeHeHneMm CBY-paguorepmomMeTpum [7] mokasa-
jgo, uro mnpumeHeHue KIII, mo3BoJswoIen
CTabMIM3UPOBATh TEMIIEPATYPY KOKHU TOJIOBHI Ha
ypoBHe okoJ10 8-10°C, o6ecrieynBasIo K 4-My yacy
OXJIKIeHUsI TOCTOBepHOe MOHWYKeHNe CpelHen
TeMIlepaTyphbl JIEBOT'O IToJIylIapus or 36,74+0,37°C
1o 32,9+0,26°C, a mpaBoro — ot 36,64+0,32°C o
32,95+0,26°C. AkcraJibHas1 TeMIireparypa Ipu 9TOM
He u3MeHunacb. OTMETUM BeCbMa TOYHOE COBIIA-
JeHUE 9TUX Pe3yJIETaTOB C PACYETHBIMH, II0JIyYeH-
HBIMU B TIpUBeIEHHON paHee pabore [72].

TeMu ke aBTOpaMu [I0Ka3aHo, 4TO y TallyeH-
TOB B IIEpBbI€ CYTKHA Pa3BUTHUSA UIIEMHAYECKOIO
UHCyJIBTa (n=121) cpegHsaA TemMieparypa JeBoro

noJyurapuss cocrasuia 37,11+0,1°C, a npasoro
37,14+0,1°C. ITocse npoBeneHus 16-TH 4acCOBOTO
ceanca KII' Temmeparypa JieBOro IOJIyLIapus
noHuawjack no 32,64+0,54°C, mpaBoro — mo
33,01+0,45°C, a mocJjie 24-X 4acoB OXJIAKJIeHUsI
TeMIeparypa JieBOro IIOJyliapus HOCTHUIJIA
31,05+0,4°C, paBoro — 30,41+0,2°C. basayipHas
TeMIleparypa ocTasaJjiach B IpepeJsax 36-35,5°C, a
TAaKOTO pofla MsATKAasg oO0Imas TUIOTEPMUS He
COITPOBOYK/IAJIaCh Pa3BUTUEM MBIIIIEYHOU APOKU
1 He TpeboBaJIa IOMOTHUTETLHOH (papMaKoJIOTH-
YeCKOU KOPPEKITNH.

@DaKT CHI)KEHUs TeMITepaTypbl KOPhI 60JIb-
IUX noJymiapuii nof BausiareM K1 6e3 3Havm-
TeJTbHBIX U3MEHEHWH 0a3aJbHON TeMIeparyphl
IIOATBEPSKAEH U B IPYTOM HCCJIEOBAHNY, KOTOpPOE
TaK)Ke IIPOBONWJIM HenHBa3duBHyI0 CBY-panno-
TEepPMOMETPHIO I'OJIOBHOI'O MO3Ta y 3 0POBBIX JIUI]
U MTAl[AEHTOB C UIIIEMUYECKUM UHCYIETOM [9].

Kpowme TorO0, Y HEipOoXupypruuecKux namu-
eHToB (n=3) c Tsskenont YMT mocse mpoBeieHus
JIEKOMITPECCUOHHOM TpenaHaluy yepena u BOC-
CTaHOBJIEHMSI KOCTHOTO JieheKTa U3MePSIIU TEM-
reparypy Mo3ra MMILJIAaHTUPOBAHHBIMU B ITapeH-

temperature may be preferable and safe both in the
management of the acute period of brain damage
and in the rehabilitation period, as well as in the
prevention of neurodegenerative diseases.

Conclusion

The neuroprotective mechanisms of selective
cerebral therapeutic hypothermia can be consid-
ered from the standpoint of metabolic depression
and a series of reactions caused by genomic repro-
gramming of neurons. This will help outline the
main promising trends in the use of this technique
for achieving the hypothermic PC.

By increasing the brain tolerance in the acute
period of disease, the CCH allows to reduce the
temperature to a level creating the long-term neu-
ronal resistance to pathogenic factors. This, in
turn, supports not only urgent but also preventive
use of the CCH, e. g. in scheduled revascularization
interventions. It is reasonable to assume a positive
impact of hypothermic effects on the brain in re-
habilitation in order to increase the brain neurore-
generative potential and plasticity, and to limit the
neurodegeneration.

The general hypothermia can neutralize the
positive effects of the selective cerebral hypother-
mia, while the CCH is devoid of the negative con-
sequences of lowering the body temperature. This
is why their combination seems unreasonable.

Craniocerebral hypothermia helps control the
cerebral hyperthermia and fever, while maintaining
the normal temperature. The brain thermal balance
disorders can be corrected using this technique
which can be considered promising for manage-
ment of fever-associated disorders.

XMMY FOJIOBHOTO MO3Ta Ha IyOUHY 6—7 CM TEpMO-
narunkamu (Pressio® Sophysa) [7]. OkasaJjiochk, 4To
KIIT BBI3BIBaET OBICTPOE MTIOHUKEHNE TEMIIEPATY-
pyl Moara Ha 3-5°C.

OTH JaHHbIE IEMOHCTPUPYIOT HE TOJIBKO BO3-
MOJKHOCTh NOHMKEHUsI TeMIIeparypbl IIOBEpPX-
HOCTHBIX OTJ€JIOB F'OJIOBHOI'O MO3ra IPU OXJIAK-
IeHUN KpaHuorepeOdpaIbHOU 00JIaCTH TOJOBEI,
HO m TO, yTo KIII' mocTarouyHON IJINTEIbHOCTH
II03BOJIsIE€T JOCTUYb 3HAYEHUN TeMIIeparypsl,
COOTBETCTBYIOIINX YPOBHIO MHULIMAUU (pOpMU-
poBaHusa runorepmudeckoro I1K.

