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Ilesnp — oleHKa YPOBHS CO3HAHUS Y MAIIMEHTOB € MTOBPEK/ICHIEM TOJOBHOTO MO3ra HA OCHOBE 3JIEKTPO(PU3N0-
JIOTHYECKOro 06c/ie10Banst (YHKIIMOHATILHOTO COCTOSIHUSL aBTOHOMHOI HEPBHOU CHCTEMBI ITyTE€M PErUCTPALIUY [Ta-
pamMeTpoB BapuabeIbHOCTH PUTMA CEPLA.

Marepuai 1 METO/IbI UCCIe0OBanus1. B uccienosamnme Braounin 77 namueHToB ua 20-50-e cyTku moce de-
PEITHO-MO3TOBOI TPABMbI, AHOKCHUYECKOTO MOBPESKACHUS, OCJAEACTBUN OCTPHIX HAPYILIEHUIT MO3TOBOTO KPOBOOOPa-
HieHust. B kauecTBe KPUTEPUEB HOPMBI U TIATOJIOTHI AKTUBHOCTH aBTOHOMHO# HepBHOIT cuctembl (AHC) npunsim
caeyionme napamerpel Bapuadeapnoctu purMma cepana (BPC) aisa 5-MuHyTHON 3aniMch: TapacMIaTHYeCKYIO TH-
MEePAKTUBHOCTD (THIIEPBATYCHOE COCTOSTHIE) ¢ 95% MOBEPUTETHHBIMI HHTEPBAIAMU TPUHIMAIN B TIPE/IeIaX 3Haue-
Huii g SDNN (cTangapTHoe OTKJIOHEHWE OT CPEIHEei JJIMTEIHbHOCTH BCeX CMHYCOBBIX R—R umHTepBasos),
[41,5-149,3 mc]; miss rMSSD (cpearekBaapaTHIHOE OTKIOHEHUE PA3HOCTH ABYX CMEKHbBIX 0TcueToB R—R Kap-
JMONHTEPBAJIOB B Mc), [42,4—175,0 mc]; st pNNS0% (0711 B % coceiHnx cuHycoBbix R—R nHTEpBasios, KoTOpbie
pasauatorest 6osiee uem Ha 50 Mcek), [8,14—54,66%]; nuis SI (crpecc-ungekce Hanpsikenus Baesckoro), [0—80 Hop-
MaJIM30BAHHBIX €JIMHUIL H. €.]; CUMIIATUYECKYIO TMIIEPAKTUBHOCTD MPUHUMAJIN B IIpejesax 3HadeHuit g SDNN
[4,54—13,30 mc]; mnst tMSSD [2,25—5,77 mc]; nst pNN50% [0—0,109%]; mst ST >900 w. e.; Hopma napamerpos
BPC npunnmainach B nipefenax 3uauennii st SDNN [13,31—41,4 mc]; ast tMSSD [5,78—42,3 mc]; motst pNN50%
[0,110—8,1%]; mnst ST [80—900 . e.]. /171t BeprchuKkaum rurepBaryCHOTO COCTOSTHUS, CUMITATIHYECKON THTIEPAKTUB-
HOCTH WJIM HOPMBI B YKa3aHHBIX I1pe/ieJlaX IIPUHUMAIN 3 U3 4-X T1apaMeTpOB.

Pesyabrarol. Y 40 (51,9%) naieHToB u3 o6cie[0BaHHBIX 77-1 HOCJIE OBPEKIEHUS TOJIOBHOIO MO3Ta TIapa-
MeTpbl hyHKinoHaabHol aktusHoctu AHC Haxoauauch B 30He maTosiornyeckux snaderuii. CUMmaTu4eckyio ru-
MEPAKTUBHOCTb BBIABWIN Yy 34-X MAIMEHTOB U B 6-TH ciyyasX 3a(UKCUPOBAJIM THUIEPBATYCHOE COCTOSIHUE.
IMatonornueckue mapamerpbl HRV BoistBusm y 80% manueHToB MPHU TsKEIbIX (DopMax HapyIieHus co3HaHus (Be-
reTaTUBHOE COCTOSIHUE, KOMa), & TIPU HOPME CO3HAHUST — OOHAPY KU Jiuiib y 20% MalieHToB.

3axmouenue. KoMiboTepHblil aHains BapuabebHOCTH CEPIEYHOr0 PUTMa — HEOOXOAMMBIN aJieMeHT 06cIie-
JIOBAHUS TIAIIMEHTOB C PA3JIMYHBIMKI YPOBHAMY CO3HAHUS MOCJIE TIOBPEKACHUS TOJOBHOTO MO3Ta TPABMATHYECKOTO
M HETPaBMATUYECKOTO reHesa. acToTa naToJornyeckux MI3MeHEeHU i co CTOPOHbI (DYHKITMOHAIIBHOTO COCTOSIHUS aB-
TOHOMHO¥ HEPBHOI CHCTEMBI JIOCTOBEPHO HAPACTAET B TPYIINAX MAIUCHTOB OT HOPMAJIBHOTO YPOBHS CO3HAHUS K CO-
CTOSIHUIO MUHMMAJIbHOTO CO3HAHUS, BETETATUBHOMY COCTOSIHUIO 1 KoMe. OcHOBHBIM BapranToM natosornn AHC B
IpyIIaxX NAlMEeHTOB HAXOAAIIMXCS B COCTOSHIM MUHUMAJIBHOTO CO3HAHUS, BETETATUBHOM COCTOSTHUH ¥ KOME SIB-
JIIETCS] CUMIIATUYECKAs THIIEPAKTUBHOCTb.

Knroueevie cnosa: asmonomnas HepeHas cucmema, sapuaﬁeﬂbuocmb cepaeuuozo pumma; Cuu&pom MUHUMATHHOZ20
CO3HANUS, 6ezemamueHoe cocmosnue

AJpec 115t KOPPECTIOH/IEHIUH: Correspondence to:
IOpuit Kupsiukos Yury Kiryachkov
E-mail: kirychyu@yandex.ru E-mail: kirychyu@yandex.ru
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The purpose of the study — assessment of the level of consciousness in patients with a brain damage on the basis
of electrophysiological examination of the functional state of the autonomous nervous system by recording param-
eters of the heart rate variability (HRV).

Materials and Methods. The study included 77 patients on Day 20—50 after a traumatic brain injury, anoxic injury,
consequences of acute cerebral circulation disorders. The following parameters of the HRV for a 5-minute recording
were accepted as criteria of norm and pathology of the autonomous nervous system (ANS) activity: (1) parasympathetic
hyperactivity (hypervagal state) values with 95% confidence intervals were recorded within the accepted values for
(a) SDNN (standard deviation of normal to normal R-R intervals), [41.5 —149.3 ms]; (b) rMSSD (root-mean-square
of the successive normal sinus R—R interval difference in ms), [42.4—175.0 ms];(¢) pNN50% (percentage of successive
normal sinus RR intervals >50 ms), [8.14—54.66%]; (d) SI (Baevsky stress index), [0—80 normalized units, n. u.]; (2)
the sympathetic hyperactivity recordered within the range of values for (a) SDNN [4.54—13.30 ms]; (b) rMSSD [2.25—
5.77 ms]; (¢) pPNN50% [0—0.109%]; (d) ST>900 n. u.; (3) the normal value of ANS parameters were recordered within
the range of values for (a) SDNN [13.31—41.4 ms]; (b) MSSD [5.78—42.3 ms]; (¢) pNN50% [0.110—8.1%]; (d) SI
[80—900 n. u.]. For verification of the hypervagal state, sympathetic hyperactivity or normal state, at least 3 of 4 pa-
rameters should be within the specified limits.

Results. In 40 (51.9%) of 77 patients examined after a brain damage, ANS functional activity parameters were
within the range of pathological values. The sympathetic hyperactivity was identified in 34 patients, and in 6 cases
the hypervagal state was diagnosed. Pathological parameters of HRV were found in 80% of patients with severe
forms of unconsciousness (vegetative state, coma), and only in 20% of patients with normal consciousness.

Conclusion. The computer analysis of the HRV is a necessary element of examination of patients with different levels
of consciousness after a brain damage of a traumatic and non-traumatic genesis. The frequency of pathological changes in
the functional state of the autonomous nervous system increases significantly in groups of patients from the normal level
of consciousness to the state of minimal consciousness, vegetative state, and coma. The sympathetic hyperactivity is the
main type of ANS pathology in the groups of patients with minimal consciousness, in the vegetative state, and coma.

Keywords: autonomous neroous system; heart rate variability; minimal consciousness syndrome; vegetative state
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[IpumeHsieMbIe B HACTOSIIIIEE BPEMS IITKAJIBI OIIEH-
KU CO3HAHUS Y TIAIIMEHTOB C TIOBPEKIEHUEM FOJIOBHOTO
MO3Ta TPAaBMAaTHYECKOTO U HETPABMATHUYECKOTO TeHe3a
(Glasgow, Four) ucriosbayiores [is IPOrHO3MPOBAHMST
setanmpHocTH [1—8]. OHAKO MO HUM OIEHUBAIOTCS
TOJIbKO MOBEJIEHYECKIE PEAKITUH TTAIINEHTOB (Peyb, JBU-
JKEeHUSsI, OTKpbIBaHUeE 171a3, pediieKcer). B Toske Bpems,
OBIIEN3BECTHO, YTO COHANTAHCHPOBAHHAS A/[ANTAI[IOHHAST
peaxIust aBTOHOMHOI (BEreTaTUBHON ) HEPBHOI CHCTe-
MBI OPTAHU3MA SBJISIETCS KITIOUEBBIM MOMEHTOM COXPa-
HEHUsI YyCTOMYNBOCTU OPTaHU3MA [TPU PA3BUTHU KPUTH-
YECKUX COCTOSIHWN, B TOM 4YucJe ¥ TiepeOpaibHOil
HezpoctatrounocT [9—13]. [latonorus nanHoit hyHk-
IIIOHAJIBHO CTPYKTYPBI OPraHM3Ma IIPUBOJIUT K PA3BH-
THIO OCJIO;KHEHU I CHCTEMHOTO XapaKTepa, HapyIIeHU o
CHCTEMHOTO Y PETMOHAJIBHOTO KUCJIOPOIHOTO TOMEOCTa-
33, PETYJSIIUU COCYANUCTOTO TOHYCA, BTOPHYHBIM
MOBPEKAEHISIM TOJIOBHOTO MO3Ta, HYTPUTUBHO HEZIO-
CTaTOYHOCTH, IPOOIEMAaM, CBS3AaHHBIM C BEPTHKAIN3A-
el 1 OTMEHOI NCKYCCTBEHHO! BEHTUJISIIUY JIETKUX
(UBJT) («cusituie ¢ UBJI», weaning) [ 14, 15].

[lep wiccsieloBaHUST — OIIEHKA YPOBHSI CO3HA-
HUS y TIAIEHTOB C TIOBPEXKIEHIIEM TOJOBHOTO MO3Ta
Ha OCHOBE 2JIEKTPODUBHOTIOTHIECCKOTO 0OCACTOBAHS
(DYHKIIMOHATIBHOTO COCTOSTHIST aBTOHOMHOI HEPBHOIA
cucrembl (AHC) myTem perucrpanuu mnapameTpoB
BaprabeTbHOCTH PUTMA CeP/IIA.

Marepuaa u MeTO/IbI

KputepusiMu BKJITOYEHUST TTAIIMEHTOB B UCCJIE/IOBAHIE
SIBJISITTUCH: BO3pacT oT 18 10 79 s1eT, moBpesk1eHme roT0BHOTO

Introduction

Currently used scales of assessment of conscious-
ness in patients with brain injury of a traumatic and
non-traumatic genesis (Glasgow, Four) are applied to
predict mortality [1—8]. However, only patients' be-
havioral reactions (speech, movements, eye opening,
reflexes) are evaluated by these scales. At the same
time, it is well known that a balanced adaptive reaction
of the autonomous (vegetative) nervous system is the
key to maintaining the stability of the organism in the
development of critical conditions, including cerebral
insufficiency [9—13]. A pathology of this functional
structure of the body leads to the development of sys-
temic complications, impairment of systemic and re-
gional oxygen homeostasis, regulation of vascular tone,
secondary brain damage, nutritive insufficiency, prob-
lems of verticalization and weaning [14, 15].

The purpose of this study was to assess the level
of consciousness in patients with a brain damage on
the basis of electrophysiological examination of the
functional state of the autonomous nervous system
(ANS) by recording parameters of the HRV.

Materials and Methods

There were the following inclusion criteria: age from
18 to 79 years; brain damage of a traumatic, vascular, and
anoxic genesis, at least 20 days from the onset of the disease.
Patients with acute brain disease were not included in the
study. The study was approved by the Ethics Committee of
the Federal Research and Clinical Center of Intensive Care
Medicine and Rehabilitology taking into account the state-
ments of the Declaration of Helsinki. There was no conflict
of interests.

GENERAL REANIMATOLOGY, 2018, 14; 2
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MO3Ta TPaBMaTHYeCKOTO, COCYANCTOTO, AHOKCUIECKOTO Te-
Hesa, He Meree 20-1 cyTOK 0T Hauasa 3aboseBanus. B uccie-
JOBaHUE He BKJIIOYAIN TAIMEHTOB B OCTPOM IIEpPHOJIE
3ab0JieBaHus TOJIOBHOTO MoaTa. VceseoBanne 0106peHo Ko-
muterom 1o atnke @HKIL PP ¢ yuerom maparpagos Xeiib-
cuHckoit [lexmaparnu. Kongakt naTEpecoB oTCyTCTBOBA.

B wuccaenosanue, BoinonnenHoe na 20—50-e cyTkn
TI0CJIe YepPEITHO-MO3TOBOI TPAaBMBbI, Pa3BUTHSI HATOJOTHH TO-
JIOBHOTO MO3Ta HETPaBMaTUIECKOTO TeHe3a (AaHOKCHYeCKoe
TIOBPESKICHNIE; TTOCTIE/ICTBIS OTEPATUBHBIX BMEIIATEIbCTB 1
OCTPBIX HAPYIIIEHHUI MO3TOBOTO KPOBOOGPAIIEHST ) BRIIOUMITH
77 mamenTos, Haxoausinuxcd B kannnke OI'HBY OHKI]
PP B niepuon 2016—2017 rr. MyskuuH ObLI0 — 45, JKEHITUH —
32, cpennuii Bospact — 43,3%2,0 et (puc. 1).

[To HO30JIOTHM TIAIIMEHTOB PACTIPEEJNIH CJAeLYI0-
muM 06pa3oM: TTOCTIEACTBHS YEPETTHO-MO3TOBOM TPaBMBI
(UMT), (n=45); nocaeacTBrsi OCTPOrO HAPYIIEHHST MO3TO-
Boro kposoobpamenus (OHMK), (n=6); mociencrsus
AHOKCUYECKOTO TIOBPEsKIeHN:I TO0BHOTO Mo3ra (n=10); To-
CJEeACTBUST CybapaxHOUIAIBHOTO KPOBOM3IUSIHUST (n=5);
TIOCJIEJICTBUS YIQJIEHIS OITYXOJIU UM apTepho-BEeHO3HOI
Masbopmaru rosoBHOro Mosra (n=11).

Or11eHKY YPOBHS CO3HAHMS MAIEHTOB IIPOBOININ TIO
mkane CRS-R — Coma Recovery Scale-Revised. [[nartoctu-
YECKUME KPUTEPUSMU JTAHHOM ITKAJIBI SIBJISLTUCH 6 CyOIIKaIL:
1) Cayxosoii pyskiu (0—4 6ana); 2) 3puresbHoit PyHK-
1 (0—>5 Gasior); 3) MortopHoi (ABUraTebHOIT) (PyHKIMN
(0—6 Gamio); 4) BepbanbHoii (0pOMOTOPHOIT) (yHKIMK
(0—3 6anna); 5) Kommynukarusroil dpyuxnun (0—2 Ganna);
6) Akrusain (BosOyskaenus ), (0—3 Gania). YposeHb co-
3HaHUA B OaJUIax 110 JaHHOM 1Kkase KoJebsercs ot 0 (koma),
110 23 (cocTostHUe sICHOTO co3Hanus ). [TogpoOHOCTH KIMHM-
yeckoro mpuMmenenus mkaabl CRS-R n ee nedvnnmmm mpn-
BesieHbl B ybsmkanuu Giocino et al. (2002) [16].

Boiaesnunu 4 rpynns nanueHTos (tabir. 1).

Bo Bcex rpynmax mpoBOANIIH OIeHKY (GYHKIIMOHAb-
HOTO COCTOSTHUSI aBTOHOMHO1 (BereTaTHBHON ) HEPBHOH CH-
CTeMBl ~ HAa  OCHOBE  KOMIIBIOTEDHOTO  aHajan3a
BapuabenbHocTu putMma cepaia (BPC) [17]. Ouenky BPC
nposoun mpubopom [osmcnexrp-8 EX (dupma Heiipo-
codr, Poccust) ¢ nporokosom GecripoBoaHoii cesasu Blue-
tooth Mexay KapAMoaHAIM3aTOPOM W TEPCOHATBHBIM
KOMITBIOTEPOM. B KasK/IbIii TeproJT HCcieI0BaHs aHAI3H-
posasiu He MeHee 300 kaparonHTepBasos (mapameTpst BPC
BBIYHCJISIITH TI0 COOTBETCTBYIONNM (hOpMYyJIaM pacipesieie-
HUST KapNONHTEPBaIOB). ONpeiessiiy ceyolne ToKa-
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BospacrHoii cocTaB NalyieHTOB, BKIIOYEHHBIX B HCCJIE0BaHHE.
Age of patients included in the study.

ITIpumeuanue. Nomber of Patients — uncio nauuenrtos; Age,
years — BO3PacT, JIeT.

77 patients who were in the clinic of Federal Research
and Clinical Center of Intensive Care Medicine and Reha-
bilitology over the period from 2016 until 2017 were in-
cluded in the study strating from the 20""—50" day after a
traumatic brain injury or a brain pathology of a non-trau-
matic genesis (anoxic damage; consequences of surgical in-
terventions and acute disorders of cerebral circulation).
There were 45 men and 32 women; the average age was
43.3%£2.0 years (Fig. 1).

Based on the nosological entities, the patients were
distributed as follows: consequences of a craniocerebral in-
jury (CCI) (n=45); consequences of acute disorders of cere-
bral circulation (stroke), (n=6); consequences of anoxic
brain injury (7=10); consequences of subarachnoid hemor-
rhage (n=5); consequences of removal of a tumor or arterio-
venous malformations of the brain (n=11).

The assessment of patients' level of consciousness was
carried out using the CRS-R scale (Coma Recovery Scale-Re-
vised). 6 subscales were diagnostic criteria of this scale: 1) au-
ditory function (0—4 scores); 2) visual function (0—>5 scores);
3) m otor function (0—6 scores); 4) oromotor (verbal) func-
tion (0—3 scores); 5) communication function (0—2 scores);

Ta6imua 1. XapakrepucTuka rpyni 00cje[0BaHHbIX TAIUEHTOR.

Table 1. Characteristics of groups of tested patients.

Parameters Values of parameters in groups

Group 1, n=10 Group 2, n=22 Group 3, n=40 Group 4, n=5
Consciousness clear minimal vegetative coma
Sex, M (F) 8(2) 15 (7) 19 (21) 3(2)
Median age, years 60.4+5.12 40.18+3.34 41.0+2.62 62.75+1.88
Nosology, n
— consequences of the brain tumor removal 3 4 3 1
— consequences of stroke 3 2 — 1
— consequences of a craniocervical injury 2 13 28 2
— anoxic brain injury 1 1 8 —
— consequences of subarachnoid bleeding 1 2 1 1

Note. /I Taba. 1—3: Parameters — napamerpsr; Values of ... in groups — snauenus ... B rpyniax; Consciousness — coCTOSAHIME CO3HAHUS,
clear — sicHoe; minimal — MurMManbHOE; Vegetative — BeretatuBHoOe; coma — koma; Sex, M (F) — mour, M (ok); Median age, years — cpe/-
HUI Bo3pacr, siet; Nosology — Hozomorus; consequences — nocsuenctsus; of the brain tumor removal — yzanenus omnyxosm ro1oBHOTO
Mmosra; of stroke — OHMK; of a craniocervical injury — YTM; anoxic brain injury — anokcudeckoe moBpeKeHIe TOJTOBHOTO Mo3ra; of

subarachnoid bleeding — cybapaxnonganibHoe KpOBOUIHSTHIE.

www.reanimatology.com
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Ta6imua 2. [lapamMerpbl ypOBHS CO3HAHUST 00C/IeJ0BaHHbIX NTaleHToB 10 mKaiam Glasgow, Four, Giocini, M*m.
Table 2. Parameters of Glasgow, Four, Giocini scales of consciousness level of patients included in the study, M*m.

Scales parameters, score

Values of parameters in groups

Group 1, n=10 Group 2, n=22 Group 3, n=40 Group 4, n=3
Glasgow 14,4+0,26 9,09£0,25* 6,88+0,12* 4,8+0,19*
Four 15,9+0,09 14,6+0,21* 10,6+0,24* 3,4+0,24*
Giocini 22,9+0,09 8,4+0,53* 5,07£0,36* 1,6+0,39*

Note. For Table 2, 3: patient groups: 1 — normal level of consciousness; 2 — state of minimum consciousness; 3 — vegetative state;

4 — coma.* — P<0.001 vs. Group 1.

IIpumevanue. Score — Gamnbl. [ taba. 2, 3: rpynma 1 — manmeHTs ¢ HOPMAIBHBIM YPOBHEM CO3HAHMUS; TPyTNa 2 — TAIMEHThl B CO-
CTOSIHUN MMUHMMAJIbHOTO CO3HAHUS; TPYIINA 3 — MAI[MEHTDl B BEreTATHBHOM COCTOSIHUY; IPyIIa 4 — nanueHTs B kome. * — p<0,001 B

CpaBHEHWH ¢ Tpymmoii 1.

3aterun BPC: SDNN — cpennexBajpaTHaHOE OTKJIOHEHWE
R—R xapanounnrepsasnos B Mc; TMSSD— cpeanekBapaTiy-
HOE OTKJIOHEHUE PAa3HOCTH JIBYX CMEKHBIX 0TC4eToB R—R
KapauonHTepsasoB B Mc; pPNN50% — momo R—R kap-
JIMOMHTEPBAJIOB B IIPOIEHTAX, OTINYAIONIUXCST OT TIPEIbILY-
mero Gosee, uem Ha 50 mc; SI — cTpeccoBblil UHIEKC
Baescxkoro B H. e.; LF/HF-cootHomenne crekTpa HUISKUX
M BBICOKHUX 4acTOT B H. €.; VLF criekTp oueHb HU3KUX 4acToT
B Mc?; LF crrektp Husknx gactot B Mc? 1 %; HF crexTp BbI-
COKMX 4acToT B Mc? 1 %. B KadecTBe KpUTEpHEB HOPMBI U
natosiornn aktuBHocTH AHC npunsm caemyroniie mapa-
MeTpsl BPC: mapacumnatnieckyio rTumepakTUBHOCTD (TH-
mepBarycHoe coctostaue) ¢ 95% JTOBEpUTENbHBIMU
MHTEpBAJTaMKM TMPUHUMAJIU B TIpejiesiax 3HAUYEHUN JIst
SDNN [41,5-149,3 mc]; mmsa tMSSD [42,4—175,0 mc]; nist
PNN50% [8,14—54,66%]; nast ST [0-80 m.e.]|; cummaTiye-
CKYIO THTIEPAKTUBHOCTH MPUHUMAJIU B IIPe/iesiax 3HaYeH i
mst SDNN [4,54—13,30 mc]; mst rMSSD [2,25—5,77 mc];
st pNN50% [0—0,109%]; arst ST >900 . e.; HopMy ma-
pameTpoB (yHkinonamsbHol aktuBHOocTH AHC mpunm-
Masn B mipenesnax 3Hadernii 1 SDNN [13,31—41,4mc];
st tMSSD [5,78—42,3 mc]; mst pNN50% [0,110—8,1%];
s SI[80—900 u. e.]. [lng Bepuduranum mapacumnaTn-
YEeCKOH IMIepakTUBHOCTH, CUMIATUYECKOH IMIepaKTHB-
HOCTU WJIM HOPMbI B YKA3aHHBIX MPelesIax M0JKHbI ObITh
3 n3 4-x mapametpos [18].

Craructudeckyio o6paboOTKY MOJYYEHHBIX TaHHBIX
mpoBesn o porpamme Statistica 13 EN (StatSoft Russia,
StatSoft Inc., CIITA), ¢ ucionbzoBammem t-kpurepust CTbio-
nenra. JIoctoBepHbIME IpU3HaBaau pasanuns npu p<0,05.

Pe3yibrarhl 1 00CyKAeHHE

ITosryuennsie o mkaszam Glasgow, Four, Giocini
HapaMeTpbl YPOBHSI CO3HAHUST TPEACTABUIIH B TaOJI. 2.

OueBuUIHO, YTO TIPU OIEHKE BCEX IIKAJI TTOJTY YN
JIOCTOBEPHOE OTJINYNE COCTOSIHUSI HOPMbI CO3HAHUST OT
COCTOSTHUSI MUHUMAJIBHOTO CO3HAHW, BETE€TATUBHOIO
cocrostHus 1 KoMbL. Hauboumbime quddepeHnnaibHbe
pazsdust nostydniu 1o 1kasie Giocini, rje mpocesku-
BaeTcst rpajaist 6asuios ¢ 22,9+0,09 (1pu HopMe co3Ha-
nust) 710 1,6+0,39 (koma).

VY 40 (51,9%) mauuenTos us o6cie0BaHHbBIX
77-u 1ocJie MOBPEXIeHUs TOJOBHOTO U MO3ra B
pesyabrate UMT, anokcuu, OHMK mnapamerpsr
dynkimonanpruoit akrusHoctu AHC naxopuiauch B
30He naTtojornyeckux 3uavenuii [18]. Cummnaruye-
CKYIO I'MIIEPAKTUBHOCTbD BbISIBUJIN Y 34-X MAIUEHTOB
u B 6-TH ciydasx 3aUKCUPOBAIIH TTapacuMIIaTiye-
CKYIO I'MIIEPAKTUBHOCTb.

6) arousal (activation) function (0—3 scores). The level of con-
sciousness ranges from 0 (coma) to 23 (state of clear conscious-
ness) according to this scale scoring. Details of the clinical
application of the CRS-R scale and its definition are given by
Giocino et al. (2002) [16].

There were 4 groups of patients (Table 1).

The functional state of the autonomous (vegetative)
nervous system was assessed in all groups on the basis of a
computer analysis of the HRV. [17]. The evaluation of HRV
was performed by the Polyspektr-8 EX apparatus (Neu-
rosoft, Russia) with the protocol of the wireless Bluetooth
connection between the cardioanalyzer and a personal com-
puter. In each study period, at least 300 R—R intervals were
analyzed (the HRV parameters were calculated according
to corresponding formulas of distribution of cardiac inter-
vals). The following HRV parameters were determined:
SDNN - standard deviation of normal to normal R-R in-
tervals, in ms; rMSSD- root-mean-square of the successive
normal sinus R—R interval difference, in ms; pNN50% — per-
centage of successive normal sinus R—R intervals >50 ms; ST —
Baevsky stress-index in n.u.; LF/HF-low frequency/high
frequency ratio in n.u.; VLF (very low frequency spectrum)
in ms% LF (low frequency spectrum) in ms? and %; HF (high
frequency spectrum) in ms? and %. The following parameters
of the heart rate variability (HRV) were accepted as criteria
of norm and pathology of the ANS activity : parasympa-
thetic hyperactivity (hypervagal state) with 95% confidence
intervals was taken within the accepted values for SDNN,
[41.5-149.3 ms]; for rMSSD [42.4-175.0 ms]; pNN50%
[8.14-54.66%]; for ST [0—80, n.u.]; the sympathetic hyper-
activity was taken within the range of values for SDNN
[4.54—13.30 ms]; for rMSSD [ 2.25—5.77 ms]; for pNN50%
[0—0.109%]; for ST >900 n.u.; the normal value of ANS pa-
rameters were taken within the range of values for SDNN
[13.31—41.4 ms]; for rIMSSD [5.78—42.3 ms]; for pNN50%
[0.110—8.1%]; for ST [80—900 n.u.]. For verification of the
parasympathetic hyperactivity, sympathetic hyperactivity
or norm, 3 of 4 parameters should be within the specified
limits.

Statistical processing of the obtained data was carried
out by means of the Statistica 13 EN software (StatSoft
Russia, StatSoft Inc., USA), using the ¢-test. Differences
were considered significant at P<0.05.

Results and Discussion

Parameters of the level of consciousness obtained
according to the Glasgow, Four, and Giocini scales are
presented in Table 2.

It is obvious that the assessment of all scales
demonstrate a significant difference between the state
of the normal consciousness and the state of the min-
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Ta6imua 3. [TapamMeTpsl BpEMEHHOIO M CIIEKTPAJILHOIO aHAIM3a Bapra0eIbHOCTH PUTMA cep/la 00CIe10BaHHbIX Nalu-
entoB (M=m).
Table 3. Parameters of time domains and spectral analysis heart rate variability in study groups of patients (M+m).

Parameters Values of parameters in groups

Group 1 n=10 Group 2 n=22 Group 3 n=40 Group 4 n=4

Subgroup 3A n=26 Subgroup 3B n=14

SDNN, msec 21.7£5.34 22.4+3.04 8.12+0.88*** 48+0.99*** 8.2£2 17%**
rMSSD, msec 9.3£0.89 12.7+3.66 3.88+0.36%** 59+17.9** 4.6£1.08%*
PNN50, % 0.155%0.09 4.01+2.74 0.009+0.007** 24.3£10.3* 0
S.I.n.u. 476.2+79.3 715+174.8 2155+269.4%** 94.2£17.7 1868+525*
LF/HF n. u. 4.38+1.46 46711 5.39+0.906 0.94£0.76* 3.01£0.92
VLEF, ms? 767+564.7 534+102.7 110.1+35.3 375%196.7 62.3£17.5
LF, ms? 99.0+29.0 129.7£35.6 22.9+3.5* 626+496.7 15.4+5.35%
HEF, ms? 32.5+4.17 184+112.5 5.1+0.83*** 695+38.8*** 7.62+3.62%*
VLE % 63.8+5.78 71.1£3.77 70.58+3.02 20.7£3.59%** 72.6+7.1%*%
LE % 22.1£3.69 16.6+1.98 22.3£2.62 30.1+17.6 19.04+5.61
HE % 13.8+3.69 12.09£3.43 6.63+1.17 49.2+21.2 8.1£2.05

Note. Subgroup 3A — patients in a vegetative state with paroxysmal sympathetic hyperactivity; subgroup 3B — patients in a vegetative
state with hypervagal reaction; SDNN — standard deviation of normal to normal R—R intervals, ms; rMSSD — root-mean-square of
the successive normal sinus R—R interval difference, ms; pNN50% — percentage of successive normal sinus R-R intervals >50 ms;
Triangular index(TrI) — triangular index in n. u.; HF high frequency spectrum, ms? LF low frequency spectrum, ms% LF/HF — low
frequency/high frequency ratio, n. u.; VLF very low frequency spectrum, ms2 * — P<0.05;** — P<0.01;*** — P<0.001 vs. Group 1.

IIpumeuanue. Iloarpynma 3A — ManueHTs B BETETATHBHOM COCTOSIHUH € THITEPCUMITATHKOTOHIEL; moArpymina 3B — marmenTs! B Bere-
TATUBHOM COCTOSIHUY ¢ TunepBarycHoii peakieil. SDNN — cpennexBaziparnytnoe oTkaoHeHne R—R kapannuaTepsasnos B mc; TMSSD —
CpeIHEKBAPATUYHOE OTKJIOHEHUE PASHOCTH JBYX CMEXKHBIX 0TC4eTOB R—R kapanunTepBanos B Mc; pNN50% — noust R—R kapauus-
TEPBAJIOB B IPOIEHTAX, OTMYAIONIIXCs OT Ipeablyiero 6osee yem Ha 50 mc; Triangular index(Trl) — koaddunment TpeyroabHoCcTH
B H. e.; HF — cnextp Boicokux yacror B mc? LF — cnextp Huskux yactor B Mc? LF/HF- cooTHOmenne criekTpa HU3KIX U BBICOKUX

yactor B H. e.; VLF — criektp oyenb HU3KuX yactoT B Mc?. ¥ — p<0,05;** — p<0,01;*** — p<0,001 B orsrune ot rpymisr 1.

[Taronornueckue mapamerpbsl BPC (Tabm. 3)
BBISIBUJIN B OOJIBIIIMHCTBE CJIYYAEB TIPU TSKEIBIX Pop-
MaX HapylIeHUsT CO3HAHUSI (BETETATHBHOE COCTOSTHIE,
KoMma) y 32-x (80%) manuenTos, a pu GoJiee JErkux
HapYIIEHNSIX CO3HAHM (MUHUMATIbHOE CO3HAHWE) U
NPU HOPME CO3HaHUs — obOHapykuiau Beero y 20%
naruenToB. O6paTHyIO 3aBUCUMOCTD BBISABUJIN TIPH
aHanu3e HopMajbHbIX 3Hadenuit BPC: Tsaskesbie
opMBbI HApyTIIeHNs CO3HAHMS (BETETATUBHOE COCTOS -
HUe U KoMa) Haiiiersl Becero y 12 (32,4%) narmenTos,
a mipu GoJiee JIerkux (hopMax HAPYIICHUS CO3HAHUS
(MUHUMATBHOE CO3HAHWME, HOPMAa CO3HAHUSI) HOP-
MasibHble tapaMeTpbl BPC perncrpupoBanm y 25-u
(67,6%) nmaruenTos. B nopassionieM GOIBITTHCTBE
CJIy4aeB, HOPMaJbHble 3HAYEHUs (QYHKIMOHAIBHOI
aktuBHoctTu AHC peructpupoBain y maiueHToB
HOPMaJIbHBIM YPOBHEM co3HaHud. Tak, B 1-i1 rpyrie
(nopma yposust coznanust, n=10), y 90% mannenTon
— nopma BPC, u Bcero y 1-ro maruenta (10%) 3aduk-
CHUPOBAJIN CUMTIATUYECKYIO TUTIEPAKTUBHOCTDL. B 2-ii
rpymnie (CocToTHNEe MUHUMATBHOTO CO3HAHMS, n=22),
7 (31,8%) mareHTOB UMEJN TATOJIOTHYECKOe (PYHK-
muonanbuoe cocroaune AHC B Buzie cuMIiaTnyeckomn
runepakTuBHocTH. B 3-i1 rpymnme (BereraTuBHOE
cocrosinue, n=40), YMUCI0 MAUEHTOB ¢ MATOJOTHYe-
CKUM (DYHKITMOHATBbHBIM YpoBHEM akTuBHOCTH AHC
coctaBuio 28 (70%), u3 Hux 26 — ¢ CUMIIATHYECKOI
TUIEePaKTUBHOCTHIO (13 moArpymisl 3A, Tadu. 3), 2 —
C TTAPACUMIIaTUYeCKON IMIIePAKTUBHOCTBIO (M3 MO/ -
rpymnbsl 3B, Taba. 3). Hopmasbhbie sHauenns BPC
umesn 12 (30%) marmentos. B 4-it rpymnine (ypoBeHb
cosHaHust — koMma, n=>5) 80% MalMeHTOB NMEJIH [aTo-

imum consciousness, vegetative state and coma. The
greatest differential differences were obtained using
the Giocini scale, where the gradation of scoring from
22.9£0.09 (normal consciousness) to 1.6+0.39 (coma)
was observed.

In 40 (51.9%) of 77 patients examined after a
brain damage resulting from the craniocervical injury
and stroke, ANS functional activity parameters were
within the range of pathological values [18]. The sym-
pathetic hyperactivity was identified in 34 patients,
and in 6 cases the parasympathetic hyperactivity was
diagnosed.

Pathological parameters of the HRV (Table 3)
were found in most cases of severe forms of impair-
ment of consciousness (vegetative state, coma) in 32
(80%) patients; and in the case of less severe impair-
ment of consciousness (minimal consciousness) and in
the case of normal consciousness they were found only
in 20% of patients. The inverse dependence was found
in the analysis of normal values of HRV: severe forms
of impairment of consciousness (vegetative state and
coma) were found in only 12 (32.4%) patients; and in
the case of less severe forms of impairment of con-
sciousness (minimal consciousness, normal conscious-
ness), normal parameters of HRV were found in 25
(67.6%) patients. In the vast majority of cases, normal
values of the ANS functional activity were found in
patients with a normal level of consciousness. For ex-
ample, in the group 1 (normal level of consciousness,
n=10), 90% of patients presented normal HRV, and
only 1 patient (10%) presented sympathetic hyperac-
tivity. In the group 2 (state of minimal consciousness,
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sgoruto pyukiuonaabuoi akrusHoctu AHC. Jlocro-
BEpHbIE OTJIIUYUS 110 2JIEKTPODU3N0JIOTMYECKIM T1apa-
MeTpam BPC nonyunim Mexay rpyrninaMu maieHToB
C HOPMOM yPOBHS CO3HAHMS U MAIMEHTAMK HAXO/IUB-
HIMMUCS B BEreTaTUBHOM COCTOSIHUN 1 KOMe (COOTBET-
CTBEHHO, 1-4 1 3-51 u 4-s1 TpymIibl namueHTos). Jlocto-
BepHBIX OTJIMUYMN 10 mapamerpam BPC wmexmy
IpYIIOH IallMeHTOB HaXOJAAIIUXCA B COCTOSIHUU
HOPMBI ypOBHs co3Hanus (1-s rpymnma) v rpyrib
HAIMEHTOB B COCTOSHUU MUHUMAJIBHOTO CO3HAHU (2-4
rpyI1iia) He TOJYYUJIN, YTO BO3MOKHO YKa3blBaeT Ha
BOCCTAHOBJIEHUE IEHTPAJIbHON (TUIIOTAIAMUYECKOI )
dynkimonanbuoii akrtusnoctu AHC u moxer cy-
SKUTD XOPOIIMM ITPOTrHOCTUYECKUM TIPU3HAKOM.
TpaBmaruueckoe IOBpeXAeHUE TOJOBHOTO
mosra (TBI), ocTpoe HapyLIeHe MO3rOBOTO KPOBOOO-
palieHus, ABIAAIOTCS OJHUMH U3 OCHOBHBIX IIPUYUH
CMEPTH U TSKEJION MHBAJIMIHOCTH BO BceM Mupe [19].
[Tpu aTOM HEBPOJIOTHYECKAST OTIEHKA — HEOOXOANMBII
aseMeHT g depeHIInpPOBKY AIMEHTOB B OT/eJIeHUN
MHTeHCUBHOM Tepanuu. Onpe/esnenne ypoBHS CO3Ha-
Hu 110 mkasam Glasgow, Four, Giacino npeanosaraer
MOJICYET PA3JINYHBIX CUMIITOMOB B OTBET Ha CTUMY.JIbI
BHelIHelt cpeabl (601b, peusb, cBeT 1 T.11.). CyObeKTuB-
HBIii XapaKTep JaHHBIX METOMK ITPU3HAECTCS MHOTUMU
HCCIIe/I0BaTeIIMU, 3aBUCHUT OT OIIbITA Bpaya. B messax
YBEJIUYEHVsI TOYHOCTH 3a4aCTyI0 TIPUOETAIOT K BhIYC-
JIEHUIO CpeJIHero pe3yJbraTa M0 OlleHKaM YPOBHS
CO3HAHUS TAllMeHTa HECKOJbKUMU MEIUIIUHCKUMU
paboTHUKAMU, YTO 3aTPYAHSAET OOIYIO UHTEPIIPETa-
1o pesyssrata [2]. Kpome Toro, ¢ yaeTrom u3BeCTHbIX
npobJieM JaHHBIX KA CO3HAHUS MPEAJIAraeTCst X
MOIUGUIMPOBATL, UCKJIOYas, OIEHKY MOTOPHOTO
neduinra (Tak HA3bIBAEMbIiT OMHAPHBINA METOJI TIPH-
menenus mkaabl Glasgow) [20]. CyiuectBeHHOI Ipo-
6JIeMO OTpeiesieHrst YPOBHS CO3HAHUS € MO3UI[HIT
HEBPOJIOTUYECKOTO U IICUXOJOIMYECKOro I0AX0/1a
SIBJISIETCSI OTCYTCTBUE PETUCTPAIUN OMOXMUMUYECKHX,
reMaToJIOTMYECKUX, AJIeKTPOMOU3N0IOTNYeCKUX 1apa-
METPOB, UTO He TI03BOJIET OIIPEe/IeIATh CTPYKTYPHbIE
1 (dYHKIMOHAIbHBIE IATOJOTHYECKUE H3MEHEHUS
roJIOBHOro Mo3ra. B Toske BpeMms, HaKallJIMBAIOTCS
JIaHHbIE, YTO ABTOHOMHAS TUCHYHKIIUA TPUCYTCTBYET
IIPU TIOBPESKACHUAX TOJIOBHOTO MO3Ta U CJIYKUT IIOKa-
3aTeJsieM COCTOSTHUA, UCX0/1, (PYHKIIMOHAIbHO He3a-
BucUMoOCTH TaienTos. B ucciaenosanun Esterov D.
et al. (2017) mokasano, yTO aBTOHOMHAsI JUCHYHKIIIL
IIPY TPaBMe roJIOBHOTO MO3Ta BbI3bIBaeT HapylleHHe
(byHkIMN KOMILJIEKCA OPraHOB U YBEJUYMBAET I10Ka-
3arenu Jetasproctu [11]. ABropamu HalijileHO, 4TO
apyenus qucynknu AHC (Ha ocHoBaHuM aHam3a
BapuabeJbHOCTH PUTMA CEPAIA) COXPAHSIOTCS U
1ocJjie KOppeKIUK KJANHUYeckux cuminromos YMT.
Hilz M. J. u coasr. (2017) nposenu onenxy BPC y
MAIMEHTOB C JIETKOMH, Cpe/iHell U TsKeJIol cTeleHsIMU
MOBPEsK/IEHNS TOJIOBHOTO Mo3ra [12]. ABTopsl uccie-
JI0BaJIN clieKTpasibhble Xapaktepuctuku BPC c onpe-
JleJIeHneM CUMIIATUYeCKOTO BbICOKOYACTOTHOTO CIIeK-
tpa (LF) n mapacummnarniyeckoro HI3KO4acTOTHOTO

n=22), 7 (31.8%) patients had a pathological func-
tional condition of the ANS in the form of sympathetic
hyperactivity. In the group 3 (vegetative state, n=40),
the number of patients with a pathological functional
level of the ANS activity was 28 (70%), 26 of whom
had sympathetic hyperactivity (subgroup 3A, table 3),
and 2 patients had parasympathetic hyperactivity
(subgroup 3B, table 3). Normal HRV values were
found in 12 (30%) patients. In the group 4 (coma,
n=5) the number of patients with a pathology of the
ANS functional activity was 80%. Differences in the
electrophysiological parameters of the HRV between
groups of patients with the normal consciousness
(group 1) vs. patients who were in the vegetative state
(group 2) and coma (group 3) were significant. To the
contrary, no significant differences in HRV parameters
between the group of patients with normal conscious-
ness (group 1) and the group of patients in the state
of minimal consciousness (group 2) have been ob-
tained. The latter may be due to the recovery of the
central (hypothalamic) functional activity of the ANS
and can serve as a good prognostic sign.

The traumatic brain injury (TBI) and an acute
cerebral circulation disorder are among the leading
causes of death and severe disability worldwide [19].
At the same time, the neurological evaluation is a nec-
essary element of differentiation of patients in the in-
tensive care unit. The assessment of the level of
consciousness using Glasgow, Four, and Giocini scales
involves the calculation of various symptoms in re-
sponse to the environmental stimuli (pain, speech,
light, etc.). The subjective nature of these techniques
is recognized by many researchers and depends on
doctor's experience. In order to increase the accuracy,
the average result based on scoring of patient's level
of consciousness by several healthcare professionals is
often calculated, which complicates the overall inter-
pretation of the result [2]. In addition, taking into ac-
count the known problems of these scales, it is
proposed to modify them by excluding the evaluation
of the motor deficiency (a so-called binary method of
application of the Glasgow scale) [20]. Lack of regis-
tration of biochemical, hematological, and electro-
physiological — parameters  that limits the
understanding structural and functional pathological
changes in the brain poses a significant problem in de-
termining the level of consciousness from the stand-
point of neurological and psychological approaches.
At the same time, there are data on the autonomous
dysfunction in a brain damage that may serve as an m
marker of the state, outcome, and functional inde-
pendence of patients. In a study of Esterov D. et al.
(2017) it was shown that the autonomous dysfunction
in a brain injury caused impairment of the organ com-
plex function and increases mortality rates [11]. The
authors found that the manifestations of the ANS dys-
function (on the basis of the analysis of the heart
rhythm variability) are persisted even after correction
of clinical symptoms of CCI. Hilz M. J. et al. (2017)
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cnekrpa (HF), coornomnenus LF /HE nopmanuzosan-
wbix enquauiy LF u HF BPC cnekrpa u pannbie
CpaBHEHbBI MEXKJy TPYIIAaMU B TIOKOE U IIPU BEPTHKA-
Jn3anun. ABTOPBI HAIILTH KOPPEJISIIUIO TTapaMeTPOB
ABTOHOMHOW HEPBHOW CHCTEMBI U YPOBHSI IIKAJIbI
koMbl [1asro (p<0,05). [Ikana kombl [masro koppe-
smposana nozutusHo ¢ LF, LF/HF u neratusno — ¢
HE Mirow S. u coasr. (2016), mokasasu, 4To aHaau3
BPC 103BoJisIeT BBITOJIHUTH OIEHKY KOOPAUHAINU
CTPYKTYPHBIX (AHATOMUYECKHX ) ¥ (DYHKITMOHATBHBIX
cucrtem opranuama [21]. [Tapamerpsr BPC cymmupo-
BaHbl M CPABHEHBI C HEBPOJOTMUYECKUM CTATYCOM.
[TaTonornyeckuit HUCTarM KOPPEJTUPYeET CO CHUKEHU-
em SDNN Ha 25%. [ToBbiiieHIe CUMIATHYECKOI MOJLY-
JISIITAN ACCOIMUPYETCST ¢ YPOBHEM TPEBOKHOCTH —
poct LF/HF na 19%. DTu nanHble CBUIETEIbCTBYIOT
o neobxoxumoctu onenkn auchynkuuun AHC mpu
obcnenoanny namuenTos nocsie YMT. Osteraas N. D.
u coasT. (2017) B 0630pHOii cTaThe IOKA3bIBAIOT KJIU-
HUYEeCKOe 3HaueHue ornenku szaumoerictsngd AHC u
KapnoBacKyJisgpHoii cucrem [13].

Crpecc-00ycIoBIeHHAs KapAUOMHIOIIATH, 00y -
CJIOBJIEHHAST HAPYIIIEHUEM B3aUMOCBSI3U MO3T-CEPIIIE,
BCTPEYAETCS IPU MHOTUX COCTOSIHUSIX, U, B OCOOEHHO-
CTH, IIPU TPABMe TOJIOBHOTO MO3Ta, IIPUBOJIS K CUMIIA-
TUYECKON TUIEPAKTUBHOCTH. BBemeHo moHsTHE
«MMAPOKCUBMAJIBHOM CUMIIATHUYECKON TUIIEPAKTUBHO-
CTH», KOTOPOE BCTPEUYAETCS Y MAIIMEHTOB ITOCJIE TPABM
roJIOBHOT0 Mo3ra ¢ 6oJibinoii yacroroir (PSH Parox-
ysmal sympathetic hyperactivity). IIpu PSH #a6io0-
JIAeTCsT TIeJIbI KacKa/l OJJHOBPEMEHHO BO3HUKAIONUX
HeOIaroNPUATHBIX CUMIITOMOB: TaXMKAPANsl, TAXUII-
HO9, TUIEPTEH3Us, JIUXOPAIKA, AUCTOHUS MBI,
TUTIEPTU/IPO3, YTO BMECTE B3SITOE YXY/IIAET COMATH-
YeCKHMI CTaTyC TMalueHTOB, HEBPOJOTUYECKHUH TIPO-
ruos, peabusuraiuio. [TampenTs ¢ cuminromamu PSH
UMEIOT XYW HYyTPUTUBHBIN CTATyC, Y HUX Yallle
pPa3BUBAIOTCS MHMEKITMOHHbIE OCIOKHEHUS, -
TesbHee pebbiBaHre B OTAENCHUSAX WHTEHCHUBHOM
Teparyu, JOCTOBEPHO BbIIE JIETaJIbHOCTh [22—25].
PSH BbI3bIBaeT CynecTBeHHO HApyIIaeT TOMeocTas u
MPUBOJIUT K BTOPUUHOMY, KYMYJISITUBHOMY TTIOBPEK-
JIEHUIO TOJIOBHOrO Mo3ra. VIMEHHO cuMIIaThyecKast
TUTIEPAKTUBHOCTD ¥ SIBJISIETCSI OCHOBHBIM TTaTOJIOTH-
YeCKUM nM3MeHeHneM (QyHKIIMOHATHHON aKTUBHOCTH
AHC y nainuenToB B BEreTaTUBHOM COCTOSTHUM U B
coctosiHUM KOMBI. QUeBUIHO, YTO OlleHKA AUChHYHK-
1 AHC — HeoOXoauMblil 1 06493aTeIbHbII 2JIEMEHT
obcieoBanns nainueHToB nociae UMT, anokcun
TOJIOBHOTO MO3Ta, TIOCJIE/ICTBHI ITIePUOTIEPAITMOHHBIX
OCJIOKHEHU .

3akiaoyeHue

KoMIbIoTepHbIii aHaIm3 BapuabeIbHOCTH cep-
JIEYHOrO PUTMA — HeOOXOAUMBIIA 3JIeMeHT 00c/Ie10Ba-
HUS MMAIMEHTOB C PA3JIMYHBIMU YPOBHSIMU CO3HAHUS
1ocJie TOBPEXKIEHUS TOJIOBHOTO MO3Ta TpaBMaTuye-
CKOTO ¥ HETPABMAaTUUYECKOTO TeHe3a.

assessed the HRV in patients with mild, moderate and
severe degrees of brain damage [12]. The authors in-
vestigated the spectral characteristics of the HRV de-
termining the sympathetic high-frequency spectrum
(LF) and parasympathetic low-frequency spectrum
(HF), the LF/HF ratio, normalized units of the LF
and HF HRYV spectrum. The groupsincluding patients
at a rest and during verticalization were compared.
The authors found a correlation between the parame-
ters of the autonomous nervous system and the con-
sciousness level determined by a Glasgow coma scale
(P<0.05). Glasgow coma scale correlated positively
with LF, LF/HF whereas negative correlation with
HF was found. Mirow S. et al. (2016) showed that the
analysis of the HRV allows assessing the coordination
of structural (anatomical) and functional systems of
the body [21]. The HRV parameters were summarized
and compared to the neurological status. Pathological
nystagmus correlated with a 25% decrease of SDNN
values. The increase in sympathetic modulation asso-
ciated with the level of anxiety: a 19-percent growth
of LF/HF was noted. These data demonstrate the
need to assess ANS dysfunctions while examining pa-
tients after CCI. Osteraas N.D. et al. (2017) in a re-
view article have shown the clinical value of
assessment of interaction of the ANS and cardiovas-
cular systems [13].

Stress-related cardiomyopathy caused by im-
pairment of the brain-heart interconnection occurs
in many conditions and especially in the brain injury
leading to sympathetic hyperactivity. The concept
of «paroxysmal sympathetic hyperactivity» has been
introduced, which occurs very commonly in patients
after brain injuries (PSH, Paroxysmal sympathetic
hyperactivity). In PSH, there is a cascade of simul-
taneously occurring adverse symptoms: tachycardia,
tachypnea, hypertension, fever, muscle dystonia, and
hyperhidrosis, which together worsen the somatic
status of patients, neurological prognosis, and reha-
bilitation. Patients with symptoms of PSH have a
more severe nutritional status, more often develop
infectious complications, stay in the intensive care
units for a longer period of time, and exhibit a sig-
nificantly higher mortality rate [22—25]. PSH
causes a significant impairment of homeostasis and
leads to a secondary, cumulative brain damage. It is
sympathetic hyperactivity that is the main patho-
logical change in the ANS functional activity in pa-
tients in the vegetative state and in coma. It is
obvious that the assessment of dysfunction of the
ANS is a necessary and compulsory element of the
examination of patients after a craniocerebral injury,
anoxia of the brain, and consequences of periopera-
tive complications.

Conclusion

The computer analysis of the HRV is an obliga-
tory element of examination of patients with different
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Tpasma

AHaJIM3 YaCTOThI U3MEHEHU ! (DYHKIIMOHAIBHOTO
cocrosuust AHC 1o rpynmnam maiueHTOB BbISBUI
JIOCTOBEPHOE I'Pa/lyasibHOe HAPACTAHME [ToKa3aTeseit
AHC y narnueHToB — OT TPYIIIIbI C HOPMAJIBHOTO YPOB-
HST CO3HAHIS K IPYIIIIAM C COCTOSIHUEM MUHUMAJIbHOTO
CO3HAHUSI, BET€TATUBHOTO COCTOSTHIS U KOMBI.

Ocnosubim BapuanTom natonoruu AHC B rpyn-
nax MaIMeHTOB, HAXO/SIINXCS B COCTOSTHUU MIHU-
MaJIbHOTO CO3HAHIIS, BETE€TATUBHOM COCTOSTHUU 1 KOME,
SIBJISIETCSI CUMITATUYECKAsI TUIIEPAKTUBHOCTD, PE3KOE
ycusenue Tonyca cummnatudyeckoro 3sena AHC.

Onenka dyukiun AHC no3BosisieT KOHTpOJIH-
POBaTh YPOBEHb CO3HAHUS TTAIIUEHTOB TIOCJIE IOBPEXK-
JIeHUsI TOJIOBHOTO MO3Ta TPABMATHUYECKOTO M HETPAB-
MaTUYeCKOTO TeHe3a.
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levels of consciousness after a brain damage of a trau-
matic and non-traumatic genesis.

The frequency of changes in the functional state
of the ANS in patients has been significantly and grad-
ually increasing starting from the group with patients
exhibiting normal level of consciousness to groups of
patients with minimal consciousness, vegetative state,
and coma.

A sympathetic hyperactivity, a precipitous en-
hancement of sympathetic ANS, is the main type of
ANS pathology in the groups of patients with minimal
consciousness, in the vegetative state and coma.

The assessment of the ANS function allows to
monitor the level of consciousness of patients after
traumatic and non-traumatic brain injury.
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Iess paGotsi. VcciepoBatnue mokasaresieil JUIIIHOTO 0OMEHa Y HOBOPOKIEHHBIX IJist BBISIBJIEHUST OOIIX 3a-
KOHOMEPHOCTEIi B 3aBUCHMOCTHU OT TeCTAllMOHHOTO BO3pacTa.

Marepuain u Mmeropl. [IpoBesiu aHa13 TeueHust 6ePEMEHHOCTHU U ee CX0/a y 286-11 JKEeHIIIH, OT KOTOPBIX PO-
JAI0CH 323 HOBOPOKIECHHBIX pebenka, us nux 89 gereil o MHOTOIIOAHON GepementocTh. [lereii, B 3aBUCUMOCTH
OT UX IeCTalMOHHOTO BO3pacTa, pas/eanin Ha 4 rpymms. [IpoBoauim onpeenenue cogpepxkanng xonectepuna (XC),
tpursntiepuzioB (TT), munonporennos nuskoit (JITTHIT) u Boicokoii (JITIBIT) miotHOCTH B 1IeHTPaIbHO BEHO3HOH
KPOBH CPazy MOCJIe POKACHUS U Ha 5-€ CYTKH JKU3HU.

Pesyasratst. [[7151 31,3% HOBOPOKIEHHBIX XapaKTepHa TUIIOTpUTIHIIepuiemMust Menee (0,2 MMOJTb/J1, cofiepsKanme
TT B kposu B npezenax 0,21—0,5 mvounb/n1 BoisiBIeHO y 43,3% meteit, T. .y 76,6% cHMKeHa MepUHATAIBHAS TPO-
aykiust TT. Tlepunaranbras npoaykius TT 3aBUCUT OT recTallMOHHOTO BO3pacTa PeheHKa, YeM OH MEHbIIe, TeM
Hke comepskanue TT B KpoBU y HOBOPOXKAEHHDBIX TIpH poskaenuu. [Ipu cpokax recranuu 25—33 Heienn nepuna-
tasbHas npoaykuus TT Huskast y 60JIbIIMHCTBA HOBOPOKIeHHBIX. C yBEJIMUEHHEM CPOKA FeCTALY YBEJTNYNBAETCS
HepUHATAIbHAS [TPOJLYKIIUS UCCIAEyeMOTO oKazaresst aunuaHoro oomena. Cogepskanue TT B KpoBu GbICTPO BO3-
pacraeT npu JI0CTUKEHUN TeCTallMOHHOTO Bo3pacta 37 Henedb. [ToctHaTanbHas npoaykius TT B KpoBH HOBOPOK-
JICHHBIX HE UMEET 3aBMCUMOCTH OT IeCTAlMOHHOTO Bo3pacrta mpu cpoke recrauuu ot 31 negens u Gosee. [Ipu
POKJIEHNM Y HOBOPOJXK/IEHHBIX BCeX IPYII OINpeiesisiii FUIoXoJiecTepuHeMuio, Huskoe cozpepsxanue JIITHIT n
JITIBII, ocTOBEPHBIX OTJIMYMIA MEK/LY TPYIIIIAMHU 110 UCCJIEyEMbIM TTOKa3aressiM He Bbisiuu (p>0,01).

3axmouenue. COCTOSTHYE JIUIUIAHOTO 0OMEHA Y HOBOPOK/IEHHBIX B [IEPUHATAILHOM IIEPUOJIE 3ABUCKT OT TeCTa-
[IMOHHOTO BO3PacTa 1 Macchl TeJia npu poskaerun. Huskas npomykuust TT xapakTepHa j1Jis1 171y 00KOHEIOHOMEHHBIX
JIeTell ¢ HU3KOI1 1 9KCTPEMaIbHO HU3KOU MACCOIl TeJia IIPK POKIAEHUHU, YTO 00YCJAOBIEHO (DU3HONIOINYECKON He3pe-
JIOCTBIO OPraHoB u cucteM. OCOGEHHOCTH IPEHATATILHOIO MOP(OreHe3a TAKOBbI, YTO TIOJHOIEHHbII JUITUIHbIN
06MEeH BO3MOKEH TOJIBKO K JIOHOLIIEHHOMY CPOKY recraiuu. [latosiornueckoe reuerue 6epeMeHHOCTU HapyIiaeT Hop-
MAaJIbHYIO IPOJIYKIUIO TPUTIUIIEPUIOB, XOJIECTEPUHA, JIMIIU0B HU3KOH 1 BBICOKOU ioTHOCTU. Hanbosibime nusme-
HEHUS UCCIIe/lyeMbIX TI0Ka3areieil XapakTepHbl st T1yOOKOHEJOHOIIEHHBIX JIETEll ¢ TeCTAIlUOHHBIM BO3PACTOM
25—31 Hejesist. ITO BO3PACT ACCOIMUPOBAH C BBICOKON YaCTOTOI PasBUTHsI PECITUPATOPHOTO TUCTPECC-CUHIPOMA.
Ha upoaykuuto TT npu poxiaenun Biusiet geduiiut 6yhepHbIX OCHOBAHUIL, HA COJEPKAHUE XOJIECTEPUHA — Be-
smarHa pH n HanpsiKeHne KMCJa0po/ia B KpOBY 1P poskeHuu. [1pu yBesmueHnn cpoka rectaium cojiepskaHue 1npo-
JLYKTOB JIMITIHOTO 0OMeHa yBesinunBaercst. VIMEITest MHANBULY aIbHble 0COOEHHOCTU HOBOPOKIEHHBIX, Y KOTOPBIX
[IPU JIOHOIIEHHOM CPOKEe GEPEMEHHOCTH BO3MOSKHbI IIEPUHATAIIBHBIE HAPYIIEHUS JIUIIUIHOTO 0OMEHa.

Kmoueesvte cnosa: 1060poscoerinie; 2eCmauuontblil 603PACITL; MPUIUUEPUObL; XOLECTNEPUH; TUNUObL HUSKOU U 6bL-
COKOUL NJIOMHOCMU

The purpose of the study. To study parameters of the lipid metabolism in newborn infants to identify general
patterns depending on the gestational age.

Materials and methods. The course of pregnancy and its outcome was analyzed in 286 women who gave birth
to 323 infants; 89 of them were born in multiple pregnancies. The infants were divided into 4 groups depending on
the gestational age. Levels of cholesterol (C), triglycerides (TG), low-density lipoproteins (LDL) and high-density
lipoproteins (HDL) were tested in the central venous blood immediately after birth and on the 5th day of life.
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Results. Hypotriglyceridemia below 0.2 mmol /I was typical for 31.3% of the newborns; a TG level within the
range of 0.21—0.5 mmol /I was found in 43.3% of infants, i.e. the perinatal production of TG was decreased in 76.6%
of infants. The perinatal TG production depended on the infant's gestational age: the smaller it was, the lower TG
blood level was in infants at birth. At the gestational age of 25—33 weeks, the perinatal TG production was low in
most newborns. The perinatal production of the lipid metabolism parameter was increased with the increase of the
gestational age. The TG blood level increased rapidly at the gestational age of 37 weeks. The postnatal TG production
in the blood of newborn babies had no dependence on the gestational age strating from the gestational age of 31
weeks and more. Hypercholesterolemia and lower both LDL and HDL levels were found in newborns of all groups
at birth; no significant intergroup differences in concentration of C, HDL or LDL were observed (P>0.01).

Conclusion. The state of the lipid metabolism in the newborns in the perinatal period depends on the gestational
age and the birth weight. Low TG production is typical for small premature infants with a low and extremely low
birth weight due to physiological immaturity of organs and systems. The peculiarities of the prenatal morphogenesis
make an adequate lipid metabolism possible by the full-term gestational age only. An abnormal course of pregnancy
impairs normal triglyceride, C, LDL and HDL production. The greatest changes of the tested parameters are typical
for small immature infants with a gestational age of 25—31 weeks. This age is associated with a high incidence of the
respiratory distress syndrome. Deficiency of buffer bases affects the TG production at birth; the pH value and blood
oxygen tension at birth affect the C level. The production of lipid metabolism parameters increases with the increase
of the gestational age. There are certain individual characteristics in newborns who may have perinatal disorders of

the lipid metabolism at the full-term gestational age.

Keywords: newborns; gestational age; triglycerides; cholesterol; low- and high-density lipids
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BBenenue

B Hacrostiiee BpeMst yiesisietcst 60JIbIIoe BHUMA-
HUe U3Y4eHHIO JIMIIHUAHOrO 0OMeHa IIpu GepeMeHHOCTI
Uy HOBOPOK/IEHHBIX B PAHHEM HEOHATAILHOM TIePHO-
ne. XoJieCTepuH U TPUTJIATIEPUIBI SBJISAIOTCS BasKHE-
HIMMU KOMIIOHEHTaMMU JIMIIHOIOo 06MeHa, obecrieun-
Baole HeOOXOAMMBINA JIMIUAHBIA MeTaO0JIn3M,
MOJIHOIIEHHOE Pa3BUTHE SMOpUOHA U 1ioa. V3yde-
HUe TPAHCHOPTA JIMIUIOB OT MATEPH K ILIOLY TO3BO-
JISIET BBISICHUTD, CIIOCOOHA JIN IUCJUTTHIEMUST MATEPU
BBI3BIBATD HApYyIienue GyHKIUI OPraHOB Y HOBOPOK-
JIEHHBIX B PAHHEM [TOCTHATATIBHOM IIEPUOJIE.

HekoTopble aBTOPbBI CYUTAIOT TJIAIEHTY TPAHC-
MOPTHBIM KAHAJIOM [IJIsT JINTTAIOB OT MAaTePH K ILIOLY, Ha
3TOT TPAHCIOPT MOTYT BJIUSITH MaTEPUHCKHE 3a00JI€Ba-
HUSI, B TOM YHCJI€ CBSI3AaHHDIE C JIUMUAHBIM OOMEHOM.
OTHOIIEHUSE MATEPUHCKOTO JIUIIUIHOTO TTPoduiid ¢
JIUIUIHBIM PO UIeM HOBOPOKIEHHOTO 10 CUX MIOP
HEeI0CTATOYHO  u3yuyeHbl. HeKoTopble — aBTOPbI
COOOIIAIOT O HAJIMYKUU TIEPEHOCA JIUTH/IOB Yepes Iia-
LIEHTY, HO 3TOTO HEJIOCTATOUHO, YTOOBI BJIUSTH HA KOH-
LEHTPAIHIO JIUIU/IOB B 11a3Me 1iona. Dusnosoruye-
cKkue U OUOXUMHUYECKHE MEXAaHWM3MbI [ePEeHOca
[UTATEIHHBIX BEIIECTB Yepe3 ILIALEHTY A0BOJIBHO
coxkubl. [1o MHEHUIO HEKOTOPBIX AaBTOPOB, TPUTJIUIIE-
pUJIbI He TIepeHocaTes oT Marepu K 1iony [1]. B pan-
HUX CPOKAX TeCTalUy JUINHHOIEIIOYeYHble TTOIUHeHA-
coiennble skupuble kucaoTsl (AITHZKK) moryt
HAKAILTMBATHCSI B MATEPUHCKOM OPTaHU3Me 1 CTaHO-
BSTCSI IOCTYITHBIMUE [IJIsI TPAHCIIOPTA Yepe3 ILIAIEHTY B
MO3/IHUE CPOKH GepeMeHHOCTH. B 9T0 BpeMst CKOPOCTh
pocTa II0/1a MAKCUMAJIbHA 1 TPEOYETCST I0OCTATOUHOE
kosmuectso JITHIKK nug obecriedenusa ero moJHo-
LEHHOro pocta u pasButus. [lpu atom Bo3HUKaeT
(bU3UOJIOrNYECKAsT TUIIEPIUITNAEMUST, TPUATIATIHIIEPH-
JeMust y Matepr, 00y CIOBJIEHHAS TIOBBIIIEHHON JIUTIO-
JINTUYECKOM aKTUBHOCTBIO B KPOBOH TKanu. Hanmune

Introduction

Currently, much attention is paid to the study of
the lipid metabolism during pregnancy and in new-
borns in the early neonatal period. Cholesterol and
triglycerides are essential components of the lipid me-
tabolism ensuring the required lipid metabolism and
the adequate development of the embryo and fetus.
The evaluation of the transport of lipids from mother
to fetus permits to find out whether mother's dyslipi-
demia associates with dysfunction of organs in new-
borns in the early postnatal period.

Some authors consider the placenta a transport
channel for lipids from mother to fetus; this transport
may be affected by maternal diseases, including those
related to the lipid metabolism. The relationship of the
maternal lipid profile with the newborn's lipid profile
has not been thoroughly studied to date. Several studies
have reported on the passage of lipids through the pla-
centa, but not enough to affect the concentration of
lipids in the fetal plasma. Physiological and biochemical
mechanisms of the passage of nutrients through the pla-
centa are quite complex. According to studies, triglyc-
erides do not pass from mother to fetus [1]. In earlier
gestational ages long chain polyunsaturated fatty acids
(LCPs) may be accumulated in the maternal body and
are available to transport through the placenta in the
later stages of pregnancy. At that, the fetal growth rate
is maximum and requires enough amount of LPCs to
ensure its adequate growth and development. At that,
a physiological maternal hyperlipidemia and triacyl-
glycerolemia occur caused by increased lipolytic activ-
ity in the adipose tissue. The presence of lipoprotein
receptors in the placenta allows lipoproteins transfer
through placenta. The selected fatty acids can be me-
tabolized and diffuse into fetal plasma [2].

Cholesterol is crucial for the development of the
fetus throughout pregnancy because it is an integral
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JIUTIONPOTEMHOBBIX PEIIEITOPOB B ILIALIEHTE TO3BOJISIET
OCYIIECTBJISITHh UX TIAIIEHTAPHBIIT TiepeHoc. Boiiemnen-
HbIE JKUPHBIE KUCJIOTHI MOTYT METabO0IM3UPOBATHCS 1
mudbyHarpoBaTh B IIa3My 1roza [2].

