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HayuHo-ucciie10BaTeibCKOMY HHCTHTYTY OOIEi peaHnMaToI0run
uM. B. A. Herosckoro @HKII PP — 80 xer

B. B. Mopos, A. B. I'peuko

HUWM obuieii peannmarosnoruu um. B. A. Herosekoro @HKII peaHumaToorun u peabuanToNoriu,
Poccust, 107031, r. Mocksa, ya. [lerpoBka, 1. 25, ctp. 2

The 80th Anniversary of the V. A. Negovsky Research Institute
of General Reanimatology, Federal Research and Clinical Center
of Intensive Care Medicine and Rehabilitology

Viktor V. Moroz, Andrey V. Grechko

V. A. Negovsky Research Institute of General Reanimatology,
Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
25 Petrovka Str., Build. 2, Moscow 107031, Russia

AnecTe3nosiorusi-peanuMaTosiorus (cioBa Cu-
HOHUMBI) — HayKa O KPUTUYECKUX, TEPMUHAIBHBIX U
MOCTPEAHNMAIIMOHHBIX COCTOTHUAX. be3 peannmaro-
Jioruu ObLTO ObI HEBO3MOKHBIM PA3BUTHE KAPIHOXH-
PYPIuH, TPAHCIJIAHTOJIOTUH, TTOJIOCTHOW XUPYPIUU U
MHOTHX JIPYTUX MEIUITUHCKUAX CHETIMATbHOCTEIH.

Hayuno-ucciiejoBaresibCKiii MHCTUTYT 001Iei
peannmarosioruu uM. B. A. Herosckoro @HKII PP —
rosioBHOe yupeskzienue Poccutickoit Deeparu 1mo mpo-
GreMam  aHectesuosiornu-peaHnmarosiornn. B 2016 .
WNucruryt unrerpuposan B ctpykrypy Denepasibioro
TOCY/IAPCTBEHHOTO GIOJZKETHOTO HAYYHOTO YUPEKICHUSI
«DenepasibHbIN HAYIHO-KIMHITIECKUTT [IEHTP PeaHrMa-
TOJIOTHHU ¥ PEAOUITUTOIOTHIS,

Bocembaecsar ner nazaz npukaszom Hapkomsapasa
CCCP 6bu1a cosgana Jlabopatopust CIIEIMaIbLHOIO Ha-
3HAYEHUSI 110 TIPodIIeMe «BOCCTaHOBIIEHNE JKIM3HEHHBIX
ITPOIIECCOB TIPH SIBJIEHUSX, CXOMHBIX CO CMEPThIos. Jla-
6oparoputo BozriaBu Bragumup Asiekcaniposuy He-
roBekuil. Hayunbivu wHanpasierusivu  Jlaboparopun
ObLM: M3ydeHne OOIINX 3aKOHOMEPHOCTEH yracaHust
SKU3HEHHBIX (DYHKITWIA TIPY YMUPAHUN 1 UX BOCCTAHOB-
JIEHUsT TI0CJIe OKuBJieHust (0cob0e 3HAYEHUe TTPU/aBa-
JIOCh YTaCAaHWUIO W BOCCTAHOBJIEHUIO (DYHKITHIT TOJIOBHO-
ro Mosra); codmanne 3hHEKTUBHOTO YHUBEPCATLHOTO
JITOPUTMA CEPIEUHO-JIETOUHON U 1iepeOpaibHO pea-
HUMAIW; IOKA3aTeIbCTBO PEATBHOCTY BHEJIPEHUS Me-
TOJIOB OKUBJICHUA B IPAKTHUYECKYIO MEIUIUHY, Tpe-
OJI0JIEHUE TIOUTH AOCOJIIOTHOTO CKETICHCA, HEOBEPHSI
MIUPOKUX BPaueOHBIX, a TAKKe HAYYHBIX KPYTOB K
CaMOH ujiee O>KUBJIEHUS U CONPOTHUBJICHUS ee BHEIpe-
HUIO B IPAKTHKY.

B. A. HeroBckwuii iepBbiM 00paTiil BHUMaHUE HA
TO, YTO CMEPTDb — ITO TpoIiecc. A pa3 Tak, TO MPOIIeCe
MOJKHO U HaJI0 U3y4aTh. BriepBbie ObLIO I0KA3aHO, 4TO

Anesthesiology and resuscitation (synonymous
words) are the science of critical, terminal and po-
stresuscitation conditions. The development of car-
diac surgery, transplantology, cavitary surgery and
many other medical specialties would be impossible
without resuscitation.

The V. A. Negovsky Research Institute of Gene-
ral Reanimatology, Federal Research and Clinical
Center of Intensive Care Medicine and Rehabilitolo-
gy is the leading institution of the Russian Federa-
tion on the issues of anesthesiology and resuscita-
tion.

In 2016 The Institute was integrated into the
structure of the Federal State Budget Scientific Insti-
tution «The Federal Research and Clinical Center of
Intensive Care Medicine and Rehabilitology».

Eighty years ago, a special purpose laboratory
dedicated to restoring life processes in phenomena
near death was established by the Order of the USSR
People's Commissariat for Public Health. The Labo-
ratory was headed by Vladimir Aleksandrovich Ne-
govsky. The scientific research in the Laboratory was
focused on the study of general patterns of extinction
of vital functions during dying and their recovery
after resuscitation (a special emphasis was given to fa-
ding and restoring of brain functions); on the develop-
ment of an effective universal algorithm of cardiopul-
monary and cerebral resuscitation; on proving the rea-
lity of introducing the methods of revitalization into
practical medicine; on the overcoming of almost abso-
lute skepticism and distrust in broad medical and sci-
entific circles to the very idea of revitalizing and the
resistance to its introduction into practice.

V. A Negovsky was the first to notice that
death is a process. And if so, then the process can and

Anpec 17151 KOPPECIOHIEHITUU:

Bukrop Mopo3s
E-mail: t_makarova@bk.ru

Correspondence to:

Viktor Moroz
E-mail: t_makarova@bk.ru

www.reanimatology.com

GENERAL REANIMATOLOGY, 2017, 13; 5



DOI:10.15360,/1813-9779-2017-5-6-29

Co6prTHU A

CYIIECTBYET KJIMHUYECKAS] CMEPTh — OOPaTUMbII
aTall, 1 GUOJIOTHYECKast — HEOOPATUMBIN STAll yMIpa-
Hist. OOOCHOBAHBI ¥ TIPEJIOKEHBI TEPMUHBI <«aro-
HAJbHOE COCTOSHUEY», <TEPMUHAJIBLHOE COCTOSTHUES,
«IOCTPEaHUMAINOHHAST OOJIE3HB», «CEPAEUHO-JIETOU-
Hasl peaHUMAITUsT», KOMILIEKC MeP TI0 O3KUBJICHUIO OP-
ranuama, Koropoie B. A. HeroBckuii ycrienrto mpume-
HuJl B rojibl Besinkoii OrevecTBenHol BoiiHbl. Briep-
Bble OBLJIO JIOKA3aHO, YTO OKUBJIECHUE OPraHu3Ma
JIOJIKHO CTaTh CUCTEMATUYEeCKOU paboTOI.

B 1943 r. Bpimia nepsasg monorpadus B. A.
Herosckoro «BoccranoBiienue Ku3HEHHBIX (hyHK-
U OPTAaHU3MA, HAXO/AIIETOCs B COCTOSTHUN arOHUN
WJIA KIMHUYECKON CMepTH», B KOTOPOIi o/ TYepKuBa-
eTcst HeoOXOUMOCTD IJIyOOKOro M3ydeHus JAUHAMMK-
KW yracaHus U BOCCTAHOBJICHUS TIEHTPATHHON HEPB-
HOU crCTeMbI, 6€3 Yero He MOKET OBbITh PellleHa TJIaB-
Has 3a/1a4a OKUBJICHUS — TIOJTHOIEHHOE BOCCTAHOB-
Jieane (pyHKIUI TOJIOBHOTO MO3Ta, BOCCTAHOBJICHHE
COIMAJIbHO AKTUBHOTO YEJIOBEKA.

B 1945 r. Boitiia Bropast monorpacdus B. A. He-
rOBCKOTO «OIIBIT TEPATUU COCTOSTHUI arOHUU U KJIH-
HUYECKOU CMePTH B BOICKOBOM paiiomes. B 1952 r.
MunwucreperBo 3zapaBooxpanenusi CCCP usnan nep-
BYIO MHCTPYKITHIO «O BHEIPEHUN B JIeYeOHYIO TPAKTH-
Ky METOJIOB BOCCTAHOBJICHUS KU3HEHHBIX (DYHKITHIA
OpraHM3Ma, HAaXOJAMIETOCA B COCTOSTHUM arOHUW WJIA
KJIMHUYECKON CMepPTH».

B 1954 r. B. A. HeroBckuii ory6iMKOBaI MOHO-
rpaduto «Ilatodusmosorns u Tepanusg aroHuu u
KJIMHUYECKOU cMepTu», a B 1960 1. — «OskuBienue u
HCKYCCTBEHHAS TUTIOTEPMUSI».

PasButue (hyHIaMEHTAIBHBIX HAYK CIIOCOOCTBO-
BaJIO BO3HUKHOBEHMIO B XX CTOJIETMM HOBOI HayKH,
M3YYaloIel MEXaHU3MBI Pa3BUTHUS KPUTHUYECKUX CO-
CTOSIHUE 1 pa3pabaThIBAIOIIEN CIOCOOBI HE TOJBKO
MOJI/IEPKAHKS, HO ¥ BPEMEHHOTO 3aMelleHuns (pyHK-
Ui OpraHoB M cucteM, kotTopyio B. A. HeroBckuii B
1961r. Ha KOHTrpecce TPaBMATOJIOTOB B T. Byzarmerire
MIPEJIVIOKUIT HA3BAaTh PEAHUMATOIOTHEH.

CdopMupoBasnch Tpu BasKHEHIIMX HaIrpaBJie-
HUS B MEAWIIMHE, COOTBETCTBYIOIINE TPEM COCTOS-
HUSIM OOJIBHBIX, MTOCTPAAABIINX U PAHEHBIX: [IEPBOE
— COCTOSIHME, KOT/Ia BO3MOKHO IOMOYb YEJOBEKY
TOJIbKO KOHCEPBATUBHBIMU METOJIAMU — TepaIus,
BTOPOE — COCTOSTHUE, KOT/IA HYKHBI U arpecCUBHbIC
METOJIBl — XUPYPIUs, TPeThe — KPUTUYECKHUE, Tep-
MUHAJbHBIE W MOCTPECAHUMAIIOHHBIE COCTOSHUS —
AHECTE3MOJIOTHSI-PEaHUMATOIOTUA.

3a mporreaine To/pl VIHCTUTYT TIpotiest myTh
OT M3YYEHMsI MEXaHU3MOB CMEPTHU U TIPOOJIEM OKUB-
JIEHUST, TIOCTPEAHUMAIIMOHHON GOJIE3HH, TO/IEPKA-
HUs OYHKIMI OPraHOB U CUCTEM BO BPEMS Ollepalinii
1 B [TOCJICONIEPAIIMOHHOM, MTOCTTPABMATHYECKOM IIie-
pUO/Iax, /0 COBPEMEHHBIX PEAHWMATOJOTMYECKUX
TEXHOJIOTUH W CHCTEM 3Ku3HeoOecrieueHus:, (hyHK-
[UOHAJIBHOTO U METabOJNYECKOTO MOHUTOPUHTA, U3-
yueHud Hecnenmnpuieckux HYHKITIH KIETOK.

should be studied. For the first time it was proved
that there is clinical death (a reversible stage) and
biological death (an irreversible stage of dying). The
terms <agonizing state», «terminal state», «postre-
suscitative disease», «cardiopulmonary resuscita-
tion», a set of measures to revitalize the organism
were proposed, which V. A. Negovsky had successful-
ly applied during the Great Patriotic War. For the
first time it was proved that the revitalization of the
organism should become a systematic work.

In 1943 the first book by V. A Negovsky was pu-
blished on Restoring the vital functions of an organism
in a state of agony or clinical death. In the book the
need for the in-depth study of the dynamics of fading
and recovery of the central nervous system was empha-
sized, without which the main tasks of revitalization —
a complete restoration of brain functions and the social
activity of man — is impossible to complete.

In 1945 the second monograph by V. A. Negovsky
was published on The experience of treating agony and
clinical death in a military region. In 1952 the USSR
Ministry of Health issued the first instruction On the
introduction of methods to restore the vital functions of
an organism in a state of agony or clinical death into cu-
rative practice.

V. A. Negovsky published two fundamental mo-
nographs: Pathophysiology and therapy of agony and
clinical death (1954) and Revitalization and artifici-
al hypothermia (1960).

As a result of the development of fundamental
sciences a new science emerged in the XX century
that studied mechanisms of the development of criti-
cal conditions and developed methods aimed at both
the maintaining and temporarily replacing the func-
tions of organs and systems. V. A. Negovsky sugge-
sted to call the science Reanimatology in 1961 at the
Congress of Traumatologists in Budapest.

Three important directions in medicine emer-
ged that were relevant to three states of patients, inj-
ured and wounded: the first is a state where it is po-
ssible to help a person only by conservative methods
(therapy), the second is a condition when aggressive
methods are also needed (surgery), the third group is
critical, terminal and postresuscitation conditions
(anaesthesiology and resuscitation).

Over the years the Institute transitioned from
studying the mechanisms of dying and issues of revi-
val, postresuscitation disease, maintaining the func-
tions of organs and systems during operations and
postoperative and post-traumatic periods, to modern
resuscitation techniques and life support systems,
functional and metabolic monitoring, and the study
of nonspecific cell functions.

Vladimir Aleksandrovich Negovsky and his co-
workers proved that with the extinction and recove-
ry of life, the general pathological nonspecific reac-
tions of the organism are a good example of the reac-
tions developing in diseases and injuries.

OBLI A PEAHMMATOAOI U, 2017, 13; 5
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Bnanumupom AnekcanzgpoBuuem Herosckum u
€r0 COTPYIHUKAMU OBLIO JIOKA3aHO, YTO TP YTaCAHUU 1
BOCCTAHOBJIECHUM SKM3HU, BO3HHUKAFOIE OOIIENaTOIO-
ruyeckre Hecrienuuueckue Peakiiny OpraHu3Ma, sB-
JITIOTCST IPKO-BBIPAKEHHBIM [TPUMEPOM PEAKITHIA, pa3-
BUBAIOIUXCST ITPH 3a00JIEBAHUSIX, TPABMAX, PAHEHUSIX.

Passutne mayunoii mxosiel B. A. Herosckoro u
(hopmupoBaHUe KOHIENIIUK TTOCTPEAHUMAITMOHHON
GOJIE3HU TTO3BOJIUIIO TIEPEITH HA JIPYTON YPOBEHD 110~
HUMaHUS PEAHMMATOJIOTMH HE TOJBKO KaK pasjiesa
MEIUIMHBI 00 YMUPAHUU U O;KUBJIEHUH, HO KaK TIPUH-
[UITUAJIBHO HOBOM HAYKHU O JKU3HEOOECTIeUeHUN TIPU
kputnyeckux cocrostausix. C 1948 r. maboparopust Ha-
3biBasiach «Jlaboparopust sKCIEPUMEHTAIBHON (hu-
3M0JI0TUH 110 OskuBJieHNIo opranuamar» AMH CCCP,
ac 1977 r. — «HayuHo-uccieioBaTebekast 1aboparo-
pust o6ieii peanumaronorun AMH CCCPs». B 1985
r. HayuHo-uccrenoBarenbckast jabopatopust o01ieit
pearnumarosioruu AMH CCCP 6biia peopraHu3oBa-
Ha B HayuyHo-nccieoBareibcKuii MHCTUTYT 0O011eit
pearnumarosioruu AMH CCCP, B kotropom GbLiIi Op-
raHU30BaHbI JTAOOPATOPHH 110 PA3JIMYHBIM HATIPABJIe-
HUSM PEAHUMATOJIOTHH.

B 1990 romy npu HUU obreii pearnmarosio-
rut PAMH coznan @uinan B . HoBoKy3HeIKe /171sT
U3y4YeHUsT TPOOJIEM KPUTHUECKUX COCTOSTHUN Y Tax-
TepoB. B pamkax pa6orsr Duinana ObLIM U3yUYeHbI
0COOGEHHOCTH MATOTE€HE3d, AUATHOCTUKU ¥ JIEUEHISI
KPUTUYECKUX COCTOSIHUN y IIAXTEPOB, OMyOINKOBa-
HbI HeCKOJIbKO MoHorpaduil. Ounman GyHKIHOHU-
posat 10 2012 1.

B 2009 r. Hayuno-ucciemnoBaTelbcKOMy WH-
CTUTYTY 00Iell PeaHNMATOJOTUU TIPUCBOEHO MMsI
B. A. Herosckoro.

B nacrosiee BpeMst B MHCTUTYTE (PYHKI[MOHM-
pyer 1ecTb JTabopaTopuii:

* TUIIOKCUU KPUTHUYECKNUX COCTOSIHUH (3aBe-
nyonmi — uien-koppectioneHT PAH, mpodeccop
B. B. Mopos);

*  KJIMHUYECKON MaTO(MU3NOTIOTHN KPUTHYECKUX
cocrosgHM (3aBeaytonmii — 1.M.H., A. H. Kysosies);

* TIaTOJIOTUU KJICTKH TIPU KPUTUYECKUX COCTOS-
Husx (3aBeyiomuii — JL.M.H., ripogeccop A. M. To-
ay6eB);

*  MOJIEKYJIAPHBIX MEXaHM3MOB KPUTHYECKUX CO-
CTOSIHWH (3aBeyIonuii — J.M.H., Tipodeccop B. M. 11u-
capeB);

*  MeTabo/IM3Ma KPUTHIECKUX COCTOSTHUIT (3aBe-
nytotiast — JLM.H., ipodeccop H. B. Besoboponosa);

* OGuodusnKn MeMOPAH KJIETOK TIPH KPUTHUe-
CKHUX COCTOSHUAX (3aBEAYIOMUNA — J.M.H., podec-
cop A. M. Uepnbir).

ITocKOJIbKY BCE JKHMBOE HAa 3eMHOM TITape moruba-
€T, B KOHIIE KOHIOB, OT TUTIOKCHH, BCE, UTO JICTIACTCS B
MEJUIIMHE, HATIPABJICHO Ha TIPO(PHUIAKTUKY U KOPPEK-
A0 JIBIXaTEJIbHOM, TeMUYeCKOU, IUPKYJIITOPHOU U
TKaHeBol runokcuu. B casu ¢ atum B HUMOP cranm
WHTEHCUBHO U3y4YaTh MEXaHU3Mbl PA3BUTHS TUITOKCUN

The development of the scientific school of
V. A. Negovsky and the formation of the concept of
postresuscitative illness enabled a different level of
understanding resuscitation as not only a division
of medicine about dying and revitalization, but as a
fundamentally new science of life support in critical
conditions. Since 1948 the Laboratory has had dif-
ferent names: the Laboratory of Experimental Phy-
siology for the Revitalization of the Organism of
the USSR Academy of Medical Sciences; since 1977
— the Research Laboratory of General Reanimato-
logy of the USSR Academy of Medical Sciences. In
1985 the Research Laboratory of General Reanima-
tology of the Academy of Medical Sciences of the
USSR was reorganized into the Research Institute
of General Reanimatology of the USSR Academy of
Medical Sciences, with laboratories for certain
areas of intensive care.

In 1990 the Research Institute of General Rea-
nimatology of the Russian Academy of Medical Sci-
ences established a regional campus in Novokuznetsk
to study the problems of critical conditions in mi-
ners. The work of the Regional Campus was focused
on studying the specifics of the pathogenesis, diagno-
sis and treatment of critical conditions in miners; se-
veral monographs were published. The Regional
Campus operated until 2012,

In 2009 the Institute was named after V. A. Ne-
govsky (the V. A. Negovsky Research Institute of Ge-
neral Reanimatology).

Currently there are six laboratories in the Insti-
tute:

» Hypoxia of critical states (headed by Profes-
sor V. V. Moroz, Corresponding Member of the Rus-
sian Academy of Sciences);

 Clinical pathophysiology of critical condi-
tions (headed by A. N. Kuzovlev, Doctor of Medical
Sciences);

* Cell pathology in critical conditions (hea-
ded by A. M. Golubev, Professor, Doctor of Medical
Sciences);

*  Molecular mechanisms of critical conditions
(headed by V. M. Pisarev, Professor, Doctor of Medi-
cal Sciences);

* Metabolism in critical states (headed by
N. V. Beloborodova, Professor, Doctor of Medical
Sciences);

 Biophysics of cell membranes in critical con-
ditions (headed by A. M. Chernysh, Professor, Doc-
tor of Medical Sciences).

As all living beings on our planet ultimately die
from hypoxia, everything that is done in medicine is
aimed at the prevention and correction of respirato-
ry, hemic, circulatory and tissue hypoxia. To this end
the RIGR began an intensive study of the mecha-
nisms of the development of hypoxia of critical sta-
tes, in particular, in Acute Respiratory Distress
Syndrome (ARDS).
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KPUTUUYECKUX COCTOSHWIA, B YaCTHOCTH TIPU OCTPOM
pecriupatopaoM auctpecc-cuaapome (OPC).
Hawubosiee CJIOKHbBIE U TSKENbIe HAPYIIEHUS Ta-
3000MeHa B Jierkux Habmogatores y 6oabibix OP/IC,
JIETAIbHOCTb Y HUX OcTaercs: BbicOKoU (50—74%).
Baxubim gBisierca to, uto OP/IC passuBaetcs mpu
pas3JUUHbIM 3a00JI€BAHUSAX U KPUTHUECKUX COCTOSI-
HUSX, CBSA3AHHBIX KAaK C HETIOCPEICTBEHHBIM MTOBPEXK-
nenvem jierkux (mpsmoii OPC ¢ noBpexaeHuem
AIUTENHS JIBIXaTEIbHBIX ITyTeil), TaK W MPU BTOPUY-
HOM ToBpeskaenun Jerkux (Herpsmoit OP/IC ¢ mo-
BpeK/leHUueM aH/10Tes s cocy10B). CII0KHON KJIMHU-
YeCcKOil pobJIeMOIT OCTAeTCsT CBOEBPEMEHHAST U Pa-
BUJIbHAS JMATHOCTUKA PA3JUYHBIX (OpM M CTajuii
OP/IC. TlpuHnunuajibHO Ba)KHBIM MOMEHTOM SIB-
sigercs pannss quarnoctruka OPJIC ¢ ucriosib3oBanu-
eM HOBEHINX MEeIUIMHCKUX TEXHOJOTWH W COBEp-
MIEHCTBOBAHHUE PA3HBIX METOJIOB JICUCHUSI.
MasousyyeHHble  MEXaHU3Mbl  MATOTeHe3a
OP/IC, c/ioskHOCTY IUATHOCTUKU U HU3KAsl TePAIeBTH-
veckast 9 PEKTUBHOCTD AUKTYIOT HEOOXOAUMOCTD TI0-
MCKa HOBBIX ITyTel yJIy4IIeHNs TUarHOCTUKH, TIPODU-
JIAKTUKU U PE3YJIbTATOB JIEYEHNUST TOTO 3a00JIEBAHIISI,
B cBsi3U ¢ 3THM TEJIBIO0 UCCIEI0BaHNs B Tabopa-
TOPUU TUTIOKCUM KPUTHYECKUX COCTOSHUN SBUJIOCH
noBbIeHne ahHEKTUBHOCTH IUATHOCTUKHU 1 JICYCHUS
60spHBIX OP/IC Ha OCHOBE UCIIOIb30BAHNA HOBEHIINX
MEeIUIMHCKUX TexHosoruil. B teuenue 20 jer B mratu
PA3JIUYHBIX JIeYeOHO-TTPOPUIAKTHIECKIX YUPEKIE-
HUSIX 1 JTab0paTtopusix (KJIMHUYECKUX U HKCIIEPUMEH-
taubHbiX Oaszax HUIIOP) Obuio mcciepoBano GoJee
5000 6OJIBHBIX U TIOCTPAABIIUX ¢ PA3IUYHBIME 3260-
JICBAaHUSIMU W TpPaBMaMW, TPUBEIITUMUA K PA3BUTHIO
OP/IC. Ilpu nocranoske auartoza OP/IC uctosb3o-
Baun Kputepru, paspabortantbie B HUTTOP. Briepsoie
GBI pa3pabOTaHbI U 3aIIATEHTOBAHBI PA3JINYHbIE HKC-
nepuMeHTabbie Mojiesn pazsuts OP/IC, Ha ocHo-
BaHUM KOTOPBIX BbITIO/HEHO Gosiee 300 s1abopaTopHBIX
aKcIepuMeHToB. Ha pasimmyHbIX aTanax skcrepuMeHTa
MCTIOJIb30BAJIMCH TUCTOJIOTHYECKUe, Mophomerpude-
CKHUE, TUCTOXMMUYECKHE, 3JIEKTPOHHOMUKPOCKOITIYE-
CKHE, B TOM YHUCJIE ¥ AaTOMHO-CUJIOBBIC METO/IbI UCCJIe-
JIOBaHUS JIETKUX. B KOMIIJIEKCHOM W3y4eHUU JaHHOMN
npobyieMbl  BIiepBble ObLJI UCIIOJH30BaH MIMPOKUI
CIIEKTP HOBEUINX AMArHOCTUYECKUX TEXHOJIOTHH, B
TOM YHCJTEe HAHOTEXHOJOTUI: MMMYHO(EPMEHTHBIE,
OUOXVMIYECKUE, [TUTOJIOTUYECKIE, THCTOJOTUIECKUE U
TUCTOXUMUYECKUE METO/IbI, 9JIEKTPOHHAS M AaTOMHO-CH-
JIOBasE MUKPOCKOIINS, T€HeTUYECKUe, MMMYHOJIOTHYe-
CKHE, & TAKXKE METO/IbI MTHBA3UBHOTO MOHUTOPUHTA T10-
KasareJieil Kap/IMOTeMOJIMHAMUKH, TPAHCIIOPTA W T10-
TpebJIEHNsT KUCJIOPOJIA, COCTOSTHUSI BOHBIX CEKTOPOB
OpraHu3Ma U BHECOCYUCTOM KUJIKOCTU B JIETKHUX, OHO-
XUMUYECKUX JIETKUX, MOKa3aTelell Ta3000MeHa, MeTa-
6oJm3Ma 1 COHOrpahUUeCKIe METOIbI IMATHOCTUK.
Bcem GOJIbHBIM TIPOBOAMIN HCKYCCTBEHHYIO
BenTHAMIO Jierkux (MBJI). Ucnosnb3oBanu pectim-
paTopsbl BbIcIiero (hyHKIIMOHATIBHOTO KJIacca B COOT-

The most complex and severe problems with gas
exchange in the lungs are observed in patients with
ARDS, the mortality rate remains high (50—74%). It
is important that ARDS develops in various disea-
ses and critical conditions associated with both di-
rect damage to the lungs (direct ARDS with epit-
helial damage to the respiratory tract) and seconda-
ry damage to the lungs (indirect ARDS with endot-
helial damage of blood vessels). Timely and correct
diagnosis of various forms and stages of ARDS has
been a complicated clinical issue. The early diagno-
sis of ARDS using the latest medical technologies
and the improvement of different treatment met-
hods is essential.