Basxno ormeruts, yro npu CBY-paguorepmo-
METpUHN y IMallMeHTOB B II€PBbIC-BTOPbIE CYTKU
nebora (QOKAJIBHOU HUIIEMUU TOJJOBHOTO MO3Tra
BHE 3aBUCHMMOCTH OT JIOKAJIN3al[i1 o4ara rnopaxe-
HUS BBIABJISAJINCHL O0JIACTH IIOBBIIIEHHOHN a0
38-41°C remneparypsl, B 85% ciy4aeB COBIIaalo-
IIMe C IPOeKIUSAME IepPBUYHOT0 o4Yara. YCpegHeH-
Hasi TeMIlepaTypa KOphI IIOJTyIIapuii OKa3bIBAIach
BhIlIe Ha 0,5-0,7°C, yeM y 340pOBBIX Jtogel. To
€CTb, B OCTPOM ITepuoae UIeMun nNpakTu4eCKu 'y
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BCeX TIAIlMeHTOB pas3BHUBajach IlepebpasibHas
runorepmusda. B 32% ciay4yaeB OHa IpoTerasa
CKPBITHO, 0€3 TTOBBITIIeHNsT 0a3aIbHOM TeMITepaTy-
prl. KUT mo3BoJis/1a TOHU3UTH CPETHIOK0 TEMIIEepa-
Typy KOPBI MO3Tr'a, B TOM YUCJIE B O4arax rureprep-
MUM, a Yy JIMXOpajAlluxX IIaldeHTOB
HOPMa/IM30BaThb TeMIIEpaTypy TeJjIa, YTO IIOTYEPKU-
BaeT 11epeOpoIpoTeKTUBHLIH moTeHIra KIIT [80].

[ToBbIlIeHNE TeMIIepaTypbl HEUPOHOB B OCT-
poM TIiepuojie TMOPaKEHUH TOJIOBHOTO MO3ra
00yCJIOBJIEHO Pa3BUTHEM TPAKTUYECKH BCEX
MOCJIeIOBATEIbHOCTEN UITTEMIUYECKOT0 Kackajia B
obutactr meHyMOpsI [81]. Tak, TyTaMaTHBIH «ymap»
¥ cJiemyrolee 3a HUM BO30y)KJeHHEe HEWPOHOB
Hen30eKHO COIPOBOYKIAETCSI POCTOM METab0JTH3-
Ma, TO eCTh IIOBbIIIeHNEeM (POKATBHOU TeMIepary-
pyl. HapymeHnusa KaeToYHOro JbIXaHus C aKTUBa-
nuen CBOOOTHO-PaTUKATbHBIX IIPOIeCCOB
MPUBOJAT K HapacTaHUI0O HedepMeHTATUBHOTO
OKUCJIEHUs, TO €CTh aKTUBAITUU HEA(PHEKTUBHOTO
MeTaboIM3Ma, MOBKIIIAas TeMreparypy [82]. Boc-
rmajieHre MIPUBOANT K «II03Kapy» 0OMeHa U POCTY
TeMIieparypsl. [Ipu aToM, TUTIEpTEPMUS 001 aeT
CaMOCTOSITeJIbHBIM TTOBPESKIAIONINM JIEHCTBUEM
Ha HEHPOHBI, BBI3bIBAS UX JIOTIOJIHUTEJHLHOE BO3-
Oy>kIeHre, yCUINBasA peaKIny 9KCAHTOTOKCUYHO-
CTH, aKTABUPYS IIPOBOCIHIAINATEIbHBIE IIPOLIECCHI A
3aMblKasi IOPOYHbIE KPYI'U naroresesa [83].

O4eBUHO, IJIs1 TOJyYEHUsI IIOJTHOU KapTu-
Hbl BimAHUA KII' Ha TemyoBble MpOIlECCHl B
TOJIOBHOM MO3Te HEOOXOIUMBbI JOTIOJTHUTEILHBIE
uccaenoBanus. B Toske BpeMs, IpuBeleHHbIE TaH-
HbIEC U IIOJIyYeHHbIE IIO3UTUBHBIC KINHUYECCKHUE
3¢ peKThl TPUMEHEHUI METOIVKH y ITAIlUeHTOB B
OCTpOM ITepuojie epedpaabHbBIX KaTacTpod CBU-
JIeTeJIbCTBYIOT O IIPEAIIOYTUTEIBHOCTH ee IIpAMe-
HEHWS 110 CPAaBHEHUIO C OOIINM OXJIYKTEHUEM.

Bo-miepBBIX, IPHU MOPasKEHUSIX TOJJOBHOTO
MO3ra pa3BUBaeTCA OTeK, losbiiaerca BU/l, cuu-
skaeTcs niepebdpasnbHas nepdysus. 113 atoro cie-
JIyeT, YTO LIeHTPaJIbHasI JOCTABKA OXJIasKIeHHOU
KpOBH K 00JacTH TeHyMOpBHI OKa3bIBaeTCs
3aTpyJHEHA, a 3TO eIUHCTBEHHBIN IIyTh TUIIOTEP-
MHUYECKOT0 BO3eMCTBUS Ha TOJIOBHON MO3T NPHU
obmem oxaxkneruu. [Tpu KIII' oTBeeHre n30bIT-
Ka TeIJIOThI OCYIIeCTBIIAETCS KaK KOHBEKIMOHHO,
TaK Y IIyTeM KOHIYKIWU (IBa IIyTH TEIJI00TBee-
HUS), YTO KAKETCA MPEAIIOUTUTEIbHEE.

Bo-BTOpPBIX, B OVIMYKE OT OOIIEel TUIIOTEP-
mun, KIII' obecrieunBaeT O4eHb «MATKOE» IIOHIKe-
Hre 6a3aTbHO TEMITEPATYPhI, MOKET ITPOBOIUTh-
Csl malMeHTaM C pas3juYHOU XapaKTepUCTUKOU
CO3HaHWsA, He TPeOYeT TOTOTHUTETHHON Cearum
U KOHTPOJISI MBITIIEYHOU IPOYKH, CHUYKaeT papma-
KOJIOTMYECKYIO Harpy3ky Ha nanuesTa. [Ipu RIIT
He pPAa3BUBAIOTCA TUNHWYHBIE OCJOKHEHUS WU
mo06o4YHbIe 9 (DEKTHI, CBOMCTBEHHBIE OOIIEHN TUITO-
TepMUU U CIIOCOOHBIE HUBETNPOBATh TO3UTUBHbBIE
3 eKThI OXJIaKIEHUS.