XoJjiecTepuH MMeeT pellaoliiee 3HAYEHUE [T
Pa3BUTHS MJI0/IA HA TIPOTSKEHUU Beell 6epeMeHHOCTH,
T.K. OH SIBJISIETCST HEOThEMJIEMOIT YaCThIO KaXKIOM KJTe-
TOuHOIT MeM6panbl. TT0CKOIbKY GOBITMHCTBO Ty Teil
nepeayr CUTHAJIOB HEOOXOAUMBI JIJIsI POCTA, TIPOJIH-
depauun 1 merabonusma, XC, obecrieunBas MeMOpaH-
HY10 (QYHKIIUIO, HEOOXOAUM JIJIst HOPMAJILHOTO Pa3BU-
T 110718, buocunTes eTasbHOro X0JecTepuHa, a He
HepeHoc X0JleCTePUHA U3 MATEPUHCKUX JIUTIOIPOTEH-
HOB, [10-BUIIMOMY, SIBJISIETCSI OCHOBHBIM MEXaHU3MOM
JUISL YIOBJIETBOPEHYSI TTOTPEOHOCTE M10/1a B TI03/[HUE
cpoku Gepemennoctu [3,4]. ITocae Toro, kak XC cexk-
pETUPYETCs1, OH BhITEKaeT ¢ GazaJbHON CTOPOHBI TPO-
(hobaacTa v MOJKEH JOCTUYD, a 3aT€M MPOHUKHYTH B
9HJIOTEJINAIbHbIE KJIETKH (PeTOoILTalleHTapHOI COCY/IH-
CTOI1 CETH U TIOTIACTb B IJIOJIOBYIO IIMPKYJISIIUIO KPOBU.
Wcnonb3ys yesoBeyeckue MaeHTapHble HA0TEH-
AJIbHBIE KJIETKU, OBLIO MOKA3aHo, 4T sK30reHHbIii XC
CEeKPETUPYeTCs PA3IMYHbIMU AKIENITOPAME. JTOT [1PO-
I[ECC JKECTKO peryJupyercs kiaeTounbiM XC u akTHB-
HOCTBIO PA3JMYHBIX CIIENU(DUIECKUX PEIernTopos [5].
W3amenenne MaTepuHCKOTrO JIMIUIHOTO TIPOQUIIS
CYIIECTBEHHO HE CBSI3aHO CO CPEIHUMU KOHIIEHTPa-
rustmu 061tero X C, IMMONPOTENIOB HU3KO# U BBICO-
KOIi TII0THOCTH, a Takxke TT y HoBOpoXKIeHHbIX [6].

Tpuriuiepuibl IepeHoCTCsT B KPOBB IJI0/1A KAK
juronporentsl [7]. g 95T0ro HeoOXOAMM UX THAPO-
JIU3 B CBOOOJIHBIE JKUPHBIE KUCJOTBI, TIPEK/IE YeM OHU
MOTYT OBITh IEPEHECEHbI Yepe3 CUHIUTHOTPOhoOIACT
nalenTsl. B miasmarnyeckoit MemGpaHe mareHThbl
naeHTUUIIMPOBaHbI iBa Tuma rujpoJas TT: cremnu-
cryeckast IS IJIANIEHTHI THPOJIAa3a U JUIOPOTEN-
HoBad Jyinmasa [8—11].

[Ipu recTo3e BbIpasKeHbI UBMEHEHUST JIUTTUAHOTO
MeTaboJIM3Ma B TKAHEBBIX CTPYKTYPax MJareHTsl. Pas-
BUTIE TeCTO32 BbI3bIBAET HAPYIIIEHNE TKAHEBBIX CTPYK-
TYp XOPUOHA, B YaCTHOCTH, €r0 JIUIUIHOTO CIEKTPA.
lecTo3 cpeqmeii cTeleHn TSKECTU COMPOBOKIAAETCS
JCOANAHCOM JIMITU/IOB B TKAHU XOPHOHA: CHIKEHUEM
ypogust pochommnuaos (DJI) u xomecteposia, MOBbHI-
IIEHUEM Y/IETTBHOTO BECa CBOOOIHBIX KUPHBIX KUCJIOT.
W3menenust Kacaiorest He ToJibKo o6iero XC, HO u
MOHOAIUJITJIUIIEPOJIOB, IUAIIIITIIUIIEPOJIOB ¥ CyMMap-
ueix MJI [12]. AHasoruutbie U3MeHEHUsT BbISIBJICHDI B
Ia3Me KPOBH, 9PUTPOIUTAX HEPEMEHHBIX C TECTO30M.
Yem Tsesiee mporekaer 3abosieBanue, TeM OOJIbIe
BBIPasKEHbI PACCTPOICTBA JIUITHHOTO 0OMEHA He TOJIb-
KO B IIJIa3Me KPOBH, HO ¥ 9PUTPOIUTAX, ILJTAIIEHTE, YTO
06YCJIOBJIEHO YCUJIEHUEM TIPOTIECCOB JIMIOTIEPOKCHIA-
1y u aktuBanuu (ocedosumnaser A, [13].

Coneprkanue JUIIOMPOTEUIOB B IIJIa3Me KPOBU
3/I0POBBIX HOBOPOKJIEHHBIX 3HAUUTEIBHO HUKE, YEM
y B3pOCJIbIX. XapaKTePHOI 0COOEHHOCTHIO SIBJISIETCS
OTCYTCTBUE XUJIOMIUKPOHOB 1 YMEHBIIIEHHOE COJIEPIKA-
HUe JunonporenHoB Hu3kol nimotHoctu (JIITHIT).

part of every cell membrane. Since most of the signal-
ing pathways are needed for growth, proliferation and
metabolism, cholesterol is required for normal devel-
opment of the fetus ensuring the membrane function.
The biosynthesis of fetal cholesterol, rather than the
transfer of cholesterol from maternal lipoproteins, pre-
sumably is the primary mechanism of satisfying the
fetal requirements during the later stages of pregnancy
[3, 4]. When cholesterol is synthesized, it derives from
the basal side of the trophoblast and should reach and
then penetrate the endothelial cells of the fetoplacen-
tal vascular network and get into the fetal circulation.
Using human placental endothelial cells, it has been
shown that exogenous cholesterol is secreted by vari-
ous acceptors. This process is strictly regulated by cel-
lular cholesterol and by the activity of specific
receptors [5]. Changes in the maternal lipid profile are
not significantly associated with average concentra-
tions of total cholesterol, low and high density
lipoproteins, as well as TG in newborns [6].

Triglycerides are transported into the fetal
bloodstream as lipoproteins [7]. This requires their hy-
drolysis into free fatty acids before they can be trans-
ferred through the placental syncytiotrophoblast. Two
types of TG hydrolases are identified in the plasma
membrane of the placenta: placenta-specific hydrolase
and lipoprotein lipase [8—11].

Changes in the lipid metabolism in the placental
tissue structures are marked in gestosis. The develop-
ment of gestosis causes impairment of chorion tissue
structures, in particular, its lipid profile. Moderate
gestosis is accompanied by lipid imbalance in chorion
tissue: decreased levels of phospholipids (PL) and cho-
lesterol, increased proportion of free fatty acids. The
changes are related not only to total cholesterol, but
also monoacylgyicerols, diacylglycerols and total PLs
[12]. Similar changes were detected in the blood
plasma and erythrocytes of pregnant women with
gestosis. The more severe disease is, the more signifi-
cant alteration of lipid metabolism may be found not
only in blood plasma, but also in erythrocytes, pla-
centa due to increased lipid peroxidation and activa-
tion of phospholipase A, [13].

The concentration of lipoproteins in the blood
plasma of healthy newborns is significantly lower than
that in adults. The lack of chylomicrons and decreased
low density lipoproteins (LDL) concentration consti-
tute a typical feature of healthy newborn lipoprotein
fraction. High density lipoproteins (HDL) are the
main class of lipoproteins. There are congenital dys-
lipidemias diagnosed from the first months of the in-
fant's life and caused by the influence of adverse
factors in the perinatal period [14].

Critical pH and lactate values, blood buffer base
deficiency, hypotriglyceridemia, and hypocholes-
terolemia are pathognomonic for development of peri-
natal shock in newborns. Rapidly emerging
respiratory failure combined with severe impairment
of the metabolism (hyperlactatemia, base deficiency,
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OCHOBHOI1 KJ1acC JIUTIONPOTENHOB — 9TO JIUTIOIPOTEH-
HbI BeicoKol TioTHOCTH (JITTBIT). Beigersior Bposk-
JeHHBIE TUCTUTTUIEMUN, KOTOPbIE BBISIBJISIOTCS C TIep-
BBIX MECAIEB JKU3HU pebeHKa W 00YCIOBJICHDI
BO3/IeicTBIEM HEOIATOTPUSTHBIX (DAKTOPOB B TI€pU-
HaTasbHOM repuoje [14].

Kpurnueckne nokasaresm pH, sakrara, gepurur
GyepHbIX OCHOBAHUIT KPOBY TUTIOTPUTIUIIEPHIEMUST,
TUTIOXO0JIECTEPUHEMUS SIBJISTIOTCST TATOTHOMOHUYHBIMI
7SI PA3BUTHS IIIOKA Y HOBOPOSKAEHHBIX. BbIcTpo dhop-
MUPYIOIIASCS IbIXaTeTbHAsT HEIOCTATOYHOCTb, B COUE-
TaHUU ¢ TIYOOKUMM HapyUICHUAMEM MeTabon3Ma
(runiepnakratemus, jgedUITUT OCHOBAHUN, TUTIOTPU-
TJIUIIEPUAEMHUS, THTIOXOJIECTEPUHEMUST ), PE3UCTEHTHAST
K ITPOBOZIUMOI T€PAITUH, CBUIETETbCTBYET O TSIXKECTH
U ITTATETbHOCTH AaHTEHATATIBHON TUTIOKCHH, U STBJISTIOT-
Cs1 IOKA3aHUSIMU /17151 DPAHHETO TIPOBE/IEHIST BBICOKOUA-
crotHoit ocrussitopHoit (BUO) nekyccTBenHol BeH-
tunsanun gerkux (MBJI). Ipu Beibope pesxxknma MBJT
HEOOXOAUMO YUUTHIBATH CTENEHb JIEKOMIICHCAIUH
MeTabosmaMa, 06OMeHa TPUTIUIIEPUJIOB 1 XOJIeCTEPUHA
y HOBOPOKIEHHBIX [15—17].

B HacTosiiee BpeMst Masio HAyYHBIX UCCJIEI0BA-
HU, MOCBSIIIEHHBIX COCTOSTHUTO JIMTTHIHOTO 0OMEHa Y
HOBOPOXK/IEHHBIX B IepPUHATAJbHOM Tmepuozme. He
copMyTUPOBAHbI OGIIHE 3aKOHOMEPHOCTH WX U3Me-
HEHWI Y HOBOPO’KJEHHBIX B 3aBUCUMOCTH OT TecTa-
IIUOHHOTO BO3PACTA.

[leab paboTel — WccIeoBaHUE TTOKa3aTeIeH
JIMUHOTO 0OMeHa Y HOBOPOJKACHHBIX JIJIST BBISIBIIC-
HUS OOIMX 3aKOHOMEPHOCTEH B 3aBUCHMOCTH OT
TecTaIMOHHOTO BO3PACTa

Marepuaa u MeTo/Ibl

[IpoBesn aHaM3 TedeHust EPEMEHHOCTH 1 ee MCX0/[a
y 286 5KeHINH, OT KOTOPBIX POANIOCH 323 HOBOPOKAEHHBIX
pebenKa, 13 Hux 89 geTeil 0T MHOTOIJIOAHON GePEMEHHOCTH.
[leTeii, B 3aBUCHMOCTH OT WX TeCTAIMOHHOTO BO3PACTa, pa3-
TeJIVJIN Ha 4 TPYTIIBL

e rpymma «A» — oT 54 MaTepeii poaniock 62 HOBO-
POKIEHHBIX C TeCTAIIOHHBIM Bo3pacToM 25—30 Helelb;

* rpynmna «B» — ot 87 matepeii ponrusocs 99 nereit
co cpokoM recraruu 31—33 Henen;

e rpymma «C» — ot 81 marepu poaunocs 104 pe-
GeHKa co CpOKOM recraiuu 34—36 Hejelib;

* rpymma «D» — ot 56 marepeit pouioch 57 HOBO-
POXK/IEHHBIX C TECTAIIMOHHBIM Bo3pacToM 37—41 nezmes.

OcHOBHBIE KJIMHIYECKIE XapaKTePUCTUKN HOBOPOJK-
JICHHBIX TIPEJICTABIEHBI B Ta0JL. 1.

Hosoposkaennsie rpymm «A» u «By, mo cpaBHenuio ¢
netbMu rpyni «C» 1 «D», mMemn 10cTOBEPHO MEHBIINE Te-
CTAIIMOHHBIN BO3pacT, Maccy Tesa mpu posxkaernn (p<<0,01).
Oterka 1o mikasze Anrap OblIa I0CTOBEPHO HIKE Y HOBO-
POKIIEHHBIX TPYIIIBI «A», TIO CPABHEHUIO C JIETbMHU TPYIII
«C» u «D» (p<0,01). B rpynne «D» orMeuanmn MuHIMAJIb-
HYIO YacTOTY OTI€PATUBHBIX POJIOB, IMEJNCh JOCTOBEPHBIE
OTJINYHS TI0 CPABHEHUIO C HOBOPOSKIEHHBIMU JIPYTHX TPYTIIT
(p<0,01). Y GosbHUIMHCTBA HOBOPOK/IEHHBIX OBLIN CBETJIbIE
OKOJIOIIOZTHBIE BO/IBI. MeKOHNATbHBIE OKOJIOTLIIOHBIE BOIBI
JOCTOBEPHO Yallie BCTPEYATNCh Y HOBOPOSK/IEHHBIX TPYTIIIBI
«D» (p<0,01). B iposenennu VIBJI nocToBepHo vaie HyX-

hypotriglyceredemia, hypocholesterolemia) resistant
to the therapy indicates the severity and the long du-
ration of prenatal hypoxia, and are indications for
early high frequency oscillatory (HFOV) mechanical
ventilation (MV). While selecting the MV mode, it is
necessary to take into account the degree of metabolic
decompensation, metabolism of triglycerides and cho-
lesterol in infants [15—17].

There are currently few scientific researches of
the state of the lipid metabolism in newborns during
the perinatal period. General principles of their
changes in newborns depending on gestational age
were not formulated.

The purpose of the study. To study parameters
of the lipid metabolism in newborn infants to identify
general patterns depending on the gestational age.

Materials and Methods

The course of pregnancy and its outcome was analyzed
in 286 women who gave birth to 323 infants; 89 of them were
born in multiple pregnancies. The infants were divided into
4 groups depending on the gestational age:

e Group A: 62 newborns with a gestational age of
25—30 weeks born to 54 mothers;

e Group B: 99 infants with a gestational age of
31—33 weeks born to 87 mothers;

e Group C: 104 newborns with a gestational age of
34—36 weeks born to 81 mothers;

e Group D: 57 newborns with a gestational age of
37—41 weeks born to 56 mothers;

The main clinical characteristics of the newborns are
presented in table 1.

Newborns of groups A and B had a significantly lower
gestational age and birth weight as compared to infants of
groups C and D (P<0.01). The Apgar score was significantly
lower in infants of group A as compared to infants of groups
C and D (P<0.01). In group D, the minimum incidence of
operational delivery was registered; there were no reliable
differences as compared with infants of other groups
(P<0.01). In most newborns, amniotic fluid was clear. Meco-
nium amniotic fluid was more common in newborns of
Group D (P<0.01). Newborns in Group A required the MV
more often as compared with children of groups B and C
(P<0.01). About 10% of infants in each group required
HFOV; no significant inter-group differences were observed
(P>0.01). There were also no significant differences in the
duration of the MV and HFOV (P>0.01).

Inclusion criteria: adverse pregnancy, expected poor
state of an infant at birth.

Exclusion criteria: congenital malformations in the
newborn.

Perinatal risk factors for the newborn: preterm, accel-
erated delivery or oxytocia, abnormalities of labor activities,
operational delivery; abnormalities of placentation and its
complications; pre-eclampsia and eclampsia; oligohydram-
nios, polyhydramnios, amniotic fluid with meconium or
stained with blood; multiple pregnancy, including those oc-
curred through in vitro fertilization [18].

All newborns received professional primary or urgent
care in accordance with the procedure for rendering medical
care in neonatology [18]. All pregnant women received pro-
fessional care in accordance with the procedure for render-
ing medical care in obstetrics and gynecology [19].
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Ta6amua 1. OCHOBHbIE KIMHMYECKHE XaPAKTEPUCTUKH HOBOPOsKAeHubix (M+o; Me, LQ-UQ).
Table 1. The main clinical characteristics of newborns (M+g; I).
Parameters Values of parameters in groups

Group A, Group B, Group C, Group D,

n=62/54 mothers 7n=99/87 mothers 7n=104/81 mothers 7=57/56 mothers

Gestational age, weeks 28.6+1.4* 32+0.8% 34.9+0.8 38.8+1.0
Body weight, grams 1313.4+£342% 1851.2+ 391# 2319.2+£494.8 3372.8£619.6
Apgar score at the 1st minute 3% 4 5 5
Apgar score at the 5th minute 6 6 7 7
Characteristics of amniotic fluid: Light-coloured 47 (75.8%) 80 (80.8%) 95 (91.3%) 32 (56.2%)
Stained with blood 10 (11.3%) 13 (13.1%) 9(8.7%) 1(1.8%)
Meconium 8 (12.9%) 6 (6.1%) — 24 (42%)*
Operative delivery 37 (68.5%) 64 (73.6%) 74 (91.4%) 27 (48.2%)"
Natural childbirth 17 (31.5%) 21 (26.4%) 10 (8.6%) 30 (51.8%)"
Mechanical ventilation 60 (96.8%)* 79 (79.8%) 61 (58.7%) 50 (87.7%)
Duration of the MV, h 113 [40; 168] 90 [47; 168] 108 [50; 192] 91 [57; 136]
HFOV 7(11.2%) 14 (14.2%) 10 (9.6%) 4 (7%)
Duration HFOV, h 33[14; 36] 30 [50; 192] 23[10,5; 46] 32[21; 64]

Note. * — P<0.01 — significance of differences as compared with infants of other groups.

ITpumevanue. s tabu. 1, 2: Parameters — napametpsr; Values of ... in groups — 3nauenus B rpymnmax; mothers — marepu; Gestational
age, weeks — cpox recranmu, negenn; Body weight, grams — macca resia, rpamm; Apgar score at the 1st minute — kasna Anrap na 1-ii/
5-it MuH., 6ar; Characteristics of amniotic fluid — xapaxrep OB; Light-coloured — cetabie; Stained with blood — okparerst kpoBbIo;
Meconium — mekonuasbhbie; Operative delivery — onepartusasie pogsr; Natural childbirth — ecrectsennsie poasi; Mechanical ventila-
tion — MIBJI; Duration of the MV, h — gurensnocts MUBJI, v; HFOV — BUO MUBJI; Duration HFOV, h — gaurensnocts BUO WBJI, u.
# —p<0,01 —1ocTOBEPHOCTH OTJINYHII 110 CPABHEHHIO C HOBOPOSKACHHBIMU J[PYTUX TPYIII.

JQJINCh HOBOPOJKAEHHBIE IPYIIBI «A», TT0 CPAaBHEHHIO C
netpmu rpyni «Bs u «C» (p<<0,01). B mposenennn BHO
WBJI myxpanocs okoso 10% HOBOPOXKIEHHBIX KaKIOi
TPYMIIBI, TOCTOBEPHBIX MEXTPYIIIOBBIX OTJIMYUII He BbI-
asuin (p>0,01). Tax:ke He BBIABUIN TOCTOBEPHBIX OTIMYUI
B rumrtensHoctn UBJI m BHO UBJI (p>0,01).

Kpurepun BKIIOYEHHS B HCCJIe0BaHHE: HeOIaro-
MPUSITHOE TedeHne 6ePeMEHHOCTH, TPOTHO3MPYEMOE TsIKe-
JI0€ COCTOsTHIE pebeHKa MPU POKACHIUH.

Kpurepuii uckiouyeHus: BposkIeHHbIE TIOPOKH Pa3-
BUTHS Y HOBOPOKIEHHOTO.

DakTophl MEepHHATATBHOTO PUCKA JJIST HOBOPOXK/EH-
HOTO: TIPEXKIEBPEMEHHBIE, CTPEMUTEJIBHBIE HJIN OBICTPBIE POJIBI,
QHOMAJINN POJIOBOII JESITEIbHOCTH, OTIePATHBHOE POZIOpaspe-
IITeHNe; AHOMAJINH TIIAIIEHTAINN 1 ee OCJIOKHEHIST; IPEeSKIIaM-
TICHST W 9KJIAMIICHST; OJIMTOTH/IPAMHUOH, TTOJUTHAPAMHIOH,
MeKOHUAJIbHbIE WM OKPAallleHHble KPOBBIO OKOJIOILIOZHBIE
BOJIbI; MHOTOIUIOIHAST GEPEMEHHOCTb, B TOM YHCJIE TIOTyYeHHAsT
C TIOMOITIBIO 9KCTPAKOPIIOPATBHOTO OTLTO0TBOpeH M [ 18].

[Ipu poskIeHNE HOBOPOSKIEHHBIM ObIJTa OKa3aHa 1ep-
BUYHASI WJIM PEAHNMAIlMOHHAs IOMOIIb, B COOTBETCTBUH C
TIOPSIZIKOM OKa3aHMUsI MeUIINHCKON OMOIIH 110 TIPOMUIIIO
«ueonaroJorust» [18]. Bcem GepeMeHHBIM OKa3aHa KBaJH-
dbunnpoBaHHas MeANIMHCKAS IOMOIIb, B COOTBETCTBHH C
TIOPSIZIKOM OKa3aHMUsI MEUIINHCKON OMOIIH 110 TIPOMUIIIO
«aKyIIepcTBO 1 THHEKOJIoTus» [ 19].

B pabore IpUMEHSIIN CIIe/IyIONe METO/BI NCCIEeI0-
BaHILT:

1. AHayin3 aHaMHeCTHYECKUX IAHHbIX TedeH st Gepe-
MEHHOCTH, Ha OCHOBAaHMN KOTOPBIX BBICTABJISJIN BBICOKHI
PHICK Pa3BUTHUS HHTPAHATAIBLHOI THITIOKCHH M POSKIECHI pe-
GeHKa B TSIKETIOM COCTOSTHIN;

2. KumHndeckas OleHKa COCTOSTHUS pebeHKa TpH
POXKIEHIH, BKJIIOYaIomas orenky mno mkasue Anrap (OA) na
1-if u 5-if MUHYyTaX [OCJIE POKACHUST;

3. Yepes 15—20 MUHYT mocje OKa3aHUs peaHnMa-
[IMOHHOI TOMOIIY HOBOPOJKIEHHBIX IIEPEBOIUIN B OT/IelIe-
Hue peaHIManuu. /L71s TpoBeie s NHQPY3MOHHOH Tepain
1 TabOPATOPHBIX NCCIIEIOBAHNUI, B ACEITHYECKUX YCIOBHSIX

The following methods were used in the study:

1. Analysis of the pregnancy history, on the basis of
which a high risk of intranatal hypoxia and delivery of a
child in a poor condition is diagnosed,

2. Clinical assessment of the baby's birth status, in-
cluding Apgar scoring (AS) at the 1 and 5" minute after
the birth;

3. Newborns were transferred to the intensive care
unit 15—20 minutes after the resuscitation care. Catheteri-
zation of v. umbilicalis using a thermoplastic catheter was
performed under aseptic conditions for the infusion therapy
and lab tests. 2 ml of blood was sampled for a complete blood
chemistry test including tests for the concentration of cho-
lesterol and triglycerides;

4. The tests for triglyceride levels in the central ve-
nous blood of newborns during the first hours of life and on
Day 5 were performed using the 400 Sapphir unit, version
1.8 (Tokyo Boeki LTD, Japan). The enzymatic photometric
test with glycerol-3-phosphate oxidase and a reagent kit
Triglycerides DiaS were used;

5. The tests for triglyceride levels in the central venous
blood of newborns during the first hours of life and on Day 5
were performed using the 400 Sapphir unit, version 1.8
(Tokyo Boeki LTD, Japan). The enzymatic photometric test
CHOD-PAP and a reagent kit Cholesterol DiaS were used.

6. The tests for low-density lipoproteins (LDL) lev-
els in the central venous blood of 47 newborns during the
first hours of life and on Day 5 were performed using the
Sapphir 400 unit, version 1.8 (Tokyo Boeki LTD, Japan).
The enzymatic photometric test CHOD-PAP and a reagent
kit BioSystems S.A. were used;

7. The tests for high-density lipoproteins (HDL) lev-
els in the central venous blood of 47 newborns during the
first hours of life and on Day 5 were performed using the
Sapphir 400 unit, version 1.8 (Tokyo Boeki LTD, Japan).
The enzymatic photometric test CHOD-PAP and a reagent
kit HDL-C Immuno FS*DiaS were used;

8. Statistical data processing was carried out using
the Statistica 6 software (USA). The differences were con-
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Ta6amua 2. /lunaMuKka noKasaTeiei JUIUAHOro o0MeHa y HOBOPOKaAeHHbIX (M+0).
Table 2. The dynamics of lipid metabolism parameters in newborn infants (M+0).

Parameters Values of parameters in groups
Group A, n=62 Group B, n=99 Group C,n=104  Group D, n=57

TG, Day 1, mmol/I 0.3+0.2 0.31£0.2 0.4+0.27 0.7+0.4%
TG, Day 5, mmol/I 0.8+0.2%## 0.9+0.2* 1.2+0.5* 1.5+0.7*
Cholesterol, Day 1, mmol/I 1.6+0.5 1.7+0.7 1.6+0.6 1.4+0.5
Cholesterol, Day 5, mmol/I 2.6+0.8*## 3.4+1* 3.2+1.0* 3.6+1.0*
HDL, Day 1, mmol/] 0.7+0.2 0.7+0.3 0.7£0.3 0.6+0.3
HDL, Day 5, mmol /I 1£0.02 1.0+0.3* 1+0.3* 1.0£0.4*
LDL, Day 1, mmol/I 1.0+0.01 1.0+0.6 0.8+0.4 0.8+0.4
LDL, Day 5, mmol/1 1.5+0.7 2.0+0.8* 2.2+0.6* 2.0+0.6*

Note. * — P<0.01 — significance of differences as compared with the 1% day of life; * — P<0.01 — significance of differences as com-
pared with newborns in groups A and B; ** — P<0.01 — significance of differences as compared with infants of other groups.
Ipumevanue. /[ns tabu. 2, puc. 2: TG — TT; Day — cyrku; Cholesterol — XC. * — p<0,01 — 10cTOBEpHOCTb OTJUYUH 110 CPABHEHUIO
¢ 1-mu cytramu xusnu; * — p<0,01 — 1ocTOBEPHOCTD OTIMYMII IO CPAaBHEHUIO C HOBOPOKAeHHBIMY TpynTt A u B; #* — p<0,01 —no-
CTOBEPHOCTD OTJINYHIT IO CPABHEHUIO C HOBOPOK/IECHHBIMU JIPYTUX TPYIIIL.

BbIOJHsAM Katerepusanuio v. Umbilicalis Tepmoriactny-
HBIM KateTepoM. [1Jist oTHOro GUOXUMITYECKOTO UCCIIe/0-
BaHUs, BKJIOYAIOIIETO OINpeJeseHre KOHIEHTPAIH
XOJICCTEPUHA U TPUTJIUIEPUIOB, OCYIIECTBISAIN 3a60p
KpOBH B 00beMe 2 MJI;

4. OrmpesiesieHrie KOHIIEHTPAIIUN TPUTJIUIIEPUIOB B
LEHTPAJBHOI BEHO3HOW KPOBU HOBOPOJKIEHHBIX B TIEPBBIE
YJachl TIOCTHATAILHO JKU3HI ¥ HA 5-€ CYTKU KU3HU [TPOBO-
vt Ha anmapate SAPPHIR 400, sepcust 1.8 (Tokyo Boeki
LTD, Japan). Vcnonb3oBanu ¢epMeHTaTUBHBIN (HOTOMET-
PHYECKUH TecT ¢ Tiutepo-3-pocdarokcnmasoit, Habop pe-
arentos Triglycerides DiaS;

5. Ompefesienne KOHIEHTPAIIMK XOJECTEPUHA B
LEHTPAJBHOI BEHO3HOW KPOBU HOBOPOJKIEHHBIX B IIEPBBIE
Jachl TIOCTHATAILHO JKU3HI M HA 5-€ CYTKU KU3HU [TPOBO-
vt Ha anmapate SAPPHIR 400, sepcust 1.8 (Tokyo Boeki
LTD, Japan). Mcnonb3oBanu ¢epMeHTaTUBHBIN (HOTOMET-
puueckuii Tect «CHOD-PAP», nabop pearentos Choles-
terol DiaS;

6. Ormpesesienrie KOHIEHTPAIUN JIUIIONPOTENIOB
uuskoit mimotnoctu (JIITHIIL, LDL) B mentpanpHOit BeHO3-
HOI KPOBH 47 HOBOPOJK/IEHHBIX B IIEPBBIE YACHI TTOCTHATAIIb-
HOU JKU3HU U HA 5-€ CYTKU JKU3HH POBOJIMJIN HA alliapare
SAPPHIR 400, sepcus 1.8 (Tokyo Boeki LTD, Japan). Wc-
MOTb30BAMN  (PEPMEHTATUBHBIN (HOTOMETPUYECKUH TecT
«CHOD-PAP», nHabop pearentos BioSystems S.A.;

7. OmnpenesneHre KOHIIEHTPAIIH JITTOIPOTENI0B BbI-
cokoit iotHoctH (JIIIBII, HDL) B rienTpasbHoii BeHO3HO
KPOBU 47 HOBOPOKIEHHBIX B IIEPBBIE YACHI TIOCTHATAIBHOI
SKM3HU 1 Ha 5-€ CYTKU JKU3HU MPOBOANIIN Ha armapate SAP-
PHIR 400, Bepcus 1.8 (Tokyo Boeki LTD, Japan). Vcmomib-
30Ba  (hepMEHTATUBHBIN  (HOTOMETPUYECKUN  TECT
«CHOD-PAP», nabop pearerroB HDL-C Immuno FS*DiaS;

8. Crarucrnyeckyio 06paboTKy AAHHBIX TIPOBEJIH €
romoIibio mporpammbl Statistaca 6 (USA). Otamuns cun-
TaJIM IOCTOBEPHBIMHU MDY YPOBHE CTATUCTUYECKOI 3HAYM-
moctu p<0,01.

Pe3ysbrarhl 1 00CyKA€eHHE

Jlannble 1aGOPaTOPHBIX MCCAEL0BAHIIL Y HOBO-
POKIIEHHBIX IIpe/IcTaBIeHbl B Tabsuie 2. TIpu poxie-
HUU Y HOBOPOXKJICHHBIX BCEX TPYII OTMEYAJH TUTIOT-
PUTJIUAIIEPUIEMUIO, IOCTOBEPHO HU3KOE CO/lEPIKAHME
TT B kpoBU y feTelt rpytit «A» u «By, 110 cpaBHenuio
¢ narmenTamu rpyii «C» u «D» (p<0,01).

sidered significant when the level of the statistical signifi-
cance was P<0.01.

Results and Discussion

Lab test findings of newborns are presented in
Table 2. At birth, newborns of all groups presented hy-
potriglyceridemia, significantly low TG concentration
in the blood of infants of groups A and B compared
with patients in groups C and D (P<0.01).

A detailed analysis of the TG blood concentra-
tion was carried out (Fig. 1). The most important ref-
erence values for the TG blood concentration were
determined:

¢ less than 0.2 mmol/1; 0.21—0.5 mmol/1;

¢ 0.51—0.99 mmol/I;

* more than 1.0 mmol/l.

A critically low TG level (less than 0.2 mmol /1)
was typical for 50% of newborns in group A; in 30.6 %
of infants in this group, the TG concentration was
within 0.21—0.5 mmol/l; in 16.1% of newborns, the
tested parameter was determined within 0.51—0.99
mmol/l and in 3.2% of infants the TG blood concen-
tration was more than 1.0 mmol/I.

In group B, the TG concentration of less than 0.2
mmol /I was typical for 42.4% of infants; in 43.4% chil-
dren, the TG concentration was within the range of
0.21—0.5 mmol/l; in 13.1% of patients it was within
0.51—0.99 mmol/l, and in 1% of cases the TG level
was more than 1.0 mmol/I.

In group C, the TG level of less than 0.2 mmol/1
was registered in 25% of newborns; in 51% of cases,
the value of the analyzed parameter was 0.21—0.5
mmol/l; in 21.2% of infants, triglyceridemia was
within the range of 0.51—0.99 mmol/l and in 2.8% it
was more than 1.0 mmol/I.

In the group D, critically low TG levels were
found only in 3.5% of newborns; in 43.9% of infants,
the TG level was within 0.21—0.5 mmol/I; for 35.1%
of infants, the TG concentration of 0.51—0.99 mmol /1
was typical; and in 17.5% of infants the TG level was
more than 1.0 mmol /1. Hypotriglyceridemia below 0.2
mmol/l was typical for 31.3% of the newborns; a TG
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[Tposenu oapobHbIil anamu3 cogep:kanust T B
Kposu y neteii (puc. 1). Beigeauan nanboJiee 3Haun-
Mble pedepeHcHble 3HaYeHUs cojepxkanus TI B
KPOBI:

» wmenee 0,2 mmoun/ir; 0,21—0,5 MMoutb/I1;

* 0,51—0,99 mmoub/1;

e Goxee 1,0 MMOJIB /1.

Kpurnueckn nuskoe conepsxanue TT (menee 0,2
MMOJTb/JT) XapaKTepHO st 50% HOBOPOKIEHHBIX TPYTI-
bl «A», y 30,6% neteit aToit rpyribl KoHrenTpanus TT
Haxojmsach B npeaenax 0,21—0,5 mmoan/m, y 16,1%
HOBOPOSK/IEHHBIX UCCJIETyeMBI TOKA3aTeb OTIPe/IeIsLIN
B ipezesiax 0,51—0,99 mmvorb/ u'y 3,2% meteit conep-
skarve TT B kpoBu cocrasJisiio Gosee 1,0 MMOIIb /JL.

B rpymnme «B» wonmnenrpanms TT menee 0,2
MMOJIb,/JT Oblyla XapakrepHa st 42,4% nereit, y 43,4%
conepskanue TT waxommmoch B mpenpenax 0,21—0,5
mMmoutb/ a1, y 13,1% marmentos — 0,51—0,99 Mmmoutb/i 1
B 1% ciyuaes conepskane TT 6bu10 Goee 1,0 MMouth,/I.

B rpymmne «C» conepxanue TI menee 0,2
MMOJIb,/JT 3APETUCTPUPOBATIN Y 25% HOBOPOKIECHHBIX,
B 51% ciyyaeB BeJMUMHA MCCIIEYEMOTO MTOKA3aTe s
cocransiia 0,21—0,5 mmoss /1, y 21,2% — Tpuriauiie-
pueMust Haxouaach B pezesiax 0,51—0,99 mmourb /i
uy 2,8% — 6onee 1,0 MMOJIB /1.

B rpymne «D» kxpuTtnyeckn HU3Koe conep:ranue
TT ormerunu ToibkO y 3,5% HOBOPOKAECHHDBIX, Y
43,9% neteii conepskanue TT Haxonmnmoch B pesesiax
0,21—0,5 mmoub /1, st 35,1% mereii GbLIO XapaKTep-
Ho cogepskanne TT ot 0,51 10 0,99 mmosb/nuy 17,5%
cozpepxanue TT 6b110 Gosee 1,0 MMoJIb/J1. BisiBrIN
Takske, 4To st 31,3% HOBOPOXKAEHHBIX XapaKTepHa
runiotpurautiepunemus mernee 0,2 MMOJIb/J1, cOfiepKa-
nue TT B xpoBu B mnpemenax 0,21—0,5 MMoib/J
BoIBIMIN Y 43,3% neteit, T.e. y 76,6% Oblia CHIKEHA
nepuHaTajgbHasg npoaykiust TT.

[TpoBeieHHbII KOPPENIATMOHHBIN aHAJIN3 TTOKA3aJ
HaJINYWe TIPSIMOIT CBSI3U CPEIHEH CIIIBI MEXKITY CPOKOM
recTaluu, Maccoil Tesa u conepxanueMm TT B kpoBu
HOBOPOsKIEHHBIX 11pH poskaenuu (r=0,35; p=0,0000).

VccnenoBanue mokasasno, 4TO TiepUHATATIbHAS
npomykist TT 3aBUCHT OT TecTalMoOHHOTO BO3pacTa
peberKa, YeM OH MEeHbIITE, TeM Hike comepskanve TT B
KPOBH Y HOBOPOXKIEHHBIX ITpu poskaennu. [Ipu cpokax
recrarmm 25— 33 Hezesv nepuHaTaibHast mpoyKist TT
HU3Kast y GOJIBITMHCTBA HOBOPOKICHHBIX. C yBeIMYeHH-
€M CPOKa TeCTaIlny yBeJTUYIBAETCS TIEPUHATATBHAS TIPO-
JYKIUST UCCIIEYEMOT0 MOKA3aTeJIst INTHIHOTO OOMEHA.
Conepsxarme TT B KpoBr GHICTPO BO3PACTAET MPH JIOCTH-
JKEHWH TeCTallMOHHOTO Bo3pacta 37 Hesesib (puc. 2).

Teuenne paHHETO HEOHATATHHOTO TIEPUOJIA
XapaKTepu30BaIoch yBenmdenueMm mpoxykimu TT.
(tabu. 2). K 5-M cyTKaM MOCTHATaJIBHOTO BO3pacTa y
HOBOPOKIEHHBIX BCEX TPYIII TIPOU3OIIEN OCTOBED-
ubiit poct TT, o cpaBHeHuio ¢ 1-Mu cyTKaMu KU3HU
(p<0,01). Cropoctb npupocra Gblia pasamytoii. Hau-
GOJIBITIUIT TPUPOCT OBLIT XapaKTEPEH JIJIsT HOBOPOSK/ICH-
HbIX rpyni «B» 1 «Cy, y aux copepxanne TT B kpoBu
yBeJIMuniIoch B 2,9 pasa, y seteil rpymibl «A» KOH-

||
% Triglycerides blood concentration:
o [ <0.2 mmol/1 [10.51-0.99 mmol/1
W 0.21-0.5mmol/l [T >1.0 mmol/1
50
4“ 1
30 1

20

Groups

Puc. 1. Pacnpenesenie HOBOPOK/IEHHBIX B IPYNIAaX, B 3aBUCH-
MOCTH OT COJl€P>KaHMsI TPULIUIEPUIOB B KPOBH.

Fig. 1. Distribution of newborns in groups depending on the
triglycerides blood concentration.

Ipumevanue. [[ust puc. 1, 3: Groups — rpymmst. Triglycerides blood
concentration — KOHI[EHTPAI[ISI TPUTTUIIEPHUIOB B KPOBH.

level within the range of 0.21—0.5 mmol /1 was found
in 43.3% of infants, i.e. the perinatal production of TG
was decreased in 76.6% of infants.

The correlation analysis showed a direct moder-
ate correlation between the gestational age, birth
weight and the TG blood level in newborn infants at
birth (=0.35; P=0.0000).

The study demonstrated that the perinatal TG
production depends on the infant's gestational age: the
smaller it is, the lower TG blood level is in infants at
birth. At the gestational age of 25—33 weeks, the peri-
natal TG production is low in most newborns. The
perinatal production of the lipid metabolism parame-
ter increases with the increase of the gestational age.
The TG blood level increases rapidly at the gestational
age of 37 weeks (Fig. 2).

The early neonatal period was characterized by
an increase in the production of TG. (Table 2). By the
5% day after birth, there was a significant increase of
the TG level in infants of all groups as compared with
the 1st day of life (P<0.01). The rate of increase var-
ied. The maximum gain was typical for newborns in
groups B and C; the TG blood concentration increased
by 2.9-fold; in infants of group A, the TG concentra-
tion increased by 2.6-fold; the smallest increase was
observed in patients of group D (by 2.1-fold). A sig-
nificantly low TG level was typical for infants of group
A as compared with children of other groups (P<0.01).
The postnatal TG production in the blood of newborn
babies has no dependence on the gestational age at the
gestational age from 31 weeks or more.

Hypercholesterolemia, low LDL and HDL levels
were found in newborns of all groups at birth; no sig-
nificant difference in the tested parameters between
groups was found (P>0.01). By the 5" day after birth,
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Puc. 2. Cpenune 3HaueHHsT KOHIEHTPALUH TPUTJIHIIEPH/IOB B 3a-
BHCHMOCTH OT I€CTalOHHOTO BO3PAacTa.

Fig. 2. Average values of triglycerides depending on the gesta-
tional age.

IIpumeuanue. Age, w — HeJlesH.

nenrtpanusa TT yBesuniace B 2,6 pasza, HaUMeHbIITN I
pUpoCT ObLI y HareHToB rpyimbl «D» — 2,1 pasa.
JUJ1s1 HOBOPOSK/IGHHBIX TPYIIIBL «A» GBIIIO XapaKTepHO
JIOCTOBEPHO HU3KOoe cofep:kanue TT 1o cpaBHeHUIO C
nerbmu apyrux rpymi (p<0,01). IToctHatanbHas mpo-
nykiug TT B KpoBU HOBOPOKIEHHDBIX He UMeeT 3aBU-
CUMOCTHM OT TeCTAI[MOHHOTO BO3pacTa IIPH CPOKe
rectaiuu ot 31 Heznesnst u 6oJee.

[Ipu poxzeHun y HOBOPOKICHHBIX BCEX TPYIIII
OTIPE/IEJISANIN TUIIOX0JIECTEPUHEMUIO, HU3KOE COJep-
skanue JIITHIT u JIIIBII, mocToBepHBIX OTJAMYUIL
HcCJeyeMbIX ToKasaTesell MeX[y TpyliamMu He
sorasuin (tabu. 2) (p>0,01). K 5-M cyrkam mocrHa-
TaJbHOTO BO3PACTA Y HOBOPOXKAEHHBIX BCEX TPYIIII
rpousotien 1ocToBephbiil pocT XC, 110 CpaBHEHUIO C
1-mu cyrkamu xxusznum (p<<0,01). B xouie pannero
HEOHATAJIBHOTO [epro/ia IPOU3O0IIEJT J1OCTOBEPHbBI
poct JIITHII u JITIBIT y HOBOpOXAEHHBIX TPYTI « By,
«C» u «D» (p<0,01). /lsis1 HOBOPOK/IEHHBIX IPYIIIIHI
«A» xapaktepna cumkennas npoaykius X C, JITTHIT
u JIIIBII, BbISBJIEHDBI JOCTOBEPHBIE OTJIUYUS HCCTIe-
JIyeMBIX ITOKa3aTeJield, 10 CPaBHEHUIO C IETbMU IPY-
rux rpymi (p<<0,01).

[Ipu mpoBezieHnK KOPPEIAIIMOHHOTO AaHAIN3A Y
HOBOPOK/IEHHBIX TPYIIIBI «A» BBISBICHBI KOPPEJIs-
IUOHHbIE CBA3U U MOJIy4€HO ypPaBHEHUE PETPecCuu:

* OTpUIATeIbHAS KOPPEJAIMOHHAS CBSA3b CPE/I-
Heli cUJIbl MesKy fuiutesibHocTeio UBJI u copepskanu-
em TT B nnasme xpoBu rpu poxaennn: =—0,3032;
p=0,0185; y=0,402943861-0,00079223749*x

* IIpsiMas KOppeJsIMOHHAas CBA3b CpelHei
cuiibl My gehunuToM OydhepHbIX OCHOBAHUI 1
yposaem TT npu poxpenun: r=0,2806; p=0,0419;
y=—7,27276485+4,70646887*x

* IIpgMasg KOPPeJANMOHHAs CB43b Cpe/iHei
cubl Mexkry ypoHeM X C 1 TapiinajibHbIM HaIpsizKe-

IRDS, %
2

=
0
A B C D Groups

Puc. 3. 3a6onesaemocts PIICH cpeau HOBOPOIKIAEHHBIX.

Fig. 3. The incidence of IRDS among newborns.

Note. * — P<0.01 — significance of differences as compared with
infants of other groups.

IIpumeuanne. IRDS — P/ICH. * — p<0,01 — focroBepHOCTbD OTJIH-
YUif 10 CPABHEHUIO ¢ HOBOPOKIEHHBIMIL IPYTHX IPYIIIL

there was a significant increase of the cholesterol level
in infants of all groups as compared to the 1st day of
life (P<0.01). At the end of the early neonatal period,
there was a significant increase of LDL and HDL lev-
els in newborns of groups B, C and D (P<0.01). For
infants in group A, a reduced production of LDL and
HDL and cholesterol are typical; significant differ-
ences between the studied parameters were found as
compared with children of other groups (P<0.01).

The correlation analysis identified correlations
in newborn infants of group A and a regression equa-
tion was obtained:

* amoderate negative correlation between the
duration of the MV and the TG concentration in
plasma at birth: r=—0.3032; P=0.0185; y=0.402943861—
0.00079223749*x

» a moderate direct correlation between the
buffer base deficiency and TG levels at birth:
r=0.2806; P=0.0419; y=—7.27276485+4.70646887*x

» a moderate direct correlation between the
level of cholesterol and partial oxygen tension in blood
at birth: 7=0.4669; P=0.0004; y=13.8847761+
32.8288816*x;

» a moderate direct correlation between the
cholesterol levels and pH at birth: 7=0.3105; P=0.0251;
y=7.22037229+0.0573416261*x.

The incidence of IDRS is presented in Fig. 3. The
infant respiratory distress syndrome (IDRS) devel-
oped in the overwhelming majority of infants of group
A; other diseases comprised only 8.1%. In group B, the
IDRS was also most common (57/8%); but children of
these group also presented cerebral ischemia of various
degrees of severity, congenital pneumonia, and other
diseases. The IDRS loses its topicality with the in-
crease of the gestational age; in group C, it comprised
only 11.5%; the incidence of other diseases increased.
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HUEM KHUCJIOpo/ia B KpoBu 1ipu poskaenun: r=0,4669;
p=0,0004; y=13,8847761+32,8288816*x;

* IpsiMasi KOPPEJSIIUOHHAS CBsI3b CpenHeit
cuuibl Mexxry yposaem XC u pH kpoBu nipu posxjie-

HUU; r=0,3105;  p=0,0251; y=7,22037229+
0,0573416261*x.
3aboseBaemocTh  HOBOpOkAeHHbIXx PICH

npejcTaBieHa Ha puc. 3. Y moAasisionero 60Jb-
MIMHCTBA HOBOPOKIEHHBIX I'PYHIBl «A» Pa3BUJICS
pectiuparopubiii guctpecc-cunapom (PICH), npy-
rue 3aboJieBanus coctaBuan Juib 8,1%. B rpymie
«B» Haumbosiee pacrlpoCTpaHEHHBIM TakKKe ObLI
P/ICH (57,8%), Ho y zseteii 9TOl Tpymiibl BCTpeda-
JIICh ¥ TiepebpaibHas UIEeMUsT Pa3JIndHON CTEIeH N
TSIKECTU, BPOJKIEHHAST THEBMOHUS, IpyTie 3a00Je-
Banus. C yBeJMYEeHUEM TeCTAMOHHOTO BO3PacTa
PIICH repsiet cBOI0O akTyasbHOCTbD, B rpyIie «Cy» Ha
€ro JIOJII0 MPUXOAUIOCH ToJbKO 11,5%, yBennunBa-
JIach 4acToTa 3260JIeBAEMOCTH JIPYTUMHU HO30JI0THYE-
ckumu dopmamu. B rpynne «D» zaboseBaeMocTh
PIICH orcyTcrBoBaa, B CTPYKType 3a001€BaeMOCTH
npeobaagaiu: 1epebpaabHas UIeMusi, HeOHATAIb-
HBII ACTIUPAIMOHHBIA CHHAPOM, ApPyrHe OOJe3HU
HeoHaTaJIbHOTO mepuoga. TakuM o6pasom, 3abosie-
Baemoctb P/ICH socToBepHO CHUIKAIACH OT TPYIIIIbI
«A» k rpymne «D» (p<0,01). Eciiu B rpynime «A»
sabonesaemocth PIICH B rpymme «A» cocraBuia
91,9%, To y neteit rpynbl «D» mannast Ho3oJ0THYe-
ckas popma He BcTpeuasach (puc. 3).

[Ipenaranbubiii MopdoreHes peGeHKa PONCXO-
[T TIO OIPE/IeJIEHHBIM 3aKOHOMEPHOCTSIM, COTJIACHO
KOTOPBIM ~ Pa3BUBAETCS  MEPUHATAIBHBIN  OOMEH
BetiecTB. DU3MOJIOTIYECKH TPAHCILIALIEHTAPHBIN TTepe-
XO[I JIUIUIOB OT MAaTePH K IJIOLy OPraHIY€eH, B CBSI3U C
4yeM, B HOPMe IJI0JI C PAHHUX CPOKOB TeCTaIlni HAYMHAET
CHHTE3UPOBATH COOCTBEHHbIE JIUTTH/IBL. JIJIs 4ero 110/
HCIOJIB3YET AIETATHI, KOTOPbIE CBOOOIHO TPOHUKAIOT OT
MaTepu yepes IIaleHTapHbIi 6apbep. AHTEHATATBLHO
cuHTe3 XosecTeprHa wiv guddysrst CBOHOIHOTO X0JIe-
CTEPUHA He TPOUCXOIUT Yepes IianenTy. OTHOCUTe b=
Hble KOHIIEHTPAIK CBOOOJIHOTO XOJIECTEPUHA U JIUTIO-
MPOTEN/IOB MAaTEPHU U TIJIO/IA HE MOTBEPIKAAIOT HATNYNE
rpajiieHTa KOHIEHTPAIH, OJIaronpUsTCTBYIOIIErO
nuddysun cBOGOIHOTO XOJECTEPUHA YePE3 TIIAIIEHTY.
Irepucdprkariust CBOOOIHOTO XOIECTEPUHA 3HAUUTEIILHO
CHW>KeHa y Marepu v riozia [ 2, 3, 20, 21]. VinTencuBHbIii
CHHTE3 JINTIUIOB IIPOMCXOUT B KOHIIE HOPMAJIBHO ITPO-
TeKaroleil GepeMeHHOCTH, B CBA3H C YeM, HEJIOHOIIEH-
Hble HOBOPO:K/IEHHbIE UCITBITBIBAIOT JA€DUIIHT JIMITHI0B
B PaHHEM HEOHATAILHOM MEPUOJIE, YTO 0OYCIOBIEHO
BBICOKMMU TOTPEOHOCTSIMU U HU3KUMU BO3MOKHOCTSI-
MU UX cuHTe3a [4, 22].

Mautblii recTallIOHHBII BO3PACT CBI3aH C HU3-
KUM cojiepKaHueM B KpoBu HOBoposkienubix JITTHIT
u JITIBH. Ha cocrostHue munuaHoro ooMeHa ioja u
HOBOPOJKAECHHOTO BJIMSIOT cCOMaTH4YecKue 3a60eBa-
HUst MaTepu. B ocTaroyHoil IIynoBUHHOI KPOBU HOBO-
POKIIEHHBIX, POXKIEHHBIX OT MaTepeli C TUIIePTEeH3nel,
HabJIIo/1aI0TCs TIOBbIeHHbIe ypoBHU TT, 06ycioBieH-

In Group D, the incidence of IDRS was absent; in the
morbidity structure, the following diseases prevailed:
cerebral ischemia, neonatal aspiration syndrome, other
disorders of the neonatal period. Therefore, the inci-
dence of IDRS significantly decreased from Group A
to Group D (P<0.01). Whereas in Group A the mor-
bidity of IDRS was 91.9%, in Group D this disease was
not observed (Fig. 3).

Prenatal infant morphogenesis occurs in accor-
dance with certain patterns according to which the
perinatal metabolism develops. Physiologically, the
transplacental passage of lipids from mother to fetus is
limited; therefore, normally, the fetus begins to synthe-
size its own lipids starting from the early gestation pe-
riod. For this purpose, the fetus uses acetates, which
freely penetrate from the mother through the placental
barrier. In the antenatal period, transplacental trans-
port of free cholesterol does not occur through the pla-
centa. The relative concentrations of free cholesterol
and lipoproteins in mother and fetus do not confirm
the existence of a concentration gradient, which is fa-
vorable for the diffusion of free cholesterol through the
placenta. Etherification of free cholesterol is signifi-
cantly decreased in the mother and fetus [2, 3, 20, 21].
The intensive lipid synthesis occurs at the end of a nor-
mal pregnancy, therefore, premature newborns lack the
lipids in the early neonatal period due to high demands
and low potential for their synthesis [4, 22].

A small gestational age is associated with low
LDL and HDL blood concentrations. The features of
the lipid metabolism of the fetus and the newborn are
affected by maternal somatic diseases. In residual um-
bilical cord blood of newborns born to mothers with
hypertension, elevated TG levels resulting from ad-
verse perinatal conditions were observed. Elevated
levels of LDL and TG in the residual umbilical cord
blood are typical for children born by mothers with
pre-eclampsia [23, 24].

Hypotriglyceridemia and hypocholesterolemia are
typical for small premature infants with severe perinatal
hypoxia. In addition, decompensated lactate acidosis in
combination with a low TG and cholesterol production
are pathognomonic for the development of shock in
newborns. A correlation between the concentration of
studied parameters of the lipid metabolism and the du-
ration of MV was found [15]. Placental detachment and
discoordination of the labor activity resulting in an
emergency surgical delivery affect perinatal production
of TG and cholesterol. Other factors affecting the TG
blood concentration in newborns are the gestational age
and the birth weight. The lowest levels of TG are typical
to newborns with the gestational age of 22—29 weeks
and extremely low birth weight [17].

It is known that neutral lipids and cholesterol ac-
count for 10—20% of the total number of pulmonary
surfactant lipids; phospholipids comprise 80—90% of
the total amount of the lipids [25—28], and cholesterol
and TG are important components of the surfactant.
Cholesterol plays an important role in the lateral dif-
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Hble HEOJATONPUATHBIM TIEPUHATATIBHBIM COCTOSI-
HusmM. [Tosernrennsie yposuu JIITHIT u TT B octarou-
HOI IIyTIOBUHHON KPOBU XapaKTePHBbI JIJId JieTeil, poK-
JIEHHBIX OT MaTepel ¢ npeakaamiicueii [23, 24].

TunorpuraunepuieMus u ruroxoJiecTepuHeMus
XapaKTEPHBI [IJisI TTYOOKOHEOHOIEHHBIX HOBOPOJK-
JICHHDIX, TIePEHEeCHINX TAKETYIO IIePUHATAILHYIO THIIO-
kcuio Kopme Toro, iekoMIieHCUpOBaHHbIH JIaKTaT-al1[1-
103 B couetanun ¢ Hu3koil npoaykiuein TT u XC
ABJISIOTCS TATOTHOMOHUYHBIMU 7151 PA3BUTHA IOKA Y
HOBOPOJK/JICHHBIX. BbIsiBlIeHa B3aUMOCBSI3b MEXKIY
coJiepsKaHueM MCCIeyeMbIX ToKa3aTeseil JINIUAHOTO
obmena u gumrenbHocTbio MIBJI [15]. Orcnoiika mia-
LEHTBI, [UCKOOPJAMHAIMSA POJOBON JAeATeJIbHOCTH,
HOBJIEKIIINE HKCTPEHHOE OIlepaTUBHOE POJIOpa3pelie-
HUe, BAMAIOT Ha NepuHatagbhyio npoaykuuio TT u
XC. dpyrum dakTopoM, BJAUSIIONUM Ha KOHIIEHTPA-
1uio TT kpoBU y HOBOPOKIEHHBIX, ABJSIOTCS TeCTa-
IIMOHHBIHM BO3paCT U Macca TeJia 11pu poskaennu. Hau-
Gosee Huzkue mokazarean TT xapakTepHbl st
HOBOPO>K/IEHHBIX C TECTAIMOHHBIM BO3pacToM 22—29
HejleJIb 1 9KCTPEMATTbHO HU3KOM Maccoii Tena [17].

W3BecTHO, 4TO HEHTpaIbHbIE JUITUABI U XOJIe-
crepun coctasisior 10—20% ot o61ero KoanyecTsa
JINTIUJIOB JIETOYHOTO cypdakranTa, pochoanmu/ibi-
80—90% [25—28], a XC u TT siBastioTcst BasKHBIMU
KOMIIOHeHTaM# cypdakTanTa. XoJecTepuH urpaet
Ba)KHYIO POJIb B JaTepaibHoil auddy3un Junujios u
6enkoB 1 B (ha30BON OPraHU3aAIMK JIETOYHOTO CyP-
axranra [29, 30] Tak HazbiBaeMas «3peoCThb Jier-
KHUX», CBgI3aHa ¢ (pyHKIMel Jeroynoro cypgakranra
B PaHHUN HEOHATAJIBHBII TEPUOA, YTO OCOGEHHO
AKTYaJIbHO JIJIS1 HEJJOHOILIEHHBIX JleTeil, Be/lb y HUX
cTpyKTypa u hyHKINU cypdaKTanTa elle He CO3PeJIu.
PecriupaTtopublii ucTpecc-cuHAPOM HOBOPOKIEHHO-
TO sABJIsIETCsT HAOOoJIee YacThIM 3a60JI€BAHUEM Y HE/I0-
HOIIIEHHBIX HOBOPOXK/IEHHBIX, aCCOIIMUPOBAH C IIep-
BUYHBIM (KaueCTBEHHBIM M  KOJUYECTBEHHDIM )
necdururom cypdakranTa [17, 31, 32].

3akiaoyeHue

CocrostHue JIMITUAHOTO 0OMEHa Y HOBOPOSK/IEH-
HBIX B IIEPUHATAJBHOM IEPHO/IEe 3aBUCUT OT recTa-
IIMOHHOTO BO3PACTa W MacChl Teja IIPU POKIACHUH.
Husxkag npoaykius TT xapakrepna s riyboKoHe-
JIOHOIIEHHBIX IeTel ¢ HU3KOH M 9KCTPeMabHO HU3-
KOU MacCoi Tesia Ipu POXKIEHIH, 9TO 00YCIOBIECHO
(busmosmornyeckoil HEe3peIOCTHIO OPTAHOB U CUCTEM.
OcobenHocTH MTpeHaTaIbHOTO MOPGOTreHe3a TAKOBBI,
4TO TIOJIHONEHHBIH JUIUAHBIH 0OMEH BO3MOKEH
TOJIBKO B IOHOIIIEHHOMY CPOKY rectaiiuu. [laTosoru-
JyecKkoe TedeHne 6epeMeHHOCTH HapyliaeT HOPMaJib-
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fusion of lipids and proteins and phase organization of
the pulmonary surfactant [29, 30] A so-called «lung
maturity» is related to the function of the pulmonary
surfactant in the early neonatal period, which is espe-
cially important for premature infants because the
structure and functions of the surfactant are still im-
mature. The infant respiratory distress syndrome is
the most common disease in premature newborns is
associated with primary (qualitative and quantitative)
deficiency of surfactant [17, 31, 32].

Conclusion

The state of the lipid metabolism in the new-
borns in the perinatal period depends on the gesta-
tional age and the birth weight. Low TG production
is typical for small premature infants with a low and
extremely low birth weight due to physiological im-
maturity of organs and systems. The peculiarities of
the prenatal morphogenesis make an adequate lipid
metabolism possible by the full-term gestational age
only. An abnormal course of pregnancy impairs normal
triglyceride, cholesterol, LDL and HDL production.
The maximum changes of the tested parameters are
typical for small immature infants with a gestational
age of 25—31 weeks. This age is associated with a high
incidence of the respiratory distress syndrome. Defi-
ciency of buffer bases affects the TG production at
birth; the pH value and blood oxygen tension at birth
affect the cholesterol level. The production of lipid
metabolism parameters increases with the increase of
the gestational age. There are certain individual char-
acteristics in newborns who may have perinatal disor-
ders of the lipid metabolism at the full-term
gestational age.

HYIO TIPOAYKIIUIO TPUTTUIEPUIOB, XOJECTEPUHA,
JINIAZIOB HU3KOM M BBICOKOH motHoctu. Hanbon-
e U3MEHEHUsT UCCIelyeMbIX TToKa3aTeseil Xapak-
TePHBI I TIyOOKOHEJOHOIIEHHBIX JeTell ¢ recra-
IUOHHBIM Bo3pacToM 25—31 Hemesnsa. ITo BoO3pacT
ACCOIMUPOBAH C BBICOKOI YACTOTON PA3BUTHS PECTTH-
paropHoro aucTtpecc-cuuapoma. Ha mpoaykmuio TT
IIPU POKAECHUH BINSIOT AUt Oy(hepHbIX 0OCHOBA-
HUH, Ha coJlepsKanue Xosectepuna — Besmunna pH u
napiuasbHOe HaNPsUKEHNe KUCJI0Poia B KPOBU TIPU
posxknenun. [Ipu yBesnueHnn cpoka rectaiuu 1mpo-
YKL TOKasaTe el TUIUAHOro 0OMeHa yBeInunBa-
ercs. VMmerorcss MHAUBUAYaAJIbHBIE OCOOEHHOCTHU
HOBOPOK/IEHHBIX, Y KOTOPBIX ITPH JIOHOMIEHHOM CPOKe
6epeMeHHOCTH BO3MOXKHBI II€pUHATAIbHbIE HapyIIIe-
HUA JIUIAIHOTO 0OMeHa.
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Cenicuc

IJKcTpaKkoprnopaIbHasi 1€ TOKCUKAIHS
npu a0IOMHUHATBHOM CENCHCE Y OHKOJOTHYECKHX OOJbHBIX

H. /1. Ymakosa, O. 1. Kurt, A. A. Macjios, A. II. MenbIiieHnHa,

PocroBckuii HayuHO-KCCIE0BATENbCKUI OHKOJIOTHYeckuil nucTuTyT Munsapasa Poccnn,
Poccust, 344037, 1. Pocros-na-/lony, yi. 14-s nunus, 1. 63

Extracorporeal Detoxification in Abdominal Sepsis in Cancer Patients
Natalia D. Ushakova, Oleg I. Kit, Andrey A. Maslov, Anna P. Men'shenina

Rostov Scientific Research Oncological Institute, Ministry of Health of Russia,
63 14™ Line Str., 344037 Rostov-na-Donu, Russia

Ien» uccaenoBanus — OIEHUTD JETOKCUKAIIMOHHDIE A(D(MEKTHI UCTIOTB30BAHUS KOJOHOK C MOJUMUKCUHOBBIM
copGeHTOM 1 (DUIIBTPALIMOHHON TE€TOKCUKAIINH € UCIIOJIb30BaHUeM MeMOPaHbl U3 [OJIMMETHIMEeTAKPUIaTa npu ab-
JIOMUHAJIBHOM CETICKCE Y OHKOJIOTHYECKIX OOJIbHBIX.

Marepuan u metozabl. O6¢ienoBanu 226 60JbHBIX OHKOJIOTHYECKUME 3a00JI€BaHUSIME OPTaHOB OPIOIIHOIT 10~
JIOCTH, TIOCJIE0IIEPAIIMOHHBII [IEPHOJ] Y KOTOPBIX OCJHOKHUIICS a0MOMUHAIBHBIM cencucoM. B 50-u cayuasx peru-
CTPUPOBAJHU PA3BUTHE CENTUYECKOTO TTOKA. Y 173-X GOTBHBIX B CTPYKTYPE OPTAHHBIX HAPYITEHU{T THATHOCTHPOBATIH
octpoe moueunoe nospeskaerre (OIIII), y 61-ro — B coueTannu ¢ ocTpbIM pecIMPaTOPHBIM ANCTPECC CHHAPOMOM
(OPIC). Taxectsb cocrostaust no mkane APACHE-II 6buna 26,3+3,3 Ganna, SOFA — 10,2%2,5 6amnos, gSOFA —
4,3+1,8 6asma. MukpoGuosornyeckyio uaeHTudukanmio moaydnau B 155-u (68,6%) caydasx. [loauMukcnHOBY1O
copOIHIo TpUMeHIIN y 86-1 G0JIbHBIX Yepes 2—6 4acoB mocse auarHocTuku cencuca npu EAA soime 0,5. CKkopocThb
kpoBoToka — 80—150 Mur/MuH, amuTenbHOCTS — 120—-240 MuH, KpaTHOCTD — 2—3 cearca ¢ UHTepBaIoM 24 gaca. [Ipu
passutun OIIIT u OP/IC 144-M GOJIbHBIM B KOMILIEKC JIEUEHUST BKIIOUAIH (QUIBTPAIIMOHHYIO IETOKCHKAIUIO C UC-
HOJIb30BAHUEM [MajIn3aTopa ¢ MeMOPAHON U3 TToJMMeTUIMeTakpuaarta. [[eTOKCUKAIMIO IPOBOANIIN B TeueHue 8 —
12 yacoB co cMeHOIt mann3aropa Kaxk/ble 4 yaca.

Pesyabratel. [locsie 3aBepiueHus: COPOIMOHHOTO JIeYeH s OTMETHIIM CTATUCTUYECKU 3HAYNMOE CHUKEHUE TH-
MepTepMUN, JEHKOIINTO3a, HeUTpoduaesa, MPOKaJbIINTOHNHA, TToKazaTeneli EAA-Tecta. Peructpuposanm HopMa-
JIU3ATNIO TEMOIMHAMUKHY, YBETNUeHIe HHeKca oKcurenarm, camkenre SOFA ma 5,6+2,1 6ammos (p<0,05). Yepes
60 munyT ocste 3aBepmenns ¢uasTparonnoil fetokcukanuu PCT u IL-6 B kpoBu cunsummcs ot 6,7+2,7 ar/Ma
110 2,3£0,6 ur/mu 1 ot 7300+7700 /Mot 1o 860+180 rir/mit cootBetcTBenHo (p<0,05). Unaekec SOFA ymensmmiics
Ha 4,1£1,1 6amma (p<0,05).

3akmouenue. [IpumeHeHne MOJIMMUKCUHOBOI cOPOIMUE U (DUIIBTPAIIMOHHON JI€TOKCUKAIIUH C UCIIOJIb30BAHIEM
MeMOpPaHbI U3 MOJTUMETUIMETAKPUIIATA CLIOCOOCTBYET YIIYUIIEHUIO PE3YJIBTATOB JIeUeHUs abJOMUHAIBHOTO CEIIChca
Y OHKOJIOTMYECKUX OOJIbHBIX.

Kantouesvte cosa: aboomunanvivlii Cencuc; NOIUMUKCUHOBAS COPOUUSL; OUANUHAS MEMOPARA U3 NOJUMEMUIME -
makpurama

The purpose is to evaluate the detoxification effects of the polymyxin sorption columns and filtration detoxifi-
cation using polymethyl methacrylate membranes in abdominal sepsis in cancer patients.

Materials and Methods. We examined 226 patients with oncological diseases of abdominal organs complicated
by abdominal sepsis postsurgery. In 50 cases, septic shock was reported. In 173 patients an acute renal injury (ARI)
was diagnosed in the structure of organ failures, of which a combination with acute respiratory distress syndrome
(ARDS) was diagnosed in 61 patients. The severity was 26.3+3.3 points (APACHE-II scale), 10.2+2.5 points (SOFA
scale), and 4.3%1.8 points (qSOFA scale). Microbiological identification was obtained in 155 (68.6%) cases. The
polymyxin column sorption was used in 86 patients 2—6 hours after sepsis was diagnosed with the EAA greater than
0.5. The blood flow rate was 80—150 mL/min; the duration was 120—240 min; the sorption frequency was 2—3 ses-
sions at a 24-hour interval. If ARI and ARDS were developed, detoxification by filtration using a dialyzer with a
BK-1.6F polymethylmethacrylate membrane was included in the complex treatment of 144 patients. The detoxifi-
cation was carried out for 8—12 hours changing the dialyzer every 4 hours.

Results. A statistically significant decreases of hyperthermia, leukocytosis, neutrophilia, procalcitonin, and the
EAA test values were revealed after the completion of the sorption treatment. Normalization of hemodynamic param-
eters, increase of the oxygenation index, and SOFA scoring decrease by 5.6+2.1 points (P<0.05) were found. PCT and
IL-6 blood levels decreased from 6.7+2.7 ng/mL to 2.3+0.6 ng/mL and from 7300+7700 pg/mL to 860+180 pg/mL,

Azpec 171 KOpPECIOHEHIUH: Correspondence to:
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Sepsis

respectively, as determined 60 minutes after completion of filtration detoxification procedure (P<0.05). The SOFA

index decreased by 4.1+1.1 points (P<0.05).

Conclusion. The use of polymyxin column sorption and filtration detoxification using a polymethyl metacrylate
membrane improves the results of treatment of abdominal sepsis in cancer patients.

Keywords: abdominal sepsis; polymyuxin sorption; polymethyl methacrylate dialysis membrane
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BBenenue

«Cercuc — yrpoaronias ;JKU3HU OpraHnHas Juc-
(byHKIIMSA, TPUYMHOI KOTOPOU SBJISIETCS IUCPETYJIsI-
TOPHBIM OTBET oprann3ma Ha undexnuio...» [1]. Pas-
BUTHE CETICHCA COITPOBOKIAETCS HEKOHTPOJIUPYEMBIM
KAacKaJIoM U3MEHEHUH B cucTeMaxX BOCIHAJICHUSA, KOa-
ryssiuy U (bubPUHOIN3A, TIPOUCXOASIIIX OJHOBPE-
MEHHO, KaK ITUKJI aBTOMAaTUYeCKOTO HATIOKEHWS B3au-
MOOOYCJIOBJIEHHBIX TIPOIECCOB € MOCJEAYIOMUMU
HapYIIeHUSMU MUKPOITUPKYJISAIUU U TKAHEBOM OKCH-
reHaIly, pa3BUTHEM MUTOXOHIPUATHHON TUCHYHK-
1UU U MeTabOJMIECKUX PaccTpoiicTs. B pesyibrare
KOMOMHAIMK KJIETOYHBIX, COCYAUCTBIX, MeTaboinye-
CKUX HapyIeHui (hopMUpyeTCcs MOJTMOPTraHHast Heslo-
CTaTOYHOCTD |2, 3]. B 9TuX ycnoBugX Ipu yrHeTeHUN
byuxmii huanosornuecKux 3aIUTHBIX CUCTEM Opra-
HU3Ma 9KCTPAKOPIIOpATbHASA JETOKCUKAIIUSA CTAHO-
BUTCS OJTHUM M3 OCHOBHBIX KOMITOHEHTOB MHTEHCHUB-
HOTO JiedeHus cercuca [4—6].