Little research on the mechanisms of the ARDS
pathogenesis, the complexity of diagnosis and low
therapeutic efficacy have indicated the need to seek
new ways of improving diagnosis, prevention and
treatment outcomes of this disease.

In this regard the goal of the research in the la-
boratory of hypoxia of critical states was to increase
the effectiveness of diagnosis and treatment of
ARDS patients based on the use of the latest medical
technologies. For over 20 years more than 5,000 pa-
tients and victims (with various diseases and injuries
causing the development of ARDS) were examined
in five different treatment and prophylactic institu-
tions and laboratories (clinical and experimental fa-
cilities of the RIGR). During the diagnosis of ARDS
the criteria developed at the RIGR were used. For
the first time various experimental models of the de-
velopment of ARDS were developed and patented,
more than 300 laboratory experiments were perfor-
med based on the models. At different stages of the
experiment histological, morphometric, histochemi-
cal, electron microscopic, including atomic force,
methods of lung research were applied. In a compre-
hensive study of this problem, a wide range of new
diagnostic methods were used for the first time, in-
cluding nanotechnology: immunoenzyme, biochemi-
cal, cytological, histological and histochemical met-
hods, electron and atomic force microscopy, genetic
and immunological methods, invasive monitoring of
cardiohemodynamics, transport and oxygen con-
sumption, the state of the water sectors of the body
and extravascular fluid in the lungs, biochemical
lungs, gas exchange parameters, metabolism and so-
nographic methods of diagnosis.

All patients had artificial ventilation (IVL)
performed. Respirators of the higher functional class
were used following the concept of «safe» ventila-
tion, modern invasive monitoring, including PiC-
COPlus technology and non-invasive monitoring of
cardiohemodynamics, water sectors, gas composi-
tion, acid-base state and biochemical parameters of
blood, lung biochemical parameters, oxygen trans-
port and consumption, and radiation diagnostic met-
hods (radiography, sonography and computed to-
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BETCTBUHM € KOHIenuel «be3omacuoii» VIBJI, cospe-
MEHHbIH MHBA3WUBHBINT MOHUTOPUHT, B TOM YHCJIE TE€X-
Hostorust PICCOPIlus 1 HeMHBAa3WBHBI MOHUTOPUHT
Kap/InOTEeMOJIMHAMUKH, BOJIHBIX CEKTOPOB, Ta30BOTO
COCTaBa, KUCJIOTHO-IIEJIOUHOTO COCTOSTHUST U OMOXU-
MUYECKHX [TAPAMETPOB KPOBH, OUOXUMUIECKHX TTOKA-
3atesiell JIETKUX, COCTOSTHUSI TPAHCIIOPTA U moTpediie-
HUS KHUCJIOPOJA, JIy4eBble METObI JUAaTHOCTUKU
(pentrenorpadusi, coHorpaduss U KOMIIbIOTEPHAS TO-
Morpacbug sierkux). C 11esbio TpopUIaKTUKI U Jiedye-
Hust OP/IC 6bu1 nCmosib30BaH KOMILIEKC pa3paboTaH-
upix B HUMOP unHOBaiMOHHBIX MEIUIITHCKUIX TEX-
HOJIOTHIA ¢ TPUMEHEHNEeM (hapMaKOJOTHYECKUX, Pec-
MUPATOPHBIX U HEPECITUPATOPHBIX METO/IOB, HATIPAB-
JIECHHBIX Ha KOPPEKIIUIO JIbIXaTeIbHOMU, IUPKYIATOP-
HO, TeMUYeCKON M TKaHeBOUl runokcuu. Ha sramax
WCCJIE/IOBAHUS W3YYaJId JAMHAMUKY BBIIIEIICPEYIC-
JIEHHBIX TIOKa3aTeJel, YU CI0 ¥ XapaKTep JIETOUHbIX U
BHEJIETOUHBIX OCJIOKHEHUHN, TTPOAOJIKUTEITHHOCTD
PECIUpaTOPHOIT MOUIEPIKKY, TPEOBIBAHUS B OT/IE/IE-
HUU PEAHUMATOJIOTUH, JIETATBHOCTb.

[TosrydyeHHbBIE PE3YIBTATHI TTO3BOJUIN TIPEJIO-
KUTh HOBYI0 kjaccudurammio OPJIC, koropas
BKJIIOYAeT 3 CTaJlu:

e I craausa (obpaTumas) — crajus OCTPOroO
MOBPEXKAECHNS JIETKUX

e II cragusa — nporpeccupyioniasi JplxaTesb-
Has HEZIOCTaTOUYHOCTD

o [II cragus — ucxoast OP/IC: a) BbI310poB-
JIEHUE € BOCCTAHOBJICHWMEM CTPYKTYPbI U (DyHKINU
Jierkux; 0) BBI3ZIOpOBJIeHUE ¢ (hUOPO30M ¥ HapyIiie-
HueM (hYHKIIUN JIETKUX; B) JIETATbHBIN UCXO/L.

ITpepnaraemas kinaccuduranus OPIC 6Gasu-
pyercst Ha uH(MOPMATUBHBIX U OOBEKTUBHBIX JIAHHBIX,
MO3BOJIATIONNX B PEKUME PEATbHOTO BPEMEHU OTICHU-
BaThb €TO BJKHEHINNE TPU3HAKHU: COJIEPKAHIE BHECO-
CYIUCTOM JKUAKOCTH B JIETKUX, MH/ICKC OKCUTEHAINH,
HapyIlleHNns KapAuOTeMOJUHAMUKH, KIUHUYECKUE
MIPU3HAKN OCTPON JBIXaTEIbHON HEJOCTATOUHOCTH.

[Monyuyennsie B8 HUMOP HoBble paHHble 10
atuoJiornu u marorenesy OP/IC, a Tak:ke BHepeHME
B KJIMHUYECKYIO TIPAKTUKY 0G0CHOBAHHBIX, paspabo-
TaHHBIX METO/OB JAMATHOCTUKH, MPOMUIAKTUKH,
KOMILJIEKCHOTO U (D hepPeHIIMPOBAHHOTO JICUeHUS
OP/IC ¢ ucroyb3oBaHeM HOBEHIINX MEIUIINHCKUX
TEXHOJOTUI M (apMaKoJOTHIECKUX TIPENapaToB
MO3BOJIMJIM COKPATUTD TPONOJKUTEeNbHOCTh VBJI
Ha 5—6 CyTOK, KOMaro3HOrO cOCTOosiHus Ha 3—4
CYTOK, PeObIBAHUST B OT/IEJEHUN PEAHUMATOJOTUI
Ha 8—10 cyToK, pa3BUTHE JIETOYHBIX OCJIOKHEHUI HA
24,7%, MaTepuajibHbIE 3aTPAThI HA JiedeHue OOJIbHO-
ro n1o 134114 py6ueii, neranbHocTb Ha 29,6%.

[TpoBesieH 3HAYUTENIBHBII 0OBEM UCC/IEIOBAHUI
10 U3YYEHUIO METO/IOB HKCTPAKOPIIOPAILHOM JIETOKCH-
KaI[K TIPU TKAHEBOM TUTIOKCUN KPUTUIECKUX COCTOS-
nusx (C. E. Xopommnos, A. B. Hukymn). /lokasano,
410 HAUbOJIEE YaCTOU TIPUYUHOI OCTPOI OYEUHOU He-
nocrartouroctu (63,8% OOJIBHBIX) SIBJISIETCST HAPYIIIE-

mography of the lungs). A set of innovative medical
techniques developed at the RIGR involving the use
of pharmacological, respiratory and non-respiratory
methods aimed at correcting respiratory, circulatory,
hemic and tissue hypoxia were used with the purpose
of prevention and treatment of ARDS. During the
research the dynamics of the above indices, the amo-
unt and nature of pulmonary and extrapulmonary
complications, the duration of respiratory support
and stay in the department of intensive care, and
mortality were studied.

The results obtained in the RIGR were used to
propose a new classification of ARDS that included
three stages:

» Stage I (reversible): the stage of acute lung
injury

 Stage II: progressive respiratory failure

+ Stage IIT: ARDS outcomes a) recovery with
the lung structure and function restored; b) recovery
with fibrosis and impaired lung function; ¢) lethal
outcome.

The proposed classification of ARDS is based
on informative and objective data, which allows real-
time evaluation of its most important signs: the con-
tent of extravascular fluid in the lungs, the oxygena-
tion index, cardiohemodynamic disorders, and clini-
cal signs of acute respiratory failure.

The new data on the etiology and pathogenesis
of ARDS, as well as the introduction into the clinical
practice of well-founded developed methods for di-
agnosis, prevention, comprehensive and differentia-
ted treatment of ARDS using the newest medical
technologies and pharmacological preparations,
made it possible to shorten the duration of artificial
ventilation by 5—6 days, coma by 3—4 days, stay in
the department of resuscitation by 8—10 days, the
development of pulmonary complications by 24.7%,
material costs for treating the patient to 134,114
rubles and mortality rate by 29.6%.

A significant amount of research has been perfor-
med on the methods of extracorporeal detoxification
in tissue hypoxia of critical conditions (S. E. Kho- ros-
hilov, A. V. Nikulin). Tt has been proved that the most
frequent cause of acute renal failure (63.8% of pati-
ents) is the systemic and organ hemodynamics disor-
der as a result of sepsis, severe combined trauma, hy-
povolemia and acute cardiovascular insufficiency.
Renal acute renal failure is less frequent (18.9%) that
is caused by the effects of rhabdomyolysis or toxic-
allergic reaction to medications. Early diagnosis of
kidney damage most benefits from the study of the
concentration of urine sodium, the calculation of the
glomerular filtration rate and the daily excretion of
nitrogen metabolites. An increase in the concentra-
tion of urine sodium of more than 35 mmol/1 in pati-
ents with impaired systemic hemodynamics should
be the basis for intensive «nephroprotective» thera-
py. It has been proved that high-volume hemofiltra-
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HUE CUCTeMHOH 1 OpraHHOH reMOJIMHAMUKH B Pe3yJIbTa-
Te CETCHUCca, TSKEJION COUEeTAaHHOU TPaBMBI, TUTIOBOJIE-
MU, OCTPOU CEPIEYHO-COCYTUCTON HEOCTATOUHOCTH.
Pexe (B 18,9% ciyuaeB) HaOIOMaeTCST pEHAbHAS
OCTpasi TIOYeYHas HEJJOCTATOYHOCTD, BBI3BAHHAA I10-
CJIEICTBUSIME PAOIOMIOJIN3A WIH TOKCHKO-aJLIeprude-
CKOM peaxiueil Ha JieKapcTBeHHbIe Iperiapatbl. /lis
paHHEelN AUATHOCTUKY TIOYEYHOTO TTOBPEKIEHHS HADO-
Jiee MHGOPMATUBHO U3yYeHWE KOHICHTPAIMU HATPUs
MOYM, PACUeT CKOPOCTH KITyOOUKOBOI (DHIIbTPAIIH, CY-
TOYHOI HKCKPELMN a30THCThIX MeTabonToB. IToBbiIIe-
HI€ KOHIIEHTPAIUU HATPHsT MOun Gosiee 35 MMOJTb,/JT Y
GOJIGHBIX ¢ HapyIIEHHEM CHCTEMHON TeMOIMHAMUKI
JIOJZKHO OBITH OCHOBAHUEM JIJIs [IPOBEJIEHUST UHTEHCHB-
HOH <«He(dPONPOTEKTUBHOI» Teparuu. /lokazaHo, 4To
BBICOKOOOBEMHast reMoribTpaitust (¢ 3ameriernem 90
MJI/KT/4ac) 0 CPaBHEHWIO CO CTaHJAPTHOWU TeMO-
usbrpartueii (¢ 3amenienrem 35 MJI/Kr/4ac) sIBJISIETCST
9 (PEKTUBHBIM CPEJACTBOM CTaOMIM3AINKA TEMOIUHA-
MUKH TP CENITHYECKOM IIOKe, B 39% CJIydaeB IO3BO-
JISIET TIPeTyTTPEJINTD Pa3BUTHE aHYPUUECKON OCTPOA 110-
YEYHOH HEZIOCTATOUHOCTH, a B 33% — U BOBCE N30eKaTh
MOYEYHOTO TOBPEKIEHMsI. BBICOKOOOGBEMHAST TEMO-
(brbTpaIa IpK CENTUYECKOM ITOKE MTPUBOJIUT K BOC-
CTAHOBJIEHHIO PABHOBECHST MESKJLY JIOCTABKOI U TIOTPeD-
JICHUEM KHUCTI0pojia (C yBeJMYeHUeM HACBIIEHUS KUC-
JIOPOJIOM TEMOTJIOOMHA CMEIIAHHOW BEHO3HOW KPOBH €
72 110 98%), a TaksKe COMPOBOXKIAETCS HOPMAIU3AIIHEl
MOKa3aTesIeH, XapaKTepU3yoINX KOMIICHCAITUIO TKaHe-
BOIi (TUCTOTOKCUYECKON ) runokcnu. 'emonuanis oxa-
3bIBAET BBIPAKEHHBIN Kartabosmaeckuil sddekT, mpo-
SABJIAIONIUICA B TIOTEpe 3a 4 Yaca CTaHAAPTHOTO TeMO-
quasiuza 1o 2000 k/[x aneprum u 10 37,4 T TIIOKO3bI B
9KCTPAKOPIIOPATBHOM KOHTYpE, M COTIPOBOKIACTCS
CHIZKCHUEM KOHIIEHTPAIIMK WHCYJIMHA U HapaCTaHWeM
YPOBHS IJIIOKaroHa B miagme. OnTrMaibHasg KOMITEHCA-
st Katabomueckoro adhheKTa IOCTUTAETCsT TPUMEHe-
HUEM MU30TEPMUYECKOTO INAJIN3aTa C UHTPAIMATU3HON
nH(y31el TII0KO30-UHCYIMHOBOI cMecu. M3yueH asb-
OGYMUHOBBIN JIHAJINA3, KOTOPBIi siByisietcst aheKTrB-
HBIM METOJIOM 3JIMMUHAIIMN KaK TuApo(hOOHDIX, TaK U
rUZPOUITBHBIX TOKCMYECKUX BEMIECTB, HAKAILINBAIO-
HIMXCS B KPOBU IIPU OCTPOH NEYEHOUHO-TIOYEYHOI He-
JIOCTATOYHOCTH. B pesysibrare poBe/IeHNsT a/TbOyMUHO-
BOTO [[Ma/in3a OWIMpPyOMHEMUsI YMeHbIIaeTcs: B 2,4
pasa, ammonuemun B 2,1 pasa. B pesysibrate mposezie-
HIST aIbOYMHUHOBOTO [IHAJIN3a TIPH OCTPOU TIEYeHOTHO-
MOYEYHON HEJOCTATOYHOCTH TIPOUCXOJUT CTaOUIN3a-
1151 TEMOJINHAMUKY, HOPMAJIU3AI[HST CKOPOCTH KJTyO0U-
KOBOH (DUIBTPAIIK 1 BOCCTAHOBJIEHUE CYTOYHOTO JIU-
ype3a. /lokazaHo, 4TO IUArHOCTUKA HAYAJIBHOU CTAINN
OCTPO¥1 ITOYEYHOH HEZI0CTAaTOYHOCTH 1 Ha3HAYeHne Me-
JIMKAMEHTO3HON He(hpOIPOTEKTUBHON TEPAINU 1T03BO-
JisieT u30eKaTh Pa3BUTHSI aHYPUUECKOU (hOPMBI TT0U€-
HOIT HeztoctatouHoct 'y 49% Gosbabix. OTCyTCTBIE
BBIPAKEHHOTO TNy PETUYECcKOTO ahdexTa nmm HapacTa-
HI€E A30TUCTHIX TIJIAKOB KPoBH OoJiee yeM B 1,5 pasa 3a
12 yacoB cyieyer cuuTaTh MOKa3aHUEM JIJIs HAYasIa 1mpo-

tion (with substitution of 90 ml/kg/h), as compared
to standard hemofiltration (with substitution of 35
ml/kg/h) is an effective means of stabilizing hemo-
dynamics in septic shock; it prevents the develop-
ment of anuric acute renal failure in 59% of cases; in
33% kidney damage can be completely avoided. High
volume haemofiltration in septic shock leads to a re-
storation of equilibrium between oxygen delivery
and consumption (with an increase in the oxygen sa-
turation of hemoglobin in mixed venous blood from
72 to 98%). Besides, it is also followed by normaliza-
tion of indicators characterizing the compensation of
tissue (histotoxic) hypoxia. Hemodialysis has a pro-
nounced catabolic effect manifested in the loss of 4
hours of standard hemodialysis up to 2.000 k] energy
and up to 37.4 g of glucose in the extracorporeal cir-
cuit. It is accompanied by a decrease in the insulin
concentration and an increase in the level of gluca-
gon in the plasma. Optimum compensation of the ca-
tabolic effect is achieved by using isothermal dialysa-
te with intra-dialysis infusion of the glucose-insulin
mixture. Albumin dialysis was studied, which is an
effective method of eliminating both hydrophobic
and hydrophilic toxic substances accumulating in
the blood in acute hepatic renal insufficiency. As a re-
sult of albumin dialysis, bilirubinemia decreases 2.4
times, ammoniasis 2.1 times. As a result of albumin
dialysis in acute hepatic renal failure hemodynamics
stabilizes, the glomerular filtration rate normalizes
and diurnal diuresis is restored. It is proved that the
diagnosis of the initial stage of acute renal failure and
the prescription of nephroprotective medication pre-
vents the development of an anuric form of renal fai-
lure in 49% of patients. The absence of a pronounced
diuretic effect or the growth of nitrogenous blood
slags more than 1.5 times in 12 hours should be con-
sidered an indication to initiate renal replacement
therapy. Complex nephroprotective therapy perfor-
med simultaneously with the early use of renal (dia-
lysis) replacement therapy results in the reduction of
mortality in acute renal failure by 34.2%.

One of the new directions in the laboratory of
hypoxia of critical states is the fundamental research
aimed at studying the mechanisms of development,
methods of early diagnosis and treatment of critical
conditions in neonates arising in the early neonatal
period (S. A. Perepelitsa). Three directions of rese-
arch in neonatology have been defined at the RIGR:
perinatal hypoxia, the respiratory distress syndrome
of the newborn and the perinatal state of lipid meta-
bolism. The directions are of the medical and social
significance aimed at solving the main task of mo-
dern medicine: the reduction of neonatal and infant
mortality and morbidity.

The onset of premature birth may be caused by
perinatal hypoxia as a result of the development of
placental insufficiency. A substantial part of the rese-
arch was focused on the morphological study of the
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BeJIEHUST 3aMECTUTEJIbHOM ToyeuHoil Teparuu. Kowm-
T7IeKCHAast HeDPOTPOTEKTUBHAS TEPAITHS OJTHOBPEMEHHO C
PAaHHUM WCIOJIb30BAHNUEM 3aMECTUTEILHON TTOYEUHOMN
(MayM3HOI) Tepanuy 103BOJISIET CHUBUTD JIETAIbHOCTD
TIPH OCTPOIT TOYETHOIN HEIOCTATOUHOCTH Ha 34,2%.

OjHUM U3 HOBBIX HAIPABJIEHWIT JTAOOPATOPUT
TUTIOKCUU KPUTUYECKUX COCTOSIHUM SBJISIETCS TIPO-
BejicHMEe (DYyHIAMEHTAJBbHBIX NCCIIEI0BAHUI, HATIPAB-
JICHHBIX HA M3y4eHUE MEXaHU3MOB PA3BUTHUS, METO-
JIOB paHHEH JAMArHOCTUKUA W JICYCHUS] KPUTUYCCKUX
COCTOSTHUH Y HOBOPOK/IEHHBIX, BOSHUKAIOTINX B PAH-
HeMm HeoHaTasnbHOM niepuozie (C. A. Ilepenenuia). B
HUNMOP BoiziesieHb! TpU HAIPABJIEHUS HAYYHBIX UC-
CJIe/IOBAHMI B HEOHATOJIOTUN: TIEPUHATAIbHAS THUIIO-
KCHSI, PECTUPATOPHBIN JUCTPECC-CUHAPOM HOBOPOIK-
JICHHOTO W TEPUHATAJIbHOE COCTOSHUE JUMUIHOTO
obMeHa. BoljiesieHHbIe HATIPABJIEHNSI UMEIOT METHKO-
COIMAJIbHYIO0 3HAYMMOCTD, HATIPABJICHHYIO HA pele-
HUEe OCHOBHOM 3a/laull COBPEMEHHOW MEIUIIUHBI:
CHIKCHUE HEOHATAJIbHOU U MJIaJICHYeCKON CMEPTHO-
cTu 1 3a00J1€BAEMOCTH,

[TpenrochblIKoi /111 HACTYIIJIEHUS TTpesK/ieBpe-
MEHHBIX POJIOB SABJISETCS TIEPUHATAIbHASA THIIOKCHS,
00y CJIOBJIEHHAST PAa3BUTUEM TLIAIEHTAPHOMN HexocTa-
TOYHOCTH. MopdoJsiormueckoMy UCCIeIOBAHUIO T1JIa-
HEHTBI y/IeJIEHO OOJIbIIIOE BHUMAHKE, T.K. PE3YJbTAT
JIaeT BO3MOKHOCTD TIPOBECTH aHAJIN3 TeUeHUst OGepe-
MEHHOCTH U TIOHSTb MEXaHN3M, 3aKOHOMEPHOCTH U
riyOUHY TATOJIOTHYECKOTO TIpottecca. ['ecTallmOHHBII
BO3pacT 24—31 Heness ABASETCS KPUTUYECKUM, T.K.
CYIIECTBYET MATOJIOTHUECKAsT HE3PEJIOCTh TIIAIleHTHI,
B 9TOM CPOKE OIpelesisieTCs /[Ba BapuaHTa paHHEH
(hopmbl TTaTOTOTMUECKON HE3PEJIOCTU: UCTOIICHHE
KOMIICHCATOPHBIX PEAKIMil B BHJE MaJOTO YHUCIA
CUHIIUTUAIBHBIX [10YEK, OOMIBHOIO OTJIOKeHs (hrd-
pUHOU/A, KPYIHBIX ahyHKIIMOHAJIBHBIX 30H BOPCHUH,
3aITyCTeBaHUS KAlWJIISIPOB U BAPUAHT IIPOMEKYTOY-
HbIX uddepeHmpoBaHHbIX BopcuH. [lpm Bcex
MPEKIECBPEMEHHBIX POJIaX BCTPEUYAIOTCS U30JIUPO-
BaHHBIEC MJIN MHOKECTBEHHbIC 3MEHEHUS B TLJIAIICH-
Te: XPOHWYECKas IIAlleHTapHas HeI0CTaTOUYHOCTD
[T—III crenenu, KpyHbIE UIIEMUYECKUE WHMAPKTHI,
IIPU 3TOM KOMIIEHCATOPHbIE PEAKITNN HU3KIE, XapaK-
TEPHBI CKJIEPO3 CHHIIUTUATBHBIX TIOUEK, MAJIOe YUCJIO
TEPMUHAIBHBIX CHEIUMATN3UPOBAHHBIX BOPCUH. [liis
54,5% HemTOHONIEHHBIX HOBOPOKIEHHBIX C TecTa-
IIUOHHBIM BO3pacToM 32—34 Hejlesn TakyKe Xapak-
TEPHbI HU3KME KOMIIEHCATOPHBIE PEAKIINH B TIIalleH-
T€ U BBIABJICHA AaHOMAJINS TTYTTOBUHBI (KOPOTKAs IIy-
noBuna), B 18% ciiyuaeB pUUMHON MIpexKIeBPEMEH-
HBIX POJIOB ABJIACTCS OTCJOWKA IJIANEHTBI. MHOTO-
TJIO/Iie BHOCUT CBOM HETaTWBHBINM BKJAJ B IepUHA-
TaJIbHY0 3a00JI€EBAEMOCTh U CMEPTHOCTD. B TIarieH-
tax OsmsuenoB B 100% ciryyaeB BbIsSIBJIEHBI HAPYIIE-
HUSA CO3PEBaHMS BOPCUH, WHBOJIOTUBHO-AUCTPODU-
YecKre U3MEHEHUS PA3JIMYHON CTEIICHH BBIPAKEHHO-
cru. B GOJIBIIMHCTBE CJIyYaeB KOMIIEHCATOPHBIE pe-
aKIMK B IUIAIEHTE €100 BHIPAKEHDBI, U TIPH MAJIOM

placenta since the result enables the analysis of the
course of pregnancy and an insight into the mecha-
nism, patterns and depth of the pathological process.
The gestational age of 24—31 weeks is critical becau-
se there is a pathological immaturity of the placenta;
in this period there may be two variants of the early
form of pathological immaturity: the depletion of
compensatory reactions in the form of a small num-
ber of syncytial nodules, abundant fibrinoid deposi-
tion, large afunctional villi areas, capillary dropout
and a variant of intermediate differentiated villi. In
all premature births there are isolated or plural chan-
ges observed in the placenta: chronic placental insuf-
ficiency of ITI—IIT degree, large ischemic infarcts
(with low compensatory reactions). Besides, sclero-
sis of syncytial nodules and a small number of termi-
nal specialized villi are typical too. 54.5% of preterm
infants with a gestational age of 32—34 weeks also
have low compensatory reactions in the placenta and
abnormalities of the umbilical cord (the short umbi-
lical cord); in 18% of cases preterm labor is caused by
placental abruption. Multiple fetation contributes
negatively to the statistics in perinatal morbidity
and mortality. In twins' placentas in 100% of cases
there are villi maturation disorders, involute and dy-
strophic changes of various severity. In most cases
compensatory reactions in the placenta are hardly
pronounced, and at early gestation periods in 62.1%
of cases acute placental insufficiency develops cau-
sing premature birth.

Placental insufficiency contributes to the for-
mation of perinatal hypoxia that adversely affects
the development of the fetus due to intrauterine hy-
poxia causing disruption in hemopoiesis and in the
structure of erythrocyte membranes, which aggrava-
tes the course of the early neonatal period. The
NTEGRA Prima atomic force microscope (Russia)
used in a semi-contact mode allowed the study of the
structure of erythrocyte membranes. It turned out
that at birth and in the first week of postnatal life
planocytes are the main morphological form of eryt-
hrocytes in term infants and they probably provide
full oxygen transport during the perinatal period.
With perinatal hypoxia the nano-structure of eryt-
hrocyte membranes is damaged in utero at all levels.
Hypoxia impacts on the erythrocyte membrane; the
severity of the process is determined by the severity
and duration of hypoxemia. Twelve hours after birth
oxidative defects appear on the surface of the plano-
cyte in newborns that have undergone PH. The re-
vealed changes indicate the effect of the degree of hy-
poxia on all nanostructures of the erythrocyte mem-
brane: the phospholipid bilayer (h,), the membrane
protein components (h,), and the spectra matrix
(h3). The altered heights of the erythrocyte membra-
ne h; and h; associated with hypoxia appear to be
aimed at increasing the surface of the erythrocyte
membrane, which contributes to an increase in the
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cpoke recraiuu B 62,1% ciaydaeB pa3BUBaiach
ocTpas TIalleHTapHas HelOCTATOYHOCTb, YTO SIBU-
JIOCh TIPUIMHON TIPEK/ICBPEMEHHBIX POJIOB.