B-Tperpux, 6a3oBasi Tepamnus IMoapasyme-
BAIOT PUMEHEHHE OOJTBIIIOTO YHMC/Ia ITPerapaTon
pas3JIMYHOrO TUTIA JEUCTBUS, KOTOPbIE BXOIAT B
«KOH(JIUKT» C 9HJIOTeHHbIMU MexaHnu3Mamu [1TK.
Keramun, 6apbutypatsl, mponodoJ, bera-aape-
HOOJIOKATOPHI, 0JIOKATOPHI KATbI[MEBBIX KAHATIOB
o6noxupytoT passutre agderron I[1K. [IpemapaTst
C AaHTHUOKCHUAAHTHBIM M IMPOTHBOBOCHIAJUTEIb-
HBIM JIEHICTBUEM, TUIIOVIMKEMUAYECKHE TIpernapa-
Thl W TUNEPIVIMKEMHUs 00JaJaloT TaKAM SKe
addexrTom [84-88].

OdeBUIHO, TPUBEIEHHBIN TepeYeHb haKTo-
pOB, 3aTpPyOHSIOMWX pPa3BUTHE ITO3UTUBHBIX
a(pderToB runorepmMun Hero0H. TeM He MeHee
MIPaBOMOYHO TPEIIOJIOKUTh, YTO HeJOKa3aH-
HOCTBb 9(D(PEeKTUBHOCTH OOIIEH TUIIOTEPMUH TP
nHCcynbrax 1 YMT B O0JIBIIION CTENIEHH CBs3aHa
WMEHHO C HUMHU. [UIOTETHYECKN MOKHO TIPE/IIIO-
JIO3KUTH Pa3BUTHE CBOE0OPa3HOT0 «KOH(MIUKTA»
MesKTy 00111ei 1 iepebpabHOM TUIoTepMUEH TPU
(poraTbHBIX MOPASKEHUSIX TOJIOBHOTO MO3Ta, pas-
BUBAIOIIIETOCS B CBSI3W C HEOTPABJIaHHBIM ITOHU-
SKEHMEM TeMIlepaTyphl BHYTPEHHUX OPTAHOB.

W3 aToro mpearoJiosKeHUus CJeayeT, 4To
WHIYKINS CEJIEKTUBHOM 1lepedpaTbHOMN THIIOTED-
MWW JOCTAaTOYHOW WIyOMHBI Ha (oHe obIein
OYeHb «MSTKOW» TUTIOTEPMUH WJIM HOPMOTEPMUM
MOSKET OKasaTbCsA DoJjiee MpennouYTUTETbHON U
Oe3omacHO# B TEpAITUy HE TOJBKO OCTPOTO ITEPHO-
Jla TOpa’keHMH TOJI0BHOTO MO3Ta, HO U B peabuu-
TAIIOHHOM TIEPHOJIE, A TAKYKE B MPENYTIPEsKICHIN
pas3BUTHSA HeHpoaereHepaTUBHBIX 3a00IEBAHUN.

3akJrouenue

AHaJIN3 HEUPOIPOTEKTOPHBIX MEXaHU3MOB
CeJIeKTUBHOM TiepebpaibHOU TepamneBTUYeCKOMH
TUTMIOTEPMUU C TO3UIUH MeTaboJTUYeCcKOm
JIeTpecCUy ¥ KOMILJIEKCA PeaKIiil, BhI3BAHHBIX
T€HOMHBIM ITeperporpaMMUPOBaHUEM HEHPOHOB,
MTO3BOJISIET MIPEJACTABUTH OCHOBHBIE TTEPCIIEKTHUB-
HbIe HalpPaBJIeHUsI IPUMEHEHUS 9TOI METOUKY B
acrekre runorepmmuyeckoro ITK.

IToBbIIIast TOJEPAHTHOCTH TOJIOBHOTO MO3Tra
B OCTPOM Iiepuojie pasButus marosoruu, KIIT
MTO3BOJISIET JOCTUYb TAKOTO YPOBHS CHUKEHUS
TeMITepaTyphbl, KOTOPHIN obecieunBaeT GopMUpO-
BaHMUeE JI0JITOCPOYHON YCTOMUYUBOCTU HEUPOHOB K
JefICTBUIO MTAaTOTeHHBIX (DaKTOpPOB. B cBOIO oue-
pelnb, 9TO CBU/IETETbCTBYET B TIOJIb3Y HE TOJTBKO
CPOYHOTO0, HO U ITpeBeHTUBHOTO MpuMeneHus1 KIIT,
HalpyuMep, IpU IJIAHUPYEMbBIX PeBaCKyJIspH3a-
IIMOHHBIX BMeIlaTe/ IbCTBaxX. [[paBOMOYHO MIPeIo-
JlaraTh MTO3UTUBHOE BJIMSTHIE TUIIOTEPMUYECKOTO
BO3JIENCTBUSI HA TOJIOBHOU MO3T IPU ITPOBEIEHUN
peadbuIUTAIIMOHHBIX MEPOTIPUSITUH B I€JISIX ITOBBI-
IIIeHUsI HeWpOpereHepaTuBHOrO TOTeHIasa U
CTeTlleHN HeHUPOIIJTaCTUYHOCTH MO3Ta, OTpaHuYe-
HUSI TIPOIIECCOB HeWpoereHeparum.
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KLI' mosBoJisieTr m30ekarh ITOCJIEICTBHM

HETaTUBHOTO BJIWSHUS MOHWKEHUS TeMIepary-
PBI TeJIa, MPUYEM CJIeAyeT YIUTHIBATh, UTO pas-
BUTHE 00IIIeH TUTIOTEPMUY CLIOCOOHO HUBEJIHPO-
BaTh 9(P(PEKThl CeJeKTUBHOU IepedpaibHOU
TUTIOTEPMUH, a UX COYETaHNE, [10-BUINMOMY, HE
1eJiecoo6pasHo.
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IIpaBuJsa 15 aBTOPOB

ITpaBuJIa 1151 pyCCKOSI3BIYHBIX ABTOPOB
sKypHaJia «0011ass peaHUMaToJIOTHsI»

C y4eTOM peKOMEeHJalNi POCCUIICKOI ACCOL[HallTi HAYYHBIX peIaKTOpoB u usaaresaeii (PAHPH)
u International Committee of Medical Journal Editors (ICMJE) pegakmus 25.09.2018

IIpaBOBbI€ U 3THYECKHUE ACTIEKTHI ITyOJIMKA-
IIUM PYKOIUCH

YcnoBus nyoJIMKAIUY PYKOITHCH

— Pyrkomnuicu yOJIMKYIOTCs TP 00513aTeTbHOM
COOJTFO[IEHVH aBTOPOM 3THUKH U TIPABUJI ITyOJTUKAIIN
(mompoOHee Ha caiiTe sKypHaJsa: www.reanimatol-
ogy.com).