Jlumonomucaxapua (LPS) sBisercs BaskHBIM
uH(DEKITMOHHBIM TPUTTEPOM Boctiasienus. Jlokazana
KoppeJisiius Mexay KoHienrpaiueir LPS B cucrem-
HOM KPOBOTOKE, YaCTOTOM U CTETIEHBIO BBIPAKEHHOCTH
OPTraHHBIX HAPYIIEHUH, a TAKKEe YPOBHEM JIETAJIBHO-
CTU TIpU TpaMoTpuIlatesbHoMm cercuce [7, 8]. B
MOCJIeTHIE TO/IbI B TEJIAX KYTTMPOBAHUSA CUCTEMHOTO
BosaeiicTBus LPS npruMeHsior MeToibl ero u3dupa-
TEJLHOTO 9KCTPAKOPIOPAJIBHOTO yajdeHus, K KOTO-
PBIM OTHOCUTCSI TIOJIMMUKCUHOBast copOrust [9—12].
B psne MHOTOIIEHTPOBBIX UCCAEOBAHUN TTOKA3aHO,
YTO BKJIIOUEHUE B KOMILIEKC JiedeHusT ablOMUHAIBHO-
rO cercuca copOIiy ¢ UCIOJIb30BAHUEM KOJOHOK C
MOJUMUKCHHOM CIIOCOOCTBOBAJIO CHUKEHUIO aKTUB-
HOCTHU WHLYIIMPOBAHHOTO 9HIOTOKCMTHOM BOCHAJIEHUS,
POCTY BBIKUBAEMOCTH Y IAHHOU KaTeropuu GOJbHBIX.
Bwmecte ¢ TeM, B pa3HbIX NCCIEOBAHUAX CYIIECTBYIOT
pacxosk/ienusi B OlleHKe KJIUHu4YecKuX 3(dekTos
METO/Ia, 9TO MOKET OBITH CBSI3aHO C PA3HOPOHOCTHIO
rpy 6oabHbIx [13, 14].

@opmMupoBanue OpPraHHbIX HAPYIIEHUN [PU
reHepaTu30BaHHOM BOCIAJIEHUM COIMPOBOXKIAETCS
HAKOIJIEHWEM U PACIIPOCTPAHEHUEM 110 BOJHBIM CEK-
TOPaM OpraHU3Ma TOKCUYECKUX SHIOTEHHBIX CyOCTaH-
Uil TPU HECTTOCOOHOCTHU WX a/IEKBATHOTO BBIBE/IEHUST
(busumosiornueckuMu cucTeMaMu JIETOKCUKAIUK. ITO
orpeiesisieT HeOOXOAUMOCTD BKITIOUEHUST B KOMILTIEKC
Jedenns (bUIIBTPAIMOHHBIX METOJIOB JIETOKCUKAIINU
[4]. OcoObbiit mHTEPEC IPH ITOM HMPECTABJISIET UCIIOJb-
30BaHUE JUATU3HON MeEMOPAHbI U3 TT0JIOBOJOKOHHOTO
nosinmepa nosmmMeTuiMerakpuiaara (PMMA). Ctpyk-

Introduction

«Sepsis is a life-threatening organ dysfunction
caused by the body's disregulatory response to infec-
tion...» [1]. The development of sepsis is accompanied
by an uncontrolled cascade of changes in the systems
of inflammation, coagulation and fibrinolysis occur-
ring simultaneously as a cycle of automatic overlap-
ping of interdependent processes with subsequent
disorders of microcirculation and tissue oxygenation,
development of mitochondrial dysfunction and meta-
bolic disorders. Multiple organ failure develops as a
result of a combination of cellular, vascular, and meta-
bolic disorders [2, 3]. Under these conditions, when
the functions of physiological protective systems of
the organism are suppressed, the extracorporeal detox-
ification becomes one of the main components of the
intensive care of sepsis [4—6].

Lipopolysaccharide (LPS) is an important infec-
tious trigger of inflammation. The correlation between
the concentration of LPS in the systemic circulation,
the incidence and severity of organ dysfunctions, as
well as the mortality rate in Gram-negative sepsis
have been confirmed [7, 8]. Over recent years, in order
to inhibit the systemic effects of LPS, methods of its
selective extracorporeal removal are used including
polymyxin sorption [9—12]. Various multicenter stud-
ies have shown that the inclusion of the polymyxin
sorption in the complex treatment of abdominal sepsis
contributes to a decrease of the activity of endotoxin-
induced inflammation, and an increase in the survival
rate in these patients. However, in different studies,
there were discrepancies in the evaluation of clinical
effects of column sorption presumably due to hetero-
geneity of patient groups [13, 14].

The development of organ dysfunctions in gen-
eralized inflammation is accompanied by the accumu-
lation and spreading of toxic endogenous substances
in the aquatic sectors of the body because of inability
of adequate removal of toxic molecules by physiolog-
ical detoxification systems. This determines the ur-
gent need to include methods of detoxification by
filtration into the complex treatment of sepsis [4]. The
use of dialysis membranes of hollow-fiber polymer
polymethyl methacrylate (PMMA) is of a special in-
terest. The structure of a PMMA membrane is sym-
metrical and constant over its entire thickness that
ensures the participation of the entire surface of the
membrane in the detoxification and the implementa-
tion of the following three mechanisms: diffusion, con-
vection and sorption [15]. The effectiveness of the
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Typa MemOpanbl PMMA cuMMeTpuyHa U 0fnHAKOBA
10 BCEHl ToJIIIE, YTO 00ECIIEUNBAET YUACTHE B JIETOKCHU-
KaIliy BCell MOBEPXHOCTH MEMOPAHBI ¥ Peai3alui
TpeX MeXaHU3MOB: 1 y3rn, KOHBEKITUU U COPOTIUY
[15]. 9ddektusroCcTs MeMOparbi PMMA 11pu cercu-
Ce U CEIITUYECKOM IIIOKe OTMEeYeHa B Psijie UCCIIe0Ba-
uuii. Tak O. Nishida et al. (2011) npexcraBuiu pesyib-
TaThl IPUMeHeHUs (DUIIBTPAIIMOHHOI IeTOKCUKAIIUU C
ucronb3oBanreM MeMOpanbl PMMA y 55 G0JIbHBIX.
[Tokazano cumxkenue IL-6 nocie mnepdysuu vepes
¢dbunprp oxHOro 0O6BEMa IUPKYJIUPYIOIIEH KPOBH,
3HAYUTEJbHOE YMEHBIIIEHUE [[03bI IPECCOPHBIX aMU-
HOB B CJIy4asiX Pa3BUTUs CENTUYECKOTO IIOKA, yBe-
suuenne PaO,/FiO, npu cerncuc-wHaynnpoBaHHOM
octpoM pecriupatopHoM auctpecc cunapome (OPIC)
[16]. Taka-aki Nakadaet et al. (2011) 1pu ucnosb3o-
Baruu MeMOparbl PMMA y 60JIbHBIX CEIICHCOM peru-
CTPUPOBANM yMeHblllenne KkouteHTparuun [L-6 B
KDOBH, YJy4YllleHHe II0Ka3aTeJiell reMOIUHAMUKH,
KyIUpOBaHUE TUTIOKCUY, yBesandenne quypesa [17]. B
Ppsijie uccraeoBaHmil oKazaHa a(heKTUBHOCT yae-
HUST IPOBOCIIATIUTEIBHBIX [IUTOKMHOB M3 CUCTEMHOTO
KPOBOTOKA, UTO ITPUBO/IIIIO K CKOPEIIIIeMy BOCCTAHOB-
JIEHWIO TOMEOCTAa3a MPU CEIITUYECKOM IIOKe, a TAKIKe
poTUBOBOCHANNTENbHBIX TUTOKMHOB (IL-10), uyTo
croco6CTBOBAIIO ONITUMU3AIIMHI IINTOKMHOBOTO Haia-
€a, B TOM YKCJIe, U IPU <UMMYHHOM Iapajides, acco-
[UUPYIOTIEMCS CO CHUKeHnEeM MoHolutapHoro HLA-
DR. 911 1aHHbIe UMEIOT PAIIMOHATBHOE 0OBSICHEHE C
TOYKU 3PEHUSI «TUIIOTE3bl MTUKOBON KOHIIEHTPAILIUN,
«IIUTOKUHOBOI TEOPHI» CENCUCA U <I[EITHON peaKiuu
noBpeskaenust» [16, 18, 19].

B nacrosiiiiee BpeMsi cericuc mpustan nanboJiee
yacToil nmpuunHoil HozokoMuasbHoro OIIII. Tocru-
TajbHad jgetaabHocThb npu ceticuce 1 OIIIT nocturaer
70%, uTo TIOYTH B 2 pasa BhIIIE, YeM Y GOJIBHBIX Oe3
OIIII [20, 21]. B nocsiesiame ro/ibl HA OCHOBAHNUU 9KC-
HePUMEHTAIBHBIX M KJIUHUYECKUX WCCJIeOBAHMIT
yTOuHeHbI atorenerndeckre Mexaunusmbl OIIIT mpu
cenicuce. Pazsurtue OIIII siBsisieTcst cnenctBreM Hapy-
IIEHVSI TeMOIUHAMUKHY 1T0YeK ¢ (POPMUPOBAHUEM KOP-
KOBOI1 TUTIONIEPMY3UN U MEYJUISIPHOTO MIE€PENOJIHE-
Hug; IpaMoro B3aumozeilictsus LPS ¢ kieTouynbiMu
CTPYKTYPaMU MOYEK; aKTUBAIMH NMMYHHBIX KJIETOK,
COTIPOBOSK/IAIOIIENCST MACCUBHBIM BHIOPOCOM BOCITATIN-
TEeJIbHBIX IUTOTOKCHYECKUX MOJIEKYJT; SHIAOKPHHHOI
JIICPETYJISIIN; B3AUMOOTSTOIMIAIONIIX [TePEKPECTHBIX
BO3/IENICTBUII CUCTEMHOIO BOCHAJIEHUSI, TIOJTHOPTaH-
ubix Hapymenuit u OIIII [22—26]. DTo onpenensier
MAaTOreHETHYECKY 10 0O0CHOBAHHOCTD HauasIa pUMeHe-
HUsT QUIIBTPAIIMOHHON IETOKCUKAIIUY HA PAHHUX 9Ta-
nax cerncuc-accoruuposanroro OIIII, a Taksxke BeiGOpa
MeTOJIa ¥ IHAT3HON MEMOPAHDI C YYETOM IaTOreHe-
TUYECKUX MEeXaHu3MOB ero pa3Butus. OnHAKO B
HACTOsIIIee BPEMsI 9TU BOTIPOCHI OCTAIOTCS ITPEAMETOM
Hay4HBIX IMCKYCCUI, a UX pelienne TpebyeT raabHei-
MIUX HAYYHBIX UCCJIEIOBAHUI.

[Lesb iccoteOBaHUST — OIIEHUTD € TOKCUKAIMOH-
Hble 9 DEKTHI MCITI0JIB30BAHMS KOJIOHOK C TIOJTMMUK-

PMMA membrane in sepsis and septic shock was re-
ported in a number of studies. For example, O. Nishida
et al. (2011) presented the results of the use of filtra-
tion detoxification using the PMMA membrane in 55
patients. A decrease in the IL-6 level after perfusion
of one volume of circulating blood through the filter,
a significant reduction in the dose of pressor amines in
cases of septic shock, an increase in PaO,/FiO, in sep-
sis-induced acute respiratory distress syndrome
(ARDS) were demonstrated [16]. Taka-aki Nakadaet
etal. (2011) reported a decrease of IL-6 concentration
in blood, improvement of hemodynamic parameters,
relief of dysoxia, and an increase of the urine output
when PMMA membrane was used in patients with
sepsis [17]. A number of studies had shown the effec-
tiveness of removal of (a) proinflammatory cytokines
from the systemic blood flow, which led to early recov-
ery of homeostasis in septic shock, and (b) anti-inflam-
matory cytokines (IL-10), which contributed to the
optimization of the cytokine balance including «im-
mune paralysis» associated with a decrease in mono-
cytic HLA-DR. These data have a rational
explanation from the point of view of «peak concen-
tration hypothesis», «cytokine sepsis theory», and
«damage chain reaction» [16, 18, 19].

Currently, sepsis is considered the most common
cause of nosocomial ARI. The hospital mortality in
sepsis and ARI reaches 70%, which is almost twice as
high as in patients without ARI [20, 21]. Over recent
years, on the basis of experimental and clinical studies,
pathogenetic mechanisms of ARI in sepsis have been
specified. The development of ARI is the consequence
of impairment of renal haemodynamics with the for-
mation of cortical hypoperfusion and medullary over-
flow; direct interaction of LPS with cellular structures
of the kidney; the activation of immune cells, accom-
panied by a massive release of inflammatory cytotoxic
molecules; endocrine dysregulation; mutually compli-
cating cross-effects of the systemic inflammation, mul-
tiple organ disorders and ARI [22—26]. This
determines the pathogenetic validity of the initiation
of the application of the detoxification by filtration in
the early stages of sepsis-associated ARI, as well as the
choice of the method and dialysis membrane, taking
into account the pathogenetic mechanisms of its de-
velopment. However, at present, these issues remain
the subject of scientific discussions and their solution
requires further scientific research.

The purpose of the study was to evaluate the
detoxification effects of the polymyxin column sorp-
tion and filtration detoxification using polymethyl
methacrylate membranes in abdominal sepsis in can-
cer patients.

Materials and Methods

The study included 226 patients (136 men and 90
women) with oncological diseases of abdominal organs aged
54.3+8.7 years, whose postoperative period was complicated
by abdominal sepsis. In 50 cases, septic shock was reported.
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CHHOBbBIM COp6eHTOM n (bH]IpraIIHOHHOfI JETOKCHKa-
MK C UCITI0JIb3OBaHUEM M€M6paHbI N3 IOJIMMETUJIME-
TaKpuJaTa IIpn a6lIOMI/IHaJII)HOM Cercuce y OHKOJIorn-
YecKUX OOJIbHBIX.

MaTepI/IaJI U METO/1bl

B nccnenosanme Brmouniu 226 60abHbIx (136 MysK-
e 1 90 JKEHIIUH) OHKOJOTHICCKUMU 3a00JIeBAHUSIMU OP-
raHoB OpIONIHOI 10/1I0cTH B BO3pacre 54,3+8,7 er,
MOCJICONEPAIMOHHBII TIEPUOJ] Y KOTOPBIX OCJIOKHUICS ab-
JOMUHATBHBIM cericucoM. Y 50 GOJbHBIX PETHCTPUPOBAIN
pasBuTHe cenTHUeckoro moka. B 173 ciyuaax B ctpykType
OPTaHHBIX HAPYIIEHUH INArHOCTUPOBAJIH OCTPOE TIOYETHOE
nospeskaenue (OIIID), B 61 — B coueTannu ¢ oCTPhIM pec-
rmpaTopHbiM uctpecc cuaapomom (OP/[C). Tsxects nc-
xojiHoro cocrosgnus 1o mkaise APACHE-II 6buia 26,3+3,3
Gasna, SOFA — 10,2+2,5 Gamios, gSOFA — 4,3+1,8 Gasuna.

MUKpPOOHOTIOrHYECKYIO HICHTH(HDUKAIINIO IOy YU B
155-1 (68,6%) caydasx. I'pamorpumarespHas nHOEKINS
Oblia npescrasiena Enterococcus faecium, Klebsiella pneu-
moniae, Acinetobacter baumannii, Pseudomonas aeruginosa,
Enterobacter species. Y 146 (64,6%) 60JIbHBIX IMArHOCTHPO-
BaJI MHMEKITMOHHBIN ITPOIlecc CMeNTanHoi aTnosornm. B 82
(36,3%) ciryuasix ObLIN BbIIEJIEHBI TIPOOIEMHBIE IITAMMBI.

Bce 6oJIbHbIE MOTyYaTH CTAHAAPTUIHPOBAHHYIO Tepa-
o [1]. lomosanTtebHO 86 GOMBHBIM B KOMILIEKC JICTCHUST
6blTa BKITOYEHA TTIOJUMUKCHHOBAsT COPOIIUS € MCTOJIb30Ba-
HIEM KOJIOHKU ¢ UMMOOWIIM3UPOBAHHBIM TIOJUMUKCHHOM-B
«Toraymyxin PMX-20 R» («Toray Industries», sInonust). ITo-
JIMMUKCHHOBYIO COPOIIIIO IPOBOIMIIN Yepes3 2—6 4acoB mocJie
mmarrocTukn cerncuca npu EAA soiiie 0,5. CKOpocTh KPOBO-
Toka Gbita 80—150 mu/muH, guresibHocTh — 120—240 MuH,
KpaTHOCTb 2—3 ceaHca ¢ MHTepBaJIoM 24 Jaca.

ITpu passutuu OIIIT 1 OPIC 144-M GOIbHBIM B KOM-
TIeKC JiedeHust Obliia BKIIIOYeHa (DUITBTPAIIOHHAST IETOKCH-
Karwst (TeMOANAIN3, TeMOMIITBTPATIHS, TeMONADUIIBETPAITNS )
C UCTIOJTb30BAHUEM [[HAIM3ATOPA C MEMOPAHON 13 TTOJTMMETII-
merakpunata cepun «BK-1,6 F», amamerp mop 100A
(«Toray Industries», Slnonus). J[eTOKCUKALIUIO TPOBOIMIIK
Ha anmmapare Mysstudunasrpat («Fresenius», lepmanns).
Cocyaucrsiii goctyir — v. subclavia/v. femoralis. Ckopoctb
nepdysuun — 150 mu/gac. CKopocT MoTOKOB cyOcTHTYyaTa
n qramm3aTa coctapssn 1000—-1200 mut/gac. Temapuansa-
s — HePaKIIMOHIPOBAHHBIN TeTIaPHH B 103€, PACCUNTAH-
HOIl € y4eToM IoKaszarteseil aKTHBUPOBAHHOTO YACTHYHOTO
TPOMGOIIIIACTUHOBOTO BPeMeH. [[eTOKCHKAIMIO TPOBOIUIIH
B Teyenue 8—12 4acoB co CMEHOH /nannsaropa Kaxiable 4
yaca, 4To OBLIO CBSI3aHO € BHICOKOH, HO OrPaHUYEHHOI Bpe-
MeHeM COPOIMOHHOIT AKTHBHOCTBIO 1 MOSIBJIEHUEM TPU3HA-
KOB TPOoM0O03a [IHaIn3aTopa.

Hapstjty ¢ o0IekImHnIecKim 06cIe/[0BAHIEM HCCTe-
nosas mpokasbiiTonnH (PCT) 1 ak THBHOCTD 9HIOTOKCHHA
B KpoBU. [IpOKATBINTOHNH OIPeesIsSIIN KOJTMIeCTBEHHBIM
Mmerogom (Brahms Diagnostica GmbH, Tepmanus). Tect Ha
akTUBHOCTD 9HJ0TOKCHHA (EAA) BBITTOMHIIN XeMUTIOMU-
HECIIEHTHBIM MeTOI0M Ha JiioMeHoMerpe Smart Line Tube I1-
luminometer («Berthold Detection Systems GmbH»,
Tepmariist) ¢ UCTOIB30BaHIEM HAOOPA MMMYHO/[HATHOCTIYE-
ckux pearentoB EAA™. VcceseoBaHst TpOBOIIHN TIPH [TV~
arHOCTHKE Cericyca, /0 Hadajla dKCTPAKOPIIOPATBHOI
JeTOKCUKaIMH, 4yepe3 1 1 24 yaca 1mocJie 3aBepIieHus JeTOK-
CHKAI[IOHHOTO JIEYEeHMSI.

JlOTIOTHITETTHHO B T1€JISIX U3Y9EHNS IETOKCUKAITMOHHbIX
a¢dexTon auammzHoi memopatbl PMMA cepun «BK-1,6 F»

In 173 patients, acute renal injury (ARI) was diagnosed in
the structure of organ impairment, in 61 patients it was di-
agnosed in a combination with acute respiratory distress
syndrome (ARDS). The baseline severity was 26.3+3.3
points according to the APACHE-II scale, 10.2+2.5 points
according to the SOFA scale, and 4.3+1.8 points according
to the gSOFA scale.

Microbiological identification was obtained in 155
(68.6%) cases. Gram-negative infection was represented by
Enterococcus faecium, Klebsiella pneumoniae, Acinetobacter
baumannii, Pseudomonas aeruginosa, Enterobacter species.
Infectious process of a mixed etiology was diagnosed in 146
(64.6%) patients. Problem strains were identified in 82
(36.3%) cases.

All patients received a standard sepsis therapy [1]. Ad-
ditionally, polymyxin column sorption using the Toraymyxin
PMX-20 R column with immobilized polymyxin B («Toray
Industries», Japan) was additionally included in the com-
plex treatment of 86 patients. The polymyxin sorption was
carried out for 2—6 hours after sepsis was diagnosed at EAA
values greater than 0.5. The blood flow rate was 80—150
ml/min; the duration was 120—240 min; the frequency was
2-3 sessions with a 24 hour interval.

With the development of ARI and ARDS, filtration
detoxification (hemodialysis, hemofiltration, hemodiafiltra-
tion) using a dialyzer with a BK-1.6F polymethyl methacry-
late membrane, pore diameter is 100A («Toray Industries»,
Japan) was included in the complex treatment of 144 pa-
tients. Detoxification was carried out using the Multifiltrate
apparatus («Fresenius», Germany). The vascular access was
via V. subclavia/ V. femoralis. The perfusion rate was 150
ml/h. The flow rates of the substituate and dialysate were
1000-1200 ml/h. Heparinization is an unfractionated he-
parin at a dose calculated taking into account the parameters
of activated partial thromboplastin time. Detoxification was
carried out for 8 — 12 hours with a change of the dialyzer
once every 4 hours, which was due to a high but tied for time
sorption activity and the appearance of signs of thrombosis
in the dialyzer.

Along with a general clinical examination, procalci-
tonin (PCT) levels and endotoxin activity in the blood were
studied. Procalcitonin was determined by a quantitative
method (Brahms Diagnostica GmbH, Germany). The endo-
toxin activity assay (EAA) was performed by a chemilumi-
nescence technique on a luminometer Smart Line Tube
[luminometer («Berthold Detection Systems GmbH», Ger-
many) using an EAA™ immunodiagnostic reagent kit. The
tests were carried out while diagnosing sepsis, before extra-
corporeal detoxification, and 1 and 24 hours after detoxifi-
cation treatment.

In addition, a retrospective analysis of filtration detox-
ification of ascitic fluid of patients with ovarian cancer per-
formed to obtain its protein concentrate as a biological
medium for the intraperitoneal chemotherapy was carried
out to determine the detoxification effects of the «BK-1.6 F»
PMMA dialysis membrane. The results of biochemical and
immunological investigations of ascitic fluid and its compo-
nents (protein concentrate and filtrate obtained by its fil-
tration detoxification) and the morphological structure of
protein film-like structures of ascitic fluid and its protein
concentrate were also studied [27—29].

The medium mass molecule count (MMM,s, and
MMM,g,) was studied by a direct spectrometry of depro-
teinized supernatant obtained after protein deposition with
trichloroacetic acid solution at wavelengths of 254 and 280 nm
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TIPOBEJI PETPOCTIEKTHBHBIN aHAIII3 (QHJIBTPAIIMOHHOI IETOK-
CHKAIMH aCIUTHYECKON KUIKOCTH GOJTBHBIX PAKOM STHIHIKOB,
KOTOpast GbLIa BBITIOJIHEHA /15T IOy YeHUsI ee GETKOBOTO KOH-
IeHTpaTa, Kak GHOCPe/Ibl /ISl BHY TPUOPIONTMHHON XUMHOTe-
PaITH. Wsyanin PEe3YJIBTaTHI GUOXUMHYECKOTO,
VMMYHOJIOTHYECKOTO NCCIIEIOBAHUI ACIIUTIHIECKOH JKIIKOCTH
U ee KOMITOHEHTOB — GETKOBOTO KOHI[EHTpaTa 1 (DUJIBETPaTa, [o-
JIyYEHHBIX ITyTeM ee (DUIIBTPAITHOHHON IETOKCHKAIINI;, MOP(Oo-
JIOTHYECKON CTPYKTYpPbl O€IKOBBIX (haluii aciuTHYecKoi
SKUIKOCTH 1 ee GeTKOBOTO KoHIeHTpaTa [27—29].

Conep:xanne mosekys cpenneit maccel (MCMys, n
MCM,yg)) U3yIHIN METOZIOM TIPSIMOY CTIEKTPOMETPHH JIETTPO-
TEeMHU3UPOBAHHOTO CYIEPHATAHTA, ITOJYIEHHOTO TIOCje
OCaK/IEHNUS GETKOB PACTBOPOM TPHXJIOPYKCYCHON KUCIIOTI,
npu gimHax BoaH 254 n 280 uMm [30]. O6iryio (OKA) u ad-
dexTrBHYIO KOHIIeHTpaIuo ansdymuta (DKA) ¢ Berancie-
HUEM Pe3ePBHOI CBSA3BIBAIOIIEH CIOCOOHOCTH albOyMUHA
(9KA/OKA + 100%), mo3Bossiomnieil CyauTh O CTeleHn
copOIMH TOKCUYECKUX JIUTAHJIOB, OIPEEISIN (hITI00pUMET-
prdecknM MetonoM. Koaddumment nHTOKCHKAINT, OTpa-
JKAIONMH GaTaHC MEK/IY HAKOIIEHHEM ¥ CBSI3bIBAHUEM
TOKCHYECKHUX JINTAHJIOB, PACCYUTBIBAIN 10 (opMyJIe:
KW yicmyoka = (MCMys,/OKA) « 1000 [31]. KonnenTparmio
mutokuHoB IL-1a, IL-6, TNF-a, IL-10, IFN-y uccaenosamu
UMMYHODEPMEHTHBIM METOIOM € UCIIOTIb30BAHIEM TECT-CH-
creM («Iurokuny, Cankr-Ilerepbypr). Obiiee KOIMIECTBO
Gesika onpeessiin GuypeToBbiM MeToA0M. [[UToKuHbI 51B-
JIAIOTCS BelllecTBaMK OEITKOBOM TIPUPOIBI ¢ Horee HU3KOi MO-
JIEKYJIAPHOM Maccoii, 4eM aabOyMUH U TJIOOYJIWHBI, |
comepsKarcst B OUOJIOTHYECKIX JKUIKOCTSIX B 3HAUUTENHHO
MEHBIINX KOJINYeCTBAX (M3MEPSIOTCS B IIT/MJI, TOT/IA KAK AJlb-
GyMUH ¥ TJIOOYJIMHBL B T/J1). YUuThIBasA TOT (DAKT, 4TO 0blIiee
KOJIMYECTBO Oesika B aCIUTUYECKON KUIKOCTH OOJbHBIX B
3HAYUTENHHOI Mepe UHIUBUIYAIHHO H MOJKET BAPHUPOBATDH
B IIMPOKUX TIPEZeIaX, B KaXKIOM IIpobe acIiuTHUECKON 5KI/I-
KOCTHU, GEIKOBOTO KOHIIEHTPaTa U (hIJIBTpaTa IIPOBEJIH Tiepe-
cyeT KOHIEHTPALUK IIUTOKUHOB Ha 00IIee KOJINYeCTBO OesKa
U TIOJTYYHIIN 3HAYEHVST UX YAETbHOTO COMeP/KAHUS.

Mopdostorudeckoe ccieoBaHne CTPYKTYPOTIOCTPOe-
HUS TBEPAOTETBHBIX (DaIiii (MJIEHOK ) BBITTOTHIIIT METOJIOM
KJIMHOBU/IHOM feruaparanuu [312]. MukpockonupoBanue
MIPOBEJTH B CBETOBOM M MOJISIPUZAIIMOHHOM PEKMMAX MUKPO-
ckoroM leicaDMLS2.

Craructiyeckyro 06paboTKy pe3yJbTraToB [IPOBEH C
KCII0JIb30BAaHUEM TIporpaMmbl «Statistica 6.0» ¢ Bbruncie-
HueM kputepust goctosepaoctu Crooznenta (£). loctosep-
HBIM cunTaau paszauuue mpu p<0,05.

Pe3ybTarhl 1 00CYy:KIeHHE

[ToTMMUKCITHOBYIO COPOIINIO BKJIIOUNIIA B KOM-
TIIEKC MHTEHCUBHOTO JedeHust y 86-u 6ombHbIx. B
OCHOBY METO/Ia TIOJIOJKEHA HeHTPaTH3aInst TIPU TTOJTH -
MUKCUHOBOI copOIMU GUOJIOTMYECKON aKTUBHOCTH
HH/IOTOKCUHA ITyTEM CBS3bIBAHUS JUMUIA A, KOTOPBIiA
SIBIISIETCST OGJIMTATHBIM KOMITOHEHTOM MOJTEKYJThT LPS,
a TaksKe cOpOIMK aKTUBUPOBAHHBIX HEHTPODUIOB U
npoanonTudeckux Gpaxtopos. Y 78-u GOIbHBIX TIPO-
BeJu 2 cearca copOIMK ¢ MHTEPBaAJIOM 24 daca, B 8
ciydasix — 3, uTo OBLIO 00YCIOBIEHO COXPaHEHHEM
BBIPAKEHHOCTHU 9HIOTOKCEMU.

AHanmu3 KIMHTYECKUX PE3YJIbTaTOB CBUIETEb-
CTBOBAJI O TMOJIOKUTETLHOM BO3IEHCTBUN MTOJTMMUK-
CUHOBOW COPOIMU HA TeYeHKE TeHepaTn30BaHHOTO

[30]. The total (TAC) and effective albumin concentration
(EAC) with the calculation of reserve binding capacity of
albumin (EAC/TAC « 100%), which allows to conclude
on the degree of sorption of toxic ligands, was determined
by a fluorimetric method. The intoxication coefficient re-
flecting the balance between accumulation and binding of
toxic ligands was calculated using the following formula:
ICvmmm/EAC = (MMM,5,/EAC) » 1000 [31]. The concentra-
tion of cytokines IL-1«, IL-6, TNF-a, IL-10, and IFN-y was
determined by ELISA using test-systems («Cytokine», St.
Petersburg). The total amount of protein was determined
by the biuret test. Cytokines are substances of a protein
nature with a molecular weight lower than that of albumin
and globulins and are contained in biological fluids in
much smaller quantities (measured in pg/ml, whereas al-
bumin and globulins are measured in g/1). Taking into ac-
count the fact that the total amount of protein in the
ascetic fluid of patients is largely individual and can vary
widely, in each sample of ascetic fluid, protein concentrate
and filtrate, the cytokine concentration was recalculated
by the total amount of protein and the values of their spe-
cific content were obtained.

The morphological study of solid-state film-like struc-
tures was performed by wedge-shaped dehydration [32].
The microscopy was carried out in the light and polarization
modes by the Leica DMLS2 microscope.

The statistical processing of the results was carried out
using the Statistica 6.0 software and Student’s ¢-test. The
difference at P<0.05 was considered significant.

Results and Discussion

Polymyxin column sorption was included in the
complex intensive care in 86 patients. The method is
based on neutralization of endotoxin biological activ-
ity during the polymyxin sorption by binding lipid A,
which is an obligatory component of the LPS mole-
cule, as well as sorption of activated neutrophils and
proapoptotic factors. In 78 patients, 2 sorption ses-
sions were conducted at intervals of 24 hours, in 8
cases 3 sessions were performed, which was due to the
persistence of endotoxemia.

Analysis of clinical results showed a positive ef-
fect of polymyxin sorption on the course of generalized
inflammation in abdominal sepsis in cancer patients.
When it was included in the main treatment, in 68
(79.1%) cases, a decreases in the daily febril state from
38.7£0.3°C to 37.4£0.4°C, WBC count from
18.9£8.3+10%/1 to 11.2+2.4+10%/1, neutrophil blood
count from 88.1+3.2 % to 74.1+3.2 %, and SOFA index
by 5.6£2.1 points (P<0.05) were observed in 24 hours
after the completion of the procedure. At that time-
point, there was a decrease in the PCT level from
7.1+2.6 ng/ml to 2.2+0.4 ng/ml and EAA from
0.62%0.10 to 0.36£0.01 (P<0.05).

After completion of a sorption treatment, in 37
(88.1%) of 42 patients with initially detected disor-
ders of the cardiovascular system, improvement of he-
modynamic parameters was diagnosed. In 21 cases, no
further use of vasopressor drugs was required; in 16
cases, doses of pressor amines were reduced: dopamine
by 68%, noradrenaline+adrenaline by 75% (P<0.05).
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BOCTIAJICHUST TTPU aBIOMUHATBLHOM CETICUCE Y OHKOJIO-
rudeckux 60bHBIX. [IpU ee BKIIOUEHUN B OCHOBHOE
neuenne B 68-1 (79,1%) ciryuasx uyepes 24 vaca mocJie
3aBepICHIUsT OTMEYAIN CHUKEHUE CyTOUHOTO (hebpu-
qutera ot 38,7£0,3°C no 37,4+0,4°C, 1eliKOIMTOB OT
18,9+8,310°/1 mo 11,2+2,410°/71, neiirpoduios
kpoBu 0T 88,1+3,2% o 74,1£3,2%, unnexca SOFA na
5,6+2,1 Gamnos (p<0,05). Ilpu stom HabrOLAIU
ymenbinenue PCT or 7,1£2,6 ur/ma o 2,2+0,4 ur/mu,
EAA ot 0,62%0,10 10 0,360,01 (»p<0,05).

[Tocsie 3aBepieHust COPOIMOHHOTO JICUCHUS Y
37-u (88,1%) w3 42-x OGOJBHBIX TPU WMCXOIHO
BBISIBJIEHHBIX HAPYIIEHUSIX CO CTOPOHBI CEPAEYHO-
COCYMCTOI CUCTEMBI TUATHOCTHPOBAIN YIIyUIIEeHIE
reMOZIMHAMUYECKUX Tokasareseit. B 21-m ciyyae
JaJIbHEHTIero MPpIMeHEeHUsT Ba30IPeCCOPHBIX ITperia-
paroB He TpeboBasoch, B 16-u — 03Bl MPECCOPHBIX
AMUHOB OBLIN CHUIKEHBI: I0TaMiH — Ha 68%, Hopaj-
penanuu-taaperaann — ua 75% (p<0,05). Toabko y 5-
1 GOJILHBIX HHOTPOITHYIO,/BAa30aKTUBHYIO TIO//IEPIKKY
OCYIIECTBJISIITH B TIPESKHEM PEKIIME.

Bxuriouenne B KOMIIEKC MHTEHCUBHOTO JIEUEHUSI
TOJTUMUKCUHOBOW COPOITIN OKa3bIBAIIO MOJIOKUTEb-
HOe BJIMsSHUE Ha cOocTosinue Mertabonnsma. Y 63-x
(73,3%) 60IbHBIX OTMEYATH HOPMAJIU3ATINIO JIAKTATA,
a taxke 3Hauernuit PH u BE kpoBu, uto cBuieressb-
CTBOBAJIO 00 YJIYUIIECHUN KJIETOYHON OKCUTEHATINU 1
HOPMAJTM3AI[H KJIETOYHOTO MeTaboM3Ma.

[Tocue axCTpaKOPIOPATBHOI AITUMUHAIIIH 9HI0-
TOKCHHA HAOIOAIN YIAyUIieHne OKCUTEHUPYIOTel
dbyuknuu Jserkux. /lmarHocTupoBanu yBeJIMUYEHHE
nuaekca okcurenarnu (Pa0,/FiO,) ot 239,3+£46,2 no
317,314 (p<0,05). B 23-x (37,7%) u3 61-ro ciyuas
TocJie OKOHYAHMsT COPOIIMOHHOTO JIeYeHUs OOTbHbIE,
KOTOPbIM TipoBoauan MBJI, 6blau mepeBeseHsl Ha
CITOHTAHHOE JIbIXaHUE.

[IpuMeHeHne B KOMILJIEKCE JIeYeHUsT abaoMu-
HAJIbHOTO CENCUCa MOJUMUKCUHOBOH COPOITUH TPUBO-
IUJI0 K YJIYYIIeHUI0 QYHKIIMOHATBHOTO COCTOSTHUS
nouek. Tak y 49-u (92,5%) u3 53-x GOJBHBIX TPU
UCXOIHON omuroanypuu 6osiee 6-1 4acoB U TIOBBIIIIE-
HUW KPeaTMHUHA KPOBU B CPeIHEM /10 246 MKMOJIb /1T
(210-270) wnabsomasu BoOCCTaHOBJAEHHE 00beMa
M0YacoOBOTO INypPe3a C MOCJEAYIONUM CHUKEHUEM
kpeatunuHa. ToabKo B 4-X (7,5%) caydasx oTMedanin
nporpeccuposanue OIIIl 1 HeOOXOAUMOCTH IIPUMe-
HEHUS 3aMeCTUTEJNbHON TovyeuHnolt Tepanuu. [lomy-
YeHHBIE PE3YJIBTAThI COTJIACYIOTCS C TAHHBIMU JIUTEPA-
TYpbl, CBU/IETEIBCTBYIOIIUMU O  BbIPAKEHHOM
HepompoTeKTOPHOM 3 deKrTe MOJIUMUKCUHOBON
COpOIMH, CBSI3AHHOM C MOJIABICHUEM CHCTEMHOMN TPO-
ATIOTITO3HON aKTHBHOCTH IIyTEM y/IaJI€HUs JIUTIOTIOJH-
caxapujia TpaMOTpHIIaTeIbHbIX GakTepuii [31].

Yepesz 60 munyT mocie oKoHYaHUST (DUIBTPA-
nmoHHoi perokcukarun cogepskanne PCT u IL-6 B
KPOBU CHUBUJIOCH ¢ 6,7+27 ur/mia o 2,3+0,6 Hr/Mi
u ¢ 7300£7700 nir/ma 1o 860+180 nr/mia coorBet-
crBerHo (p<0,05). [Tokasarenn EAA-tecra craTucTu-
YeCKH 3HAUYMMBIX WM3MEHEHWiIl He IpeTepIeBaIu.

Only in 5 patients, inotropic / vasoactive support was
carried out as previously.

The inclusion of the polymyxin column sorption
into the complex intensive treatment provided a pos-
itive effect on the state of metabolism. In 63 (73.3%)
patients, the normalization of lactate, blood pH and
blood BE values was observed indicating the improve-
ment of cellular oxygenation and normalization of cel-
lular metabolism.

After extracorporeal elimination of endotoxin,
improvement of lung oxygenation function was ob-
served. Increased oxygenation index (PaO,/FiO,)
from 239.3£46.2 to 317.3£14 (P<0.05) was diagnosed.
In 23 (37.7%) of 61 cases, patients on mechanical ven-
tilation were transferred to spontaneous breathing
after the completion of the sorption treatment.

The use of the polymyxin sorption in the com-
plex of treatment of abdominal sepsis led to an im-
provement in the functional state of the kidneys. For
example, in 49 of 53 patients (92.5%) with initial
oligoanuria for more than 6 hours and an increased
blood creatinine level up to an average of 246 pmol/1
(210-270), the recovery of hourly urine output fol-
lowed by a decreased creatinine level was observed.
Only in 4 cases (7.5%), the progression of ART and the
need for renal replacement therapy was found. The ob-
tained results correspond to the literature data indi-
cating the significant nephroprotective effect of the
polymyxin column sorption associated with the abro-
gation of systemic proapoptotic activity through re-
moving the lipopolysaccharide of Gram-negative
bacteria [31].

PCT and IL-6 blood levels decreased from
6.7£2.7 ng/ml to 2.3+0.6 ng/ml and from 7300+7700
pg/ml to 860180 pg/ml, respectively were registered
60 minutes after completion of filtration detoxifica-
tion (P<0.05). The parameters of the EAA test did not
undergo statistically significant changes. There was a
decrease in the blood lactate level from 5.6+2.3 mg/ml
to 1.9+0.9 mg/ml (P<0.05). The SOFA index in these
patients decreased by 4.1+1.1 points (P<0.05).

While diagnosing septic shock, in 22 (73.3%) of
30 patients, values of catecholamine index decreased
from 5.2+1.2 to 2.1£0.6 after the filtration detoxifica-
tion. At the same time, in 12 cases (40.0%), normal-
ization of hemodynamics was observed and the
administration of pressor amines was canceled. In 123
(85.4%) of 144 patients, the frequency of filtration
detoxification was from 1 to 4 sessions. Only in 21
(14.6%) cases, the course of ARI required a long-term
dialysis treatment.

The effects of detoxification activity of the
PMMA dialysis membrane were also studied retro-
spectively on the basis of previously obtained data of
filtration detoxification of ascetic fluid in patients
with ovarian cancer (Table) [27—29]. The analysis of
results of this study demonstrated a high activity of
excretion of substances of medium molecular weight
and the exposed active centers of albumin molecules
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ITokaszaTesu 9HAOTEHHON HHTOKCUKAIIMY U COJIEPIKaHie MTOKUHOB B GUOJIOTHYECKOIi cpe/ie, NoIy4eHHON npu pubT-
PAIMOHHOI 1eTOKCUKAIMU Y GOJbHBIX PAKOM AUYHUKOB (17=30).

Parameters of endogenous intoxication and cytokine level in biological medium of patients with ovarian cancer, ob-
tained by filtration detoxification (n=30).

Biological
medium

Values of parameters (M+0)
TAC  EAC  ABA MMM,;; MMM, IC
g/l g/l conven-  conven-
tional units tional units
Ascitic fluid  28,3+2,58 21,69+2,57 459+4,6 0,304+0,017 0,258+0,03 17,02+1,89 9,11+398 500,7+0,56 44,02+1,37 49+343 94,25+3,28

Cytokines, pg/ml
TNF-a IL-6 IFN-y

IL-1a IL-10

Protein 486+3/42% 37,7+35% 727+4,7% 0,098+0,02* 0,089+0,03* 2,7+1,56* 1,57+0,85 — 10,06+1,33* — 0,08+0,05*
concentrate
Filtrate — — 0,340+0,044 0,235+0,034 — 3099+309 14,4+243 9,0+11,35 629+249

Note. EAC — effective albumin concentration; TAC — total albumin concentration; ABA — albumin binding ability; IC — intoxication
coefficient. * — P<0.05 compared to ascitic fluid.

IIpumeuanue. Biological medium — 6uosornueckas cpena; ascitic fluid — acrurnyueckas JkugkocTh; protein concentrate — GelKOBbII
KoHIteHTpar; filtrate — Guubrpar; values of parameters — sHauerns napamerpos; TAC — obuias KoHIeHTpaius anbOymuna, r/1; EAC —
addexTrBHAA KOHIIEHTpaIUa anbbymuna, /1, ABA — cBasbiBaiomias criocoOHOCTh anbbymuHa; conventional units — ycsioBHble ean-
nutel; [C — koadduient nnropenkarmu; cytokines, pg/ml — MUTOKUHDL, TIT/MJIL * — Pasndust JOCTOBEPHbBI B CPABHEHUY € aCIUTHYE-

CKOIl sKuaKocThIo, p<0,05.

OrTMmeuanu yMeHbIIeHNE KOHIIEHTPAIMH JIaKTaTa
kpoBu oT 5,622,3 mr/mi 1o 1,9+0,9 mr/mi (p<0,05).
Nupexc SOFA y oatux 6oJbHbIX cHU3HICA Ha 4,1+1,1
6asna (p<0,05).

[Tpn muarHocTuke CENMTUYECKOTO MIOKa y 22-X
(73,3%) n3 30-u GOJMBHBIX TTOCIE IPOBEACHNST (HUITEBT-
PaIMOHHOI IETOKCUKAIMI 3HAYEHUST KaTeX0JIaAMUHO-
BOTO MHJIEKCA YMEHBITUINCH ¢ 5,2%1,2 10 2,1%0,6. [Tpn
aToM B 12-u caygasx (40,0%) ormevyasn HOpMaT3a-
IIUTO0 TEMOITHAMUKY U BBEJIEHHUE TIPECCOPHBIX AMUHOB
66110 oT™MereHo. Y 123-x (85,4%) us 144-X 601bHBIX
KPaTHOCTbH MPOBEEHUsT (PUIBTPAIIMOHHON 1€ TOKCIKA-
muu cocrasuia ot 1 70 4 ceancos. Tosbko B 21-M
(14,6%) cayuae xapaxrep teuenvst OTIIT morpe6osan
IUTATEILHOTO TIPUMEHEHUST IUATTM3HOTO JIEUEHS.

ObdEKTH  IETOKCUKAITMOHHOTO BO3/IEHCTBUS
nuanusHoi MeMOpanbl PMMA tak:ke M3yduin peTpo-
CITEKTUBHO HA OCHOBAHUU TTOJYIEHHBIX paHee TaHHBIX
(bUITBTPAIIMOHHON JIETOKCUKAIIMY aCIIUTUYECKOH KU
KOCTH OOJIBHBIX PAKOM SIMYHUKOB (Tabmuia) [27—29].
AHaTM3 pe3yJBTaTOB 9TOTO WCCJEIOBAHUS BBISIBUI
BBICOKYIO aKTUBHOCTH BBIBEIEHUS TP (PUIIBTPAIIIN
cyOcTaHIMil cpeiHeil MOJIEKYIIPHOI Macchl U 1e0J10-
KUPOBaHUE aKTUBHBIX TIEHTPOB MOJIEKYJT albOyMUHA,
YYACTBYIONINX B (U3NOJOTHYECKUX MeXaHM3MaxX
neToKcuKarui. B 6ekoBOM KOHIIEHTpaTe Co/iepKaHue
MCM,s, 1 MCM,g, 66110 B 30 pas nuske, IKA anboy-
MWHA ¥ €T0 CBSA3BIBAIONIAS CTIOCOOHOCTD B 1,7 pa3 Bhiiie,
a K03 PUITMEHT UHTOKCUKAIUU — B 6,4 pa3a MEHbIIIE,
YyeM B aCIIUTHIECKON KuIKocTu U hussrpate (p<0,05).

Conep:kanue MUTOKIMHOB B aCIUTHYECKO JKUJI-
KOCTH GOJILHBIX PAKOM STMUHUKOB U €€ KOMITOHEHTAX —
GeNKOBOM KOHI[EHTpATe ¥ (PUJIBTpPATe, TTONYICHHbBIX
npu (YITBTPAITIHN, TTPEICTABICHO B TabIIHIIC.

B 6eikoBOM KOHIIEHTpaTe PErHCTPUPOBAIU
3HAYUTEHHO GoJIee HU3KHE KOHIEHTPAIIUH B CPaBHe-
HUU C aCIIUTUIECKON JKUKOCTHIO 1 (hustbrpatoM [FN-y,
IL-1a, IL-6, IL-10 u otcytctBUe TNF-¢2. B husisrpare
conepxkanue IFN-y, IL-6, IL-10 6bL10 3HaYUTENbHO

involved in physiological mechanisms of detoxifica-
tion. In the protein concentrate, the content of
MMM,;, and MMM,g, was 30 times lower; the EAC
and the albumin binding capacity was 1.7 times higher,
and the intoxication coefficient was 6.4 times less than
those in the ascitic fluid and filtrate (P<0.05).

The content of cytokines in the ascetic fluid of
patients with ovarian cancer and its components, pro-
tein concentrate and filtrate obtained during filtra-
tion, is presented in Table.

Significantly lower concentrations of IFN-y, IL-1¢,
IL-6, IL-10 and the absence of TNF-a were found in the
protein concentrate as compared to ascitic fluid and fil-
trate. In the filtrate, the content of IFN-y, IL-6, IL-10
was significantly lower than that in the ascetic fluid, and
IL-1r was not determined. At the same time, the total
concentration of cytokines in the protein concentrate
and filtrate obtained during filtration was significantly
lower than those in the ascitic fluid, which indirectly
confirms the presence of the mechanism of their sorption
by a dializer membrane.

The morphological structure of film-like
structures (facies) of the ascitic fluid and its pro-
tein concentrate obtained after the filtration detox-
ification using PMMA membranes was studied in
15 samples.

The study of the morphological pattern of solid-
state facies makes it possible to make the molecular
organization of biological fluids visible and to detect
conformational changes in albumin in various patho-
logical conditions. During the transition of biological
liquids into the solid phase, a dry film, facies, is
formed (Fig. a). Evaporation of protein-bound water
leads to the coagulation of protein molecules, stretch-
ing, compression of the film and the formation of
«cracks». In biological fluids of healthy people, the
formation of «cracks» occurs at regular intervals from
the periphery to the center, and the ends of radial
«cracks» are rounded and form «arcades» and «sec-
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Crack

Concretion

Cleavage

tors», thus completing the
system level of self-organiza-
tion. The subsystem organi-
zation is associated with
further small breaks of the
protein base and the forma-
tion of «cleavages», i.e. sec-
tions of facies limited by
«cracks». In the central part
of the «cleavage», a circular
zone of salts surrounded by a
protein ring, «concretions.
Therefore, facies, a dry film
with fixed circular «concen-
tration waves», <«cracks»,
«cleavages», «concretions»,
is a structural norm of a bio-
logical fluid in the solid
phase [32].

Morphological changes
é in facies of ascetic fluid were

Puc. Mopgonornueckas KapTuHa CTPyKTyPOIIOCTPOeHust (panuii GMOJIOrnIeCKUX KUIAKOCTEH.
Fig. Morphological image of the structure formation of protein film-like structures of biological

liquid specimens.

Note. a — healthy person, serum; b — patient with ovarian cancer, ascitic fluid during filtration
detoxification; ¢ — ovarian cancer, ascitic fluid, during filtration detoxification. Magnification X10.
IIpumeuanue. Crack — Tpenuna; concretion — Koukpeiust; cleavage — OTIEABHOCTD. @ — CHIBO-
POTKa KPOBH 3/[0POBOTO YeJI0BEKa; b — acIUTUYECKast JKUAKOCTD OOJIBHBIX PAKOM SUIHUKOB; € —
6eIKOBbIIT KOHIIEHTPAT aCIUTHICCKON JKUIKOCTU GOBHBIX PAKOM SIMUHUKOB, b 1 ¢ IOIYYEHBI TIPU

buIBTpAMONHOI leToKcuKanuu. Yeesmdenre X10.

HIJKe, 4yeM B acCIlUTHUYeCcKO# kuakoctu, a I1L-1a He
onpenessiics. [Ipu aToM cymMMapHast KOHIIEHTPAIUST
LUTOKUHOB B OEJIKOBOM KOHIIeHTpaTe 1 (huabrpare,
MOJIyYE€HHBIX TIPU (PUIIBTPAIN, ObLIA CTATHCTHYECKU
3HAYMMO MCHbIIIE, YeEM B aCHHTI/I‘{eCKOﬁ JKUAKOCTH,
YTO KOCBEHHO TIOATBEPKIAET IPUCYTCTBUE MEXAHI3-
Ma X copOImKr MeMOPaHON AUaIU3aTOpPa.
MopdocTpykTrypa (harum aciiuTHIeCKON KUIKO-
cTHU U ee OEJIKOBOTO KOHIIEHTPATA, MOJIYYEHHOTO MOCTIe
(UABTPAIIMOHHON AETOKCUKAIINK ¢ HCITOIh30BaAHIEM
MeMmOpanst PMMA, 6bi1a udydena B 15 mpobax.
WccnenoBanre MopdOIOTHIECKOR KapTUHBI
TBEPJOTEIBHBIX (hallMil MO3BOJISIET JleJIaTh BUIUMOMN
MOJIEKYJISIPHYIO OPTaHU3AINI0 OHOJIOTHYECKIX JKUJL-
KOCTEl U BBIABIATH KOH(MOPMAIIMOHHBIE N3MEHEHUS
aJIbOyMUHA TIPY PA3JIMYHBIX TTATOJTOTHIECKUX COCTOSI-
nugx. Ilpu nepexoje OMOJOrMYECKON KUAKOCTH B
TBepayio (azy dhopmupyercs cyxas 1mieHKa — harus
(puc. a). icnapenue cBsA3aHHON ¢ Oe/IKaMy BOABI [IPH-
BOJIMT K CBEPTHIBAHUIO MOJIEKYJI O€JIKa, PACTSIKEHUIO,
CHKATHIO IIJIEHKK 1 00Pa30BaHUIO «Tpelui». B 61oio-
THYECKUX JKUIKOCTSIX 3J0POBBIX JIOEl (hopMumpoBa-
HHE «TPEHIUH» IPOUCXOUT Yepe3 PaBHbIC [IPOMEKYT-
KU OT Tepudepun K IMEeHTPY, a KOHIbI PaHaTbHBIX
«TPEIIUH>, 3AKPYTJISSACH, 00PA3YIOT «aPKajibl» 1 «CEK-
TOpay, Y€M U 3aBEPIIIAETCSI CUCTEMHBIN YPOBEHD CaMO-
opranmnsanuu. [TogcrcTeMHas OpraHU3aIys CBsI3aHa ¢

characterized by pronounced
disorders of the system and
subsystem structure, accu-
mulation of pathological
proteins, toxic metabolic
products. After filtration in
the protein concentrate of
the ascitic fluid, the restora-
tive dynamics in both system
types of film-like structures
and stability of the physio-
logical rhythm of self—recovery (recovery of circular
autorhythms, radial or partially radial symmetry of
«cracks») were observed (Fig. b, ¢). These data
clearly show the detoxification effects of the PMMA
membrane.

Conclusion

Inclusion of polymyxin column sorption in the
complex treatment of abdominal sepsis in cancer pa-
tients contributes to prevention of the hyperactiva-
tion of immune responses at an early stage of the
development, which determines the need for its timely
application immediately after surgical debridement
and initiation of antibiotic therapy. In the develop-
ment of multiple organ failure, the polymyxin column
sorption should be combined with the filtration detox-
ification providing extracorporeal removal of exces-
sively produced inflammatory reaction mediators and
endogenous toxic substances.

Timely and joint carrying out of therapeutic
measures (objective diagnostics, rational surgery,
pathophysiologically justified basic drug therapy, in-
dividually selected extracorporeal detoxification)
contribute to the improvement of the results and
outcomes of treatment of abdominal sepsis in cancer
patients.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2018, 14; 2



DOI:10.15360,/1813-9779-2018-2-25-34

Cencuc

NAJbHEHIITMMI METKUMU PaspbiBaMi GEJIKOBOI OCHO-
BbI 1 (DOPMUPOBAHUEM «OTIEIbHOCTEI» — YYACTKOB
anuu, orpaHUYEHHBIX «TPelnHaMuy. B neHTpass-
HOIl 4aCTU «OTAEJIbHOCTU» (DOPMUPYETCS KPYroBast
30Ha COJIEH, OKPYKEeHHAsT GEJTKOBBIM KOJIBI[OM — <«KOH-
Kkperusi». Takum 06pasom, dalust — cyxast TJIeHKa ¢
(DUKCHPOBAHHBIMU KPYTOBBIMU «KOHIIEHTPAIIMOHHbI-
MU BOJIHAMUY, <«TPELIMHAMU», <OTAEJIbHOCTIMI,
«KOHKPEIUSIMI» SIBJISIETCST CTPYKTYPHOI HOPMO# 61O-
JIOTUYECKOM JKUJKOCTH B TBEPOH (hase [32].

Mopdosornueckue namenenust haruii acIuT-
YECKOU KMIKOCTH U3YYEHHBIX TPOO XapaKTepus3oBa-
JIUCh BBIPAKEHHBIMU HAPYIIEHUSIMU CUCTEMHOTO U
MOJICUCTEMHOTO CTPYKTYPHOT'O TIOCTPOEHUST, HAKOTLIIE-
HUEM TTaTOJIOTHYECKUX OETKOB, TOKCHYECKUX MTPOJIYK-
ToB MeTabosuama. [locie puabrpanuu B 6e1KOBOM
KOHI[EHTPATE aCIUTUYECKON KUAKOCTH HAGJIIOIaIM
BOCCTAHOBUTEJIbHYIO IUHAMUKY KaK 110 CUCTEMHbIM
Tunam Qaruii, Tak 1 1o yCToHYnBoCTH (hU3N0I0rnie-
CKOTO PUTMa CAMOOPTaHW3aIlUU — BOCCTAHOBJIEHIE
KPYTOBBIX ayTOPUTMOB, PAIMAJbHON U YACTUYHO-
paanaibHONH CUMMETPUH «Tpelui»> (puc. b, ¢). Itu
JAHHBIE OTUYETIIMBO JIEMOHCTPUPYIOT 1€ TOKCUKAI[NOH-
uble ad et MeMOpatbl PMMA.
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3akiaoueHue

Briiouenue B KOMILIEKC JiedeHus: ab0MUHAIb-
HOTO CEIICUCA Y OHKOJIOTHYECKUX OOIbHBIX MOJUMUK-
CHHOBOH cOPOINHN CIIOCOOCTBYET TPELYTPEKICHUIO
AKTUBAINN IMMYHHBIX PEaKIINi Ha paHHeM 9Talle pas-
BUTHS, 4TO OIIPEAEIAET HEOOXOJUMOCTD CBOEBPEMEH-
HOTO e€ ITPUMEHEHNUST HETIOCPEICTBEHHO MTOCTIE XUPYP-
I'MYeCKOM caHaluyM ¥ Hadaja aHTUOAKTepUaibHOI
apmakorepamuu. Ilpu pasBUTHM TIOJHOPTaHHBIX
HApYIIEHUI MOJUMUKCHHOBYIO COPOIMIO CJIeLyeT
coueTarh ¢ GUIBTPAMOHHON JAeTOKCUKaIel, obec-
MEYNBAIOIIEN 9KCTPAKOPIIOPATBHOE BhIBEICHIE UPE3-
MEPHO TIPOAYIIUPYEMBIX METUATOPOB BOCIIATITENEHOI
PEaKIIH ¥ 9HAOTEHHBIX TOKCUYECKIX CyOCTaHITUIL.

CBoeBpeMEHHOE U COAPYKECTBEHHOE MTPOBEIe-
Hue JiedeOHbIX MEPOIPUITUI — OO bEKTUBHOI JUartHo-
CTHKH, PAIIMOHAIBHON XUPYPrHH, TATOPU3UOIOTHYE-
cKkn 000CHOBAaHHOH 6a30BOH MeIMKaMEHTO3HON
Tepanun, HANBUAYAJIBHO TOJ00PaHHON 9KCTPAKOP-
HOPATbHOI IETOKCUKAIIUHI CIIOCOOCTBYET YJIYUIIEHIIO
PE3yJIBTAaTOB U MCXOJOB JieUeHUsI abiOMUHATIBHOTO
cercrca y OHKOJIOTHUECKUX GOJIBHBIX.
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Kiiosanus — aTunmyHoe aHTUIICUXOTHYECKOE CPEICTBO C I0Ka3aHHOU a(h(PEKTUBHOCTHIO, KOTOPOE MIUPOKO UC-
HOJIb3Y€eTCs B KIMHUUECKOH npakTuke. OAHAKO, ero IPUMEHEHE COTIPSIKEHO € BBICOKUM PUCKOM Pa3BUTHUSI CEPhE3-
HBIX TO6OUHBIX 3P PEKTOB. YTpoKalouie KU3HU COCTOSHIS TP TPHEMe KJI03allMHa MOTYT OBITh CIe/ICTBHEM
UIMOCUHKPA3UH, OCTPOTO OTPABJIEHUS B Pe3yJIbTaTe HellpeIHAMEPEHHOI epe03MPOBKY Ha3HAYEHHOTO IIPerapara,
CYMIMAATBHOTO OBECHNUS, KpUMUHATBHBIX eficTBuiT. B 0630pe mpeicTaBIIM cCOBpeMEHHbIE JaHHbIE O MEXaHU3MaxX
TepareBTHYECKOro U TOKCUYECKOTO AeiicTBUs KiaosanuHa. Onucaiy Bo3AelicTBIe KI03alliMHA Ha KJIETOUHbIE Pellel-
TOPBI M yJIBTPaKJIETOUHbIE CTPYKTYPHL. PaccMOTpesint posib 0CHOBHBIX M IIPOMESKYTOYHBIX METaGOTNTOB TAHHOTO Jie-
KapCTBEHHOI'O CPEJICTBA B PA3BUTUU TOKCUYECKUX 2(DDHEKTOB.
Kantouesvte cnosa: knosanum; iekapcmeenivlii Memaboiusm; ocmpule OMpasieHus; KapouomoKkCUuHOCMby,; azpa-
HYLOUUMO3; KILO3ANUH-UHOYUUPOBAHLL MUOKAPOUTI
Clozapine is an atypical antipsychotic agent with a confirmed effectiveness which is widely used in the clinical
practice. However, its administration is associated with a high risk of serious adverse events. Life-threatening con-
ditions related to administration of clozapine may be a result of idiosyncrasy, acute poisoning resulting from unin-
tentional overdose of the prescribed dug, suicidal behavior, and criminal actions. The review presents current data
on the mechanism of therapeutic and toxic effect of clozapine. It describes the effect of clozapine on cell receptors
and ultracellular structures. It dwells on the contribution of major and intermediate metabolites of this medicinal
agent to the development of toxic effects.
Keywords: clozapine, drug metabolism, acute poisoning, cardiotoxicity, agranulocytosis, clozapine-induced my-
ocarditis
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BBenenue Introduction

Kiozana — Bbicok0adheKTUBHDBIN aTUTTMYHBII
HEUPOJENTUK, KOTOPBIY MUPOKO TPUMEHSIETCS B KJIU-
HUYeCKOM TpakTuke. Kiozanuu TNpakTHYecKn He
BBI3BIBAET 9KCTPATMPAMI/IHBIC HAPYTIICHUS, YTy UIIaeT
cocTosiiue O0JIbHBIX MN30a(HEKTUBHBIMU PACCTPOIi-
CTBaMU, Pe3UCTEHTHBIMU (hopMaMu N30 PEHUH, UTO
3HAYUTEJIBHO YBEJIMYUBACT TPYIIITY HAIIMEHTOB, KOTO-
PBIM OH MOKeT ObITh HazHaueH [ 1-3].

Clozapine is a highly effective atypical antipsy-
chotic drug which is widely used in the clinical prac-
tice. Clozapine practically does not cause
extrapyramidal disorders; it improves the state of pa-
tients with schizoaffective disorders and resistant
types of schizophrenia, thus increasing the group of
patients to whom it may be prescribed [1-3].
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Acute Intoxications

B 10 ke BpeMs, Takie 0COOEHHOCTH IIPEeIapara,
KaK /10303aBUCUMBbIi 3(D(hEKT U HU3KUI TeparieBTude-
CKUI MHJIEKC, CUJIBHOE XOJMHOOJIOKUPYIOIIEee, IIePU-
(bepuueckoe anbha-aIpeHOTUTUIECKOE JIeHiCTBHE
00y CI0BIUBAIOT BEICOKUI PUCK BO3HUKHOBEHNUS OIIac-
HBIX [IJIST JKU3HU COCTOSIHUN TIPU €r0 MPUMEHEHHUH.
OcTtpoe oTpaBjieHHe KJI03AIUHOM, KaK IPABUJIO,
COIPSIZKEHHOE € BBICOKUM PHCKOM JIETATBHOTO UCXO0/1a,
MOKeT OBITh Pe3yJIbTaTOM HellpeJHaMepPeHHOH Iepe-
JIO3UPOBKH TIperapara, MINn0CUHKPAa3UH, CyHITH/1ab-
HOTO IOBeIeHI . BhIpaKeHHbI 1 OBICTPhIN CenaTB-
HBII 3GdEKT 00BACHIET BHICOKYIO YaCTOTY CJIyYaesn
HCTIOJIb30BAHUS JaHHOTO JIEKAPCTBEHHOTO CPE/ICTBA B
KPUMHWHATBHBIX 1es1X [4—6].

[TaTtorenes oCTPbIX OTPaBJEHUN KJIO3AITMHOM
nzyden Hepocrarouno [7, 8]. CiienmoBaresibHo, HE 10
KOHIIA TIOHSITEH TaHaToreHe3 (haTaJlbHbIX OTPABJIEHU],
YTO CYIIECTBEHHO CHUKAET KAa4eCTBO Cyae0HO-MeIr-
IIUHCKON IMarHOCTUKU, KOTOPasi B HACTOSIIIEE BPEMST
OCHOBBIBAETCS TOJIBKO Ha PE3yJIbTaTax cyeOHO-XUMH-
YeCKOTr0 UCCJIe/JOBAHMSI.

JlJ1s1 BBISICHEHUST TIATO- U TAHATOTEHE3a OCTPHIX
OTpaBJICHMIT KJIO3AIIMHOM 11€J1eCO00Pa3HO TIIaTe b=
HOE M3yYeHHue ero IMUTOTeHETUIECKUX U MOJIEKYJISIP-
HBIX MEXaHU3MOB JI€ICTBUS.

Ha cerozusimunii MOMEHT JlaHHbBIE MCCJIe[0Ba-
HUIL, II0APOOHO PACKPBIBAIOIINX T€PAIEBTHUECKIE U
Tokcuueckre 3(hdeKThl KJ03annna, pa3po3HeHbl.
Bosuukaer HeoOXOAMMOCTb CHCTEMATH3MPOBATDH
HUMEIONIYIOCS Ha HACTOSIIIIMH MOMEHT MH(MOPMAIIUIO,
4TO O3BOJIUT ¢(HOPMHUPOBATH OOJIEE ACHOE IPEACTAB-
JIeHUe O MaTO- U TaHaToTeHe3e OCTPhIX OTPaBJIEHU
KJIO3aIITHOM.

I/ICTOpI/Iﬂ BBE€I€HHUA RJI03allMHA
B KIIMHUYECKYIO IIPAKTURY

Kiozanuu 6wl cunrTesupoBan B 1959 roxy
nrBeiapckoii  (hapMakoJIOTHYeCKO KOMIaHUen
Wander [9—12]. IlyTb oT pazpaboTKK Je€KapCTBEH-
HOTO CPe/ICTBA JI0 Havyaja UCMOJb30BAHUS B KJIUHU-
YeCKOIl MPaKTHUKe OBLIT ITTUTETbHBIM U CJIOKHBIM. Tak
KaK B TO BpeMs 9(PeKTUBHOCTD aHTUIICUXOTUYECKUX
MPenapaToB MPOBEPSIACH CIOCOOHOCTHIO BHI3BIBATH
KaTaJercuio y KPbIC, CYIEeCTBOBAJIO MTPe/ICTaBIeHHE
0 TOM, YTO AHTHUIICUXOTHYECKOE JIeficTBIE 00sI3aTe N b-
HO COTIPOBOK/IAETCA dKCTPAITMPAMUIHBIMU HapyIIe-
nusimu [10—12]. I1pu uccnepoBannu kiro3anuua Ha
JMOKJMHIYECKOM aTare Oblia Jokazana ero addex-
TUBHOCTb [PU OTCYTCTBUU 3IKCTPANUPAMUIHON
CUMITOMATHKY, YTO OBIIO HETUTIMYHO JIJIst AHTUTICHU-
XOTUYECKUX JIEKAPCTBEHHBIX CPE/ICTB TOTO BPEMEHHU.
[To aToil mpuynHe KJI03amHy ObIJIO TAHO OMpe/esie-
HUe aTUIUYHOro HelipoJentuka [9, 11]. B Teuenue
13 JeT mpoBOAMINCDH MCCTIEOBAHUS IIperapara, B
X071 KOTOPBIX Oblyia floKazaHa ero 3(HeKTUBHOCTD.
BriepBbie OH MOABMIICS T10J] TOPTOBLIM Ha3BaHUEM
«Leponex» B IIBeiittapun u Asctpuu B 1972 rony.
M3HavaabHO TIpenapart He TMOJIb30BAICS OOJBINON

Several features of the drug that include At the
same time, the characteristics of the drug as a dose-de-
pendent effect, and a low therapeutic index, as well
asand a potent anticholinergic peripheral alpha-
adrenolytic activity explain a the high risk of life-
threatening conditions due tofollowing its
administration. Acute clozapine poisoning usually re-
lated to a high risk of a lethal outcome may be a result
of an unintentional drug overdose, idiosincrasia, and
suicidal behaviour. A pronounced and rapid sedative
effect explains the high frequency of the use of this
drug for criminal purposes [4—6].

The pathogenesis of acute clozapine poisoning
has been studied insufficiently [7, 8]. Therefore, the
tanatogenesis of fatal poisoning is not completely
clear; it significantly reduces the quality of forensic di-
agnostics which is currently based only on the results
of forensic chemical research.

To clarify the pathogenesis and tanatogenesis of
acute poisoning with clozapine, a thorough study of
its cytogenetic and molecular mechanisms of action is
expedient.

At present, data from studies that reveal in detail
the therapeutic and toxic effects of clozapine are dis-
embodied. There is a need to systematize the currently
available information that willto ensure a more clear
understanding of pathogenesis and tanatogenesis of
acute poisoning with clozapine.