[LnarieHTapHast HEAOCTATOYHOCTH CIIOCOOCTBY-
eT (hOPMUPOBAHUIO IEPUHATATBHON TUTIOKCHH, KOTO-
past HeOJIATONPUSITHO BJIMSIET HA PA3BUTHE ILIOJA,
BeJtesicTBrE (DOPMUPYIOIIENicss BHYTPHYTPOOHON T'H-
MTOKCUY, BBI3BIBACT HAPYIIIEHUE TEMOII033a, CTPYKTY-
PBI MeMOPaH 3PUTPOIIUTOB, YTO yCYTYOJISIET TEUEHITE
paHHETO HeoHaTadbHOTrO mepuoma. C MOMOINIBIO
aToMHOTO cuI0BOTO MUKpockora «<NTEGRA primas
(Poccust) B NMOJYKOHTAKTHOM peKUMe, U3yYeHUU
CTPYKTYPbI MeMOpaH aputponutoB. OKaszaioch, 4To
IIPU POKJIECHUU U B TIEPBYIO HEJIEJIO TIOCTHATAIBHOM
JKU3HU TITAHOIUTHI ABJSIOTCS OCHOBHOH MOPGhOIIO-
TYECKOM (hOPMOIT APUTPOIIUTOB Y TOHOIIECHHBIX HO-
BOPOKJIEHHBIX, KOTOPBIE, BEPOSITHO, 0OECTIEUNBAIOT
MOJIHOTIEHHBIN TPAHCIIOPT KUCJI0PO/IA B TIEPUHATAIb-
Hblll nepuon. [lpu mepuHaTasbHON THUIIOKCHM YiKe
BHYTPUYTPOOHO MPOMCXOIUT IOBPEKICHIE HAHO-
CTPYKTYPBI MEMOPAH 3PUTPOIIUTOB HA BCEX YPOBHSIX.
Turokcust OKa3bIBAET HETATUBHOE BJIUSTHIE MeMOpa-
HY 9PUTPOIUTOB, BLIPAKECHHOCTH MTPOIECCA 3aBUCHUT
OT TSIKECTU U JIJTUTEIbHOCTU runiokceMun. Yepes 12
4acoB TOCJe POXKICHUS, Y HOBOPOKICHHBIX, Tiepe-
Hectmx [T, Ha TOBepXHOCTH MJIAHOIIUTA MTOSIBJISIOT-
¢S OKUCIAUTENbHBIE /IeheKThl. BhIgBICHHDIC N3MEHE-
HUS CBUJICTEJLCTBYIOT O BJIUSHUM CTEIEHU TUIIO-
KCUU Ha BCe HAHOCTPYKTYPHI MEMOPAHDI 9PUTPOIH-
ta: hochosummabiii 6ucioii (h,), 6eaKoBbIE KOMITO-
HeHTbl MeMOpanbl (h,), CIEKTPUHOBBIH MaTpPUKC
(hy). IsmeneHme BbIcOT MeMOPAHBI SPUTPOIUTOB h,
u h,, cBsI3aHHOE € TUIIOKCHEl, MO-BUIMMOMY, Ha-
MPABJIEHO HA YBEJIMYEHHE MMOBEPXHOCTH MeMOPAHbBI
SPUTPOIIUTA, CIIOCOOCTBYIOTIEE YBEJUUEHUIO TLTOTIA-
1t Ta3000MeHa. JlaHHbIE U3MEHEHUSI SIBJISIFOTCST TTPH-
CIIOCOOUTENILHON peakiiell B OTBET Ha TMIIOKCHIO,
HAIlPaBJEHHOU Ha coxpaHeHue (HYHKIMOHATHHON
CIIOCOOHOCTH APUTPOIHTA. [TOCTTUIIOKCHYECKUH Tie-
PHOJI XapaKTePU3yeTCsi HeCTaOUIBHOCTHIO BCEX Ha-
HOCTPYKTYDP MeMOpaH 3PUTPOIUTOB, OOJIBINON Ba-
prabeTbHOCTHIO MOP(HOJOTUIECKIX POPM.

[Tpu poskzieHUM y HEOHOIIEHHBIX HOBOPOXK-
JICHHDBIX, B TOM YHUCJIE€ C PECIMPATOPHBIM JHCTPECC-
cunzipomoM (PJICH) ¢ onpesiesisieTcst BHYyTpUyTPOO-
HbII TOUKNIONUTO3. CTOMATOIIMTO3 XapaKTePeH JIJIst
80% HemTOHOIIEHHBIX HOBOPOKIECHHBIX, OCTATbHDIE
SPUTPOIUTHI MPEJCTABJICHBI TIIAHOIUTAMU, IXUHO-
ruramu. Teuerne 3a60J1eBaHMsI XapaKTEPU3YeTCst Ha-
PYILIEHHEM MUKPOCTPYKTYPbI MEMOPaH SPUTPOIIUTOB
Ha ypoBHe h; u h, mopsiiko. Ha uameHeHue criek-
TPUHHOTO MATPUKCA BJAUSIOT MHOTOILJIOIUE, TSKEJIast
(bopma recrosa, npemsiekanue maneHTsl. [Ipy MHO-
TOTJIO/INY TIPOUCXO/IAT aHTEHATATBHOE MTOBPEKICHIE
MeMOpaH 3pUTPOIUTOB Y HOBOPOKIEHHBIX. TeueHue
paHHEro HEOHATAJIBLHOTO TIepUo/ia Y HEOHOIIECHHBIX
HOBOPOK/ICHHBIX XapaKTEPU3YETCS aKTUBHBIM ITPO-
[[eCCOM Ha MeMOpaHe 3PUTPOIUTOB, CMEHOI MOpGo-

gas exchange area. These changes constitute an adap-
tive response to hypoxia aimed at preserving the
functional capacity of the erythrocyte. The instabili-
ty of all nanostructures in erythrocyte membranes
and a great variability of morphological forms are
common in the post-hypoxic period.

When preterm infants are born (including
those with respiratory distress syndrome of the ne-
wborn (RDSN)), intrauterine poikilocytosis is iden-
tified. Stomatocytosis is typical for 80% of premature
newborns; planocytes and echinocytes represent the
rest of the red blood cells. The course of the disease
is characterized by the disrupted microstructure of
erythrocyte membranes at the level of h, and h,. The
change in the spectra matrix is affected by multiple
fetation, severe forms of gestosis and placenta previa.
In multiple pregnancies antenatal damage to eryt-
hrocyte membranes is common in newborns. The co-
urse of the early neonatal period in premature ne-
whborns is characterized by an active process on the
erythrocyte membrane and changes in the morpholo-
gical forms. Macrocytosis and plannocytosis reflect
the compensatory state of erythropoiesis and are the
physiological state of erythrocytes in premature in-
fants. The largest changes in the erythrocyte mem-
brane nanostructure are typical for the h, height
which reflects the membrane flickering. The morp-
hological composition of erythrocytes does not reco-
ver by the end of the early neonatal period.

Intrauterine rhesus immunization of the fetus
together with the early antibody titers and Class G
immunoglobulins during pregnancy promote the de-
velopment of erythrocyte polymorphism with sites of
destruction. At birth the h; height is subject to the
greatest changes in newborns with Rh-conflict. After
the intravenous immunoglobulins have been admini-
stered the erythrocyte composition is normalized,
while topological defects on the membrane surface
disappear. Complex isoimmunization therapy of a
newborn following the Rh factor or an ABO system
stops the cascade of immunological reactions, leads
to the cessation of hemolysis of erythrocytes and af-
fects the morphological composition and macro-
structure of erythrocyte membranes.

Respiratory distress syndrome of the newborn
(RDSN) is a disease specific only for premature ne-
whborns. It remains one of the most urgent diseases in
the early neonatal period. The development of
RDSN is facilitated by the morphofunctional featu-
res of the respiratory system in premature babies,
profound combined disorders of metabolism and
oxygen status. As a rule, decompensated metabolic
acidosis, hyperlactatemia and severe hypoxemia are
detected, which are difficult to treat using traditio-
nal artificial ventilation. The surfactants applied in
order to prevent the development of the disease is
ineffective with the decompensation of metabolism
and disrupted hemo- and microcirculation in the
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Jorudeckux (hopm. MakpoImTos 1 IIaHOIUTO3 OTPa-
JKAIOT KOMITIEHCATOPHOE COCTOSHIE 3PUTPOII0d3a, SIB-
JI0TCSA (PU3UOTOTUIECKUM COCTOSHUEM 3PUTPOITH-
TOB JIJI HEeJJOHOLIEHHBIX JieTeil. Hanbosbime name-
HEHUST HAHOCTPYKTYPBI MEMOPaHBI SPUTPOIMTOB Xa-
PaKTEpPHBI JUIST BBICOTHI h,, oTpaskarorieil MeMOpaH-
woiii flickering. Hopmasuzarun Mopdoornaeckoro
COCTaBa IPUTPOIUTOB K KOHIY PAHHETO HEOHATAJb-
HOTO TIePUOJIa HE TPOUCXO/UT.

BuyTpuyTpoOHast pe3yc — WMMYHHU3AIHs
IJI0/1a, COTIPOBOIKIAIONIASACS PAHHUM TIOSBICHUEM
TUTPa aHTUTE] ¥ UMMYHOrJIO0yIMHOB Kiacca G BO
BpeMst GepeMeHHOCTH, CIOCOOCTBYET BOSHUKHOBEHHIO
noJuMophu3Ma 3PUTPOITUTOB € YUYACTKAMU JIECTPYK-
mun. [Ipu poskieHnn y HOBOPOSKIICHHBIX € PE3yC-KOH-
(JIMKTOM HAUOOJIBIIMM U3MEHEHUSIM TOJBEPKEHA
BoicoTa h;. TTocsie BBeleHUs] BHYTPUBEHHBIX UMMY-
HOTJIOOYJIMHOB MIPOUCXOUT HOPMAJIU3AIUST COCTaBa
SPUTPOIUTOB, MCYE3AIOT TOMOJOTHYECKUE J1e(heKThI
HA MOBEPXHOCTH MeMOpaHbl. KOMILJIEKCHAST Tepartiist
M30MMMYHU3AIIIN HOBOPOSKIEHHOTO TI0 pe3yc-(haKTo-
py nim ABO-cucteme Tpexpaiiaer Kacka/, IMMYHO-
JIOTMYECKUX PEAKIINH, TPUBOJNT K TIPEKPAIEHUIO Te-
MOJIN32 9PUTPOIIUTOB, BJAUSET HA MOP(OIOTNIeCKUii
COCTaB ¥ MAKPOCTPYKTYPY MEMOPAH 3pUTPOIMTOB.

PecniupatopHblil iucTpecc-CUHAPOM HOBOPOIXK-
nennoro (PCH) sasisercs 3abojieBaHueM, CIielu-
(bYHBIM TOJIBKO /71 HETOHOIEHHBIX HOBOPOSK/ICH-
HBIX M OCTAETCS OJ[HUM 13 HanOoJiee aKTyaIbHbIX 3a-
6oJieBaHUI B PaHHEM HEOHATAIHLHOM Mepuoje. Pas-
sutio PJICH criocob6cTBy0T MOPhODYHKITMOHATb-
HbIE 0COOEHHOCTHU J[BIXaTEJIbHOU CUCTEMBI HEJOHO-
MEeHHOTO pebeHKa, ryOOKne coueTaHHbIe Hapylie-
HUST MeTabo/iu3Ma UM KUCJIOPOAHOTO craryca. Kak
MIPABUJIO, BBISBJISIOTCS ICKOMIIEHCUPOBAHHBIN MeTa-
GOJIMYECKIIT aIU/I03, TUIIEPIAKTATEMUS] U TSIKEJIast
TUTIOKCEMUS, KOTOPbIE TPYAHO MOJIAI0TCS JTIE€YCHUTO
¢ nomoripio TpaguimonHoit IBJI. ITpumenenue cyp-
(hakTaHTOB, C 1eJIbI0 TPODUIAKTUKY Pa3BUTUs 3a60-
JieBaHUs1, Ha (DOHE [EKOMIIEHCAIIUU MEeTabOInu3Ma,
HApYHIEHU TeMO- ¥ MUKPOIMPKYJSIUU B JICTKUX,
Ma0a((HEKTUBHO U Y HOBOPOKICHHBIX, HECMOTPS
Ha BBeJIeHUE Iperapara, ObIcTpo (hOPMUPYIOTCS THA-
JIMHOBBIE MeMOpPaHbl M BO3HUKAET PUCK Pa3BUTHUS
OPOHXO0JIEIrOYHON JUCILIA3UN.

B cayuae taxenoro Tedennsi P/ICH ¢ Boicokum
PUCKOM DPasBUTHS OCJOXKHEHWH U (HOPMUPOBAHUSA
OGPOHXOJIETOUHOI JUCILIA3UH, JIJIST COKPAIIEHUST TIPO-
nomxuteabHocty VUBJI mpuMeHAnn MHransamunoHHOe
BBeJIcHUE 9K30TeHHOTO cypdakTanta. [lesb geuenmns
— BPEMEHHOE 3aMelIeHNe 9K30TCHHBIM TIPENapaToOM,
yCTpaHEHHe BTOPUYHOTO jeduiiuta coOCTBEHHOU
npoaykiu cypdaxranTa. Vcmomabp3yercd mpenapar
cypbakrant BJI B nose 75 mr. Unransius mpoBo-
JTCs Yepe3 HeOyJrali3ep, BCTPOEHHBIN B JIbIXaTe b=
HBI KOHTYp Ha JuHHUI0 Baoxa. [locie wHramammu
mperapaTa y HOBOPOK/ICHHBIX BOCCTAHABJINBAETCS
addeKkTUBHOE CAMOCTOATEJNbHOE JIbIXaHWe, U Y HUX

lungs. Despite the medication hyaline membranes
are rapidly formed in newborns hence the risk of
bronchopulmonary dysplasia.

In the case of a severe course of RDSN with
high risks of complications and the formation of
bronchopulmonary dysplasia, the inhalation of an
exogenous surfactant was applied to reduce the dura-
tion of artificial ventilation. The treatment is aimed
at the temporary replacement with an exogenous
preparation and the elimination of the secondary de-
ficit of the own production of the surfactant. The
preparation Surfactant-BL is used in a dose of 75 mg.
Inhalation is maintained through the nebulizer in-
tegrated into the breathing circuit in the inhalation
line. After the medication inhalation the newborn's
effective independent breathing is restored, and they
can be extubated. There following plan of transfer-
ring newborns to spontaneous breathing is used: ar-
tificial ventilation — auxiliary ventilation of the
lungs — positive end-expiratory pressure — extuba-
tion. There have been no cases of complications or
re-intubation after the inhalation therapy.

Disorders of lipid metabolism (the production
of cholesterol and triglycerides, in particular), in ne-
whborns is a serious problem in perinatology, as in the
early neonatal period the imbalance of lipids in ne-
wborns can contribute to the development of respi-
ratory failure. Postnatal restructuring in children
born after an unfavorable pregnancy, as well as in
preterm infants, causes changes in metabolic rate, in-
cluding triglycerides and cholesterol, which is of sci-
entific interest to this topic. With the development
of perinatal hypoxia a complex metabolic disorder
occurs manifested at birth by metabolic acidosis of
varying severity and the imbalance of triglycerides
and cholesterol. The longer and heavier the hypoxia
is, the more pronounced changes in the acid-base
composition and blood lactate at birth are. The ma-
ximum duration of mechanical ventilation is obser-
ved in newborns with extremely unfavorable obstet-
rical anamnesis, multiple organ failure and low trig-
lyceride levels in the blood.

The research produced new ideas about the
mechanism of the RDSN development, the role of
surfactants in the treatment of the disease, and the re-
duction of the duration of artificial ventilation. The
new data on perinatal hypoxia and its effects on me-
tabolism and lipid metabolism and the nanostructure
of erythrocyte membranes contributed to alterations
in the therapeutic tactics in newborns. This, on the
whole, enabled the prevention of such complications
as intense pneumothorax, intraventricular hemorrha-
ges, and the reduction of neonatal mortality to 0.6%o.

For the first time, genetic studies of critical sta-
tes (V. M. Pisarey, S. V. Smelaya) and new methods
for diagnosis and treatment of acute respiratory fai-
lure in nosocomial pneumonia have been started at
the Institute. New data has been obtained on the
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MOKHO 3KcTyOupoBarh Ttpaxen. cmosbsyercs
cxXeMa TepeBo/ia HOBOPOKIACHHBIX HA CIOHTAHHOE
noixanue: VM BJI—BcromoraresnbHass BEHTUJIAIINS
JIETKUX—>CO3/IaHNE TI0JIOKUTEIBHOTO [IaBJIEHUS B
KOHIIe Bbizioxa—sKcTybarust. CirydaeB 0CIOKHEHUT,
HOBTOPHOU MHTYOAIUU MOCJIE TIPOBEICHUST WHTAJIS-
LIMOHHOM Tepanuu He ObLIO.

HapytieHust i iHOro 0OMeHa, B 4aCTHOCTH,
npoaykinu xonecrepuna (XC) u tpursmiiepunos (TT)
y HOBOPOJKJIEHHBIX SIBJISIETCST CEPHE3HOI MPOOJIeMOi
MIEPUHATOJIOTUH, T.K. B PAHHEM HECOHATAILHOM TIEPUO/IE
JCcOATIAHC JIUTHIOB Y HOBOPOSK/IEHHDBIX MOJKET CIIO-
cOOCTBOBATh PA3BUTHIO JIBIXATEBHON HEIOCTATOUHO-
ctu. IlocTHarasbHasi niepecTpoiika y zieTei, posK/eH-
HBIX OT HEOGJIATOIPHSITHO TPOTEKABIIEl OEPEMEHHOCTH,
a TaKKe y HeIOHONIEHHBIX HOBOPOK/ICHHBIX, BHI3bIBACT
U3MEHEHUsT [IOKa3aTesiell 0OMEHa, B TOM YHCJIe TPUTJIN-
IEPUJIOB M XOJIECTEPUHA, UTO TIPE/ICTABISIET HAYYHBII
nHTepec K 3Toil Teme. [Ipu pasBuTumM nepuHaTasibHON
TUTIOKCUU TIPOMCXOUT KOMILJIEKCHOE HapyIlieHue Me-
Tab0JIM3Ma, TIPOSIBJISIIONIEECST IPH POXKIEHUN MeTabo-
JIMYECKUM AITU/I030M PA3IMYHOM CTETIeHU BBIPAKEHHO-
cTd, MUCOANAHCOM TPUTJMIEPUIOB U XOJIECTEPHHA.
Yewm JuiuTesibHEE U TSKEJIEe THUIIOKCHST, TeM OO0JIbliie
BBIPa’KEHBI HAPYIIEHUS KUCJIOTHO-OCHOBHOTO COCTaBa
1 JIAKTaTa KPOBU IIPU POKICHNUN. MaKcuMaibHas [T -
tesbHocTh VIBJI HabJogaercss y HOBOPOKAEHHBIX €
Kpalite HeOJIATOIPUSATHBIM aKyIIEPCKIM aHAMHE30M,
MOJIMOPTaHHOM HEJIOCTAaTOYHOCTBIO W HU3KUM COJIEP-
JKAaHUEM TPUTJIUIIEPUIOB B KPOBH.

[TpoBosMMbIEe HCCTEIOBAHIS TTO3BOJIMIIN TIOJTY-
YUTH HOBBIC TIPECTABJICHUSA O MEXaHU3ME PAa3BUTHUSA
PJICH, posu cypdaktaHTOB B JieueHuu 3aboJieBa-
HUSA, cokpanienus anureabHoct IBJI. Hosbie nan-
HBIE O IEPUHATAJIBLHOM TUIIOKCUH, ee BIUSHUN Ha Me-
TabOJIU3M ¥ JTUITUTHBIE 0OMEH, HAHOCTPYKTYPY MEM-
OGpaH apUTPOIMTOB CIIOCOOCTBOBAIN U3MEHEHUIO Jie-
4eOHOU TAKTUKKM Yy HOBOPOKAEHHBIX, UTO, B IEJIOM,
MO3BOJIAJIO JIOOUTHCST TIPOMYUIAKTHKI TAKUX OCJIOK-
HEHUH, KaK HalpPsIKEeHHbIH THeBMOTOPAKC, BHYTPHU-
JKEJTyTOUYKOBBIE KPOBOU3JIUSHUSA, CHU3UThL HEOHA-
TAIbHYI0 cMePTHOCTH 710 0,6 Y%o.

Briepoie B HUMOP nHavarsl renetTudeckue mc-
caenoBanus kpurndeckux coctogauii (B. M. Iluca-
peB, C. B. CMeJiast) 1 HOBbIX METO/IOB IMAarHOCTUKY U
JIeYeHUST OCTPON IBIXaTeIbHON HEJOCTATOYHOCTU Ha
(bore mO30KOMMATbHOU mNHEeBMOHUU. l[losydeHb
noBbie nannbie o JIHK-moBpexjenusix, amnonrose,
HEKPO3€e KJIETOK KPOBU y OOJIBHBIX € TSIKEJIOH coue-
TAHHON TpaBMOM, KpOBOIOTepell W HapyllleHUsIMU
reMOJIMHAMUKH. BBIABJIECHBI TEHOTHUIIBI MPEIPACIIO-
JIO}KEHHOCTH K PAa3BUTHIO BHEOOJHHUIHON U HO30KO-
MUQJIBHOW TTHEeBMOHUU. BbIsiBIIEeHO, 4TO coueTaHue
IByX 1 GoJiee PUCKOBBIX ajuiesieil B renax CYP1AT,
AhR, ACE, AGT u AGTR1 (CYP1A1 rs2606345-T,
AhR 152066853-A, ACE 1s4340-D, AGT rs699-C u
AGTR1 rs5186-C) y ofHOTO 1 TOTO K€ HOJIBHOTO MO~
BBIINIAET PUCK PA3BUTHUS HO30KOMHUAIBHON MTHEBMO-

DNA damage, apoptosis, and necrosis of blood cells
in patients with severe combined trauma, blood loss
and hemodynamic disorders. Genotypes of predispo-
sition to the development of community-acquired
and nosocomial pneumonia have been identified. It
was found that the combination of two or more risk
alleles in the genes CYP1A1, AhR, ACE, AGT and
AGTR1 (CYP1A1 rs2606345-T, ARR 1s2066853-A,
ACE 1s4340-D, AGT rs699-C and AGTR17 rs5186-C)
in the same patient increased the risk of nosocomial
pneumonia. A number of allelic variants of xenobio-
tic detoxification genes are associated with a risk of
developing ARDS in nosocomial pneumonia:
CYP1A1 rs2606345-T /T, AhR rs2066853 G/A-A/A
and AGT rs699 C/C. With the greatest possible num-
ber of risk alleles equal to twelve, an increase in the
number of risk alleles to four or more in patients with
nosocomial pneumonia is associated with a risk of de-
veloping ARDS.

It has been demonstrated that allelic variants of
the xenobiotic detoxification gene GSTP1 A313G
are associated with the efficacy of antibiotic therapy
when treating community-acquired pneumonia: pa-
tients with genotype A/A have better results of the
amoxicillin/clavulanate (P=0.00004, OR=2.13) and
levofloxacin (P=0.003; OR=1.73) therapy; in those
with the G-allele in the homo- and heterozygous
state the results of the treatment with cephalospo-
rins of the third and fourth generations (P=0.00010,
OR=2.08) are better. The results of the associative
study helped to identify a group of people at increa-
sed risk of community-acquired pneumonia, to hospi-
talize patients at early stages of the disease, to imple-
ment an individual approach to the prescription of
the antibacterial therapy according to genotyping,
which contributed to a reduction in the number of
cases of the complicated course of the disease from
69.1% t0 9.1% and a reduction in the length of hospi-
talization from 28.7+3.1 to 16.6+£1.9 days. It was
shown that a progradient increase in the level of pro-
inflammatory cytokines in the serum (TNF-a
(P=0.035), IL-ip (P=0.00001) and IL-6 (P=0.0001))
is the prognostic marker of the development of criti-
cal states (ARDS, sepsis, organ failure).

New molecular biomarkers of ARDS and noso-
comial pneumonia have been studied and introduced
into clinical practice. It has been proven that the Clara
cell protein is a sensitive and specific diagnostic mole-
cular biomarker for the presence of Pseudomonas aeru-
ginosa in nosocomial pneumonia in patients with ab-
dominal surgical infection. Tt was found that the sur-
factant protein D is a sensitive and specific diagnostic
molecular biomarker of damage to the alveolar epithe-
lium of Type IT in nosocomial pneumonia complicated
by ARDS; the surfactant protein A is a sensitive and
specific prognostic molecular biomarker of damage to
the alveolar epithelium of Type IT in nosocomial pneu-
monia complicated by ARDS.
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HUU. Py ajnieibHbIX BApUAHTOB IC€HOB JIETOKCHKA-
[ KCEHOOMOTUKOB COIPSIKEHBI ¢ PUCKOM Pas3BHU-
tuss OP/IC 1pum HO30KOMHMAJIbHOW ITHEBMOHWH:
CYP1A1 rs2606345-T /T, AhR rs2066853 G/A-A/A
n AGT 15699 C/C. Ilpu MakCUMaJIbHO BO3MOKHOM
Yucjie PUCKOBBIX ajliesiell paBHOM 12, yBesndecHme
KOJINYECTBA PUCKOBBIX aJlIeJIed /10 YeThIpex u boJiee
y GOJIBHBIX HO30KOMUAJIBHOW THEBMOHUEN COTIPSIKE-
HO ¢ puckoM passutug OP/IC.

[lokazaHo, 4TO aJjieJibHbIe BAPUAHTHI TeHA Jie-
tokcukaiun kcenobuornkos GSTP1 A313G comps-
JKeHBI ¢ 9 (HEKTUBHOCTHIO aHTHOAKTEPUAIILHOI Tepa-
MW IPU JIeYeHI Y BHEOOIbHUYHON ITHEBMOHUU: y HO-
cutesiell reHotuna A/A Jydiiie pe3yabTaThl JieueHUs
AMOKCHUITUJITMHOM /KJIABYJIAHATOM (p=0,00004;
OR=2,13) u neBodokcanunom (p=0,003; OR=1,73);
y Hocuteseir G-auiesis B TOMO- U TE€TEPO3UTOTHOM
COCTOSHUM JIyUllle Pe3yJIbTAThI JIeueHus 11edanocio-
punamu 3—4 renepaiuu (p=0,00010; OR=2,08). Pe-
3YJIbTAThl aCCOIMATUBHOTO MCCIEOBAHUS TTO3BOJIH-
JIW BBISIBUTH TPYIILY JIOJCH TOBBIICHHOTO PUCKA
BO3HUKHOBEHUsI BHEOOJIbHUYHOI ITHEBMOHUM; TOCTIH-
TAJIM3UPOBATh OOJIBHBIX HA PAHHUX CPOKaX 3a00JI€Ba-
HUH, OCYIIECTBUTh WHAWBUIYAJIbHBINA TTOAXO/ K Ha-
3HAUEHUIO aHTHOAKTEPUATILHOL, TEPAITUH TI0 JIAHHBIM
FEHOTUIIMPOBAHUSI, YTO CHOCOOCTBOBAIO YMEHbIIe-
HUIO KOJIMYECTBO CJIy4aeB OCJIOKHEHHOTO TeueHUs
6ostesnu ¢ 69,1 10 9,1% U COKpaleHNIO IJINTENbHO-
ctu rocturtasmsanuu ¢ 28,731 no 16,6+£1,9 cyrok.
[ToxkazaHo, 4TO TPOTHOCTUYECKUM MapKepOM Pa3BU-
tug xkpurndeckux cocrogamnii (OP/IC, cencuc, op-
raHHas HEJOCTATOYHOCTDb) SIBJSETCS MPOTPAIUCHT-
HOE yBeJIMYEHUE YPOBHS MPOBOCIATUTEIBHBIX IIUTO-
KUHOB. B cbiBopoTKe kposu: TNF-a (p=0,035), [L-ip
(p=0,00001) u IL-6 (p=0,0001).