— Pykonvcu myOJIMKYIOTCS C COOJTIOIeHUEM
HOPM aBTOPCKOTO IIpaBa U KOH(PUIEHINAIbHOIO
OTHOIIIEHUsI K IePCOHAIbHBIM TaHHBIM aBTOPOB.

— Pykonvcu ny0JIMKYIOTCS O€CIiaTHO.

— Pykonucu, OpuHATHIE B KypHaJ, IPOXO-
JSIT pelieH3upoBaHue Ha OPUTUHATBHOCTD, 9TUY-
HOCTb, 3HAUYUMOCTbD, aJJeKBAaTHOCTb CTAaTUCTHYe-
CkOll 00pabOTKM  JAaHHBIX HA  YCJIOBUSX
KOH(UIEHIINAIbHOCTH 32 MCKJIIOYEeHUEM BbI-
siBJieHus panbcuUKaIUU JaHHBIX.

— PenkoJsuterusi ocraBJisieT 3a cCo00# IpaBo
COKpAaIlaTh U PeJaKTUPOBATh PYKOIIUCH.

I[IpuYMHBI CHATHUS C NeYaTH U 3aJAePKKU
MyOJTMKAIUH PYKOIIMCH

— Pykomnucu, He COOTBETCTBYIOIIUE IIPO-
dusio skypHasa, He IPUHUMAIOTCS.

— Pykomnucu, paHee OmNyOJVMKOBaHHBIE, a
TaKksKe HalpaBJ/eHHble B APYrof >KypHaJ HJIN
CcOOpHUK, He MPUHUMAIOTCS. VICK/II0UeHre CoCTaB-
JISTIOT IIepeBOJbl Ha PYCCKUM/AHITIMHUCKUN SI3BIK
OTAEJbHBIX CTaTell, UMEIOIINX OO0JbII0E IPAKTHU-
YecKoe 3HaueHue 1/WUju NpeCcTaBJIsIONIUX 0CO-
OBI HAYYHBIN UHTEPEC, OTIPEIeISIEMbII aKTyaJIh-
HOCTBIO TeMaTUKH, BBICOKUMHU UHIEKCOM
IUTHUPOBAHMUS, 3AIPOCOM I10 KJIIOUEBBIM CJIOBAM.

— 3a HeKoppeKTHOoe o(popMJeHre U HeJO-
CTOBEPHOCTH IIPeJICTABJIsIEMbBIX OubIHorpadpuye-
CKHUX JaHHBIX aBTOPbI HECYT OTBETCTBEHHOCTH
BILJIOTH JO CHATHSI PyKOIIMCH C II€YaTHU.

— Hapymenue npasua opopMIeHus: pyKo-
MHCH, HeCBOEBPEMEHHBIH, a TAKsKe HeaeKBaTHbIN
OTBeT Ha 3aMeYaHUsI pelleH3eHTOB U HAayYHBIX pe-
JAKTOPOB IIPUBOJAT K 3aieprKKe MyOIuKauy 10
HCIIpaBJIeHUs YKa3aHHbIX HeJJOCTaTKOB. [Ipu urno-
pUpOBaHUY 3aMevYaHUi pelleH3eHTOB U HayYHbIX
PEelaKkTOpPOB PyKONMCh CHUMAETCS C AaJbHENIIero
paccMoTpeHus.

— Pykomnwcy OTKJIOHEHHBIX padoT perak-
nuel He BO3BPAIIAIOTCS.

HNHuTepecsl cropoH: ABTOp/Pegakuus

Penaxiysi octaBJisieT 3a COOO0¥ MPaBo CUUTATH,
YTO:

— aBTOPBHI, IPeJOCTABUBIIINE PYKOIIUCH IJI5
ny6uKauu B sKypHan «O011as peaHuMaroso-
TUsl», COVIACHBI C YCJIOBUAMU ITyOTUKAIINN U OT-

KJIOHEHHUSI PYKOIIMCH, a TaK)Ke C IPaBUJIaMU ee
odopmIieHHS.

— aBTOP, OTBETCTBEHHBIN 3a MEPEMUCKY C
penakire, BhIpaskaeT MO3UITHI0 BCETO aBTOP-
CKOT'O KOJLJIEKTUBA.

Pefaknus v M31aTe/IbCTBO HE HECYT OTBET-
CTBEHHOCTY 32 MHEHUsI, U3JIO’KEHHBIE B ITyOJ/IIKA-
[UAX, a TAaKKe 3a CoJlepIKaHue PeKJIaMbI.

FapaHTHH pegaKkiuu

JIroObIe pyKOIHMCH, TIOJTyYEHHbBIE pelaKIreit
IUIST pelleH3UpOBaHusl, OyAyT BOCHPUHUMATHCS
Kak KOH(MUIeHIMaIbHbIe TOKYMeHTbl. OHU He
MOTYT OBITh TTIOKA3aHbI JPYTUM JIUIIAM U 00CY3K-
JIeHbI C HUMU, 33 UCKJIIOUEHNEM JIHI], YTIOJTHOMO-
YEeHHBIX PeJaKIne.

Heony6yimkoBaHHbBIE MaTepUasbl, HAXOMs-
Irecs B IPeIOCTaBJIeHHON cTaTbe, He OymyT uc-
II0JIb30BAHbI B COOCTBEHHOM HCCJIeJOBAHUY Ha-
YYHOTO pelakTopa U  peleH3eHTOB 0e3
MUCbMEHHOTO pa3pereHunst aBTopa.

PerieH3eHT He OyIET IOMYIIeH K pacCMOTpe-
HUIO PYKOIIMCH, €CJTA TMEET MECTO KOH(JIUKT WH-
TEPECOB B €r0 KOHKYPEHTHbIX, TAPTHEPCKUX JTUOO
JIPYTHX OTHOIIIEHUSIX C KEM-JIN00 M3 aBTOPOB, KOM-
MMaHWH UM OpTaHU3aIlNii, CBSI3aHHBIX C MaTepua-
JIOM TIYOJTUKAIIVH.