The history of the introduction
of clozapine into clinical practice

Clozapine was synthesized by a Swiss pharmaco-
logical company Wander in 1959 [9—12]. The way
from the development of the drug to the beginning of
its use in clinical practice was long and difficult. Since
at that time the efficacy of antipsychotic drugs was
tested by the ability to cause catalepsy in rats, there
was an idea that an antipsychotic action is necessarily
accompanied by extrapyramidal disorders [10—12]. In
the study of clozapine at the preclinical stage, its ef-
fectiveness was confirmed in the absence of extrapyra-
midal symptoms, which was atypical for antipsychotic
drugs of that time. For this reason, clozapine was de-
fined as an atypical antipsychotic drug [9, 11]. The
drug has been studied for 13 years; these studies have
confirmed its efficacy. It appeared under the trade
name «Leponex» in Switzerland and Austria for the
first time in 1972. Initially, the drug was not very pop-
ular in clinical practice, as preference was given to the
first typical antipsychotic drug chlorpromazine used
since 1954. [9—-11]

In 1975, The Lancet journal published a letter
from Finnish scientists reporting eighteen cases of
agranulocytosis, nine of which were fatal, among pa-
tients taking clozapine [11]. Taking into account this
information, clozapine was withdrawn from sale in a
number of European countries, with the exception of
Switzerland and the USSR [9].
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HOMYJISIPHOCTHIO B KIMHUYECKON ITPAKTHKE, TAK KaK
HpeNIoYTeHNE OTAABAJIOCHh MEPBOMY THIITUYHOMY
AHTUIICUXOTUKY XJIOPIPOMA3HIHY, UCIIOJIb3YEMOMY C
1954 roma [9—11].

B 1975 B :xypuase The Lancet 6b110 o1my6/1mKo-
BaHO NMUCbMO yuyeHbIX n3 OUHISHINU, B KOTOPOIi
CO06IIATOCH O BOCEMHA/IIIATH CJYYasAX arpaHyIoIu-
TO3a, JIEBSTH U3 KOTOPBIX ObLIN CMEPTEIbHBI, CPeAn
MarMeHToB, TpUHUMAIOMKX Kiao3anu [11]. B csasu ¢
naHHol nHpOpMaIUei, KI03auH ObLT U3bAT U3 MPO-
QKU B Psifie eBPOIEICKUX CTPaH, 32 UCKJII0UeHUEM
[Iseiinapun u CCCP [9].

Hapacrarorast mpobiiema TsiKeJTeNHInx sKeTpa-
NUPAMUIHBIX HAPYIIEHWIT TP IPUMEHEHUN PAa3JIny-
HBIX TIPE/ICTABUTENIEN TUITUYHBIX HEHPOJIENTUKOB B
KJIMHUYECKOI TIPAKTUKE, BHOBb BO3PO/INJIA MHTEPEC K
kyo3anuny [11].

B 1988 r. J. Kane u konekTuBOM Beyux mcu-
xuatpos B CIIIA 6bL10 IIpOBEEHO ABOIHOE ClIernoe
MYJIBTUIIEHTPOBOE HccJefioBaHne 3(h(MEKTUBHOCTH
Teparnuyu XJOPIPOMA3ZUHOM U KJIO3almMHOM Ha 286
HalMeHTax, He OTBEYaBIINX HA JIeYeHUe rajJonepuIo-
JioM B Teuenue 6 Hezenb. B pesysbsrate y 30% maiu-
€HTOB, MOJIYYaBIIUX KJIO3ANH GBIIIO OTMEYEHO YIIyd-
IIEHNE COCTOSIHUS, B TO BPEMsI KaK Ha XJIOPIPOMA3IH
OTPearupoBaJo Jullb 4 % ucciaenyembix [13].

B 90-x rogax H.Y. Meltzer u coaBr. poseu psi
HCCJIEIOBAHUI B XO/l€ KOTOPBIX OBLIO [OKA3aHO CHU-
JKEHMe YaCTOThl CYHUIUJIOB, YJIydIlIeHHEe KauecTBa
JKU3HU GOJNBHBIX 130 peHneil mpu TPUMEHEHUH
kio3anuna [10, 11, 14].

[Tosske GBI TOKA3AHbI TPEUMYIIECTBA KJI03a-
MUHA 10 CPABHEHUIO C JAPYTMMU ATUITUYHBIMU HENPO-
JeNITUKaMu B Xojie ByXx wuccieposanuii: Clinical
antipsychotic Trials for Interventios Effectiveness
(CATIE) u Cost Utility of the Latest Antipsychotic
Drug in Schizophrenia Study (CUtLASS 2) [11].

C 1990 roza k03anuH CTAJ ITUPOKO UCIIOTH30-
Barbes B CIITA, crpanax Esporibl. C 11es1b10 cHUKEHUS
pPUCKa Pa3BUTHUS arpaHyJIOIKNTO3a, BO BCEX CTPAHAX
Mupa 06sI3aTeIbHBIM CTAJIO AMHAMUYECKOE MCCIE/0-
BaHUe MoKasaTeJieil KPOBU MAIUEHTOB, MOJYYAIOMINX
kio3anuu [1, 9-11].

3a MHOTOJIETHIT OIIBIT TPUMEHEHUS KJI03aMHa
B KJIMHUYECKOI TPAKTUKE OBLI 3aPErUCTPUPOBAH PSI/L
MOOOUHBIX A(DHEKTOB, TAKUX KAK MUOKAP/IUT, KapAHO-
MUOTIATHH, TPOMOG00OPA3OBaHUE, OPTOCTATHYECKAST
TUTIOTEH3UsT, KUIIIEYHAs HETIPOXOAUMOCTb, MeTaboIIu-
yeckue Hapyurenus [, 6, 15-29].

B nacrosiiiiee BpeMst KII03aIMH AKTUBHO UCIIOJTb-
3yeTcs B IICUXUATPUYECKOI TIPAKTUKE HAPSILY C IPY-
rumu, 6osiee HOBBIMY aHTUTICHXOTHKaMu. HecmoTpst
Ha 9bHEeKTUBHOCTD, KJIO3AMUH HE SBJISIETCS TIperapa-
TOM TIePBO¥ JIMHUY MPU MU30(PPEHNNU, a UCIIOIb3Y-
€TCs1, COTJIACHO OOJIBIIMHCTBY PEKOMEH/IANUH, OCTe
HeaJieKBaTHOTO OTBETA 110 KpaiiHell Mepe Ha JIBa aHTH-
ncuxoruyeckux cpezactna [1, 9, 10, 30].

The growing problem of severe extrapyramidal
disorders after administration of various typical an-
tipsychotics in clinical practice has revived interest in
clozapine [11].

In 1988, J. Kane and a team of leading psychia-
trists in the United States conducted a double-blind,
multicenter study of the effectiveness of chlorpro-
mazine and clozapine therapy in 286 patients who did
not respond to treatment with haloperidol for 6 weeks.
As aresult, 30% of patients receiving clozapine had an
improvement, while only 4% of the examined patients
responded to chlorpromazine [13].

In the 1990s, H. Y. Meltzer et al. conducted a num-
ber of studies, in which the reduced frequency of suicides
and improved quality of life of patients with schizophre-
nia using clozapine were confirmed [10, 11, 14].

Later, the benefits of clozapine compared to
other atypical antipsychotics were proven in two
studies: Clinical antipsychotic Trials for Interven-
tios Effectiveness (CATIE) and Cost Utility of the
Latest Antipsychotic Drug in Schizophrenia Study
(CUtLASS 2) [11].

Since 1990, clozapine has been widely used in the
USA, Europe. In order to reduce the risk of agranulo-
cytosis, in all countries all over the world, follow-up
blood count tests of patients receiving clozapine be-
came mandatory [1,9—11].

Over the years of experience in the use of cloza-
pine, a number of side effects, such as myocarditis, car-
diomyopathy, thrombosis, orthostatic hypotension,
intestinal obstruction, metabolic disorders has have
been registered in clinical practice [5, 6, 15-29].

Currently, clozapine is widely used in psychiatric
practice along with other, newer antipsychotics. De-
spite its efficacy, clozapine is not a first-line drug for
schizophrenia, but is used, according to most recom-
mendations, after an inadequate response to at least
two antipsychotics [1, 9, 10, 30].

Mechanisms of the antipsychotic activity

Clozapine has a wide range of effects on recep-
tors responsible not only for the effectiveness of the
drug, but also for its side effects.

The antipsychotic efficacy is ensured by a high
affinity to D4 — receptors, and the minimum risk of
extrapyramidal symptoms is due to by the ability to
occupy D2 — receptors for a short time and dissociate
quickly, without disturbing the normal neurotransmis-
sion of dopamine [31, 32].

The effect on 5-(NT)3 receptors, which accord-
ing to modern concepts are the interface between the
motor and limbic structures of the brain, explains the
pronounced anxiolytic effect [31, 33]. As an agonist of
5-(NT)2A receptors located in the central nervous
system, clozapine contributes to the regression of psy-
chotic symptoms, and its effect on 5-(NT)2A platelet
receptors, smooth muscle cells of blood vessels, lungs,
and gastrointestinal tract, may be one of the factors
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MexaHu3Mbl
AHTUIICUXOTUYECKOA aKTUBHOCTH

Kirosarit 06J1a/1aet MIMPOKKIM CIIEKTPOM JeHCTBUS
Ha PELEeNnTOPBI, 4TO 00YCTOBIMBAET HE TOIBKO ahdeK-
THBHOCTB IIPerapara, Ho 1 €ro mobGouHbIe a(dEKTHL.

Anruncuxorndeckas ah@exkTuBHoOCTL  0bec-
neynBaeTcs BoicoknM adhuanTeToM K D4-perento-
paM, a MUHUMAJIbHBIH PUCK BOSHUKHOBEHUS 9KCTPA-
MUPaAMUAZTHON CUMITTOMATHKY — CIIOCOOHOCTBIO JIUIIb
Ha KOPOTKOe BpeMsI 3aHuMaTh D2-perentopsl u
OBICTPO IUCCONUUPOBATHCS, He HApyIIas HOPMaJib-
HYI0 HellpoTparncMuccnio fodamuna [31, 32].

Boaneticteuem Ha 5-(HT)3 penernrropsr, KOTOpBIE,
COTJIACHO COBPEMEHHBIM MTPE/ICTABIEHUSIM, SIBJISIOTCS
uHTepdENcoM MKy MOTOPHOH 1 JTUMOMYECKUMU
CTPYKTypaMi MO3Ta, 00bSICHSIETCST BBIPAKEHHBIN aHK-
cuomutrdeckuii addekr [31, 33]. ABussich aroHuCTOM
5-(HT)2A perterrropos, Haxogsmuxcst B IIHC, kmosa-
IIFH CITOCOOCTBYET PErPeccy MCUXOTUIECKUX CHMIITO-
MOB, a ero Bausitue Ha 5-(HT)2A penenropst TpoM60-
IUTOB, TJIAJIKOMBIIIEYHBIX KJIETOK KPOBEHOCHBIX
cocyzioB, jerknx, KKT, MoxkeT okasarbcst oHUM 13
(haxTopoB TPOMOOOOPA3OBAHNUS, PA3BUTUS TUIIEPTO-
HUW, MUTPEHU, THIIOKUHE3NH sKenyaka |34, 35].

BsanmozpeiicTBuem Kro3ammHa ¢ THCTAMUHOBBI-
MU pelenTopaMu HEKOTOPble HCCaeoBaTeNn 00b-
SICHSTTIOT aTUIMYHYIO aHTUICUXOTUYECKYIO aKTHUB-
HOCTb, a TaKkKe ero moO6ouHbie 3 (HEKTh, TaKue Kak
ceslanust ¥ yBesimueHue Beca [36].

SABJSISICH MOITHBIM aHTATOHUCTOM MYCKapUHO-
BBIX XOJIMHOPEIENTOPOB, KJIO3AINH CIIOCOOEH BHI3bI-
BaTh TaXUKaPUIO, BeieacTBre O0KupoBanus a(dek-
TOB GJIYKIAIOIIEro HEpBa, CHUKATD MEPUCTANBTUKY
KUIIEYHNKA BIUIOTH JI0 PA3BUTUS HETPOXOIUMOCTH.
XOJIMHOJIUTHYECKOE JAEHICTBIIE, T0 MHEHIO GOJIBIITIH-
CTBa UCCTIEIOBATEIEH, SIBJISIETCS IEHTPATbHBIM MeXa-
HU3MOM OTpaBJenuii 2, 4, 37, 38].

INUreHeTHYeCKUE aCIleKThI
AHTUIICUXOTHYECKOTO
NelCcTBHA KjIo3aluHa

B sra6oparopuu E. Costa (1996—2009 1.), B xoz1€e
aHaIM3a MOCMEPTHBIX 0OPasIoB TOJOBHOTO MO3Ta
HAIMEHTOB ¢ MU30(GPEeHUEH 1 OUITOISPHBIM MICHXO-
30M, OBLJIN TTOJIYYEHBI JaHHbBIE, KOTOPbIE TIO3BOJIIN
chOopMyIMPOBaTh HOBYIO THIIOTE3Y 00 dIHUreHeTnYe-
CKOM MeXaHu3Me TaTorenesa musodpennn. Bo Becex
obpasifax ObIJI0 0OOHAPYIKEHO CHUKEHUE DKCIPECCUU
pwinta (REELIN) u riyramataekapbokcuiaspi-67
(GAD 67) BcaencTtBue TUIIEPMETUJINPOBAHUS WX
npomoTopos. B 2008 roay E.Dong u coast. 6bL10
HCCIIEIOBAHO JICHCTBUE KIO3AIMITHA Ha TUTIEPMETHITH-
posannbie yuyactku /[IHK neliponoB dporTanbroil
KOPBI. BBIIO yCTaHOBJIEHO, YTO KJIO3AITUH U CYJIBITH-
DU/, HO He TaJIOTIEPHU/ION aKTUBUPYIOT IEMETHITPO-
panue JTHK, uto crioco6eTByeT HOpMaIU3aIiy CeK-
pennu raMMa-aMuHOMacasTHOHN KucaoTe B ITHC, vem

causing thrombosis, hypertension, migraine, and gas-
tric hypokinesia [34, 35].

Some researchersSeveral studies explain atypical
antipsychotic activity, as well as its side effects, such
as sedation and weight gain, by interaction of clozap-
ine with histamine receptors [36].

Being a powerful antagonist of muscarinic choli-
noreceptors, clozapine can cause tachycardia, due to
blocking the effects of the vagus nerve and reduce re-
ducing the intestinal peristalsis up to complete ob-
struction. The cholinolytic effect, according to most
researcherspublications, is represents the central
mechanism of poisoning |2, 4, 37, 38].

Epigenetic aspects
of the antipsychotic activity of clozapine

In E. Costa's laboratory (During studies in
1996-2009 in E. Costa's laboratory), as a resulta sig-
nificant of an analysis of postmortem brain samples of
patients with schizophrenia and bipolar psychosis was
performd., The accumulated data were obtained that
allowed to formulate suggest a new hypothesis about
on the epigenetic pathogenetic mechanisms of schizo-
phrenia. In all samples, Aa decreased reelin (REELIN)
and glutamate decarboxylase-67 (GAD67) expression
as a result of hypermethylation of their promoters was
found in all samples of postmorthem brain specimens
studied. In 2008, E. Dong and et al. investigated the
effect of clozapine on hypermethylated DNA segments
of neurons of the frontal cortex. It was has been found
that clozapine and sulpiride, but not haloperidol, ac-
tivate DNA demethylation, which contributes to the
normalization of secretion of gamma-aminobutyric
acid in the central nervous system. Findings, which
explains the positive response of most patients to
clozapine therapy [39, 40].

Characteristics
of the clozapine metabolism

Clozapine is metabolized mainly in the liver. While
undergoing N-oxidation and N-demethylation, clozap-
ine is biotransformed to desmethylclozapine (norcloza-
pine) and clozapine-N-oxide, which are its representing
main Clozapine metabolites and that almost do not dif-
fer from it in their pharmacological propertiesactivities.
P450 cytochrome isoenzyme (CYP1A2A) plays a major
role in the metabolism. The following isoenzymes
CYP2D6, CYP 3A4, CYP2C19 are also involved in me-
tabolism of the drug, however, to a lesser extent:
CYP2D6, CYP 3A4, CYP2C19. It has been studied that
cClozapine-N-oxide is formed mainly under the action
of CYP3A4 and flavine-containing monooxygenase,
while whereas desmethylclozapine (norclozapine) is
formed under the effect action of CYP3A4 and CYP1A2
[41, 42]. It has been proved that in addition to the liver,
the biotransformation of clozapine into clozapine-N-
oxide occurs in the brain under the action of flavine-con-
taining monooxygenase [43—45].
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U 0OBSICHSAETCS TIOJIOKUTETbHBIIT OTBET GOJIBITNHCTBA
MarreHToB Ha Tepanuio kio3anunom [39, 40].

Oco06eHHOCTH MeTa00IM3Ma KJI03auHa

MeTa6o/13M KJI03aIHa TIPOUCXOUT, TIABHBIM
obpasowm, B ieuenu. [lojseprasich nporeccam N-oKwc-
senus 1 N-ZeMeTHINPOBAHUS, KI03aMuH OUOTpaHC-
copMupyeTcs B 1€CMETUIKIIO3AINH (HOPKJIO3AIINH )
U KJ103aH-N-OKCH/I, KOTOPBIE SIBJISTIOTCS] OCHOBHBI-
MM €T0 MeTaboJINTaAMK U MAJIO OTJINYAIOTCS OT HETO 110
cBouM (hapMakosornyecKuM cBoiictBaM. OCHOBHYIO
POJIb B MeTabOJII3ME UTPAET U30(hEePMEHT IIUTOXPOMaA
p450 — CYP1A2. B Menblneil cTernieHn y4acTBYIOT
nzodepmenter: CYP2D6, CYP 3A4, CYP2C19.
Uccnenosano, uro kiaozanuu-N-okcui 00pasyercst
npeumytiectBeHHo 1noj gaeiicrsuem CYP3A4 u daa-
BUHCO/IEP:KAIIlell MOHOOKCUTEHA3bI, a IECMETUIIKI03a-
nun (Hopkio3zanun) — o CYP3A4 u CYP1A2 [41,
42]. Bbu1o 10Ka3aHO, YTO MOMUMO IIedeHr GUoTpaHc-
copmariust Kro3arnuHa B KJ103anuH-N-0KCUJT IIPOUCXO0-
IUT B MO3Te TOJ neiicTBueM (JaBUHCOIepKAIIei
MOHOOKCHTeHasbl [53—45].

Takke W3BECTHBI HEAKTUBHbBIE MeTabOJIMTHI,
TaKue KaK THIPOKCU- 1 METUJITUOTIPOU3BOIHbIE, TJII0-
KypoHubl. [Ipy 3HaUMTETHHOM TIPEBBINIEHUH TTOPO-
TOBBIX KOHIIEHTPAIMH B KPOBU GuoTpaHchopMaiius
3aMeIISIETCS Ha YPOBHE MIEPEX0/1a aKTUBHBIX MeTabo-
JIUTOB B HEAKTUBHBIE, YTO CIIOCOOCTBYET YBEIUIECHUIO
JUTUTETbHOCTU TOKCUYHBIX TTIPOsiBIeHuN [37].

OcobeHHOCThIO MeTaboJM3Ma KJI03aIHa, BO
MHOTOM OOBSICHSTIONIEN MEXaHM3MBbI €I0 TOKCHYECKOTO
NeliCTBUS, SIBJISIETCS] HATIMYHE TIPOMEKY TOUHBIX PeakK-
TUBHBIX MeTabognTOB. Briepsbie ux obpasoBaHue B
pesyJibraTe OKUCJIEHIS KJI03AIIHA MUEJIOTIEPOKCU/IA-
300 OBLIO BBISIBIEHO B HEUTPODUIAX U UX MPE/IIie-
CTBEHHUKaX [46].

CoBpeMeHHbIe HCCIIE0BAHNUS, TIPOBEIEHHbIE i
itTo TIOKA3aJIH, YTO ITPOMEKYTOUHBIE PEAKTUBHbIE METa-
GOIUTBI CIOCOGHDBI 0OPA30BBIBATHCSA HEITOCPECTBEHHO
07l BO3/IEIICTBUEM KJIO3AIMHA B MIUKPOCOMAX TT€U€HH
npu yyactuu CYP3A4 u CYP2D6 u B muokapge [47].

MeTa6oaM KJI03aIMHA MOABEPIKEH MUPOKUM
UHANBUIAYAJIbHBIM KoJiebanusim [48]. CrkopocTb aiu-
MUHAILUU U [PYTUE OKA3ATEH, BJIUSIONINE HA ChIBO-
POTOYHYIO KOHI[EHTPAIIUIO, COTIACHO KIMHUYECKUM U
9KCIIEPUMEHTATIBHBIM UCCJIEI0BAHUIM, BO MHOTOM
3aBHCHUT OT T10JI4, BO3PACTA, HAJIIYUSI COMYTCTBYIONINX
sabosesanuii [42]. [lokasaHo, 4TO KypeHUue CHUKAET
ToKcuueckre a(DHEKThI KI03aMHA 13-32 UHIYKITTU
CYP1A2, a xodenH u porpanoio, Hao60poT IHOBbI-
IIAET, YTO OOBACHSIETCS KOHKYPEHTHBIM HHIHOUPOBa-
nuem CYP1A2 [43—45, 48].

EnuncTBeHHBIM T€HHBIM TTOJTUMOPMOU3MOM, CBSI-
3aHHBIM C KOHIIEHTpAIlMell KJI03allMHA B KPOBH,
apaigercs red ABCB1, kotopslii Kogupyer TpaHCcMeM-
GpaHHbIil P-TIMKOTPOTENH, HAXOAANIUNCS B CJAU3N-
CTOI 000JI0UKe KUIEUHUKA, TOYKAX, COCY/ax TeMa-
TosHuedannyeckoro 6aprepa [49].

Inactive metabolites such as hydroxy derriva-
tives and methylthioderrivatives, as well as glu-
curonides are also knownhave been recognized. In the
case of a significant excess of a blood concentration
threshold of the drug, blood concentrations, the bio-
transformation slows down at the level of transition of
active metabolites into inactive ones, thus contribut-
ing to an increase in theincreased duration of toxic
manifestations [37].

The peculiarity of clozapine metabolism, which
largely explains the mechanisms of its toxic effect, is
the presence of intermediate reactive metabolites. For
the first time, their formation as a result of oxidation
of clozapine by myeloperoxidase was found in neu-
trophils and their predecessors precursors [46].

Modern studies conducted in vitro have shown
that intermediate reactive metabolites can be formed
formed in liver microsomes directly under the influ-
encefrom of clozapine in liver microsomes with the in-
volvement ofif metabolized by cytochrome P450
CYP3A4 and CYP2D6, and in the myocardium [47].

Clozapine metabolism is a subject to of wide sig-
nificant individual fluctuations variations [28]. Ac-
cording to clinical and experimental studies,
elimination rates and other indicators parameters af-
fecting serum concentrations largely depend on sex,
age, and the presence of comorbidities [42]. It has been
confirmed that smoking reduces the toxic effects of
clozapine due to induction of CYP1A2, and whereas
caffeine and propranolol, on the contrary, increase
them clozapine toxicity due to competitive inhibition
of CYP1A2 [43—45, 48].

The only gene polymorphism associated with the
blood concentration of clozapine is the AVSV1 gene,
which encodes transmembrane pP-glycoprotein lo-
cated in the intestinal mucosa, kidneys, and blood ves-
sels of the blood-brain barrier [49].

Mechanisms of the development
of some life-threatening medical
conditions due to administration

of clozapine

Life-threatening conditions may result from an
overdose of clozapine, as well as after because of ad-
ministration of therapeutic doses.

Malignant neuroleptic syndrome (ICD-10
code: G21.0).

Malignant neuroleptic syndrome (MNS) is char-
acterized by hyperthermia in the absence of infections,
muscle rigidity, vegetative dysfunction, and changes
in mental status. MNS is a rare complication that oc-
curred at thein response to administration of thera-
peutic doses of clozapine [50, 51]. However, it isSMNS
represents a distinctive feature of a clinical presenta-
tion of acute clozapine poisoning [4]. The pathogene-
sis of the neuroleptic syndromeMNS is not completely
clear. It was suggested that the blockade of dopamine
D2 receptors in nigrostriatal pathway, mesocortical
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Mexanu3mMbl BOBHUKHOBEHHSI HEKOTOPbIX
YIPOsKAIOMMX KU3HU COCTOSHUM
MpH MPUMEHEeHUHU KJI03anuHa

Yrposkarolye JKU3HU COCTOSTHUST MOTY BO3HUK-
HYTb B Pe3yJIbTraTe Mepelo3MPOBKH KJI03aITMHA, & TAKKe
Pa3BUTBCS HA (OHE TPUEMaA TePATIEBTUIECKUX JI03.

3i10KkavyecTBEeHHbIH HelipoJIenTUuYecKuii CUH-
npoMm (kox mo MKB-10 — G21.0).

37I0Ka4eCcTBEHHBIN HEITPOIeTITHYeCKII CH/IPOM,
XapaKkTepu3yoNniics TurepTepMueii Iipu OTCYTCTBUN
MHGEKINH, MBITIIEYHON PUTHIHOCTBIO, BETeTaTUBHON
muchyHKIMeH, U3MeHeHneM TICUXUYeCcKOoro cTaTyca, —
PellKoe OCJIOKHEHUE TIPY TIPUeMe TepareBTUIECKUX
103 kiosarmaa |50, 51]. OxHako, OH SBJISIETCST OTINYN-
TEJIbHON 0COOEHHOCTBIO KIMHUYECKIX IPU3HAKOB OCT-
pBIX oTpaBieHuil kiozanuHoM [4]. IlaTorenes weitpo-
JIEITHYECKOTO CHHIPOMa /10 KOHIIA He BhIsICHEH. Bbio
BBICKA3aHO TIPE/IIOJOKEHNE O TOM, UTO KJIIOYEBBIM
3BEHOM IaTOreHe3a SBJSIETCs OJI0Ka/a J0MaMUHOBBIX
D2-penienTopoB B HUTPOCTPUATOPHOM TPaKTe, Me30-
KOPTUKAJIBHOM IyTH U sS/Ipax TUnoTtaiamyca. Mexons
13 TAHHOTO TIPE/ICTABJIEHNUST, aTUITMYHbIE HEHPOJIETITH-
KW, B YaCTHOCTHU KJIO3AINH, CBI3BIBAIONTUIICS MeHee
yeM ¢ 75% D2-perenTopos, He MOTYT GbITh TIPHYITHON
HeliposenTrdeckoro cmaApoMa. Hemasmoe KosmaecTBo
3apETUCTPUPOBAHHBIX CJIYIA€EB PA3BUTHS HEUPOJIENTH-
YeCKOTO CUH/IPOMA, CBSI3aHHBIX € IPUEMOM aTUITUYHBIX
HEHPOJIETTTUKOB, 3ACTaBUJIO TIEPECMOTPETH TEOPUIO €TO
natoreHesa. B HacTosiiee BpeMsi CyIecTByIOT THTIOTe-
3bI O CEPOTOHUHEPTUYECKUX U HOPAZPEHEPTUIECKUX
MeXaHU3MaxX HeHPOJIeNTHIeCKOTO CHH/IPOMA, YTO TI03-
BOJISIET OOBSICHUTD €r0 BOSHUKHOBEHUE TIPH TIPHEME
kso3anuna [5, 51].

Cormacno uccaenosanuio E. Elmorsy u coasr.
HeOTaronpusiTHbie T000UYHbIe 3((MEKTHI CO CTOPOHBI
I[THC mpu mpriemMe KJ03annHa, B TOM YKCJe U HEHPO-
JIENTUYECKUI CUHIPOM, BO3HWKAIOT B Pe3yJbTaTe
HaXOJISAIIETOCS B 3aBUCUMOCTH OT BPEMEHW U KOH-
HEeHTPaINU HapyIeHUsT OMOIHEPTETUYECKOTO CTaTyca
AHJIOTETMATBHBIX KJIETOK KallUJIJISIPOB reMaTo-9HIe-
ammaeckoro 6apbepa. Boio mokazamo, 9To KI03amiH
uHrHOUpyeT akTuBHOCTD I 1 11T MUTOXOHAPUATBHBIX
KOMILTIEKCOB [52].

Arpanyionmros.

Cy1iecTByeT psiji TUTIOTE3 O MeXaHu3Me Pa3Bh-
THS arpaHyJIoIUTO3a, WHAYITUPOBAHHOTO KJIO3ATTH-
HOM. DouJibliiast poJib OTBOAMTCS TIPOMEKYTOTHBIM
AKTHBHBIM MeTabOINTaM, KOTOPbIe 00pa3yIoTCcs HElo-
CpelcTBeHHO HeHTpoduiamMu  1epudepudecKoit
KPOBU ¥ UX TIPEIIECTBEHHUKAMU B KOCTHOM MO3TE.
BbL10 0Ka3aHO, UTO PEaKTUBHBII MeTabOIUT KOBa-
JIEHTHO CBsI3bIBaeTcs ¢ Geskamu Heirpoduaos. 1o
HACTOSIIIIETO BPEMEHU He SICHO, SIBJISIeTCS TTOBPEeK/Ie-
HUEe HEHTPOMUIOB HEMOCPENCTBEHHBIM UJTH UMMYH-
HO-0MOCPeIOBaHHbBIM [46, 53].

Psan viccmenoBanmii TpoieMOHCTPUPOBATIN CBSI3h
arpaHyJIoIMTO3a C OIIPEICTIEHHBIMU TAIIOTUTIAMU KOM-
nnexca ructocopmectnmoctn (HLA-B38, DR4, DQw3,

pathway and the nuclei of the hypothalamus is the key
link to of theMNS pathogenesis. Based on this con-
cept, atypical antipsychotics, in particularly, clozapine,
which bindings to less than 75% of D2-receptors, can
not be the main cause of the neuroleptic syndrome. A
considerable number of reported cases of the neurolep-
tic syndromeMNS associated with atypical antypsy-
chotics forced researchers to reconsider the theory of
its pathogenesis.

Currently, there are hypotheses about based on
serotoninergic and noradrenergic mechanisms of the neu-
roleptic syndromeMNS which that can explain its devel-
opment after the administration of clozapine [50, 51].

According to a study by E. Elmorsy and et al.,
the adverse side effects affecting the central nervous
system (CNS) after administration of clozapine, in-
cluding the neuroleptic syndromeMNS, occur as a re-
sult of impairment of the bioenergy status of
endothelial cells of the blood-brain barrier capillaries
depending on the dose and timetime and its concen-
tration parameters. It was shown that clozapine in-
hibits the activity of the mitochondrial complexes I
and III mitochondrial complexes [52].

Agranulocytosis.

There is a number of hypotheses about on the
mechanism of agranulocytosis induced by clozapine. In-
termediate active metabolites which are formed directly
in peripheral blood neutrophils and by their predeces-
sors in the bone marrow are of a primary importance. It
has been proven that the reactive metabolites covalently
binds to neutrophil proteins. However, it has had not
been clear clarified to date whether it is occured due to
a direct damage of neutrophils or because of immune-
mediated damage of neutrophils [46, 53].

A number of studies have demonstrated a rela-
tionship between agranulocytosis and certain haplo-
types of the histocompatibility complex (HLA-B38,
DR4, DQw3, DQB1), which confirms the hypothesis
of the immuno-mediated mechanism. Genetic suscep-
tibility to clozapine-induced agranulocytosis was
found in a case of (a change of one amino acid in HLA-
DQB1 (126Q) or HLA — B (158T) antigens due to
mutant loci [54].

Cardiotoxic effect.

The cardiotoxic action of clozapine is its repre-
sents the most serious side effect. Numerous studies
have proved the connection between clozapine intake
and increased risk of myocarditis, cardiomyopathy,
pericarditis, heart failure, and a sudden cardiac death
[16, 26, 27, 55—61]. By 2010, the manufacturer of the
drug registered 213 cases of myocarditis, including 50
deaths, and 178 international reports on clozapine-in-
duced cardiomyopathy [62, 63].

Data onThere are multiple data on the risk of a
sudden cardiac death contain many long-term stud-
iesassociated with clodipine intake [55—57]. For ex-
ample, Modai and et al. concluded onfound a fourfold
increased in the risk of a sudden cardiac death in pa-
tients taking clozapine [64]. The analysis of sudden
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DQB1), uto moaTBep:KIAET TUTIOTE3Y O UMMYHO-OTIO-
CPEIOBAHHOM MeXaHu3Me. BblsiBiieHa reHeTmueckast
BOCIIPUUMYHMBOCTb K WHIYIIUPOBAHHOMY KJIO3AITHHOM
arpaHyJIoIuTo3y (M3MEHEHIEe OJTHOI AMUHOKHUCJIOTHI B
HLA-DQB1 (126Q) HLA — B (158T) [54].

Kapaunorokcuueckoe neiictBue.

Kapamorokcudyeckoe — neiictBue — KJio3amuHa
SIBJISIETCS HarboJIee CEPhe3HBIM ero TOO0YHBIM A dek-
ToM. MHOTOUNCJIEHHBIMU UCCIEIOBAHUSAMHU JTOKA3aHA
CBSI3b MEXKIY TPUEMOM KJIO3AMUHA U TIOBBIIIEHUEM
pHUCKa pas3BUTUSI MUOKAPAWUTOB, KaPAUOMHUOIATHIA,
HEePUKAPANTOB, CEPEYHOI HEJIOCTATOYHOCTH, BHE3ATI-
HOW cepaeuHoit cmepru [16, 26, 27, 55-61]. K 2010
TOJLY TIPOM3BOIUTETIEM TIPETapaTa GbII0 3aPETHCTPUPO-
Bano 213 ciryyaeB MuokapanTa, Bkiodast 50 cMepTesib-
HBIX coTy4aeB, 178 MeKIyHapOIHBIX JOKIAIOB O KJI03a-
MTUH-UHAYIIUPOBAHHON KapauoMuonatiu [62, 63].

VmetoTcst MHOTOUMC/IEHHBIE AaHHBIE O PHCKE
BHE3AITHOI Cep/IeYHOI CMEPTH, aCCOTIMIPOBAHHOM C
npueMoM kJjosanuia [55—57]. Tak, Hanpumep, Modai
U COABT. IPUIIJIA K BBIBO/LY O UETBIPEXKPATHOM yBe-
JINYEHUU PUCKA BHE3AMHOI CepAeYHON CMepTH y
MAIMeHTOB, MPUHUMAONUX KJo3anuH [64]. B pe3ysb-
TaTe aHAJIN3a CJIyYaeB BHE3AITHON CepAeYHOI CMepTH
GBIJIO OTMEUEHO TIPeobIajlaHyie MaueHTOB MOJIOIOTO
Bospacra 6e3 COMyTCTBYONX 3aboseBanuii [59].

Wccnenosanme, mpoBefeHHoe B ABCTPATIIU
A.A. Khan u coasr. ¢ 2009 o 2015 roz mokasaio, 4To ¢Jry-
Yau MUOKap/InuTa ¥ BHE3AIIHON cepiiedron cmeptr y 503
HaIMeHTOB coCTaBIIN 3% 1 2% cooTBeTcTBeHHO [15].

[TaTorenes KapANOTOKCHYHOCTH /[0 HACTOSIIIIETO
BpeMeHU He siceH. OTMeYeHO TIOBbIIIEHNE TPOTIOHH-
na, KOK-MB, unrepieiikunos, akropa HeKpo3a
OITyX0JIH ayb(da, MUTOKUHOB MPU MTPUMEHEHUHN KJIO-
3alMHa B BBICOKUX Ho3ax [5, 6, 65, 66]. B. A. Al-
Wahab u coaBT. B 9xcriepuMeHTaTBHOM HCCITIE0BA-
HUM  ObLIO  BBISIBJEHO  TOBBIIEHHE  YPOBHEH
KaTeX0JIAMUHOB, HOPa/[peHaIHa 1 anuHedpuHa B
IJIasMe y MbIIIeid, ToJydaBInx Kiao3anun [5]. U3
ATOTO CJEMYET, UTO KapAMOJOTHYECKUE TTOOOUHBIE
adeKTb MOTYT OBITH CBA3AHBI C TMOBPEKICHUEM
KapJIUOMIOIIUTOB BCJEACTBUE HAKOIJIEHUS] B HUX
a/IpeHaJINHA, a TAKIKe C HapylleHueM nepdys3nn Muo-
KapJa B pe3yJbraTe [IJTUTENTbHONU KOHCTPUKIIUK
BEHEUYHBIX COCY/IOB B COYETAHUU C TaxUKapauei,
KOTOpasi OTMeYaeTcs y 25% IManueHToB, IPUHUMAIO-
mux kiaosamuu [61, 67—70].

Mmorue wcceoBaTeny CYUTAIOT TJIABHBIM
MATOTeHETUYECKUM 3BEHOM KapAMOTOKCHYECKUX
adexToB MOBpexgAIONIEe EliCTBE PEAKTUBHBIX
MetabonuToB Kaoszamnuna [71]. Beuio ycranosieno,
YTO KJIO3AMUH MOJBEPraeTcst GNOAKTUBAIIMY B TKAHU
MUOKap/ia 710 00pa3oBaHus XUMHUYECKH aKTUBHOTO
Mertabojta — HUTpeHust [47]. MeraboiuT cBs3biBa-
ercs ¢ 6esrkaMu B MEOKAp/Ie, YTO TIPUBOJIUT K 00pa3o-
BaHUIO AHTUTEHHOTO KOMILIEKCA, KOTOPbII CTUMYJIH-
PYET UMYHHBII OTBET U Makpodaru, 3a aTUM CJIeyeT
BBICBOOOK/ICHIE IATOKUHOB, KOTOPBIE OMOCPEAYIOT
KJIETOUHYI0 MHMUIABTPAIINIO 1 MuoKapanT [71].

cardiac death cases demonstrated the predominance
of young patients without comorbidities [59].

A study conducted in Australia by A. A. Khan et
al. from 2009 to 2015 showed that cases of myocarditis
and a sudden cardiac death in 503 patients amounted
tooccurred in 3% and 2% of all cases, respectively [15].

The pathogenesis of cardiotoxicity is still not
clear. There was an increase in troponin, CPK-MB, in-
terleukins, tumor necrosis factor alpha, and cytokines
concentrations due towhen clozapine was administered
ration of clozapine in at high doses [5, 6, 65, 66]. In an
experimental study, B.A. Al-Wahab et al. demonstrated
an increase in plasma levels of catecholamines, nora-
drenaline and epinephrine in mice receiving clozapine
[25]. Therefore, cardiac side effects may be associated
with a damage of cardiomyocytes due to the accumula-
tion accumulatingof adrenaline in them, as well as with
impaired myocardial perfusion as a result of a prolonged
constriction of the coronary vessels in combination
with tachycardia, which is observed in 25% of patients
taking clozapine [61, 67—70 ].

Many Various researchers consider a damaging ef-
fect of clozapine reactive metabolites as the main patho-
genetic factor of the cardiotoxic effects [71]. It was
found that clozapine is bioactivated in the myocardial
tissue to chemically active nitrenium ionmetabolite [47].
The metabolite binds with to proteins in the my-
ocardium leading to the formation of an antigenic com-
plex which stimulates the immune response and
macrophages, followed by the release of cytokines,
which mediate cellular infiltration and myocarditis [71].

Arrhythmogenic side effects of clozapine were
noted. The long QT prolongation syndrome (ICD-10
code: 149.8), which is a predictor of a v entricular
tachycardia of the «pirouette» type of torsade de
pointes is the most common disorder. In about one of
ten cases, torsade de pointesthe latter leads to death
[17-20, 73, 74]. The mechanism of the long QT pro-
longation syndrome related to the clozapine intake is
associated with the blockade of repolarization pf of IKr
potassium voltage-gated channel subfamily H member
2 channels encoded by a human KCNH, (or HERG,
«ether-a-go-go-relatet related> (HERG) gene [31].

Thromboembolic complications.

The database of the International Centre for Ad-
verse Drug Reactions Monitoring of the World Health
Organization (WHO) provides information about 754
cases of venous thromboembolism in patients receiv-
ing clozapine [75]. A number of studies have revealed
a high probability of thromboembolic complications
of administration of second — generation antipsy-
chotic drugs [21—24]. From 1990 to 1999, the Food
and Drug Administration (USA) had received 99 re-
ports on thromboembolic complications [76].

The pathogenesis of these complications is a
multi-factorial one. A number of studies demon-
strated that changes in 5SHT2A-receptors of platelets
may mediate atherogenic and prothrombotic mech-
anisms [75].
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OTMeueHbl apUTMOTeHHbIE T0O0UYHbIE 9P hEKTHI
kiozanuna. Hanbosiee yacTbiM HAPYIIEHUEM SIBJISICT-
ca curapom yanaunenuss Q-T (kox mo MKB-10 —
[49.8), koTOpBIIi SIBJISIETCS IPEAMKTOPOM JKETY/I0UKO-
BOIl mupyar-Taxukapauu. lIpuMepHo B omHOM U3
JeCSITH CJydaeB MHUPYIT-TAXUKAPIAUS HPUBOIUT K
cmeptu [17-20, 73, 74]. MexanusMm cuHpoMa y/LJIu-
Herust Q — T npu npreMe KJI03arnHa CBI3bIBAIOT C
6JI0Ka/I0i perosIpu3anun KaaneBbix kananos IKr,
koaupyembix renom KCNH, (HERG) [20].

TpoMG05MO0IHYECKHE OCAOKHEHHUS.

B 6ase MeXKIYHAPOAHOTO IEHTPAa KOHTPOJIS
oOOYHOTO JIeficTBIS JiekapeTB Beemuproit opranmsa-
1uu 371ipaBooxpanenust (BO3) copepkarcst cBeneHust
0 754 cry4asix BEHO3HON TPOMG0IMOOIMH Y GOJBHBIX,
HOJIy4YaBIInX KJao3anuu [75]. B psie ucciaepoBanmii
OblTa BBIABJIEHA BBICOKAsI BEPOSATHOCTD TPOMO0IMOO-
JINYECKHUX OCJIOXKHEHUIT ITPU TIPUEMe aHTUIICUXOTHYe-
CKUX TIperapatoB BToporo mokosenusi [21—24]. C
1990 1o 1999 roxbl ynpasieHueM 1Mo CAaHUTAPHOMY
HAJ30PY 32 KAYeCTBOM ITHMIIEBbIX IIPOJAYKTOB U MeIH-
kamentoB CIIIA (Food and Drug Administration,
USA) 65110 110s1y4eo 99 coobienuii o poM60amM60-
JIMYECKUX OCJIOKHEHUSX [76].

[TaTorenes 1aHHBIX OCJIOKHEHMIT — MHOTO(aK-
TOpHBIIL. B psine ucciemoBanuii mokasaHo, 4To O1o0-
CpesoBaTh aTeporeHHbIe ¥ MPOTPOMOOTUYECKUE MEXa-
Hu3Mbl MoryT uamenenusi B SHT2A-perentopHom
annapare TpoMOonuTos [75].

B pesyisrare uccaeposanusa S. Axelsson u
COaBT. OBLJIO YCTAHOBJIEHO, YTO IO/ AEHCTBUEM KJIO-
3aIHa Ha KPOBb N Vil10 yBEJUYNBAETCS aAre3us 1
arperaryst TpOMOOIUTOB, YMEHBIIAIOTCS 3HAYCHUS
AKTUBUPOBAHHOTO YaCTUYHOTO TPOMOOILIACTHHOBOTO
Bpemenu — AUTB [25].

B uccaenosanuu M. B. BesioBoii 1 coaBT. 6bLI0
MOKA3aHO, YTO IIPU OCTPBIX OTPaBjeHus ncuxodap-
MaKOJIOTUYECKUMU CPEJCTBAMU, B TOM YUCJIE U KJIO-
3anuHOM HabJoancst Auchaianc MekIy TepeKic-
HBIM OKHUCJIEHMEM JIUIHUI0B U AHTHOKCHIAHTHOI
CUCTEMOI1, YTO COIIPOBOKIATIOCH YBeJIUYEHIEM Bsi3-
KOCTH KPOBM U TOBBINIEHUEM arperauoHHbIX
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As aresult of the study of S. Axelsson et al. it was
founddemonstrated that under the action of clozapine
on blood, the in vitro platelet adhesion and aggrega-
tion increased in vitro andwhereas APPT the values of
activated partial tromboplastin time are reduced [25].

A study of M. V. Belova et al. demonstrated that
in acute poisoning with psychopharmacological
agents, including clozapine, there was an imbalance
between lipid peroxidation and the antioxidant sys-
tem, which was accompanied by an increase in blood
viscosity and an increase in the aggregation properties
of red blood cells and platelets due to membrane dam-
age to their membranes [77].

Conclusion

Clozapine remains a popular psychopharmaco-
logical agent in clinical practice, despite the side ef-
fects that pose a threat to life. Numerous studies do
not allow to come to a consensus on the mechanisms
of its toxic effects. A detailed study of the cytogenetic
cellular, genetic and molecular aspects of clozapine ac-
tion will allow to disclose most fully the pathogenesis
of life-threatening conditions due to due to its admin-
istrationclozapine administration.

CBOMCTB 3PUTPOIUTOB ¥ TPOMOOITUTOB B CJICICTBUE
HoBpexaeHus ux memopat [77].

3akjaoyeHue

Knosanun ocraeTcs noiyJisipHbIM 1icuxodap-
MaKOJIOTUYECKUM CPEJICTBOM B KIMHUYECKOM IIPaK-
THKE, HeCMOTPsI Ha 1060uHbIe 3 EKTHI, TTpe/IcTaB-
Jdiolue yrposy [Jid KU3HU. MHOTOYMCJIeHHbIE
uccyeloBaHus He M03BOJIAIOT IIPUNTH K €[UHOMY
MHEHHIO O MeXaHM3MaX ero TOKCUYECKOro [eii-
crBust. [ToapobHoe u3yueHre KIeTOUHbIX, FeHeTHYe-
CKUX U MOJIEKYJISIPHBIX aCIIeKTOB JIeUCTBUS KJI03a-
NUHA TO3BOJUT Haubojiee MOJHO PACKPHITh
HaToreHe3 OIACHBIX /I )KU3HU COCTOSHUN IIPU €T0
IPUMEHEHUN.
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Biinsinye aHTHOKCHIAHTA HA OCHOBE SIHTAPHOM KHCJIOTHI
Ha MpeBpanieHne METTeMOTJI00HHA B OKCUTEMOTJIO0NH in vitro
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Effects of Succinate-Based Antioxidant
on in vitro Conversion of Methemoglobin in Oxyhemoglobin
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ITenp uccaeoBaHust — 1MOKA3aTh BO3MOKHOCTD UCTIOJIb30BAHUS AaHTUOKCUIAHTA HA OCHOBE STHTAPHOU KHCJIOTHI
JUIST BOCCTAHOBJIEHHSI METTEMOTJIOONHA [I0 OKCUTeMOTJIOONHA B KPOBH i1 Vitro.

Marepuassl 1 MeTO/bI. 3260p KPOBU B MUKPOBETTHI, coziepskaiiue DJITA, mpousBoANIN y MATH 3I0POBBIX /10~
HOPOB MpU MTPOGHUIAKTUYECKUX 0CMOTPaX. B KpoBb in vitro nobasisiim pactBop NaNO, Uis1 oJrydeHust METTeMOor-
sgo6una (MetHb). B kauecTBe aHTHOKCHAAHTA UCTIOIB30BAIN KOMILIEKCHBIH TIPETapaT, COCTOSIIMN U3 CJIEAYIONIX
AKTUBHbBIX KOMIIOHEHTOB: SIHTAPHASI KUCJIOTA, MHO3WH, pub0MIIaBIH U HUKOTUHAMUZL. VI3Mepsiiu CIIEKTP TTOTJIONIEHNUST
CYCIEH3UIl S5PUTPOLUTOB € PasAMYHBIM coepkanneM npenapara D, (4, )egper € arom 1 um. Mertonom Hemuneiinoil
perpeccun pacCUNTHIBAIN KOHIIEHTPAIIUH TIPOU3BOIHBIX TEMOTIOONHA B CYCTTEH3MUSIX.

Pesyabrartel. B akciiepumenTax, Korjaa MeTreMorio0MH B3aUMOJIEHCTBOBAJ ¢ IPENapaToM, OITHYECKas! [I0T-
HOCTb TIUKOB, XaPaKTEPHBIX /IJI1 OKCUTEMOIIOOMHA, YBEJINUNBAJIACH, @ CIIEKTPAJIbHbIN MK METIeMOrJIOOUHA CHU-
skascst. dem Gosibliie ObLIM KOHIEHTPAIMs Mperapara u BpeMs WHKyOaiuu, TeM adderTrBHee OblI Mpoiece
BOCCTAHOBJIEHUsI METT€MOIJIOOUHA /10 OKCUTeMOTJIO0NHA.

3akmouenue. JKCIEPUMEHTAIbHO J0Ka3a/K, YTO IPU HAYAIbHOII KOHIIEHTPAIMK METIeMOTIO0MHA B KPOBH
91—93% mobaBmenue mpenapaTa CHUKAET €ro KOHIeHTpanuio 10 25—27%. B To ke Bpems, 61arogapst aBTOBOC-
CTAHOBJICHUIO, KOHIIEHTPAIIUsI METTeMOTIJIOOMHA YMEHBIIAETCs TOJIBKO 10 84%. [TokasaHHblii ahherT MOKeT UMETh
MPAKTUYECKOE TIPUMEHEHHE TP KPUTHYECKUX COCTOSIHUSX, IPU XPAaHEHUH JOHOPCKOW KPOBH, TIPU MPOBEJIEHUN
reMotpaHcdy3uu, pu Bo3ieicTBUN (HUUKO-XUMUYECKUX (DAKTOPOB HA KPOBb.

Kantouesvte caosa: spumpovyumol; Memzemoziooum; 0KCuzemMozi00um; 60CCMan08IeHIe; SHMAPHASL KUCLOMA; UHO-
3UM; PUOOPIABUI; HUKOMUHAMUO; YUMODIABUH

The purpose of the study — to determine the feasibility of using the succinate-based antioxidant for the in vitro
reduction of excessive methemoglobin to oxyhemoglobin in blood.

Materials and Methods. Blood sampling was performed in five healthy donors in microvettes containing EDTA
during prophylactic examinations. NaNO, solution was added to blood samples in vitro in order to yield methemo-
globin (MetHDb). The complex drug containing the following active ingredients: succinic acid, inosine, riboflavin,
nicotinamide, was used as an antioxidant. The absorption spectrum of red cell suspensions with different drug content
D, (A )exper Was measured with 1 nm increments. The non-linear regression method was used to calculate concentra-
tions of hemoglobin derivatives in suspensions.

Results. In our experiments, when methemoglobin reacted with drug the optical density of peaks typical for
oxyhemoglobin increased and the spectral peak of methemoglobin decreased. The greater the concentration of drug,
the more was the incubation time, the more efficient was the process of reduction of MetHb to HbO,.

Conclusion. We proved experimentally that while the baseline concentration of MetHb was an average of
91—93%, addition of drug decreased its concentration to 25—7%. Without drug, due to autoreduction, the con-
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centration of MetHb decreases only to 84%. The revealed effect provide a potential for practical applications in
critical illness, during the storage of donor blood, in blood transfusions, and under the action of physico-chemical

factors on blood.

Keywords: red blood cells; methemoglobin; oxyhemoglobin; reduction; succinic acid; inosine; riboflavin; nicotinamide;

cytoflavin
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BBenenne

IHIOTEHHAS U 9K30TE€HHAsT MHTOKCUKAIUST Pa3-
JIMYHOW TIPUPOJBI MOKET BBI3BIBATH 00pasOBaHIE
aktuBHBIX (hopM kucaopoaa (ADK) B kposu n mosu-
(UITIPOBATH MOJIEKYJII TEMOTJIOOHHA B 9PUTPOIIUTAX.
[Tpu 5TOM TIPOMCXOST TIPOIIECCHI OKUCIEHIIS JKETe3a
Fe?*—Fe’* u npeBpaliieHust MOJIEKYJIbl TeMOTJI0OUHA
(Hb) u okcuremorsiobuna (HbO,) B Mmerremorinobun
(MetHb) [1—3]. B HOpMabHOM COCTOSTHII OPTAaHU3M
HOJIEPKIBAET OMOXMMUYECKOE PABHOBECHE, U METTe-
MOTJIOOWH B KPOBH Y€JIOBEKA BCEr/a MPUCYTCTBYET B
Hebobinux Koandectsax (0,5—1,5%).

Hapyrenne paBHOBeCHsT MEKIY COMEPIKaHTEM
obpasytonuxcs ADK 1 aHTHOKCHIAHTHBIME 3alIHT-
HBIMU MEXaHU3MaMU KJIETKU MOJKET MTPOU30UTH O]
BJIUSTHIEM Pa3JUYHLIX 9HIOTEHHBIX W 9K30TE€HHBIX
(akropoB (6akTepyM, BUPYCHI, XUMUYECKUE are€HTH,
psan dapMmipenapaToB, 3arps3HeHNe OKPYIKAIOIIEN
Cpe/ibl, HOHU3UPYIOTIUE U3TyIEHIsT, TPABMbI, MACCHB-
HbIe KpoBOTeueHUs u 1p.) [4—6]. Kpome Toro, meTre-
MOTJIOOMHEM ST MOKET OBITh BbI3BaHa MEPEIO3UPOB-
KOU HEKOTOPBIX JIEKAPCTBEHHBIX CPEACTB (JIMIOKANH,
HOBOKAaWH, TIPOTUBOMAJISIPUITHBIE TIPETIAPaThl U JIP.),
OTpaBJIeHIEM XUMUYECKIMU BETeCTBAMY (AHUJTITHO-
BBIMU KPAaCUTEISIMU, HUTPaTaMH, XJI0pOeH30710M) [7].

[Ipn ycuieHun OKUCIUTETHHBIX IPOIECCOB
coOCTBeHHAsT aHTHOKCHAAHTHAsE CUCTEMa YyKe He
MOJKET «CITPABJISITHCST> C YBETMYEHHBIM KOJTUIECTBOM
AKTUBHBIX (DOPM KHCJIOPO/IA U a30Ta U 00pa3oBaHIEeM
MetHb. YBenudenue copepskanus METTeMOTIOOMHA
BbIlITe (DM3NOJOTMIECKOTO YPOBHS IPUBOIUT K HAPY-
meHuo razoodMeHa. IIpu yaeabHON KOHIIEHTPAI[UN
MetHb Gosee 30% B JKU3HEHHO BasKHBIX OpTaHax
MOTYT Pa3BUBaThCs HeoOpaTUMble M3MEHEeHUs [4].
M3BeCTHO, YTO JJISI JICYCHUST METTEMOTJIOOMHEMITH
MPUMEHSETCS METUJICHOBBIN cuuuit. OMHaKo OH He
Beerga addexTuBen 1 001aJaeT PAZOM MOOOYHBIX
ToKcH4YeCKUX 3(PeKToB [4, 5].

[ToaToMy TOWCK JIEKAPCTBEHHDBIX TIPEMAPATOB,
CITIOCOOHBIX YCHJIUTD 3((HEKTUBHOCTh aHTHOKCHIAHT-
HOU CUCTEMBI 9PUTPOIIUTOB U TIPEAOTBPATUTH 00Pa3o-
Barrie ADK u MetHb, siBiisiercst akTyaabHbBIM,

OcobGeHHBII HHTEPEC MPEACTABIISIOT BEIIECTBRA,
coJiepsKalire TIPUPOIHbIE KOMITOHEHTHI. [IprmMepom
TakuX TpemapaToB saBisercs mutodaasun (OO0
«HTDOOD «ITOJINCAH>», Poccuiickast Degeparnmst).
Ero dapmakosornueckue ahheKTs OMPeaensIioTcs
COBMECTHBIM [IEHICTBUEM, COCTABJISIONIIX €T0 HHTPe-
JUEHTOB: STHTAPHAS KUCJIOTa, WHO3WH, HUKOTUHA-
MU, MOHOHYKJIeOTH I pubodrasura Hatpus [8].

Introduction

Endogenous and exogenous intoxications of var-
ious causes may lead to the formation of active forms
of oxygen (ROS) in the blood and modify hemoglobin
molecules in erythrocytes. At the same time, the oxi-
dation processes Fe**—Fe?* occurs, and molecules of
deoxyhemoglobin (Hb) and oxyhemoglobin ( HbO,)
are converted to methemoglobin (MetHb) [1—3]. In
its normal state, the body maintains a biochemical bal-
ance, and methemoglobin is always present in small
amounts (0.5—1.5%) in human blood.

The imbalance between the amount of ROS
formed and the antioxidant defense mechanisms may
occur in cells under the influence of various endogenous
and exogenous factors: bacteria, viruses, chemical agents,
a number of pharmaceuticals, environmental pollution,
ionizing radiations, traumas, massive bleeding, etc. [4—
6]. In addition, methemoglobinemia can be caused by an
overdose of some drugs (lidocaine, novocaine, antimalar-
ials, etc.) and poisoning with chemicals (aniline dyes, ni-
trates, chlorobenzene) [7]. With increasing of oxidative
processes, own antioxidant system can no longer deal
with an increased amount of active forms of oxygen and
nitrogen and MetHb formation. If MetHb level is higher
than the physiological level, the disturbance of gas ex-
change occurs, because the oxidized heme is not capable
to deliver the oxygen to tissues. At the level of MetHb
of more than 30%, irreversible changes in vital organs can
develop [4]. Tt is known that methylene blue is used to
treat methemoglobinemia. However, it is not always ef-
fective and has a number of toxic side effects [4, 5].

Therefore, the search for drugs that can enhance
the effectiveness of the antioxidant system of erythro-
cytes and prevent the formation of ROS and MetHb
is always urgent.

Substances containing natural ingredients are of
a special interest. One of such drugs is cytoflavin
(STPF «POLISAN>», Russian Federation). Cytoflavin
as a therapeutic category relates to «a metabolic regu-
lator», pharmacological effects of which is regulated by
a combined action of the formulation’ ingredients: suc-
cinic acid, inosine, nicotinamide, riboflavin mononu-
cleotide sodium [8]. Cytoflavin has been shown to
serve as a pharmacological agent capabale to aid in en-
chancing the energy formation, decreasing reactive
oxygen species (ROS), activating metabolic processes
after ischemia and reoxygenation [9, 10].

The aim of the work is to show the feasibility of
using of cytoflavin for in vitro reduction of excessive
methemoglobin to oxyhemoglobin in blood.
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Experimental Studies

[TuTodmaBun MOKET CTUMYJIUPOBATH 0Opa3oBaHIe
9HEpruu; yMeHbiath obpasosanue ADK; aktusupo-
BaTh METabOJNIECKUE TIPOIIECCHI TTOCTIE UITEMUK 1
peokcurenanuu [9, 10].

[Tesb paboThl — MOKa3aTh BOSMOKHOCTH UCTIOJb-
30BaHUS AHTHOKCUIAHTA HA OCHOBE STHTAPHOI KHUCJIO-
TBI JIJIS BOCCTAHOBJIEHUST METTEMOTIOOMHA 10 OKCHUTE-
MOIJIOOUHA B KPOBU i1 Vitro.

MaTepI/IaJI U METO/1bl

Kposb (150 mka) Gpanu B mMukposertbl ¢ J/TA
(Sarstedt AG and Co., Germany) y nsitu JOHOPOB BO BpeMsI
MPOGUITAKTHYECKUX CKPUHITHTOB.

WccnenoBanne TpOBOANIN B COOTBETCTBUH C IPUH-
ramu XeJbCHHKCKOMN JIeKTapaliiy 1 ObLIIo 0/100peHo aTH-
geckuM komuteToM DeziepaIbHOr0 HAYIHO-KIMHUIECKOTO
LeHTpa peaHumatosioruu u peaduauranuun HUW obuieit
peanumarosornu uM. B. A. Herosckoro. Coruacue 6b110 110-
JIY9€HO OT KaK/IOTO YYACTHUKA JI0 HayaJla NCCIIeIOBAHNSI.

[TapameTpbl reMaToJOrNN U3MEPSIIIH ¢ TOMOIIBIO Te-
MaroJjiornyeckoro ananusaropa Advia 60-CT (Bayer, Ger-
many). B ncxozanoii kpoBu reMaToKpHT cocTaBiisi 39—45%,
KOHIIEHTpaIns reMorao6uHa cocrassiia 110—146 v/,

JLy1st OKHCIIeH st reMOTIoOnHA B KPOBH i1 Vitr0 MCTIONB30-
BaJm pactBop HuTputa Harpust NaNO,. {15t npurotosieHns Ga-
30BOTO pacTBopa HuTpHUTa Hatpus (pactsop L) 1.4 r NaNO,
(Sigma—Aldrich Co. LLC) pas6asJisizu B 10 mut hocparHoro Gy-
depa (PBS), pH=7.4 (MP Biomedicals, USA). Pacrsop S tiosty-
vyasu pasbasiernem pactBopa L B 10 pas. IlurodmaBun —
KOMILIEKCHOE JIEKAPCTBEHHOE CPEJICTBO, COJIEprKalliee AKTHBHBIE
BetecTBa — saTapHas kucaota — 100 r, aukoTrHamMu — 10 T, pu-
Gokcut (nHosun) — 20 1, puboduiaBuna docdar Harpust (pruGo-
(hiaBun) — 2 r; BeriomoraresibHble BEIecTBa: MeryiioMuH — 165,
HATPUS TUAPOKCU]T — 34 T, Bozia /71t mHbeKIwii — 7o 1 smrpa [8].

OnTHryeckasi IIIOTHOCTD PACTBOPOB U3MEPSLIIACh C MO-
Motwio 1dposoro criektpodoromerpa Unico 2800 (USA).
Wsmepsimu criekTp noraoimenust Dy(4;),,, CyCleH3nu apuT-
pouutos B Oydepe PBS (pH 7,4) B nuanasone 1jiuH BOJIH
500-700 um c¢ mmarom 0,5—1 um. 31ech 4; — ITUHBI BOJIH
CBeTa, HA KOTOPBIX U3MEPSLIA ONTUIECKYIO ILIIOTHOCTS, [ —
HOMED JJINHBI BOJIHBI.

J11s1 HaXOKIeHVS KOHIIEHTPAIHIA TPON3BO/HBIX FeMO-
riobuHa ncnonbzosain merozx Nonlinear Fitting [7, 11—13].
IMIUPHYEcKUil ciekTp Dy(4y),,,, aNIPOKCUMUPOBAIN TeOpe-
THYECKOU KPUBOI Di(4)) j100r, KOTOPASI HAUIIY UM CLIOCOOOM
BITUCBHIBAETCS B 9KCIIEPHUMEHTAIBHYIO KpUBYIo. [1pn anmpok-
CUMAIIMU YYUTBIBAIH TIOTJIOIIEHIIE CBETA PA3HBIMH TIPO-
U3BOAHBIMU TeMoryobuna. OMHOBPEMEHHO YUUTHIBAIICH
2(bdeKThI pasIeeBCKOTO paccesiHUS CBeTa KaK Ha CTPYKTYPax
paszmepom D<A (koaddutineHT S), Tak U Ha YACTUIAX PaA3-
Mepom D >4 (koabdutinent K):

Dy(A) theor =27 €01 (A) Ch L+K+S/2 (1)

3nech unnekc i o6o3navaeT MPOU3BOHBIE TEMOTJIO-
6una: HbO, (oxcurennposaunbiiit Hb), Hb (1e30Kcurenupo-
sannbiii Hb), MetHb (merremoriiobun), HONO (Hutposu
skenesa Hb), MetHbNO, (csasanubiii aurputom MetHb),
MetHbNO (tpexBanientbiii nutposusn Hb). L — ato Tou-
MIMHA CJIOST PACTBOPA.

[l1s1 pacyeTa KOHIEHTPAI[UH ITPOU3BOHBIX F€MOTJIO-
GuHa GBI VCIIOJIB30BAH METOJL AllPOKCUMAIK KPUBOI B
nporpamme Origin (OriginLab, Northampton, MA). C mo-
moriio Function Builder mbr cozmaem dyHr1mio Di(A) meor
(ypasuenue (1)). IIpu aToM cTatyc 3aBUCUMOI IepeMEHHO

Materials and Methods

The blood samples (150 pl) were withdrawn from five
donors into microvettes with EDTA (Sarstedt AG and Co.,
Germany) during prophylactic screenings.

The study was performed in accordance with the prin-
ciples of the Declaration of Helsinki and was approved by
Ethics Committee of Federal Research and Clinical Center
of Intensive Care Medicine and Rehabilitology, V. A. Negov-
sky Scientific Research Institute of General Reanimatology.
An informed consent was obtained from each participant
prior to the study.

Hematology parameters were measured by Hematol-
ogy Analyzer Advia 60-CT (Bayer, Germany). The baseline
hematocrit was 39—45%, the concentration of hemoglobin
was 11.0—14.6 g/dl.

For in vitro oxidation of hemoglobin in blood, we used
sodium nitrite NaNO, solution. To make the sodium nitrite
stock solution, 1.4 g of sodium nitrite NaNO, (Sigma-—
Aldrich Co. LLC) was diluted in 10 ml of phosphate buffer
(PBS) pH=7.4 (MP Biomedicals, USA) to form the «solu-
tion L». The latter was diluted 10 times to obtain the solution
S. Cytoflavin (STPF «POLISAN», Russian Federation) is a
complex drug containing the following active ingredients:
succinic acid 100 g, inosine 20 g, nicotinamide 10 g, riboflavin
sodium phosphate (riboflavin) 2 g, and the following excipi-
ents: meglumine 165 g, sodium hydroxide 34 g, water for in-
jections gs up to 1 liter [8].

The absorbancy of solutions was measured by a digital
spectrophotometer Unico 2800 (USA). The absorption
spectra Dy(4,),, of erythrocyte suspension in buffer (PBS
pH 7.4) was measured at a wavelength range 500—700 nm
with 0.5-1 nm increments. Here 4; stands for the wave-
lengths of light for which the absorbancy were measured,
and /is the number of wavelength.

The Nonlinear Fitting method was used to find the
concentrations of hemoglobin derivatives [7, 11—13]. The
empirical spectrum D;(4)),.,, was approximated by the theo-
retical curve Dy(4)) .., Which fits the experimental curve in
the best way. Under approximation, the light absorption by
different hemoglobin derivatives was considered. The effects
of Rayleigh light scattering on structures with size D<A (co-
efficient §) and light scattering on particles with size D>/
(coefficient K) were taken into account:

D) theor =21 01 () Cn L+K+S/4f (1)

Here, the index 4 stands for hemoglobin derivatives:
HbO, (oxygenated hemoglobin), Hb (deoxygenated hemo-
globin), MetHb (methemoglobin), HbNO (ferrous nitrosyl
hemoglobin), MetHbNO,, (nitrite bound methemoglobin,
MetHbNO (ferric nitrsoyl hemoglobin). L stands for the
thickness of a solution layer.

To calculate the concentration of hemoglobin deriva-
tives, the method of curve approximation was used by means
of the Origin software (OriginLab, Northampton, MA). By
means of Function Builder, the function D;(4)),.,, (equation
(1)) was created. In this case, the status of dependent variable
was assigned to Dy(4)),.,. Parameters of individual absorption
at different wavelengths ey, (4;) were independent variables
[10]. Independent concentrations of Crsos, Cr, Casertis, CribNo,
Cwmertibnos, Cuertiono, and scattering coefficients K and S were
considered model parameters. These model parameters have
been chosen in a manner where the theoretical curve Dj(4) 0r
describes the experimental data Dy(4),., the best. In the ap-
proximation, the condition that C;>0 must be satisfied.
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6b11 ipucBoer Dy(4)),,,,- Unansuayanbhas
MOTJIONIATEIbHASL CIIOCOOHOCTD MIPU PA3JIHy-
HBIX IJTITHAX BOJH &1, (4;) SBJSITINCDH HE3aBH-
cumbpimMi iepemerHbIMU [ 10]. HezaBucumbie
koutnenTpaunt  Cupos, Cup, Cwmeun, Crino,
Cwytetiipnos, CueibNo, @ TaKsKe KOI(PHOUTTNEHTHI
paccestanst K 1S paccMaTpUBAINCh MOJIE/Tb-
HBIMHU TIapaMeTpaMu. DTH MapaMeTpPbl MO-
nesn o6 MpaioTCst TaK, 4TOGBI
Teoperuueckasi Kpubast D;(4)) eo, OTIMCHIBATIA
sKcrIepuMenTasbhbie Jannbie Di(d),, 1y4-
muM  criocobom.  Ilpu  anmpoxcumaryu
JIOJKHO BBITIOJHATHCS yeaosue, uto C;=0.
OKCIIEPUMEHTHI i1 Vitro TPOBEIN TI0
cxeMe, TIpejicTaBIeHHoi Ha puc. 1.
MUuUKpOBETTHI CO CBEXKEN 1eTHbHON KPo-
Bbi0 150 MKJI OBLIM IPUTOTOBJIEHBI (CTAAUS
1). K xasxzoit MUKpoBeTTE € 1ETBbHON KPO-
BbIo 106aBs 10 Mxar pactBopoB NaNO, ¢
konnentpanueir C=0,14 t / ma (craans 2).
[TosTOMy B MUKPOBETTE KOHI[EHTPAIIUS
NaNO, cocrasmsna 100 mM. Cycrniensuio ¢
aToil koutnenTpanueit HazBaau NaNO, (L).
Taxske ncenenoBamm apdexrst NaNO, ¢ koH-
nentparueit 10 MM NaNO, (S). B teuenne
10 mun unkybauu obpasosasicss MetHb, n
KPOBb CTaHOBHJIACh KOPMYHEBOIl. PacTBop
NaNO, re 106aBJIsIIN K KOHTPOJBHBIM MIK-
posetrTam (KoHTpoJb). Ha 3 ctagmm oT™bI-
Basm cycnensuu ot NaNO,. [lna atoro
CYCIIEH3UU C 9PUTPOIUTAME U3 KaKI0H MUK-
POBETTHI TIEPETNBAJIN B CBOIO COOTBETCTBYIO-
myio npobupky snnengopd ¢ 1 ma PBS.
Cycuiensun B npoGupKax anneHaopd mex-
tpudyruposanu (1500 mun!, 5 Mmum), 3arem
VIAJSIIA HAZI0CAA0UHY IO SKUIKOCTD 1 100aB-
asm cHoBa 1o 1 mu 6ydepa B Kaskablil o11-
nenzopd ¥ CHOBA IEHTPU(YTUPOBAIIL.

|
1 150 pl
blood
2 Blood with / \ | Blood with |
10 pl PBS 10 pl NaNO,
3 ‘ Centrifuge, ‘
| Wash out

4 |OT CYT; |

75 RBC+ +(75-CYT)PBS+CYT, (pul) 75 RBC (NaNO;) +(75-CYT)) PBS+CYT, (ul) |

RBCCYT; », - RBCNaNO,CYT,

'Y g

;

f

Puc. 1. Cxema 3KCIIEPHMEHTOB 110 BOCCTAHOBJIEHHIO METTEMOTJIOOUHA /10 OKCHre-
MorioG0uHa nocie 1ob6asienus qurodaaBuHa.