N3ydenbl 1 BHEPEHBI B KIMHIUECKYIO TIPAKTHKY
HOBbIe MoJieKyJistpHbie Gnomapkrepbl OP/IC u Ho30Ko-
MUAJIbHON ITHeBMOHUU. J[OKa3aHo, 4TO OGEJIOK KJIECTOK
Kiapa sBisiercs 4yBCTBUTEJBHBIM U CHICTIM(PUYHBIM
JIMATHOCTUYECKUM MOJIEKYJISTPHBIM OMOMApKEepPOM Ha-
smuwust Pseudomonas aeruginosa npu HO30KOMUATBLHON
[THEBMOHUMU Y GOJIbHBIX abJIOMUHAIBLHON XUPYprude-
CKOI nH(peKIuell; ycTaHOBIEHO, 4TO CyphaKTaHTHBIN
npotend D sBjsieTcs 4yBCTBUTENBHBIM U CIIeIUbUY-
HBIM JIMATHOCTHYECKUM MOJIEKYJISIPHBIM OUOMapKe-
POM TIOBPEsK/IeHNS ajbBeossipHoro anuTesus 11 turma
1P HO30KOMHUAJbHOW ITHEBMOHWU, OCJOXKHEHHON
OP/IC; cypdakTaHTHBIN TPOTEUH A SBJISETCA UyB-
CTBUTEJIBHBIM U CIIETTM(DUYHBIM TPOTHOCTUYECKIM MO-
JIEKYJISIDHBIM OGHOMApKepPOM TIOBPEKIEHUST allbBEO-
agpHoro snurtenust Il Tuna npu HO30KOMUATHHON
nHeBMoHnn, ocsoskuennoir OP/IC.

3yueHbl HOBbIE METOIbI AHTHOMOTUKOTEPATTUT
HO30KOMHUAJBbHOU MHEBMOHUU C MHCIIOJIH30BAHUEM
UHTIAMOHHBIX aHTOnoTuKoB (A. H. Kysosies).
Jlokazano, uto npu HeahHEeKTUBHOCTH 6Aa30BOTO pe-
JKUMa aHTUOUOTHKOTEPAITY HO30KOMHUAJILHOI TTHEB-
MOHUU Y GOJIBHBIX abJIOMUHATIBHON XUPYPrudecKoit

New methods of the antibiotic therapy for no-
socomial pneumonia with the use of inhalation anti-
biotics have been studied (A. N. Kuzovlev). It was
proved that in case of the ineffectiveness of the basic
regimen of antibiotic therapy in nosocomial pneumo-
nia in patients with abdominal surgical infection
caused by multiresistant gram-negative flora, 300 mg
of 2 mg/day of inhaled tobramycin should be used as
a supplement to systemic antibiotics, which impro-
ves the results of treating pneumonia: the frequency
of resolution of nosocomial pneumonia increases up
to 84% (against 52%, P=0.0322)

The neuromorphology of critical states is the
main direction of research in the laboratory of cell pa-
thology in critical conditions (A. M. Golubev, M.
Sh. Avrushchenko). Neuromorphological research
conducted in the RIGR is aimed to study general re-
gularities, individual typological and gender features
of the formation of postresuscitative disorders in the
morphofunctional state of the nerve cells of the cent-
ral nervous system, and to develop approaches to pa-
thogenetically substantiated prevention and therapy
of posthypoxic encephalopathies.

A complete restoration of the functions of the
central nervous system after severe ischemia is one of
the most important tasks in resuscitation. In this re-
gard studies of the relationship between changes in
brain function and disturbances in its structure, the
study of the nature of postresuscitative neurological
disorders and the search for possibilities of their pre-
vention and correction have become of great impor-
tance. The solution of these problems led to the ex-
pediency of creating a new direction in studying the
postresuscitative pathology of the organism: the sig-
nificance of the changes developing in the brain at
the level of neuronal populations in the pathogenesis
of posthypoxic encephalopathies.

A method of differential morphometric analysis
was developed to quantify the intensity and severity
of the changes detected. This approach allowed us to
establish the dynamics and to determine the stages of
postresuscitation reorganization in neuronal popula-
tions, to reveal the unequal reactivity of various ele-
ments of heterogeneous neuronal populations, to dis-
cover the relationship between a population density
and a population composition with the rates of ne-
urologic recovery, to establish differences in sensiti-
vity to ischemia of different populations (even wit-
hin the same brain region) and also to determine the
efficacy of various treatment activities. The general
patterns of postresuscitative changes in neuronal po-
pulations were revealed. It was found that, after car-
diac arrest of different duration, the dystrophic and
destructive changes in nerve cells are not immediate-
ly detected, but appear and develop long-term du-
ring the postresuscitation process. The revealed dis-
turbances in the state of neuronal populations can be
the basis for the development of latent and delayed
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nHpeKIeil, BBI3BBAHHOU MOJIMPE3UCTEHTHON TPAMOT-
puliaTesbHo GJIOPOIi, CiielyeT B KauecTBe JIOT0JHe-
HUST K CUCTEMHBIM aHTHOMOTHKAM UCIIOJB30BATDh MH-
rajistiinonHbiit Tobpamunua 300 mMr 2 p/cyT., 9TO
VJIy4dIllaeT pe3yJbTaTbl JIeYeHUS ITHEBMOHUU: yBe-
JIMYUBAET YACTOTY pasperieHus HO30KOMHUATbHOM
mHeBMOHNN 110 84% (mipotus 52%, p=0.0322).

Heiipomopdosiorust KpUTUIECKUX COCTOSHUN —
OCHOBHOE HallPaBJICHUE HAYYHBIX UCCJIC/IOBAHUI B JIa-
6GOpaTOPUU TTATOJIOTUH KJIETKU [TPU KPUTHUECKUX CO-
crostausix (A. M. Tosry6es, M. T11. ABpyuienko). Heii-
poMophoIOTHYECKHE UCCIe/IOBAHNUS, TTPOBOJNMBIC B
HVIMOP, nocssiiieHbl n3y4eHnIo o01mx 3aKOHOMEep-
HOCTE, UHANBUYaTbHO-TUIIOJOTMYECKIX W TeHAEP-
HBIX 0COOEHHOCTEH (OPMUPOBAHUS TTOCTPEAHNMA-
[IUOHHBIX HapylieHnii MOphOpYHKIIMOHATIBHOTO CO-
CTOSTHUST HEPBHBIX KJIETOK 1IEHTPaJIbHON HEPBHOM ch-
cTeMbI; pa3pabOTKe MOAXO/0B K IaTOreHeTUIEeCKU 00-
OCHOBAHHOU MTPOMUIAKTUKE U TEPATTMH TOCTTUTIOKCH-
yecKuX sH1ehaIonaTuil.

[Tosinotniennoe BoccTaHoBieHue (QYHKIUI
IEHTPAJIbHON HEPBHOHM cHCTeMbl TIOCJe TSKeJIon
UIIEeMUN IBJISETCS OJHON M3 BAXKHEUITNX 3a/1a4 pea-
HUMATOJIOTHH. B CBsI3M ¢ 3THM OOJIbINOE 3HAYEHUE
IPUOOPETAIOT HMCCIEI0BAHUST B3aUMOCBSI3U MEKILY
M3MEHEHUAMU (DYHKIIMM MO3Ta U HAPYHIEHUSIMU €TO
CTPYKTYPBbI, U3ydeHUE MPUPOJIbI OCTPEaHUMAIINOH-
HBIX HEBPOJOTMUECKUX HAPYIIECHUH, TOMCK BO3MOK-
HOCTel MX TMPOMUIAKTUKN U Koppekiuu. Pemenne
3TUX MPOOIIEM OOYCIOBIIIO 1eJIECO0OPA3HOCTD CO3-
JIaHWST HOBOTO HAIIPABJIEHUS B M3yUYE€HUN TIOCTPEAHU-
MAI[MOHHON MATOJIOTUU OPraHU3Ma: 3HAUeHNe U3Me-
HEHW, Pa3BUBAIOIINXCS B MO3Te HAa YPOBHE HeHpo-
HAJIBHBIX MOIYJISAININ, B TATOTEHE3e MOCTTUIIOKCUYe-
cKuUX aHIledanonaTuii.

Jlist KOJIMYeCTBEHHOI OIleHKK IIyOMHbBI ¥ BbI-
PasKEHHOCTH BBISIBJISIEMbBIX U3MEHEHUI OBLT pa3pabo-
TaH MeTo/ muddepeHImpoBaHHOT0 MOphoMeTpuYe-
CKOTO aHa/n3a. TaKol MOAX0/T TTO3BOJIUI YCTAHOBUTD
JIMHAMUKY U OIIPE/ICJIUTD ITAIbI MOCTPEAHUMAIIMOH-
HBIX IIepecTpoeKk HEeHPOHAJbHBIX TOIYJISINH, BbI-
SBUTDH HEOJMHAKOBYTO PEAKTUBHOCTD PA3IMUHBIX dJIe-
MEHTOB TETEPOT€HHBIX HEHUPOHAJIBHBIX MOIMYJIAINH,
OOHAPYKUTh B3aUMOCBSI3b ILUIOTHOCTH pacIpesesie-
HUSA W COCTaBa MOIYJIAIMH ¢ TeMITaMU HEBPOJIOTAYE-
CKOTO BOCCTAHOBJICHUS, YCTAHOBUTD OTJIMYNSA B UyB-
CTBUTEJILHOCTU K MINEMUH PA3HbIX MOy faxKe
B IIpefiesiax OIHOTO OTJIesia MO3Ta, a TaKKe OIpesie-
JuTh 3()PEKTUBHOCTD PA3IUYHBIX JIEUEOHBIX MEPO-
npusTHil. BbisiBieHbl 00IHE 3aKOHOMEPHOCTU T10-
CTPEeaHNMaIIMOHHBIX U3MEeHEHN HeHPOHAJIbHBIX 110-
nyJsiiuit. OOHAPYKEHO, UTO MOCJIE OCTAHOBKH CEPJi-
I[a PasHON JJIUTETBHOCTH IUCTPOGUYECKUE U Jie-
CTPYKTHBHbIE M3MEHEHUSI HEPBHBIX KJIETOK OOHapy-
JKUBAIOTCS HE CPasy, a BO3HUKAIOT U JJIUTEIHHO Pa3-
BUBAIOTCS B XO/I€ IMMOCTPEAHUMAIMOHHOTO ITPOIecca.
BorsiBsieHHBIC HAPYTIIEHUS COCTOSHUS HEHPOHATBHBIX
HOMYJISIIANA MOTYT OBITH OCHOBOU JIJIST Pa3BUTHSI

posthypoxic encephalopathies. The unequal vulnera-
bility of various elements in heterogeneous neuronal
populations was shown. The value of the protein
synthesis process in the phenomenon of different ne-
uronal reactivity was established.

It was found that the presence of satellite mac-
roglia and an increase in its number is one of the sig-
nificant factors that determine the stability of ne-
urons to postresuscitative lesions. Postresuscitative
changes in the state of the astrocytic glia were re-
vealed: there is a sharp increase in the immunoreac-
tivity of fibrous astrocytes of the brain white matter
to the marker of reactive astrocytes (the acidic glial
fibrillar protein GFAP) while GFAP-immunoreacti-
ve astrocytes appear in the grey matter of the brain.
In general, an important role of macroglia in the for-
mation of postresuscitative changes in the brain was
established. Tt was shown that the glia actively re-
acts to the ischemic effect and contributes to the
maintenance of the homeostasis of neuronal popula-
tions, with the changes in its condition significantly
contributing to the development of the postresusci-
tation process.

It was revealed that after ischaemia of various
duration in animals with the absent external ne-
urological disorders similar unidirectional shifts in
density and composition of neuronal populations
develop. However, there are the reactions to a lon-
ger duration of ischemia are specific, which is ma-
nifested in the depth of the detectable shifts, and in
the extent to which different elements of neuronal
populations are involved in the postresuscitation
process. Differences in neuronal populations have
been established even within the same brain region
in their response to ischemia/reperfusion. The re-
lationship between the selective sensitivity of ne-
uronal populations to ischemia caused by cardiac
arrest was shown, with specific reparative changes
in the form of an increase in protein synthesis at a
certain stage of the postresuscitation process. The
revealed differences in the vulnerability of neuro-
nal populations in different parts of the brain appe-
ar to be essential for the prognosis and prevention
of neurological disorders occurring in the postisc-
hemic period.

It has been demonstrated that the severity of
the dystrophic changes and death of cells in the po-
stresuscitation period can be prevented and /or redu-
ced with the use of Perftoranum, mexidol, and succi-
nic acid, as well as by neurophysiological influence
(activation of behavior). It was established that a
number of neuropeptides and hormones (oxytocin,
oxytocin with estradiol, somatostatin, kyotorphin,
sandostatin, synthetic peptide TGS-33) once applied
immediately after successful cardiopulmonary resus-
citation not only improve the state of neuronal popu-
lations, but also accelerate the pace of neurologic re-
covery, reduce postresuscitative lethality and norma-
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CKPBITBIX ¥ OTCPOYEHHBIX TOCTTUTIOKCUYECKUX JHIIE-
(bamonaruii. [Tokazana HeoJAMHAKOBAas PAHUMOCTD
Pa3JIMYHBIX 3JIEMEHTOB TI'eTepOTEeHHBIX HelpOoHab-
HBIX MOIYJISIUN ¥ YyCTAaHOBJIEHO 3HAYeHMe IIpolecca
cuHTe3a Oesika B (DEHOMEHE PA3JIMUHON PeaKTHBHO-
CTU HEHPOHOB.

OOGHapysKeHO, YTO OJHUM W3 CYHIECTBEHHBIX
(hakTOPOB, 0OYCJIABIMBAIOIINX YCTOWIUBOCTD HEHPO-
HOB K TOCTPEAHUMAIMOHHBIM TTOBPEKICHUAM, SIB-
JIgEeTCS HaJIMYUE CATEeJITUTHOM MAaKPOIJINH, a TaKKe
yBeJIMUEHNe ee yncya. BoIssBIeHbl ocTpeaHnMallioH-
Hble M3MEHEHUs COCTOSIHUSI acTPOIUTAPHON TJIMU:
pe3Koe yBeJMUYeHe UMMYHOPEAKTUBHOCTH (huGpo3-
HBIX aCTPOIIUTOB OEJIOTO BEIECTBA MO3Ta K MapKepy
PEAKTUBHBIX ACTPOLIUTOB (KUCIOMY TJHAIBHOMY
dubpuisipaomy 6esiky GFAP) u nosisierne GFAP -
MMMYHOPEaKTUBHBIX aCTPOIMTOB B CEPOM BelllecTBe
Mo3Ta. B 11eloM ycTaHOBJIeHA BasKHAsI POJIb MaKpO-
ryiiu B (hOPMUPOBAHUM MTOCTPEAHUMAITMOHHBIX U3Me-
HeHuil Mo3ra. [lokazaHo, 4To IJns, akTUBHO pearnpysi
HA WIIEMUYECKOE BO3JEUCTBUE, CIIOCOOCTBYET IOJI-
JIepKaHUIo TOMeocTa3a HelipOHAJIbHBIX TOITYJISINT, a
M3MEHEHUsT ee COCTOSIHUS BHOCAT CYIEeCTBEHHBIN
BKJIa/l B pa3BUTHE [TOCTPEAHNMAIIMOHHOTO TIpoIiecca.

BoisiBieHo, 4TO TOCJE WINeMUU PasHoONl M-
TEJTBHOCTU Y JKMBOTHBIX C OTCYTCTBUEM BHEITHUX
HEBPOJIOTUYECKNUX HapyIIeHUH Pa3BUBAIOTCSI OJ[HO-
TUITHBIE W OJIHOHAIIPABJIEHHBIE C/IBUTU TJIOTHOCTH U
cocraBa HeMpOHAJIBHBIX HoMyJistiuii. OiHaKo, cyIiie-
CTBYIOT OCOOEHHOCTHU PeakInu Ha GoJiee MPO0JIKI-
TEJILHYIO UIIEMUIO, KOTOPbIE 3aKJII0UYAI0TCS B TIyOH-
He OOHApY/KUBAEeMbIX C/[BUTOB, B CTENEHU BOBJIEUE-
HUS Pa3HBIX 3JIEMEHTOB HeHPOHAIbHBIX HOIYJISIINHT B
MTOCTPEAHNMAIIMOHHBIN TIPOIecC. ¥ CTAHOBJEHBI OT-
JINYMS HEHPOHAIBHBIX MO JaKe B Ipejesiax
OJTHOTO OTJIeJIa MO3Ta B UX PEAKIINU HA UIIEMUIO-Pe-
nepdysuio. Ilokazana B3aMMOCBSI3b CEJIEKTUBHOM
YYBCTBUTEJBHOCTH HEWPOHATBHBIX MOMYJIAIAN K
UIIEMWH, BBI3BAHHON OCTAHOBKOM cepiilia, ¢ 0CoOeH-
HOCTSIMM Peayin3alliy perapaTUBHBIX U3MEHEHU B
BUJIE YBEJIMUYEHHUST CHHTE3a OeJIKa Ha OIpeeJIeHHOM
aTane MOCTpeaHMMaIMOHHOTO Ipoliecca. BbisiBieH-
HbIe pa3jiMyusd B PAHUMOCTH HEHPOHAJTbHBIX IO-
NyJISIUH Pa3HbIX OT/EJI0B MO3Ta IIPe/CTaBJSIOTCS
CYIIECTBEHHBIMU [IJIs1 TPOTHO3UPOBAHUS U TIPODU-
JIAKTUKU BO3HUKAIOIINUX B IOCTUIIEMUYECKOM Iie-
pHro/ie HEBPOJIOTMYECKUX HapyIIeHU.

[lokazaHa BO3MOKHOCTD ITPEIOTBPATUTD U,/ NN
YMEHBIITUTH BBIPAKEHHOCTD MPOIIECCOB AUCTPOdIye-
CKOTO M3MEHEHUs U TUOEe/U KJIETOK B MOCTPEeaHUMa-
IIMOHHOM TIepuojie TIPU TIpUMeHeHuu mepdTopana,
MEKCHI0J1a, SHTAPHOU KHUCJIOTBHI, a TaKkKe IyTeM
YUCTO HEUPODU3NOIOTTIECKOTO BO3/ICHCTBUS (aKTH-
BU3AIMS TOBEJCHUS ). Y CTAHOBJICHO, YTO OJIHOKPAT-
HOe IpUMeHeHue cpasy IocJjie YCHellHOH cepieqyHo-
JIETOUHOHN peaHnMalliuy psijla HeMpOoIeNnTU10B U rop-
MOHOB (OKCHUTOIIH, OKCUTOIIMH C 3CTPAINOJIOM, CO-
MATOCTAaTHUH, KMOTOP(hUH, CAaHIOCTATUH, CUHTETAYE-

lize the emotional reactivity of animals. Recently we
have obtained convincing data on the positive effect
of the mitochondrial antioxidant SkQ1 on the struc-
tural and functional state of the brain in the postre-
suscitation period. The efficacy of the nerve growth
factor mimetic GK-2 was also shown to prevent the
death of neurons and to accelerate the neurological
recovery after resuscitation.

Autoradiographic, cytochemical, biochemical
and morphometric research (M. Sh. Avrushchenko)
previously conducted in the Institute revealed po-
stresuscitative changes in the protein synthesis in
nerve cells, both at the level of translation and at the
level of transcription. The importance of the protein
synthesis in the development of postresuscitation re-
organizations of neuronal populations, (as well as in
the restoration of brain function after clinical death),
has been shown: there is a direct correlation between
the rates and completeness of neurological recovery
and the intensity of the protein synthesis in the tis-
sues of the cerebral cortex, hippocampus and cerebel-
lum. Tt was established that the different sensitivity
of nerve cells to ischemia/reperfusion is associated
with the reactivity of their protein synthesizing sy-
stem. It was found that in order to fully restore the
neurological status it is necessary to raise the level of
the protein synthesis in the brain at a certain stage of
the postresuscitation process. It was revealed that
the activation of the protein synthesis in the postre-
suscitation period ensures preservation of both the
density and composition of neuronal populations,
with the development of the prolapse and dystrophic
changes of neurons occurring with a decrease in the
intensity of protein synthesis. Further studies revea-
led that the stability of nerve cells to ischemia /reper-
fusion is due not only to the level of protein synthesis
as a whole, but also to the level of expression of spe-
cific proteins (endogenous neuroprotective factors).
The significance of heat shock proteins HSP70 in po-
stresuscitation period was shown. It was shown that
the immunoreactivity of various neuronal popula-
tions to the HSP70 protein is associated with the se-
verity of morphological changes in neurons. The
value of the initial level in immunoreactivity of ne-
uronal populations to HSP70 in their resistance to
ischemia/reperfusion was first shown: a high content
of cells expressing the constitutive form of HSP70 in
the neuronal population is an important factor in
providing its resistance to subsequent ischemia/re-
perfusion. The value of the glucose-regulated protein
GRP78 in postresuscitation process was found. The
complex analysis of the results of histological and im-
munocytochemical studies showed that in the po-
stresuscitation period there are significant changes
in the immunoreactivity to the GRP78 protein vary-
ing in dynamics and direction in different neuronal
populations. It was found that the process of neuro-
nal death in the postresuscitation period is closely
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ckuii entuy TT'C-33) 1103BOJIAET HE TOTBKO YIIyd-
ITUTD COCTOSIHUE HEHPOHAJBHBIX MOMYJANNH, HO U
YCKOPUTDH TEMITbI HEBPOJIOTHYECKOTO BOCCTAHOBJIE-
HUH, CHU3UTD IMOCTPEAHUMAIMOHHYIO JIETAIbHOCTD U
HOPMAJIM30BATh AMOITMOHAJILHYIO PEAKTUBHOCTD JKH-
BOTHBIX. B moc/ie/[Hee BPeMsl MOJIyueHbl YOeuTe b-
HbIe JJaHHBIE O TIOJIOKUTEJTBHOM BO3JICHCTBUU HA
CTPYKTYPHO-(DYHKIIMOHAJILHOE COCTOSTHUE MO3Ta B
MOCTPEAHUMAIIMOHHOM TIE€PUO/Ie MUTOXOH/IPUAIBHO-
HanpasieHHoro antuokcuzanta SkQ1. TTokasana
Takke a(h(eKTUBHOCTL MUMeTHKa (hakTopa pocTa
HepBoB I'K-2 i npepynpexieHus: Tubesn Helpo-
HOB M YCKOPEHUS HEBPOJIOTHYECKOTO BOCCTAHOBJIC-
HUA [IOCJIC pEaHUMAIIH.

[Tposenernbie B HUMOP panee aBropagmorpa-
(buueckue, MUTOXUMUIECKIE, OUOXUMUIECKIE U MOP-
(bomerpuueckue nccnenoBanus (M. 111. Apyienko)
MO3BOJINJIA BBISBUTH TIOCTPEAHUMAITMOHHBIC U3MEHE-
HIISI TIPOIlecca CUHTe3a OeJIKa B HEPBHBIX KJIETKAX, KAK
Ha YPOBHE TPAHCJIAINMH, TAaK U HA YPOBHE TPAHCKPUII-
. [TokasaHo 3HaueHUeE Tpollecca cuHTe3a Gesika B
Pa3BUTUU TOCTPEAHUMAITMOHHBIX TIEPECTPOEK HEHPO-
HAJIBHBIX TOMYJISAINN, a Takke B BOCCTAHOBJICHUU
(bynkum mosra nocsie KIMHUYECKOH CMEPTH, BbI-
SBJICHA ITPsIMasi B3aMMOCBSI3b TEMIIOB 1 TIOJTHOTHI HEB-
POJIOTUYECKOTO BOCCTAHOBJICHUS ¢ MWHTEHCUBHOCTHIO
cuHTe3a OeJIKa B TKAHU KOPBI OOJIBIIUX MOJIYIIAPUL,
TUTIIIOKAMIIA ¥ MO3KEUKA. Y CTAHOBJICHO, UYTO PA3JINy-
Hasl YyBCTBUTEJIBHOCTD HEPBHBIX KJICTOK K WIEMUH-
peniepdy3un CBSI3aHBI ¢ PEAKTUBHOCTBIO WX OEJI0-
KCUHTe3upytoreir cucreMbl. OOHAPYKEHO, UTO st
MOJIHOIIEHHOTO BOCCTAHOBJIEHUSI HEBPOJIOTMYECKOTO
craTyca HeOOXOIUM TO'bEM YPOBHI CHHTE3a Oejika B
MO3Te Ha OMPEIETICHHOM 3Talle MOCTPEAHUMAITMOHHO-
ro Tporiecca. BhIsABIEHO, UTO B TOCTPEAHUMAIIMOHHOM
Heprozie akTUBalus cuHTe3a Gesika obecriednBaeT co-
XpaHeHUe TJIOTHOCTH M COCTaBa HEHPOHAJILHBIX T10-
MyJIAIAN, & Pa3BUTHE TIPOIIECCOB BBITAICHUS W JIC-
TPO(UIECKOTO U3MEHEHHS HEHPOHOB TIPOUCXOUT HA
(hoHe CHMKEHWMsS WHTEHCHBHOCTU CHHTe3a OeJKa.
JlanbHelilme WCCae0BaHusT MO3BOJUIN OOHAPY-
SKUTH, YTO YCTONYNBOCTD HEPBHBIX KJIETOK K UIIIEMUU-
peniepdysuu 00yCJIOBIEHA He TOJILKO YPOBHEM CHHTE-
3a OeJiKa B I€JIOM, HO TaKXKe U YPOBHEM SKCIIPECCHU
KOHKPETHBIX OEJIKOB — BSHJIOTEHHBIX HEHPOIPOTEK-
TUBHBIX (hakTopoB. [ToKkazaHO 3HAUeHUE GEJIKOB TeTl-
JioBoro moka HSP70 B pa3BuTnn mocTpeannMarifion-
HOTO TIporiecca. BoigBieHa B3aMMOCBI3b UMMYHOpE-
AKTUBHOCTH PA3JIMYHBIX HEHPOHAIBHBIX MOITYJIATINAIA
Kk Genky HSP70 ¢ BbIpa)KeHHOCTBIO MOPGHOJIOTHYE-
CKUX H3MEHEeHUIl HeHpOHOB, BIIEPBbIE IOKA3aHO
3HAYCHUE MCXOMHOTO YPOBHS MMMYHOPEAKTUBHOCTU
HelpoHanbHbIX nomyssaiuil k HSP70 B ux ycroitum-
BOCTHU K UIIEMUU-periepdy3nun: BEICOKOE COZIEPKaHTe
B HEIPOHAIBHON TOIYJISIINHN KJIETOK, 3KCIIPECCUpyio-
nmx KoucTutTyTuBHYI0 hopmy HSP70, siBaistercs Baxk-
HBIM (hakTOpoM obecIiieueHust ee YCTOMYMBOCTH K
MoCTeAyIoNel uieMun-penepdysun. Y CTAaHOBIEHO

related to changes in the immunoreactivity of neuro-
nal populations to the GRP78 protein. Nerve cell
proliferation always occurs with a decrease in the im-
munoreactivity of the population, with immunomo-
dulatory neurons dying. Therefore, the immunoreac-
tivity to GRP78 is one of the important factors ensu-
ring the stability of nerve cells to death after ische-
mia,/reperfusion.