ABTOpBI IMEOT MPABO TOJIYYUTH TI0 3AMPOCY
MH(AOPMAIIHIO B BUJIE 3JIEKTPOHHOTO IMIChMa O MOJI-
TOTOBKE, 0(pOPMJIEHUH U TIPOJBMKEHUN PYKOTIHCH:
journal_or@mail.ru; www.reanimatology.com. ABTOp,
OTBETCTBEHHBIN 33 EPETUCKY C PEIAKIINEN, TTOTY-
YaeT 110 3JIEKTPOHHOI TIOYTE TEKCThI PEIleH3UI; pe-
IIIEHVE PEKOJIIETUH O TIyOJIMKAIN WJIA OTKJIOHE-
HUU PYKOITUCHU C 000CHOBAaHMEM IPUYUHBI; BEPCTKY
OTPENAaKTUPOBAHHOTO BapUAHTA PYKOIIUCH [IJISI T10-
JIy4€eHUsI aBTOPCKOT'0 COTTIACHsT Ha ITyOJIMKAITHUIO.

Tl'apanTuu ABTOpa
IIpemocraBieHHass B pelaKIUI0 PYKOIUCH
IIOJIHOCTBIO OpUrMHajbHA. lcnosab3oBaHue

JIIOOBIX MaTepUAJIOB, 3AIUITIEHHBIX TUIIEH3UEH OT
HECAHKIINO- HUPOBAaHHOTO BOCIIPOU3BENEHUS, 10-
ITyCKAEeTCs TOJBKO C TMChbMEHHOT'0 pa3perieHust
npaBooOJiafaresisi(eit) W TpU 0053aTeTbHOM
CCBLJIKE Ha aBTOPOB.

CIIMCOK aBTOPOB CONEPIKUT TOJIBKO TEX JIUII,
KOTOpbIE BHECJIW OIIYTUMBINA BKJIAJ B KOHIIEN-
U0, IPOEKT, UCIIOJTHEHNE U MHTEPIIPETAINIO
3asIBJIEHHOU pabOThI, TO €CTh TEX JIUI], KOTOPhIE
COOTBETCTBYIOT KPUTEPUSIM aBTOPCTBA.

PyKOIIICH HE COIEPIKUT MaTEPUAJIOB, 3aIpe-
IIIEHHBIX B OTKPBITOM [T€YaTH AEHCTBYIOIINM 3aKO0-
HomaTeJabCTBOM Poccuu.
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KoH@uuKT nHTEpecoB cTopoH: ABTOp/Penak-
M

KonukT naTepecos cTopoH ABTOp/Penak-
1M1 pelraeTcs IyTeM IIeperoBOPoOB CTOPOH, B CJIy-
Yae HeyperyJIrupOoBaHHbIX ITyTeM IIEPErOBOPOB pas-
HOIJIaCU# — B COOTBETCTBUM C JIEHACTBYIOIIUM
3aKOHOJATEIbCTBOM PD 1 MesKTlyHapOIHBIMU HOP-
MaTHUBHO-IIPABOBLIMU aKTaMU, PETYJINPYIOIUMU
ITyOJIMKAITIIO PYKOIIFICEHN B HAYYHO-TTPAKTHIECKUAX
MeJUIIMHCKUX SKypHaJIax.

Comracue Ha IyOJIMKAIAIO0 OTPEJAKTUPOBaH-
HOTO MarepuaJsa BbIPasKaeT aBTOP, OTBETCTBEH-
HBIH 3a IIepenuCKy ¢ pefakiueil. [locie o3HakoM-
JIEHUsI C BEPCTKON OH HAIlpaBJIsIET B peJaKINIo0
3JIEKTPOHHOE ITMCHMO I10 OHOM U3 IIpe/iCTaBJIeH-
HBIX OopM:

1) ABTOpPBI* cOWTaCHBI HA ITyOJIUKAITIIO PYKO-
nuCcu™* B IpeCTaBJICHHOM BHUIE.

2) ABTOpBI* COIVIACHBI HA MYOJUKALIAIO PYKO-
nucy** mocJsie BHECEHUA B BEPCTKY CJENyIOIMINX
IIPaBOK:... (Iajiee cjaeayeT IepedyeHb C yKadaHueM
HOMepa CTpPaHMIbI TPAaHOK BEPCTKU, HOMepa ab-
3aria, HoMepa CTPOKH B ab3arie M caMoi ITPaBKH).

*YkasbpIBaeTcs BeChb aBTOPCKHU cocTaB. **
YKasblBaeTcsl HA3BaHUE PYKOIIHCH.

Cpok ormoBelieHus peJakiuu O IPUHATOM
aBTOpaMu pelnreHnn — He 0oJjiee 3-X THEHN C Mo-
MEHTa OTIPaBKU BEPCTKU aBTOPY, OTBETCTBEH-
HOMY 3a [TIePEeINMCKY C peJaKiuei.

Buumanue! Ha cTaguy BepCTKY TOIyCKACTCSA
IpaBKa OITeYaToK, OITUO0YHBIX (P U cI0B. Pe-
JAKTUpOBaHMe MaTepuasa (3aMeHa, UCKJII0UeHne,
nmobaByIeHMe TPpeJIoKeHN i, ab3alleB U UJLTI0CTPa-
TUBHBIX 0/IOKOB) He mpuHUMaeTcs. CyliecTBeH-
Hble U3MEHEHUsI BepCTKU IIPUBOIAT K ee yA0po-
SKAQHWIO U 3aJiep’KKe BBIIYyCKAa B CBA3H C
nepedopMaTUpPOBAHNEM U OOHOBJIEHUEM IIepe-
BOJIAa TEKCTA HA aHIVIMHCKUU A3BIK. B TakoM cirydae
penakiusa CHUMaeT MaTepuadl ¢ lledyary U IepeHo-
CHUT ero MyOJIMKAaIHIO B IPYTroil HOMEP B OTpeaak-
TAPOBAHHOM aBTOPaMHU BHUJIE.

CpoKkH IPOABHIKEHU S PyKOIIUCH

— JKCIepTHU3a Ha COOTBETCTBHE MPOQUIII0
SKypHaJsa v npaBuiaM odopmieHus — He DoJjee
3-x pabouux THEN C MOMEHTA MTOCTYIJIEHUST PYKO-
IIMCU B PEJAKITUIO.