Fig. 1. The scheme of experiments of reduction of methemoglobin to oxyhemo-
globin after cytoflavin addition.

Note. Stages of the experiments are marked with numbers: 1 — whole blood in mi-
crovette; 2 — addition of NaNO, solution (10 pl) or PBS, 10 min incubation, forma-
tion of MetHb; 3 — elimination of NaNO, using triple centrifugation (1500 min, 5
min), and rinsing of RBC in PBS; 4 — addition of cytoflavin or PBS, incubation of
suspension for 1—24 h; 5 — measurements of absorption spectra of solutions, calcula-
tion of concentrations of hemoglobin derivatives.

IIpumeyanne. Craann 9KCIEPIMEHTOB OTMeYeHBI inbpamir: 1 —IesbHast KPOBb B
MuKposerre; 2 — nobasaerue pactsopa NaNO, (10 mxa) unu PBS, 10 mun unkyba-
1, obpasosarre MetHb; 3 — ormbis ot NaNO, ¢ IOMOIIbI0 TPORHOTO 1eHTprdY-
ruposanust (1500 mus™!, 5 MUH) 1 IPOMBIBaHIE KPACHBIX KJIeTOK KpoBu B PBS; 4 —
nobasnenue nurodaasuna uin PBS, unkybanus cycrnensuu B redenue 1—24 4; 5 —
U3MEPEHUsT CIIEKTPOB MOTJIONIEHUST PACTBOPOB, BBIUICIEHNE KOHIIEHTPAIIHIT TTPO-
M3BO/IHBIX TeMOTTO0MHA.

Taknm o6pasom, xomtentparyst NaNO, cy-

MIECTBEHHO YMEHBIINJIACh MTOCJe TPETheit

MpoMBIBKY 1 Oblita 6smska k 0. [Tocse TpeTbeit

[IPOMBIBKH TTOJTHBIN 06EM CYCIIEH3UH IPUTPOIMTOB B KAXK-
noM ariienziopde coctaniisit 150 MKJI, 4TO paBHO HCXOTHOMY
06beMy KPOBH.

Jlasiee B KasKabIil anmeHopd 106aBIIAIN COOTBETC-
TByIollee KosmuecTBO TuTodaaswHa (craaust 4). Ilepen
nobasienrem uutodaaBuia B kosnumdectse CYT; (MKJI)
yaansan takoe ke Kosauuectso Oydepa CYT; (Mki) us
snnennopda. Mnnekca i 8 sanmmcn CYT; ykaspiBaeT 06beM
nurodaBrna (B MKJI) B IAHHOM anmieH0pde.

[TpuroToBiienye cycreH3 il PUTPOIUTOB ¢ TUTO(ITA-
BUHOM IIPOBEJIN COTJIAcHO cxeme 2—5 v Tabumiie. CyMMapHbiit
00beM CyCIIeH3nK coXpaHsiin Beeraa papibiM 150 M. (L/S)
o6osHauaer pactBop NaNO, ¢ koHuenrpaiueii L wim S.

KonTposbtbie cycrensnu (B HUX He ObLI o6aBIeH
pactBop NaNQO,, Ho 6611 106aBIeH UTO(GIABUH ) BBITIOJ-
HSIJTH COTJIACHO BBIPAKEHUIO:

75 RBC+(75-CYT,) PBS+CYT; (ul) (2)

Takue CyCIICH31H1 0003HaYCHBI KaK

RBC CYT, (3)

Uccnenyembie cycrensun (B HUX ObLT T00aBJIeH pac-
tBOp NaNO, u nocie IpoMbIBKU 100aBJIeH HUTO(IABUH)
BBITIOJTHSIIH CIIELYIONIIM 00PasoM:

We carried out experiments in vitro according the fol-
lowing scheme (Fig. 1).

Microvettes with fresh whole blood (150 ul) were pre-
pared (stage 1). 10 pl of NaNO, solutions with the concen-
tration C=0.14 g / ml were added to each microvette with
whole blood (stage 2). Therefore, in microvettes, the con-
centration of NaNO, was 100 mM. The suspensions with
this concentration we called NaNO, (L). In addition, we
studied the effects of NaNO, with a concentration of 10 mM
(NaNO, (S)). Within 10 min of incubation, MetHb was
formed, and blood turned brown. NaNO, solution was not
added to the reference microvettes (reference sample). In
the 3d stage, the suspensions were washed from NaNO,. For
this, suspension with red blood cells (RBC) from each mi-
crovette was added into a corresponding Eppendorf tube
with 1 ml of PBS. The suspensions in Eppendorf tubes were
centrifuged (1500 min‘!, 5 min), then the supernatant was
removed and 1 ml of buffer was added again to each Eppen-
dorf tube, and they were centrifuged again. Thus the con-
centration of NaNO, substantially diminished after the third
washing and was close to 0. After the third washing, the total
volume of erythrocyte suspension was 150 ul in each Eppen-
dorf tube, which is equal to the baseline volume of blood.

Next, an appropriate amount of cytoflavin was added
to each Eppendorf tube (step 4). Before adding cytoflavin
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Cocrag cycneHnsuii ¥ ux 0603Hau€eHue.
Composition of suspensions and their designations.

Eppendorf Suspension Symbol

1 75 ul RBC+ +7501 PBS RBC CYT,

2 75 ul RBC NaNO, +75ul PBS RBCNaNO, (L/S)CYT,
3 75 uIRBC + 725 pl PBS + 2.5 pl CYT RBC CYT,,

7 75 1l RBC NaNO, + 72.5 pl PBS + 2.5yl CYT RBCNaNO, (L/S)CYT,,
5 75 1l RBC++70 pl PBS + 5 pl CYT RBC CYT,

6 75 ul RBC NaNO, + 70 gl PBS + 5 pl CYT RBCNaNO, (L/S)CYT,
7 75 LI RBC+ +65 pl PBS + 10 pl CYT RBC CYT,,

8 75 il RBC NaNO, + 65 g PBS + 10 pl CYT RBCNaNO, (L/S)CY T,

Note. Eppendorf — nomepa npo6upok; Suspension — cycnensust; Symbol — o6osnauenue cycrneHsuu.

75 RBC NaNO, (L/S) +(75-CYT,) PBS+CYT, (ul) (4)
Takue CyCIICH31U1 0603HaquH KaK

RBC NaNO, (L/S) CYT; (5)

B onbrrax Besmmunnnt CYT; coctaBuin:

CYT,=0ul CYT, CYT, 5=2,5ul CYT, CYT;=5 pul CYT,
CYT,,=10 pl CYT.

B nannom cayyae CYT; — 910 06beM 1inTodiaBina B
150 MK cycniensuu (He KoHueHtpatun). st pacuera 00b-
€MHOIi KOHIIEHTpAINHU IIUTO(IIABUHA B KAJKIIOM a1TieH1opde
MOJKHO BOCTIONTb30BaThest hopmynoit: CYT; /150 (Mrr/mir).

Tematokput B anmenzopde MoITH COBMAZAET C OT-
MTPABHOM TOYKOM JIJIST KAJK/IOH CepUU AKCIIEPUMEHTOB C TOY-
rocthio 10 10%. Cycrensun spuTpoInTOB HHKYOMPOBATIH
CYT, B Teuenme ot 1 yaca n0 24 dacos, 3aTeM U3MePsIN
CTEeKTPHI Torontenust (ctaaust 5). st m3Mepenust crek-
TpoB norsomenust Vg, = 20 MKJI cycniensnu us snmenaopha
N00aBJIAIIN K KBapIleBoi Kiosete ¢ 2,4 mat PBS u usmepsiin
OTITHYECKYIO TIIIOTHOCTh. DTOT MPOTIECC TOBTOPSLIIN JIJISI CyC-
MEeH3UN KaXK/I0T0 TIreHopda.

IKCHEPUMEHTBI € KPOBBIO KaXK/IOTO JIOHOPA TPOBO-
JIAJIA 110 TPH pasa. Jluist Kaxoro arnenopda crexTp usme-
psiin 3 pasa. Tak nposesn 45 cepuil 9KCIIEPUMEHTOB 110
cxeme (puc. 1). B ka0l ceprit U13Mepsiaiu CIIeKTPhI KOHT-
POJIBHBIX PACTBOPOB, & TAKKE PACTBOPOB € Pa3HbIM KOJINYe-
ctBoM 1uTodaasuna. CIIeKTpbl, TOKa3aHHbIe HA PUC. 2,
TUTIMYHBI JIJI5T TaHHBIX KoHIeHTpannit NaNO, n CYT; nna
KPOBU Pa3HbIX JJOHOPOB.

CraTucTHYeCKNil aHAIN3 HKCIIEPUMEHTAIbHBIX TAHHBIX
[IPOBEJIK € UCIIOJIb30BaHKeM rporpammbl Origin (OriginLab,
Northampton, MA). /I1g onpeaesieHnsi HEU3BECTHBIX KOH-
[EHTPALMI TPOU3BO/HBIX FeMOITIOOMHA AIPOKCUMUPYIOLILY O
KpUBYIO roctponsiu 110 cxeme Analysis — Fitting — Nonlinear
Curve Fit — the Function (1). B pesysibrare aripokcumariuu,
HOJIYYNIM niapameTp R-Square, KOTOPBIil SIBJISJICS KOJIUYe-
CTBEHHBIM TIPEJICTABJIEHUEM YPOBHS aripokcnmaruu. [lapa-
merp R-Square pomxen Obith Gombme 0,98, [lamnmbie
MPEJICTABUIIN KaK CpejiHee  cTaHiapTHoe oTkiIoHeHue. Vc-
nosib3oBasu porpammy One-Way ANOVA st onpesiesieHust
CTATUCTUYECKOI 3HAYMMOCTH BIUSAHUS 1InTO(hIaBuHa (B pas-
HBIX KOHI[EHTPAIMSIX) Ha cHikene MetHb 110 cpaBHEHHIO ¢
aproBocctanoByieHreM (RBCNaNO,(L/S)CYT,). 3naurnmbie
passmranst ormevasu ipu p<0,05.

PesyubraThl 1 00Cy K1€HIE

[TutodraBuH, BBEZIEHHBIN B CyCITIEH3UIO 3PUTPO-
LUTOB, CIIOCOOCTBOBAJI BOCCTAHOBJIEHUIO METTEMOT-
JobuHa 10 okcuremoriobuna. Ilocie mobasieHus
NaNO, 1104TH BeCh reMOTJIO0MH IIPEeBpAIaICs B MET-

in the amount of CYT; (ul), the same amount of buffer CYT;
(ul) was removed from the Eppendorf tube. The index i in
CYT;indicates the volume of cytoflavin (in pl) in a given Ep-
pendorf tube.

The preparation of suspensions of RBC with
cytoflavin was carried out according to scheme 2—5 and
Table 1. The total volume of the suspension was always kept
at 150 pl (L/S) means the NaNO, solution at a concentra-
tion equal L or S.

Reference solutions (NaNO, solution was not added,
but cytoflavin was added) were carried out according to the
equation:

75 RBC+(75-CYT,) PBS+CYT; (ul) (2)

Such suspensions were designated as
RBC CYT; (3)

The investigated samples (NaNO, solution was added
followed bycytoflavin was also added after washing) were
carried out according to the equation

75 RBC NaNO, (L/S)+(75-CYT,) PBS+CYT; (ul) (4)

Such suspensions were designated as
RBC NaNO, (L/S) CYT;(5)

In our experiments the CYT; values were as follows:
CYT,=0pl CYT,

CYT,5=2.5pl CYT,

CYTs=5upl CYT,

CYT,y= 10 ul CYT

In this case, CYT; is not a concentration, but the vol-
ume of cytoflavin in 150 pl of suspension. To calculate the
volume concentration of cytoflavin in each Eppendorf tube,
we can use the formula: CYT; /150 (pl/ml).

Hematocrit in Eppendorf tubes nearly almost coin-
cided with the baseline for each series of experiments at an
accuracy of 10%. The RBC suspensions were incubated with
CYT, from 1 hour to 24 hours; then, the absorption spectra
were measured (stage 5). For measuring of absorption spec-
tra, Vy,g, =20 pl of suspension from Eppendorf tube were
added to a quartz cuvette with 2.4 ml of PBS and optical
density was measured. This process was repeated for the sus-
pension in each Eppendorf tube.

The experiments for blood taken from each donor
were carried out thrice. For each Eppendorf tube, the spec-
trum was measured thrice. Thus, 45 series of experiments
were carried out according to the scheme (Fig. 1). In each
series, the spectra of reference solutions as well as of solu-
tions with different amount of cytoflavin were measured.
The spectra shown further in Figs. 2 and 3 are typical for
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Puc. 2. CueKkTpbl IOIJIONIEHNsT 0GPA3IOB ¢ PA3IMYHbIMU KOHIEHTparusiMu nurodaasuna u rucrorpammst MetHb (%) nocie Bosaeii-
creust NaNO, (L/S) u nurodraBuna.

Fig.2. Absorption spectra of the samples with different values of cytoflavin & Histograms of MetHb (%) after effect of NaNO, (L/S)
and cytoflavin.

Note. a;, b,, ¢, for NaNO, (L); a,, b,, ¢, for NaNO, (S). Incubation time is: t;=1 hour (@), t,,=24 hours (b). Names of curves correspond to
equations and signs (2—5); ¢, and ¢, — data for each concentration of cytoflavin CYT,;, CYT;, CYT,, were compared to corresponding data
of CYT, (autoreduction) for each incubation timepoint (* — P<0.05; ** — P<0.01; *** — P<0.001).

ITpumeuanne. Optical density — ontuueckas maotHOCTD; wavelength — mmmna Bosaer, hours — wacer. ay, by, ¢, — s NaNO, (L); ay, b,
¢, — st NaNO, (S). Bpemst unkybanuu a — t,=1 vac; b — t,,=24 uaca. HazsaHust KpUBBIX JJIs1 d, b COOTBETCTBYIOT YPABHEHUSM 1 TIO]I-
mcsim (2—35); ¢, 1 ¢, — TaHHbIe TSt Kaskaoii kKorteHTparun nnrtobaasutua CYT, 5, CYT;, CYT,, GbLI COMOCTABIEHBI ¢ COOTBETCTBYIOMINMI

JMAHHBIMU (ABTOBOCCTAHOBJICHUE) JIJIST KasKI0T0 BpeMenn nukybanun (¥ — p<0,03; ** — p<0,01; ***

reMoryio0uH, JiJiss KOTOPOro XapaKTepHbl Ollpe/ie/eH-
HbIE KK B CIIeKTpe noraomenus. OcoOenHo Boie-
JISLICST MUK Ha ayHe BosHbl A=630 uwm. ITocie mpo-
MBIBa 9PUTPOIMTOB TO-TIPEKHEMY IIpeobiaialn
MetHb (oxouio 93%).

JlobGaBJieHre PasHOTO KOJINYeCTBA IUTOMIaBU-
Ha CYT, mpuBesio K U3MEHEHWIO CIeKTpa MorJolie-
HUSI, ¥ [IPU 9TOM HaOGJIIOAaIU KOHIIEHTPAIIMOHHYIO
3aBUCHMOCTD.

Ha puc. 2 pog NaNO, (L) v nist NaNO, (S) npu-
BEJIN CIIEKTPBI TIOTJIONEHUS CYCIIEH3U I 9PUTPOITUTOB
175t KouTposbHoit RBCCYT,u RBCNaNO,(L/S)CYT,
NI PA3JTMYHBIX KOHIEHTpAIWi 1uTodiaBuHa —
CYT,,CYT,;,CYT; u CYT,, iocjie MHKyOaluu B Te€ue-
nwue t,=1 gaca n t,,=24 gacos.

Ilng cycnensun L mocae 1 yaca mHKyOanuu ¢
HUTO(MIABUHOM HaOMIOAAIN CIIEKTPBI, XapaKTepHbIe
st MetHb nnst Becex 06pasiios (puc. 2, a,). MoxHo
caenarb BbIBOJ, 4TO CYT),55, TPAKTUYECKU He
MOBJINSIN Ha cHIKeHue MetHb.

[Tocie 24 wyacos wuHKyGanuu s oOpasia
RBCNaNO,(L)CYT,, B KOTOpbIii He K06aBJISIN
nuTodIaBuH, HaOMIONANN CIIEKTD, XapaKTePHBIN s
MetHb (puc. 2, b, xopuuneBast KpuBast). IIpousoriresn

— p<0,001).

given concentrations of NaNO, and CYT; for blood from dif-
ferent donors.

The statistical analysis of experimental data was per-
formed using the Origin software (OriginLab, Northampton,
MA). To determine unknown concentrations of hemoglobin
derivatives the fitting curve was constructed according the
scheme: Analysis — Fitting — Nonlinear Curve Fit — the
Function (1). In resulting approximation, the R-Square pa-
rameter, the quantitative representatve of the fitting level,
was determined. The R-Square parameter should be greater
than 0.98. Data are shown as the mean+standard deviation.
We used One-Way ANOVA for determining statistical sig-
nificance of effect of cytoflavin in different concentrations
on reduction of MetHb in comparison with autoreduction
values (RBCNaNO,(L/S)CYT,). Significant differences were
reported at P<0.05.

Results and Discussion

The experiments demonstrated that cytoflavin
administered into a suspension of RBC contributed to
the reduction of methemoglobin to oxyhemoglobin.
After addition of NaNO,, almost all hemoglobin mole-
cules were transformed to methemoglobin, for which
certain peaks in the absorption spectrum were specific.
The peak at the wavelength A=630 nm was most spe-
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npoiecc asrosoccranosienuss [14]. Ho on 6bLn
He3HAYUTeNbHbIM — He Gosee 2—10%.

[Tpu xoumnentpanuu nurodraBuna RBCNa-
NO,(L)CYT, ; cranu nposiBAATBCS MUKW HA JIJIMHAX
BOJIH A=542 1M u A=577 um, xapakrepusie mist HbO,
(puc. 2, b,, 3enenas kpusas). OHaKO BOCCTAHOBJIE-
uue MetHb no HbO, v Hb 6b1II0 He TOJHBIM. 3a 3TO
BpeMsl WHKYOAIMN BOCCTAHOBUJIOCH TOJBKO 59%
METTeMOTIOOUHA.

[ToBbITIeHMe KOHTIEHTPAIIUK TTUTOMGIABUHA 10
CYT,, cymectBeHHO ycuamio ah@eKT BoccTaHoBIIe-
Hust MeTreMorsio0OrHa B oopasiiax RBCNaNO,(L)CYT;
(puc. 2, b,, ronybas kpusasi) u RBCNaNO,(L)CYT,,
(puc. 2, b,, cunstss nunust). ITUKH, XapaKTepHbIE JIst
OKCHUTeMOTJIOOMHA, TIOUTH JOCTUTJIN KOHTPOJBHBIX
3HaueHul, HabmogaeMbix B obpasie RBCCYT, Ges
sozzeiicteust NaNO, (puc. 2, b,, kpacHas kpusasi). B
ATOM cJlydae ysKe BOCCTaHOBHJIOCH OKOJIO 25—27%
METTEMOTIO0MHA.

Jlnst cycmensuii S mocte 1 yaca MHKYGAIm BO Beex
006pasiax HabJIIoIa/IN CIIEKTPAIbHBIE XaPaKTEPUCTUKU
JUIST KOMOMHAIINN Pa3JIMUHbIX IPOU3BOIHBIX TEMOTJIO-
ouna (puc. 2, a,). JLns Beex xonnentpatnit CYT,,55 1
CTIEKTPBI  ObLIM  TTPUGIM3UTEIBHO OAMHAKOBBIMU €
HEeOOJIBIIUM, HO O4EBUAHBIM TUKOM 1Ipu A=630 HM. ITO
coorBetctByetr 30—40% MetHb B cycniensusix. [Tocie 24
vacoB uHKybarmu st 06pasiia RBCNaNO,(S)CYT,, 8
KOTOPBII HUTO(M/IABUH He J0OABJISAICS, STOT IIUK OCTAJI-
Cs1 HeM3MeHHDIM (pUC. 2, b, KOpUUHEBAsT KPUBast ).

[Mukwu ipu A= 542 um u A= 577 HM, XapaKTepHble
st Hb O, Hauasii yBeJIMYrBaThCs 1JIsT BCeX 00PasIoB
c urodaasunoM. [iist RBCNaNO,(L)CYT; (puc. 3, b,,
rosybas kpusast) u RBCNaNO,(L)CYT,, (puc. 3, b,,
CHHSISI KDUBas) IMKH, TUIIMYHBIE [JIsI METTEMOTIO0N-
Ha, TPAKTUYECKU UCUe3sn. B aTOM cirydae KOHIIEHTpa-
st MetHb cansumnach 1o 10—12%, Ho Habmonamm
He6oubInoi ik 1yist RBCNaNO,(L)CYT, ; (puc. 2, b,,
3esieHasl KpuBasg). IJTO cooTBeTcTBOBasO 16—18%
MetHb.

Busyasnbhbriii acdext BausgHusg uTodraBuHa Ha
Boccranosyienne MetHb no HbO, okasaH Ha puc. 3.

Ha dororpadusix mpencraBiensl cycrnensun L
KPacHBIX KJIEeTOK KpoBu B PBS, Bpemst mHKyOanuu
aputporutos ¢ CYT,, (wmm ¢ PBS) cocraBmnsano ¢,=14
(puc. 3, a) u t,,~24 4 (puc. 3, b). B reuenue t,=1 gaca
uHKyGanus urodaBrHa ¢ CyClieH3uel SpUTPOIUTOR
He BJMsiia Ha KoHteHTpanuio MetHb (puc. 4, a). Cyc-
nensust s obpasia RBCNaNO,(L)CYT,, 6bi1a 1o-
[peKHEMY KOPUYHEBOW TaksKe, Kak W il oGpasia
RBCNaNO,(L)CYT, 6e3 nutodaBuHa.

OuHako 1ocsie HHKyOaIuu B TeYeHue t,,~24 yacos
cycrien3ust ¢ 1urodaasuaom RBCNaNO,(L)CYT,,
nokpactesa (puc. 3, b), 4To HATJISIHO TOKA3bIBAET, YTO
B CYCIIEH3WH ITPOM3OIIIEJ MPOIECC BOCCTAHOBJIEHUS
MeTTeMOrJIOONHA 10 OKCUTeMoriobuHa. B To ske Bpemst
cycniensust RBCNaNO,(L)CYT, Ges uuroduiaBiHa
ocTaJIach KOPUYHEBOK — MIPOIIECC CAMOBOCCTAHOBJIEHUST
nouTH orcytcTBOBas. KonTposbras cycnensust RBCC,
6e3 nobasienns NaNO, u iuroduiasuna Oblia KpacHo

cific. Following washing of red blood cells, MetHb still
prevailed (about 93%).

The addition of different amount of cytoflavin
(CYT) resulted in changing the absorption spectra,
and the concentration dependence was observed.

Absorption spectra of RBC suspensions for ref-
erence RBCCYT, and RBCNaNO,(L/S)CYT, for vari-
ous concentrations of cytoflavin — CYT,,CYT,;,CYT;
and CYT,, after incubation during t,=1 hour and
ty,=24 hours are shown in Fig. 2 for NaNO, (L) and
NaNO, (S).

For suspensions L after 1 hour of incubation with
cytoflavin, spectra typical for MetHb were observed
for all samples (Fig. 2, a,). It can be concluded that
CYT,, 551 almost did not affect the reduction of
MetHb.

After 24 hours of incubation, for the sample
RBCNaNO,(L)CYT,, in which cytoflavin was not
added, a spectrum typical for MetHb (Fig. 2, b, brown
curve) was observed. The process of autoreduction oc-
curred [14], however it was insignificant.

The peaks at A=542 nm and A=577 nm character-
istic for HbO, (Fig. 2, b,, green curve) began to appear
for a sample with cytoflavin RBCNaNO,(L)CYT,5:.
However, the reduction of MetHb to HbO, and Hb was
incomplete. During this time of incubation, only 59 %
of methemoglobin was reduced.

An increase in concentration of cytoflavin to
CYT,, significantly enhanced the effect of reduction of
methemoglobin in samples RBCNaNO,(L)CYT; (Fig. 2,
b,, cyan curve) and RBCNaNO,(L)CYT,, (Fig. 2, b,,
blue curve). The peaks characteristic for oxyhemoglo-
bin almost reached the reference values observed in
sample RBCCYT, without the impact of NaNO, (Fig. 2,
b, red curve). In this case methemoglobin was already
reduced to about 25—27%.

As for suspensions S after 1 hour of incubation,
spectra characteristics for a combination of different
hemoglobin derivatives (Fig. 2, a,) were observed for
all samples. For all concentrations of CYT, 5 5 ,, Spec-
tra were approximately the same with a small but ob-
vious peak at =630 nm. This peak corresponded to
30—40% of MetHbD in suspensions. After 24 hours of
incubation, for the sample RBCNaNO,(S)CYT, in
which cytoflavin was not added, this peak remained
the same (Fig. 2, b,, brown curve).

The peaks at A=542 nm and A=577 nm typical for
HbO, began to increase for all samples with cytoflavin.
For RBCNaNO,(L)CYT; (Fig. 2, b,, cyan curve) and
RBCNaNO,(L)CYT,, (Fig. 2, b,, blue curve), the peaks
typical for methemoglobin almost disappeared. In this
case, the concentration of MetHb decreased to 10—12%.
However, only small peak was observed for
RBCNaNO,(L)CYT,; (Fig. 2, b,, green curve). This
peak corresponded to 16—18% of MetHb.

A visual image of the effect of cytoflavin on the
reduction of MetHb to HbO, is shown in Fig. 3.

Fig. 3 shows suspensions L of RBC in PBS. The
incubation time of RBC with CYT,, (or with PBS) was
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Puc. 3. @ororpaduu cycnensuii KpacHbIX KJIE€TOK KPOBH B KBap-
LeBbIX KioBeTax nocie aodasaenuss NaNO, u uurodaaBuna.
Fig. 3. Suspensions of red blood cells in quartz cuvettes after ad-
dition of NaNO, and cytoflavin.

Note. 1 h (a) and 24 h (). Notes under the cuvettes correspond to
different concentrations of NaNO, and cytoflavin in accordance
with equations 2—5.

IIpumeuanue. 1 1 (@) n 24 1 (b). HasBaHus KI0BET COOTBETCTBYIOT
passnunbiM KoHuenTpaiuam NaNO, u nurodaasiuna B COOTBET-
CTBUY C yPaBHEHUsIMU 2—5.

KaK UCXOJIHO, TaK 1 yepe3 24 yaca.

Itn gpoTorpaduu KaueCTBEHHO UJLTIOCTPUPYIOT
addexkT M3MeHeHUs KOHIIEHTPAIUil TTPOU3BO/IHBIX
remorsio6una. OHU COOTBETCTBYIOT KOJMYECTBEHHBIM
pesyJibraTaM 9KCIIEPUMEHTOB U PACYETOB.

Bo Bpemst peakifuii BO3MOKHO 0Opa3oBaHue cJie-
AYIOUMX MPOM3BOAHBIX remornobuna HbO, Hb,
MetHb, HhNO, MetHDNO,, MetHDNO. BoLin ucnonn-
30BaH METO/I AlMPOKCUMAIINH KPUBOIL. DKCIIEPIMEH-
TaJIbHble 3aBUCUMOCTH Dy(4)),,, N alIPOKCUMUPOBAH-
Hble Kpusbie D (4)),,,, TPEACTABIEHDI HA PUC. 4:

DA 1o =105 ; Crivo, L+em, ; Crp L+
&Mettb, CMettis L+&nbNno,1 Crono L+
EMetHbNO3, 1 CMetioNOg L+EMertibNo,1 CrettibNo L +

K+5/7; (6)

KOHHeHTpaHI/H/I IIeCTU MMPOMU3BOAHBIX TEMOTJIO-
O6uHa OBLITK OTIPEIeIEHBI ATIMPOKCUMAITHEN 9KCTIepH-

t,~1 hour (Fig. 3, @) and ¢,,=24 hours (Fig. 3, ). Dur-
ing ¢,=1 hour the incubation of cytoflavin with RBC
suspension did not affect the concentration of MetHb
(Fig. 3, ). The suspension RBCNaNO,(L)CYT,, conti
nued to keep a brown color similar to specimen
RBCNaNO,(L)CYT, without cytoflavin.

However, after incubation for ¢,,=24 hours, the
suspension with cytoflavin RBCNaNO,(L)CYT,, turned
red (Fig. 3, b) that clearly demonstrated the process of
reduction of methemoglobin to oxyhemoglobin in the
suspension. The suspension RBCNaNO,(L)CYT, with-
out cytoflavin remained brown, i. e. the process of au-
toreduction was almost absent. Reference suspension
RBCC, without addition of NaNO, and cytoflavin was
red at a baseline and in 24 hours.

These images qualitatively illustrate the effect of
changes in the concentrations of hemoglobin deriva-
tives that is in good agreement with the quantitative
results of experiments.

During reactions, the formation of the following
hemoglobin species are possible: HbO,, Hb, MetHb,
HDNO, MetHbNO,, MetHbNO. Curve fitting method
was used. Experimental relations D,(4,),,, and fitted
curves D;(4,),.., are presented in Fig. 4:

DA 1o =105 ; Crivo, L+em, ; Cry L+
&Mettib,l Crertiv L+€ensno,t Crbno L+
EMetHbNO3, 1 CMetibNOg L+EMettibNo,1 CrettibNo L +

K+S// (6)

Concentrations of six hemoglobin derivatives
were identified by best approximation of the experi-
mentally measured spectra by theoretical curves.

Fig. 4, a and Fig. 4, b show good approximation
of experimental spectra by theoretical curves for cal-
culated concentrations of hemoglobin derivatives.

The kinetics of reduction of hemoglobin deriva-
tives in the presence of cytoflavin was studied in the
experiments (Fig. 5) once every 3 hours during 24
hours of incubation (suspension L). The dependences
of changes in hemoglobin derivatives concentrations
with ¢ Fe?* — MetHb+MetHONO,+MetHbNO are
shown in Fig. 5, a. The dependences of changes in he-
moglobin derivatives concentrations with Fe* —
HbO,+Hb+HbNO are shown in Fig. 5, b.

Cytoflavin increased the concentration of Fe?*
hemoglobin derivatives and decreased concentration
Fe’* Hb.

Importantly, the action of cytoflavin developed
gradually over time. This was demonstrated by the ki-
netics of the level of significance. For each incubation
timepoint, data for each concentration of cytoflavin
CYT,;, CYT;, CYT,,were compaired to corresponding
data of CYT, (autoreduction). At timepoints ¢,=1 hour
and ¢;=3 hours, there were no significant differences
in a drug action at all concentrations of cytoflavin.

At time #,=6 hours there was no significant dif-
ference for suspension with CYT, ;, but significant dif-
ferences appeared for CYT; and CYT,, at * — P<0.05.
At a timepoint tq (9 hours) the levels of significance
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Puc. 4. CpasHenne skcnepuMenTanbHbIX Di(Ay) o1pe, M ANNMPOKCUMHPOBAHHBIX KPUBBIX Dy(4) heoy € YIETOM PACUETHBIX KOHIIEHTPAIHI
NPOU3BO/IHBIX FEMOTJIOOUHA.

Fig. 4. Comparison of experimental D;(4) ..., and fitting curves D;(4y) theor» considering the calculated concentrations of hemoglobin
species.

Note. Concentrations of hemoglobin species are shown; calculations were made by the curve fitting method. (a) CYT,, ¢,,=24 hours, 87%
MetHb, R-Square=0.998. (b) CYT,,, t,=9 hours. There was a partial reduction of methemoglobin, 51% MetHb, R-Square=0.994.
IIpumeyanue. KoHieHTpany npor3BoAHBIX reMOrJIO0MHA TTOKa3aHbl Ha KaK/0M rpaduke, oHK ObLIN PACCYUTAHBI METOOM AIPOKCH-
Mmaruu KpuBoit. a — CYT), t,,~24 u. Habmonaercs 87% MetHb, R-Square=0,998; b — t,=9 u. IIpoH3011I0 YaCTUYHOE BOCCTAHOBJICHUE MET-

remoryiobua 10 51%, R-Square=0,994.

MEHTAJTbHO U3MEPEHHBIX CIIEKTPOB TEOPETUUECKUMU
KPUBBIMU.

Ha puc. 4, a v puc. 4, b nokaszaHa anmpokcuma-
AT 9KCTIEPUMEHTAIBHBIX CIIEKTPOB TEOPETHUECKUMU
KPUBBIMU JIJIsI PACYETHBIX KOHIIEHTPAIIMI TTPOU3BOJI-
HBIX FeMOTJIOOHHA.

Uepes kakpie 3 yaca B TeUeHNE 24 4acOB UHKY-
GaIy B 9KCIIePUMEHTAX U3yJYaJu KHHETUKY BOCCTa-
HOBJICHUST ITPOU3BO/IHBIX TEMOTJIOONHA B ITPUCYTCTBUU
ruroduasuna (puc. 5) aus cycnensuu L. Ha puc. 5, a
MPE/ICTABIEHbI 3aBUCUMOCTY U3MEHEHMST KOHIIEHTPa-
Uil mpousBOAHBIX remornobuna ¢ Fe?* — MetHb+
MetHbNO+MetHbNO. Ha puc. 5, b nupeacrasiennt
3aBUCUMOCTH U3MEHEHUS KOHIIEHTPAIWI TTPOU3BO/I-
HbIX remoraobuna ¢ Fe?* — HbO,+Hb+HDNO.

[MnTodnasun yBesnInBag KOHIIEHTPAINIO TTPO-
M3BOAHBIX TeMOTJIoOnHa ¢ Fe? 1, COOTBETCTBEHHO,
YMEHbIIAT KOHIleHTparuio ¢ Fe?".

BaxHo, uto neiicTBue muTOdIaBIHA TOCTEEH-
HO PasBUBAJIOCH CO BpeMEHEM. DTO MOKET OBITh MPO-
JIEMOHCTPUPOBAHO KUHETUKOW YPOBHS 3HAUMMOCTH.
JlaHHBIC [T KasKI0U TOUKK BPEMEHU HHKYOAIIMH TTPU
orrpesiesieHHON KoHieHTpanuu rurtodiaasuna CYT, s,
CYT;, CYT,,cpaBHMBAJIN C COOTBETCTBYIOMNUMHU JIaH-
weiMu CYT, (aBToBOCCTaHOBJIeHNE). B MOMeHTHI Bpe-
Menn t,=1 yac u ¢;=3 yaca He OBLIO CYMECTBEHHDBIX
pasnuunil B apekTe mpenaparta Mpu BCeX KOHIIEHT-
panusx mutodaaBuHa.

B MoMeHT BpeMeHH £;=6 4acoB He OBLIO BbISBJIE-
HO HUKAKUX CYTIECTBEHHBIX PA3JIUIHH JIJIST CyCIIEH3UN
¢ CYT, 5, 10 nnst CYT;u CYT,, oSIBUINCH CyIIECTBEH-

became *** — P<0.001 for CYT;and CYT,,. The drug
effects at CYT,; also increased, ** — P<0.01.

Fig. 2 represents histograms of the MetHb per-
centage in suspensions of the L series (Fig. 2, a) and
S series (Fig. 2, b) depending on different concen-
trations of NaNO, and corresponding different base-
line levels of methemoglobin. At #,=1 hour, there
were no significant differences between MetHb lev-
els for all concentrations of cytoflavin ( CYT,;, CYT;
and CYT,,) compared to CYT, (Fig. 2). After t,,=24
hours, for both series, there were significant differ-
ences between group with cytoflavin and control
suspensions with no drug. Moreover, significance
level was different for different concentrations of
cytoflavin: (a) for CYT,; * — P<0.05 (for S) and
#* — P<0.01 (for L); (b) for CYT;and CYT,,, ** —
P<0.01 (for §) and *** — P<0.001 (for L).

There were no statistical differences between
values of MetHb (%) due to autoreduction in samples
after 24 hours and 1 hour, P=0.4.

In a separate experiment, it was shown that
under the action of cytoflavin, the excessive methe-
moglobin is converted to oxyhemoglobin and not to
carboxyhemoglobin. The standard methods based on
the use of sodium dithionite were employed in this
experiment. After addition of dithionite, the spectral
parameters specific for oxyhemoglobin disappeared,
and the spectrum appeared to exhibit only one max-
imum typical for deoxyhemoglobin at =554 nm.

The high level of MetHb can be reached at poi-
sonings with aniline and its derivatives, some local
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Puc. 5. Kuneruka uaMeHeHus: IPOU3BOIHBIX TeMOTIO0MHA P Pa3JIMYHbIX KOHIeHTpanusax nurodaasuna npu NaNO, (L).

Fig. 5. Kinetics of changes of hemoglobin derivatives for different concentrations of cytoflavin, for NaNO, (L).

Note. a — Species with Fe** (MetHb+ MetHbNO,+MetHbNO); b — Species with Fe?* (HbO,+Hb+HbNO). Data represent three independ-
ent experiments for each of five donors, each point is the mean, standard error of the mean is displayed as error bars. For each timepoint,
the data obtained for each concentration of cytoflavin CYT, 5, CYT;, CYT,, were compared to corresponding data of CYT, (autoreduction)
(* — P<0.05; ** — P<0.01; *** — P<0.001).

IIpumeuanue. a — npoussonnsbie ¢ Fe’* (MetHb+ MetHbNO,+MetHDNO) He ciocoOHBIE HECTH KHCAOPOJ; b — mponsBoHble ¢ Fe?*, cmo-
cobubie ieperocutsb Kucaopoa (HbO,+Hb+HbHNO). [laHHble B3SThI 13 TPEX HE3ABUCHMbIX SKCIIEPHMMEHTOB JIJIsI KaJK/I0TO U3 ISITH IOHOPOB,
KasK[[ast TOYKa — CpelHee 3HAUEHe, CTaHapPTHAS ONMMOKa CPEeTHETO 3HAYEHUsT 0TOOPAKAETCSI, KaK TOJI0CH! ommnboK. [Ipr KaskIoM BpeMeHn
MHKYOAInK aHHbIe Uit Kaskaoi kontentpaiuu utodiasuua CYT, 5, CYTs, CYT,;, Gblin cONOCTABIEHbI ¢ COOTBETCTBYIOUMMU IAHHBIMI

CYT, (aBroBoccranosienne) (* — p<0,05; ** — p<0,01; *** — p<0,001).

Hble pasandns npu * — p<0,05. 1 K t;=9 yacam ypo-
BeHb 3HauMMoOcTHu ctan *** — p<0,001 pna CYTs u
CYT,,. Taxxe Obu1 yBenueH ahPeKT IpU UCIIOJIb30-
BaHWM KoHIleHTparuu npenapara CYT, 5, ** — p<0,01.

Ha puc. 2 mpenicraBieHbr THCTOTPAaMMBI ITPOTIEHTA
MetHb B cycniensusix cepun L (puc. 2, ¢,) u S (puc. 2, ¢,)
B 3aBUCUMOCTH OT pa3HbIx KoHtienTparuit NaNO, 11 cooT-
BETCTBYIOIIETO PA3JINYHOTO HAYATBHOTO COJEPKAHUST
merremorso6una. [Tpu ¢,=1 yac He 6BIIO CYIIECTBEHHBIX
passmunii Mexkay cozepskanreM MetHb mis Beex kon-
nerrpanuii iutodaasuna — CYT, s, CYT; u CYT,, otHo-
cutensho CYT, (puc. 2). Ho niocne t,,=24 yaca ijist o6enx
cepuii HabJTIOAIN CYIIECTBEHHbIE PA3THYMS MEK/LY JaH-
HBIMU JIJIsT 0OPA3IOB ¢ IUTOMIABUHOM TI0 CPABHEHUIO C
cycriensusivu 6e3 Hero. Bosiee Toro, ypoBeHb 3HAYUMOCTH
He GBI OJIMHAKOBBIM /IS PA3HBIX KOHIIEHTPAIU IIUTO(h-
nasuna. [Tosromy mst CYT, 5 * — p<0,05 (s S) u ** —
p<0,01 (mnst L). B o xe Bpems g CYT; u CYT,,) ** —
p<0,01 (s S) m *** — p<<0,001 (msa L).

He 6bLI0 CTATUCTUYECKUX Pa3iUYMil MEKIY
cpenaumu 3Havenvsivu MetHb (%) n3-3a aBToBOCCTa-
HOBJIEHUA B oOpasiiax yepes 24 yaca u 1 yac, p<0,4.

B oriesibHOM 9K CIIEpUMEHTE OBLIO TIOKAa3aHO, YTO
METTeMOTTIOOUH € TIOMOTIILIO I TO(hIaBUHA TIPEBPAITa-
eTcsl IMEHHO B OKCUTEMOTJIOONH, a He B KapOoKcuTe-
MorsIo6uH. J1JIst ToKa3aTeIbeTBa TIPUMEHIITH CTaH/apT-
HYI0O METOJMKY, OCHOBAaHHYIO Ha WCIIOJb30BAHIN
nauTronnTa Hatpust. [locie mobOaBIeHMs TUTHOHWTA
XapakTepHBIE IJIst OKCUTEMOTJIOOWHA TTapaMETPBI CIICK-

anesthetics, nitrites and nitrates [1, 3, 6]. Due to the
development of the pharmaceutical and chemical in-
dustries, the methemoglobinemia of the exogenous
origin occurs more often [15].

In our experiments, hemoglobin was converted
into methemoglobin when erythrocyte suspension was
exposed to NaNO,, and as a result, there was a conver-
sion Fe?*—Fe’*. Under such conditions, the formation
of following hemoglobin derivatives becomes possible:
with iron Fe’* (et MetHb+MetHbNO,+MetHbNO) or
Fe?* (HbO,+Hb+HDNO) in the solution [16]. Only
HDO, of these 6 components is capable to deliver the
oxygen to the tissues whereas Hb is potentially capa-
ble to attach oxygen. Oxidative processes in the blood
lead to tissue hypoxia, to shape changes of RBC and
to distortion of the membrane nanostructure [17—19].
Exact manner in which all these derivatives of hemo-
globin interact with one another is not clear enough.
For example, possible reduction reactions were shown
in work [20]. The change in the forms of hemoglobin
was investigated not only in vitro, but also in vivo [2,
3, 14]. Reactions of conversion Fe’*—Fe?* and
Fe?*—Fe’* are associated with redox processes in the
RBC. Therefore, the addition of pharmaceuticals to
the RBC suspension, which affects the redox
processes, may also affect the interactions of hemoglo-
bin derivatives. As a result, the ratio of the concentra-
tions of hemoglobin derivatives changes significantly.
Earlier we have shown that perfluorocarbon com-
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TPa UCYE3aJIN, & CIIEKTP MMEJI TOJIBKO OJ[ITH MAKCUMYM,
XapaKTePHBIH JJIs1 IE30KCUTeMOTJIOONHA IPU A=554 HM.

Bricokoe comepikanmne MetHb B KpOBU MOKET
BO3HUKATh TIPU OTPABJIEHUN AaHUJIUHOM W €TO TIPO-
W3BOJIHBIMU, HEKOTOPBIMU MECTHBIMU aHECTETUKAMU,
HUTpUTaMu 1 HUTpaTami [ 1, 3, 6]. B cBsi3u ¢ passuTu-
eM (hapMareBTUIeCKON U XUMUIECKON TTPOMBITILICH-
HOCTH METTEMOTJIOOUHEMIISI 9K30T€HHOU 00y CIIOBIICH-
HOCTH BCTPEYaeTCst 04eHb yacto [15].

B Hammx ombITax reMorJo0HH MPEBPAIacs B
MerreMoryiobus mpu aeiictsun NaNO, Ha CyCIIeH3U0
SPUTPOIINTOB: TIPH 3TOM Fe?" iepexoanT B Fe**. B taknx
YCTOBUSIX BO3MOKHO 0GPA30BaHIE TIPOU3BOHBIX TEMO-
robuna c xesnesom Fe’: MetHb+MetHbNO,+MetHb-
NO. Taxxe B pacTBOpe MOTYT CO/IEPKAThCS W TIPO-
usBoaHbie ¢ Fe?*: HhO,+Hb+HDNO [16]. U3 s1ux 6
KOMIIOHEHTOB TOJbKO HbO, TIepeHoCcuT KUCIOPOI 1
Tosbko Hb moTeHImasbHo crocobeH MpUcoeanHUT
Kkucaopoj. Hapytierre oKucImTeIbHBIX MTPOIECCOB B
KPOBH BeZIeT K THTIOKCUU TKaHel, U3BMeHeHUTO (hopM 1
HAHOCTPYKTYPbI MeMOpaH KPacHBIX KJIETOK KPOBU
[17—19]. XapakTep B3aMMOAENWCTBUS TTPOU3BOIHBIX
reMOTJIO0MHA MMOKa HEI0CTaTOuHO siceH. Harmpumep,
BO3MOJKHBIE PEaKIMU BOCCTaHOBJeHus Fe’™ B Fe’*
Ob1IM TIOKasaHbl B padote [20]. ismeHeHue hopm remo-
rJ06MHa OBLIIO MCCIIE0BAHO HE TOJIBKO in 0itro, HO
Takxke in vivo [2, 3, 14]. Peakmuu mpeBparieHus
Fe*—Fe’* u Fe?*—Fe®* Tak wiim nHave CBSI3aHbI C OKHUC-
JINTEJIbHO-BOCCTAHOBUTETHHBIMHI TTPOIIECCAMU B OPUT-
pornuTax. [Toatomy 06aB/ieHIE B CYCIIEH3UIO 9PUTPO-
[IUTOB XUM(bapMIIPEapaToB, CIIOCOOHBIX BJUSATH Ha
OKHUCJIUTEIbHO-BOCCTAHOBHUTETHHBIE ITPOIECCHI, MOKET
TaKKe BJIUSATH M HA MTPOIECCHl B3AMMOENHCTBUS TIPO-
U3BOJIHBIX reMOTJIo0uHa. B pesyJibraTe cOOTHOIIEHIE
WX KOHIIEHTPAITUI MOKET CYIECTBEHHO M3MEHUTHCSI.
Panee Hamu GBLJIO MOKa3aHO, YTO BOCCTAHOBJICHUIO
METTeMOTJIO0MHA 10 OKCUTEMOTJIOONHA CIIOCOOCTBYIOT
nepdTopyrIepoiHbie COeMHEH NS [7].

[TonoxkurenbHoe paefictBue nuTodJaBUHA Ha
OPTraHM3M YeJIOBEeKa IMPU KapIUOXUPYPTUIECKHUX OTle-
paIusix, B IOCTOMEPAIIMOHHBIN MTEPUOJ, TPH TOCTE-
cTtBUsAX umHGapkra mozra m3BectHo ¢ 2004 ropa.
[HuTodmaBruH MMeeT TUTOMPOTEKTOPHBIN 2 dekT. OH
SIBJISIETCSI METabOJINYECKUM PETYJISATOPOM. DTOT TIpe-
Mapar OKa3bIBAeT AHTHOKCUJAHTHOE W AHTUTHUTIOKCH-
YecKoe JIeiicTBIe, TIOJIOKUTEThHOE BJIUSHIE Ha BbIPa-
GOTKY DHEPTUU B KJIETKE, yMEHbIaeT oOpa3oBaHue
cBOOOHBIX PAJIMKANOB U BOCCTAHABINBAET aKTUB-
HOCTb aHTHOKCHUIAHTHBIX (pepmeHTOB. [lnTodrasun
obJsiajlacT aHTUUIIEMUIECKUM JeHCTBIEM, YIydllaeT
KOPOHAPHbIH 1 1iepedpaibHBII KPOBOTOK, OPAHUYH-
BaeT 30Hy Hekpoaa [9, 10, 21—23].

B pa6ore [10] nmpuBeieHb KINHIYECKHE PE3YJib-
TaThl AHTMOKUCTUTENBHOTO JEeHCTBUS 1TUTO(hIABIHA
Ha OpraHu3M yesioBeka. [IpesicraBisieT HaydHbII HHTE-
pec ToKasaTh JeicTBre IUTo(hIaBUHA Ha FeMOTIO0NH
B IIPSAMOM OHO(MU3NYECKOM 9KCIIEPUMEHTE i1 0itr0. ITO
MOJKET TIO3BOJIUTH B JIAJIbHEHTIIEM PACKPBITH MEXaHU3-
MBI aHTUOKUCTUTEILHOTO JIEHCTBUS HTOTO TIPerapara.

pounds contribute to reduction of methemoglobin to
oxyhemoglobin [7].

It could be particularly useful, however, to
study biomimetic pharmaceuticals, which are similar
to natural, functionally significant components of
the body. The positive effect of cytoflavin on the
human body is known since 2004 due to clinical use
in cardiosurgeries, postsurgery and after cerebral in-
farctions and other cerebrovascular diseases.
Cytoflavin provided a cytoprotective effect. It is a
metabolic regulator. This drug has an antioxidant
and antihypoxic action, exerting a positive effect on
energy production in cells reducing the production
of free radicals and restoring antioxidant enzyme ac-
tivity. Cytoflavin has an anti-ischemic effect, im-
proves coronary and cerebral blood flow limiting the
zone of necrosis [9, 10, 21—23].

Clinical results of the studies of the antioxidant
effect of cytoflavin in the human body are presented
in a publication [10]. It was of interest to investigate
the effect of cytoflavin on hemoglobin in a direct ex-
periment in vitro. Further, these studies may reveal the
mechanisms of antioxidant action of this drug.

Pharmacological effects of cytoflavin are regu-
lated by the combined action of several components
of the formulation as described [8, 9]. The complex
formulation is composed of two metabolites (succinic
acid and inosine) and two coenzymes (riboflavin
mononucleotide and nicotinamide). The pharmaco-
logical effects of each component are well-known.
Each component contributes to the redox processes in
the RBC suspension.

Succinic acid is a key biochemical molecule. It is
employed for energy metabolism in plants, human and
animal tissue representi ng an intermediate in the Krebs
cycle. Studies have shown, however, that the role of
succinic acid goes far beyond energy processes. Antihy-
poxic and antioxidant effects of succinic acid has also
been demonsrated [9, 25].

Inosine is used in to improve the quality of the
donor blood components during long-term storage
[26]. Nicotinamide has been included as a compo-
nent of a composition for cryopreservation. Nicoti-
namide is employed for membrane stabilization and
fluidity [27]. Riboflavin mononucleotide sodium
(FMN-Na, Flavin mononucleotide) plays an impor-
tant role in oxidation-reduction reactions. Ri-
boflavin is a water soluble vitamin, also known as
Vitamin B2. In the body, riboflavin is primarily
found as an integral component of the coenzyme, one
of which is riboflavin mononucleotide sodium. There
is a significantly impared relationship between
plasma riboflavin mononucleotide sodium and ri-
boflavin in patients with critical illness [28]. Flavins
act as a cofactor in many enzymes and catalyse a
wide variety of biological reactions due to one of the
most versatile in vivo redox centers in its structure.
Organic redox active materials dissolved in elec-
trolyte materials have received increasing interest

www.reanimatology.com

GENERAL REANIMATOLOGY, 2018, 14; 2



DOI:10.15360,/1813-9779-2018-2-46-59

SKCHGPMMQHTHABHHG MCCACAOBAHMA

Dapmarosiornueckue 3GdeKThl nuTOMhIaBNHA
PEryJupyIoTCss COBMECTHBIM JIEICTBUEM COCTABJISIO-
X ero UHrpeaueHToB [8, 9]. ITOT KOMILIEKCHBIN
npenapar COCTOUT U3 JBYX METabOJUTOB (STHTApHOIT
KUCJIOTBI U UHO3WHA) U JIByX KoGepMeHTOB (MOHO-
HyKJIeotuaa proodasuia u Hukoturnamua). Ilupo-
KO U3BeCTHO (papMaKoJIOTYeCcKOe JIefCTBIE KasKIOT0
KOMIIOHEHTA 110 oTAesbHocTu. Kaxkias komMnoneHTa
croco6HA BHECTH BKJIAJl B OKMCIUTENbHO-BOCCTAHO-
BUTEJIbHBIE TIPOIECCHI, TPOUCXO/SIINE B CYCIIEH3UN
KPACHBIX KJIETOK KPOBH.

slHTapHasg KUCJIOTA SIBJISETCS KIIOYEBON OGUOXH-
MU4YecKoil mosiekysoii. IIpuposa ucrosb3yer ee st
HHEPTETUYECKOr0 METabOMN3MA B PACTEHUSX, TKAHSX
YeJIOBEKA U JKUBOTHBIX. SIHTapHAast KUCJIOTA SIBJISIETCS
POMEKYTOUHBIM TIpoyKToM 1ukia Kpebea. Vccoe-
JIOBAHUs IOKA3aJU, YTO POJib SIHTAPHON KHCJIOTHI
BBIXOJIUT JAJIEKO 3a Mpelesibl dHEPreTUYeCKUX IIPo-
1ieccoB . Takske M3BECTHO AHTUTUIIOKCUYECKOE 1 AHTH-
OKCH/IAaHTHOE JIHCTBUE SHTAPHOI KUCIO0THI [9, 25].

VHO3UH MCIIOJIB3YIOT B PACcTBOPAX C IIEJIBIO
MOBBIIIEHNS KAYeCTBA KOMIOHEHT JOHOPCKON KPOBU
[IPU VTN TEbHOM Xpaneruu [26].

Hukoruuamu, npeaHasHadeHHbId Juis cTabu-
JIA3AIN MeMOPaHBI IPUTPOIIUTOB U TEKYIECTH KPOBH
[27], BkJTIOUEH B cOCTaB /1J1I KPUOKOHCEPBAIIUN.

Momnonyxieorns pubodaasuna narpust (FMN-
Na, moHonyxkJeoT 1 (praBUHA) UTPAET BAXKHYIO POJIh
B OKHUCJIMTEIbHO-BOCCTAHOBUTEJNBHBIX PEAKIUSIX.
PuGodiaBun — 3TO BOAOPACTBOPUMBIH BUTaMUH,
TaK)Ke U3BeCcTeH Kak ButaMud B2. B opranusme puto-
(b1aBUH BCTpevaeTcst Mpeskiie BCET0 KaK HeOTheMJie-
MBIl KOMIIOHEHT KO-(hePMEHTOB, OJIHUM U3 KOTOPBIX
SIBJISIETCST MOHOHYKJIeOTH T pubodaaBrHa HaTPUsL.
CyliecTByeT 3HAYUTEJNbHOE HAPYIIEHUE COOTHOIIIe-
HUST MEX/IY [1JIa3MEHHBIM MOHOHYKJIEOTHIOM prbOo-
(dhaaBuna HATPUA U PUOGOMGIABUHOM Y TAIMEHTOB B
KPUTHYECKUX COCTOSTHUSIX [ 28]. D1aBuHbI 1eHCTBYIOT
Kak Ko(aKTop BO MHOTHX (DePMEHTAX, KOTOPbIE KaTa-
JU3UPYIOT caMble Pa3HOOOpasHbie OUOJOrMYEeCKUe
PeaKInu U COJIeP:KAT OJIIH U3 CAMBIX YHUBEPCAIbHBIX
OKHCJINTEJIbHO-BOCCTAHOBUTEIBHBIX IIEHTPOB i1 Viv0.
Wcnonb3oBanne opraHnyecKux OKUCIUTETBHO-BOC-
CTAHOBUTEJIHHBIX AKTHBHBIX BEIECTB, PACTBOPEHHBIX
B AJIEKTPOJIUTAX, IPHOOPETAET BCe BOIbINIIT MHTEPEC
JUIS CO3/IaHMsT CTaOUIIbHOI GOMUMETUYECKOI ChCTe-
MBI AaKKYMYJIUPOBAHUSI 9HEPTUN — OKHCJIUTETIBHO-BOC-
CTaHOBUTEJIbHBIX OaTapeii [29].

Taxum 06pa3oM Bee 4 KoMIIOHeHTa UTOhIaBUHA
MOTYT BHECTH BKJIAJ] B OKUCJIUTEIBHO-BOCCTAHOBHUTEI b~
HbI€ [TPOLIECCHI, IPOUCXOISIIINE C TPOU3BOHBIMI F€MO-
riobuna. BoamMoxkHO, MX KOMOUHUPOBAHHOE JIEHCTBIE
U TIPUBEJIO K SIBJIEHUIO BOCCTAHOBJIEHISI METTEMOTJIO-
GUHA 10 OKCUTEMOTIOONHA B IPUCYTCTBUM TIUTO(IA-
BuHa. [Ipn aTOM BO3MOKHO /IBA [Ty TH BIMSHUS ITUTOD-
JIABHMHA HA IIPOLIECCHI TIpeBpalieHuii skesesa Fe?*— Fe?*.

Hemnocpencrsennoe xuMuveckoe yyacTie MoJe-
KyJI KOMIIOHEHT IIUTO(hJIABUHA B I[EIIOYKAX OKUCJIIH-
TEeJIbHO-BOCCTAHOBUTEJIBHBIX ITPOIIECCOB. JTO BIUSHUE

for creation of stable biomimetic energy storage sys-
tem, i.e. redox flow batteries [29].

All four components of cytoflavin are capable to
contribute to redox properties of hemoglobin deriva-
tives. Presumably, a combined effect of cytoflavin
components might lead to the reduction of methemo-
globin to oxyhemoglobin in the presence of cytoflavin.
In this case, there are two possible ways of the influ-
ence of cytoflavin on the processes of iron conversion
Fe?t—Fe?*.

Direct chemical involvement of cytoflavin com-
ponents in a redox processes is possible. This influence
can be similar to that of methylene blue or ascorbic
acid used in the treatment of methemoglobinemia [5].

Binding of cytoflavin components to active oxi-
dation centers, thereby participating in the inhibition
of oxidation processes.

To calculate the concentrations of hemoglobin
derivatives, the Nonlinear Fitting method was used for
the approximation of the experimental spectra. Good
agreement between the theoretical data and the exper-
imental data with the coefficient R-Square > 0.99 was
obtained. The theoretical data agreed not only in the
description of the spectrum, but also in the estimation
of the residual K level.

The antioxidant property of cytoflavin was
demonstrated in our work for the first time in a di-
rect biophysical in vitro experiment. For this pur-
pose, blood from healthy donors was used as
control exhibiting initially normal concentration of
oxyhemoglobin and methemoglobin. The situation
of using already initially poisoned blood containing
a large amount of methemoglobin was excluded.
The use of cytoflavin in this model experiment led
to the reduction of excessive methemoglobin to
oxyhemoglobin. In this case, the reduction effect of
cytoflavin occured only if the methemoglobin was
located inside the cell. The effect of NaNO, on free
hemoglobin in distilled water led to the appearance
of methemoglobin. However, in this case, the addi-
tion of cytoflavin did not result in a reduction of
methemoglobin to oxyhemoglobin. This interesting
phenomenon will be studied in details in future ex-
periments.

Performed experiments might contribute to fu-
ture studies validating the role of cytoflavin in blood
recovery after acute poisoning. Clarifying the role of
separate components of the drug would contribute to
mechanistic studies of cytoflavin action.

Conclusion

The revealed effects may have a fundamental
and practical application. Based on results with
cytoflavin it would be possible to study and develop
pharmacological methods for reduction Fe** to Fe?*
in blood. Cytoflavin can be used directly in treat-
ment of methemoglobinemia in clinics. It would be
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Experimental Studies

MOJKET ObITh aHAJOTUYHO AEHCTBUIO METHJIEHOBOTO
CHHETO UJIN aCKOPOUHOBON KUCJIOTBI, UCIIOJb3YEMbIX
[PH JICYCHUH MeTreMoriobuHeMun [5].

CBsi3pIBaHUE KOMIIOHEHTOB IUTOMJIABUHA C
AKTUBHBIMU OKHMCJIUTEJIbHBIMU TleHTpaMu obec-
MEeYnBaeT ydyacTue B MHTHOUPOBAHUU MPOIECCOB
OKUCJIEHUSI.

[l pacuyeToB KOHIEHTPAIUIl [POU3BOIHBIX
remorsio6uHa ucnosbzosad Merox Nonlinear Fitting
st 06paboOTKN  IKCHEPUMEHTATbHBIX  CIIEKTPOB.
[Tosnyueno xopoiliiee COrJiacOBaHUE TEOPETUYECKUX
JNAHHBIX C 9KCIIEPUMEHTATBHBIMU ¢ KO3hdUIIEHTOM
R-Square > 0,99. Teopernueckue aHHbIe COTIACOBA-
HBI He TOJIbKO B OIIMCAHUU CIIEKTPA, HO U B OIIEHKE
0CTaTOYHOrO ypoBHs K.

B nareii pa6ore BriepBbie MOKa3aHO aHTHOKKC-
JIUTEIbHOE CBOMCTBO MUTO(MIABUHA B TIPSMOM GHO-
(pusuueckom akcriepumente in vitro. Kposb ot 3710-
POBBIX JIOHOPOB HCIOJb30BAIMU JIJIT TOTO, YTOObI
M3HAYAJIBHO MMETh HOPMAJIbHYIO KOHIIEHTDPAIIHIO
okcuremorsiobuHa u MmerremMoriobuna. Memnoab3osa-
Hue nuTodIaBUHA B JAHHOM MOJEJTbHOM 9KCIEPH-
MEHTE MPUBEJIO K BOCCTAHOBJIEHUIO METTEMOTIOOUH
1o okcuremoryaobuna. IIpu aToM BoccTaHaBIMBATO-
muii apdext murodaaBuHa MPOUCXOIUT TOJBKO,
ecJau MeTTeMOTJIOONH HAXOIUTCS BHYTPU KIIETKH.
Bospeiictsue NaNO, na ¢cBoOOAHBINA reMori106uH B
MUCTUJLTIPOBAHHON BOJIE TPUBOIMIIO K BOSHUKHOBE-
Huio Merremorsaobuna. Oauako pgodasienue UTOGh-
JIABUHA B 9TOM CJIy4ae He MPUBOJIUJIO K BOCCTAHOB-
JIEHUIO METTeMOTJIOOUHA 10 OKCUTEeMOTIo0HA. ITO
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also important to validate the use of the drug during
the storage of donor blood, in blood transfusion and
for the development of blood substitutes. Clarifica-
tion of the molecular mechanisms of the protective
action of cytoflavin and determining its protective
patterns when using various chemical oxidants
seems a promising area of translational studies.

WHTEpeCHOe ABJeHUe GyAeT AeTalbHO M3YYEHO B
OYIyIUX 9KCIIEPUMEHTAX.

[Tpopenannbie HaMU HKCIIEPUMEHTDLI MOTYT CTaTh
OCHOBOM JIJIS1 NCCIIEZI0BAHNS BO3MOXKHOCTH UCIIOTIbH30-
BaHMs IUTO(IaBUHA JIJI1 BOCCTAHOBUTEIBHBIX 11PO-
I[ECCOB B KPOBU ITAIIMEHTOB C OCTPBIMU OTPABJICHUS-

MU, TaK>Xe H]IB.HI/IpyeTCH I/ISy‘II/ITb ﬂeﬂCTBI/Ie
OT/IEJIbHBIX KOMIIOHEHT Ha 3TOT Hpouecc.
3akiouyeHue

[Tokazaunslii achdekT MOKeT UMETh Kak pyH/1a-
MEHTAJIbHOE, TaK U MPAKTUYECKOe IPUMEHEHUE.
[TurodraBur MOKET OBITH MCIOIB30BAH HEIOCPE/I-
CTBEHHO TIPU JIEYCHUW METTEMOTJIOOMHEMUY B KJIMHU-
Ke. Takke BaxKHO Oy/IET MCIOJIH30BATH €TI0 BO BPEMsI
XpaHeHusI IOHOPCKON KPOBU, IIPU MIPOBEJEHUN TeMO-
Tpanchysuu u npu pazpaboTke KpoBezaMeHUuTe el
Becbma repcrieKTUBHBIM TaKiKe sIBJISIETCS] U3YUeHUe
MOJIEKYJISIDHBIX MEXaHU3MOB IIPOTEKTOPHOrO Jieii-
CTBUS IUTOMJIABUHA TIPU IIUPOKOM CIIEKTPE 9K30T€H-
HBIX OTPABJICHMUIA.
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Endothelial Dysfunction in vitro
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ITess uccremoBanus — u3yanTs 3hHEKTUBHOCTD JeHCTBISI CHHTETHYECKOTO CTaOUIN3UPOBAHHOTO aHAJIOT JIeli-
sHKedaTnHa B KAUeCTBe CPENCTBA, TIPEOTBPAIIAIONIETO TOBPEsKIEHIE MOHOCIIOS IH/I0TETUAIBHBIX KIETOK i1 Vitro
071 IEViCTBIEM CHIBOPOTOK MAIMEHTOB C CENITUYECKIM IITOKOM.

MartepuaJbl 1 METOIbI. DKCIIEPUMEHTBI BLITTOJHEHbBI HA MOHOCJIOE aH/10TesnanbHbIX KiaeTok EaHy.926. Vzyuanu
BJIVISTHIIE CHHTETHYECKOTO aHAJIOTA JIeli-aHKebanHa in vitro Ha pa3BUTHE TIOBPEXKIEHIS KJIETOK TI0] IefICTBIEM ChI-
BOPOTOK IAI[EHTOB (5 GOJbHBIX € CENTHYECKUM MOKOM). COCTOSIHIE MEKKIETOUHBIX KOHTAKTOB SH[OTEJIUST Olle-
HUBAJIA METOJIAMU UMMYHO(IIYOPECIIEHTHON MUKPOCKOITIY U MIMMYHOOJIOTHHTA C aHTUTEIAMU K OEJIKY a/[re3UBHBIX
KOHTaKTOB — V E-Kajrepuny u 6esiKy MJIOTHBIX KOHTAKTOB — KJayiHY. JKI3HeCIocoOHOCTD KJIETOK ONPEeeIsiin C
MOMOIIBIO OKPACKU HOIMCTHIM TIPOITUIUEM.

Pesyabratsl. [[pekoHIUITMOHIPOBaHNE CHHTETHYECKUM aHaIoroM Jieii-sukedasuna (10, 50 u 100 Mxr/min) Kie-
TOK DH/JIOTEJN in Vitro TPUBOANIO K TIPEOTBPAIIEHUIO J€CTPYKIIUH MJIOTHBIX U a/ITe3UBHBIX KOHTAKTOB, & TAKIKE
YaCTUYHO TIPEAOTBPAIIAIIO0 THOEIb SHIOTETUOIUTOB.

3akmoyenue. [IpekoHIUITMOHIPOBAHNE CUHTETHYECKUM AHAJIOTOM Jieli-aHKehaTnHa YacCTUIHO MPeI0TBPAIIAeT
rubesib SHOTETUOIUTOB, BHI3BAHHYO BO3/EHCTBHEM CbIBOPOTKU CENITUYECKUX OOJIBHBIX in Vitro. ITu [aHHbIE AUK-
TYIOT HEOOXOAUMOCTD TIPOBEIEHUST KIMHUYECKUX UCTIBITAHMIT 9(DHEKTUBHOCTU TIPUMEHEHNS] CHHTETHYECKOTO aHa-
Jiora Jyiefi-aHKedanTHa ¢ 1esbio TPOMDUIAKTUKY CETICHC-aCCOIMUPOBAHHON 9H/I0TETUATBHON TUCHYHKITUN.

Kmouesvle cnosa: ieii -SHKeqbaJluH; npoHUUaAemocms 3H80meﬂuﬂ; CuHapOM CUCIMEMH 020 s0CnAlUmeslbH0zo omeema,
cenmureckutl WOK; ,ZZaJlapzuH

The purpose of the study was to determine the efficacy of a synthetic leu-enkephalin stabilized analogue to pre-
vent damage of endothelial cells monolayer in vitro caused by serum samples from septic shock patients.