Recently other endogenous neuroprotective
factors have been studied that play an important
role in maintaining neuronal resistance to ische-
mia/reperfusion. Thus, histological and immunocy-
tochemical studies in reanimated patients revealed
postresuscant changes in the expression level of the
Glial Neurotrophic Factor (GDNF) and the main
growth factor of fibroblasts bFGF. It was shown
that the death of nerve cells can be prevented with
an initial increase in the expression level of GDNF
and bFGF in neuronal populations. The subsequent
decrease in the expression level of these factors is
accompanied by loss (death) of neurons. In this case
GDNF-negative cells and bFGF-negative cells die
(that is, neurons that do not express these prote-
ins). The changes in the expression levels of GDNF
and bFGF are associated with the development of
the process of neuronal death in the postresuscita-
tion period. It was shown that the expression levels
of these proteins are an important factor affecting
the stability of neurons in the postresuscitation pe-
riod. This leads to the promise of using GDNF and
bFGF to develop approaches to brain protection in
ischemia/reperfusion.

New data on the significance of the expression
level of the cerebral neurotrophic factor (BDNF)
in the postresuscitation process was obtained at
the Institute. The dynamics of postresuscitation
shifts of the BDNF immunoreactivity in neuronal
populations of pyramidal hippocampal cells and
Purkinje cells of the cerebellum was established. Tt
was shown that in both neuronal populations the
level of the BDNF expression decreases, which is
accompanied by the death of neurons, to which
only BDNF-negative and weak-positive nerve cells
are exposed, i.e. neurons that do not express or
hardly express this protein. The results of the rese-
arch indicate the shifts in the BDNF expression are
associated with the postresuscitative destruction
of neurons. Therefore the level of the BDNF ex-
pression in neurons is one of the factors that have a
significant effect on their resistance to
ischemia/reperfusion.

It is proved that the individual and typological
parameters of the organism play an important role in
the development of the postresuscitation process (Yu.
V. Zarzhetsky). We found that there are differences in
the severity of the postresuscitative brain damage as-
sociated with the behavioral activity of animals. Tt
turned out that morphological brain damage is al-
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3HAYCHUE B MTOCTPEAHMMAIIMOHHOM TIPOIlecce TIIOKO-
3o0-peryaupyemoro 6Genka GRP78. KowmiuiekcHbrit
AHAIN3 PE3yJIbTATOB TUCTOJIOTUIECCKUX U UMMYHOTIH-
TOXUMHWUYECKUX HCCJICIOBAHMI TOKA3aj, 4TO B TIO-
CTPEAHMMAIITMOHHOM TIEPUOJIC MPOUCXOAAT CYIIie-
CTBEHHbBIE U3MEHEHMSI UMMYHOPEAKTUBHOCTU K OEJIKY
GRP78, neoqunakoBble 10 JMHAMUKE W HalpaBJie-
HUIO B Pa3HbIX HEMPOHAILHBIX MOIYJISANNIX. YcTa-
HOBJIEHO, YTO MPOIlece Tubesin HeHPOHOB B MOCTpea-
HUMAIIMOHHOM TIE€PUO/IE TECHO B3aUMOCBSI3aH C M3Me-
HEHUSAMU UMMYHOPEAKTUBHOCTU HEHPOHATBHBIX 110-
nysstinii K 6esiky GRP78. BoinajieHre HepBHbIX KJie-
TOK BCETJIa TIPOUCXOMUT Ha (hOHE CHUKEHHONW MMMY-
HOPEAKTUBHOCTU TIOMYJISAIMY, W MPU ITOM TUGEN
MO/IBEPrafoTcsl MMMYHOOTPUIIATEIbHBIE HEHPOHBI.
CiieioBaTe/IbHO, HATUYNE WUMMYHOPEAKTHUBHOCTH K
GRP78 siBiisiercst OflHUM U3 BaXKHBIX (haKTOPOB, 0bec-
MEeYUBAOIINX YCTOWINBOCTD HEPBHBIX KJIETOK K THOE-
JI1 TIOCJIe ullieMun-perepdysun.

B mociennee BpeMsi ObLIM HCCJEIOBAHBI U
JIpyrue 2HJOTEHHBbIE HEHPONPOTEKTUBHBIE (haKTO-
pbI, UTpalolde BaXXHYIO POJIb B TOAJIEPKAHUU
YCTOWYMBOCTH HEHPOHOB K UIIeMUU periepdys3un.
Tak, ¢ TOMOIIBIO TUCTOJOTUYECKUX U UMMYHOITUTO-
XUMUYECKUX MCCJAEJOBAHUN Y PEeaHUMHPOBAHHBIX
Hamu ObLIU BBISIBJICHBI MOCTPEAHUMAI[HOHHBIE U3-
MEHEHUS YPOBHS JKCIPECCUM TIUATBHOTO HEWpO-
tpoduueckoro dakropa (GDNF) u ocHoBHOTO
(dakropa pocra ¢ubpobaacros bFGF. Tlokasano,
YTO MEPBOHAYAJIBHBIN TIO//BEM YPOBHS 3KCIIPECCUU
GDNF u bFGF B HellpOHAIbHBIX MOy JISIIUSIX T103-
BOJISIET TPENYNpEeAnuTh TUOEJb HEPBHBIX KJETOK.
[Mocnenyiomiee ymeHbIIeHUE YPOBHS 3KCIPECCUU
aTuX (haKTOPOB COMPOBOKAAETCA BbITTajieHueM (TH-
6esbto) Heliporos. IIpu 3TOM rubeu MoABEPralT-
cs1 GDNF-orpurateabubie kiaetku u bFGF-orpu-
IaTeJbHbIe KJIETKU, T.e. HEWPOHBI, HEIKCIIPECCH-
pywoiue 3T Oenku. BbisiBlIeHa B3aUMOCBSI3b
MeXKy n3MeHeHussMu ypoBHs akcnipeccunt GDNF u
bFGF u passutuem mpoitecca rubejn HEHPOHOB B
nocTpeaHnMannonHoM mepuoje. [lokazano, uTo
YPOBEHD 3KCIPECCUM ITUX OEJNKOB SIBJISIETCS BaK-
HBIM (haKTOPOM, BJIUSIONIUM Ha YCTOMYMBOCTD HEli-
POHOB B MOCTPEAHMMAIHOHHOM Mepuoje. ITo 00-
yCJIaBAUBAET  MEPCHEKTUBHOCTh  IPUMEHEHUS
GDNF u bFGF g pa3paboTKu 0IX010B K 3allK-
Te MO3Ta [PU UIeMUu-perepdysnu.

B HMMOP 6buin 110J1y4eHbl HOBbIE JaHHbIE O
3HAUYEHUN YPOBHS 9KCIIPECCUU MO3TOBOTO HEHPOTPO-
(uueckoro axropa (BDNF) B pazButum mnocrpea-
HUMAIMOHHOTO TIpoliecca. Y CTaHOBJeHA TUHAMUKA
MoCTpeaHUMaIMOHHbIX c/BUToB BDNF-nMMmyHOpe-
AKTUBHOCTU HEHUPOHAIBHBIX MOYJISAINNUN TTMPAMUJL-
HBIX KJIETOK THIIIIOKaMIla U KJIeTOK IlypKkuHbe MO3-
skeuka. [TokazaHo, 4TO B 00eUX HEHPOHAIBHBIX T10-
MyJISIUAX TTPOUCXOUT CHIKEHUE YPOBHS 9KCITpecC-
cun BDNF, uto conpoBokaaercs: rubeibio Heiipo-
HOB, KOTOpO#l 1nojBepraioTcst Toabko BDNF-nHera-

ways more pronounced in «active» animals compared
to that of «passive» ones. Similar differences were
found in animals with different learning abilities.
Morphometric and cytochemical studies have shown
that in rats with different learning abilities the diffe-
rences in the resistance of neurons to ischemia are as-
sociated with the specifics of their protein metabo-
lism. Tt is interesting that the neuroprotective proper-
ties of proteins of the HSP70 family are also manife-
sted in different ways depending on the individual
and typological features of the organism.

Recently the issue of the sexual dimorphism of
development, course and outcome of critical states is
of great interest. Gender differences in the severity
and topography of postresuscitative brain damage
were found. This gave grounds to believe that sex
may influence the efficacy of therapy aimed at pre-
venting and/or mitigating brain damage after ische-
mia/reperfusion. Indeed, we have found that some
pharmacological effects contribute to the prevention
of post-resuscitation death of neurons, but their ef-
fectiveness varies depending on the sex of an orga-
nism. Differences in the dynamics and direction of
postresuscitative shifts in the immunoreactivity to
the GRP78 protein (as well as in the realization of its
neuroprotective properties) associated with sex were
also revealed.

The main topics of the laboratory of molecular
mechanisms of critical illness (V. M. Pisarev) inclu-
de: a) research of the role of genetic polymorphism
in cytoprotection factors and innate immunity in
the development of life-threatening critical condi-
tions (severe sepsis, septic shock, pulmonary edema
with sepsis, multiple organ failure); b) the detection
of new cellular and molecular mechanisms in the
state of immunosuppression developing in sepsis; ¢)
search and validation of informative candidate mo-
lecular biomarkers for the prognosis and diagnosis of
life-threatening critical conditions (sepsis, severe
nosocomial pneumonia and acute respiratory di-
stress syndrome). During the joint studies in a
group of patients with septic shock with a developed
bacteriologically confirmed infection in the lungs,
the homozygous variant (genotype GG of the trans-
cription  factor NRF2 177238501 A>G
(rs6726395)) was found to be associated with the
development of resistance to the treatment of pul-
monary edema, the increased 28-day mortality of pa-
tients and higher values of the severity of the condi-
tion assessed by the APACHE 1T scale. These facts
can be explained by the fact that the protein factor
NRF2 is not only a master regulator of the expres-
sion of the antioxidant cell defense genes, but it is
also an antagonist of the key proinflammatory regu-
lator (the transcription factor NFkB). Therefore,
with an increased level of NRF2 expression typical
for genotype GG rs6726395 NRF2, the production
of the NFkB factor controlling antibacterial reac-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2017, 13; 5



DOI:10.15360,/1813-9779-2017-5-6-29

CobpiTnga

TUBHBIE U CJA0OMO3UTUBHbBIE HEPBHBIE KJIETKH, T.€.
HESKCIPECCUPYIOIIe WK CJab03KCIPECCUPYIO-
mue 3ToT OeJOK HEHPOHBI. Pe3ysbTaThl MpOBEIEH-
HBIX MCCJEIOBAHUI CBHUIETEIBCTBYIOT O HAJIUYNU
B3aMMOCBS3U MEXIY caBuramu axcrpeccunn BDNF
U TIOCTPeaHUMAIMOHHOM rubesbio Hefipornos. Cie-
JloBaTesIbHO, ypoBeHb akcipeccun BDNF B Helipo-
Hax SBJISIETCS OMHUM U3 (HAKTOPOB, OKA3bIBAIOITUX
CyIECTBEHHOE BJIMSIHUE HAa WX YCTOWYUBOCTH K
uiemMun-pernepdysnu.

JlokazaHo, 4To BasKHYTO POJIb B PA3BUTHH TIOCTPEa-
HUMAITMOHHOTO TIPOTIECCA MUTPAIOT WHWBUYAIBbHO-TH-
nosioriaeckue ocobentoctn opranmsma (IO. B. 3a-
PSKEIIKUiT). Y CTAaHOBJIEHO, YTO CYIIECTBYIOT PAa3JIMuns B
BBIPAKEHHOCTU TIOCTPEAHUMAITMOHHOTO TOBPEK/ICHUS
MO3Ta, CBSI3AHHBIC C TIOBEICHYECKON aKTUBHOCTDIO JKU-
BOTHBIX. OKa3aJ10Ch, UTO Y «aKTUBHBIX» SKHBOTHBIX MOD-
(hosrornueckre TOBpeKICHNST MO3Ta BCET/IA BHIPASKCHBI
CWJIbHEE, YeM Y <«ITaCCUBHBIX». AHATIOTMYHBIC OTINYMS
BBISIBJIEHDI U Y JKUBOTHBIX C PA3JIMYHOM CIIOCOOHOCTHIO K
oGyuenno. MophoMerpudeckre U IUTOXUMUYECKIE
MCCIIEIOBAHMS TIOKA3aJIH, YTO Y KPBIC C Pa3JIMYHOM CI1o-
COOHOCTBIO K 0OYYEHUIO OTJINUKST B YCTOUYHBOCTH HEli-
POHOB K WINEMUU CBSI3AHBI ¢ 0COOEHHOCTSIMU UX GEJIKO-
BOrO MeTabosimaMa. VIHTEpecHOo, UTo B 3aBUCHMOCTH OT
WHIMBUJLYTbHO-TUIIOJIOTMYECKUX OCOOEHHOCTEH Opra-
HU3Ma TI0-Pa3HOMY PEAIM3YIOTCS W HEHPOIPOTEKTHB-
Hble cBOlicTBa OesikoB cemeiictBa HSP70.

B nocsiesisee Bpemst GOJIBINOI HHTEPEC BHI3bIBA-
e pobiieMa MoJI0BOro ANMOP(hU3MA PA3BUTHSI, TeUe-
HUSI U MCXOJIa KPUTHYECKUX coctostauii. OOHapyske-
HBbI TEHJICPHBIE PA3JIN4YUsl B BBIPAKEHHOCTH W TOIIO-
rpachun OCTPEAHUMAITMOHHOTO TTOBPEKICHNUS MO3Ta.
ITO JIAJI0 OCHOBAHME TI0JIAraTh, YTO TOJIOBAs TIPUHA/I-
JIKHOCTD JIOJDKHA, BEPOSTHO, BIMATH U Ha addek-
TUBHOCTH TePaIuy, HAPABICHHON Ha MIPELYTIPEK/Ie-
HUe M/WIN CMsATYeHHe MOBPEeXKICHUN Mo3ra Ioce
uniemun — penepdysuu. JleficTBUTEIBHO, HAMU yCTa-
HOBJIEHO, UTO HEKOTOpbIe (hapMaKOJIOTUYECKUE BO3-
JENCTBUSI CIOCOOCTBYIOT TIPELYTPEKICHUIO TOCTPea-
HUMAIMOHHOW rubesin HeHPOHOB, OHAKO UX A dek-
TUBHOCTH Pa3/MyHa B 3aBUCMOCTHU OT TIOJIOBOM TTPH-
HA/IJICSKHOCTY OPTraHn3Ma. BbIsABJICHDI TAKKe MOJIOBbIE
0COOEHHOCTH B JIMHAMUKE ¥ HAIPABJIEHUU MOCTPea-
HUMAIMOHHBIX C/BUTOB WMMYHOPEAKTHUBHOCTH K
6enky GRP78, a takske B peajusaliiy ero HelpoIrpo-
TEKTUBHBIX CBOMCTB.

OcHoBHast Tematuka JlaGopaTopuu MOJIEKy-
JIIPHBIX MEXaHU3MOB KPUTHYECKUX cocTosamii (B.
M. IlucapeB) BKJIOYAET: a) UCCIEOBAHUE POJIH Te-
HETUYECKOTO TMoMMopdusmMa (HakTOpPOB IHUTOIIPO-
TEKIIUU U BPOKIECHHOTO MMMYHUTETA B Pa3BUTUU
YIPOKAIOIINX KM3HU KPUTUUYECKUX COCTOSTHUH (Ts-
JKEJIBIA CEeTICUC, CeNTUYEeCKUU IMOK, YCTOUYUBBIA K
JIEYEHUIO OTEK JIETKUX MPU Cercuce, TOTUOPTaHHasA
HEJIOCTATOYHOCTD ); O) BBISIBIEHIE HOBBIX KJIETOUHBIX
1 MOJICKYJISPHBIX MEXaHU3MOB COCTOSHUS UMMYHO-
CYIIPECCUH, PA3BUBAIOIIETOCS TIPU CETICUCE; B) TIOUCK

tions of innate immunity and production of reactive
oxygen species (ROS) by cells of innate immunity
(neutrophils, macrophages, and dendritic cells) may
be reduced. In this case the bacterial load may in-
crease, which will result in an increase in the con-
tent of toxic products of bacteria (endotoxins), en-
dothelial damage, the development of severe manife-
stations of multiple organ failure, and septic shock.
These assumptions were indirectly confirmed in
further studies of the laboratory that determined in
patients both the genotype rs6726395 NRF2 and
polymorphic variants of the DNA receptor gene rich
in repeats of cytosine-guanosine-TLR9, the latter
triggering NFkB-dependent pro-inflammatory reac-
tions of innate immunity. It was found that septic
shock and nosocomial pneumonia developed in pati-
ents with the combination of the NRF2 (rs6726395)
GG and TLR9 (rs352162) CC genotypes (the muta-
tion in the promoter zone of the gene determining
an increased level of synthesis of the extracellular
DNA receptor product). The data suggests that the
genetic variant of TLR9 52218953T>C (rs352162)
CC had a significant protective potential even in the
presence of the genetic variant NRF2
177238501 A>G (rs6726395) GG, which is a risk
factor for adverse course and outcome of a critical
condition in patients with septic shock.

In subsequent laboratory studies new data was
obtained on the significance of allelic variants of
the intron site rs3736309 of the aquaporin AQP5
gene in the efficacy of treating pulmonary edema in
patients with septic shock. Thus, for the first time
the informative value of the allele variant
rs3736309 of AQP5 gene was demonstrated as a
candidate predictive marker of lung edema resistan-
ce to treatment in patients with septic shock. For
example the carriers of the genotype A/A
rs3736309 AQPS5 were more susceptible to trea-
tment of pulmonary edema as compared to other ge-
notypes (G/G and G/A). Interestingly, in the hea-
viest subgroup of patients (with septic shock) it
was the more prognostically favorable genotype
A/A that was associated with a reduced content of
the circulating surfactant lung protein (SP-D) in
the circulation, whose concentration increase in the
circulation corresponds to a more pronounced pul-
monary involvement tissue.

The results of the laboratory studies substantia-
ted the role of polymorphic variants of the genes of
cytoprotection and innate immunity (NRF2, TLR9 b
AQP5) as candidate prognostic markers of unfavo-
urable outcomes in patients of resuscitation depart-
ments. The data obtained contributes to an under-
standing of the development mechanisms of deadly
complications of critical conditions in patients with
bacterial infection so that genetically polymorphic
variants of NRF2, TLR9 and AQP5 may be conside-
red as candidate prognostic biomarkers.
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1 BaJuAAIUg WHPOPMATUBHOCTH KAHAMIATHBIX MO-
JIEKYJISIPHBIX OMOMAapKePOB TIPOTHO3a U JTHATHOCTH-
KW JKU3HEYTPOKAIOIIUX KPUTHUYECKUX COCTOSTHUN —
Cercuca, TsSKeJIoH HO30KOMUAJIbHON ITHEBMOHUU U
OCTPOTO PECITUPATOPHOTO ANCTPECC-CUHIPOMA.

B xone coBMeCTHBIX Micc/ie/JoBaHU B TPYIITIE T1a-
IUEHTOB CENTUYECKUM TIOKOM Ha (hoHEe Pa3BUBIIIETO-
cs1, GAKTEPUOJIOTHUYECKH TOATBEPKACHHOTO WH()EK-
IIIOHHOTO MPOIIECCA B JIETKUX Oblyia BIiepBble 0OHAPY-
JKEHA BBIPAKEHHAS ACCOIUAIINS TOMO3UTOTHOTO BapH-
anTa — reHotuna GG TPaHCKPUIIIIMOHHOTO (hakTopa
NRF2 177238501 A>G (rs6726395) u pasButus
YCTOMYUBOCTH K JIEYCHUIO OTEKA JIETKUX, MTOBBIIIEH-
HOI 28-7HEBHOH JIeTAJBLHOCTH IIAIMEHTOB U OoJiee
BBICOKMX 3HAUEHUN THKECTU COCTOSTHUS, OIlEHUBAe-
moro 1o mkaze APACHE II. [lannbie (hakTbl MOKHO
00bsicHUTD TeM, uTo OesikoBbiil (haktop NRF2, sB-
JIETCS HE TOJIbKO MACTEP-PETYJIATOPOM 3KCIPECCUU
T€HOB ITPOTUBOOKUCJINTEILHON 3aIUThI KIETKU, HO U
AQHTArOHUCTOM KJIIOUEBOTO MTPOBOCHAIUTEIBLHOTO pe-
ryJasitopa — TpaHCcKpumniuonHoro dakropa NFkB.
[ToaTOMy TIpM TOBBINIEHHOM YPOBHE 3KCIIPECCUU
NRF2, xapaxrepnoii ns renorunia GG rs6726395
NRF2, MokeT ObITh CHIZKEHA ¥ MPOAYKIHS (haKkTopa
NFkB, KOHTPOJHUPYIOIIETO aHTHOAKTEPUAIbHBIE Pe-
AKIIUW BPOKJICHHOTO NMMYHUTETA, U TIPOJYKINS aK-
tuBHbIX (opm kuciaopoga (ADK) kinerkamu BpoxK-
JICHHOTO UMMYHUTETa — HelTpoduimamu, Mmakpodara-
MU, JICHIPUTHBIMU KJIETKAMU. B 9TOM ciryuae MOXKeT
YBEJUUUTHCS GaKTEPUATbHAS HATPY3KA, UTO TIPUBEIET
K TTOBBINIEHUIO COJIEPKAHUS TOKCUYECKUX MTPOLYKTOB
GakTepuil — SHIOTOKCUHOB, MOPAKEHUIO SHIOTEJIHS,
Pa3BUTHIO TSPKEJIBIX MTPOSIBJICHUH TTOJIMOPTaHHON He-
JIOCTaTOYHOCTH, CENTHYECKOTO ToKa. KocBenHoe moji-
TBEPIKCHUE HTU TIPEIIOJIOKCHUS TOJYIIIN B JaJTb-
HEUIINX UCCIIEIOBAHUSAX TabOPaTOpPHH, B XOJI€ KOTO-
PBIX y HAIUEHTOB ONPeessiii U reHotun rs6726395
NRF2, u nonmumopdHble BapuaHTbl TeHA PEIENTOpa
JTHK, Goraroii MOBTOpaMHU MUTO3UH-TYaHO3UHA —
TLRY, samyckatorero NFkB-3aBucumbie mpoBocia-
JIUTEJIbHDIE PeaKIMu BPOKIeHHOTO nMMyHuTeTa, O6-
HApPY>KUJIM, YTO UMEHHO Yy TIAIIMEHTOB — HOCHUTEJei
koMmOuHaryu reHotunos NRF2 (rs6726395) GG u
TLR9 (rs352162) CC (MyTaius B IpPOMOTOPHOIL 30He
reHa, OTIpe/ie/IieT TOBBINEHHBI YPOBEHb CHHTE3a
npoaykTa — perentopa BHekaerounoi /THK) pexe
Pa3BUBAJNCH CENTUYECKUI MMOK U HO30KOMHUAJIbHAS
MTHEeBMOHUS. JlaHHbIE CBU/IETEIBCTBOBAIN O TOM, YTO
renerndeckuit  Bapuant TLR9 52218953T>C
(rs352162) CC obuagan 3HaYNTENbHBIM 3aIUTHBIM
MOTEHIMAIIOM JIaKe MTPU HAJIMYUU TeHETUYECKOTO Ba-
puanta NRF2 177238501 A>G (rs6726395) GG, sB-
Jstorierocst hakTopoM pHUcKa HeGJATONPHUSITHBIX
TEUEHUS U UCXOJ]a KPUTUIECKOTO COCTOSHUS Y TaIH-
€HTOB C CEMTHYECKUM ITOKOM.

B nocsieyonux uccieJoBaHusIX JabopaTopun
ObLIN [IOJIyY€HbI HOBBIE JIAHHbBIE O 3HAYECHUU AJLJIE]b-
HBIX BAaPUAHTOB MHTPOHHOTO caiita rs3736309 rena

Another area of research in the laboratory is
the study of the cellular and molecular grounds for
immunological failure in patients with infectious
complications at intensive care units. These studies
were a continuation of earlier research conducted by
the head of the laboratory in oncoimmunology that
revealed new mechanisms of immunosuppression
performed by a specific population of regulatory
cells of the immune system: myeloid immunosup-
pressive cells (MICs). It was shown in foreign expe-
rimental and individual clinical studies that, as in
cancer, in the case of infectious diseases there are
granulocyte and monocyte subpopulations with a
phenotype of MIC (gran-MIC and mono-MIC, re-
spectively) appearing in the circulating blood. In
2013—2014 the laboratory staff showed that in pati-
ents with severe sepsis and septic shock sepsis in the
blood there are gran-MIC and mono-MIC, while the
former significantly prevail over the second
(P<0.001). The content of gran-MICs (granulocy-
tes of low density of the phenotype CD33", CD15*
and HLA'DR") was several times higher in patients
with severe sepsis and septic shock compared to pa-
tients with no signs of sepsis (in the Sepsis-3 classi-
fication, i.e. without signs and infection and multi-
organ failure) and conditionally healthy donors
(P<0.001). At the same time, the increased accumu-
lation of mono-MICs (cells of the phenotype
CD33*, CD14" and HLA'DR") in circulation was
associated with an unfavourable outcome of sepsis.
For the first time it was found that the MIC content
did not depend on the belonging of bacteria isolated
from the patients' bio-samples to gram (+) or gram
(-) types (P>0.05). A study of the functional activi-
ty of MICs showed that only 5—10% of affinely iso-
lated MICs in patients significantly reduced the
proliferative response of allogeneic human mono-
nuclear cells to the T-cell mitogen-ConA estimated
by the incorporation of tritium-labeled thymidine.
Further studies using cellular models of various sup-
pressor cells of a human myeloid (immature dendri-
tic cells, macrophages M2) showed that only some
non-proliferating (dormant or persistent) forms
of opportunistic pathogenic bacteria (OPB) of E.
coli and P. aeruginosa (the main antibiotic-resistant
pathogens of intrahospital urogenital and abdomi-
nal infections) are capable of inducing the expres-
sion of the key enzyme MIC-arginase I in MICs. It
is the increased MIC production of this enzyme that
is associated with the absence of the amino acid ar-
ginine in the MIC microenvironment and, as a con-
sequence, the functional activity of immunocompe-
tent cells impaired with the development of immu-
nosuppression. Immunological insufficiency, which
develops during sepsis, leads to a slowing down of
the removal of bacteria from the body, an increase in
the content of bacterial endotoxins disrupting the
endothelial function of cells and aggravating mul-
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akBanmopuna AQP5 B asddexkTuBHOCTH JedeHUs
oTeKa JIETKUX y TIAIMEHTOB C CENTUYECKUM MIOKOM.
Tem cambIM BIlepBbIE TPOJEMOHCTPUPOBaHA HMOP-
MaTUBHOCTDb ajulebHOTO BapuanTa rs3736309 rena
AQPS kak KaHIUZATHOTO MPEIUKTUBHOIO MapKepa
YCTONYMBOCTU OTEKA JIETKUX MAIMEHTOB C CelTHYe-
CKHMM TIIOKOM K JiedeHUuI0. Tak, HOCUTeIn TreHOTHIIa
A/A 1rs3736309 AQPS5 6oLt 60J1ee BOCTIPUMMYUBDI K
JIEYEHUIO OTeKA JIETKUX aCCOLIUAINU B CPABHEHUH C
npyrumu resotunamu (G/G u G/A). VnrtepecHo,
4TO B HAaHOOJIee TSKEJIOH MOATPYIIIe MAI[MEHTOB — Y
GOJIBHBIX C CEMITHYECKUM [IOKOM — MMEHHO ITPOTHO-
crudecku GoJiee GJIATONPUATHBI reHOTUTT A/A GbLI
ACCOIMUPOBAH C TIOHMUKEHHBIM COZIEP:KAHUEM B KPO-
BOTOKE IMPKYJUPYOIIETO cypdhakraHTHOTO Oesika
gerkux — SP-D), yBennuenmne KOHIIEHTPAIIMHA KOTO-
POTO B IIUPKYJISIIIUU COOTBETCTBYET GoJiee BhIPasKeH-
HOMY TTIOPQ’KEHUIO JIETOYHOU TKaHMU.