— PeniensaupoBanue — He Oosee 20-u pado-
4YUX JHEH C MOMEHTA 3JIEKTPOHHOU OTIIPABKU pe-
[IeH3eHTYy PYKOIIUCH.

— OrBeT aBTOpa perieH3eHTaM — He HoJiee 7-1
pabounx THEH C MOMEHTA 3JIEKTPOHHOU OTIIPABKHU
aBTOPY pelleH3UN.

— 3aceiaHue peJIKOJIJIETUY B OYHO-3a0YHOHN
¢dopme — 1 pa3 B 2 MecsI1a (B AHBape, MapTe, Mae,
uioJie, CEHTA0pe 1 HOsIOpe) He MTO3Hee, YeM 3a
1 MecA1 [0 BRIIIYyCKA TUPayka YKypHaJia.

OTnpaBKa MaTepHaJIOB AJIs MyOTHKATUT

MarepwuaJibl 715 TyOJIUKAIA Ha PyCCKOM U
AHIVIMMCKOM fI3BIKAX CJIelyeT HallpaBJIATh B BUJIE

TeRCT
1079078

3JIEKTPOHHBIX (DAafJIOB Ha CAWT sKypHaJIa: Www.re-
animatology.com, niu 1o agpecy peJakiiau: jour-
nal_or@mail.ru. @opmar nognucu ¢aiiios: pamu-
JIUSI TIEPBOTO aBTOpa, 0003HAYeHWe MarepuaJia
(TEKCT, WIJIIOCTPALUU U [Ip.), f1aTa (4MUCJI0, MecsL],
ron). ITpu 0OHOBJIEHUHM BEpPCHUH PYKOIWCH U ee
MPUWIOKEHUH (TabJIUIbI, HJLTIOCTpaum) B (op-
Mare roanvcH ¢GpaiJIoB MEHSIETCS TOJBKO J1aTa.

IIpumep:

Buumanme! [I0THOCTBIO aBTOMaTU3UPOBAH-
HBIU IIePEeBOJ] C PYCCKOTO sI3bIKA HA aHIVIMUCKUM
UMeeT HU3KOe KAa4eCTBO W HE NPUHUMAETCH.
HKO donn «MengunmuHa KPpUTHUYECKUX COCTOSI-
HUI» OKa3bIBaeT COJIEVCTBHE B TIEPEBO/e MaTe-
pHaIOB s MyOJWKAIIUK C PYCCKOTO S3bIKAa Ha
AHIVIMMCKUUM (COpaBKU 10 aApecy pemaKI[uu:
journal_or@mail.ru).

Marepuan crateil BKJIOYaeT: 1) TUTYJIbHBIN
JIUCT 2) pe3ioMe U KJIoUYeBble CJI0Ba; 3) MOJHBIN
TEeKCT PYKOIIUCH C IOJIKUCSIMY BCeX aBTOPOB Ha I10-
cJielHel CTpaHUIle, TOATBEP KIAIOIITUMHU UX aBTOP-
CTBO U COIJIaCHe C COJepsKaHueM PYKOIHUCH (I10-
cJieHssA CTPaHUIlA IPEIOCTABJSAETCA B BUJE
CKaHa); 4) TaObJUIbI U WIIIOCTPAnuu (rpaduky,
JrarpaMmel, poTorpaduu, puCyHKHU U T. I1.) C HOMe-
pOM, Ha3BaHWEM U NTpUMedaHueM; 5) 6ubarorpa-
(puyeckuii cnmcok; 6) COMPOBOAUTETBHOE MUCHMO.

dopma conposodumenbH020 RUCOMA:
[ltaBHOMY pelakTopy sKypHaJia
«O0b11as1 peaHnMaToI0TUSI»
3ac/y’KeHHOMY JlesITeJII0 HayKu Poccun,
wieH-koppecnoHaeHnty PAH, mpodeccopy
B. B. Mopoay

[IpocuMm Bac paccmoTperb BO3MOYKHOCThH
myOoIMKauu (Bun pykonucuy; Pamuiuy,
Nmena, OTuecTBa BCeX aBTOPOB; Ha3BAHUE PyKO-
nvcy) B skypHase «O011ast peaHnMaToJI0THsI».

ABTOpBI pyKOIIFICH 03HaKOMJIeHBI ¢ THpOP-
Marnuel AJs aBTOpOB sKypHasa «O011ast peaHu-
MaTOJIOTUSA» U COIJIACHBI C IIpaBUJaMM IIOAIO-
TOBKH, IOJIaY¥ ¥ MyOJIMKAIINN PYKOIIVICH.

JlaHHasi pyKOIHCH He TyOJIMpyeT mpebIIy-
mue myO/TMKaIyy, B Hell He 3aTParuBaloTCs WH-
Tepechbl TPEThbUX CTOPOH U He HapYIIaITCsI 3TU-
4YeCKHUe HOPMBI ITyOJIMKaIuH.

OTBeTCTBEHHBIN 3a IEPEeNUCKYy C pelak-
nuei: imsa, OtyectBo, ®aMuansg OOJHOTO U3 aB-
TOPOB PyKOIIMCH, e-mail, TesedoH.

[Topnuch pyKOBOOUTES YUPESKAEHUS.

www.reanimatology.com
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ComnpoBonUTEIbHOE MMHUCHMO JTOJISKHO OBITH
HaleyaTraHo Ha OJIaHKe yUIpesKkAeHNs], B KOTOPOM
BBITTOJTHEHA paboTa.

TpeboBaHUA K MeYaTH

Buo: opueHTanys KHUKHas1, BbBIpaBHUBaHUE
o mupuHe, popmar A4.

HIpugm: Times New Roman 12-ro paamepa
YepHOTro IIBeTa.

Hnmepsanvt u omcmynsvl: MeKCTPOUYHBIN
WHTEpPBaJI B TeKCTe — 1,5; MEKCTPOUHBINA UHTEP-
BaJI B IIOAIMCAX K TAOJUIAM U UJLTIOCTPAIIHIM,
B IPpUMeYaHUsIX — 1; MHTEpBaJ 10 U IocJje ab-
3ala — HeT; OTCTyI IepBOM CTpOKU — 1,25 cMm;
moJist — 2,5 CM Co BCeX CTOPOH.