Materials and methods. The experiments were performed using the EaHy.926 endothelial cells monolayer. We
studied the in vitro effect of synthetic leu-enkephalin analogue on the cell damage caused by serum samples from

AJpec 115t KOPPECTIOH/IEHIUH: Correspondence to:
Outer TpebeHunKoB Oleg Grebenchikov
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five septic shock patients. The status of endothelial intercellular junctions was estimated by immunofluorescence
microscopy and western blot with antibodies against adherens junction protein, VE-cadherin, and against the tight
junctions protein, claudin. Cell viability was determined by staining with propidium iodide.

Results. Preconditioning with a synthetic leu-enkephalin analogue (10, 50 and 100 pg/ml) of endothelial cells
in vitro prevented the destruction of both tight and adherens junction and partially prevented endothelial cell death.

Conclusion. Preconditioning with a synthetic leu-enkephalin analogue partially prevents endothelial cell damage
caused by exposure to septic patients’ sera in vitro. These data ensure the need for clinical trials on the effectiveness
of a synthetic leu-enkephalin analogue for prevention of sepsis-associated endothelial dysfunction in clinics.

Keywords: synthetic leu-enkephalin stabilized analogue; endothelial permeability; systemic inflammatory response

syndrome; septic shock; Dalargin
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BBenenue

IHJIOTEIMH TIPEAICTABJIEH OTHUM CJIOEM CIIeTra-
JIN3UPOBAHHBIX KJIETOK, BBICTUJIAIONIUX BHYTPEHHIOIO
MOBEPXHOCTHh KPOBEHOCHBIX U JTUM(DATUIECKUX COCY-
10B. IToMuMo 6apbepHOIL, SHAOTEIMIT BHIIOJIHIAET P
Ipyrux Gu3nogorndecknx GyHKIUN: moanepsKanme
OHKOTUYECKOTO JaBJIEHUS, YIaCTHE B CBEPThIBAHUU
KPOBH, aHTHOTeHe3e U 1poy. [Ipu pasBuTHN HEKOTO-
PBIX TIATOJIOTUYECKUX IPOIECCOB, IHAOTETNATHHASA
JUCHYHKIIMS CTAHOBUTCS UX BAKHOU COCTABJISIONIEN
U BO MHOTOM OIIpeiesieT TSKeCTh TeUYeHUs aTepo-
CKJIEpO3a, CeICcuca, NeMuYecKuX u pernepdysnon-
HBIX TTOBPEXKIECHUN, TSKETON COUeTaHHOU TPABMBI, a
TaK)Ke CHHJpOMa CUCTEeMHON BOCTIATUTEIbHON peak-
un (CCBP), B ToM umciie, 1 B paHHEM TOCJIeorepa-
nmnonHoM niepuozie [1]. TpanckanuiisgpHas yreyka
JKUJIKOCTH, BO3HUKAIONIAS BCJEACTBUE HAPYIICHUS
GapbepHOI (DYHKIIMU SHAOTEIM WK THOEII KJIETOK,
MPUBOAUT K BO3HUKHOBEHWIO MHTEPCTUITUATBLHOTO
OTeKa, 4YTO, Ha YPOBHE OpraHu3Ma, ManudecTupyer
MOJIMOPTAHHON HEJOCTATOYHOCTBIO — COCTOSHUEM,
[PEJICTABJISIIONIEM CEPHE3HYIO YTPO3Y KU3HH OOIbHO-
ro CCBP [2]. Baxwuoii coctasmsionieit CCBP asauser-
s 9HI0TeINANIbHAS TUCHYHKIIUSA — KITIOU€eBOi (heHo-
MeH KPUTUYECKUX COCTOSTHUM, COITPOBOKIAIONINNCS
yBeJIMYEeHNEM TPOHUKHOBEHUS TTPOBOCIIAJIUTETHHBIX
[UTOKUHOB 4Yepe3 TUCTOreMarudyeckue Oapbepbl U
MPUBOAIINN K HAPYIIEHUIO 1IeJIOCTHOCTHU MOCIeTHUX,
¢ nocJieryioneit nnubTpaluei TKanen JenKomuTa-
MU 1 1uTokuHamu [3]. bapeephas GyHkiusg anmgoTe-
JIug 3aKOHOMEPHO HapyniaeTcs IPU CENTUYECKOM
IIOKE, YTO CIOCOOCTBYET pasBUTHIO HeOIaronpu-
ATHBIX KJINHUYeCKUX ncxonoB [4]. Ilpenynpexnenne,
gedenre u wMunnmusanug nocaexcrsuii CCBP
SABJISETCS OJTHON U3 OCHOBHBIX 3a/1a4 AHECTE3MOJIOTOB-
PEaHMATOJIOTOB.

Hamune nmpoTuBoBOCIAINTEIBHON aKTUBHOCTH
(1. e. cocobHOCTH TOpMO3UTD pazsutTue CCBP) 1, kak
CJIeJICTBUE, CHOCOOHOCTh MPENOTBPAIATh PAZBUTHE
AH/IOTEJNNATBHON MTUCHYHKITNH, SABJILETCH MOJOKU-
TeJIbHBIM 1000YHBIM 2(P(EKTOM HEMaJoro YKcja
u3BecTHbBIX TpernaparoB [5]. Oxnako, ux abdexkTus-
HOCTD B 00CY’K/IA€MOM ILJIaHe HE BEJHMKA U, C yU4ETOM
BaskroCcTU 11pobsieMbl CCBO, nipe/icTaBisieTcst 4pe3Bbi-
YalfHO BaXKHBIM TIOUCK HOBBIX IIPEIAPATOB, CIIOCOOHBIX
TOPMO3UTD PA3BUTHE SHIOTETUATBHON TUCHYHKITUH.

Introduction

Endothelium is represented by a single layer of
specialized cells lining the inner surface of the blood
and lymph vessels. In addition to the barrier function,
the endothelium has several other physiological func-
tions: the maintenance of the oncotic pressure, contri-
butions to blood coagulation, angiogenesis, etc. In the
case of development of pathological processes, en-
dothelial dysfunction becomes a significant object of
pathological alterations and largely determines the
severity of atherosclerosis, sepsis, ischemia/reperfusion
injury, severe concomitant injury and systemic inflam-
matory response syndrome (SIRS) including that in
the early postoperative period [1]. Transcapillary fluid
leakage caused by barrier dysfunction of the endothe-
lium or cell death leads to interstitial edema, which at
the body level is manifested by multiple organ failure,
a life-threatening condition of the patient [2]. SIRS,
which includes as an important component the en-
dothelial dysfunction, is a key phenomenon of critical
illness accompanied by increased infiltration of pro-in-
flammatory cytokines through histohematogenous
barriers. SIRS leads to impairment of the integrity of
the latter, with the subsequent tissue infiltration by
leukocytes and enchanced production of cytokines [3].
The barrier function of the endothelium is impaired
naturally in septic shock, which contributes to adverse
clinical outcomes [4]. Prevention, treatment and mit-
igation of consequences of SIRS are the urgent tasks
in the intensive care.

The presence of the anti-inflammatory activity
(i.e. the ability to inhibit the development of SIRS)
and, as a result, the ability to prevent the development
of endothelial dysfunction is a positive side effect of
many drugs [5]. However, their effectiveness in the
discussed field is not high, taking into account the sig-
nificance of the SIRS problems; therefore the search
of new drugs which can inhibit the development of en-
dothelial dysfunction is essential.

More than 30 years ago, a synthetic stable ana-
logue of leu-enkephalin with delta- and mu-opioid ac-
tivity, Dalargin, which is a peptide with an amino acid
sequence of Tyr-D-Ala-Gly-Phe-Leu-Arg has been
suggested for the clinical practice [6].

The synthetic leu-enkephalin  analogue
(Dalargin) has been approved for the clinical use for
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Bouee 30-Tu jiet Hazaj B KIMHUKY ObLI BHEAPEH
CUHTETUYECKUI CTaOUIM3MPOBAHHBIN aHAIOT Jieii-
aHKedaJIMHA C JleJIbTa- U MIO-ONUOUJIHON aKTHUB-
HOCTBIO — JlaJapritt, KOTOPbIl pecTaBsieT coboit
HEeNTU/ ¢ AMUHOKUCJIOTHOHN I10CIeI0BATEIbHOCTHIO
Tyr-D-Ala-Gly-Phe-Leu-Arg.[6]

Cunrernyeckuii — aHajor Jel-sHkedaanna
([lanaprun) paspeliieH K KJIMHNYECKOMY TTPUMEHEHUIO
JLJIsT JIeYeHUsl SI3BEHHO O0JIE3HU [[BEHA/IIATUIIEPCT-
HOI KKK U KEJTy/IKA B TEPUOJL 000CTPEHHST; OCTPOTO
HAHKPEeaTUTa; OCTPOr0 HEKPOTUYECKOTO AaHKPEaTUTa
B COCTaBe KOMILJIEKCHOI Teparuu [7].

B patnux ncce0BaHusx GbIJI0 MOKA3aHO HAJIM-
yue y rperapara KapJuoIpoTeKTOPHLIX CBOKWCTB IIPU
onepanusix ¢ K [8], ogHako, Hem3yuyeHHOCTh MeXa-
HU3MOB €ro JIefcTBUS U HENOCTOSHCTBO addexTa,
nomentasnu Jlasapruny B TO BpeMs 3aHATh JOCTOHHOE
MECTO B apceHasie aHecTe310J0ra.

[Tocsie oTkpbiTHA (heHOMEHA OITMOUIHOTO IIpe-
KOHAUIMOHUPOBaHUs [9] BO3HUKIIO IPEAIIOIOKe-
HUE, YTO OpraHonpoTekTopHble addexTrl Janapruna
peanusyioTcsi TeMu Ke OUMOXUMUYECKUMU ITYTSIMU
[10], u ecin aTa runoTE3a Hali/leT CBOE MTOITBEPIK/IE-
HUe, TO y KJIMHUIMCTOB IMOSBUTCS CPEACTBO IJI
JIeYeHU S UJIH 11PeIOTBPAIeHUs OCJI0KHEHUH, TIpex-
Jle BCero OpraHHoil HeJloCTaTOYHOCTH, CBSA3AHHOM C
HJI0TENANBHON AuchyHKIMEH, B TOM yucie, pu
celrcuce U CeITUUYECKOM IIOKe.

[lenp HacTosulero uccjaeaoBaHUsA — WU3YUYUTD
3 hEKTUBHOCTH IEHCTBUSA CUHTETUYECKOTO CTabOUIIH-
3MPOBAHHOIrO aHajora Jeii-aHkedasnHa B KauecTBe
CPEe/CTBA, IIPEJ0TBPALIAIONIETO TIOBPEXKIEHIEe MOHO-
CJI051 9HJOTEUAIBHBIX KJIETOK 71 Vitro 101 IeHiCTBIEM
CBIBOPOTOK MAIMEHTOB € CEINTUYECKUM IIIOKOM.

MaTepI/IaJI U METO/1bl

ChIBOPOTKH 3a01pasii y OOJNBHBIX € Pa3BUBHINMCS
CENTHYECKUM MIOKOM, KOTOPBIe ObILJI OTOOPAHBI B COOTBET-
crBun ¢ kpurepusamu «Cercuc-3» [11]: 5 wenoBek, cpeannit
Bo3pact 45 [29-55] 7T, a TaksKe y 3M0POBBIX IOHOPOB, TTOI-
MUCABIINX NHMOOPMHIPOBAHHOE COTJIACHE: 5 UETOBEK, CPel-
Huii Bospact 35 [28—45] mer57.

DyopecueHTHAss MUKPOCKONHSA. JH/IOTEINATbHbIE
kaerku Ea.hy926 pactunu B cpene DMEM (Gibco, USA)
¢ 10% resstubeii aMmGproHaNBHOM chiBopoTKOit — FBS (Hy-
Clone, USA) 110 MOHOCJIOS1. 3aTeM KJIETKM WHKYOUPOBAJIH
B Tedenue 3-x yacos npu 37°C ¢ 5%-Holi Tesstubeii aMOpro-
HAJIBHOW CBIBOPOTKON (KOHTPOJB), C CBIBOPOTKOM 3/10pO-
BOTO 4YeJIOBEKAa, a TaKke C CBIBOPOTKON MalMeHTa ¢
cericucom 6e3 Jlasaprisa 1 B €ro IPUCYTCTBUI B KOHEYHBIX
konuentpanusax 1, 10, 50 u 100 mxr/mu. Janaprus go6as-
ssiin 32 1 wac 110 eMeHbl chiBOpoToK. [Tocse nnkybaimu
KJIETKU POMbBIBAJIM TeIIbIM pacTBopom DMEM 6e3 cbiBo-
POTKH, a 3aTeM (DUKCUPOBAIN 2%-HBIM PACTBOPOM TIapa-
dopma 1 epmeabusmzosbiBaiu 1%-Hpiv pactBopom Triton
X-100. DukcupoBaHHble KJIETKH OKPAIIUBAJM TI€PBUY-
weiMu antutenamu Kk VE-kaarepuny (BD Biosciences,
USA), a sareM HHKYOUPOBAJIN C BTOPUYHBIMU AHTUTEJIAMH,
KOHBIOTHPOBAHHBIMH € (DJIyOpecIieHTHBIM KpacuTesieM Ore-
gon Green 488 (Life Technologies, USA), a Taxxe ¢ da-
goumunaoMm, MedeHHbIM TRITC (Sigma, USA) u

the treatment of duodenal and stomach ulcer during
exacerbation; acute pancreatitis and acute necrotizing
pancreatitis as a part of the combined therapy [7].

Early studies have shown the cardioprotective
properties of Dalargin during surgery requiring a car-
diopulmonary bypass (CPB) [8]. However, unclarified
mechanisms of the drug action and variable clinical ef-
fects prevented Dalargin at that time from taking an
appropriate niche in the anesthesiology.

After the discovery of a phenomenon of opioid
preconditioning [9], it has been suggested that the ef-
fects of Dalargin are implemented by the same bio-
chemical pathways [10] and if this hypothesis is
confirmed, clinicians would have a medicine for the
treatment or prevention of complications, including
organ failure associated with endothelial dysfunction
and sepsis/septic shock.

The purpose of this study was an in vitro investi-
gation of the effectiveness of Dalargin for preventing
the damage of endothelial cells monolayer by proin-
flammatory cytokines circulating in the serum of sep-
tic shock patients.

Materials and Methods

Patients with developed septic shock were selected in
accordance with the «Sepsis-3» criteria [11]: 5 patients, the
average age is 45 [29—55] years.

Healthy donors (5 subjects) who signed the informed
consent; the average age is 35 [28—45].

Fluorescence microscopy. Ea.hy926 endothelial
cells were grown to a monolayer in the DMEM medium
(Gibco, USA) with 10% fetal bovine serum, FBS (Hy-
Clone, USA). The cells were then incubated for 3 hours
at 37°C with 5% FBS (reference group), with healthy
human serum, and with the serum of a septic patient
without Dalargin and with Dalargin at a final concentra-
tions of 1, 10, 50 and 100 pg/ml. Dalargin was added 1
hour before changing the serum. After incubation, the
cells were washed with a warm DMEM solution without
serum, then fixed with a 2% paraformaldehyde solution
and permeabilized with a 1% Triton X-100 solution.
Fixed cells were stained with primary antibodies against
VE-cadherin (BD Biosciences, USA) and then incubated
with secondary antibodies conjugated with a fluorescent
stain Oregon Green 488 (Life Technologies, USA), phal-
loidin-TRITC conjugate (Sigma, USA) and Hoechst dye
33342 (Life Technologies, USA). The processing of the
images acquired with a fluorescence microscope, as well
as their quantitative analysis, was performed using Im-
age] 1.44p and MetaVue 4.6 software to compute the rel-
ative area of intercellular spaces as a percentage of the
total area in endothelial cells.

Western blotting. The Ea.hy926 endothelial cells
were grown and incubated as described above. After incu-
bation, the cells were lysed in a hot buffer (62.5 mM Tris-
HCI, pH 6.8, 2% SDS, 10% glycerol, 50 mM DTT, 0.01%
bromophenol blue) at 94°C for 4 min. The proteins were
separated by a 12% polyacrylamide gel electrophoresis and
transferred to PVDF membranes. Antibodies against VE-
cadherin and claudin (BD Biosciences, USA), as well as
secondary antibodies conjugated with horseradish peroxi-
dase (BD Biosciences, USA) were used. The visualization
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kpacuresiem Hoechst 33342 (Life Technologies, USA).
O6paboTky n300paskeHnil, MOJTyYeHHbIX Ha (ayopec-
IIEHTHOM MHKPOCKOIIE, a TakKe MX KOJMYeCTBEHHBII
aHaJIN3 TTPOBO/INJIN € TIOMOTITbIO TTporpamM Image] 1.44p
n MetaVue 4.6 ¢ onpenesenieM OTHOCUTENTBHOMN TJIO-
I/ MESKKIIETOUHBIX TIPOMEKYTKOB B % OT 0011eii 110-
M/ B 9HIOTEINAIBHBIX KIETKAX.

BectepH-0a0TTHHL.  DHOTENNATbHBIE KJIETKU
Ea.hy926 pactuim 1 nHKyOHPOBaJIN TaK jKe, KaK OIICAHO
Boitie. [Tocsie MHKYOAIMN KIETKU JTU3HPOBATIN B TOPSTIEM
Gydepe (62,5 mM Tpuc-HCI, pH 6,8; 2% SDS; 10% rau-
nepu; 50 mM ITT, 0,01% GpombeH0g0BOro cuHero)
mpu temmeparype 94°C, B Teuenne 4 muH. benku pasze-
JH B 12% MOMMaKpIIaMUHOM Tesie ¥ TIEPEHOCHIIN Ha
PVDF-mem6panbl. Boiin MCMoMb30BaHbl aHTHTENA K
VE-xagrepuny n knaynnnay (BD Biosciences, USA), a
TakKe BTOPUYHbBIE aHTUTeJIA, KOHBIOTHPOBAHHBIE C TIe-
poxcumazoii xpera (BD Biosciences, USA). Busyanmusa-
muio nposoauan Habopom SuperSignal West Pico
(Thermo Scientific, USA). [Ijist JeHCUTOMETPUYECKOTO
aHAJIN3a U OIPEeZIeJIeHNsT OTHOCHUTEIBHOTO COJIePKAHNUS
VE-kaarepuna (%) B MEKKJIETOYHBIX KOHTAKTaX 9H0Te-
JIMATBHBIX KJIETOK UCIOJIb30BaN porpammy Image Lab
(BioRad, USA).

H3yuenne BIMSHUS CBIBOPOTOK NAIHEHTOB C Cell-
THYECKHM IIOKOM Ha allONTO3 SHIOTEIHATBHBIX KIETOK.

Actin VE-cadherin Nucleus

Control

Septic

Septic +
Dalargin (1 mcg/ml)

Septic +
Dalargin (10 mecg/ml)

Septic +
Dalargin (50 mcg/ml)

Septic +
Dalargin (100 mcg/ml)

Iuporenraibhble kieTkn Ea.hy926 pactuau 10 MoHo-

cJ10s1. 3aTeM KJIeTKU HHKyOUpoBai B Tederue 12 gacos
npu 37°C ¢ 5%-Hoil TesisTabeil 9MOPUOHATBHON CBIBOPOT-
KOI (KOHTPOJIB), C CBIBOPOTKOM 37I0POBOTO YeIOBeKa, a
TaKKe ¢ CBIBOPOTKOIT marmenTa ¢ cencricom 6e3 lamap-
TMHA U B €T0 TIPUCYTCTBUM B KoHTeHTparnusx 1, 10, 50 u
100 mkr/mir. [Tocsie nHKyOaIy KJI€TKU CHUMAJIH PACTBO-
pom tpuriciH-Bepcena, dukcuposamm 70%-HbIM 9TaHO-
JIOM ¥ OKpalluBaan HOAMCTBIM TpornuaneM. Kierkw,
comep:kamue dparmeHTupoBanuyio remomuyio JHK
AHAJIMBUPOBAJIH C TIOMOIIBIO MTPOTOYHOI IUTO(IyOpH-
MeTpHH, KakK OTIcano panee [12].

Crarucruyeckuii ananus. /lanmbie peicTaBuIn B
BU/Ie Me/INAHBI C MEXKKBAPTUIBHBIM HHTepBasIoM. CTaTh-

Puc. 1. ImmyHodIyopeciieHTHash MUKPOCKONHS 9HIOTEIHATBHBIX
kaerok Ea.hy926.

Fig. 1. Immunofluorescence microscopy of endothelial cells
Ea.hy926.

Note. Cells were incubated with different concentrations (ug/ml ) of
Dalargin and treated with 5% serum from the septic patient L. (27 years
old, severe sepsis). Cells were stained with antibodies against actin mi-
crofilaments (Actin) or intercellular contact molecule (VE-cadherin);
nuclei were stained with DAPI.

IIpumevanue. KieTku MHKyOMPOBAIU C PA3JMYHBIMU KOHI[EHTPA-
v Jlasmaprusa (yKasansl B MKT/MJ1) 1 06paboTain 5%-Hoil CbiBO-
POTKOI cerntryeckoro 6oabHOTO JI. (27 Jiet, Tsaxerblii cericuc). Actin —
OKpacka KJIeTOK Ha akTuHoBble Mukpoduiamentss; VE-cadherin —
OKpacka Ha 6eT0K MEKKIETOUHBIX KOHTakToB V E-kanrepu; Nucleus —

CTHYECKYIO 3HAYMMOCTD PA3JIMYHil TIOKa3areseil OleHu-
Bamu ¢ nomonpbio U-tecta Manna-Yurtnu. Pasimuuns
cunTaa 3HaauMbIMu ipu p<0,05.

Pe3yibrarsl 1 00CyKA€eHHE

Wuky6anus MOHOCJIOS SHAOTETUATBHBIX KIETOK
CBIBOPOTKOI TTAIIMEHTOB € CENITUYECKUM TIIOKOM ITPU-
BOJIMJIA K TIOTEPe OeJTKa a/Ire3MOHHBIX KOHTaKTOB VE-
kajrepuna. Centuyeckast CbIBOPOTKA TaKKe U3MEHSIA
(opmy KJIeTOK: OHU Tepsau TPaBUIbHYIO MHOTO-
YTOJIbHYT0 (hOPMY, BHITATHBAINCE, MEKITY HUMU 06pa-
30BBIBAJIUCH TIPOMEIKY TKH, TIOCKOJIBLKY «PasOUpPaIich>
ellie ¥ My4Ku nepudepndeckux ak THHOBLIX MUKPOdM-
samenToB (puc. 1).

Takue naMeHeHU XapaKTEPHBI /IS 9HAO0TEH-
aJbHON AUChYHKIIUU, COITPOBOXKIAIONIEHCS HAapyIIe-
HUEM MEKKJIETOUHBIX KOHTAKTOB. [10/106HbIe adhhex-
Tel He HabMoAa M Npu MHKyGanmum ¢ 5%-Hoii
Tessgubeii SMOPHOHAIBHON CHIBOPOTKON (KOHTPOJIb)
Wi 5%-HOil CBIBOPOTKON 3/10POBBIX 10OPOBOJIBIIEB.
Takum 00pa3oM, JAHHDIN KCIIEPUMEHT MOKET pac-
CMATPUBATLCA KaK MOJEJb HOTEJUAIBHON JIHC-
(ysakMM 11pu cercuce in vitro.

OKpacKa A/1ep KJIETOK.

was performed by SuperSignal West Pico (Thermo Scien-
tific, USA). Image Lab software was used (BioRad, USA)
for the densitometry analysis and determining the relative
content of VE-cadherin (%) in the intercellular contacts of
endothelial cells.

Study of the effect of sera of patients with septic
shock on endothelial cell apoptosis. Ea.hy926 endothelial
cells were grown to form a monolayer. The cells were then
incubated for 12 hours at 37°C with 5% FBS (reference
group), with control human serum, and with the serum of a
septic patient without Dalargin and with Dalargin at con-
centrations of 1, 10, 50 and 100 pg/ml. After incubation, the
cells were removed using trypsin-EDTA solution, fixed with
70% ethanol and stained with propidium iodide. Cells con-
taining fragmented genomic DNA were analyzed by flow cy-
tometry as described previously [12].

Statistical analysis. Since the distributions of vari-
ables differed from a normal distribution, the non-paramet-
ric criteria were employed to reveal the difference between
groups. The data are presented as a median and 25%—75%
interquartile intervals. The statistical significance was esti-
mated using Mann-Whitney test. The difference was con-
sidered statistically significant at P<0.05
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Puc. 2. Biausinue [lanrapruna Ha NOBPEsKAEHHE MOHOCJIOS 9HOTENHATBHBIX KJIETOK MO IeiiCTBUEM 3 %-X CHIBOPOTOK ITAMEHTOB C Cell-
CHCOM.

Fig. 2. Effect of Dalargin on a serum-induced damage to the monolayer of endothelial cells.

Note. a — formation of intercellular spaces, immunofluorescence microscopy; b — splitting of the VE-cadherin-mediated adhesion contacts,
immunoblot-analysis; ¢ — cleavage of the dense contact protein Claudine, immunoblot analysis; d — relative level of apoptosis, propidium
iodide staining. The results are presented as the mean (%) * standard deviation, n=5; * — P<0.05 compared to effect of serum of patients
with sepsis. C — control serum (FBS); HV — healthy volunteer serum; S — serum of a septic patient.

IIpumeyanue. a — 06pa3oBaHUE MEKKIETOUHBIX IPOMEKYTKOB, TAHHBIE UMMYHO(DIYOPECIIEHTHOW MUKPOCKOIIUY; b — PacIlenieHne Oenka
a/[re3UBHBIX KOHTaKTOB V E-KajireprHa, TaHHble UMMYHOOGJIOT-AHAIIN3]; ¢ — PACIIeNIeHne Geska TJIOTHBIX KOHTAKTOB KJIAy/INHA, TaHHbIE
MMMYHOOIOT-aHaMM3a; d — OTHOCUTETHBIN YPOBEHD aroNTo3a, JaHHbIE TI0 OKPACKe HOAMCTBIM MPOTHANEM. Pe3y IbraThl Ipe/ICTaBIeHbI B
BHJIE Cpe/iHero 3HaueHust (%) + cTaHgapTHOE OTKIOHeHUe, n=>5; * — p<0,05 OTHOCHTEILHO CBIBOPOTKH ITAIUEHTOB ¢ cericucoM; C — KOHT-

poaibrast ceiBoporka FBS; HV — cbiBopoTka 310poBOro 106poBoJibia; S — cbiBOpoTKa cenrudeckoro 6oabtioro; GAFD — TAD/I.

[171 M3ydeHust BO3MOKHOTO aHTHOTIPOTEKTOPHO-
ro addekra /lasapruia B paMKax TpeJIOKEeHHON
MOJIeJIU MCITOJIb30BAJIN CJIEMYIONIIe KOHIIEHTPAINH
aktusHoro Bertectsa: 1, 10, 50 u 100 Mxr/mor.

[To panabIM UMMYHO(ITYOPECIIEHTON MIKPOCKO-
i, nHKyOarwst ¢ /laapruHoM B HU3KUX KOHIIEHTPa-
s (1 u 10 MKT/MJT) HE3HAYUTEJIBHO TIPEIOTBPAIIAeT
«paszbopky» akTuHa 1 VE-Ka/repiuna B MEKKIECTOUHBIX
KonTaktax. [Ipexunkybanus ¢ laraprunom B 6osee
BBICOKMX KoHIeHTparmsix (50 1 100 MKr/Mir) ipakTi-
YeCKU MOJTHOCTHIO 3AIHIIAIA SHAOTETNATBHBII MOHO-
CJIO¥T OT Pa3pPyILIeHUsT MEKKJIETOUHBIX KOHTAKTOB O]
NeliCTBUEM CBIBOPOTKU TAIMEHTOB C CENTHYECKUM
mokoM (puc. 2, a). YncneHHbIit aHau3 TaHHBIX (aryo-
PECIIEHTHOI MUKPOCKOITHH TIPE/ICTABJIEH B TaOJIHIIE.

JList KOJTMYeCTBEHHOT OTIEHKM cofiepsKanus Ge-
KOB MEKKJIETOUHBIX KOHTaKTOB (kiayanna u VE-kaz-
repuHa) ucIosib3oBaau Becrepu-6aorTunr. Mikyda-
Ust ¢ 5%-HOW CBIBOPOTKOI MAITMEHTA C CEIICUCOM
IPUMEPHO BITOJIOBUHY yMeHbIana Koirndectso VE-
KaJirepuHa B KJI€TOYHbIX iusaTax (puc. 2, b). ukyba-
st ¢ JlamapruioM /10303aBUCUMO 3alUINAIA 9TOT
GEeIOK OT PaCIIENIEHNsT IO/ ICHCTBUEM CEITTHYECKOi
CBIBOPOTKH (pUC. 2, C).

Wuky6anmst ¢ 5%-HbIMU CBIBOPOTKAMMU TIATIUEH-
TOB C CENTHYECKUM IITOKOM ITPUBONJIA K 3HAUUTEIb-

Results and Discussion

Incubation of a monolayer of endothelial cells
with serum of septic shock patients resulted in the loss
of an adherens junction protein, VE-cadherin. The
septic serum also changed the shape of the cells: they
lost the correct polygonal shape, stretched out, formed
gaps between them whereas peripheral actin microfil-
ament bundles were also disassembled (Fig. 1).

These changes are typical for endothelial dys-
function accompanied by destruction of intercellular
junctions. These effects were not observed when the
cells were pre-incubated with 5% FBS (reference
group) or 5% serum of healthy volunteers. Thus, this
experimental system can be considered as an in vitro
model of endothelial dysfunction in sepsis.

To study the possible angioprotective effect of
Dalargin within the framework of the proposed model,
we used the following concentrations of the active sub-
stance: 1 ug/ml, 10 ug/ml, 50 ug/ml and 100 pg/ml.

A quantitative analysis of the immunofluores-
cence microscopy data is presented in Table. As shown
in Table, incubation with Dalargin at low concentra-
tions (1 pg/ml and 10 pg/ml) insignificantly pre-
vented the disassembly of actin and VE-cadherin
within the area of intercellular junctions. Pre-incuba-
tion with Dalargin at higher concentrations (50 pug/ml

www.reanimatology.com
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SKCHGPTAMQHTHABHHG MCCACAOBAHMA

HpOTeKTI/IBHOC l[eﬁCTBHe I[aJlapmHa nmpu BOBZ[eﬁCTBHH CBIBOPOTKH NMAIMEHTOB C CENNITUYECKHUM IIIOKOM Ha KYJIbTYPY 9H-

noreaust Ea.hy926.

Protective effect of Dalargin on endothelial cells Ea.hy926 treated with serum of septic shock patients.

Group Area of intercellular P value Content P value Apoptosis level P value
gaps in endothelium. vs. «Sept> of VE-cadherin. vs. «Sept> (% of a total count vs. «Sept»
(% to total area) group % group of endothelial cells)  group

Reference group 4.11[3.52—4.40] 100 [99.1—100] 5.29

Control 4.3[3.82—4.78] 97.1[95.88—100] 4.48

Sept. 17.03 [14.83 19.11] 49 [42.2561.25] 12.96

Sept + Dalargin 1 pg/ml _ 11.72 [11.03—13.45] __ 0.016 61 [54.7873.03] _ 0.15 10.42 0.0952

Sept + Dalargin 10 ug/ml  10.27 [9.02—11.60] 0.008 77[70.98—85.78]  0.008 8.66 0.0079

Sept + Dalargin 50 pg/ml_ 6.59 [5.967.80] 0.008  90.2[80.0594.23] 0.008 713 0.0079

Sept+Dalargin 100 pg/ ml _ 6.17 [5.27—7.16] 0.008  96[86.33-97.23]  0.008 6.35 0.0079

Note. For tabl., fig. 1: Control — sera from healthy volunteers donated blood; Sept — serum of septic shock patients.
IIpumeuanue. Group — rpynia; Reference — xourposb. st tabir. 1, puc. 1: Control — cbIBOpoTKa 3/10pOBBIX BOJOHTEPOB; Sept. —
CBIBOPOTKA MAIMEHTOB ¢ cenTuyeckuM mokoM; Dalargin — Janaprun. [lis tabu. u puc. 2: Area of intercellular gaps in endothelium,
(% to total area) — mIomamb MEKKIECTOUHBIX MPOMEKYTKOB dHAOTE N, % 0T 0o0uieii miaomaan; Content of VE-cadherin —
conepskanue VE-kaarepuna; — KOJIMYECTBO ANIONTOTUYECKUX KJIETOK, % OT 001IEro KOJInYecTBa 9HA0TeInaabHbIX KieTok. P value
vs. «Sept» group — 3HAYUMOCTD PA3HUIILI 110 OTHONIEHHIO K TpyIie «Cent».

HOMY YBEJNYEHUIO KOJTMYECTBA AlIONTOTHYECKUX KJle-
Tok (puc. 2, d). lanaprud B KoHIeHTpanun 1 MKr/mi
HE3HAYUTEJLHO YMEHbBINAT KOJIUYECTBO alloNTOTUYe-
CKMX KJIEeTOK, a mpu Koumentpamusax 10, 50 u 100
MKT/MJT HaBJII0JIaJTN 3HAYMMOE CHUKEHHUE KOJTMIECTRA
aTOITOTUYECUX KJIETOK (TabiL.).

Kierku muaun Ea.hy 926 o61azaior 0CHOBHBI-
MU PEHOTUITMYECKUMHU U (DYHKITMOHAJIbHBIMY XapaK-
TEPUCTUKAMU DHOTEJMATbHLIX KJIETOK COCYIOB
yesioBeka [13], moaToMy oHuM ObLIM BEIOpaHbI HAMU B
KayecTBe MOJIEJIN /I NCCIIe/IOBAHUS 9H/IOTEINANb-
HOU TUChYHKITUN.

Patee GbIJIO YCTAHOBJIEHO, UTO PA3JIMYHBIE MTPO-
BOCIAJIUTEJIbHBIE TUTOKWHBL, Hanpumep, TNF-a
(Tumour Necrosis Factor &) BRI3BIBAIOT paciieryieHue
VE-kaarepuna — sHIOTEINATIBHOIO OeIKa aare3moH-
HBIX KOHTAKTOB [ 14 ]. Takxke, npu geiicTBIM MOJOOHBIX
[IPOBOCIIAJIUTENBHBIX areHTOB, ITPOUCXOUT JIerpajia-
1¥1s1 OEJIKOB TIJIOTHBIX KOHTAKTOB, B TOM YHCJIE, KJIAy-
JIHA. JHJOTeTNATbHbBIE MEKKJIeTOUYHbIe KOHTAKTBI
BBINIOJIHAIOT BaKHEUNIYIO pOJIb B TOAJIEPKAHUU
1EJIOCTHOCTH cocy/10B. [loBbIenne mpouuiiaeMocTu
JHJIOTEUS TOJ| JICHCTBUEM IPOBOCIATUTETHHBIX
nutokuaoB (TNF-a, unrepneitkunsi-1, -8, -12.) npo-
MCXOJIUT 3a cueT peakiuil ¢GochopuanpoBanuss u
YOMKBUTHHUPOBAHUA OCHOBHBIX OEJTKOBBIX KOMIIOHEH-
TOB a/ITe3UBHBIX MEKKJIETOYHBIX KOHTaKTOB (V E-kaz-
repuHa, OKKJIyInHa, Kiaayanaa) [15].

[TpoTeosns3 aTUX BasKHEHIINX OEJTKOB MEKKJIe-
TOYHBIX KOHTAKTOB BbI3bIBAET 0OpasoBaHUE MPOMe-
JKYTKOB MEKIIY KJI€TKaMU, YTO MIPUBOJIUT K yBeEJUe-
HUIO TIPOHUIAEMOCTH W HapylIeHUto OapbepHO
(ynxmn angorenus. B kpaitHuX crydasx MOKeT pas-
BUTHCS DHAOTETMATbHAS AUCHYHKITUS, KOTOpas B
HACTOSIIIee BPEMSI CUYMTAETCS OJHUM M3 OCHOBHBIX
(bakTOPOB Pa3BUTHS MTOJTMOPTAHHON HEOCTATOYHOCTH
TIPU ceTicrce U cenTuieckom Tmoke [16].

Takke B paMKaX BbIOPaHHOH MOJEIN M3ydaju
BJIUSTHUE CBIBOPOTOK MAIIUEHTOB € CENTUIECKUM TITOKOM

and 100 pg/ml) almost completely protected the en-
dothelial monolayer from the destruction of intercel-
lular junctions induced by sera from patients with
sepsis (Fig. 2, a).

Western blotting was used to quantify the pro-
tein content of intercellular junctions proteins,
claudin and VE-cadherin. Incubation with a 5% serum
of a septic patient resulted in a 50% reduction of VE-
cadherin content in the cell lysates (Fig. 2, b). Incu-
bation with Dalargin protected this protein from
disintegration under the effect of the septic serum in
a dose-dependent manner (Fig. 2, ¢).

Incubation with 5% serum of a septic shock pa-
tient resulted in a significant increase in the number
of apoptotic cells (Fig. 2, d). Dalargin at a concen-
tration of 1 pg/ml slightly reduced the number of
apoptotic cells. Statistically significant decrease in
the number of apoptotic cells was observed at
Dalargin concentrations of 10 pg/ml, 50 pg/ml and
100 pg/ml (Table).

Cells of the Ea.hy926 line possess main phenotypic
and functional features of human endothelial vascular
cells [13], therefore they were chosen as an endothelium
model to study endothelial dysfunction in sepsis.

It was established earlier that various pro-in-
flammatory cytokines, e.g. TNF-¢ (Tumour Necro-
sis Factor «), induce the disintegration of the
VE-cadherin, the protein of vascular endothelial ad-
herens junction [14]. Besides, the action of such
pro-inflammatory agents caused the degradation of
proteins of tight junctions including claudine. En-
dothelial intercellular junctions significantly con-
tribute to maintaining the vascular integrity.
Enchanced permeability of the endothelium caused
by pro-inflammatory cytokines (TNF-«, Inter-
leukins-1, -8, -12) is due to increased phosphoryla-
tion and ubiquitination of the essential protein
components of intercellular adherens junctions
(VE-cadherin, occludin, claudin) [15].
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Ha aloNTo3 dHA0TEINAIbHBIX KIeToK. M3BecTHO, 4TO B
HOPME 7 viv0 SHJI0TEJINI IPAKTUYECKHU He T10/[BEpraeT-
cs arontody. OHAKO ecTb JaHHble, YTO IIPU Cericuce
YBEJIMYMBAETCS KOJUYECTBO allONTOTUYECKUX IH/I0Te-
JIMAJbHBIX KJIeToK [17]. B Mozessx in vitro Mmuorue npo-
BOCIIAJINTEIbHbIE areHThl, Takue, kak LPS (Lipopolysac-
charide), TNF-a¢, IL-1, yBeaumuuBaioT amomTo3
Pa3TNYHBIX JIMHNHT 9HAOTEINANBHBIX KiIeTok |18, 19].

Panee cumranu, 4TO OMMOWUIHBIE PEIETTOPBI
HaXO/IATCS UCKIIOUNTELHO B HEPBHOM TKaHW, U TOJb-
KO COBCEM HEaBHO OHU OBLTN OOHAPYIKEHBI U B [IPY-
TUX TKaHSX, B TOM YHUCJ€ Ha TIOBEPXHOCTHU SHIOTETH-
aTbHBIX Ki1eTok [20, 21]. Bpuio mokazano, uTo MophuH
NEUCTBYET HA U-OMUOUIHBIE PEIENTOPH SHAOTETH-
AJTPHBIX KJIETOK, UTO MMPUBOJIUAT K aKTUBAIINY CHHTE32
NO n Bazoannmararuu [22]. /lamaprite aBiseTcs Hece-
JIEKTUBHBIM arOHUCTOM - U O-OTTMOUTHBIX PEIETTO-
POB, IIpUYEM, ITPEUMYIIECTBEHHO TIepuhepruyecKoro
neiicteus [23]. B macrosuieii pabGore yaanoch noka-
3ath, uTo Jlasaprut crocobeH MpeoTBpaIiaTh aroll-
TO3, a TaKXKe Jlerpajialiuio akTuHa u V E-kajrepuna B
MEKKJIETOUHBIX KOHTAKTaX 9H/IOTEJIUOIUTOB JUHUU
Ea.hy 926, Boi3BanHy0 ieiicTBHEM CHIBOPOTOK CEIITHU-
4ecKuX OOJIbHBIX. DTU JAaHHBIE MOJHOCTHIO COTJIa-
CYIOTCS C paHee MOJyYeHHbIMU Pe3yJbTaTaMu O TIPo-
TEKTUBHOM AHTHUANIONTOTUYECKOM JeficTBun
Jlanapruia Ha aHIOTeUAIbHbIE KJIeTKH, 00paboTaH-
HbIE AaHTUAH/[OTETHAILHBIMU AHTUTEJAMU U CEHCUOU-
Jm3upoBaHHbIMU JUMborTamu [24]. KocBenno mep-
CHEKTUBHOCTH MCIIOIb30BaHus Jlanapriuna ¢ 1mesibio
MPefOTBPAIEHUST  IH/IOTENNAIBLHON  TUCHYHKINN
HoATBepKIaeT HegaBHss pabora A. [loniosa [25], B
KOTOPO# OBIJIO TIOKA3aHO, YTO BKJIIOYEHNE B TEPATTHIO
Janmapruna y 60JIbHBIX NIIEMITYECKON GOIE3HBIO CEPA-
I[a COINPOBOXK/IAJIOCH JJOCTOBEPHBIM CHMKEHHEM
AKTUBHOCTH I1apaMeTPOB OKCUATUBHOTO cTpecca u
MOBBINIIEHUEM AHTUOKCUIAHTHBIX CBOHCTB KPOBHU.
Boamoskno /lamaprud Tak:xke UHAYIUPYET 3alUTHBIE
AHTUOKCHUIAHTHBIC MEXaHU3MbI B 9H/IOTEJIUH ITPU Pa3-
JINYHBIX MATOJIOTMYECKUX COCTOSTHUAX. VI3BecTHO, uTO
AHTUOKCUIAHTHI CIIOCOOHBI MTPEJOTBPAIIATD ATIOTITO3
IH/IOTEJINAJIbHBIX KJIETOK [26] 1 IperisiTcTBOBAThH pas-
BUTHUIO 9H/IOTETUATBHON TUChHYHKITNN.

Ha cerogasamnianii eHb MeXaHU3MBbl JIeNCTBUSA
[lanapruna Ha 2HAOTENMATIbHBIE KJIETKU OCTAIOTCS
HensyuyeHHbIMU. B 3Toli cBsI3M, HaM 1peJicTaBseTcs
BaKHBIM [TPOJIOJIKUTH UCCJAEI0BAHUS MOJICKY IS PHBIX
MEXaHU3MOB €ro 3allUTHBIX CBOMCTB Ha dHIOTEJINM.
N3yueHne OGHOJOTHYECKHUX TIPOIECCOB, CBSI3aHHDBIX C
JefCTBUEM OTAENbHbBIX BELIECTB Ha 9HAOTEINiT Tpedy-
€T UCITI0JIb30BAHUS METOJIOB U in vitro, u in vivo. [lomy-
YyeHHbIe B HacTOsIIel paboTe JaHHbie TPeOYIOT TaKKe
MTPOBEPKU B MOJIEJISIX C UCTTOJB30BAHUEM KMBOTHDIX.
[Ipu aTOM He UCKJIIOUEHO, YTO KOHIIeHTpalun [lanap-
TMHA, WCIOJb3yeMble B HACTOSIIIEH pabOThI, MOTYT
3HAYNTEIBHO OTJINYATHCA OT JACHCTBYIONUX KOHIIEHT-
pauuii in vivo.

Orpannyenus ucciaegoBanusa. OTHOCUTEITHHO
HeGOoIbIIIoe  KOJIMYECTBO 00Pa3IioB  ChIBOPOTOK,

The proteolysis of these critical proteins of the
cellular junctions leads to the intercellular gaps for-
mation, leading to increased permeability and im-
paired barrier function of the endothelium. In
extreme cases an endothelial dysfunction may de-
velop, which is currently considered one of the main
factors in the development of multiple organ failure
in sepsis including septic shock [16].

In addition, within the frames of our model, we
studied the effect of serum samples of patients with
septic shock on apoptosis of endothelial cells. It is
known that in vivo normal endothelium does not
undergo apoptosis. However, there is evidence that
sepsis increases the quantity of apoptotic endothe-
lial cells [17]. In in vitro many proinflammatory
agents such as LPS (bacterial lipopolysaccharide),
TNF-a, IL-1 enhance apoptosis in various lines of
endothelial cells [18, 19].

Earlier, opioid receptors were considered as
those as found exclusively in nervous tissue. Only
recently they were discovered in other tissues, in-
cluding the endothelial cells in which the opioid re-
ceptors are exposed on the cell surface [20, 21]. Tt
has been proven that morphine affects p-opioid re-
ceptors of endothelial cells that leads to activation
of NO synthesis and vasodilation [22]. Dalargin is a
non-selective agonist of u- and d-opioid receptors,
with a mainly peripheral action [23]. In the present
study, we were able to show that Dalargin could pre-
vent apoptosis and degradation of actin and VE-cad-
herin in intercellular junctions of line Ea.hy 926
endothelial cell induced by the serum of septic pa-
tients. These data are fully consistent with previ-
ously obtained findings demonstrating the
protective antiapoptotic action of Dalargin on en-
dothelial cells treated with anti-endothelial antibod-
ies and sensitized lymphocytes [24]. Indirectly, the
perspectives for the use of Dalargin to prevent en-
dothelial dysfunction have been supported by a re-
cent study by A. Dontsov [25], in which the
inclusion of Dalargin in the treatment of patients
with coronary artery disease has been accompanied
by a significant decrease in the activity of oxidative
stress parameters and increase of antioxidant blood
properties. Dalargin may also induce the endothelial
protective antioxidant mechanisms in various patho-
logical conditions. It is known that antioxidants can
prevent apoptosis in endothelial cells [26] and pre-
vent the development of endothelial dysfunction.

The mechanisms of action of Dalargin on en-
dothelial cells have not been studied to date. In this
context, it seems important to continue the study
of the molecular mechanisms of its protective prop-
erties on the endothelium. It is important to note
that the study of the biological processes associated
with the effect of certain substances on the endothe-
lium requires the use of in vitro methods. Therefore,
the data obtained in the present study also require
the validation in animal models. We can also assume
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HCII0Jb30BaHHBIX B paboTe, He MO3BOJISIET CAEJaTh
BBIBOJI O TOM, YTO BC€ MAIUEHTHI C CETICUCOM IO/IBEP-
JKeHBl 9HIOTeMaNbHoil muchyHkiun. B pabore
OTCYTCTBYIOT JJaHHBIE O COJEPKAHUU IUTOKUHOB B
CBIBOPOTOKAX MAIMEHTOB C CEMTUYECKUM TIIOKOM.

3akiaoyeHue

[Tpekonaunnonupoanue /lajaprunom 1030-
3aBUCHUMO YaCTUYHO [IPEAOTBPAILAET ruOeb dHA0Te-
JIMOTIMTOB, BBI3BAHHYIO BO3/EMCTBMEM CBIBOPOTKH
CENTUYECKUX OOJBHBIX, in 0itr0 Ha KIETKU dH0Te-
aust denoBeka. JlamapruH TakiKe /10303aBHCHMO
MpefoTBpaIaeT Aerpajanuio aktiuaa n VE-kaarepu-
Ha B MEKKJIETOYHBIX KOHTAKTaX 9HAOTEINAIbHBIX
kieTok auaun Ea.hy 926 mon neficTtBreM ChIBOPOTKU
MAIMEHTOB € CENTUYECKUM IIOKOM, YTO CBU/ETE/Ib-
CTBYeT O MPOTEKTOPHOM 3(ddeKTe mpernapara Ha
HIIOTEJINI, HO He BBISIBISIET, TOCPEICTBOM KaKOTO
MexXaHW3Ma OH ocylecTBJsieTcs. Takoe 3amuTHOe
neiicTBre MoskeT obecrieunBaTh coxpaHenue QyHK-
[UOHAJBHOTO COCYAMCTOTO Oapbepa IIpU OIIACHBIX
LIS SKU3HU KPUTUYECKUX cocTostHusx. [lonxrBep:xe-
HUe BBINEN3T0KEHHOTO B MOJIENISIX in 0iv0 W pac-
KPBITHE MOJIEKYJISIPHBIX MEXaHU3MOB 3TN THI 9H/I0-
TeJNNs, MO3BOJUT WHUIIMUPOBATH KJIMHUYECKOE
uctbitanue [lamapruna (IV ¢dasa) nnsa gokazaresb-
CTBa €r0 OPraHOMPOTEKTOPHBIX CBOMCTB.
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that the concentration of Dalargin used in this
study may significantly differ from the actual in vivo
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Study limitations. Limited number of serum
samples used in the study restricts the probability
that all septic patients are exposed to endothelial dys-
function. There was also no cytokine concentration
determined of the septic shock patients’ serum in ac-
cordance with the cytokines content.

Conclusion

The preconditioning with Dalargin partially
prevented the destruction of endothelial cells
caused by exposure of the septic patients serum in
vitro in a dose-dependent manner. Dalargin also
prevented the degradation of actin and VE-cad-
herin in intercellular junction of endothelial cells
of Ea.hy 926 line in a dose-dependent manner
caused by sera from septic shock patients. Data
suggest that the protective activity of Dalargin can
preserve the functional vascular barrier in life-
threatening critical conditions and ensure the val-
idation in vivo studies. Continuation of studies and
clarification of molecular mechanisms of endothe-
lial protection by Dalargin might ensure the clini-
cal trial of Dalargin (phase IV) to confirm the
organ protection by the drug.
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Jluccepranym Ha COUCKAHKE YYEHOI CTENeHH JOKTOPa HayK 6€3 OIyOJMKOBaHHSA OCHOBHBIX HAYYHBIX PE3Y.Jib-
TaTOB B BeyIUX >KypHaJaX U H3/IaHUSX, IlepeYeHb KOTOPBIX YTBEP K/ eH Bricuieii aTTecTalinoHHOI KOMUCCHEIH,
Oy/yT OTKJIOHEHBI B CBsi3H ¢ HapyienueM 1. 10 IToJ10:keHnst 0 NOpsAKe MPUCYKIECHHS YYEHBIX CTEeHei.

[Tepeuens xxypuanoB BAK, nuznaBaembix B Poccuiickoit @enepanun 1o crenranbroctu 14.01.20 «Anecresno-
JIOTUSI U PEaHUMATOJIOTHsI», B KOTOPBIX PEKOMEHAYeTCsl IyOJIMKALUsl OCHOBHBIX PE3YJIbTaTOB [CCepTaliii Ha
COMCKaHUE YYCHOU CTeNeH! JIOKTOPpA U KaH/IuaTa MEIUIIMHCKUX HAYK:

*  Anecmesuonozus u peanumamonozus;
o Obwas peanumamonozus.
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JITMTeTbHO 3aKMBAIOTINE, XPOHUIECKUE PAHbI SIBJSIIOTCST HEPENTEHHON TPOOIEeMOTT COBPEMEHHOM MEINTTIHEL.
BaskHeiilnyio pojib B aToreHese TakKuX paH [PU CTapeHuH, AuadeTe, MHOIUX T1aTOJOTUUECKUX COCTOSTHUSX UIPaeT
u30BITOUHBII OKUCAUTENbHBIN cTpece. Q030D MOCBSIIEH PO MUTOXOHAPUIL B 9TOM CTpPecce U IEePCIeKTUBaM 1C-
M0JIb30BAHMS HOBBIX MUTOXOH/IPUAJIbHO-HATIPABIEHHBIX AaHTHOKCUIAHTOB JIJIsl TEPAITUU TPY/THO3KUBAIONIUX PaH.
HenasHue nccsieoBaHust Ha CTapbIX MbIIIAX U MbIIIAX ¢ AMabETOM 2-T0 TUIIA TTI0Ka3aJii, YTO OTeYeCTBEHHBII MUTO-
XOHJIpUaJIbHO-HalpaBieHHblil anTnokcunant SkQ1 [10-(6'-mmacroxuronun) aenunrpudennndochoHus | crumy-
JIUPYET 3aKUBJIEHKE TIOJHOCIOMHBIX KOKHBIX paH. [Ipuem SkQ1 yckopsieT nporekaHue BOCIAIUTeNbHON (hasbl
3a)KMBJIEHUs], CO3PEBAHNE TPAHYJISIIMOHHON TKAHU, AaHTHOTEHe3 U ATUTean3annio pad. [IporuBoBocnaniuresbHoe
neficrere SkQ1, BO3MOKHO, CBSI3aHO CO CHUYKEHUEM BOCIIAIMTE/IbHOM aKTHBAIIMU 9HIOTEIUS COCYIOB, KOTOPast Xa-
pakTepHa /IS cTapenus, quabera u Apyrux natojaoruil. Jlokanbraoe Beenenne SKQ1 Takke yeckopsieT 3aknuBiIeHIe
paH U MMeeT BhIPAKEHHOE TIPOTUBOBOCIAJINTENIBHOE JIEHCTBUE TIPU 9KCIIEPUMEHTATLHOM MOJIETUPOBAHUN OCTPOTO
acentiyeckoro Bocranerus. Kpome toro, SkQ1 ctumysnpyer anonros HeiiTpopuIos 1 OAaBJISEeT X aKTUBAIIUIO,
a TaK’Ke yTHeTaeT BOCHAIMTEIbHYI0 aKTUBHOCTh TYYHBIX KJIETOK. B yCIOBUSIX MOIEIMPOBAHIS PAHEBOTO MTPOTIECca
in vitro SkQ1 yckopsier ABUKeHUE STUTETNONUTOB U GUOPOOIACTOB B «paHy» U CTUMYJIUPYET MUO(DUOPOOIACTHYIO
A HePeHIMPOBKY MOAKOKHBIX GrOpobIacToB yenoBeka. MOKHO 1oJ1araTh, 4To Ipernaparsl AJIst JOKaJIbHOI Tepa-
MK TPYAHO3KUBAIONIMX paH Ha ocHoBe SkQ1 nocyskat s hekTUBHBIM CPeACTBOM GOPHObI € AJTUTENBHO HE3aK U -
BAaIOIMMH PaHAMU, B TOM YHCJIe — Y TTAIIUEHTOB ¢ XPOHUYECKUMU KPUTUYECKUMU COCTOSTHUSIMU.
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Chronic wounds with impared wound healing that require prolong time for healing remain unsolved problem of
modern medicine. Excessive oxidative stress plays an important role in the pathogenesis of chronic wounds caused
by aging, diabetes and other pathologies. This review is aimed at the role of mitochondria in oxidative stress and to
the future prospects for using the innovative mitochondria targeted antioxidants for treatment of impaired wounds.
Recent studies in old mice and mice with type 2 diabetes showed that the mitochondrial antioxidant SkQ1 [10- (6'-
plastoquinonyl) decyltriphenylphosphonium] stimulates healing of full-thickness dermal wounds. SkQ1 accelerates
inflammatory stage of wound healing, maturation of granulation tissue, angiogenesis and epithelization of wounds.
The anti-inflammatory effect of SkQ1 is possibly connected to decreased inflammatory activation of the vascular
endothelium, which is typical for aging, diabetes and other pathologies. Local administration of SkQ1 also accelerates
wound healing and provides strong anti-inflammatory effect in the model of acute aseptic inflammation. In addition,
SkQ1 to stimulate apoptosis of neutrophils and suppresses their activation, as well as suppresses inflammatory ac-
tivation of mast cells. In the wound model in vitro, SkQ1 accelerates movement of epithelial cells and fibroblasts
into the «<wound» and stimulates differentiation of human subcutaneous fibroblasts to myofibroblasts. Reviewed
data suggest that SkQ1-based topical drugs have a great potential to treat wounds that exhibit impaired healing

also in patients suffering from chronic critical illness.

Keywords: reactive oxygen species; mitochondria; wound healing
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BBenenne

JlmTeThHO HEe3aKMBAOIIIE W XPOHUYECKUE
PaHbBI OCTAIOTCS CYIIECTBEHHOM MEMITUTHCKOM TpobJie-
Moi. Hacrosinuii 0630p CKOHIIEHTPUPOBAH Ha aHAIN3E
3HavYeHus akTUBHBIX (hopM kuciopoaa (ADK) B mato-
reHe3e XPOHWUYECKUX PaH, yUaCTUsST MUTOXOH/PUN B
rereparu ADK 1 okucmTebHOM cTpecce, a TakKe
Ha TIepPCIIeKTHBAaX MIPUMEHEHNS] HOBOTO KJIacca COe/H-
HEHUIl — MUTOXOH/IPUATHbHO-HATIPABJICHHBIX aHTH-
okcumanToB. OCHOBHas 1e/ib 0030pa — MOAPOOHO
00CYIUTh YHUKAJIbHBIC PE3YJBTaThl, ITOJyYCHHBIE
aBTOpaMM JaHHOro 0630pa, 1o (a) AeiiCTBUI0 MUTO-
XOHIPUAJIbHO-HATIPABJEHHBIX aHTHOKCUIAHTOB Ha
3aKMBJICHUE PaH B MOJIEJISIX C MCTIOJIb30BaHIEM J1abo-
PATOPHBIX KUBOTHBIX i1 vivo U (0) U3YUEHHIO MeXa-
HU3MOB JICHCTBUST MUTOXOHIPUATTBHO-a/[PECOBAHHBIX
AHTHOKCUIAHTOB C MCIIOJIb30BAHUEM TIO/IXO/IOB i72 VitT0.

3akKWBJIEHNE PaH SBJSETCS Ba)KHEHIIEH KOM-
TJIEKCHOH peakIinell opranu3mMa Ha ToBpexieHus. B
3TOM TPOTIecce YUaCTBYIOT MHOTHE TUTIBI KJIETOK, B
TOM YHCJIE JTEHKOIUTBI, SITUTETNOIUTHI, PrOPOOITACTHI
u Makpodaru, a Tak;ke MHOTOYUCTIEHHBIE TYMOPaJb-
Hble (DaKTOPBI, BhIpabaThIBaeMble ITUME KJICTKAMU
[1]. YemenrHOE 3aKMBIEHNE PAH IOCTUTAETCS C TTOMO-
MbI0 YETHIPEX YEeTKO 3arpOoTPaMMHUPOBAHHBIX (Das:
reMoCTa3a, BOCTAJIeHNs, TpoTudepanu U pemMo/ie-
JHTa. TN (Padbl YACTUYHO MEPEKPBIBAIOTCS, HO JIJIsT
OCYIIECTBJIEHUS HOPMAJbHOTO PaHO3KUBJIECHUS,
Kak[ast U3 9TUX (a3 MoKHA HAUMHATBCS U 3aKaHIU-
BaTbCs B onpenieieHHoe Bpems [1].

IeMocTas 3akmoyaeTcsi B Ba30OKOHCTPUKITUN U
obpaszoBaHuy (GUOPUHOBOTO CIYCTKa, OJTHAKO BCKOPE
HACTYTaeT MPOIeCC aKTUBHOM Ba3oIuIaTaIlny, KOTO-
PRI COTIPOBOKIAETCS YBETMUYEHUEM KAWL PHOM
mponutaemoct [2]. KimoueBsiM MemmaTopom, obec-
MEYNBAONTUM TOT TIPOIECC, SBISETCS TUCTAMUH,
BBIJIEIIEMBIN TKaHeBbIMU TydHBIMU KaeTkamu (TK)
[3]. Takum o6pazom HaumHaeTcst (haza BOCHATCHUST: B
paHy TOCJE0BATEIbHO MHUTPUPYIOT HEHTPODUIHI,
3aTeM MOHOIIUTBI, TKaHEeBbIe MaKpodaru u JuMboIu-
Thl. HelTpouiibl BBIAEISAIOT GOTBIIOE KOJTUIECTBO

Introduction

Long-term non-healing or chronic wounds re-
main one of the urgent medical problems. This review
does not pretend to fully analyze all aspects of the
pathogenesis of wound healing. Rather, the review is
focused most on the analysis of the significance of ac-
tive forms of oxygen (ROS) in the pathogenesis of
chronic wounds, the involvement of mitochondria in
the generation of ROS and oxidative stress, and also
on the prospects of using a new class of compounds, mi-
tochondria-targeted antioxidant drugs (MAD). The
main objective of the review is to discuss in detail the
unique results obtained by the authors of this review
on (a) evaluating the effects of MAD on wound healing
in in vivo models using laboratory animals and (b)
studying the mechanisms of action of MAD in vitro.

Wound healing includes complex reaction of an
organism to injuries. Various types of cells contribute
to this process, including leukocytes, epithelial cells, fi-
broblasts and macrophages, as well as numerous cy-
tokines produced by these cells [1]. Successful wound
healing is achieved through four finely defined pro-
grammed phases: hemostasis, inflammation, prolifera-
tion and remodeling. These phases partially overlap, but
each phase should begin and terminate at a certain time.
Wound healing can be impaired by many different fac-
tors acting on one or more phases in this process [1].

Wound healing begins with hemostasis (blood
clotting). After the injury, vasoconstriction and for-
mation of a fibrin clot contribute to stopping the
bleeding [2]. Soon, however, a process of active vasodi-
lation begins, accompanied by an increase in capillary
permeability [2]. The key mediator of increased per-
meability is histamine liberating from mast cells [3].
After the hemorrhage stops the inflammatory phase
begins: neutrophils, then monocytes, then tissue
macrophages and lymphocytes are subsequently mi-
grated into the wound. The main function of neu-
trophils is to destroy pathogens and damaged cells.
Neutrophils produce a large number of cytokines, pro-
teases and reactive oxygen species (ROS), which not

www.reanimatology.com

GENERAL REANIMATOLOGY, 2018, 14; 2



DOI:10.15360,/1813-9779-2018-2-69-86

BKCHGPTAMQHTHABHHG MCCACAOBAHMA

IUTOKUHOB, NIPOTEA3 ¥ aKTUBHBIX (DOPM KUCJIOPOIA
(ADK), KoTOpbIE HE TOJBKO YHUUTOKAIOT TTATOTE€HOB,
HO TaK’Ke BBI3BIBAIOT JIOTIOJTHUTEIBHOE TIOBPEsKIEHNE
TKaHel [4]. Makpodaru Ha paHHUX CTAJUSIX CUHTE3U-
PYIOT IUTOKUHBI, KOTOPBIE YCUIUBAIOT BOCIAIUTEb-
HBIIl OTBET U JIOMOJHUTENBHO IIPUBJIEKAIOT JIEHKOIH-
Tol K pare. Ha Gosiee mo3auux cragusax Makpodaru
CIIOCOOCTBYIOT PA3PENIEHNIO BOCIATIEHUST, OYHIIAsI
paHy OT aIoNTOTUYECKUX KIIETOK, B TIEPBYIO OUePe/ib-
HENTPOhUIOB [5].

[TposmdepaTuBHas dasza 3ak104aeTCS B PEITH-
TEeJIU3AIIH, TIPU KOTOPOI IIPOUCXOAUT IIpoIudepariys
U MUTPALUS KJIETOK DIIUTENH, a TAaKKe B (hOPMUPO-
BaHUU TrpanHyJsauoHHOl TKanu. [lepBocremnennyio
posib B (OPMUPOBAHUU TPAHYJISIIMOHHON TKAHU
urpaoT GuOPOBIACTDI, CHHTE3UPYIONINE TIEPBUYHBIIT
BHEKJIETOUHBIN MaTpUKC [5]. B mocTpoennn u nocJie-
IYIOIIEM PEMOJIeJINHTE TPAHYJIAIUOHHON TKAHU WU
dhopmupoBanuy pydLa BaxKHy0 poJib urpaet audde-
peniposka hubpobdaactos B Muodudpodaactsr [6].
Muodubpobdaactsl 061a4aI0T HOBBILIEHHOI CIIOCO6-
HOCTBIO K COKPAIIEHUIO, YTO CIOCOOCTBYET CTSTUBA-
HUIO KPaeB PaHbl, a TAK)KE CEKPETUPYIOT (DePMEHTHI,
PaCIIENJISIONIIEe IEPBUYHbII BHEKJIETOUHBIN MATPUKC
(Takue Kak MeTaJIONPOTea3bl BHEKJIETOUHOTO MaT-
PUKCA) U UHTEHCUBHO CUHTE3UPYIOT HOBBII BHEKJIE-
TOYHBI MaTPUKC, BOJOKHA KOTOPOro GoJiee yrops-
JIovyeHbl. BakHyio posiib B 3a’KUBJIEHUU WIPAET
pPOpacTaHue COCYZ0B B IPAHYJISIINOHHYIO TKaHb [7].
ITOT TMPOTECC MPOUCXOUT IJIABHBIM 06pasoM HJraro-
naps npoJindepanuy U MUTPAIIMK 9HIOTETUATBHBIX
KJIETOK, KOTOPbIe aKTUBUPYIOTCSI TUTIOKCHE 1 TIPO-
AHTUOTEHHBIMU (AKTOPAMHU, TaKUMU KakK (HaKTop
pocra suzgorenus (VEGF) [7].

Ha nocnenueit cragny paHO3asKUBJIEHUS TIPO-
UCXOAUT peMmojiesupoBanue pyodma. I[Ipomexoaut
YACTUYHBIN JIM3UC HE3PEJIbIX HEIPABUIbHO OPUEHTHU-
POBAHHBIX U M3OBITOUHBIX KOJJIAT€HOBBIX BOJOKOH
HOJI IefICTBHEM MATPUKCHBIX METAJLJIONPOTEA3, Bbi/e-
JIsIeMBIX Makpodaramu, hrudpobractaMu U SHI0TEIH-
ATTHHBIMU KJIETKAMU, U [TOCTENIEHHOE UX 3aMelleHIe
6ouee ToscthiMu pubpusiamu [3].

TpyaHo3akuBawouiue paHbl
U OKHCJIUTEJIBHBII cTpecc

XpoHUvecKre paHbl XapaKTEPU3YIOTCs HApyIIle-
HUEM HOPMAJIbHOW CMEHBI CTA[NI PAHO3AKUBJIEHIIS.
ITHOIOTHS XPOHWYECKUX PaH pasHooOpasHa, HO
noaBJstionIee GOBITUHCTBO U3 HUX CBS3AHO € COCY-
JIUCTON HEIOCTATOUHOCTHIO, IMAGETOM U CTAPYECKIMIU
n3menenusiMu [8]. besycsioBHO, 0CHOBHBIM ITO/IXO/IOM
IUIST JIedeHUsI TTOJJOOHBIX PaH SIBJSIETCST YCTPaHEHWe
COOTBETCTBYIOIIIX MTOBPEKIAONINX (DAKTOPOB, OIHA-
KO TOT BOTIPOC HE SABJISIETCS TIEJIBI0 HACTOSAIIETO 0030~
pa. HecmoTpst Ha pa3iuyHyio 3THOJIOTUIO, HAPYIIIeHUe
3KUBJICHVSI PAH TIPOUCXOUT TI0 OBIIEMY CIIEHAPHUIO.
151 HUX XapakTepHo yJUHEHUEe BOCIAIUTETbHON
asbl, TPONOJIKUTETIBHOE TIEPCUCTUPOBAHIE HENTPO-

only destroy pathogens but induce additional tissue
damage [4]. Macrophages perform several functions in
the process of wound healing. In the early stages they
synthesize cytokines that enhance the inflammatory
response and attract additional white blood cells to
the wound. Later, macrophages contribute to resolv-
ing the inflammation, clearing the wound from apop-
totic cells, primarily neutrophils [5].

Proliferative phase partially overlaps with in-
flammatory phase and includes (a) re-epithelialization
where the proliferation and migration of epithelial
cells occurs, and (b) formation of granulation tissue.
The primary function in the formation of granulation
tissue is fulfilled by fibroblasts, which synthesize the
primary extracellular matrix, which consists of colla-
gen, glycosaminoglycans and other proteoglycans.
Differentiation of fibroblasts into myofibroblasts is
necessary for the construction and subsequent remod-
eling of granulation tissue and scar formation [5]. My-
ofibroblasts have an increased ability to contract
which helps to tighten the edges of the wound and se-
crete enzymes that break down the primary extracel-
lular matrix (such as extracellular matrix
metalloproteases, MMPs) and synthesize extensively
a new extracellular matrix with fibers more ordered
and composed of collagen, fibronectin and other pro-
teoglycans [6]. Infiltration of growing vessels within
the granulation tissue seems to be essentially required
for wound healing [7]. Migration and proliferation of
endothelial precursor cells and endothelial cells acti-
vated by hypoxia and proangiogenic factors, such as
endothelial growth factor (VEGF), significantly con-
tribute to this stage of healing [7].

At the last phase of wound healing remodeling
occurs. Remodeling includes partial lysis of imma-
tured, wrongly oriented and excessive collagen fibers
due to MMPs excreted by macrophages, fibroblasts
and endothelial cells, with gradual (1—2 years) re-
placement by thicker fibers [3].