PesyuibTaThl IPOBEAEHHBIX KCCAe0BAHUI J1abo-
paTtopuu 0OOCHOBAJIH POJIb MOJIUMOP(GHBIX BADHAHTOB
T€HOB IIUTOIPOTEKIINN W BPOXKICHHOTO MMMYHHUTETA
— NRF2, TLR9 b AQP5 kak KaHAMIATHBIX [IPOTHO-
CTHYECKUX MAPKEPOB HEOJIATOMPHUSTHBIX UCXO/0B Ma-
IIUEHTOB OTAeNeHU peaHnumMarosoruu. [lomydeHHbIE
JIAHHBIE BHOCAT BKJIA/I B TOHUMAaHNE MEXaHU3MOB Pa3-
BUTHS CMEPTEJHHO OMACHBIX OCJIOKHEHUN KpUTUYE-
CKHX COCTOSIHUE y OOJIBHBIX ¢ OaKTepUuasibHON HH(EK-
IUei U TTO3BOJISIOT PACCMATPUBATH TEHETUUYECKU T10-
sumopdubie Bapuantel NRF2, TLR9 u AQPS kax
KaH/[M/IaTHBIE TIPOTHOCTUYECKUE OOMAPKEPDL.

Eiie oxHo HanpasjieHue rccienoBanuii mabopa-
TOPUU — W3y4YCHHE KJIETOYHBIX U MOJIEKYJISPHBIX
OCHOB HMMMYHOJIOTUYECKON HEJIOCTATOYHOCTH Yy Ta-
IUEHTOB PEAHUMATOJOTUIECKOTO TPOhuiid ¢ MHbEK-
IIUOHHBIMU OCTIOKHEHUAMU. JTU UCCIIEOBAHUS SIBU-
JIUCH TIPOJIOJIKEHNEM 00Jiee PaHHUX HCCIIE0BAHUN
PYKOBOIHTEST JIAOOPATOPUE B OOJIACTH OHKOUMMY-
HOJIOTHH, B XOJIe KOTOPBIX OBLIIA OXapaKTePU30BaHbI
HOBBIE MEXaHU3Mbl MMMYHOCYTIPECCUM, OCYIIECTB-
JisieMoil  crieriuduiecKoil ToIyJIsIIiiueil peryJasTop-
HBIX KJIETOK MMMYHHOU CHUCTEMbBI — MUEJIOUTHBIMU
nmmyHocynpeccopubivMu kinetkamu (MUK). B 3apy-
GEKHBIX HKCIIEPUMEHTATIBHBIX U €[HHUYHBIX KJIMHI-
YECKUX HCCIIEN0BAHUSIX OBLIO MOKa3aHO, YTO KaK U
[P paKe, Py UH(YEKITUOHHBIX 3a00JIeBAHUSIX B IIUP-
KYJIUPYIOIIell KPOBU MOSIBJISIIOTCST TPAHYJIOIUTAPHbIE
U MOHOIUTAPHBbIE CyOmOmyasiiuu ¢ (heHOTUIIOM
MUK (rpan-MUK n moro-MUK, cooTBETCTBEHHO).
B 2013—2014 rr. corpyaaukamu JJabopatopuu ObLIO
MOKA3aHO, YTO Y OOJIbHBIX TSIKEJIBIM CETICHCOM U Cell-
TUYECKUM IIIOKOM CEIICHUCOM B KPOBU MOSIBJISIOTCS
rpan-MUK n mono-MUK, 1ipu aTOM T1epBbI€ 3HAUN-
TEJIBHO npeBaupyioT Haj BTopbiMu (p<0,001). Co-
nepxanue rpan-MUK (rpanyonuTsl HU3KOH TIO0T-
noctu denoruna CD33%, CD15%, HLA'DR™) okasa-
JIOCh B HECKOJIBKO Pa3 BbIIIle Y OOJIBHBIX € TSIKETHIM
CEICUCOM U CENITUYECKUM IIOKOM, TI0 CPABHEHUIO C
GosibHBIMU Oe3 TIPU3HAKOB cercuca (B Kiraccudura-

tiple organ failure in sepsis. The research also sho-
wed that it is the dormant (persistent) forms of
opportunistic bacteria that significantly lose the
ability to activate the expression of the proinflam-
matory molecule genes NFkB and TL12 in immu-
nocompetent human cells and gain an increased
ability to stimulate the key pathway of immuno-
suppression in the MIC-activation of the arginase
I gene. Limited clinical studies of bio-samples ob-
tained from immunocompromised patients of dif-
ferent profiles demonstrated significant differen-
ces in the content of persistent bacterial cells, i.e.
bacteria that are temporarily not proliferating and
therefore tolerant to antibiotics. More than a
quarter of the randomly selected strains of the
most common OPB E. coli and P. aeruginosa obtai-
ned from patients with oncohematological disea-
ses in a clinical hospital, showed persistent bacte-
ria that were capable of proliferation after a chan-
ge of environment. Interestingly, massive antibio-
tic therapy (according to medical indices, at least
five courses, in addition to the antibiotic therapy
protocol) led to a much greater accumulation of
highly performing strains in the samples than con-
ventional antibiotic therapy. The results obtained
by the laboratory relate antibiotic tolerance, the
massiveness of antibioticoterapia, and the accumu-
lation of temporarily non-infiltrating dormant
forms of persistent bacteria with the activation of
immunosuppressive MIC mechanisms that are in-
tensively generated in sepsis.

Using the obtained data the laboratory develo-
ped an original concept of the development of immu-
nosuppression in sepsis, according to which the accu-
mulation of persistent forms of OPB during antibio-
tic therapy promotes the generation and/or activa-
tion of MICs that suppress antibacterial immunity
and determine the duration of the infectious process.
At the same time, persisters and MICs act as new po-
tential targets, which, being affected, may cause an
increase in the efficacy of modern methods of trea-
ting patients in intensive care units.

In the laboratory of metabolism in critical sta-
tes (N. V. Beloborodova):

* The involvement of microbial metabolites in
the pathogenesis of sepsis was proved

* The expediency of fundamental studies of
the connection between the metabolites of microbio-
ta and the central organs of homeostasis regulation
was substantiated

* The role of metabolites in the development
of organ dysfunctions was revealed

* The metabolic activity of pure cultures of
anaerobic and opportunistic aerobic microorganisms
in vitro was studied

» Normal levels of phenylcarbonic acids in the
serum of healthy people were established, their mic-
robial origin was shown
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n Sepsis-3, T.e. 63 IPU3HAKOB 1 UH(BEKITIH, U 110-
JINOPTAHHO HEIOCTATOYHOCTH ) U YCJIOBHO-3/I0POBbI-
mu goHopamu (p<<0,001). IIpu aTOM TTOBBITIICHHOE HA-
korterrie MoHo-MUK (knerku denoruna CD33H,
CD14*, HLA'DR") B mupKyJsiuu accouuupoBa-
JIOCh € HEOJIATOIIPUSATHBIM UCXO/OM cericuca. Brep-
Bble OBLJIO YCTaHOBJIEHO, UTO cozep:kanre MUK we
3aBUCEJIO OT MPUHAJJIEKHOCTU BBIJIETIEHHBIX U3 OHO-
00pasIoB manueHToB Oakrepuil K rpamm(+) win
rpamm(-) tunam (p>0,05). Usyuyenune dyuximo-
HaubHOU akTuBHOCTH MUK 1mokasaso, Bcero 5—10%
appunno Bwienennbix MUK mnanuentoB 3uauu-
TeJIbHO CHUKAJIO TTPOJTHePaTUBHBIN OTBET aJIJIOTeH-
HBIX MOHOHYKJI€APOB KPOBU YesioBeKa Ha T-KJieTou-
uboiii Murored — ConA, omeHuBaeMbIll 110 BKJIIOYE-
HUIO TPUTUN-MEUYEeHHOTO TuMuanHa. [lanpHelinme
UCCJIEIOBAHUS C UCIIOJIB30BAHIEM KJIETOYHBIX MOJIE-
Jiell Pa3IUYHbIX CYIPECCOPHBIX KJIETOK YesIOBEeKa
MUEJIOU/THOTO [TPOUCXOXKIeH s (He3pesible IeHIPUT-
HbIe KJIeTKH, Makpodaru M2) mokasasu, 4TO TOJb-
KO JIUIIb HEKOTOpble, He Mpoudepupyonme
(nopMaHTHBIE, WJU TepcucTepubie) GHOpPMBI
ycioBHo-mtaroreHuoix Gakrepuit (YIIB) E. coli u
P. aeruginosa — OCHOBHBIX YCTOWYMBBIX K aHTHOMO-
THKaM BO30yauTe el BHYTPUOOJBHUYHBIX YPOTeHH-
TaJIbHBIX M aOJOMUHAIBHBIX MH(MEKIHiL, CIIoCOOHbBI
uHaympoBaTh B MUK akcripeccuio rena Kio4eBoro
(bepmenta MUK — aprunassi 1. IMeHHO ¢ TTIOBBIIIEH-
Hoii npoaykimeir MUK atoro ¢epmenTa cBI3bIBAIOT
OTCYTCTBUE AMUHOKUCJIOTHI ADTUHIHA B MUKPOOKPY-
sxernn MUK u, kak ciecrBue — HapyiieHue (pyHK-
[UOHATBHON AKTUBHOCTH HUMMYHOKOMIIETEHTHBIX
KJIETOK C Pa3BUTHEM UMMYHOCYIIpeccun. VIMmmyHOI0-
rUJecKasi HeJIOCTaTOYHOCTb, PA3BUBAIONIASICS B XO/Ie
Cercuca, IPUBOUT K 3aME/JIEHUIO YaleHust GaKTe-
pHii U3 OpPraHU3Ma, TOBBIIIEHUIO CO/IEP/KAHMST OaKTe-
PHAJIBHBIX DHIOTOKCHHOB, HAPYIIAOMNX (DYHKIITK
SHJIOTEJIUST KJIETOK U YCYTYOJISIIONINX TTOJHOPTaHHY O
HEeOCTaTOYHOCTh IIpU cercuce. B xome mccienosa-
HUIT OBLITO TaKKe OOHAPYIKEHO, YTO MIMEHHO JIOPMAHT-
Hble (TepcuctepHbie) (HOPMBI YCIOBHO-TIATOTEHHBIX
GakTepuil 3HAYUTEHHO TEPSIFOT CIIOCOOHOCTH AKTHBH-
pOBaTh B MMMYHOKOMIIETEHTHBIX KJIETKAX 4eJIOBEKA
9KCIIPECCHUIO TEHOB MPOBOCIAIUTENBHBIX MOJIEKYT —
NFkB, 11.12, npuoGpeTtasi MOBBIIEHHYIO CIIOCOOHOCTD
CTUMYJIIPOBATH KJIIOYEBOU ITyTh UMMYHOCYTIPECCUU B
MUK — akruBaimio resa aprutasbi I. B orpanmyen-
HBIX KJIMHUYECKHMX MCCAef0BaHUsAX OM00Opasiios,
MOJIyYEHHBIX OT MMMYHOKOMIIPOMETHPOBAHHBIX I1a-
[[UEHTOB PA3HOTO PO Uist, GBI OOHAPYKEHBI CY-
[IeCTBEHHbIE PA3JUYUS II0 COAEPKAHUIO MEPCH-
CTEPHBIX OAKTEPUAJIBHBIX KJIETOK, T.e. OaKTepuii,
BPEMEHHO He TIPonepUpyIOIX U II03ITOMY TOJIe-
PAHTHBIX K aHpTUOMOTHKAM. BoJjiee ueM B yeTBEpTU
CJlydaliHO OTOOPAaHHBIX IMITaMMOB HamboJiee pac-
npocrpanenubix YIIB E. coli u P. aeruginosa, nouy-
YEHHBIX OT MAI[MEHTOB C OHKOTeMATOJOTMYECKUMU
3a00JIEBaHUSIMU B YCJIOBUSX KIMHUYECKOTO CTAINO-

* In resuscitated patients sepsis-associated
metabolites with higher prognostic significance than
previously known markers and severity scales were
identified, hence they were recommended for the di-
agnosis and monitoring of septic conditions

» Data on the ability of phenolic metabolites
(products of microbial biodegradation of tyrosine
and phenylalanine) to influence the functions of mi-
tochondria in sepsis was obtained

» The ability of the microbiota to affect the
metabolism of aromatic amino acids and the synthe-
sis of catecholamines is revealed, which is extremely
important for the development of new methods for
the prevention and treatment of septic shock.

Over the past 7 years, seven patents for develo-
ped new technologies were received: «Method of la-
boratory diagnosis of sepsis», 2011; «Method of labo-
ratory evaluation of the efficacy of treating intoxica-
tion in resuscitators», 2014; «Method of laboratory
diagnosis of septic encephalopathy in newborns with
perinatal hypoxic lesions of the central nervous sy-
stem», 2014; «Method of laboratory evaluation of
antibacterial therapy effectiveness», 2015; «Method
for evaluating the efficacy of dialysis filtration blood
purification», 2015; «Method for assessing the readi-
ness of the wound surface for plastic closure», 2017,
«Method for assessing the severity of the condition
and the risk of death in patients by the level of phe-
nyl-lactic acid in the blood», 2017.

In the laboratory of biophysics of cell membra-
nes in critical conditions (A. M. Chernysh) an original
method of atomic force microscopy is used to study
erythrocyte membranes in patients in critical states.
The first difficulty encountered by the laboratory of
biophysics of cell membranes in critical conditions
was the interpretation of nanoimages in the field of an
atomic force microscope (AFM). This remains to be
one of the most difficult tasks in world practice. We
developed a method for decomposing the nanosurface
of membranes using the spatial Fourier expansion.
This method allows you to interpret the resulting na-
noimages in physiological terms as follows: the first
order displays membrane flickering; the second order
contains information about the state of the spectra
matrix; changes in the third order correspond to chan-
ges in the characteristics of protein molecules and/or
protein clusters, as well as to changes in the bonds of
the spectra matrix during its destruction.

A series of studies on the effect of modifiers of
various physico-chemical nature on erythrocyte
membranes has been carried out in the laboratory.
Verapamil, furosemide, chemical agents (hemin,
NaNO,), Ca2* salts, ions of heavy metals, ionizing ra-
diation were studied. The purpose of the study was
to determine the degree of influence of these agents
on the membrane of the blood cells and, most impor-
tantly, the corrective effect caused by Perftoranum
after membrane modification. Membrane modifiers
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Hapa, BCTPEYAICh OaKTEPUH-TIEPCUCTEPDI, KOTOPBIE
Obn CTOCOOHBI K TIPOJIGepaiii OCTe CMEHbBI
cpebl. VIHTEpeCHO, YTO MacCUBHAST aHTHOMOTHKOTE-
parnus (110 MEIUIIMTHCKUM TIOKA3aTeJsiM, He MeHee 5
KYPCOB, B JIONIOJIHEHHUE K TPOTOKOJY aHTUOUOTHKOTE-
parnm) TPUBOJAUIA K 3HAUUTETHHO OOJIBIIEMY Ha-
KOILJIEHUIO BBICOKOIIEPUCTUPYIONIUX MITAMMOB B 00-
pasmax, dyeM OObIYHAsT aHTHOMOTHKOTEparus. Pe-
3YJIBTATHI, MOJYYEHHDbIE JTabopPaTOPHEl, CBSI3bIBAIOT
AHTHOUOTUKOTOJEPAHTHOCTD, MACCUBHOCTH AHTU-
OUOTHUKOTEHPANTUU U HAKOILJIEHHE BPEMEHHO HEIPO-
dbuupytornieii, gopMaHTHOU (opmbl GakTepuil —
[EPCUCTEPOB, C AKTUBAIUEN MMMYHOCYIIPECCOPHBIX
MexanuamMoB MUK, ycuieHHO TeHepUpyoumxcs
[IPU CeTICucCe.

Ha ocHOBaHWU TIOJTyYeHHBIX JAHHBIX B JIabopa-
Topun paszpaboTaHa OPUTHHAIbHAS KOHIIEIIHS Pas-
BUTHUSI UMMYHOCYIIPECCUU TIPU CEICHCE, COTJIACHO
KOTOpOIi HaKorieHue mepcuctepubix ¢opm YIIb B
X0/le aHTUOMOTUKOTEPAIIH CIOCOOCTBYET TeHepa-
nuu u/umm akrusaiu MUK, nogasisonux antu-
GaKTepUANBHBIN UMMYHUTET U OMPEIEIISTIONUX JIJTH-
TEJIbHOCTH TeueHrst HHPEKIMOHHOro mnpoiecca. [Ipu
aToM niepcuctepel 1 MUK BbicTymaoT Kak HOBbIE
MOTEHIIUATbHbIE MUIIIEHU, BO3IEICTBYSI HA KOTOPbIE
MOJKHO JIOOUTBCSI TTOBbIIIEHUsT 3()MEKTUBHOCTH CO-
BpPEMEHHbBIX METO/IOB JiedeHUsI AIUeHTOB peanuMa-
TOJIOTUYECKOTO TIPOGUIIA.

B sabopatopun MeraGosu3mMa TpPU KPUTHUE-
ckux cocrosinusix (H. B. Benobopomosa):

* JIOKA3aHO ydYacTue MHUKPOOHBIX MeTaboJIm-
TOB B IATOTEHE3E CETICHCA;

* 0boCcHOBaHa 11€1eCO00OPA3HOCTD (DyHIAMEH-
TAJILHBIX UCCJIEIOBAHUN CBSI3U METAOOJUTOB MUKPO-
OGUOTBI ¢ EHTPATHHBIMU OPTAHAME PETYJISIIUI TOMe-
0CTa3a;

* BBISIBJIEHA POJIb MeTabOJUTOB B Pa3BUTUU
OpraHHbIX AUChYHKITUI;

* HccaeoBaHa MeTaboIMUyecKasi aKTHBHOCTD
YHUCTBIX KYJIbTYP aHasPOOHBIX U YCJIOBHO-TIATOTEH-
HBIX a9POOHBIX MUKPOOPTaHU3MOB i Vitro;

* MeTO/aMU Ta30BOH XpoMaTorpaduu ¢ 1ias-
MeHHO-nonn3zaimonnubM (I'X-I111 /1) n macc-cesek-
tuBHBIM sieTekTopamu (I'’X-MC) ycraHoBsieHbI HOP-
MaJIbHble YPOBHU (DEHUITKAPOOHOBBIX KUCJIOT B Chi-
BOPOTKe KPOBU 3[I0POBBIX JIO/EH, TOKA3AHO X MUK-
POGHOE ITPOUCXOKICHUE;

* Y PEaHUMAIMOHHBIX OGOJILHBIX BBISBJIEHDBI
CEIICUC-acCOIMUPOBaHHbIE MeTaboJNUThI, 00JIa1aI0-
1ipe 6oJiee BbICOKOI IPOrHOCTUYECKOI 3HAYMMOCTbIO,
YeM M3BECTHbIE PaHee MAPKePbl U MIKAJIbI OIEHKU Tsi-
JKECTH, YTO MO3BOJIUJIO PEKOMEHIOBATD UX [IJIS JUAr-
HOCTUKH U MOHUTOPUHTA CENTUIECKUX COCTOSTHHUIL,

* MOJIyYeHbI JAHHBIE O CIOCOOHOCTU (DEHOJIb-
HBIX MeTa0OJIUTOB — MPOJAYKTOB MUKPOOHO# O1roe-
rpazany THPo3nHa U (heHuIalaHuHa — BIAUATH Ha
(OyHKIIUU MUTOXOHPUIL IPH CETICUCE;

disrupted the nanostructure of red blood cells and
changed their shape. Hemin on the surface of eryt-
hrocytes in 90% of cases formed characteristic doma-
ins in the form of a group of grains with characteri-
stic dimensions (L2 14060 nm and h2 12.1+4.2
nm). Such domains were formed as a result of modi-
fying the cells of the spectra matrix with the parame-
ter h, increasing by a factor of 6. The action of
NaNO, caused changes in the parameters of h, and
h3, which could be explained by the oxidation of the
lipid bilayer. Only 28% of the discocytes remained in
the sample, the remaining cells were echinocytes
11%, dentites 55%, and flat red blood cells. CaCl,
formed 80% of echinocytes (20% of discocytes) and
significantly changed the rigidity of the membrane.
Furosemide caused typical concentric structures in
90% of the observed cells with a period of 80—200
nm on the surface. In this case, the ratio of h parame-
ters on the free parts of the membrane did not chan-
ge. Verapamil caused topographic defects in the form
of deep depressions with a characteristic size of 500—
1000 nm. The ratio of h parameters on the free parts
of the membrane did not change. Tt was shown that
Perftoranum almost completely restored the nano-
structure of membranes for all the above agents.

The formation of grain domains on the surface
of membranes under the action of hemin was of parti-
cular interest. It was the first time such formations
have been shown. The influence of hemin on the spec-
trin and the protein of the 4.1 band has been studied.
Protein 4.1R is a multifunctional component of the
red cell membrane. It forms a complex with actin and
spectrin, which determines the nodal transitions of
the membrane-skeletal network. Due to the damage
shown the membrane together with the protein com-
plex 4.1 is locally dropped, while the anchorin com-
plexes remain on the surface. Therefore, granular to-
pological defects appear on the membrane surface.
They are shown in the form of red peaks of grains in
the image. According to this mechanism the distance
between the grains should be about 200 nm, which
was observed in the experiments. This phenomenon
was called «internal vesiculation».

The organoprotective properties of Sevoflurane
(an inhalation anesthetic) (V. V. Likhvantsev) have
been proved in the RIGR in the experiment and cli-
nical practice. In the experiment it was proved that
the inhalation of sevoflurane at a dose of 2 MAC re-
sults in an increase in the phospho-GSK-38 content
by 200% in brain homogenates and by 160% in the
rat myocardial homogenate. The administration of
Propofol Lipuro at a dose of 5 mg/kg 15 minutes
prior to the modeling of anesthetic preconditioning
(APC) completely eliminates the specified effect of
sevoflurane. The reversion of the APC block occurs
40 minutes after the administration of Propofol.

Sevoflurane also exhibits the effects of anesthe-
tic preconditioning: in the modeling of clinical death
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* BBISIBJIEHA CIIOCOOHOCTH MUKPOOMOTHI BJIH-
SITh Ha META0OJIU3M apOMATHYECKIX aMIHOKUCIOT U
CUHTE3 KaTeXOJAMITHOB, YTO KpaiiHe BasKHO JIJIsT Pa3-
PabOTKH HOBBIX METO0B MPOMUIAKTUKHI ¥ JIEUEHUST
CENTUYECKOTO 10K,

3a nocuennre 7 JieT MOJy4eHo 7 TMaTEHTOB Ha
paspaborannbie HOBbie TexHosoruu: «Crocob mabo-
paropHoii auarHoctuku cerncucar, 2011; «Crocob
JabopaToOpHOil OteHKH 3(DPEKTUBHOCTH JIEUECHUST
UHTOKCHUKAIIUU Y PEAHUMATOJIOTHUECKUX OOJbHDBIX>,
2014; «C11ocob 71abopaTOPHON AMArHOCTUKY CENTH-
4ecKoil sHIleAIONATHH Y HOBOPOKIEHHBIX C IIepH-
HaTAJIbHBIM TUMOKcUYecKuM Topaxkenuem [[HC»,
2014; «Crioco6 abopatopHoii oreHKH ahheKTUBHO-
ctu antubakTepraabHOil Tepanuny, 2015; «Crocob
orleHKkN a(h(erTUBHOCTH MUATU3HO-(PUITBTPAIINOH-
Hoil ounctky KpoBu» 2015; «Criocob oLeHKH roToB-
HOCTH PaHEBOI MOBEPXHOCTU K IJIACTUYECKOMY 3a-
kpbithio», 2017; «Crocob OLeHKN TSKeCTH COCTOs-
HUST U PUCKA JIETATBHOTO UCX0/a OOJIBHBIX 110 YPOB-
HIO (heHUIIMOJIOYHON KUCJIOTHI B KpoBu» 2017.

B sraboparopun 6uobusikn MeMOpaH mpu Kpu-
THYecKuX cocTosdHIAX (A. M. HepHblIlil) HCTIOTBb3yeTCs
OPUTHMHAJIbHAST METO/IKa aTOMHOM CHUJIOBON MUKPO-
CKOIIUH JIJIsT M3y4eHUst MeMOPaH 3PUTPOIUTOB Y TIal[H-
€HTOB B KpUTHYeCKuX cocrosuusx. [lepsas Tpyn-
HOCTb, C KOTOPO#l CTOJIKHYJICSI KOJIIEKTUB JIabopaTo-
puu 6MOGHU3UKYN MeMOPaH KJIETOK TIPU KPUTHIECKUX
COCTOSTHUSIX — WHTEPIIPETAIsT HAHOU300PAKEHUI B
oJie aTOMHOTO CUJIOBOTO MUKpocKora (ACM). Ito u
JI0 CUX [TOP OJIHA M3 TPY/IHO PEIIAeMbIX 3224 B MUPO-
BOU 1pakTuKe. Mbl pa3paboTasi METOJ| PAasIOKEHsI
HAHOTIOBEPXHOCTH MeMOpPaH € TIOMOIIBIO MPOCTPaH-
crBerHOro pasioxkenus Dypbe. ITOT METOJ MO3BO-
JISIET MHTEPIPETHPOBATH MOy I€HHBII HAHOU300paKe-
HUSI B (DUBHOIOTHYECKUX TEPMUHAX CJIEYIONNM 00-
Pa3oM: TIEPBBIi MOPSIIIOK — 0TOOpasKaeT MeMOPAHHDIN
flickering, Bropoit mopsiiok — HeceT HHPOPMAIHIO O
COCTOSIHUU CIIEKTPUHOBOTO Marpukca. V3menemnus
TPETHETO TOPSIIKA — COOTBETCTBYIOT M3MEHEHMSIM Xa-
PaKTEPUCTUK OETKOBBIX MOJIEKYJ U/WIH GEJTKOBBIX
KJIACTEPOB, & TAK)Ke U3MEHEHUSIM CBSI3ell CIEeKTPUHO-
BOT'O MAaTPUKCA TIPU €T0 JIeCTPYKIIHH.