Hymepayus cmpanuy: B IpaBOM HUYKHEM
YIIy.

Dopmam atinos: TEKCT, TAOINIIBI, TTONITICH
K Tabsuiam u mintioctpanusm — Word; rpaduky,
nuarpaMmmbl — Exel, Power Point; pucynaku — jpeg;
cxembl — TOJIBKO B PEJAKTUPYEMOM ®OP-
MATE (Word; Power Point); ¢poTorpadgum — BbI-
COKOT0 paspelieHusi, COXpaHeHHbIe B JIIOOOM
¢dopmare.

Pexomennyemoe paspelnienue npyu CKaHApOBa-
HUU: N300Pa’keHusI C UCIOJIb30BaHUEM JIMHUU U
pucynku — 1200 dpi; pororpadun, paguorpadpun
— ne meHee 300 dpi; ¢poTtorpacdumn, paguorpaduu c
TekcToM — He MeHee 600 dpi.

Equannel maMepeHUs TOJIKHBI COOTBET-
CTBOBAaTh MesKAYHAPOAHON CcHUCTEME eIUHUI]
(CH), remneparypa — mxkaJe Lleascus.

Dopmybl fOJIKHBI UMEThb YETKYIO Pa3METKY
BCeX 3JIEMEHTOB: CTPOYHBIX M IIPOIMCHBIX, a
TaKKe JIATUHCKUX U TPEeYECKUX OYKB; IOJCTPOY-
HBIX U HaICTPOYHBIX UHJIEKCOB. B caaydae mudp u
OyKB, CXOmHBIX 10 Hanmcaauo (0 — mudpa, O —
OykBa), JOJKHBI OBITH ClleJIaHbI COOTBETCTBYIO-
Ire MOMETKHU.

HassaHus

IIpu onrcaHWY anmaparypbl B CKOOKax yKa-
3bIBAIOTCS (PUpPMa U CTpaHa IPOU3BOJUTEb.

ITpumep: CBeTOBOU 30H]] OMHOKAHAJIBHOT'O
anmmapara JIAKK-02 (HIIIT «JTASMA», Poccus).

[Ipun ynoMrHaHUM JIEKAPCTB U IIpPeraparoB UC-
MOJIB3YIOTCS MEeKAYHApOIHbIe HellaTeHTOBaHHBIE
Ha3BanuA (INN). Toprossble (maTeHTOBaHHbIE) Ha3Ba-
HWs, 1107, KOTOPBIMU [Ipelaparbl BBITYCKAIOTCA Pas-
JUYHBIMU (pUpMaMu, HPUBOIATCA C yKa3aHUEM
(pUPMBI-U3TOTOBUTEJISI U HX MEKIYHAPOIHOIO
HEIATEeHTOBAaHHOTO (FeHepUYeCKOro) Ha3BaHUSA.

ITpumep: tapuBuj (oduaokcanus, «XexcT
MoapuoH Pyccenb»).

JlaTnHCKVe Has3BaHUSA MHUKPOOPTaHU3MOB
NIPUBOJATCSA B COOTBETCTBUU C COBPEMEHHOU
kiaccudukanuel, kypcupoM. [Ipu nepBom ymo-
MHHAHUM Ha3BaHUE MUKPOOPraHW3Ma HAeTCs
MIOJIHOCTBIO — POJ ¥ BUJ, IPU IOBTOPHOM YIIO-
MHHAHUU POJOBOE Ha3BaHWE COKpalllaeTcs 0
OJTHO# OYKBBI.

Ipumep: Escherichia coli, Staphylococcus au-
reus, Streptomyces lividans; E. coli, S. aureus, S. liv-
idans.

HasBaHuss  reHeTHYECKUX  3JEeMEHTOB
JTaloTCcs B TPeXOYKBEHHOM 0003HAaYeHUH JIATHH-
CKOT0 ajihaBUTA CTPOYHBIMU OYKBaMU, KypCH-
BOM (tet); KOAMPYEeMBIMU COOTBETCTBYIOIIUMHU
reHeTUYeCKUMU 3JIeMeHTaMU NPOAYKTHI — IIPO-
nuCHBIMU TpsiMbIMu OykBamu (TET).

Buabsl U1 pekoMeHAyeMbBIH 00BEM PYKO-
nUcH

O630pHas craTbs, MeTa-aHAIN3: He OoJiee
25-U CTpaHUII BKJIIOYast He OoJiee 10-u TabIuUIl 1
WJITIOCTPANHH B 00IIEM KOJIMYECTBE; CITUCOK IT1-
THUPYyeMOMU JinTeparypbl — He MeHee 80-1 HauMe-
HOBaHUU.

3akaszanHas uiu nepesooHas CMambvs: no
002080peHHOCMU.

OpueuHanvras cmambs: He OoJsee 15-u
CTpaHUI, BKJIIO4Yasi He OoJsiee 6-u Tabaum u
WJITIOCTPANHH B 00IIEM KOJIMYECTBE; CITUCOK IT1-
THUPYeMOMU JInTepaTrypbl — He MeHee 25-1 HauMe-
HOBaHUU.

Kpamrkas cmamus: e 6osee 10-u craHuI,
BKJIIOYasi He OoJjiee 4-X TabJIWI] ¥ UJLTIOCTPAIUi
B 00meM KOJIMYeCTBE; CIHUCOK ITUTUPYEeMOH
JIUTEpaTypbl — He MeHeel5-1 HauMeHOBaHUM.

Auckyccuonnas cmamovs (BRJIOYaeT 1—2
BOTIIpOca AJis1 00CyKIeHus): He DoJiee 5-U cTpa-
HUII, BRJIIOYasi He 6oJ1iee 2-X TaOJIUI] U UJLTI0CTPa-
Wi B 00IIIeM KOJTMYECTBE; CIIMCOK IUTUPYEMOH
JuTepaTypbl — He 6osiee 20-1 HAMMEHOBAHUH.

Hucvmo 8 pedakyuio: He 6oJiee 600-a cI0B.
[TuceMa, agpecoBaHHbIe COTPYAHHKAM peJak-
WY, He TyOJIMKYIOTCA.