Impaired Wound Healing
and Oxidative Stress

Chronic wounds are characterized by altered
changes of wound healing phases. The etiology of
chronic wounds is diverse but the vast majority is as-
sociated with insufficiency of blood vessels, diabetes
and age-related changes [8]. Elimination of factors of
alteration are considered as the main approach to
chronic wounds treatment, however, this problem re-
mains out of scope of this review. Despite different eti-
ology, the wound healing disorders occur in
accordance to common scenario. Lengthening of the
inflammatory phase, prolonged persistence of neu-
trophils, slowing down of granulation tissue forma-
tion, angiogenesis and epithelization remain the main
patterns typical for delayed wound healing [9].

Venous insufficiency remains one of the most
common causes of chronic wound appearance [10]. Al-
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¢unos, samenenne popMupoBaHus rPaHyJISAIIMOH-
HOU TKaHU, aHTUOTeHe3a U anuTesusanuu [9].

Benosnas HeZIOCTATOUHOCTD SIBJISAETCS OJIHOM U3
pacIipoCTpaHeHHbIX IPUYMH BO3HUKHOBEHUS XPOHU-
yeckux pat [10]. Hapyuenre HopMaibHOro KpoBO-
TOKa, C OJTHOM CTOPOHDI, IIPUBOAUT K 3aTPYIHEHUIO
MUTPAIUK KJIETOK U3 KPOBAHOTO pycja K MECTY
MOBPEKAEHMS, a, C JAPYTrOil CTOPOHBI, CIIOCOOCTBYET
MOCTOSTHHOM I'MIIOKCUH TIOBPEKICHHBIX TKaHEH.

AprepuanbHag HeJJOCTATOYHOCTb BbI3bIBAECTCS,
KaK IIPABUJIO, 9H/I0TEIUAILHON TUCHYHKITME, COIIPO-
BOJK/AATONIEH 1MabeT Ui WHBIE MATOJOTUU, U TAKKE
MOJKET IIPUBO/IUTD K MOSBJIEHNIO UILIEMU3UPOBAHHBIX
He3akuBaomux pan [11].

Bospact gBisigercss BaXXHBIM (PAKTOPOM PHUCKa
HapylleHus paHo3axupieHus. CtapeHnue mpakTuye-
CKHU BCer/la COPOBOK/IAETCI OKUCINTEIBHBIM CTPeC-
COM U U3MEHEHUAMU B UMMYHHOI cucteMe. C Bo3pac-
TOM Kaxas (dasa paHO3KUBJICHUS IIpeTeplieBaeT
XapakTepHble U3MEHEHU: IPOUCXO/UT TIOBbIIIEHHE
CeKpelMy BOCHATUTEIbHBIX MENATOPOB, 3a/E€PIKKa
nHUABTPAIKY MaKpodaroB u JUMQOIIUTOB, HAPYIIIe-
Hue ¢aronuTosa, CHUXKEHUE ceKpeluu (axTopoB
pocTa, OTCPOYEHHDII aHTUOTEHE3 M PeITUTeN3alHs,
yMeHbIIIeHe CKOPOCTH PeMOjIeJInHTa KoJiareHa [12].

BaxHo OTMETHTb, 4TO KaK TUIIOKCHS, TaK U
TUTIEPOKCHSI, TPUBOAT K moBbiniennio yposus ADK
[13]. Ocobenno sicokuii yposerb ADK Bbi3biBaeTCS
MOBTOPSIOIIelics uieMueii-perepdysueit, xapakrep-
HOH /17151 TPOJIesKHE.

CorsacHo 11ocjieIHUM JaHHBIM, OJTHOI U3 OCHOB-
HBIX [IPUYMH BOSHUKHOBEHUS TPYAHO3KUBAIOIIUX PaH
ABJISIETCS XPOHUYECKUI OKUCAUTENBHBIN CTpece, Ipu
kotopoM yposerb ADK ocTaeTcst BBICOKUM B TedeHue
MpoI0JKUTENIbHOTO BpeMenu [14]. OxkucautenbHblii
CTpecc pa3BUBAETCA M3-32 JAEHCTBUS 11eJ10T0 psjia (hak-
TOPOB, XaPAKTEPHBIX JIJIs1 OOJIBIITUHCTBA XPOHUYECKUX
pat: GaKTepHaIbHOTO OCEMEHEHUs, JIOKAIbHON THIT0-
KCUU TKaHel U cTapyecKux namenenwii [1, 15, 16].

JLJist HOpMAJTIBHOTO PAHO3AKUBJIEHUST TPeOYeTCsI
TOHKHUI Oasanc Mex/Iy TOJM0KUTeNbHOI posibio ADK
U UX [OTEHIMAJIBHO IeCTPYKTUBHBIM JeiicTBueM. B
TKaHSAX PAHEBOU 06JIACTH MIPOUCXOAUT aKTUBHOE 00Opa-
soBanne ADK, KoTopbie BBITOMHSIOT KaK GakTepuImj-
HYyIO, Tak U peryJsatopuyio ¢ynkiuio [14, 17-19].
Konnenrpaius nepokcuzia BOI0OpoJa B PAHEBOM JKC-
cynare Ha (haze BocnaseHus: JOCTUTaeT COTEH MUKPO-
MOJIel Ha JIUTP ¥ 3aTeM TI0CTeNeHHo cHuxkaetcs [17].
B daze perenepaiiun AOK B HU3KHX KOHIIEHTPAIINASIX
CTUMYJIUPYIOT 06pa3oBaHue rPaHyJISIIIUOHHON TKaHH
n anruorenes [20].

[Tocsie moBpexeHUs KOKM MUKPOOPIaHU3MBbI,
HAXOJSIIUECS] HA €€ TOBEPXHOCTH, HEU30EKHO
MOIAJIAI0T B TKAHU OPraHn3Ma. YHUYTOXKEHNE MUKPO-
OpPraHU3MOB IIPOUCXOUT HA CTAUU BOCIAJIeHN, Ha
KOTOPOH HMCIOJIb3yeTcst GOraThlil apceHas CUCTEMBbI
BpOXKIeHHOTO UMMyHUTeTa. OIHAKO, TPU HEJ0CTATOY-
HO 2(heKTUBHON JeKOHTAMUHAIINH, BOCIIATUTEIbHAS
(haza mpososKaeTed, Tak Kak 0CTaBIIMecs MUKPOOpTa-

terations of normal blood flow leads to decreased mi-
gration of cells from the blood to the injury site and
increasing the constant hypoxia rate. Arterial insuffi-
ciency is due to endothelial disfunction commonly as-
sociated with diabetes and other pathologies. It also
might lead to appearance of ischemic wiuds with im-
paired healing [11].

Age of the patient belongs to one of key risk fac-
tors of impairment of healing process. Aging almost al-
ways is associated with increased oxidative stress and
multiple alterations of immune system. With age, each
phase of wound healing undergoes specific changes: an
increase in the secretion of inflammatory mediators, a
delay in the infiltration of macrophages and lympho-
cytes, alteration of phagocytosis, decreasing the secre-
tion of growth factors, delayed angiogenesis and
re-epithelization, and diminishing the rate of remod-
eling of collagen [12].

It is important to note that both hypoxia and hy-
peroxia lead to an increase in the level of ROS [13]. A
particularly high level of ROS is caused by repeated
ischemia-reperfusion that is a feature of bed sores.

According to recent data one of the main causes of
this problem is chronic oxidative stress with high ROS
level sustained for a long period [14]. Oxidative stress
develops due to the action of a number of factors typical
for the majority of chronic wounds: bacterial insemina-
tion, local tissue hypoxia and senile changes [1, 15, 16].

Normal wound healing requires a delicate bal-
ance between the positive role of ROS and potentially
destructive effect of ROS. In tissues surrounding the
wound region, active formation of ROS occurs, which
perform both bactericidal and regulatory functions
[14, 17—19]. The concentration of hydrogen peroxide
in the wound exudate during the inflammatory phase
reaches hundreds of micromoles and then gradually
decreases [17]. In the regeneration phase, ROS at low
concentrations stimulates formation of granulation
tissue and angiogenesis [20].

After the skin damage microorganisms located
on its surface inevitably penetrate into inner tissues.
Destruction of microorganisms occurs at the inflam-
matory phases using a vast arsenal of innate immu-
nity system. However, when decontamination is not
successful the inflammatory phase continues and re-
maining microorganisms continue to cause the pro-
duction of inflammatory cytokines (IL-1, TNF) and
chemokines. Persistence of microorganisms in the
wound may promote transition to the chronic in-
flammatory phase. It leads to an increased activity
of matrix metalloproteinases (MMPs), which de-
stroy the extracellular matrix and further interfere
with wound healing. ROS produced by immune cells
are aimed at the destruction of microorganisms,
however, when prolonged, the increased production
leads to additional tissue damage.

At the early stages of wound healing the tissues
are always found at a hypoxia state. This is due to dam-
age to blood vessels, which leads to a disruption in the
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HU3MBI TIPOJIOJI)KAIOT BBI3BIBATH TIPOAYKIINIO IIUTOKH-
noB Bocmanenus (IL-1, TNF) u xemoxunosn. Ilpu
JOCTATOYHO JIOJITOM BIMSHUN MUKPOOPTaHU3MOB PaHa
MOJKET BOWTH B XPOHMYECKYTO CTAMIO BOCIATEHMUS,
YTO Be/IET K MOBBINIEHHO aKTHBHOCTU MaTPUKCHBIX
Metastonporennad (MMP), kotopsie paspymaior
BHEKJIETOYHBIN MaTPUKC ¥ TOTIOJTHUTEIHHO MPernsT-
cTByioT panosaxusienmio. ADK, mpoxynmpyembie
UMMYHHBIMU KJIETKAMU, HAIleJIEHbl HA YHUYTOKEHUE
MHUKPOOPTaHU3MOB, OJTHAKO UX JIJTUTETbHAST OBBIIIEH-
Hasi TPOAYKIUS TPUBOAUT K [ONOJHUTETHHOMY
MOBPEKIEHUIO TKAHEIH.

Ha pannux cTagnsx paHeBble TKAHHU BCET/Ia HAXO0-
ISATCS B COCTOSTHUU THIIOKCHH. DTO TIPOUCXOINT M3-32
MIOBPEKIEHS COCY/IOB, UTO IPUBOIUT K HAPYIIEHUTO
KPOBOCHAGKEHMS, 4 TAKyKe aKTUBHOMY MOTPEOICHUIO
KUCJIOPO/Ia METabOINYECKN aKTUBHBIME KJIETKAMU.
BpemenHast runoKCHsT MOCIe MOBPEsKAEHIS 3ayCKaeT
MPOIIECC PAHO3AKMBJIEHS, OTHAKO [ITTUTETbHAS UK
XPOHMYECKAs] TUIOKCUS MPHUBOAUT K HAPYIIEHUIO
atoro niportecca [21]. Ecam okcurenarius panbl He BOC-
CTAHABJIMBAETCS, TO MPOIECC PAHO3AKIBIEHUST 3aTsI-
ruBaetcsi. XpOHUYECKHUE PAHbI BCEr/a TUTIOKCHYHBI,
IUTIST HUX XapaKTePHO TIOHIZKEHHOE TTapIuaIbHOe /1aB-
Jenne Kucaoposa, ot 20 10 5 MM pT. CT., TOT/IA KaK B
KOHTPOJIBHBIX TKAHSIX 9TO 3HAYEHUE HAXOMUTCS B TUA-
nazote ot 50 10 30 MM pr. ct. [22]. Ha MoJiekyisiproM
YPOBHE I'MITOKCHUST TKAHEl TIPUBOIUT B TIEPBYIO OU€PEh
K HapYIIEHUIO OKUCIUTETBHOTO (hocOopUInpoBanust
B MUTOXOHJIPHUSIX, 4TO CHUKaeT BbIpaboTky AT,
HEOOXOUMOI JITIST OCYIIECTBICHUS TPAKTUYECKU BCEX
MeTaboIMYeCKUX MPOIEeccoB B KireTkax [23]. B wact-
HoctH, HexBaTka AT®D upesara HapymuieHreM paGoThl
kasmpiueBblx ATM-a3 v HaKONJIEHNEM B KJETKax
MOHOB KaJIBIIMs, UTO BeeT K 3aITyCKy BHYTPUKJIETOY-
HBIX BOCIIAJIUTEBHBIX KACKAI0B. B pe3yssraTe BbICBO-
GOKIATOTCS TINTOKUHBI BOCTIAJICHHST U XeMOKHHBI, TTPH-
BJIEKAIOIE K MECTy TIOBPEXAEHUsT HMMMYHHbIE
kyeTku. JmuTenpHoe ymenbienue Koandectsa AT
MOZKET IPUBOJINTB K JAATbHENIIIEMY HAPYIITEHIIO (DYHK-
IIUOHUPOBAHUST MUTOXOHIPUI, TOBBITIIEHHON MTPOIYK-
1 ADK u rubesu KIeTok 1 TKaHew.

Kpowme Toro, runokcust IpuBOAUT K UHIYKITTU
9KCIIPECCUU DHIOTETHATBHBIX MOJEKYJ aJre3u,
taknx kak [CAM-1, VCAM-1, koropsie crocob-
CTBYIOT MPOHUKHOBEHUIO HeUTpoduIoB 1 Mmakpoda-
TOB K MecTy noBpeskzienus [24]. [lnmrenpaast akcrpec-
CUSI JTUX MOJIEKYJ TIPUBOAWT K HAPYIIECHUIO
paspelieHusi BOCHAJEHUST 3a C4YeT W3OBITOUHON
UHOUIBTPAIIUN UMMYHHBIX KJIETOK.

Ha rucronorunyecknx cpesax XpOHUYECKUX PaH
TaKsKe BBIABISIOTCS 001Me 3akoHoMepHocTu. Harpu-
Mep, TUCTOJIOTHYECKOe UCCTIeI0BAHNE TPODUUECKOI
SI3BBI HIDKHEH KOHEYHOCTHU TIPU BAPMKO3HOM PAaCIIH-
PEeHUU BEH IeMOHCTPUPYET HAJTMYUE YTOIIEHHOTO 1
HAXOJISITIETOCS B COCTOSTHUY TUTIEPILIIA3UH KPast ITH-
ZepMuUca, TPUMBIKAIONIET0 K OCHOBAHUIO SI3BHI,
MOKPBITOMY 9KCCYAATOM, COMEPKANINM HEKPOTHYE-
ckuit geTput [25]. BoJAbIUHCTBO XPOHUYECKUX PaH

blood supply, as well as active consumption of oxygen
by metabolically active cells. Temporary hypoxia after
damage triggers wound healing process, however, pro-
longed or chronic hypoxia disrupts this process [21]. If
the oxygenation of the wound is not restored, the
wound healing process is delayed. Chronic wounds are
always hypoxic, they are characterized by a decreased
partial oxygen pressure from 20 mm Hg to 5 mm Hg,
whereas in healthy tissues these values varies within
the range of 50 mm Hg to 30 mm Hg. [22 ]. At the mo-
lecular level, tissue hypoxia primarily leads to a sup-
pression of oxidative phosphorylation in the
mitochondria thus reducing ATP production required
for virtually all metabolic processes in cells [23].
Partcularly, the lack of ATP leads to inhibition of cal-
cium ATPase and accumulation of calcium ions in the
cells followed by the subsequent activation of intracel-
lular inflammatory cascades. As a result, inflammatory
cytokines and chemokines are released that attract im-
mune cells to the site of damage. A prolonged ATP in-
sufficiency may lead to a further mitochondrial
dysfunction resulting in increased ROS production
and death of cells and tissues.

In addition hypoxia leads to the expression of en-
dothelial adhesion molecules such as ICAM-1,
VCAM-1, that promote the penetration of neutrophils
and macrophages to the site of injury [24]. Prolonged
expression of these molecules inhibits further resolu-
tion of inflammation due to excessive infiltration of
immune cells.

Histological examination of chronic wounds re-
veals common patterns. For example, a histological ex-
amination of the trophic ulcer of the lower limb in
varicose veins demonstrates the presence of a thick-
ened and hyperplastic edge of the epidermis adjacent
to the base of the ulcer covered with exudate contain-
ing necrotic detritus. The majority of chronic wounds
are poorly vascularized, there are practically no myofi-
broblasts, but there is a large number of inflammatory
infiltrates represented mainly by neutrophils [25].

Chronic wounds are also characterized by exces-
sive accumulation and activation of mast cells (MC)
around blood vessels [26-28]. The main functions of
these cells of the immune system are associated with
allergic reactions, but MCs are also one of the key ini-
tiators and regulators of the inflammatory process. Ac-
tivation of MC is accompanied by degranulation and
release of the contents of intracellular vesicles con-
taining various inflammatory mediators, including his-
tamine, an important player in the field of
inflammation. Histamine causes an increase in the per-
meability of the vessels and edema of the surrounding
tissues, thus facilitating the migration of leukocytes to
the focus of inflammation. On the other hand, MC se-
crete VEGF a potent angiogenic factor required for
germination of the vessels into the wound tissues. In
addition, MCs participate at the final phases of wound
healing and their excessive activation can cause the
formation of hypertrophic scars.
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IIJI0X0 BACKYJIIPU30BAHbI, B HUX ITPAKTUYECKH OTCYT-
CTBYIOT MUOGUGPOOIACTBL, HO B GOJIBIIOM KOJMYECTBE
MPUCYTCTBYET BOCHAINTENbHBIH MHOUIBTPAT, TIpej-
CTaBJIEHHBII B OCHOBHOM HelTpoduaamu [25].

JUist XpOHMYECKUX PaH TakyKe XapaKTepHbI H30bI-
TOYHOE HAKOIJICHWE M aKTUBAIMS TYYHBIX KJIETOK
BOKPYT KPOBEHOCHBIX cOcy/10B [26—28]. OcHoBHBIE
(byHKIIMYM 9THX KJIETOK UMMYHHOH CUCTEMbI CBS3aHBI
¢ ajuiepruyeckumu peakinugamu, Ho TK Takxke
ABJISIOTCS OIHUM U3 KJIIOYEBBIX MHUIIMATOPOB U PEry-
JIATOPOB BOCIIAJIMTEIBHOTO TIpoliecca. Aktuarus TK
COTIPOBOK/JIAETCS JIETPAHYJIAIUEH C TOCTeYIONNUM
BBIGPOCOM BO BHEIITHIOWO CPELY COACPIKIMOTO BHY TPH-
KJIETOUYHBIX BE3UKY.JI, COJIEPKAIIMX PA3IMYHble Me/[1a-
TOPBI BOCHAJICHUS, CPEJM KOTOPBIX BAKHEHIITYIO POJIb
Urpaet rucTaMuH. I'McTaMH BbI3bIBAET yBEJIUYCHHE
ITPOHUIIAEMOCTH CTEHOK COCY/IOB M OTEK OKPY>KAIOIINX
TKaHe#, CloCOOCTBYS TeM CaMbIM MUTPATIUH JICHKOIH-
ToB B ouar Bocnasnenus. C apyroi croponsl, TK cek-
peTupyioT ocHoBHOI hakTop pocta cocynoB VEGE
CocobCTBYS TIPOPACTAHUIO COCY/IOB B 00JIACTH PaHBI.
Kpowme Toro, TK yuacTByIOT B 3aBEpIIAIONTUX CTAIUSX
paHO3aKMBJIECHUS W WX WM3OBITOUHASA aKTHBAIUS
MOJKET BBI3BIBATH 0Opa3zoBaHue TUTEPTPODUPOBAH-
HBIX PyOIOB.

[lng nedenud XpOHMYECKUX paH B KJIWHHUKE
HE/IaBHO CTAJIM ITPUMEHATh aHTUOKcuAanTol. Henas-
Hee MYJIBTUIIEHTPOBOE JABOMHOE CJIETIOEe NCCIeloBaHIEe
Ha 200-X manueHTax MpojieMOHCTPUPOBao addek-
TUBHOCTb IIPUMEHEHUS TEPOPAIBHON CMecu aHTH-
OKCHJIAHTOB, apTMHUHA U IUHKA /U4 JIeYeHUS 11PO-
nexueit  [29]. Eme omHo aBoitHOe —cienoe
uccaenopanue Ha 20-u maueHTax ¢ HapylIIEHHBIM
3aKUBJIEHUEM paH 10Ka3ano 3¢G@eKTuBHOCTD epPo-
paJbHOM cMecu aHTHOKcHAaHTOB (Butamuua C, a-
Toko(epoia, f-KapoTuHa, IIITHKA, CEJIeHA U Ty TaMu-
Ha) 110 CpaBHEHUIO ¢ 1Iaebo (MajIbTOAEKCTPAHOM).
Jlannple aHTHOKCUAAHTBI CIIOCOOCTBOBAIN CKOpeii-
meit arurenudanuu panbl [30]. B oreuecTBennoii
JuTepaType TakKe OIMCHIBAETCS IOJOXKUTEIbHOE
JieiicTBHe TIpreMa aHTHOKCH/IAHTOB Ha IIPOIIeCC PaHo-
3axkuBienus [31]. AHTHOKCHAAQHTBI CTaHJAAPTHO
HA3HAYAIOTCS [P JICYeHUU BEHO3HBIX TPO(PUIeCKIX
s13B [32], a TaksKe PU UHBIX Tatosorusx [33—-35].

TaxkuM 06pa3zoM, aHTHOKCUAAHTBI TPU TIEPOPATb-
HOM [TPU€eMe MOTYT OBITD YCITEITHO UCIIOIb30BAHBI JIJIsT
JiedeHus TpyiHo3akuBatox pad. IIpu atom ciemyer
OTMETHUTH HECKOJBKO 006CTOATENbCTB. Bo-nepBbix,
KOJIMYECTBO KJIMHUYECKUX MCCIE0BAHUI IT€POpaib-
HOM 9(h(PEKTUBHOCTH AHTUOKCU/IAHTOB JI0 CUX HEBEJIU-
KO 1 TpeOyIoTCs JajibHellme UcibiTanust. Bo-BTopbix,
3a4acTyio B TaKUX MCCJEJOBAHUAX OJHOBPEMEHHO
MCIO0JIb30BAJIOCH HECKOJBKO PA3JIMYHBIX aHTUOKCHU-
JIAHTOB, & TAKXKe AMUHOKHCIOTHL. AHTHOKCUIAHTBI pa3-
JITYHOM XUMITYECKOH IIPUPOIBI MOTYT MMETh Pa3HO00-
pasHbie OMOIOTUYECKIE AKTUBHOCTH, 1 UX COBMECTHOE
[PUMEHEHUE MOKET TPUBOAUTh K PasHOOOPA3HBIM
MOCJIE/ICTBUAM. AMUHOKHUCJIOTA aPTUHIH, HAlIPUMep,
sBJIsIeTCs cyOCTpaToOM JIJIsl CUHTe3a OKcuza aszora 11

Recently, antioxidants have been used to treat
chronic wounds in the clinic. One of recent multicen-
tre, double-blind study in 200 patients have demon-
strated the effectiveness of using an oral mixture of
antioxidants, arginine and zinc, to treat bed sores [29].
Another double-blind clinical trial in 20 patients with
impaired wound healing studied the effectiveness of
the oral antioxidant mixture (vitamin C, a-toco-
pherol, -carotene, zinc, selenium and glutamine)
compared to placebo (maltodextran). These antioxi-
dants contributed to the early epithelization of the
wound [30]. The domestic literature also describes the
positive effect of prescribed antioxidants on the
process of wound healing [31]. Antioxidants are rou-
tinely prescribed in the treatment of venous trophic
ulcers [32], as well as in other pathologies [33—35].

Thus, when administered orally, antioxidants can
be successfully used to treat hardly healing wounds.
Several circumstances should be noted. Firstly, the
number of clinical studies of the oral effectiveness of
antioxidants is still small and further tests are re-
quired. Secondly, common for such studies, several dif-
ferent antioxidants, alone or in concert with amino
acids, are used. Antioxidants of different chemical na-
ture may have a variety of biological activities, and
their combined use causes various consequences.
Amino acid arginine, for example, is a substrate for the
synthesis of nitric oxide IT (NO), which causes vasodi-
lation and has many other physiological activities in-
cluding anti-bacterial effect. Thirdly, it cannot be
ruled out that antioxidants do not reach the wound
surface in a significant amount and might act indi-
rectly, affecting the body systems. The effectiveness of
topical application of antioxidants, however, has not
been thoroughly studied. One of the limited number
of studied drugs is mexidol that has been used for the
therapy of trophic ulcers [36].

Mitochondria as a Source of ROS

NADPH oxidase is the main source of exogenous
ROS during inflammation [35, 36]. This enzyme is
present both in phagocytes, ensuring elimination of
microorganisms in the inflammatory site and in non-
phagocytic cells contributing to regulation of various
intracellular signaling pathways.In a case of oxidative
stress caused by external factors the mitochondria are
considered as the main source of endogenous ROS
[39]. The main types of ROS include hydrogen perox-
ide (H,0,), superoxide anion radical (O,) and hy-
droxyl radical (OH ).

Over the past few years there has been a break-
through in understanding the role of mitochondrial
ROS in various inflammatory processes. In general,
oxidative stress can cause an inflammatory response
and excessive inflammation, which in turn cause ox-
idative stress leading to damage of tissues and organs.
Such a vicious circle is described, for example, for ac-
tivation of inflammasome NLRP3. This inflammasome
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(NO), xoTOpbIil BBI3BIBAET BA30/[UJIATAINIO U UMEET
MHOKECTBO APYTUX (PU3UOJOTHYECKUX aKTUBHOCTEN,
BKJIIOYAs aHTUMUKPOOHOE JieficTBIE. B-TpeTbux, Heb-
351 UCKJIIOYUTh, YTO AHTUOKCUIAHTHI HE JOCTUTAIOT
paHeBoIi TOBEPXHOCTHU B 3HAYUTEIbHBIX KOJIMYECTBAX
U JIeiiCTBYIOT ONOCPEIOBAHHO, BJUSIS HA CUCTEMBI
opranusma. [Ipu aTom, achdekTruBHOCTH MECTHOTO TIPU-
MeHEHUs] aHTUOKCUIAHTOB M3ydyeHa Xyske. OIHUM U3
HEMHOTHX IIPUMEPOB SIBJISIETCSI MEKCUIOJI, IPHMEHsIe-
MBI /17151 Tepanuu Tpoduueckux 138 [36].

Muroxonapuu Kak ucrouHuk AOK

OcHoBHBIM UCTOYHUKOM dK30reHHBIX ADK 11pu
Bocnanerun sisastercst HAJ[MH-okcunaza [37, 38].
ITOT (hepMEHT IIPUCYTCTBYET Kak B (haroiurax, obec-
neynBas yHUYTOXKEHUE MUKPOOPraHM3MOB B oyare
BOCHAJICHUS, TaK ¥ B HearoluTHPYIONUX KJIETKAX,
MPUHUMAS yYacTHE B PETYJISAINN PA3JINYHBIX BHYTPH-
KJIETOYHBIX CUTHAJIBHBIX 11y Teit. [Ipu okucanTesbnom
cTpecce, BBI3BAHHOM BHEIIHUMHU OKHUCJIUTEISAMMU,
OCHOBHBIM UCTOUYHUKOM aH10TeHHBIX ADK gBJstioTest
mutoxouapun [39]. OcHoBubiMu dopmamu ADK
aBystioTest epekuck Bomopona (H,O,), pamukan
cynepokcuzg-annoda (O,) U I'MAPOKCUIbHBII
pagukan (OH ).

3a rocJyeHe HeCKOJIbKO JIeT IIPOU3OIIe TIPo-
PBIB B MIOHUMAaHUK POJIH MUTOXOHIpUaTbHbix ADK B
Pa3JIMYHBIX BOCHAJIUTEIbHBIX IIpolieccax. B 1esom,
OKUCJUTENbHBIN CTPECC MOXKET BbI3BIBATH BOCIIAJIN-
TEJILHBII OTBET, a M3OBITOYHOE BOCTIAJICHUE, B CBOIO
04epe/ib, BBI3IBACT OKUCJINUTETIBHBIN CTPECC, YTO MPU-
BOJUT K IOBPEX/EHNIO TKaHell m opraHos. Takoii
MTOPOYHBIM KPYT OIMCAH, HAIIPUMEP, TIPU aKTUBAINU
nudrammacombl NLRP3. 9ta nndiiammacoma tunmy-
Ha JIJISI MUEJIONIHBIX KJIETOK M OTBETCTBEHHA 32 CO3pe-
panue IL-1beta u IL-18. NLRP3 akTusupyercs mon
NEHCTBUEM MOJIEKYJISIPHBIX  00pPa3oB  OTACHOCTH
(DAMPs u PAMPs), kotopble B GOJIBIIOM KOJUYE-
CTBE TIPUCYTCTBYIOT B paHax. HemasHo 6b110 06HAPY-
JKeHO, uTo MuToxXoHApuasibibie ADK BbI3bIBAIOT Ypes-
mepnyto aktuBarmio NLRP3 [40] u monasiaenne ADOK
C TIOMOII[bIO MUTOXOH/IPUAJIbHO-HAITPABIEHHDIX aHTH-
OKCUJIAHTOB CHIKAeT ee akTuBanuio [41].

Mutoxounpuanbibie AOK Takike NpUHIMAIOT
ydacTHe B IaToreHe3e aTepockieposa [42] u runepren-
3uu [43]. B pa3BuTuu OKUCIUTETHHOTO CTPEcca Mpu
unieMuu-perepdysun mepBooYepe/inyio poJib Urpact
BBIOPOC MUTOXOHIPUSIMU CYTIEPOKCUI-aHIOHA |44 ].

MI/ITOXOHZ[pI/IaJIbHO-HaHpaBJIeHHbIC
AHTHOKCHUAHTbI

B naboparopun mpod. B. II. Ckynauesa Gbuin
co3/1aHbl HOBbIe a3 (MEKTUBHBIE MUTOXOHIPUAIbHO-
HarpasJeHHble AaHTHOKCHIAHTHI ceMeiicTBa SkQ [45].
Omu cOCTOST U3 AHTHOKCUAAHTHOI YyacTH (11J1aCTOXM-
HOHa) U KaTHOHa, CIIOCOOHOTO IPOHUKATH Yepe3 MeM-
6pany (puc. 1). Biarogapst OI0KUTEIBHOMY 3apsILy
9TU COEAMHEHUsT U3OUPATENbHO HAKATIUBAIOTCS B

is typical for myeloid cells and is responsible for the
maturation of IL-1 beta and IL-18. NLRP3 is acti-
vated by danger-associated and pathogen-associated
molecular patterns (DAMPs and PAMPs, respec-
tively), which are present in large amount in the
wounds. Recently, it has been found that mitochondr-
ial ROS cause excessive activation of NLRP3 [40] and
inhibition of ROS by mitochondria-targeted antioxi-
dants reduces NLRP3 activation [41].

Mitochondrial ROS also participate in the
pathogenesis of atherosclerosis [42] and hypertension
[43]. Mitochondrial release of superoxide anion is nec-
essary in the development of oxidative stress in is-
chemia-reperfusion [44].

Mitochondrially Targeted Antioxidants

New effective mitochondrial antioxidants of the
SkQ family were created in the lab of prof. V. P. Sku-
lachev [45]. They consist of an antioxidant part (plas-
toquinone) and a cation capable of penetrating through
the membrane (Fig. 1). Due to the positive charge,
these compounds selectively accumulate in the mito-
chondria, which allows them to be used at extremely
low concentrations. High efficiency of SkQ against a
wide range of pathologies has been confirmed in numer-
ous experiments on cell cultures and in vivo using ex-
perimental animal models of human diseases [46].

The key differences between the mitochondrial
antioxidants of the SkQ family (SkQs) from conven-
tional antioxidants include:

1) SkQs are accumulating to act directly at the
site of ROS formation, in the inner membrane of the
mitochondria [45];

2) SkQs act repeatedly; upon neutralization of
ROS, the formulation is oxidized, and then restored
by the respiratory chain of the mitochondria. In con-
trast, classical antioxidants fulfill their function only
once: after oxidation, they turn into useless, or even
toxic compounds [47];

3) SkQs prevent the oxidation of cardiolipin, a
key regulator of cell apoptosis [48].

Currently available, clinically developed SkQs
formulation is represented by SkQ1-containing eye
drops (Visomitin), and this preparation has been offi-
cially registered as a drug for dry eye syndrome treat-
ment (LP-001355 from December 13, 2011). Now
SkQ1 formulation undergoes clinical trials for the
treatment of glaucoma, maculodystrophy and uveitis.

A large complex of preclinical studies of SkQ1 as
an eye drops formulation «Visomitin» has been initi-
ated that include three clinical trials in patients suf-
fering from dry eye syndrome. The lack of eye
hydration in this disease leads to damage to the
corneal epithelium. The effective restoration of the in-
tegrity of the corneal epithelium, i.e. healing of super-
ficial injuries, is an important clinically significant
parameter in the medical treatment of dry eye syn-
drome. This parameter has become a clinical target in
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MUTOXOH/IPUSIX, UTO [MO3BOJISIET MCIIOJIb30BATh UX B
KpaliHe HU3KUX KOHIleHTpalusX. Beicokas achderTus-
HOCTh SKQ MPOTUB MIMPOKOTO KPyTa MATOJOTHIECKIX
COCTOSIHMIA GbIJIa OATBEPIK/ICHA B MHOTOUMCIIEHHBIX
IKCIIEPUMEHTAX Ha KJIeTOYHBIX KYJIbTypax U in 0ivo Ha
MOJIeJIsIX 3200JIeBaHMiT YETIOBEKA C UCTIOJNb30BAHIEM
J1a00PaTOPHBIX KUBOTHBIX (M. 0030p [46]).

KiioueBbie 0T/IMYNST MUTOXOHAPUATBHBIX AHTH-
okcuaanToB cemeiicTBa SkQ 0T 06BIYHBIX AHTHOKCH-
JAHTOB 3aKJIIOYAETCSI B TOM, UTO OHU:

1) neiicTBYIOT HETOCPEACTBEHHO B MecTe 0Opa-
soBanus ADK — Bo BHyTpeHHell MeMOGpaHe MHUTO-
XOHApHii [45];

2) neiicTBYIOT MHOTOKPATHO, IIPU HENTpaIn3a-
un ADK onu okucIsgIOTCS, a 3aT€M BOCCTAHABIIH-
BaIOTCsI JIBIXAaTeIbHOI 11e1bIo MuTOXOHApHUil. Knaccu-
YeCKUe aHTUOKCHU/IAHTBI BBIITOJIHSIOT CBOIO (DYHKIIUIO
oHOKpaTHO. OKUCIUBIINCH, OHU MPEBPAIIAIOTCS B
GecIioJIesHble, I Jaske TOKCHYHbIE coeauHenys [47];

3) TPeIoTBPAIIAIOT OKHCIeHNe KAPHOINUIIITHA —
KJTIOUEBOTO PETyJIATOpa aronTo3a KIeTok [48].

Ha ocnose SkQ1 0ObLau cO3maHbI I[JIasHble
karn (BusomuTun), 1anublii npenapat ouinaib-
HO 3apPEruCcTPUPOBAH KAK JIEKAPCTBEHHOE CPENCTBO
ot cunapoma cyxoro riasa (JIII-001355 or 13 gexab-
pa 2011 r.), B mporiecce KIMHUYECKHE UCTTBITAHUS TI0
npumerennio SkQ1 B jedyeHny riayKoMbl, MaKyJIo-
IUCTpOoUU U yBEUTA.

Boub1oit KOMILIEKC TOKIMHUYECKUX 9KCIEPU-
MEHTOB JieKkapcTBeHHOU (opMbl SKQ1 — rmasHbIx
Karesib « Bu3oMUTHHS 103BOJIIII TIPOBECTU 3 OT/EIb-
HBIX KJIMHIYEeCKUX UCCIIEIOBAHNUS C YIACTUEM MAIIUEH-
TOB, CTPAIAIONIIX CUHAPOMOM cyXoro riasa. Hemgocra-
TOK YBJIQKHEHHOCTH TJIa3a MpU HTOM 3a00JIeBaHUM
BeJIET K IOBPEKIEHUIO ITUTENNST POTOBUIIBL. BaxkHbIM
KJIMHUYECKU 3HAYMMbIM [IAPAMETPOM [1PU METTKAMEH-
TO3HOM JIeYeHUU CHUHPOMA CYXOTO IJIa3a SIBJISIETCS
a2 PeKTUBHOE BOCCTAHOBJIEHUE I[€JIOCTHOCTH IIIUTE-
JIUST POTOBUIIBI, T.€. 3AKHUBJIEHUE MOBEPXHOCTHBIX
HOBPEXIeHWIT. B KIMHUYeCKUX MCCIeOBAHUSAX, a
UMEHHO OTKPBITOE PAHIOMU3UPOBAHHOE POCCUNICKOE
nccienoBanue 2-it aswi [49], MyIBTHIIEHTPOBOE JIBOIA-
HOE cJIernoe MmIareGoKOHTPOIMPYEMOE UCCIIEI0BAHNE
3-it hazbl [50] 1 TpoBeIEHHOE TIO/1 ATUION YIIPABIEHUST
[0 CAHUTAPHOMY HAJ30PY 32 KAUECTBOM ITHIIEBBIX
npoaykToB u MegukamenToB (FDA) nccnenoBanue B
CIHIA [51] nokaszasm Beipaskentbiii adpext SkQ1 o
YCKOPEHMIO 3aKMBJIEHUs PAH POTOBUIIBI 110 CPaBHE-
HUIO ¢ 9 DEKTOM NPUMEHEHUs YBIAKHSIIONIUX IJ1a3-
HBIX KalleJIb TOTO e cocTasa, Ho 6e3 SkQ1.

SkQ1 yckopsier 3asKMBIeHHE
MOJTHOCJIOMHBIX KOKHBIX paH
Y CTapbIX MbIIIEH

JLn1s1 cTapbIX JKUBOTHBIX XapaKTepPHO HapylIeHNe
perapaioHHbIX IIPOIIECCOB, YTO IIPUBOIUT K YJINHE-
HUIO BOCHAJUTEJbHON (ha3bl paHeBoro mpoiecca 1 K
3HAYNTETHHOMY 3aMEIJIEHUIO 3AKMBJICHUS PaH.

Antioxidant part
(plastoquinone)
J

Br

Triphenylphosphonium
cation

Puc. 1. CrpykrypHas ¢popMysia MUTOXOHAPHATHHO-HATIPABIIEH-
Horo SkQ1 — neiicTByIomIero BelecTsa IJIa3HbIX Kaneb «Buso-
MUTHH> M PEreHepUpPYIONIero AHTHOKCHAAHTHOTO THAPOTEJs
«IK3OMHTHH> .

Fig. 1. Structural formula of mitochondria targeted SkQ1 — ac-
tive substance of eye drops «Visomitin» and regenerating an-
tioxidant hydrogel «<Exomitin».

IIpumeuanue. Antioxidant part (plastoquinone) — anTHOKCHIAHTHAS
yactb (ocTaToK macroxurona); Triphenylphosphonium cation — ka-
THoH Tpudernhochonnit.

recent clinical trials. They included: an open, random-
ized Russian phase 2 study [49], a multicenter double-
blind placebo-controlled study of the 3 phase [50]
and a study conducted in the United States under the
control of Food and Drug Administration, USA [51].
Trials have demonstrated a significant therapeutic ef-
fect of SkQ1 on accelerating the healing of the corneal
wounds compared to the effect of the same composi-
tion of moisturizing eye drops without SkQ1.

SkQ1 Accelerates the Healing
of Full-Thickness Skin Lesions
in Older Mice

Old animals are characterized by impaired repair
processes leading to an elongation of the inflammatory
phase of the wound and to a significant delay in wound
healing.

In experiments with old (24 months) female
CBAxC57BIl/6 hybrids, a significant effect in wound
area reduction was observed at the early stages of heal-
ing (1—5 days) [52]. In the experimental group (n=10)
the animals orally received SkQ1 at a daily dose of 100
nmol /kg of body mass for 8 months starting from the
age of 16 month. The dynamics of wound area reduc-
tion in old mice receiving SkQ1 was almost identical
to the dynamics observed in young animals (Fig. 2, a).
Histological analysis of wounds on the 7" day showed
that in the group of young animals the damage area was
completely filled with granulation tissue, and in old
mice the centers of granulation formation were located
only along the edges of the wound (Fig. 3, a). In the
old SkQ1 mice, an abundant vascularized granulation
tissue filled almost the entire area of the wound defect.
Granulations contained more mature and regularly ori-
ented collagen fibers and less leukocyte infiltration.
The administration of SkQ1 increased the content of
myofibroblasts in the granulation tissue, which, appar-
ently, accelerated its maturation. Morphometric analy-
sis revealed a significant decrease in the volume density
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B akcriepumenTax Ha cTapbix (24 Mec.) caMKax
mbimeil rubpunos CBAxC57Bl/6 mnabmomanoch
3HAUMTEJbHOE 3aMe/lJIeHHe COKPAIeHUs TJIO0Maan
paH Ha paHHUX sTanax saxusienus (1—5 cyT.) [52].
B onwitHolt rpynme (n=10) kMBOTHbBIE TIEPOPATBHO
nosyuanu SkQ1 B cyrounoii 1o3e 100 HMOIb /KT Beca
B TeueHue 8 Mmec. HaumHag ¢ 16-Tm Mec. Bo3pacra.
[nHaMuKa CcOKpanieHusl TJIOMIAAW pPaH y CTapbIxX
mbitei, mosydaBimux SkQ1, Oblra TpakTHYECKH
UJIEHTUYHA TUHAMUKE, HaOJIIOABIIEHCST Y MOJIOIBIX
JKUBOTHBIX (pHC. 2, @). [ucTosornyecknii anaaus pan
Ha 7-e CyTKH [TOKA3aJl, YTO B TPYIITIE€ MOJIO/IBIX KUBOT-
HBIX 00JIACTD TIOBPESKIEHUS OblIa 1IEJTMKOM 3aroJIHeHa
IPaHyJISAIMOHHON TKAHbBIO, 2 Y CTapbIX MBINIEH ovaru
hopMUpOBaHMS TPAHYJSIUN ObLIN PACIIONOKEHBI
TOJIBKO T10 KpasgM panbl (puc. 3, a). Y cTapbIX MbIIIEH,
nosyuasumx SkQ1, 06uIbHO BacKyJaspU30BaHHAS
TPaHyJIAIMOHHAS TKAHD 3aIIOIHAIA TIPAKTUIECKH BCIO
obsacth paneBoro jedexTa, B HEll pacIosarajiuch
GoJiee 3peJible 1 PETrYJIsIPHO OPUEHTUPOBAHHBIE KOJLJIA-
reHOBbBIE BOJIOKOHA, PeKe BCTPEYAINCH 0Yaru JIeHKo-
rurapuoil naduasrpanuu. [puem SkQ1 moBbian
cozepkarre MUOGuOPO6IACTOB B TPAHYISAIIUMOHHO
TKaHW, YTO, TI0-BUUMOMY, YCKOPSJIO ee CO3PEBaHMUE.
MopdomeTpuuecknii aHaJIN3 BbISIBUJI 3HAUUTEIbHOE
CHUZKeHHe 00BEMHOI TIOTHOCTH COCY/IOB B TPaHYJIsi-
IIMOHHON TKAHU Y CTAPBIX JKUBOTHBIX 110 CPABHEHUIO C
MOJIOZIBIMU. 3HAUYEHUE ITOTO TOKA3aTessd y CTapbIX
Mbiel, noayuasimmx SkQ1, gocToBepHO TOBbBIIIA-
JIOCh, ¥ OBLJIO COIIOCTABUMO € OOBEMHON ILJIOTHOCTBIO
COCYZIOB B PaHAX MOJIOZIBIX KUBOTHBIX. JTOT a(heKT
SkQ1 BO MHOroM cCHOCOGCTBOBAJ 3aMOJHEHUIO
HOBPEKAECHHON 001aCTU TPAHY IALUOHHON TKAHbIO,
MOJIIEP’KUBAs €€ OKCUTCHAIIMIO U TUTaHue. Y CTapbiX
JKUBOTHBIX HAOJIOIAJIOCH 3aMeIJIEHUE SITUTETU3AINN
panbt, ipu 31oM SkQ1 BbI3BaM 3HAUNTEIBHOE YCKOPE-
HUE 3TOTO Tpolecca, He BIHAS Ha TOJIIUHY STTHAep-
muca. Hukakoro addexra SkQ1 wa Tommuny pybiia
Takke He ObUIO OOGHApyKeHO. B 1eoM, [uHaMuKa
3aKUBJICHUS PaH Yy CTApbIX MBINICH, TTOJy4aBITuX
SkQ1, HartoMuHaIa TAKOBYIO Y MOJIOJIBIX JKUBOTHBIX.

AHann3 BOCHAJUTEIBLHOTO IPOIECCa BbISBUI
3HAYUTEbHOE yCUJleHre HeUTpouibHol nHpUIbT-
paIyuu paH y CTapbIX MBINIEH 10 CPABHEHHUIO C MOJIO-
abiMu, a SkQ1 BI3BAJI I0CTOBEPHOE CHUIKEHME YHCIIa
HERTPOGHUIOB. Y CTapbIX JKUBOTHBIX HAOJIIOIAIO0CH
3aMeTHOe CHUKeHre MakpodaraibHoil nH(pUIbTpa-
WU 110 CPABHEHUIO C MOJIOJIBIMU HA 7-€ CYT. 3aKUBJIe-
Hus, a Ha 13-e cyT. yncso Makpodaros B paHax CTapbIxX
MBIIIEH TPUMEPHO B 2 pa3a IPEBLITIAI0 €ro 3HaYCHIEe
y MoJIofibiX. B paHax cTapbIX Mbllle, MOJTy4aBIIuX
SkQ1, uncienHocts Makpodaros Ha 7-e CyT. 3HAUU-
TeJIbHO BO3PACTasia M COXPAHAIACh HA TOM Ke YPOBHE
u Ha 13-e cyt. TakuMm 06pasoMm, TIOJMyUEHHBIE PE3YJIb-
TaTbl YKAa3bIBAJIN HA HOPMAJIM3AIUIO BOCIIATTUTEIBbHOM
(baspl 3aKMBIICHUS PaH y CTAPBIX JKUBOTHBIX O] JeH-
creuem SkQ1.

SkQ1 yckopsier 3askuBJICHUE MTOJHOCTOMHBIX
KOJKHBIX PaH y MbIIiieii ¢ 1uabetom 2 Tura.
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120 4
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012 3 456 7 8 91011 1213 14
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-o- db/db +SkQ1

Puc. 2. Biusinue SkQ1 Ha u3BMeHeHHe OTHOCHTEIHHOM IIOMa/H
paHeBoii HOBEPXHOCTH y MbILIEH: CTAPbIX (@) U NIPH BPOKIEHHOM
nuaGere 2-ro tuna (b). Bocupousseneno us [51, 52].

Fig. 2. Changes in the relative area of the wound surface in old
(a) and diabetic-prone (b) mice after SkQ1 administration. Re-
produced from [51, 52].

Note. a — old mace age is 24 months; young mace age is 6 months.
For Fig. 2, 3: * — significant difference vs. old mace group not re-
ceiving SkQ1 (a) and vs. ab/ab mace group not receiving SkQ1
(b); P<0.05; data are presented as mean = SEM

ITpumeyanue. @ — BO3pacT cTapbiX Mbllieil — 24 Mec., MOJIO/IbIX —
6 mec. [lna puc. 2, 3: * — jgocTOBepHOE OTJIMYKME OT 3HAYCHMI
IPYIIIBI CTapbIX MblIeid, He nosydasimmx SkQ1 (@) w ot 3Hayenmii
rpybt ab/ab mpiueii, ve nosnyuyasmux SkQ1 (), p<0,05; gannbie
[PE/ICTABJIEHBI KAK CPE/IHEe + CTaHIAPTHASE OUINOKA CPE/IHErO.

of blood vessels in granulation tissue in old animals
compared to young ones. This value in the old mice re-
ceiving SkQ1 was significantly increased and was com-
parable to the bulk density of the vessels in the wounds
of young animals. This effect of SkQ1 greatly con-
tributed to the filling of the damaged area with granu-
lation tissue, supporting its oxygenation and nutrition.
In old animals, a delay in epithelialization of the wound
was observed, while SkQ1 caused significant accelera-
tion of this process, without affecting the thickness of
the epidermis. No effect of SkQ1 on the thickness of
the scar was found. In general, the dynamics of wound
healing in old mice that received SkQ1 resembled that
of young animals.

An analysis of the inflammatory process revealed
a significant increase of neutrophil infiltration in the
wounds of old mice compared to young mice, and
SkQ1 caused a significant decrease in the number of
neutrophils. Old animals showed a marked decrease in
macrophage infiltration compared to the young ani-
mals observed on the 7 day of healing, and on the 13™
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Puc. 3. Bimsinue SkQ1 Ha oGpa3oBanye rpaHyIsIiHOHHON TKAHH U SNUTEIU3AUIO PaH Y MbIIIEI: CTapbIX (@) ¥ IPU BPOKIEHHOM /(Ha-

6ere 2-ro Tuna (b). Bocnpousseneno us [51, 52].

Fig. 3. SkQ1 accelerates the formation of granulation tissue and epithelization of wounds in old (a) and diabetic-prone (b) mice.

Reproduced from [51, 52].

Note. Histological sections of the central region of wounds were stained with hematoxylin-eosin on day 7 (a, b, ¢) and day 13 (d, e) after
injury; the area of the granulation or scar tissue is surrounded by dotted lines. * — P<0.05.

IIpumeyanue. [icToMOTHYECKIE CPE3BI IEHTPATBHON 06JIaCTH paH MbIIIEl OKPaIIeHbl FeMaTOKCUINH-203UHOM Ha 7-0ii (a, b, ¢) u 13-prii
(d, €) mennb moce parenHus; 061aCTh TPAHYISIMOHHON NN PyOIIEeBON TKaHN 00Be/IeHa TOY€UHBIMU JIMHUSIMIT; b — IJI0Ta/ib FPaHyISAIINOH-
HOII TKaHW; ¢ — SMUTENN3AIMS PaH; € — oOpasoBanue py6ieBoil Tkanu. * — p<0,05.

@opMupoBaHUe HE3KUBAIONIUX PAH SBJISIETCS
OJTHUM M3 OCHOBHBIX OCJIOKHEHUH Tipu auabere. B
KauecTBE MOJIEIIM HTON TIATOIOTUH OBLIN UCIOIb30BA-
ubl bty auHun C57BL leprdb (db/db) ¢ Bpoxnen-
HbIM guabeToM 2-ro Tumna [53]. JIaurebHblii npreM
SkQ1 He cHMMKal OCHOBHBIX IPHU3HAKOB Auabera
(rumepriaukeMus, OKUpEHUe, TOJUYPUsI) Y ITUX
MBIIIIE, HO CHUIKAJ BBIPAKEHHOCTh MAPKEPOB OKHUC-
JIUTEJILHOTO CTpecca. 3asKUBJEHUE paH y auaberde-
CKUX MBIITIEii ObLIO PE3KO 3aMeIJICHO 0 CPABHEHUIO C
rereposurotueiMu kuBotHbiMU (C57BL lepr db/+).
MBI onbITHOM TPy (7=8) e3KeJIHEBHO MOJIyYaan
SkQ1 nepopanbHo B 03¢ 250 HMOJIb/KI BeCa B CYTKH
B TeueHue 12 Henenp, HaunHag ¢ 10-HeLeIbHOTO BO3-
pacta. IIpuem SkQ1 npakTHyecKy MOJHOCTHIO HOPMa-
msoBaj saxkusaenne pad y db/db mpmeii (puc. 2, b).
Tucromornueckuii ananus pan Bbiasua y db/db
MBIIIIeil Te JKe TaTOJOrnYecKue U3BMEeHEHUsT, 9YTO U Yy
crapbix KUBOTHBIX. SKQ1 BBI3BIBAT HOPMAIN3AIIIIO
Kak (hopMUPOBAHUS TPAHYJISIIUOHHON TKAHU, TaK U
BOCTAUTEIbHON (hasbl mporecca. Ocobo spKo ObLT
BbIpaskeH 9(pheKT CTUMYJISIINU AaHTHOTeHe3a MO/ /1eii-
creueM SkQ1. ¥V db/db wmbimeii e Haba0210CH
3aMETHOTO TOPMOKEHUST ITMUTETUIAIUY PAHBL, HO U B

day the number of macrophages in the wounds of old
mice was twice higher than in young mice. In the
wounds of the old mice receiving SkQ1, the number
of macrophages on the 7t day increased significantly
and remained at the same level on the 13 day. Thus,
the results demonstrate the abrogation of the inflam-
matory phase of wound healing in old animals under
the action of SkQ1.

SkQ1 Accelerates Healing
of Full-Thickness Skin Wounds
in Mice with Type 2 Diabetes

Non-healing wounds represent one of the major
complications in diabetes mellitus. As a model of this
pathology the C57BL leprdb (db/db) mice genetically
predisposed to type 2 diabetes development [53] were
used. Long-term administration of SkQ1 did not re-
duce the main features of diabetes in these mice (hy-
perglycemia, obesity, polyuria), but reduced the
expression of markers of oxidative stress. Wound heal-
ing in diabetic mice was significantly delayed com-
pared to heterozygous animals (C57BL lepr db/+).
Mice of the experimental group (n=38) daily received
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aToMm ciryyae SkQ1 3ameTHO ycKopsiI mporecc. AHo-
MaJIbHO JIJTUTEIbHAS BOCIIATUTEIbHAS (ha3a paHEBOTO
nporuecca npogosrkanach y db/db B roii ke cremeny,
YTO M Y CTApbIX JKUBOTHBIX, a ipueM SkQ1 ee Hopma-
Jn3oBas. BeposTHO, OKMCIUTENBHBIN CTPECC, COTPO-
BOXK/IAIONINHN ANA0ETHYECKYIO MATOJOTHIO, BO MHOTOM
olpelie/isieT 3aTpyAHeHHOe 3akuBaeHne pad. SkQ1
3HAYMTEIHHO YCKOPsI 06pa3oBaHiie TPaHyJISIIIHOHHOL
TKaHW y AnabeTHYeCKUX MBIIIeil, He BbI3bIBasl TIPU
aToM runeprpoduu pyouesoi tTkanu (puc. 3, b).

Jlokanpnoe BBenenue SkQ1 yckopsier
penapaTHBHbBIE IPOILECCHI
B IIOJIHOCJIOMHBIX KOKHBIX PaHaX y KpbIC

B niepBoii cepun 9KCIIEPUMEHTOB KPbICAM €KeCy-
TOYHO MO/ KOKY BOKDPYT PaH UHBbenupoBanu 50 MKJI
200 M pacrBopa SkQ1. 3a6op marepuaa st TUCTO-
JIOTMYECKOTO aHAJIM3a ITPOBOJUIIN Yepe3 7 yacos, 1—3,
5 u 14 cyt. Bbiio 06HApYKEHO CTATUCTUYECKY 3HAYH-
MO€ YMEHbIIIeHUE IO/ PaHbl HA MATBIN IeHb 9KC-
nepumenra. [loxcyer kosmyecTBa HeHTPOhUIOB Ha
PaHHUX CPOKAX 3aKUBJICHUsI PaH ToKasaj GoJiee 4yem
JIByKpaTHOE YMEHbIIIEHNE KOJIMYecTBa HeHTpohnioB
yepe3 7 yac. B dase cozpeBanusi rpaHyISIIMOHHON
tkauu SkQ1 BbI3bIBaAI 3-X KpaTHOE YBEJIMIEHHE KOJIM-
gyecTBa MUOGUOPOBIACTOB, HKCIIPECCUPYIONIUX TIIaJ-
KOMBIIIEUHbI1 GeTa-akTiH [54].

Bo BTOpoOil cepum 9KCIIEPUMEHTOB KpbICaM
suann Sprague-Dawley Ha paHbI HAKJIQ/IBIBAJIN TLIE-
HouHOe 1oKphiTHe «buomen» ¢ 0,019 mxr SkQ1 /1
meHku. CMeHy IJIeHOK ITPOBO/IMJIN OJIUH Pa3 B 3 /IHA
B Teyenue 14 cyr. CraTucTuyecku 3HaYNMOE YMECHb-
HIeHUE TIJIONIA/IA PAHbI 110 CPABHEHUIO ¢ KOHTPOJIEM
ObL10 0OHAPYsKEHO Ha 4-bIii U 7-0i guu. [cTorormye-
CKMH aHain3 Ha 14-e CyTKHU aKcIiepuMeHTa oKa3al,
YTO B 3aTSAHYBIIUXCS K 9TOMY BpEMEHH paHax y
JKUBOTHBIX, noaydasiniux SkQ1, comepxarcsa Gogee
TOJICTBIE TTYYKH KOJJIAT€HOBBIX BOJIOKOH, Ye€M B KOHT-
poJIe, 4TO MOKET OBITh CBS3AHO C TIOBBIIIEHUEM aKTHB-
Hoctu Muodudbpobaactos [54].

HccieroBanys IPOTHBOBOCIAIUTEILHOTO
neiicteusa SKQ1 in vivo

[lng crapenus xapakTepeH ITOBBIICHHBINH YPO-
BEeHb CHCTEMHOTO BocnajeHus. B akcrnepumenTax co
CTapBIMK MBITIAMU OBLIO YCTAHOBJIEHO, YTO JITUTEb-
ubiii mprem SkQ1 cHIzKAaeT BOCIAINTEIbHYIO aKTHBA-
IIUIO AHIOTEINS COCY/I0B, U3BMEPEHHYIO TI0 YPOBHIO
HKCIPecCun MoJiekyJ1 ajare3un [55]. B Mmozenu cun-
ZIpPOMa OCTPOTO BOCHATUTEIHLHOTO OTBETA BBI3BAHHOTO
BHYTPUBEHHBIM BBEJIEHUEM JIETANbHBIX W CcyOIre-
TasbHBIX /103 (hakTopa Hekposa omnyxosieir (TNF).
SkQ1 Takske CHUKAN BOCIAIUTENbHYIO aKTHBAIIMIO
supotenust [56]. MHTpamneputoHeaqbHoe BBeEIEHME
SkQ1 He TOJIBKO MOHMIKAJIO IKCIIPECCHIO MOJIEKYJI
A/IFe3MN B AHIOTEJINN COCYIOB, HO U MTPEIOTBPAIIAJIO0
rubesib Mbliel B aToit Mmogenn. [lonasaenue u3obi-

SkQ1 orally at a dose of 250 nmol /kg of weight per
day for 12 weeks, starting at 10 weeks of age. SkQ1 al-
most completely normalized wound healing in db/db
mice (Fig. 2, b). Histological analysis of wounds re-
vealed the same pathological changes in db/db mice
as in old animals. SkQ1 caused normalization of gran-
ulation tissue formation and abrogation of the inflam-
matory phase. SkQ1 effect of stimulation of
angiogenesis was particularly pronounced. In db/db
mice no inhibition of epithelialization of the wound
was observed but SkQ1 markedly accelerated this
process. An elongated inflammatory phase continued
in db/db to the same extent as in old animals, and the
SkQ1 administration normalized it. Probably, the ox-
idative stress accompanying diabetic pathology causes
impaired wound healing in many ways. SkQ1 signifi-
cantly accelerated the formation of granulation tissue
in diabetic mice without scar hypertrophy (Fig. 3, b).

Local Administration of SkQ1
Accelerates Reparative Processes
in Dermal Wounds in Rats

In the first series of experiments, rats were in-
jected subcutaneously daily with 50 pl of 200 nM
SkQ1 solution in the area around the wound. Sampling
of material for histological analysis was performed after
7 hours, 1—3, 5 and 14 days. A statistically significant
reduction in wound area was observed on the 5% day
of the experiment. Counting the number of neutrophils
in the early stages of wound healing showed a more
than twofold decrease in the number of neutrophils
after 7 hours in SkQ1 treated rats. In the maturation
phase of the granulation tissue, SkQ1 caused a 3-fold
increase in the number of myofibroblasts expressing
smooth-muscle beta-actin [54].

In a second series of experiments, wounds in the
Sprague-Dawley rats were covered with «Bioplene»
film containing 0.019 pg of SkQ1/g. Change of films was
carried out once in 3 days for 14 days. A statistically sig-
nificant reduction in wound area compared to the con-
trol was detected on the 4th and 7th days. Histological
analysis on the 14" day of the experiment showed that
in the wounds that were closed by this time, the animals
receiving SkQ1 contained thicker bundles of collagen
fibers than in the control that presumably caused by an
increased activity of myofibroblasts [54].

Studies of the Anti-inflammatory Effect
of SkQ1 in vivo

Aging is characterized by an elevated level of sys-
temic inflammation. In experiments with old mice,
long-term application of SkQ1 has been shown to re-
duce inflammatory vascular endothelial activation, as
measured by the expression level of the adhesion mol-
ecules [55]. In the model of systemic inflammatory re-
sponse syndrome (SIRS) caused by intravenous
administration of lethal or sublethal doses of tumor
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TOYHOI aKTUBAIIUY KJIETOK 9HOTEJINS, [10-BUANMOMY,
SIBJISIETCST OCHOBHBIM MEXaHU3MOM CHUIKEHUST HEHTPO-
(puabHON MHOWIBTPAIIUN PaH.

Heiicteue SkQ1 6bLIO MCCIEIOBAHO TaKKe B
MOJIEJISIX OCTPOTO aCEeNTHYECKOro Bocnanenus [54]. B
NEePBO MOJIeJIn BOCIIAJIeHe UHAYIIUPOBAIN ITyTeM
BBEJIEHUSI TI0JI KOKY B MEKJIONATOYHON 06JaacTu
MOKPOBHBIX CTEKOJ. Y MBbIIIElN, KOTOPBIE TIOJIYYan
SkQ1 B mose 250 HMOIIb Ha 1 KT MacChI TeJla e5KeHeB-
HO C IUTHEBOII BOJIOI B TeueHue 3 Hejleb 10 Olepa-
I[UY, KOJIMYECTBO HEUTPOMUIOB B 0UYare BOCIAIEHIS,
uaMepeHHoe yepe3 12 4 mocJie orepanuu, CHIKAIOCh
B 2 paza. OxHoBpeMeHHO 1101 AeiictBruem SkQ1 cymie-
CTBEHHO MOBBIIIAIOCh OTHOCUTEJNBHOE COJEPIKAHIE
MaKpodaros, YTO YKa3bIBAJIO HA YCKOPEHHBII [1€PEX0]
K MakpodarajbHOl CTaJUKU BOCIAJUTETHHON Peak-
nun. Yepes 2 cyT HENTPOUIIbI IPAKTUYECKU HCUe3a-
JIN M3 oYara BOCIAJIEHWs, KaK y MBbIIIEl, KOTOPbIe
noaydaau SkQ1, Tak u B KOHTpOJIbHOIL Tpymme. Ha
6osee mospHUX cpokax (5—14 cyT) HabI0AAI0CH
HakoIienue hubpobIaCTOB B 0Yare BOCAICHVS, TPU-
yeM SKQ1 CyIIecTBeHHO YCKOPSLI 9TOT IIPOLIECC.

Bo BTOpOIT MOIEN B MEXKIIONATOYHON 00JIACTH
MbIIIell  (OPMUPOBATM  TIOAKOXKHbBIE BO3IYIIHbBIE
MEIIKH U 4epe3 7 CyT UHIYIIUPOBAIN B HIX OCTPOE BOC-
najieHrie nHbekiueil 1% pactBopa kapparuHana. Jrta
MOJIENIb  SIBJISIETCST OJTHOM 13 OOIIENPUHSITBIX JIJIsT
JNOKJIMHUYECKOTO ¥ccyenoBanust acddekTuBHOCTH hap-
MalleBTUYECKUX TPOTHBOBOCIIATIUTEIbHBIX IIPENApaToB
[57] u o3BOIISIET MCCIEOBATD KAK KJIETOYHbBIE, TAK 1
IKCCYNATUBHBIE PEAKIINU B OYare MOJKOKHOTO BOCIIA-
JieHyst. Y Mbiieii, mosrydasimmx SkQ1 o Toil ke cxeme,
YTO U B TIPEIbIAYILE MOJIENI, COJIePKaHNe KJIETOK BOC-
HaJIeHusI B 9KCCyZIaTe, TOJYIeHHOM Yepes 4 yaca 1mocJie
BBe/IEHIsI KapparnHana, ObLI0 CHUYKEHO MOYTH B 2 pasa
10 cpaBHeHMIO ¢ KOHTposeM [58]. Okoso 90% KieTok
B 9KCCyZIaTe cocTaBsuin HeiTpoduisl. ComepskaHue
OCHOBHBIX 1PO-BOCIIJINTEIbHBIX UTOKMHOB TNF 1
IL-6 nox neiictBuem SkQ1 cHuxKam0Ch, HO 9T0T 9hDEKT
6b11 HeboubIIM. BoJee Beipaxennbie addexto SkQ1
HabJIIO/IAJIUCh B TOI ke MOJIEJIU, HO TIPK BHYTPUGPIO-
IMIMHHOM BBeJeHuu mperapara (250 HMOJIb/KI MacChl
TeJla) eXKeTHEBHO B TeUeHMe 7 CyT 10 MHIYKIIUU BOCTIA-
nenus [58]. Takum o6pasom, SkQ 1 BbI3bIBAJI CHUKEHIE
MHTEHCUBHOCTH MPUBJIEYEHUsT HENTPOPUIOB B ovar
BOCIIAJIEHUST U, B MEHBIIIEI CTENeHM, CHIKAI ITPOIYK-
U0 IPOBOCITAJIUTEIbHBIX IIUTOKUHOB.

B Mo/1eJ11 BO3/IyIITHOTO MeIKa ObLIO NCCIIeN0Ba-
HO co/iepsKaHue KJIETOK BOCIATIEHUsT B BBICTUJIAIOINX
TKaHsX. BbLIO MOKa3aHo, 4To YNCJIEHHOCTh HelTpodu-
JIOB B BepXHEIl BHYTPeHHEI BBICTUJIKE «BO3/LYIITHOIO
MeIKa» Y MblIel, mojrydasiumx SkQ1, 6p11a cHuKeHa
B 1,5 pasa 1o cpaBHeHUIO ¢ KOHTPOJIeM. B TO ske Bpemst
OTHOCHTEJIbHOE COJIepIKaHIe MOHOIIUTOB,/MaKkpoda-
rOB B BBICTUJIKE y MbIlIel, nosaydasiuux SkQ1 6b110
JOCTOBEPHO BBIIIIE, YeM B KOHTPOJIbHOW. DTU JaHHbIE
CBUZETENbCTBYIOT 0 TOM, 4yTo SKkQ1 cnocoberByer
GoJiee GBICTPOMY TIEPEKIIOYEHIIO K MAKpOdaraibHoii
CTa/INN BOCTIAJTUTENBbHOM peakiuu [58].

necrosis factor (TNF) SkQ1 also reduced inflamma-
tory endothelial activation [56]. The intraperitoneal
administration of SkQ1 not only reduced the expres-
sion of the adhesion molecules in the vascular en-
dothelium, but also prevented the death of mice in this
model. Suppression of excessive activation of endothe-
lial cells appears to be the main mechanism for reduc-
ing neutrophil infiltration of wounds.

The effect of SkQ1 was also investigated in mod-
els of acute aseptic inflammation [54]. In the first
model, inflammation was induced by inserting under
the skin in the interscapular region of the cover
glasses. In mice that received SkQ1 at a dose of 250
nmol per 1 kg of body mass daily with drinking water
for 3 weeks prior to surgery, the amount of neutrophils
in the inflamed area, measured 12 hours after surgery,
was reduced by a factor of 2. Simultaneously, in SkQ1
treated animals, the relative content of macrophages
significantly increased, which indicated an accelerated
transition to the macrophage stage of the inflamma-
tion. After 2 days neutrophils practically disappeared
from the inflamed area, both in mice that received
SkQ1 and in the control group. At later periods (5-14
days), the accumulation of fibroblasts in the inflamed
area was observed, and SkQ1 significantly accelerated
this process.

In the second model, subcutaneous air sacs were
formed in the interscapular region of mice and after 7
days acute inflammation was induced in the sacs by
injection of a 1% solution of carrageenan. This model
is one of the generally accepted for preclinical studies
of the effectiveness of anti-inflammatory drugs [57]
and allows to study both cellular and exudative reac-
tions in the subcutaneous inflamed area. In mice that
received SkQ1 in the same way as in the previous
model, the content of inflammatory cells in the exu-
date obtained 4 hours after the administration of car-
rageenan was reduced almost 2-fold compared to the
control [58]. About 90% of the cells in the exudate
were neutrophils. SkQ1 induced decrease in the con-
tent of the main pro-inflammatory cytokines TNF and
IL-6, but this effect was not large. More significant ef-
fects of SkQ1 were observed in the same model using
intraperitoneal administration of the drug (250 nmol
/ kg body mass) daily for 7 days before induction of
inflammation [58]. Thus, SkQ1 caused a decrease in
the intensity of neutrophil infiltration into the in-
flamed area and, to a lesser extent, reduced the pro-
duction of pro-inflammatory cytokines.