3ateM B JjrabopaTopuu ObLI TIPOBEJEH IIUKJI
paboT 1o U3yUYeHU o AeicTBUS MOAU(DUKATOPOB pas-
JIMYHON (DPUBUKO-XMMUYECKOH TIPUPOJIBI Ha MeMOpa-
Hbl 9pUTPOIUTOB. VlccaenoBaiuch JieKapCTBEHHbIE
mpemnapaTsl — BeparmaMu, (ypoceMusl, XUMIYECKIe
arenTsl — remut, NaNO,, comr Ca2*, HOHBI TSKeJIbIX
METaJLIOB, HOHU3UPYIoliue usaydenus. [lesan uccie-
JIOBAHUST — OIPE/EJIUTh CTENeHb BIMSHUS TAHHBIX
AreHTOB Ha MeMOPaHbl KJIETOK KPOBU W, TJIABHOE,
KaKoe KOPPeKTHUPYIolilee JIeHCTBIe BhI3bIBAET mepd-
TopaH nocye Meauduranuun Mmem6pan. Mouduka-
TOPBI MeMOPaH HapyIIall HAHOCTPYKTYPY KPACHBIX
KJIETOK KPOBU U u3MeHsin ux popmy. ['emun Ha 1o-
BepxHOCTH 3pUTPOIUTOB B 90 % ciryuaeB 06pa3oBbi-
BaJI XapaKTepHble [OMEHbI B BHUJE TPYIIIBI 3ePeH C

anesthetic preconditioning with sevoflurane enables
an increase of the «survival rate» of the neurons in
the cerebellum Purkinje fibers by 8.8%, the pyramidal
neurons of the CA1 hippocampal field by 25.3% and
the CA4 of the hippocampal field by 14.2%.

The clinical study showed that in the general
population of patients the choice of the anesthetic
method did not affect the incidence of myocardial
ischemia episodes, increased levels of troponin T;
hospital and mortality rates per year. In patients
with cerebrovascular insufficiency the inhalation
anesthesia with sevoflurane reduces the risk of po-
stoperative delirium. In a subgroup of patients with
a high risk of developing cardiac complications, pati-
ents with sevoflurane inhalation anesthesia showed
perioperative ischemia 1.9-fold less frequently and
the transient elevation of troponin T in the postope-
rative period 2.3 times less frequently than in the
group of patients with total intravenous anesthesia
applied. There was no effect of an anesthetic method
on the frequency of perioperative complications stu-
died and the mortality revealed.

It has been proved that in surgical correction
of coronary blood flow in patients with various
forms of coronary heart disease (CHD) the option of
inhaled anesthesia with sevoflurane (up to 1.2
MAC) with an increase in the analgesic component
of fentanyl should be considered as the most accep-
table. This technique is the most universal for the
vast majority of clinical situations. Epidural anest-
hesia in cardiosurgery has a number of limitations.
This method should not be applied with the lesion of
the left coronary artery trunk and a significant bre-
ach of contractile myocardial function (ejection
fraction less than 40%) in patients who are operated
on urgently with antiplatelet therapy and anticoa-
gulant therapy applied. In case of using a high ex-
tended epidural block the catheterization of the epi-
dural space should be performed on the surgery eve
in order to minimize the risk of epidural hematoma
formation. This technique can be considered a met-
hod of choice for operations without artificial circu-
lation on the working heart. Operational hemodilu-
tion is an effective way to conserve blood and reduce
the risk of blood transfusion complications. The use
of Perftorane in the perioperative period in patients
with low oxygen capacity of blood can optimize oxy-
gen transport and promote a favourable course of
the postoperative period.

Experimental and clinical studies of the Russi-
an perfluorocarbon preparation Perftoranum (V. V.
Moroz) were carried out. It has been proved that
Perftoranum when administered intravenously even
in small doses (1.5—2.5 ml/kg of weight) normalizes
the structure of erythrocyte membranes, reduces the
activity of lipid peroxidation in erythrocyte mem-
branes as compared to the basic therapy of 1.6—3.2
times (cytoprotective effect), increases the index of
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xapakTepabiMu  pa3mepamu (L, 140+60 uM un
h,12,1+4,2 um). Takue goMeHBI 0OPA3OBLIBAIICH B
pesysbrate MOAMMDUKAINNY sTY€eK CIEeKTPUHOBOIO
marpukca — mapamerp h, Bospactan B 6 pas. [leii-
creue NaNO, BbI3bIBaIO M3MeHeHre mapaMeTpos h,
u hy, 4TO MOTJIO OBITH CBSI3AHO C OKUCJIEHUEM JIUTTHJT-
Horo 6uciiost. B 06pasiie ocraBaioch b 28% auc-
KOIIUTOB, OCTaJIbHBIE KJIETKU ObLIN TIPEICTABIECHBI
sxunonuramu 11%, cromaroumramu 55%, 1 IJI0CKU-
mu apurporutamu. CaCl, o6pasosbiBan 80% axuHO-
1utoB (20% IMCKOIMTOB)M CYIIECTBEHHO W3MEHSLT
skecTRoCTh MeMOpanbr. Dypocemust BoisbiBas y 90%
HAOJI0/IaeMBIX KJIETOK XapaKTepPHbIE KOHIIEHTPHUe-
ckre cTpykTypsl ¢ nepuogom 80—200 HM Ha 1O-
BepxHocTH. [Ipu 3TOM cooTHOIIEHHE h TapamMeTpoB
Ha CBOOOJHBIX ydYacTKaX MeMOpaHbl He H3MEHsI-
Joch. Bepamamus Bbi3biBasl Tonorpaduueckue je-
(dhexTpl B Bujie TIyOOKUX BIAJAUH C XapaKTEPHBIM
pasmepom 500—1000 um. CoorHomenue h mapa-
METPOB Ha CBOOOJHBIX YUaCTKaX MeMOPAHBI He U3-
Mensiioch. [lokaszano, 4To i1 BCeX YKA3aHHBIX
BBIIIlE AreHTOB MepdTOpaH MNPAKTUYECKH MOJ-
HOCTBIO BOCCTAHABJINBAJ HAHOCTPYKTYPY MEMOPaH.

Oco0blii UHTEpEC BBI3BAJIO siBJIEHIE 0Opa3oBa-
HUST 36PHOBBIX JIOMEHOB Ha TOBEPXHOCTH MeMOpaH
npu jeficTBun reMuHa. Takue oOpa3soBaHUsT ObLIN
[OKa3aHbl BIepBble. V3ydeHo BiusHUE TeMHUHA Ha
criektpuH u 6esiok mosiocet 4.1, TIporent 4.1R (4.1R)
SBJISIETCST MHOTO(MYHKIIMOHAIbHBIM KOMIIOHEHTOM
MeMOpaHbl KPAaCHBIX KJaeToK. OH 00pasyeT KOMILIEKC
C AKTUHOM ¥ CIIEKTPUHOM, KOTOPBIU OIpe/IesisieT y3-
JIOBBIE TIEPEXO/IbI MEMOPAHHO-CKEJIETHOU ceTu. 3a
CUET MMOKAa3aHHBIX MTOBPEXKICHUN, MeMOpaHa BMECTE €
MIPOTEMHOBBIM KOMILIEKCOM 4.1 JIOKATBHO OITyCKaeT-
Cs1, @ HA TIOBEPXHOCTU OCTAIOTCST AHKUPUHOBbIE KOM-
mieKcenl. TakuM 00pa3oM, Ha TIOBEPXHOCTH MeMOpa-
Hbl BO3HUKAIOT 3€PHUCTBIE TOMOJIOTHYECKHUE jedeK-
Thl. Ha u300paskeHUU OHU TMPEACTABJIEHLI B BUJE
KpacHbIX Bepiinh 3eped. COrylacHO 9TOMY MeXaHU3-
MY PACCTOSTHUE MEXK/LY 3ePHAMU JIOJIKHO OBITH OKOJIO
200 1M, yTO ¥ HAGIIOJANIOCH B 9KcIepuMeHTax. [Jan-
HOE sIBJIeHUe MOJIyYI/IO HA3BAHUE «BHYTPEHHSIST Be-
BUKY SIS

B HUIMOP B akcriepriMenTe 1 KJIMHUKE JIOKA3AHbI
OPraHOIPOTEKTUBHbIE CBOWCTA WHTASIIIMOHHOTO aHe-
creruka ceBodmopana (B. B. Jluxsantes). B axcniepu-
MEeHTe JIOKA3aHO, YTO MHTAJISIINS ceBO(IypaHa B 103e 2
MUHHMAJIbHBIE aJibBeossApHble KoHTeHTparmn (MAK)
HPUBOJIUT K TIOBBIEHNIO cofepskanust ocdo-ICK-34
ua 200% B romoreHaTax rosioBHOro Mozra u Ha 160% B
roMoreHate MUOKapza Kpbic. Bezere mporodosa-iu-
Iypo B /103€ 5 MI/KT 32 15 MUHYT 10 MOJIETMPOBAHLIST
aHecteTnyeckoro mnpekonauiinonuposanus (AIIK)
TMOJTHOCTBIO HUBEJMPYeET YKazaHHbIH adekT ceBodury-
pana. Pesepcust Giioka ATIK Hactymaer uepes 40 MuHyT
TocJie BBEZICHUS 1Tporiohodia.

CeBodopan Takke mposBIsieT 3G deKTh aHe-
CTETUYECKOTO MPEKOHAUIMOHUPOBAHIS: TIPU MOJIe-

tissue oxygen extraction (by 1.3 times) and its con-
sumption (by 2.2 times), reduces disruptions in the
blood coagulation system and the severity of endot-
helial damage (the von Willebrand factor activity
decreases 1.4 times), reduces the duration of coma in
patients by 6.5 days, and the lethality by 20.9% com-
pared with baseline therapy. The experiment revea-
led components of the Perftoranum mechanism as
pronounced anti-edematous, anti-inflammatory and
wound-healing effect. It has been proved that in pa-
tients with chronic hypoxic lesions of lower limbs
Perftoranum increases systemic and local blood flow
by 1.5—2.7 times, reduces peripheral resistance of
blood vessels and improves blood filling in the affec-
ted area by a factor of 2 without causing the syndro-
me of «tissue robbing».

Since 1963 the Institute has been providing vo-
cational training through the clinical residency and
postgraduate school in anesthesiology and intensive
care, and pathological physiology.

Since 2005 the Institute has been publishing
the General Reanimatology Journal, which is focu-
sed on research and practice, is peer reviewed and li-
sted by the Higher Attestation Commission of Rus-
sia as one of the journals recommended for the publi-
cation of the main results of dissertations for the aca-
demic degree of Doctor or Candidate of Science.
Since 2015 the Journal is included in the Scopus da-
tabase.

Since 2001 there is a Dissertation Board /I
001.051.01 in the V. A. Negovsky Research Institute
of General Reanimatology for the defense of disserta-
tions for the Candidate and Doctoral degrees in
Anesthesiology and Resuscitation and Pathological
Physiology, Medical Sciences.

The V. A. Negovsky Research Institute of Gene-
ral Reanimatology, Federal Research and Clinical
Center of Intensive Care Medicine and Rehabilitolo-
gy, works in cooperation with the European Resusci-
tation Council. The National Council for Resuscita-
tion is a full member of the European Resuscitation
Council and its exclusive representative in the Rus-
sian Federation. The National Resuscitation Council
was established in 2004 to unite the scientific and
practical potential of regions of the Russian Federa-
tion in the field of anaesthesiology and resuscitation,
to analyze the accumulated experience, to create uni-
fied training programs for first aid and cardiopulmo-
nary resuscitation, and to provide unified methods
that meet international standards. The National Co-
uncil for Resuscitation has been conducting certified
courses of the European Resuscitation Council since
2008: over 100 instructors and more than 5,000 ex-
perts have been trained.

The academic results of the Institute over the
past 10 years are demonstrated by 44 monographs, 101
textbooks and manuals, 74 guidelines and instructions,
3,665 papers and proceedings (of which 547 were pu-
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JINPOBAHUM KJIMHUYECKOW CMEPTH aHECTETHYECKOe
MPEKOHIUITMOHUPOBAHNE CeBO(IIIOPAHOM TT03BO-
JIZeT TOBBICUTH <«BBIKMBAEMOCTH» HEHPOHOB BOJIO-
koH IlypkuHbe Mo3zkeuka Ha 8,8%, MHpPaMUIHBIX
uetiponos nosst CA1l runmoxamiia na 25,3% u 1moJist
CA4 runmoxamia Ha 14,2%.

B kiMHUYECKOM MCCIIEIOBAHUM JIOKA3aHO, YTO
B 00III€el TOmyJisAiiuu OOJIBHBIX He BBISIBIEHO BJIUSI-
HUST BBIOOPA METO/Ia AHECTE3MH HA YaCTOTY IU30/[0B
UIIeMUH MUOKAP/Ia; TOBBIIICHIE YPOBHS TPOITOHMHA
T; rociuTasbHyI0 U TOMOBYIO JETATBHOCTD. Y TAIlN-
€HTOB ¢ 11epeOPO-BACKYJISPHON HEIOCTATOYHOCTHIO
WHTIAIIMOHHASA aHeCcTe3us ceBOMIOpaHOM CHUKA-
€T PUCK PAa3BUTHUA MTOCJIEONEPAIIMOHHOTO lenpus. B
MOJITPYTITIE TIAIIMEHTOB € BBICOKUM PUCKOM Pa3BUTHSA
KapJMaJIbHbIX OCJIOXKHEHWH Y TMAIlMEHTOB C WHTAJIS-
IIMOHHOU METOIUKOI aHecTe3un ceBO(hJIIOPAHOM Iie-
puotiepalinoHHas uiieMus perucrpupyerca B 1,9
pasa peske, a TPAH3UTOPHOE MOBBIIIIEHUE YPOBHS TPO-
nounHa T B ocsieonepalinoHHOM niepuojie B 2,3 pasa
pesKe 1Mo CPABHEHUIO C TPYIIION GONBHBIX, AHECTE3HIO
KOTOPBIM TTPOBOJIAJIN TI0 METO/ITUKE TOTATBHON BHYT-
pUBEHHOI aHecTe3nu. BiusHue MeToja aHecTe3uu
Ha YaCTOTY U3YYEHHBIX MEPUOTICPAITMOHHBIX OCIOXK-
HEHUU U JIETATBHOCTH He 0OHAPYIKEHO.

lokazaHo, 4TO IPU XUPYPruyeckoil Koppek-
[[UU KOPOHAPHOTO KPOBOTOKA y GOJBHBIX Pas3ind-
HBIMU (HOPMaMU HIIEMUYECKONU OOJIE3HU Ccepiia
(IBC) nauboJiee MPUEMJIEMBIM CJIEAYET CYUTATH
BApUAHT WHTAJIAIMOHHON aHecTe3neil ceBodJiopa-
HoM (710 1,2 MAK) ¢ ycusienunemM aHaibreTH4eCKoro
KOMIIOHeHTa (deHTaHmgoM. Takasg MeTonuKa sB-
Jisiercst HanboJiee YHUBEPCATBHOW JIJIST TTOIABJISIIO-
1ero GOJIBIIUHCTBA KAMHUYECKUX CUTYAIMil, D1u-
JypaJibHas aHecTe3Wsi B KapAUOXUPYPTUU HMMeeT
pan orpanmdyenuii. He ciemyeT ucrosib3oBaTh MaH-
HBII MeTOJ[ IIPU IOpa)KeHWHM CTBOJIA JIEBOW KOPO-
HApHOI apTepuu, 3HAYUTEITHHOM HAPYIIEHUH KOHT-
PaKkTUIbHOM (yHKIIMN MuoKap/a ((dhpakius u3rHa-
Hust Metee 40%) y GOJIbHBIX, OTIEPUPYEMBIX B 9KC-
TPEHHOM M HEOTJIOXKHOM TOpsA/Ke Ha oHe TTpreMa
AHTUArPETaHTOB U TPOBEACHUS AHTUKOATYJISHTON
Tepanuu. B ciyyae ucCrosnb30BaHUsI BBICOKOH IPO-
JUIEHHO SIUAYpasbHOIl OI0Ka/bl, KaTeTepU3aInio
AMUYPAJIBLHOTO TPOCTPAHCTBA CJIEYET BBITOTHATD
HaKaHyHEe OIeparuu ¢ 1eJbl0 MUHUMHU3AINU PUCKA
00pa3oBaHMs SMUAYPAIHHON TeMaToOMbl. JlaHHbBII
METO/[ MOKHO CUUTATH METOZOM BBIGOPA IIPU OTIepa-
usAxX 6e3 UCKYCCTBEHHOTO KPOBOOOPAIIEHIS HA pa-
6otatomem cepjie. OniepaniioHHast TeMOIUIIIOHS
stBJIsieTcst 3 (EKTUBHBIM CIIOCOGOM KPOBOCHEpEKe-
HUS U CHWKEHUS PHUCKOB TeMOTPaHC(Y3MOHHBIX
ocJokHeHuil. Vcrosb3oBanue B IepuoliepaloH-
HOM mepuojie nepdropana y OGOJBHBIX ¢ HU3KOI
KUCTIOPOJTHON €MKOCTBbI0O KPOBU TO3BOJISET OIITH-
MHU3UPOBATh TPAHCIOPT KUCJIOPOJA U CHOCOOCTBO-
BaTh OJIATOIPUSATHOMY TEUEHUIO MTOCJIEOTEPAINOH-
HOTO MepUo/a.

blished abroad), 74 copyright certificates for inven-
tions and patents, and in 97 dissertations including 16
doctoral theses. Scientific works of the Institute are
presented in two editions of a bibliographic index, as
well as in twelve volumes of a collection of scientific
papers.

In 1952 the Laboratory employees were awar-
ded the State (Stalin) Prize of the USSR. In 1970
a group of scientists at the Laboratory were awar-
ded the USSR State Prize for a series of works on
electropulse therapy. V. V. Moroz, a Corresponding
Member of the RAS, was awarded the RF Govern-
ment Prize for fundamental research in the field of
medicine The creation of perfluorocarbon media
for the control of the vital activity of cells, organs
and the body. In 2002 the Minister of Health of the
Russian Federation awarded him the diploma of
the first national award to the best doctors of Rus-
sia Prizvanye (Vocational Calling). In 2011 a
group of scientists in the Institute (V. V. Moroz, a
Corresponding Member of the Russian Academy of
Medical Sciences, the head of the project, G. A.
Ryabov, an academician of RAMS, A. M. Golubey,
Professor, Yu. A. Churlyaev, Professor, A. V. Vla-
senko, Candidate of Medical Sciences) were awar-
ded the 2010 RF Government Prize in Science and
Technology for improving the efficiency of diagnosis
and treatment of Acute Respiratory Distress Synd-
rome (ARDS) based on the development and imple-
mentation of cutting-edge medical technology.

In 2017 the scientific staff of the Institute
(A. N. Kuzovlev, A. Yu. Bedova, V. A. Sergunova)
became laureates of the Moscow Government
Prize for young scientists in the year 2016 for
their scientific research «Increasing the efficacy
of diagnosis and treatment of infectious complica-
tions of critical conditions on the basis of the de-
velopment and implementation of latest technolo-
gies.» A number of the Institute's employees have
been awarded the Presidential Scholarship, as
well as other Russian and international awards.

The Institute will continue clinical and experi-
mental studies of the mechanisms of development of
critical conditions at the molecular, cellular, organ
and organism levels, as well as the study of new met-
hods for diagnosis and treatment of critical, terminal
and postresuscitative conditions.

Recived 01.08.17

[IpoBezetbl 9KCIIEPUMEHTATIbHBIE U KJIUHIYE-
CKHe HCCJIENI0BAHUS OTE€UYeCTBEHHOTO mepdTopyriie-
poaHoro npernapara nepdropan (B. B. Mopo3). /loka-
3aH0, 4TO nepdTopaH IpU BHYTPUBEHHOM BBeIEHUHN
naxe B MaJibix 03ax (1,5—2,5 Mur/Kr Macchl) HOpMa-
JIIBYET CTPYKTYPY MeMOPaH SPUTPOIIUTOB, YMEHbIIA-
€T aKTUBHOCTb MEPEKUCHOrO OKUCJIEHUS JIUIHUIOB B
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MeMOpaHaX SPUTPOIUTOB MO CPaBHEHUIO ¢ Ga30BOI
tepareid B 1,6—3,2 paza (IIMTOIPOTEKTOPHOE JIeii-
CTBHE), YBEJIUIMBACT UHIECKC TKAHEBOH JKCTPAKIIAN
kucsopoga (B 1,3 pasa) u ero norpebienue (B 2,2
pasa), yMeHbIIAeT HAPYIICHUS B CBEPTHIBAIONICH CH-
cTeMe KPOBU W TSKECTh MOBPEKICHUS HIOTEIUS
(akTuBHOCTH (hakTOpa Busebpanaa cumskaercs B 1,4
pasa), YMEHBIIAET [JIUTEIBHOCTb KOMATO3HOTO CO-
CTOSTHUS y OOJIbHBIX Ha 6,5 CYTOK, a JIETAIbHOCTD — Ha
20,9% 1o cpaBHenuio ¢ 6a3oBoii Tepanueil. Komio-
HEHTAMU MeXaHU3Ma JIeCcTBUA ephToOpaHa ABISCTCS
BBIPAKEHHOE MPOTUBOOTEYHOE, MPOTUBOBOCIIAJN-
TEJIbHOE M PAHO3AKUBJIAIONIEE JICHCTBUE, BbISBJICH-
Hble B aKcrepumenre. J[oKazaHo, 4TO y OOJIGHBIX €
XPOHUYECKUM TMIIOKCUYECKUM TTOPAKEHUEM HIKHUX
KOHEYHOCTel nepdTopaH yBeJUUNBACT CUCTEMHBIN U
MECTHBII KPOBOTOK B 1,5—2,7 pasa, cumskaer nepude-
PUYECKOE COMTPOTHUBIIEHUE COCY/IOB M YIydaeT KpoBe-
HATIOJTHEHUE B 30He TIOPAKEHMS B 2 pa3a, He BbI3bIBAs
CHH/IPOMaA «OOKPA/IbIBAHUS TKAHETT».

C 1963 1. UHCTUTYT OCYIIECTBISAET MOITOTOBKY
KaJ[pOB Yepe3 KIMHNIECKYIO OPIMHATYPY U aclIUpaH-
TYpY IO CHENMATBHOCTU « AHECTE3MOIOTHS W PEaH!-
MatoJiorusi» u «Ilatosorndeckas dhusnosnoruss.

C 2005 r. MUucrutyt usgaer pereHsupyembiit
HAay4YHO-TIpakTuIecKuii sxypran «O0Ias peanuma-
TOJIOTUS», BKTIoueHHbIN B [lepeyens BAK nepuomm-
YeCKUX HAYYHBIX U HAYYHO-TEXHUUECKUX W3/IaHUM,
BhIIycKaeMbIXx B Poccuiickoit Mexpepanym, B KOTO-
PBIX PEKOMEH/IYETCST ITYOJIUKAIIMSI OCHOBHBIX PE3YJIb-
TAaTOB AMCCEPTAINNl HA COMCKAHWE YUYEeHOU CTeleHU
min Kauaugata Hayk. C 2015 1. KypHaa BXOIUT B
MEKYHAPOJHYI0 WH(MOPMAIHOHHYI0 0a3y JaHHBIX
«Scopus».

C 2001 r. 8 HNU o6r1iieil peaHUMaTOJIOTHH UM.
B. A. HeroBckoro (hbyHKITMOHUPYET IUCCEPTAITUOH-
uorit coer /1 001.051.01 mo 3amuTe quccepraruii Ha
COUCKAHWE YYEHOH CTENeHM JOKTOpa M KaHAuIaTa
HAYK T10 CHEIUATbHOCTH « AHECTE3MOJIOTHS U PEaH!-
MmatoJiorust u «Ilaromornyeckas husnosorusg» — me-
JIUIITHCKYE HAYKH.

HIWMU o6ueii peanumatosnorun um. B. A. He-
roBckoro MHKIL PP corpynauuaer ¢ Epormeii-
cknum Cosetom 1o peanumaiuu (European Resusci-
tation Council). HarinoHaibHBIN COBET 1O peaHnMa-
UK SIBJISIETCST TTOJTHOIIPABHBIM 4JieHOM EBporieii-
CKOTO COBETA 10 PEAHUMAIINHU U €TO dKCKJIIO3UBHBIM
npencrasuteneM B Poccuiickoit Dexepannu. Ha-
[UOHAJIBHBIN COBET 10 PeaHUMAI[UU ObLI CO3/aH B
2004 1. g oObeauHEHUs HAy4YHO-IIPAKTUYECKOTO
nmoteHnuana pernonos Poccuiickoit Meepanyn B
06JIACTU AHECTE3UOJIOTHU-PEAHINMATOJIOTHN, AHAIN3a
HAKOTJICHHOTO OIIBITA, CO3[[AHUS €JMHBIX TPOrPAMM
06yUeHUsT METO/IaM TIEPBOIT TIOMOIIU U CePIeTHO-JIe-
TOYHOW peaHnMaIyu, YHU(DUIMPOBAHHBIX METOMHK,
COOTBETCTBYIONIMX MEKIYHAPOIHBIM TPEOOBAHUSIM.
HanmonanbabiM coBetoM 110 peannmaiiuu ¢ 2008 r.
MPOBOJATCS cepThudUKamontbie Kypcbl EBporeii-

CKOTO COBETa 110 PeaHUMAIliH, TIOJrOTOBJIEHO (oJiee
100 uHCcTpyKTOPOB, 00y4YeHO Gosiee 5000 yeoBEK.

PesynbraThl Hay4yHOI fesaTenbHocTH HCTHTY-
Ta 3a nocyennue 10 set oTpaxkensl B 44 MOHOTpa-
dustx; 101 yuebGHUKAX U TTOCOOUSIX; 74 METOAUIECKIX
PEKOMEHIAITNSAX U MHCTPYKINSX; 3665 cTaThsIX 1 Te-
3Hcax, U3 KOTOPbIX 547 usanbl 3a pybexrom; 74 aB-
TOPCKUX CBUJIETEIHCTBAX HA M300PETEHUST U MATEH-
tax; 97 auccepranusx, B ToMm uncie 18 10KTOpcKux.
Hayunbie paboTsl THCTUTYTA OTPAsKEHBI B TPEX U3~
HMaHusx OubmorpaduIecKoro yKasaresist, a TAakKe B
12 ToMax Hay4YHBIX TPY/IOB.