Buumanmue! B 6ubianorpaduu pekoMeHIy-
eTca npuBoguTh He MeHee 30% MCTOYHUKOB 5-
JeTHeld aBHOCTH, BKJIIOYasi TEKYILIUN IO,

CTpyKTypHBIE pa3jesabl CTaTed U PeKo-
MeHJallu4 N0 UX HallCAaHUIO

Bce cTpyKTypHBIE pa3neJibl HAUMHAIOTCA C
HOBOTO ab3ara. VIx Ha3BaHMsI BBIJEJISIOTCS SKUP-
HBIM HIPUEPTOM.

Hamnee cM. Ha caliTe www.reanimatology.com.
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CAHATOPHO-KYPOPTHOE AEMEHVE
Ba>XHbIM 3TAMOM HA MYTW K MOAHOLIEHHOW AKTUBHOM XU3HN
(BbIBAOPOBAEHMIO) IBALIOTCH AeYEBHO-NMPODUATKTIYECKE
MEepOonpPUdTHI NOA HOBAIOAEHVEM OTbITHBIX AOKTOPOB Y
3ABOTAVBOrO MEPCOHAAQ.

CAHATOPUI «AbITKUHO»

PacrnonoxeH Ha Tepprtopun HA Pecbanmonoriim, AeR. AbITKVHO,
MoCKOBCKOM OBACCTM
o BO3MOXHOCTb MPOXOXASHNS BEICOKOTEXHOAOT UUHBIX

MEAVLIMHCKNX MCCASAOBOHN,
* PeabUANTALIVIOHHbIE MO PAMMbI;
o KOHCYABTOLIVI BEAYLLMX CreLanmcTor HIA PecbramnTtonoriim
* baccerHbl 1 TeppeHKYP

CAHATOPUIN «Y3KOE»

3APCBHALIC PACTIOAOKEHA B HOrO-3anaAHOM OKpyre MockBb!,
B XVBOMUCHOM MECTE MAOLLAABIO 155 ra. YXoxeHHad 3eAeHaq
TEPPUTOPNY, OKPYXEHHAI BEKOBBIMIA COCHOMM 1 EAIMI, MOYAB.

VHKAIO3VBHbIV PEABUAUTALIMOHHDIN
KOMIMAEKC «[NMOPEYbE»
PAcCnoAOXeHHbIN Ha 44 rekTapax B 9KOAOTMYECKM YNCTOM

XBOVIHOM AECY MOA, 3BEHNTOPOAOM.

o KombopTabebHbIE XUAbIE KOPMYCa,

* CNoOpTMBHbBIE COOPYXEHMI HO OTKPLITOM BO3AYXE AAY
NPOBEAEHIS CMIORTYBHBIX MEPOMOUSTUN 11 O3A0OBUTEABHDIX
3AHIT;

* ToEeHAXEPHbIV 3AA;

* Kade, CTonoBAY, BAHKETHBIA 30A:

* AYAUTORUIN AAS 3CHITVIA, ASKTORUEB V1 ARYIX MELOMOUITUAN.

AOM YYEHDBIX B NMOC. MO3XNHKA

PacnonoxeH B LigHTpe «Pyackon LLBerLicpmy Bosae 3BEHTOROAC,
Ha Bepery pekmn MockBbl. AOM yYeHbIx BbIA TOCTPOEH B 1955 T
AN OOCAYXKMBAHMYG akaaemmkoB AH CCCP 1 nx cemMeincTs,
MOOKVBAKOLLX B OKOAEMUYECKIX MOCEAKOX MOSKMHKA M1 /AYLIVHO,
1 SBAIETCH MECTOM WX KYABTYPHOTO OTABIXC.
AOM YUEHBIX CEMOAHY — 3TO:

» brbAroTeka

o PO3BMBAIOLLIVE U MY3bIKOABHBIE 3AHITUS C ASTbMM

o CNEKTAKAV ANG ASTEN

o KOHLIEPTbI KAQCCUYECKOM MY3bIKIA

o XyAOKECTBEHHbIE 1 POTO BLICTOBKM

o CNOpPTUBHbIE CEKLM

o My3el nctopii MosxHKIA

« BACroyCTpOeHHas ASTCKAY NAOLLIAAKA

PHKL, PP

HAYYHO-UCCAEAOBATEABCKUA MHCTUTYT

PEABUATOAOT AN
MockoBckag 0BAACTb, COAHEYHOTORCK A PAVIOH,

c/n. CokoNOBCKOE, ASPEBHY AbITKUHO, A, 777
8 (495) 641-30-06 fnkcrr@fnkerrru

«HAYYHO-UCCAEAOBATEABCKUNA MHCTUTYT
OBLLEN PEAHUMATOAOT I UMEHM
B.A HETOBCKOIO»

r MockBa, yA. [eTpoBka, A. 25, CTP. 2
8 (495) 694-27-08 nicr@fnkerrru

NHCTUTYT BbICLLEIO U AOTNOAHUATEABHOTO
MNPOPECCUNOHAABHOIO OBPA3OBAHNA
r MockBa, yA. [eTpoBka, A. 25, CTP.2
8 (495) 650-96-77 edu@fnkerrru

CAHATOPUW «Y3KOE»
. MockBa, yA. [MpodcoosHag, A, 123 A, cTp. 14
8 (495) 427-94-33 san-uzkoe@fnkcrrru

AOM YYEHbBIX B MOC. MO3XMHKA

MOoCKOBCKOS OBAQCTb,
OAVHLOBCKMA PAVOH, M. MO3XIMHKA, AOM YYEHBIX

8 (495) 992-53-28 dom_uchenih@fnkerrru

VHKAKO3VIBHbBIM PEABUAUTALIMOHHDBI
KOMIMAEKC «MOPEYBE»
MOoCKOBCKOS OBACCTD,
OAVMHLIOBCK MY FOPOACKOM OKPVT,
AepeBHg COABKOBO
8 (495) 992-54-64 rk@fnkcrrru

www.fnkerr.ru

MWHWNCTEPCTBO HAYKW V1 BbICLLETO

OBPA3OBAHWSA POCCUNCKOW
OEQEPALIAN
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MHUCCHA OHKII PP — uepe3 ucmuny
MeOUYUHCKOU HAYKU — K 300p0Buto
u 6o3Bpawsenuro k kavecmbennoti
Ku3Hu 6 coyuyme.

AVpekTop
YneH-koppecnoHAeHT PAH
AB.[peuko