In the air sac model, the content of inflammatory
cells in the lining tissues was examined. It was shown
that the number of neutrophils in the upper inner lin-
ing of the air sac in mice receiving SkQ1 was reduced
by 1.5 times in comparison with the control. At the
same time, the relative monocyte / macrophage con-
tent in the lining in mice treated with SkQ1 was sig-
nificantly higher than in the control. These data
suggest that SkQ1 promotes faster transition to the
macrophage stage of the inflammatory response [58].
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B roii ske Moziesin ObLITO UCCIeI0Ba-
Ho Biauanue SkQ1 Ha coxepkaHue u
AKTUBALIUIO TYYHBIX KJIIETOK B OYare BOC-
nayieHust. B Monesn Bo3iyHoro Memmka
GBLJIO TIOKA3aHO, YTO OOIIast YMCIECHHOCT
TK 1 B 0ocOGEHHOCTH COJIEPKAHNUE IeTpa-
nymupytomux TK B BepxHeil BHyTpeH-
Hell BBICTUIIKE ObLTa CHIKEHA Y MBITITEH

nosyyasmmux SkQ1 ¢ nurbeBoil Bogoi Injury

[57, 58]. Kak u B ciyyae Heiitpoduios, i

6osiee BoIpaxkeHHoe BaugHue SkQ1 ma

||
Targets:
Neutrophils Targets;
Macrophages Fibroblas
Mast cells Epitheliocytes
Endothelium Endothelium
Microorganisms
5| Infl i Proliferation Remodeling
minutes 0-5 days 3-12 days 3 days-6 months

cojiepskaHue u crernedb aktupaun TK
HaOJIIOJIATIUCH B TOW JKe MOJIeJ, HO IIPU
BHYTPUOPIOIIMHHOM BBEJICHUH TIPETapa-
ta [59]. Uccnenoanusi in vitro (cm
HIKE ) IOATBEPNIIN [TOIABJIEHE JIerpa-
uyssauuu TK o geiicreuem SkQ1. Otu
HaOJIIOJIEH ST TTO3BOJISIIOT TIPE/IIOJIATATD,
uyto SKQ1 ahPeKTUBHO MOHMIKAET AKTH-
Baiio TK B panax, uTo mnpezoTspaniaer
TUCTAMUH-3aBUCUMOE TIOBBIIIIEHNE TTPO-

MeCAILbI.
HUITa€MOCTH COCYIOB 1 OT€YHOCTb. 1

MexaHu3MbI CTUMYJISIIUH
pereHepaTUBHBIX IPOLECCOB
noz aeiicrBuem SkQ1

K nacrostiiemy BpemMeH# ycraHoBseHo, uto SkQ1
OKa3bIBaCT BJIMSHUE KaK HA BOCIIATIMTEIBHYIO (ha3y paHo-
3Q)KMBJICHUS, TaK M Ha TPOJUMEPATUBHYIO CTaJHIO.
Murensmu SKQ1 ABIAIOTCA KJIETKM PasHbIX TUIIOB,
OTBETCTBEHHbIE 32 paHo3akuBJeHue. Hirke pencrasiie-
HbI OCHOBHbBIE PE3YJIBTAThl NCCJIC/IOBAHIS MEXaHU3MOB
neiictesg SkQ1 Ha 3aKuBIIeHYe paH in vitro (Puc. 4).

[lng wuccieoBaHus MEXaHU3MOB JIeHCTBUS
SkQ1 Ha BOCHAIMTENIBHYIO aKTHBALUIO DHIOTENNS
OBbIIM MCITIOJIH30BAHBI KYJIBTYPhI KJIETOK JHIOTENS,
aktuBupoBaHHbie TNE, ocHOBHBIM ITPOBOCTIAJINTEH-
HBIM ITUTOKMHOM. BblJI0 ycTaHOBJIEHO, YTO:

1) SkQ1 nogasisger TNF-3aBucumyIo skcipec-
CHIO MOJIEKYJI QJITe3UN U UX DKCITO3UIINIO HA [TOBEPX-
HocTH kietok. Kak ciencrsue, o aeiicrBuem SkQ1
CHUKAeTCs a/ire3usi HEUTPOMUIOB K MOHOCJIOIO KJle-
TOK aHJ0TeHS |55, 56].

2) SkQ1 nogasasier TNF-3aBucumyio axcpec-
CHIO TIPOBOCIIAJIUTEIBHBIX [IMTOKKUHOB [55, 56].

3) SkQ1 npenorspamniaer TNF-3aBucumoe Hapy-
IEHKE [[UTOCKeeTa U Pa3bopKy MEKKIETOUHBIX KOH-
TAaKTOB, YTO BeJET K HapYyIIEHUIO HW30JUPYIONUX
CBOWCTB aH0TEN NS [S6].

4) IlporusoBocnanutenbtoe neiicteue SkQ1
olpeiesIsieTCs MoJaBICHUEM aKTUBHOCTH TPAHCKPHII-
nuoHHoro dpakropa NFkB, koTopblili KOHTpOIpYyeT
akcnpeccuio MosekyJs aareaun 1 MMP-9, paciern-
JISTIOTIHI OCHOBHOI O€JIOK MEKKJIETOYHBIX KOHTAKTOB
VE-kanreput [56].

5) SkQ1 samuinaer KIeTKN 9HIOTEIUS OT aIlOII-
TOTUYECKOI rubesH, BHI3BAHHON BLICOKUMHU J[03aMU
TNF [60].

Puc. 4. OcHoBubie Mumienu neiictBust SkQ1 Ha npouecc paHo3asKUBJIEHHS.

Fig. 4. The main targets of SkQ1 action in wound healing.

Note. SkQ1 accelerates resolution of inflammation and promotes proliferative phase.
Explanations are given in the text.

IIpumeuanne. SkQ1 croco6eTBYET pa3penieHn o BOCIATICHUS 1 MPOXOKACHUIO PO~
snudepatuBHoii haswl. [loscuenus npusenensl B Tekcte. [njury — nospexaenue; He-
mostasis — remocras; Inflammation — Bocnanenue; Proliferation — nposmdepanust,
Remodeling — pemogenunr; Targets — mumenu; Neutrophils — weiirpodubr;
Macrophages — makpogaru; Mast cells — tyunbie kinerku; Endothelium — sugore-
smit; Microorganisms — Mukpoopranusmbl; Fibroblasts — ¢pu6po6:racter; Epithelio-
cytes — snuresmanbubie kaetky; Endothelium — suporenmii; days, months — cyTkn,

In the same air sac model, the effect of SkQ1 on
the mast cells (MC) in the inflamed area was inves-
tigated. It was shown that the total number of MCs,
and particularly the content of degranulated TCs in
the upper inner lining tissues, was reduced in mice
that received SkQ1 with drinking water [58]. As in
the case of neutrophils, more significant effects of
SkQ1 on the content and degree of activation of MC
were observed when intraperitoneal administration
of the drug was employed [59]. In vitro studies (see
below) confirmed the suppression of MC degranula-
tion by SkQ1. These observations suggest that SkQ1
can effectively reduce MC activation in wounds,
which prevents histamine-dependent vascular per-
meability and tissue swelling.

Mechanisms of Regenerative Processes
Stimulation Induced by SkQ1

To date, it has been established that SkQ1 accel-
erates both the inflammatory phase of wound healing
and the proliferative phase. SkQ1 targets the different
cell types responsible for wound healing. Below the
main mechanisms of SkQ1 action on wound healing
using the in vitro studies data is proposed (Fig. 4).

To study the mechanisms of SkQ1 action on in-
flammatory activation of the endothelium, endothelial
cell cultures were activated by the major pro-inflam-
matory cytokine, TNF. It has been found that:

1) SkQ1 suppresses TNF-dependent expression
of the adhesion molecules and their exposure at the
cell surface. As a consequence, the adhesion of neu-
trophils to the monolayer of endothelial cells decreases
under SkQ1 action [55, 56].

2) SkQ1 suppresses TNF-dependent expression
of pro-inflammatory cytokines [55, 56].

GENERAL REANIMATOLOGY, 2018, 14; 2

www.reanimatology.com



82

DOI:10.15360,/1813-9779-2018-2-69-86

Experimental Studies

OmnucaHHoe BbIIIIe IIPOTUBOBOCIIAIUTEIBHOE JIeii-
creue SkQ1 Ha aHAOTEII BO MHOTOM O0BSACHSIET CHHU-
JKeHre nHpUABTpau HeuTpoduioB B panbl. OHAKO
YCKODPEHHBIIT epexoj K MAaKpodaraabHO CTaJuu BOC-
HaJIUTeIbHON peakiiy Hab 0 AABIIMIAC IO A€iCTBU-
em SkQ1 in vivo ykasblBaeT Ha BO3MOMKHOE y4acTue
MuToADK B peryJsiium ak THBHOCTH HEUTPODUIOB U
IPYTUX UMMYHHBIX KJIeTOK. Ha MMMYyHHBIX KJIeTKax
4eI0BeKa ex vivo GBI YCTAHOBJIEHO, UTO:

1) SkQ1 cTuMyaupyer Kak CIIOHTAHHBII aIlol-
TO3 HEHTPOMUIOB, TaK U, B 0OCOOEHHOCTH, alloNTO3,
YACTUYHO MOJABJIEHHBIN MOJ JEHCTBUEM IAaTOTeH-
ACCOIMUPOBAHHBIX CUTHAJIBbHBIX MoJsiekyan (PAMP)
[56] niu curHANTBHBIX MOJIEKYJI, CBSI3AHHDIX C TIOBPEIK-
nernnem (DAMP) [55].

2) SkQ1 noxasasier akrusarmio HAITDH oxcu-
J1a3bl ¥ CBSI3AHHBII C 9TUM OKUCIUTEBHBII B3PbIB IIPU
AKTUBAIMK HEUTPODUIOB KOMIIOHEHTAMU, UMUTH-
pylomuMu GaKTepuaibHble IaToreHsr [56].

3) SkQ1 unrubupyer sK30LUTO3 (AErpPaHyis-
I[UI0) BHYTPUKJIETOUYHBIX BE3UKYJ IIPU AKTUBAIUK
HeiTpoduios [56]. CxonHoe noiaBeHme aerpanyJisi-
uu oz geidcrereM SkQ1 Hab/04a10Ch B TYYHBIX
kieTkax [61].

4) CrpykrypHO cxomaublii ¢ SKQ1 MuToxXoHApH-
aJIbHO-HAIPABJIEHHbI aHTHOKCUAAHT MitoQ nHrubu-
POBAJI TIPOLYKIINIO TPOBOCIIAIUTEIbHBIX IIUTOKUHOB 1
HOBBIIIEHUIO TIPOAYKIIMK TPOTUBOBOCIAIUTEBHBIX
1TOKUHOB (c1BUT K (heHoTHy M2) B Makpodarax [41].

[lonaBnenrie akKTUBHOCTU HEUTPOMUIOB MO
neiictreM SkQ1 MOKeT IpensTcTBOBaTh UX OaKTe-
PUIIIHOMY JeiicTBUIO. B Toske BpeMst ycTaHOBIIEHO,
4TO BBICOKME KOHIeHTpauuu SkQ1 obmazaior aHTH-
CEeNTUYECKUM [IefICTBUEM TIPOTHUB IIMPOKOTO KPyra
I'pam-nostokuTenbHbIX U [paM-0TpHULIATENHHBIX OaK-
tepuit [62]. Takum o6pasom, SKQ1 npu noKaIbHOM
PUMEHEHUU MOJKET CIOCOOCTBOBATH YHUUTOKEHUIO
HAaTOTeHHBIX MUKPOOPTAaHU3MOB B PaHe, KOMIIEHCUPYSI
HEJOCTATOK HENTPO(UIOB.

Vccnenosanus Mexannsmos geiictsust SkQ1 Ha
pOXoKeHue nposrdepaTuBHON (a3l paHO3AKIB-
JIEHU TTOKA3aJIH, 4TO:

1) B kyzabrype mnoakoxubx (Gudpobaactos
yestoBeka SKQ1 BoisbiBaer gudepPeHIUPOBKY YacTh
nonysiin (okosio 30%) hubpobractos B Muohuo-
pobuactsl [63]. DT0T ahdeKT ObLI CBA3AH C AKTUBA-
mueit TGFB1, ocHOBHOTO IUTOKUHA, PETYIUPYIONIETO
maddepeHInpoBKy GubpobaactoB. Bmecte ¢ Tem
SkQ1mnomasasier HakorieHue MuoGUOPOOGIACTOB,
Boi3Bantoe n3bbitkom TGFE(1, mnrunbupyst TGES1-
3aBUCHMbIC CUTHAJIbHBIE TTYTH [63]. DTH TaHHBIE COOT-
BETCTBYIOT OTCYTCTBHIO TUIIEPTPOGUPOBAHHBIX PYO-
OB ¥ WHBIX TPU3HAKOB (GUbOPo3a y KUBOTHBIX
nosnyuasimx SkQ1;

2) SkQ1 crumysaupyer moABUKHOCTH (HuOPO-
6JIaCTOB B MOZEJIN <PAHbI» i1 vilro IPU TUIIEPIJIAKe-
mun [51];

3) SkQ1 crumyaupyer aHTHOTEHES in vitro Gia-
rofiapst aktusaiu B pudpodiacrax TGFB1 u ctumy-

3) SkQ1 prevents TNF-dependent disruption of
the cytoskeleton and disassembly of the intercellular
contacts, which leads to permeabilization of the en-
dothelium [56].

4) The anti-inflammatory effects of SkQ1 are re-
lated to inhibition of the pro-inflammatory transcrip-
tion factor NFkB, which controls the expression of the
adhesion molecules and matrix metalloprotease
MMP-9. The latter cleaves VE-cadherin, the main
protein of the intercellular contacts [56].

5) SkQ1 protects endothelial cells from apop-
totic death caused by high doses of TNF [60].

The anti-inflammatory effects of SkQ1 on the
endothelium largely explain the reduction of neu-
trophil infiltration into the wounds. However, the in
vivo SkQ1-induced accelerated transition of inflam-
mation reaction toward the macrophage stage demon-
strates the possible involvement of mitochondrial
ROS in regulation of the activity of neutrophils and
other immune cells. Experiments using human im-
mune cells ex vivo have found that:

1) SkQ1 stimulates both spontaneous apoptosis
of neutrophils and, in particular, apoptosis, partially
suppressed by PAMP [56] or DAMP [55].

2) SkQ1 suppresses the activation of NADPH
oxidase and the associated oxidative burst when neu-
trophils are activated by compounds that mimic bac-
terial pathogens [56].

3) SkQ1 inhibits the exocytosis (degranulation)
of intracellular vesicles upon activation of neutrophils
[56]. A similar suppression of the degranulation by
SkQ1 was observed in mast cells [61].

4) MitoQ, a mitochondria-targeted antioxidant
structurally similar to SkQ1, inhibited production of
pro-inflammatory cytokines and increased production
of anti-inflammatory cytokines (shift to M2-pheno-
type) in macrophages [41].

Suppression of neutrophils activity by SkQ1 can
prevent their bactericidal effect. It was found that
high concentrations of SkQ1 have an antiseptic effect
against a wide range of Gram-positive and Gram-neg-
ative bacteria [62]. Thus, local application of SkQ1
contributes to the destruction of pathogenic microor-
ganisms in the wound, compensating the deficit of
neutrophils.

Evaluation of mechanisms of SkQ1 action in the
proliferative phase of wound healing demonstrated
that:

1) In the culture of human subcutaneous fibrob-
lasts, SkQ1 causes differentiation of a part (approx.
30%) of fibroblasts toward myofibroblasts [63]. This
effect was associated with the activation of TGFf1,
the main cytokine regulating the differentiation of fi-
broblasts. At the same time, SkQ1 suppresses the ac-
cumulation of myofibroblasts caused by an excess of
TGFf1, inhibiting TGFS1-dependent signaling path-
ways [63]. These data correspond to the absence of hy-
pertrophic scars and other signs of fibrosis in animals
receiving SkQ1.
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JISIIIUY CUHTE3a APYTUX (GaKTOPOB POCTA, IPUBOISIIINX
K YCKOPEHHIO POcTa cocy/10B [52].

4) SkQ1 crnocobCTBYET YCKOPEHUIO SIINTEIN3a-
I[UU B MOJIEJTM «PAHbI» B MOHOCJIOE KJIETOK UMMOPTA-
JIN30BAHHO JINHUU SMUTENUST KPBICHI, YCKOPSIST MUT-
pAIUIO ATUX KJIETOK K KpasiM «paHbl» [54].

3akiaoyeHue

MuToXoHAPUU UTPAIOT OTIPE/EIAIONIYIO POJb B
(hopmupoBaHUN OKMCIUTENBHOTO CTPECCA, KOTOPBIi
ABJIAETCS KIIOUEBBIM (haKTOPOM MaToreHe3a TpyAHoO-
3aKMBAIOMIMX ¥ XPOHUYECKUX paH. Boicokoaddek-
TUBHBI MUTOXOHIPHAIbHO-HAIIPABICHHDLIN aHTH-
okcugant SkQ1 cruMyanupyer 3akuBAeHIE KOKHBIX
paH, JIeMiCTBYS Ha BOCTIATUTEIbHYIO U Tposudepa-
TUBHYIO (pa3bl paHO3aKUBJICHUSA B PA3JIUYHBIX dKC-
MepUMEHTATbHBIX MOJIEJISAX i1 0ivo U in vitro. ViMetoT-
cd OCHOBaHUWA TIIoJaraThb, YTO TIpemapaTbl s
JIOKQJIbHOW Tepanuu TPYAHO3AKUBAIOIINX PaH Ha
ocuose SkQ1 nocayxar spHEKTUBHBIM CPeICTBOM
GOpBOBI ¢ JINTENBHO HE3aKUBAOIUMI PAHAMU Y
Pa3HBIX KaTETOPUH MalMeHTOB, B TOM 4HCJe — TIPU
caxapHoM guabere, a Takyke y MalueHToB ¢ XpOHuYe-
CKUMU KPUTUYECKUMU COCTOSTHUSAMU U PEIUANBU-
PYIOIUMU UHQPEKITUAMHU.

Baaromapuocru. PaGora BbITIONHEHA TIPH TIO]I-
nepskke Poceniickoro Hayunoro @owa, mpoekT Ne 14-
50-00029 (pasmesbl 0630pa ¢ OIbITaAMK Ha ;KHBOTHBIX )
a Takske mpu mojepkke mpoekta PODU Ne 16-04-
01074_a (paszmessl 0030pa ¢ onbITaMu in vitro). Otaeib-
Hast Giaroapocth A. [IpUX0bKO 32 KPUTHYECKOE MTPO-
YTEeHKE TEKCTa ¥ TOMOIIb B pabOTe € PUCYHKAMH.
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2) SkQ1 stimulates the mobility of fibroblasts in
the «wound» model in vitro under hyperglycemia [53].

3) SkQ1 stimulates angiogenesis in vitro due to
activation of TGFf1 in fibroblasts and stimulation of
synthesis of other growth factors accelerated vascular
growth [52].

4) SkQ1 promotes epithelization in the
«wound» model in the monolayer of immortalized rat
epithelial cells, accelerating the migration of these
cells to the edges of the «wound» [54].

Conclusion

Mitochondria play a critical role in the forma-
tion of oxidative stress, which is a key factor in the
pathogenesis of wounds with impaired healing and
chronic wounds. Highly effective mitochondrial an-
tioxidant SkQ1 stimulates the healing of cutaneous
wounds by accelerating both the inflammatory and
the proliferative phases of wound healing in various
models in vivo and in vitro. Reviewed data suggest
that SkQ1-based topical drugs for the local wound
healing possess high potential to become effective
treatment for wounds with impared healing in pa-
tients suffering from diabetes, chronic critical illness
and recurring infections.
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ObIIAA PEAHUMATOJOINA

Hayuno-npaxkrudeckuii skypHais «O01as peaHinMaToN0T s,
Bxozstmuii B nepeuerb BAK PD, B Scopus u apyrue 6a3bl JaHHBIX,
Ipe/iHasHavyen JJisi Bpaueil aHecTe3noI0roB-PeannMaToI0roB U HAyYHbIX COTPYIHUKOB.

Tematuka JKYpHaJIa: MaTOTe€HE3, KIIMHNKA, INarHOCTUKA, JIEeYCHNE, HpOCI)I/IJIaKTI/IKa 1 IIaTOJIOTHYECKAad aHAaTOMU A
KPUTHUYECKUX, TEPMUHAJIbHBIX W TMOCTPpEaHUMAIIMOHHDBIX COCTOﬂHI/IfI; OKa3aHue I[OI‘OCHI/ITH.JII)HOfI TImoMomun 1pu
KPUTUYECKUX COCTOAHUAX; o6yquMe HacejieHUuA U MEJUIMHCKOTIO IIepCoHaJla IIpueMaM OKa3aHuA HEOTJIOKHOMN
ToMomu 1mpu KpUTHIECKUX COCTOAHUAX; OIITUMU3allNA pa6OTI)I OPMT, IOpuan4eCcKrue n 3TU4YeCKrue BOIIPOCHI B

obmactu AHECTE3NO0JIOTUN-PEAHUMaTOJIOT .

Aynuropusi: sedeGHble yUPEsK/eHs; BbICIIMe yueOHble 3aBe/leHIs MEANIIMHCKOTO TIPOMIIIS; MeAUIIUHCKIE
VUPEKIEHUS MIOCTIEAUTIIIOMHOTO 0OpasoBaust, DeziepasibHble U PErMOHAIbHBIE OPTaHbl YIIPABJICHUS 3/[PAaBOOXPAHEHUEM,
MEIUIIMHCKUE HAYYHO-UCCIIE0BATEIbCKIUE HHCTUTYThI; MEAUIIUHCKUE OUGINOTEKH.

IOAIINCKA

B mo60om nourosom OT/JCJIEHUH CBS3U 110 KaTaJaory «KHI/II‘a-CepBI/IC»

e nHAeKC 46338 — /U1 MHAMBUIYAIbHBIX HOATTMCYUKOB
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Xponmnka

ITamsitu npodeccopa
I0. A. YypasieBa

In Memory of Professor
Yury A. Churlyaev

25 nekabpst 2017 roga Ha 70-M TOLLY JKU3HU MOCTIE
MPOJOJUKUTEIbHOM OoJiesH He crajo YypiseBa
IOpust AnekceeBnya, TOKTOpa MEIUITUHCKUAX HAYK,
npodeccopa, 3aBeyroniero Kadeapoii aHecTe3n0J10-
iy ¥ peanuMarosoruu HoBOKy3HEIKOro rocyiapert-
BEHHOTO MHCTUTYTa YCOBEPIIEHCTBOBAHMS Bpadel —
dbunmmama OIBOY 1110 Poccuiickoit MeAUIINHCKOMT
aKaJ[eMUU HETIPEPBIBHOTO TTOCIEUIIIIOMHOTO 00paso-
Banwst Munszapasa Poccun, 3acayxentoro Bpada PO,
naypeata npemun [IpaBurensctea PO.

[Opuii Anekceesnu poauicsa 15 gexabpst 1948 r.,
HOCJIe OKOHYAHUS JIeueOHOTO (hakyJIsTeTa AJITalicKOTO
rOCy/ITapCTBEHHOTO MEINITMHCKOTO MHCTUTyTa B 1972
r. paboTas BpauoM y4acTKoBoi GobHUIBI KpacHote-
KOBCKOTO paiiona Asrtaiickoro kpast. C 1976 r. ero Tpy-
JIOBOW Iy Th TTPOIOJIZKAJICS B TOPOJICKON KIMHIUIECKON
6ospamIe Ne 29 1. Hooxkysrerika. C 1979 mo 1981 rr.
obyuajicst B KJIMHIMUYECKON opauHaType Ha Kadeape
AHECTE3UOJIOTUN U PeaHnMaToIorn HoBOKY3HEIIKOTO
rOCY/IapCTBEHHOTO HHCTUTYTA YCOBEPIIEHCTBOBAHUSI
Bpaueit (I'M/[YBa), mocie okoHuaHNS KOTOPOI BHOBD
HAYaJ TPYAUTCS B BBINIEYKa3aHHON OOJIbHUIIE. 3/€Ch
OH BBIPOC OT PSIIOBOTO Bpadya aHeCTe3MOJI0ra-PeaHu-
MaToJiora /1o 3aBemymomiero otaeneHueM (1984 1.)
KPYITHOI KJINHIYECKOM GOJILHUIII, KaHANaTa Me/IN-
MUHCKKUX HayK (1987 1.), mokTOpa MEIUTIMHCKIX HAYK
(1997 .). B 1998 1. 10. A. YUypJisieB usbpaH 3aBeyto-
M Kaderpoil aHeCcTe3M0JOTUI U PeaHUMATOJOTUH
Hogoxkysnerikoro TM/IY Ba, B 1999 r. yTBep:kieH B
3Banuu rpodeccopa. [IpekpacHbiii opranusaTop, 1po-
eccop 10. A. UyprsieB B 3TOM Ke TOY MPOTIET O
KOHKYPCY Ha [OJUKHOCTH JUPEKTOPA U BO3TJIABUI
QDuimran HayYHO-UCCIENOBATENBCKOTO HHCTUTYTA
obmeil peanumarosiornu  Poccuiickoil  akajgemun
MEIUITITHCKIX HAYK.

FOpuii AstekceeBrd GbIJ MIBBECTHBIM BBICOKOKBA-
JubUINPOBAHHBIM IPAMOTHBIM AHECTE3M0JIOTOM-pea-
HUMATOJIOTOM, TIeZlaroroM ¥ yueHbiM Kysbacca.
OCHOBHBIMU HAMTPABJIECHUSIMI HAYIHOH 1€ TENLHOCTI
Yypasiesa 0. A. 6buin wiccenoBanus GyHIaMeH-
TaJbHBIX OCHOB KPUTHYECKUX COCTOSTHUN MIAXTEPOB,
naToreHe3a KPUTHIECKUX, TEPMUHATIBHBIX U [TOCTPea-
HUMAIMOHHBIX COCTOSHWH y TIaxTepoB. bBobIioit
Biyaz FO. A. UypJisieB BHeC B MCCIIE/IOBAHWS W pa3pa-
GOTKY OpPraHU3al[MOHHbIX 1 aHECTE3UOJIOTO-PEAHNMA-
TOJIOTUYECKUX MTPOOIIEM, KACAIOTIIXCSI IIAXTHON TPaB-
Mmbl. Crapanusimu [Opust AznexceeBwua dumman
HAYYHO-UCCJIEI0OBATEIHCKOTO MHCTUTYTa O0IIel pea-
HUMATOJIOTUH OBLIT TOJIOBHBIM yupeskaeHueM Kysbac-

ca 110 BOIIPOCAaM aHeCTe3NOJOTUN-PeaHUMaTOJIOTHH,
13 CTEH KOTOPOTO BBIILIN MHOTHE BUIHBIE PYKOBO/IU-
TN 3JPABOOXPaHeHUst 00JIACTH U TIPOCTO TPAMOT-
HbIe, U BBICOKOIIpOdeccCHOHATbHbIE BpAaul aHECTe31O0-
JIOTU-PEaHUMATOJIOTH.

IIpodeccop UypaseB ObLT HE TOJIBKO BPadoM,
11€/Iar0rOM 1 YYEeHbIM, HO U TPEKPACHBIM OPraHu3aTo-
POM 3/IpaBOOXPaHEHM, OH yMeJ HATAKUBATb OTJINY-
HbI€ JIeJIOBbIE OTHOIIEHUS, criocoOcTByIomnme sdex-
TUBHOMY PEIIEeHUIO 33/1a4 CTOSAIIUX Mepe]] KIMHUKOM
U cayKO0U aHECTE3NOIOTHU-PEAHUMATOIOTHH TOPOJIA
Hogokysuerika. [To nunuinatuse FOpus AnexceeBrua
B cTpykrype dusmana HVUW obuieil peanuMaTosorum
uMenu B. A. HeroBckoro ObLIM CO3/1aHBI OT/AEJICHUE
Helipopeanumaiu, Ha 6ase [TopoACKON KIMHUYECKOI
60sbHMIIBI Ne 29 1 KIMHMKA aHECTE3U0JIOTHH U Pea-
HuMaTosioruu. I103:xe ObLIIr OTKPBITHI OT/IEJEHUST Pea-
HUMAIMK 1 UHTEHCUBHOH Tepanuy Ha 6ase ropoACKoi
KJINHUYECKOU 60bHUIBI Nel. Pe3ysibraTsl HaydHBIX
uccaepoannii mpodeccopa 0. A. UyprsieBa Buenpe-
HBI B MPAKTHUYECKOE 3PABOOXPAHEHUE B JiedeOHbBIX
yupexaenuax Kysbacca.

IIpodeccop Yypases FO. A. umes 601b110i1 OIIBIT
[eIaTOTMYeCcKoil PaboThl — MO/ €ro PYKOBOACTBOM
COTPYAIHUKM Kadepbl aHeCTE3NOJIOTUH U PeaHuMaTo-
gorun Hosokysuenkoro TM/IYBa Beiu 60Jibiinyio
[eIATOTUYECKY 0, HAYYHYI0, OPTAHU3AIHOHHYIO PabOTy
110 BOITPOCAM aHEeCTE3UOJIOTUU 1 peaHnmarosioruu. Vim
cosziata GOJIbIIAST IKOJIA KIMHUYECKUX AaHECTE3HOIIO-
rOB-PEaHNHUMATOJIOTOB, U3YYAIOINX MEXaHU3MbI Pa3-
BUTHS KDUTHYECKUX COCTOSTHUHN Y MIAXTEPOB U paspaba-
TBIBAIOIIINX HOBBIE METO/IbI KOPPEKITH Y HUX TSXKEJIbIX
HapyIIeHu TOMeocTas3a ¢ IPUMEHEHUEM COBPEMEHHBIX
texnosnoruil. [log pykoBoACTBOM U ITPU KOHCYJIBTAIIUN
nipobeccopa 0. A. Uypnsiesa 3atuiieno 22 kanjauiaT-
CKHe ¥ 5 IOKTOPCKUX auccepraiuii. Ero yueHukn Bos-
[JIABJISAIOT OT/IEJICHNUS aHeCTEe3M0JI0TUNU-PeaHuMAaTOO-
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TUHU TOPOACKUX KAuHUYIecKux Goabtui Ne 1, 2, 7, 29
ropoma HoBokysHelrka, 06acTHoi 6osibHuLb I. Keme-
poBo, B ®I'BY «HoBoky3Henkuit HayuHo-IpakTuye-
CKUH HEHTP MEIUKO-COIMATBHON SKCIIEPTU3bI U peabu-
gurtanuu wHBaIUA0B> Muntpyna Poccun, kadenpy
anecresuosiorn u peanumarosornn OI'BOY BIIO
«KemepoBckuit Tocy1apcTBEHHBIN MEAUITMHCKUH YHU-
BepcurteT> Mun3zapasa Poccnn.

IO. A. Yypisges mpoBoaus GOJBIIYIO HAYYHO-
OPraHM3aIMOHHYTO U 00IIECTBEHHYIO PabOTy: OH GBI
yjieHoM yueroro coeta HI obmieil peaHnMaTo10rium
nmenn B. A. Herosckoro, 4ieHOM inccepTaiiioHHOro
COBETA 10 3aIHTe JOKTOPCKUX M KaHIUJATCKIX JIUC-
cepTanuii Mo CIIEINAIbHOCTIM «AHECTE3NOJOTH 1
peanmmMaTosioTus» U «IlaTonornueckas pusnonorus»
npu HUU o6meit peannmarosioruu um. B. A. Heros-
CKOT0, YIEHOM HAITMOHAJIBHOTO COBETA TI0 PEAHUMAITHH,
yyieroM EBporreiickoro cosera 1o peanumariin. C 2005
roga IOpuit AnexceeBuy ObLI YJIEHOM DPEIKOJIEINU
sxyprana «O61as peanumatonorust». JKypHan BXoauT
B riepeuedb BAK Poccun nepuognyecknx HaydHbIx u
HAYYHO-TEXHUUECKUX U3/IAHUI, PEKOMEHIOBAHHBIX [IJIsT
MyOIUKAINIT OCHOBHBIX PE3YJILTATOB [MCCEPTAIUiT Ha
COMCKaHWe YUYEHOU CTeNeH! JOKTOPA WM KaHIUAaTa
Hayk, ungexkcupyerca B Scopus, PUHII, Index Coper-
nicus International PLC.

[Tpodeccop Uypases IOpwuit AsnekceeBud aBTop
6osee 40 marenToB Ha U3006peTeHus U nopanka 400
HayYHBIX PAOOT, B TOM YHCIIE PsA/la Y49eOHUKOB U MOHO-
rpaduii.

[Tpodeccop 1O. A. HypisieB MHOTOKPATHO BBICTY-
Al C IOKJIAIaMU U JIEKIIUSIMU Ha KOHTPEeCCcax, Che3ziax,
KOH(EPEHIIUAX, CUMITO3MyMaXx 3a PyOesKOM U B Halei
CTpaHe.

Tpyn IOpus AnexceeBuua UypisieBa oTMeueH B
2001 r. marpaznoii I'y6epuatopa Kemeposckoit o0ia-
ctu, A. I. TyneeBa — Menanbpio «3a 0coObIi BKJIaJ B
passutie Kysb6acca» 111 crenenn. B 2002 r. emy mnpu-

CBOEHO TI0UYeTHOE 3BaHne «3acay:keHubiii Bpau PMs».
B 2005 r. on Harpaxaen Menaibio «3a ciaysxkenne Kys-
Gaccy». IOpuii AjexceeBrd HEOIHOKPATHO OBLIT OTME-
yeH aamuaUcTpanueir HoBokysuerka u Kemeposckoit
06J1acTH, KaK OJINH U3 TIPEYCHEeBAIONINX PYKOBOIUTE-
Jiel U OpPraHu3aToOpPOB 3[PAaBOOXPAHEHMSL: [Ba 6iaro-
JIApCTBEHHBIX MICbMa OT ArMuHucTpaimu Kemepos-
ckoii obmactu (1998, 2004 rr.), HOYETHbIE FPAMOTBI OT
agmunucTpanuu Kemeposckoii obmactu (2000 r.),
[lemapramenTa HayKuM W BbICIIEH MKOJIbI Kemepos-
ckoit obmactu (2002 1.), aAMUHUCTPAIMU TOPOAA
Hosoxysnerka (2000 r.) u yripaBienust 3[paBooxXpaHe-
nusg Apmunuctpaiu ropoga Hosokysnerka (2003 1.).
B 2010 romy coBMecTHO € KOJIJIEKTUBOM KOJIJIET CTAJ
Jlaypeatom mnpemuu IlpaBurtensbctBa Poccuiickoit
Depreparuy B 061aCTH HAYKU ¥ TEXHUKH <32 TIOBBI-
neHue 9pheKTUBHOCTH AUATHOCTUKY 1 JIEYE€HUST OCT-
poro pecrnimpatopuoro auctpecc-cuugapoma (OP/C)
Ha OCHOBE Pa3pabOTKY W BHEJPEHVISI HOBEHIITNX MEIH-
IIUHCKUX TEXHOJIOTUIT».

Boicokuii npodeccrnonannam, OTBETCTBEHHOCTD,
9yTKOE, T06POE OTHOMIEHHE K JIO/AM, HHTEJJIUTECHT-
HOCTbh, CKDOMHOCTb 1 TIOPSIIOYHOCTH cHUCKau KOpuio
AJtexceeBNYY 3aCTy’KEHHBIN AaBTOPUTET CPEU KOJLIET,
YUYEHUKOB U GJIar0IapHBIX MalHeHTOB.

Ymen w3 kusHm 3amedatenpHblil Yesosex,
Bpau, Yuensrit u [legaror. CBeTnias mamsaTh 0 HEM
HaBCET/]a OCTAHETCS B CEP/IaX BceX 3HABIMUX IOpus
AnexceeBnya.

Pedaxuus scypnana «Obuas peanumamonozus»,
Koanexmue HMucmumyma obweli peanumamonozuu
umenu B. A. Hezoecxozo @HKI[ PP, compyonuxu
Kaghedpot anecmesuonozuu-peanumamonozuu Hosokys-
HeUK020 20CY0apcmeenHnH0z0 UHCIUMYMA YCcoBePULEH-
Ccmeosanus epavet, 0pysvsi U KOILEZU BbPAKCAIONM
uckpennue coboneznosanus poonvim, 6auskum KOpus
Anexceesuua Qypasiesa u cxopbsm emecme ¢ HUMU.

www.reanimatology.com
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Xponuka

ITamstu npogeccopa
H. B. IllannoBanoBoii

In Memory of Professor
Nina V. Shapovalova

22 despang 2018 roga na 86-om roxay ymuina u3
SKU3HY BUIHBIN YIE€HBIH, TATTAHTIUBBII TT€IaTOT IOKTOP
MeMIMHCKUX Hayk, [ToueTnsrit mpodeccop Boponesk-
CKOT'O FOCYZIAPCTBEHHOTO MEIUITITHCKOTO YHUBEPCUTETA
nMm. H. H. Bypnenko IllanoBanosa Huna Baaanvmupos-
Ha. OHAa CTOsJIa Y UCTOKOB CTAHOBJIEHMS AaHECTE3NOJI0-
ro-peaHnMaIIMOHHON ¢J1ykK0b1 BopoHesKcKoil o61acTi 1
TI0 MIPABY CYUTAETCST OJTHUM U3 €€ OCHOBOITOJIOKHUKOB.

Huna Baagumuposha poauiack 30 HossOpsa 1932
roga B HoBoxonepcke B cembe cayskanux. B 1950 r.,
OKOHYUB ¢ CepeBPSTHON MEAANBIO MIKOJTY, MOCTYITHIA B
Boponexxckuit  rocynapcTBeHHBIN ~ MEIUIIMHCKUN
nuctutyT uMm. H. H. Bypaenxo. C 3 kypca ona nauasna
AKTUBHO 3aHUMAThCS B HAYYHOM CTYIEHIECKOM KPYK-
Ke Ha Kadenpe ToCIUTATBHOM XUPYPTHH TI0]] PYKOBOI-
ctBoM 1ipoheccopos B. I1. Papynikesnua u b. @. /[us-
Horopckoro. CHavasa oHa 6blTa CTapOCTO KPYKKa, a
3aTeM MpeJiceiaTesieM HayYHOTO CTYICHYECKOTO 0b1Ie-
crBa. Bee cBobosiHOE OT 3aHATHIA BpeMsT OHa OT/IaBaJIa
paboTe B XUPYPTUUECKOM KPY/KKe, 4acaMy 3aHUMa-
JIaCh B OKCIIEPUMEHTATBHON JTaGOPaTOPUHL.

Ha 3ape ee HayuyHoIl 1€TeIbHOCTH OCHOBHBIMU
HATPaBJIEHUSIMU MCCIEOBAHME cTagu mpobiaema
TSAKEJION TPaBMbI ¥ OKa3aHWe MOMOIIH GOJBHBIM,
HAXOJISIIIUMCST B KPUTHUECKOM cocTostiui. Ere 6yry-
YU CTYAICHTKON, OHa OMyOINKOBAIA PE3YIBTAThI CBOUX
MEPBBIX UCCTEOBAHNIT B KIMHUKE W 9KCIIEPUMEHTE.
YdacTBoBasa, BBICTYIIAS C HAYYHBIM JOKJAIOM, HA
OJTHOM 13 T06UJICHHBIX 3ace/JaHUil HAYYHOTO CTY/ICH-
dyeckoro obmiecTBa B MUHCKOM TOCYAapCTBEHHOM
MEIUITITHCKOM UHCTUTYTE.

ITo oxonuanuu nacrutyra (1956 1.) H. B. Ilamo-
BaJIOBA — OPJIMHATOP, A 3aTeM 3aBeIyIONIast OTAeTeHN-
€M TPaBMATOJOTHMH U opTroneaun BopoHexkckoil
00JIaCTHON KIMHUYIEeCKON GONbHUIIBL M BHOBD IpaK-
TUYECKYIO [esITeTbHOCTh OHA YMEJIO COYEeTaeT C
HayuYHbIMU n3bicKanusiMu. B 1964 1. ycrenmio 3akan-
YIBAET KJINHIKO-9KCIIEPIMEHTAIBHBIE ICCITIEOBAHI
U 3aIIMIIAET KaHANAATCKYIO AUCCEPTAINIO « 3aTloIHe-
HUe KOCTHBIX TIOJIOCTE CHHTETUYECKUM aJIJIOTLIIACTOM
MOPOJIOHOM», BBITIOJTHEHHYIO O] PYKOBOZICTBOM ITPO-
(eccopa B. I1. Pagymkesuya.

C 1972 r. Huna BragmMupoBHa TIepexouT Ha
paboty B BopoHeKcKuii rocyqapcTBeHHbII MeUIITH-
ckuii nacrutyt uMm. H. H. Bypnenko accucrentom
Kadepbl TOCITUTATBHOI XUPYPrUu, 3aTeM TPABMATOJIO-
ruu v oprorneun, a c 1973 r. ona ctaHOBUTCS JIOTIEHTOM
Kadepbl aHECTE3MOJIOTUN U PEAHNMMATOJIOTUHU, BO3-
raasssieMoit mpoceccopom JI. M. KocoHOTOBBIM.

[lepuon ee TBOPYECKOTO paciiBeTa COBIIAJ CO Bpe-
MeHEeM PYKOBOJICTBA KadeIpoi TOCTUTAILHON XUPYP-
TWW BUJTHBIM YUIEHBIM, 3aCTYKEHHBIM JIeTeIeM HayKu
Poccuiickoit Dexmepanum, JOKTOPOM MEAWITMTHCKUX
HayK, ipoeccopom B. I1. PagymkeBmuem. VimenHO ero
OHA C TOPJIOCTBIO CYUTAET CBOUM TIEPBBIM YUUTEJIEM.
Emy npunazeskana uiest UCIoJb30BaHUS BCIIOMOTa-
TEJIBHOTO KPOBOOOPAIIEHHS B KOMIIJIEKCHOM JICUCHUN
TSKEJIOT0 TpaBMaTuieckoro moka. ChopmupoBasics
KOJIIEKTUB XUPYPTrOB, aHECTE3UOIOTOB-PEAHUMATOIO-
TOB, KOTOPBIIl HAYaJl SKCIIEPUMEHTATbHbBIC UCCITET0BA-
HUSI 110 9TO# CJIOKHON 1 akTyasibHO# ipobieme. Ho, k
BEJTMKOMY COKJICHUIO, IMEHHO B 3TOT MOMEHT YXOJTAT
u3 sxku3Hu mpoceccop B. I1. Pagyiikeuy.

KananKo-sKcrepuMeHTaIbHbIe HCCAE0OBAHMS
1o TPobJIeMe TSKEIOTO TPABMATHUYECKOTO MIOKA MPO-
JIOJIKATOTCS TIOJT PYKOBOJICTBOM 3aBeytoriero Kade-
PO aHECTE3NOJIOTUN U PEAaHUMATOJIOTHH TTpodheccopa
JI. @. KocoHoroBa, 3ac/y;KEHHOTO [I€STEIST HAYKU
Poccuiickoit Demepanu, TATaHTIUBOTO KIMHHUITICTA,
nejarora 1 yueHoro. Vljest ucrosb3oBaHust Tuiepba-
PUYECKOM OKCUTEHAIIMW B KOMILIEKCHOW Tepanuu
MIOKa MPUHA/IJIEeKaa 3aBe/yonieMy Kadeapoit mato-
JIOTUYECKON (hU3UOTIOTHH, 3aCHYKEHHOMY JIESITEIIO
nayxu PCOCP, mpodeccopy A. H. Jleonosy, aBTopy
aJlalTallHOHHO-MeTabOIMIECKO Teopur JIedeOHOTO
neiicrBust TBO. B pesysibrate 60IbIIOr0 U KPOIIOTIIH-
Boro Tpyza B 1988 r. H. B. IllamoBasoBa 3amuTnia
JIOKTOPCKYIO Jiuccepranuio «BcrmomoraTembroe Kpo-
BooGpaiieHre u Turnepbapuyeckast OKCUTCHAIMS B
KOMIIJIEKCHOM JICUEHUW TSIXKEJIOTO TPAaBMAaTHIECKOTO
mokas Bo Bcecoo3HOM HAaydHOM TICHTPE XUPYPTUU
M. akagemuka b. B. IleTpoBckoro.

C 1989 . H. B. llIaroBasioBa — 3aBeytoras Kyp-
COM aHECTE3MOJIOTUN W PEAHNMATOJIOTHH (haKyJIbTeTa
ycoBepIieHCcTBOBaHus Bpadeil. Yepes 3 roga B 1992 1.
Kypc TpaHchopMUpoBaJics B Kadeapy aHeCTe3N0JOTHN
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n peannmatosoruu MOYB (cerogust ato Uucturtyt
JOTIOJTHUTEILHOTO TPO(MECCUOHATBHOTO 0OPA30BAHUST ).
Kadenpoit Huna Bragumuposna pykoBosumia 18 ser.

Ob6nanast He3aypsAMHBIMU OPraHU3aTOPCKUMU
cniocobuoctsamu B Tedenne 10 et H. B. Illanosanosa
pabotaia jiekaHoM (hakyJIbreTa yCOBEPIIEHCTBOBAHUST
Bpaueil. Bkiiaz ee B cTaHoBjieH1e U pa3BUTHE (DaKyib-
teTa Obl1 BecbMa 3naunM. Dakysbrer mpepcTaBsi
OJIHO 13 MOIIHBIX yueOHBIX TTojipasesieHuii Bopornesk-
CKOU TOCY/IapCTBEHHON MEJIUIUHCKON akajeMun (B
HaCTosilIee BpeMs — YHUBEPCUTET ), UMelolee XOPOIlo
OCHAIIEHHYTO TPOU3BOJICTBEHHYIO (a3y.

[Tpy akTUBHOM B3aMMOJEHCTBUU C IIPaKTHYe-
CKUM 3/[paBOOXPaHeHMEM K I1e/[arOrMyecKoMy IIpoliec-
CY OXOTHO ITPUBJIEKAJIUCE €T0 JIy4lllne IPeACTaBUTEIN.
KanpoBblii cocTaB 1OIOJHAICS HOBBIMU JOKTOpaMU
Hayk. J[0CTaTOuHO CKa3aTh, 4TO B TeYeHMeE 5 JieT Obliaa
3allMIeHa ABa/IlaTh OJ{HA JOKTOPCKAad MCccepTaIus,
ony6anKoBaHo 15 MoHOrpaduii.

Temaruyeckoe ycoBepilieHCTBOBAHUE U TI€PETIoI-
TOTOBKA CIIEIMAJINCTOB IIPOBO/INJIACD 110 IECTUIECATH
TpeM clielnaabHoCTAM. Exeronno dhakysibreT BbIILyC-
KaJt boJiee 1ecTu Thicsty cayiaresieit. 1 ato 6buin He
TOJIBKO Bpauu u3 obsacreii UepHO3eMbs, HO U U3
Yensbuncka, Openbypra, Boarorpamga, Poctosa u
APYrux roposos. B obieM, daxyasreT GblJI TOTOB K
ToMy, 4TOOBI TpanchopmMupoBaThest B WHCTUTYT
JOTIOJTHUTEBHOTO TIPOhECCHOHATLHOTO 00Pa30BaHus,
yT0 1 pousoiyio B ssuBape 2006 roza.

AKTUBHYIO Hay4YHYIO jlesiTesbHOCTh Huna Bia-
JMMUPOBHA COBMEIIAIA C OPraHU3aTOPCKOiT PabOTOIA.
Eio, coBMecTHO ¢ yuenukamu, omy6ankoBaHo Goee

TPEXCOT HAYYHBIX PabOT B MECTHBIX, EHTPATbHbIX
U3JIaHUAX, 32 PyOEKOM — JTOKJIA/IbI HA MEKIYHAPO/I-
ubix ¢popymax B Mockse, byxapecte, Pume. Kpome
TOTO, OMyGJNKOBAHO IIeCTh MOHOrpadwuii, ojHa U3
KOTOpbIX «Benomorarenbaoe kpoBoobpaiere 1 IO
[IPU TSKEJIOM TPABMATHYECKOM IIIOKE>.

[Toy ee pykoBozicTBOM 3amuiiieHo 28 KaHau/1aT-
CKUX U 3 IoKTOpCKuX aucceprarmu. OHa 6blia 4ieHoM
JIICCEPTALMOHHOTO COBETA 110 AaHECTE3UOJIOTHH U pea-
HUMaToJIoTuK Tpu BopoHeskckoii rocynapcTBeHHOM
MEJIUIIMHCKO aKaIeMUH, WIEHOM 11POOJIEMHO KOMUC-
CUN «IJKCTPeMaJIbHble U TEPMUHATIbHBIE COCTOSHUS >,
YJIEHOM PEeIAaKIIMOHHOTO COBETA IIEHTPAIbHOTO HAyYHO-
HPAKTUYECKOro sKypHaa «O061mas peaHuMaToIOT s>

JKusnennpiii myts Hunbl BraguMupoBHbl ObLI
HACBIIIEH GOJIBITMM KOJMYECTBOM SPKUX COOBITUI 1
csepirennii. OHa OblLaa BbIIAIOIIENCS, He3ayPsAHON
JIMYHOCTBIO, HACTABHUKOM, BOCIIMTABUIMM II€JIYIO
niesty Bpadei, HayIHbIX pabOTHUKOB, & caMoe TJIaB-
HOe, TOCTONHBIX Jiozieil. Huny Bragumuposny nenu-
JIW COTPYJIHUKH 32 NeJaTOTUYEeCKUI TaJIaHT, 1eJI0Bble
KauecTBa ¥ yMeHue J0OUBAThCS TIOCTABICHHBIX T1eJIeit,
a poaubie u Guuskue — 3a 3a60TY, JacKy, 106pOTY U
TepuuMocTb. [lamMaTh 0 Heil HaBcerjia ocraHercsd B
cep/iiax KoJuler, 104epu 1 BHYKOB. «CMepTh Tex, KTO
TBOPUT GECCMEPTHBIE /IeJIa, BCETTIA TIPEKIEBPEMEHHA .

Pedaxuus scypnanra «Obuas peanumamonozus»,
Kosnexmue Mncmumyma obweti peanumamonozuy um.
B. A. Hezosckozo @HKI] PP, dpysvs u xosnezu Humnot
Bradumuposnul svipaxcaiom uckpennue cobonenosa-
HUSL e POOHLIM U OIUIKUM U CKOPOSM BMECMe C HUMU.

www.reanimatology.com
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IIpasuaa Aasa aBTOpPOB

Hndopmaius s aBTOPoB skypHaia «Q0mas peaHuMaToI0rus»>

ITpaBuIa MOATOTOBKY, IIOJAYH U MYOINKALMN PYKOIIMCH, ZOIIOJHEHHBIE B COOTBETCTBIL
¢ pekomenanmsiMu AHPU (Accormariun Hayunbsix Pegaktopos u Manareneii, PD)
u ICMJE (International Committee of Medical Journal Editors) muis Hayunbix usganuii,
BXOJAIINX B MeXKIyHApOAHbIe Oas3bl JaHHBIX, B pegakuun ot 17.02.2017 r.

Information for English-Speaking Authors

Requirements for publication in the journal General Reanimatology based
on «International Committee of Medical Journal Editors. Recommendations for the Conduct,
Reporting, Editing and Publication of Scholarly Work in Medical Journals»,
which is available at http://www.ICMJE.org.

IIpaBoBbIe acneKThI My OIMKAIMU PYKOIMCH

Yenosus nybrukayuu pyxonucu

— Pyxonucu ny6aukyorcs npu obs3aTesib-
HOM COOJIIOIEHII aBTOPOM DTHKU ¥ [IPABUIL Iy OJIm-
kauuu  (mozpobOHee  Ha  caliTe  KypHaJa:
www.reanimatology.com).

— Pyxkonucu nybiaukyores ¢ cobogeHueM
HOPM aBTOPCKOTO TIpaBa u KOH(MUAEHITNATBHOTO OTHO-
NIEHUS] K TEPCOHATBHBIM JITAHHBIM aBTOPOB.

— Pyxkoncu my6aukyores GeciiiaTHo.

— Pykonucu, TpUHSATBIE B JKYyPHAJ, TPOXOJIAT
peleH3upoBatne Ha OPUTHHATIBHOCTD, 3STHYHOCT, 3Ha-
YUMOCTb, aJl€KBATHOCTb CTATUCTUYECKOI 00paboTKI
JAHHBIX HA YCJIOBUSAX KOH(MUIEHIIMATHHOCTH 32 HC-
KJIIOYEHUEM BbISIBJIEHUST (habCU(DUKAIIN JTAHHBIX.

— PezxoJuierus ocraisieT 3a coO0i IPaBo Co-
Kpallarh U pelaKTUPOBATH PYKOIUCH.

IIpuuurnvr cusmust ¢ newamu u 3adepacku nyouu-
Kauuu pyxonucu

— Pyxomucu, He cOOTBETCTBYIONTHE TTPODUITIO
JKypHaJa, He TPUHUMAIOTCS.

— Pykomnucu, patee ony0/IMKOBaHHbIE, a TAKKe
HallpaBJIEHHBIE B JPYTOH KypHAJI Min COOPHUK, HE
MPUHUMATOTCSI.

— 3a HekoppeKTHOoe o(opMiieHrEe U HEOCTO-
BEPHOCTD IIPECTaB/IsIeMbIX OUOIMOrpadUIecKuX AaH-
HBIX aBTOPBI HECYT OTBETCTBEHHOCTH BILJIOTH [0
CHSATUS PYKOIIVCH C TIeYaTH.

— Hapymienwue npaBus ohopMIeHHST PYKOITUCH,
HECBOEBPEMEHHBIH, a TaKyKe HeaJleKBATHBIN OTBET Ha
3aMevYaHus PEleH3eHTOB M HAYYHBIX PEIAaKTOPOB TIPH-
BOJIAT K 3a/IePrKKe MyOJMKaIK [0 MCIIPABJIEHUS YKa-
3aHHBIX  HemoctatkoB. Ilpm  wrHOpHMpoBaHUM
3aMevyaHuil PEIeH3eHTOB U HAYYHBIX PEAKTOPOB Py-
KOITUCh CHUMAETCS C JIAJTbHEHTIer0 pacCMOTPEHUSI.

— Pyxonucu oTKIOHEHHBIX PabOT pemakieit
He BO3BPAIIAIOTCS.

Humepecor cmopon: Asmop,/Pedaxuust

Pemaxmus octaBisier 3a coOO0OH IIPAaBO CUUTATH,
YTO aBTOPBI, IPEIOCTABUBIINE PYKOMHUCH JJIsT IyOJIH-
Karuu B sKypHas «O0111ast peaHuMaTOJIOT >, COTJIac-
Hbl C YCJHOBUAMU TyOJUKAI[Md W OTKJIOHEHS
PYKOIIHCH, a TaKKe C TIPaBUIaMu ee 0(hopMIIeHUs.

Pepaxiust ocrassisier 3a co60ii TIPaBO CYUTATH,
YTO aBTOP, OTBETCTBEHHBIN 32 TIEPEITUCKY C PeaKIIHeEH,
BbIPa’KaeT MO3UIUIO BCETO AaBTOPCKOTO KOJJIEKTHBA.

ABTOp TMOSTydaeT MHGOPMAITHOHHBIE 2JIEKTPOH-
HBIE MHChbMa 060 BCEX Tamnax MPOABUKEHIS PYKOTIN-
CH, BKJIOYAs YBEJIOMJIEHWE O HECOOTBETCTBUU
pyKoImucu mpo@uiiio KypHajia u npasuiaM ohpopm-
JIEHUST; TEKCTHI PEIleH3NIl; pPellleHre PeAKOJJIETUN O
myOJTMKAIUN MW OTKJOHEHUU PYKOIUCH; BEPCTKY
OTPeNaKTUPOBAHHOTO BAPUAHTA PYKOIIUCH JIJIsI TIOJTY -
YEeHUST aBTOPCKOTO JI0MyCKa K TiedaTu. JlonoJHuTe b-
HY10 UH(MOPMAIINIO O TPOIBUKEHUN PYKOIIUCH aBTOP
MOJKET IMOJIYYUuTh 10 agpecy: journal or@mail.ru;
www.reanimatology.com.

lapanmuu Aemopa

ITpenocTaBieHHAs B PEAKITNIO PYKOINCH MOJI-HO-
CTBIO OpUTHHAIBHA. VIcTosmb30BaHue JIOObIX MaTEPUATIOR
JIPYTUX aBTOPOB JIOMYCKAETCST TOIBKO € UX PAa3PEIICHIUs
U TIpu 00513aTEIIHHOI CCHLTIKE HA TUX ABTOPOB.

Criicok aBTOPOB COAEPKUT TOJIBKO TEX JIHII, KO-
TOpBIE BHECJIH Oy TUMBIN BKJIAJ B KOHIIETITUIO, TIPO-
€KT, UCIIOJTHEHNEe UJIM MHTEPIPETANNIO 3asBIEHHOI
paboTHI, TO €CTh TeX JIUI], KOTOPbIe COOTBETCTBYIOT
KPUTEPUSIM aBTOPCTBA.

Pykomuice He comep:KUT MaTepHaIoB, 3alPeIleH-
HBIX B OTKPBITOH IevyaTH /efCTBYIOMMNM 3aKOHO/1a-
TesibcTBOM Poccui.

Tapanmuu pedaxyuu

JIo6bie PyKOTINCH, TTOJIyYeHHbBIE PEAAKITUEH /115t
peleH3npoBaHus, OYAyT BOCIIPUHUMATHCS KaK KOH-
(unennuanbabie fokyMeHTbI. OHU HE MOTYT OBITH 110-
Ka3aHbl JIPYTUM JIUIAM U OOCYKICHBI C HUMMU, 3a
UCKJTIOYEHUEM JIUTL, YITOTHOMOUEHHBIX Pe/laKIIuei.

HeornybukoBanHble MaTepHAJIbl, HAXO/SIIITUECS
B IIPEJIOCTABJICHHON cTaThe, He OY/IyT UCIIOIb30BAHBI B
COOCTBEHHOM HCCJIE/IOBAHIY HAYYHOTO PENAKTOPA U
pereH3eHToB 6e3 MICHMEHHOTO PAa3peleH st aBTOPa.

Perenzent ne GymeT MOMYIIEH K PACCMOTpe-
HUIO PYKOIIUCH, €CJIU UMEeEeT MeCTO KOH(MJINKT UHTe-
PECOB B €ro KOHKYPEHTHBIX, MapTHEPCKUX JUOO
APYTUX OTHOIIEHUSIX C KeM-JTO0 U3 aBTOPOB, KOM-
MAHWH NI OPTaHU3AINH, CBSI3aHHBIX C MATEPUATIOM
1y OJIUKAIIH.

GENERAL REANIMATOLOGY, 2018, 14; 2

www.reanimatology.com



92

Information for the Authors

Kongpnuxm unmepecos cmopoi: Asmop,/Pedaxuus

Koudumukr unrepecos cropon Asrop/Penak-
114 PelraeTcs Iy TeM IIeperoBOpoB CTOPOH B COOTBET-
CTBUM C JIEUCTBYIOIUM 3aKOHOAATETbCTBOM PD 1
MEKAYHAPOJHBIMM HOPMATUBHO-TIPABOBBIMU aKTa-
MM, PETYIUPYIONUMU MTYOIMKAIMIO PYKOIKCEH B Me-
JUITHCKUX JKypHATaX.

Coryracuie i Hecoryiacue Ha nyGIuKaIuio oT-
PEelaKTUPOBAHHOTO BapMaHTa PYKOIUCH BBIPAKAETCS
B 9JIEKTPOHHOM ITMCbME aBTOPA, OTBETCTBEHHOIO 32
MePeIuCKy C peJlakiuen.

DopmovlL nucvma:

1) ABTOpBI He UMEIOT 3aMevYaHuil TI0cJie 03Ha-
KOMJIEHUS C BEPCTKON M COTJIACHBI HA MyOJIUKAIINIO
MaTepuaja B IPeJCTaBJIeHHOM BUJIE.

2) ABTOpBI COIJIACHBI Ha IIyOJUKAILUIO MaTe-
puaJia rnocJie BHECEHUS B BEPCTKY CJIEIYIONTUX [TPABOK
U/WJU 3aMevanuii (Jlajee cyeyer nepeueHs ).

3) ABTOpBI He COITIACHBI Ha IyOIMKALIAIO MaTe-
puasia B PEICTABIEHHOM BUJIE B CBA3M... (00bsICHEHNE
MPUYUHBI 0TKA3a).

Penakiug m u3gaTesibCcTBO HE HECYT OTBET-
CTBEHHOCTH 32 MHEHUS, U3JIOKEHHBIE B TYOJIUKAIUSAX,
a Takke 3a cojiepskaHne PeKJIaMbl.

Cpoxu IpoABHKeHHS PYKOIIMCH

— JKcrnepTu3a Ha COOTBETCTBUE MPOMUIIO
JKypHasia 1 IpasuiaM oopmienus — He Oosee 3-x
pabouux JHEN ¢ MOMEHTA TOCTYILIEHUS] PYKOIUCH B
PelaKIINIo.

— Peunensuposanne — ne 6osee 20-u pabounx
JIHell ¢ MOMEHTA 3JIEKTPOHHON OTITPaBKHU PEIeH3EHTY
PYKOIIHMCH.

— Orser aBropa pereHsenTaM — He Gosee 7-u
paGouux jHell ¢ MOMEHTa 9JIEKTPOHHOKH OTIIPaBKU
ABTOPY PelleH3MH.

— 3acenanue pekosieruu — 1 pa3 B 2 mecsiia e
no3Hee, 4yeM 3a 1 Mecs11 10 BBIITyCKa THPasKa Ky pHaJa.

— OrmoBelnienyie aBTopa 0 pelieHnu peiKoJLie-
MU W O3HAKOMJEHHE C BEPCTKON OTpPeJaKTH-
POBaHHOTO BapuaHTa — He Mo3/Hee 3-X pabounx gHel
€ MOMEHTA BBIXOJIa COOTBETCTBYIONIEH nH(popMaImu.

OTnpaBka MaTepUAIOB IS Iy OJIUKaUK

Marepuasbl st nyOJUKAIUN HA PYCCKOM U
AHTJIMICKOM $3BbIKaX CJie[lyeT HAIpaBJsATb B BUJIE
9JIEKTPOHHBIX (DAJIOB HA CAT KypHAJa: WWWw.reani-
matology.com, wim 1O  azpecy  peIaKIHM:
journal or@mail.ru. @opmar noamnucu daiinos: da-
MUJIUSI TIEPBOTO aBTOpa, 00O3HAUYEHHE MaTepuaa
(TexkcT, MIUIIOCTPAMU U JIP.), jaTa (YUCJI0, MECSIII,
roj1). Buumanue: moJiHOCThIO aBTOMATU3NPOBAHHBIM
1epeBo/l C PYCCKOTO 43blKa Ha aHTJIUNCKUN mMeeT
HU3Koe KadecTBO u He npuHuMaetcs. HKO @onpn
«Menuiuna KpUTUYECKUX COCTOSIHUII» OKa3bIBaeT
cojieiicTBIE B MEpeBojie MaTEePUANoB Ui myOauKa-
UM C PYCCKOTO $I3bIKA HA AHTJIMNCKUIL (CIIPABKU 110
azpecy pepakuuu: journal or@mail.ru).

Martepuaut crareii BkiodaeT: 1) TUTYJIbHBIIN JIUCT;
2) pesioMe U KJIIOYEBbIE CJOBA; 3) TOJHBIA TEKCT
PYKOIIMCH € TOJIMCSAMU BCeX aBTOPOB, IMOJ-

TBEPIKAAIONUMY YYaCTHe B BBIIOJHEHUU IPEICTaB-
JIIeMON paBoThl U YIOCTOBEPSIONIUMU COTJIACHE C
coJiep;KaHneM PYKOITUCH (B BUJIe CKaHa CTPAHUILbI); 4)
Tabmuupl 1 wumoctpauuy (rpaduKy, AMarpaMMbl,
(ororpaduu, puCyHKH U T. I1.) C HOMEPOM, HA3BAHIEM
u npumedanueM; 5) 6ubanorpadudecKuii CuCoK;
6) CONPOBOMUTENBHOE TTUCHMO HA PYCCKOM SI3bIKE Ha
UM TJIABHOTO PEAKTOPA JKyPHAJIA, TOAMUCAHHOE PY-
KOBOJITEJIEM YUPEXK/IeHUsl, B KOTOPOM BbIIIOJTHEHA
pabora.
Dopma conposooumenbHOZ0 NUCLMA
[maBHOMY penakTopy *kypHamia
«O061as peaHuMaTOJIOT s>
3aciy:kenHomy zesitesnio nayku Poccun,
yen-koppecnonenty PAH, npodeccopy
B. B. Moposy

[IpocuM paccMOTPETh BOIPOC O MyOJIMKAIIH ...
(Bux pyrorucu; @avumnu, Mmena, OTuecTBa BCex
ABTOPOB; Ha3BaHUE PYKOIIUCH ).

ABTopbl pykonucu o3Hakomsienbl ¢ Mndopma-
1reH /17151 aBTOPOB, TIPEIOCTaBIEHHON Pelakineli JKypHa-
Jsa «O6Ias PeaHNMAaTOJIOTsT», ¥ COTIACHBI C TIPABUJIAMI
HO/IFOTOBKH, TIO/IAYX U ITYOIMKAIIMH PYKOITHCH.

Jlanuast pyKonuch He ay6aupyer mpeblyIue
nyGJavKaIug, B HEH He 3aTparuBaloTCs WHTEPECH
TPETbUX CTOPOH U HEe HAPYIIAIOTCS 3THYECKUE HOPMBI
myOIIKALIMH.

OTBeTCTBEHHBIN 32 TIEPENUCKY C pPelaKIuel:
WNwmst, OruectBo, Damuiiusg OXHOTO M3 aBTOPOB
pykorcu, e-mail, Tesiedon.

[Tonmuco pyKOBOAMTENS YUPEKICHUS.

CotpoBoUTENLHOE TTHCHMO JIOJKHO OBITH Ha-
nevyatano Ha OJIaHKe YUPeK/IeHUs, B KOTOPOM BBIIIOJI-
HeHa pabora.

Tpe6oBaHus K meyaTu

Buo: opuenTaiust KHIKHAsI, BRIPABHUBAHUE 110
mupune, opmat A4.

IIpugpm: Times New Roman 12-ro pasmepa
YEepHOTO IIBeTA.

Hnmepsanor u omecmynol: MEKCTPOYHDIN UHTEP-
Bas B TeKcTe — 1,5; MEXKCTPOUYHBII MHTEPBAJ B IIOAIIU-
CsIX K TabJIUIaM ¥ MILTIOCTPALIUSIM, B TPUMEYAHUSIX —
1; mHTEpBa 10 1 mocJie ab3alia — HeT; OTCTYII MepBoii
ctpokn — 1,25 cm; 1oJist — 2,5 ¢M co BCeX CTOPOH.

Hymepayus cmpanuy,;: B TpaBOM HIKHEM YTLY.

@opmam ¢paiinos: Texct, TaBIUIbI, TOAMUCH K
tabaunaM 1 umoctpanuam — Word; rpaduxu, nua-
rpammbl — Exel; pucynkun — jpeg; pororpadun — Bbi-
COKOTO pa3pelieHust, CoxpaHeHHbIe B JII060M hopMare.

Pexomendyemoe paspeuenie npu CKaHUPOSAHUU:
n300paKEHsI ¢ UCTIOIb30BAHUEM JIMHUN 1 PUCYHKH —
1200 dpi; dpororpaduu, paguorpadun — He MeHee
300 dpi; ¢pororpacdum, pagnorpaduu ¢ TEKCTOM — He
menee 600 dpi.

Enunuiiel usmMepenus 10JIKHBI COOTBETCTBOBATD
Mesxaynapoauoii cucreme emnunui] (CH), temire-
parypa — mkase [emrbcus.

Tanee cm. www.reanimatology.com
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- KOMMIEKCHOE pelleHue ANA aBToMaTu3aumm CTayuoHapoB 1 NONNKANHUK.

MonHanA 3neKTpoHHaA MeANLNHCKanA KapTa nalueHTa

ABTOMAaTM3aLNA TEXHONOrNYECKNX NpoLeccos

MHTerpaymna aHecTesnonornyeckoro u peaHnmMmaynoHHoro obopyaosaHmns
MonHbIN UNKN Ha3HAYEeHI HAa MeANKaMEeHTbI

KapTa nHTeHCcMBHON Tepanuun
Hapko3Han KapTa
MporHocTnyeckune wWKanbl

NPOTOKON AHECTEIUN  orossezon 1050
Onepauns

1100 Npe6 14 54 mmi

CyMMADHAR A033 BHECTETHROR: Retanium 5 mmmzuwmmmas ;
Undpposcas [, a/a Gomocso 1,5 rp; Meaatoss 10 mrfun, a's & 10 wr; 20 mr;
Npegieaonos 30 wen, a/s Gonocks 180 wr; wnmwrnwwqm e
Gamocso 5 ur

TOAEOCTHON BaRSNC
1500 mn LB 1000 Mn; Swa. p-p, B8 KANENEHD SO0 Mn)
Bianegeno: mmm1wmw 100 mn)
OCOBOHHOCTH TRYSHUR AHECTOINN

OcoBEMHOCTH TEYEHNR BHECTEINMN TEUEHWE SHECTEIHM IMADE.
BOHOGIHAAHE M WOIATONE !nwumuu-\tllm mea ¥ 8 M. VBN B PEssivgG HOPMOBIHTUNALIA
EACAOPOGNG-JWONCHTA Cbtnd 1 &

OPUT-4 (C > WEM)
YpoBeth COIHAHMAT MaSmaMaHTOIHER COARLIR

info@asklepius.ru
Ten. +7 967-262-56-09
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