B 1952 r. paborst B. A. HeroBckoro u coTpyji-
HUKOB JIADOPATOPUHU YAOCTOEHBI [0CyapCcTBEHHOM
(Cranunckoit) Ipemun CCCP. B 1970 r. 3a nuxa
paboT 10 IEKTPOUMITYIbCHON TEPANTUH IPYIIIA yue-
HbIX Jlaboparopuu Oblia ypoctoena [ocymapeTBeH-
noit npemun CCCP. 3a npoBenenue hyHaaMeHTab-
HBIX HcceoBaHuil B obOsactu Meaunuabl «Cosa-
HUe 1ep(TOpyTJIEepPOHBIX Cpejl I YIPaBICHUSA
JKU3HENESATETHHOCTBIO KJIETOK, OPraHOB M OpPTraHn3-
Ma» (1999 r.) unen-xkoppecnongent PAH
B.B.Mopos narpaxzaen IIpemueii IIpaBuresnbcrsa
P®, a B 2002 r. Munuctp 3xpaBooxpanenusi Poc-
cutickoit Meneparu Bpyuus emy auiiom llepsoii
HamumonanpHoit [Ipemun sgyummm Bpadam Poccun
«ITpusBanue». B 2011 r. corpyanuku MHcTuTyTa
(unen-koppecnonzienT PAMH B. B. Mopos — pyko-
BoauTeab paborel, akageMmuk PAMH T. A. Psa6os,
npodeccop A. M. Tonybes, mpodeccop 10. A. Hyp-
asdet, k. M. H. A. B. Biacenko, mpodeccop Apnees
C. H., akagemuk PAMH Yyuanun A. I, npocdec-
cop AuekceeB B. I, mpodeccop Axosnes B. H.,,
npodeccop Jlmsanos I'. A.) moayunmm [Ipemuio
[IpaButenncTBa Poccuiickoit Mepeparium 2010 1. B
00JTacTu HAyKM M TEXHUKHU <«3a MOBbIICHNE 3(-
(extuBnoctu auarnoctuku u jedenus OPJIC na
OCHOBe Pa3pabOTKU U BHEIPEHUS HOBEUIITNX MEIH-
UHCKUX TEXHOJJOTUUI».

B 2017 r. nayuynbie cotpyanuku MHcTUTyTa
A. H. Kysosznes, A. 10. benoBa, B. A. Ceprynosa
crasm naypeatamu [Ipemun [TpaBurenbctBa MockBbI
MOJIo/ibIM yueHbiM 32 2016 1. 32 HayuHOe uccJiesoBa-
nue «Ilosbinenne ahekTHBHOCTU AUATHOCTUKHU U
JiedeHUst TH(MEKIIMOHHBIX OCTIOKHEHNI KPUTHUECKUX
COCTOSTHUII Ha OCHOBe Pa3pabOTKK W BHEJPEHUST HO-
BEUINX TeXHOJIOTui». Py corpyinnkos MHcTuTyTa
narpaxzenbl Crunengueit [Ipesusenra Poccuiickoii
Denepaiiun, a TAKKE NHBIMI POCCUIICKUMU U MEK]LY -
HAPOHBIMU HATPAJIAMU.

B WHcruryre OyayT TPOAOJIKEHBI KJIWHIYE-
CKUe€ U 9KCIIEPUMEHTAIbHBIE NCCIIEI0BAHUS MEXaHU3-
MOB Pa3BUTUA KPUTUYECKUX COCTOSTHUI HA MOJIEKY-
JIAPHOM, KJIETOYHOM, OPTAaHHOM WM OPraHM3MEHHOM
VPOBHSIX, & TAKXKe U3YUeHUE HOBBIX METO/IOB JIMArHO-
CTUKU U JICUCHUS] KPUTUIECKUX, TEPMUHATBHBIX U 110-
CTPEAHNMAIIMOHHBIX COCTOSHUIA.

INocrynuna 01.08.17
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IIpodeccopy B. B. Mopoay 80 set

Professor Viktor V. Moros is 80

Hayunomy pykoBoauremo @HKII peannma-
TOJIOTHH U PEaGUINUTONIOTHH, YJIEHY-KOPPECHOH-
nenty PAH Mopo3y Bukropy BacuibeBuuy uc-
nosHsiercs 80 ner.

Buxkrop Bacuiabesuny Mopos poauiicst 14 oxrsi6-
ps 1937 rona B ropome Pocrose-na-/lony. B 1961
ro/ly OH 3aKOHYMJI BOEHHO-MEIMIIUHCKYIO aKa/I[eMHIO
uMm. C. M. Kupoga, a B 1965 rogy — opanHaTypy mpu
kadenpe rocnuTanbHoi xupypruu. B 1969 rony Buk-
Top BacuibeBUY 3anuTHII KaHAUAATCKYIO AUCCEpPTa-
o «O0beM UPKYJIUPYIONIEd KPOBU U €r0 KOMITO-
HEHTBI TIPU XUPYPTUUECKUX 3a00IEBAHUSX JIETKUX U
ux onepatTuBHOM JiedeHUn»>. C 1967 1o 1996 roml pa-
6oran B I'BKI umenu H. H. Bypmenko, sanumas
MOCJIE/IOBATETHHO JTOJIZKHOCTH CTapIIero OpAuHATOPA
OT/IeJIEHNST AHECTE3UOJIOTHH, HaYaIbHUKaA Jaboparo-
pHM BCIIOMOTATELHOTO KPOBOOOPAIIEHMSI U UCKYC-
CTBEHHOU OKCUTreHalu, JIeTOKCUKalin, HadyaJibHUKa
otaesieHuss peanumarosnoruu. B 1994 roxy samurin
JIOKTOPCKYIO iuccepTanuio Ha Temy <«IlyTm xoppek-
WU TUTIOKCHUM TTPU KPUTUIECKIX COCTOSTHUSAX .

B 1995 roay Buxrop Bacuibesuy 6b11 usbpan
npodeccopoM Kadeapbl aHECTE3UOJOTUU U PeaHu-
marosioruu MMA umenu M. M. Ceuenosa, B 1996
rojly eMy IIPUCBOEHO 3BaHue rpodeccopa. B atom ke
rozy o npurianienuio akagemuka PAMH B. A. He-
rosckoro Bukrop BacuibeBuy usbpan AupekTOpPOM
HUN obmieit peanumarosiorun Poccuiickoil akajie-
MUU MEIUIIMHCKNX Hayk, B 2005 rogy — 3aBemyro-
M Kadenpoil aHecTe3noJ0TUN-PEeaHnMAaTONIOT N
MIMCY (110 COBMECTUTENLCTBY ).

OCHOBHBIMU HAIPaBJCHUSAMU HAYYHOU Jiesi-
tesbHOCTH B. B. Moposa aBasgioTca uccjie10BaHuS
IaTorenesa, KIMMHUKU, IMarHOCTUKH, JICUEHUA U TIPO-
(bunmakTuky pasBUTHS KPUTUYECKUX U TEPMUHAIH-
HBIX COCTOSTHU, Pa3JTUYHBIX (DOPM THUITOKCHUH, IITIOKA,
CeTICHca, HOTOKCUKO3a, TOJMOPTaHHONW HEIOoCTa-
TOYHOCTHU, U3ydeHue 1nepTopyriaepoioB AJs Meu-
KO-OMOJIOTMYECKUX IleJIeld, maTorenesa 60eBOI TpaB-
Mol OH 060CHOBAI, Pa3pad0OTaI U BHEAPU B KJINHM-
YecKyIo MPAKTUKY JJIUTEIbHYIO0 BHCOPTAHHYIO MAJIO-
IIOTOYHYIO OKCHUTE€HaIl1l0, IMPHUMEHNB BIIEPBbLIE B
Mupe (TOPYTJIEPOAHBIN OKCUTEHATOP B KJIWHHUKE,
HOBBII KJacc IIpenaparoB € Ta30TPAHCIOPTHOMN
(bynkimeit Ha ocHOBe 1EepGTOPYTIEPOIOB.

B. B. Mopos sBisieTcst 0lHUM U3 [THOHEePOB UC-
CJIeIOBAaHUN POJIN TEHETUUECKON TTPEIPACTIONOKEHHO-
ctd, pojiu GHOPUTMOB B TEUEHUH KPUTUYECKUX CO-
CTOSTHUU, MCCIEIOBAHUH U BHEIPEHNS B KIMHIUYECKYIO
NPaKTHKY COPOIMOHHO IeTOKCUKAINY, TasMadepe-
3a, yJIbTpaduIbTPaAINU, METO/IOB JICYEHUST OCTPOH JIbI-
XaTeJbHON HEJIOCTATOYHOCTH, JITOPUTMOB MH(DY3HOH-
HO-TpaHC(HY3MOHHON Tepanuu, KPOBEBOCIOJHEHMUS,

Viktor Vasilyevich Moroz, the Scientific Director
of the Federal Research and Clinical Center of Intensive
Care Medicine and Rehabilitology, Corresponding
Member of the Russian Academy of Sciences, is celebra-
ting his 80th birthday

Viktor Vasilyevich Moroz was born on October 14,
1937 in the town of Rostov-on-Don. In 1961 he graduated
from the S. M. Kirov Military Medical Academy. In 1965
he completed his residency training at the Department of
Hospital Surgery. In 1969 he defended his thesis on The
circulating blood volume and its components in surgical
lung diseases and their surgical treatment. From 1967 to
1996 he worked in the N. N. Burdenko Main Military and
Clinical Hospital consecutively as a Senior Resident of the
Department of Anesthesiology, Head of the Laboratory of
Ancillary Circulation and Artificial Oxygenation, Detoxi-
fication, and Head of the Department of Reanimatology. In
1994 he defended his doctoral thesis on Ways of correcting
hypoxia in critical conditions.

In 1995 Viktor V. Moroz got his Professorship in
the Department of Anaesthesiology and Reanimatology,
I. M. Setchenov Moscow medical Academy. In 1996 he
was awarded with the title of full Professor. In the same
year Dr. Moroz was invited by V. A. Negovsky, an acade-
mician of the RAM, to be elected as a Director of the Re-
search Institute of General Reanimatology of the Russian
Academy of Medical Sciences; in 2005 he also became the
Head of the Department of Anaesthesiology and Reani-
matology of Moscow State University of Medicine and
Dentistry (concurrently).

The main areas of V. V. Moroz's scientific activity
include studies of pathogenesis, clinical findings, diagno-
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CobpiTnga

MApeHTEPATTBHOTO W 9HTEPAILHOTO MUTAHUS TIPU KPH-
TUYECKUX U TEPMUHAIBHBIX cocTosiHusx. [lon pyko-
BOJICTBOM W IIPU HeIocpe/NcTBeHHOM ydactuu B. B.
Moposa co3nmanbl (HTOPYTIEPOAHbIE OKCUTEHATOPBI,
KPOBE3aMEHUTEJIb € Ta30TPAHCIIOPTHON (hyHKIIMEH Ha
ocHoBe niepdropyrieponos — «lIlepdropany, anmapa-
THI U YCTPOUCTBA JIJIsI TeMOCOPOTIUHL.

3a pynpamentasnbubie uccienoBanus «Cosna-
HUe 1ep(TOpyTJIEePOHBIX Cpe/l Mg YIPaBICHUS
JKU3HENESATETHHOCTBIO KJIETOK, OPTAaHOB M OPraHu3-
Ma» B. B. Moposy B cocTaBe aBTOPCKOIO KOJIJIEKTHBA
B 1999 rony npucysxkaena npemusi [IpaBurtenbcrsa
P®, a B 2002 roxy ou cran jiaypeatoM IepBOii Ha-
IMOHAJbHON TpeMUu JydlmuM Bpadam Poccun
«ITpusBanue». bBosbmioit Bkaax B. B. Mopos BHec B
UCCJIEIOBAHUST U Pa3pabOTKy OpPraHM3alUOHHBIX U
AHECTE3U0JIOTO-PEAHNMATOIOTUIECKUX TIPOOJIEM BO-
€HHOW MEeJIMIIMHBI U MEIUINHBI KaTacTpod Kak He-
MOCPE/ICTBEHHBIN YYAaCTHUK JUKBUIAIMU TOCJE]-
cTBUil cobpiTuil B Adranucrane, Apmenun, Yeune,
YepHOOBLIE U APYTUX KATACTPOD.

B. B. Moposom omny6imkoBaHo 6osee 800 Ha-
VUHBIX PabOT, B UX YHCJIE — MOHOTPA(hUH, TJIABbI B Py-
KOBOJICTBAX, KHUTAX, CTAThH B TPY/IaX MHCTUTYTA, KOH-
TPECCOB, ChE3/IOB, B TOM YUCJIE MEKIYHAPOTHBIX (hOpPY-
MOB, UH(OPMAIMOHHbBIE OMOJUIETEHH, METOIMYECKIEe
peKOMeH/Iallnl U UHCTPYKInU. Buxkrop BacuibeBuu
umeer 26 marenTos. Ilox ero pegaxiumeii omy6aMKoBa-
HO 12 tomoB Tpynos HUN ofreil peaHMMAToI0rumn
PAMH, 9 remaruueckux cOOPHUKOB HAYYHBIX TPY/IOB.
B 2005 rozty on ocroBas skypHai «O0I1ast peaHnMaTo-
JIOTHS», KOTOPBIH BXOAUT B niepedenb BAK Poccnn rie-
PUOAMYECKUX HAYYHBIX U HAYIHO-TEXHUIECKUX U3/1a-
HUI, PEKOMEHIOBAHHBIX [IJIsT TIyOJUKAIINIT OCHOBHBIX
pes3yJIbTaToB JUcCcepTaluii Ha COMCKaHue Y4eHOi cTe-
TIeHU TOKTOpa UK KauauaaTa Hayk. B. B. Mopos mHo-
TOKPATHO BBICTYTAJI € IOKJTAJIAMU 1 JIEKIIUAMU HA KOH-
rpeccax, cbe3zaX, KOH(pEepeHInsax, CUMIO3UyMax 3a
PyOEROM U B Halllell CTPaHe.

[Tox pykoBO/CTBOM U IIPU KOHCYIbTamu B. B.
Mopoaa BbiriosiHenbt 19 fokTopckux u 34 KaHanaaT-
cKkux gauccepranuii. Buktop BacuibeBud — BUIHBIN
PYKOBOJMTENb M OPTAaHU3ATOP 3/IPABOOXPAHEHUS.

B mapre 2000 roga on 61 u3bpaH 4ieH-KOP-
pectionjienToM Poccuiickoil AkajieMuu MeuIluH-
ckux Hayk, uwieHom 6opo OMBH PAH. B. B. Mopos
TaKIKe ABJIAETCH aKaJieMUKoM 1 yieHoM [Ipesnanyma
AxajnemMun MeIuMKO-TeXHUYeCKUX Hayk Poccum c
1999 rozma. Muoro et B. B. Mopos pabotai B mipesu-
muyme Beecotosnoro, Beepocceuiickoro obiecTs ate-
CTe3UO0JIOTOB U peannmMaTosioros, Oezepaiiuu anecre-
3MOJIOTOB W PeaHMMAaToJIoToB Poccu, 4wieHoM TpaB-
JieHust MOCKOBCKOTO HAyYHOTO OOIIECTBA AHECTE3HO-
JioroB u peannmatosioroB (MHOAP), asagscsh cero-
JIHA TIOYETHBIM 4JICHOM BceX aTux obuiects. B 1987
rofy Ha asbrepHatuBHOl ocHoBe MHOAP us6pasio
ero 1epBbiM rpejncenatesem MHOAP. Ha artom
nocty on pobsLt bosee 10 stet. B 2014 romy mpocec-

sis, treatment and prevention of the development of criti-
cal illness and terminal conditions; various forms of hypo-
xia, shock, sepsis, endotoxicosis and multiple organ failu-
re; studies of perfluorocarbons for medical and biological
purposes; pathogenesis of combat trauma. He has develo-
ped and clinically proved the long-term extracorporeal
low-flow oxygenation. He was first to employ a fluorocar-
bon oxygenator in a clinical setting, and suggested for cli-
nical use a new class of medications that employs perflu-
orocarbon-based gas transfer.

V. V. Moroz was among pioneers in the research on
the role of the genetic predisposition and biorhythms in
critical illness. He clinicaly proved early the principles of
sorption detoxification, plasmapheresis, ultrafiltration,
methods of treating of acute respiratory failure, algorithms
of infusion-transfusion therapy, blood supply, and parente-
ral and enteral nutrition in critical and terminal illnesses.
Fluorocarbon oxygenators, Perftoranum (a blood substitu-
te with a gas transportation function based on perfluoro-
carbons), hemosorption devices and equipment have been
designed under the guidance and with the direct contribu-
tion by V. V. Moroz.

In 1999 V. V. Moroz is becoming a member of a group
of inventors awarded with the RF Government prize for a
fundamental research The creation of perfluorocarbon
media for the control of the vital activity of cells, organs
and the body. In 2002 he became the laureate of the first
national award to the best doctors of Russia Prizvanye
(Vocational Calling). V. V. Moroz has made a significant
contribution to the research and development of organiza-
tional issues and anesthesiology and resuscitation pro-
blems of military medicine and disaster medicine being a
direct participant in eliminating the consequences of com-
bat or natural disaster events in Afghanistan, Armenia,
Chechnya, Chernobyl and others.

V. V. Moroz has published more than 800 scientific
publications, including monographs, chapters, papers in
peer-reviewed journal, manuals, books, congresses materi-
als of national and international forums, newsletters, met-
hodological recommendations and instructions. Dr. Moroz
is an outstanding inventor: he invented 26 patents. Twelve
volumes of publications of the Research Institute of Gene-
ral Reanimatology of the Russian Academy of Medical Sci-
ences and nine thematic collections of scientific works
have been published under his editorship. In 2005 he has
founded a new journal General Reanimatology, which is li-
sted by the Higher Attestation Commission of Russia
among periodic scientific and technical publications that
are recommended for publication of main results of disser-
tations for the academic degree of a doctor or candidate of
sciences. V. V. Moroz has repeatedly delivered reports and
lectures at congresses, conferences and symposia in Russia
and abroad.

Under the guidance and consultation of V.V. Moroz
19 doctoral and 34 candidate theses have been completed.
Viktor V. Moroz continuously stays as a prominent leader
in reanimatology-anestesiology and organizer of public he-
alth in the area of critical illness and resusscitation.

In March 2000 he was elected to become Correspon-
ding Member of the Russian Academy of Medical Sciences,
a Member of the Bureau of the Division of Medical and
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cop B. B. Mopo3 BbICTYTIHJI HHUIIMATOPOM U OpraHu3a-
TOpOM co3zanust poccutickoro OObiecTBa Mo u3yde-
HUIO 110K, CTABIIEro YacTbio MesxyHapoiHon dejie-
paruu 00IIeCTB TI0 u3yueHuo moka. B. B. Mopos 6bu1
u3bpaH U 10 HacTosiiee BpeMsi ocraercst [pe3ujieH-
ToM poccuiickoro ObIecTBa Mo U3ydeHuto moka. Ha
HTOM IOCTY OH OCYIIECTBJISIET Ty OIUKAIMIO HAYUHBIX
UCCTIENI0BaHMI U 0O6Pa30BATENBHYIO JESITEBHOCTD B
obsiacti usydeHus moka. Bukrop BacuibeBuu —
peJcesiaTeNb yueHoro coBera MHcTuTyTa, mpobiem-
HBIX KOMUCCHH «IJKCTpeMa-JbHbIEC U TePMUHAJIbHDIE
COCTOSHUS», «[UTMOKCUS KPUTUYECKUX COCTOSTHUI»,
yien axcrepraoro coseta BAK Poccun, Mapmako-
Jlorugeckoro komuteta Munsapasa PD, unen pen-
KOJIJIETHI JKYPHATOB «AHECTE3UOJIOTUS W PeaHnMa-
TOJIOTUS», «BecTHUK UHTEHCUBHOU Tepanuns», «Pea-
HUMATOJIOTHS, UHTCHCUBHASA TepaIns, aHeCTe3n0JI0-
rust», «BecTHuK ciysk661 kpoBu Poccuus, MexyHa-
pomubix xKypHasnos «Journal of Critical Care», «Heii-
POHAYKHU: TEOPETUYECKUE W KIMHUYECKUE ACTIEKTHI>,
¢ 2005 roga — TyraBHbII pemakTop KypHaua «Oomas
PEAHUMATOJIOTHS .

C 2008 10 2010 rozet B. B. Mopo3 GbLT riiaBHBIM
anecresuoJioroM-peanumarosiorom M3CP PO. Buxk-
top BacuibeBrnu Mopos siisiercs nipesnzientom Ha-
muonasbHoro CoBeTa MO pPeaHUMAIUU, TTOYETHBIM
yyieHoM 1 wieHoM [Ipesummyma Espomneiickoro Cose-
Ta 110 PEAHUMAIUH, TTOYETHBIM YJIEHOM CJIOBAIIKOTO
HAYYHOTO MEUIIMHCKOTO 00OIIECTBA AHECTE3UOJIOTOB,
Harpaxaen 14 menassamu, 3nakom «OTJIUIHUK 371pa-
Booxpanenusti». B 1999 roxy B. B. Moposy nipucBoeHo
3Banue «3acayxkenubiii Bpay PM», B 2008 rogy —
«3acnyskennblii restespb nayku PD». Pacropsiken-
em IlpaBurenscra PD ot 25 despana 2011 roma
Buxrtopy BacuibeBuuy Moposy Bmecte ¢ rpynioi
uccseioBaresieil (PyKOBOAUTEb PabOThI) IPUCYKIe-
Ha npemust [TpaBuresbctBa P B obactu Hayku u
TEXHUKU — <32 TIOBbIIIeHre 3(hheKTUBHOCTH IMATHO-
CTUKU U JIEYEHUS] OCTPOTO PECITMPATOPHOTO IUCTPECC-
cutzipoma (OPJIC) Ha ocHOBe pa3zpabOTKK U BHEJpe-
HUSI HOBEHIINX MEAUIIMHCKUX TEXHOJIoruit». B Ha-
crosiee BpeMs Buxkrop BacuibeBny Mopos HazHa-
yen HayuHbiM pykoBoautesem DemepasibHoro na-
YYHO-KJIMHUYECKOTO TIEHTPA PEAHNMATOJIOTUN U Pea-
OuUIMTOIOrMN. B 9TOM 0JIKHOCTH OH IIPOJIOJIKAET YC-
METTHO PYKOBOJAMTD HECKOJBKUMU HATIPABICHUSAMU
POCCUICKMX HAyYHbBIX UCC/IEI0BAaHUI B 00JIacTh pea-
HUMATOJIOTUU U MEJTUTIMHBI KPUTUYECKUX COCTOSTHUI.

TIny6oxoysancaemviii Buxmop Bacuiwesuu! Kon-
nexmue HUH obweii peanumamonozuu um. B. A. He-
206ck0e0 WHKI] PP u pedaxyus scypnara <Obwas
peanumamoozus> nozopasisiom Bac ¢ obuieem u
AHCCAIOM KPENK020 300P0Bbsi, Q0JN2UX NI0OOMEOPHBIX
JLeM. HCUSHIL.

Biological Sciences of the RAS. V. V. Moroz has also been
an academician and a member of the Presidium of the Aca-
demy of Medical and Technical Sciences of Russia since
1999. For a long time V. V. Moroz worked as a Member of
the Presidium of the All-Union and All-Russian Societies
of Anaesthesiologists and Reanimatologists, the Federa-
tion of Anaesthesiologists and Reanimatologists of Russia;
he was a board member of the Moscow Scientific Society of
Anaesthesiologists and Reanimatologists (MSSAR).
Today he is an honorary member of all these societies. In
1987 he was elected on an alternative basis the first Chair-
person of the MSSAR. He spent more than ten years in this
position. In 2014, professor Viktor V. Moroz initiated, or-
ganized and was elected as a President of the Society for
Shock Studies in Russia that joined the Inernational Fede-
ration of Shock Studies. He remains in this position until
novadays contributing to shock studies by research publi-
cations and educational activity. Victor Vasilyevich Moroz
for many years was remaining the Chairperson of the Aca-
demic Council of the V. A. Negovsky Institute of General
Reanimatology, task groups Extreme and Terminal Condi-
tions and Hypoxia in Critical Illness, a member of the Ex-
pert Council of the Higher Attestation Commission of
Russia, the Pharmacological Committee of the Ministry of
Public Health of Russian Federation, a member of the edi-
torial boards several peer-reviewed national journals
(Anesthesiology and Reanimatology, Intensive Care Bulletin,
Reanimatology, Intensive Care, Anesthesiology, The Bulletin
of the Blood Service of Russia); and international journals
(Journal of Critical Care, Theoretical and Clinical Aspects of
Neuroscience). Since 2005 he continues to serve as the Edi-
tor-in-Chief at the General Reanimatology, the journal that
recently (2015) joined Scopus.

From 2008 to 2010 V. V. Moroz was the Chief
Anesthesiologist and Resuscitator at the Russian Minist-
ry of Public Health. Viktor Vasilyevich Moroz continues
to serve as the President of the National Council for Re-
suscitation, being a honorary member and a member of
the Presidium of the European Resuscitation Council,
and a honorary member of the Slovak Scientific Medical
Society of Anaesthesiology and Intensive Medicine. He
has been awarded with fourteen medals and an Excellent
Worker of Public Health badge. In 1999 V.V. Moroz was
awarded with the Honored Doctor of the Russian Fede-
ration title, in 2008 he received the title of a Honored
Scientific Worker of the Russian Federation. February
25,2011 Viktor Vasilyevich Moroz along with a group of
collegues was awarded with one of the supreme prices in
Russia, the RF Government Prize in Science and Tech-
nology «For improving the efficiency of diagnosis and
treatment of Acute Respiratory Distress Syndrome
(ARDS) on the basis of the development and implemen-
tation of cutting-edge medical technology». Recently,
Viktor V. Moroz has been appointed as a Scientific Head
of Federal Research and Clinical Center of Critical Care
Medicine and Rehabilitology. In this position, he conti-
nues to successfully lead several directions of reanimato-
logy and critical illness research studies in Russia.
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V. A. Negovsky Research Institute of General Reanimatology,
Novokuznetsk Regional Campus: History, Research, Achievements

Yury A. Churlyaev, Konstantin V. Lukashev
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regional campus of Russian Medical Academy of Continuous Professional Education, Ministry of Healthcare, Russia,
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Oumman HUM  obueil  peaHUMaToJIOTUU
PAMH B r. HoBoKy3HeIIKe ObLIT OPraHU30BaH B COOT-
BerctBUe ¢ [locranoBnenmnem Ilpesmpanyma AMH
CCCP Ne 173 ot 25 anpernsa 1990 r. u I[Ipuxasom
Munucrepctsa 3apaBooxpaneruss CCCP Ne 420 ot
25 oxtsiopst 1990 .

Y MCTOKOB OpraHu3anuu Guimaia CTosIN BEIy-
e y4YeHble, TIOCBATUBIIAE MHOTHE TOJBI CTAHOBJIC-
HUIO U Pa3BUTHIO peaHnMaTosiornu B Poccum: akase-
muk PAMH B. A. Herosckufi, 4wieH-KOpPeCTIOH/IEHT
PAMH B. H. CemeHOB, 3acity;KeHHBIH JIeITeIb HAYKU
Poccun, unen-koppectionzienr PAH B. B. Mopos. Op-
raHW3aIlMg TaKOTO HAYYHOTO IleHTpa B T. HOBOKYy3-
Helke Oblia 00YCJIOBJIEHA B TIEPBYIO OUEPE/lb, TEM, YTO
Kysbacc siByistercst KPYIHBIM TPOMBIIIEHHBIM PETHO-
HOM C OTPOMHBIM MHJIyCTPUAIBLHBIM TTOTEHITATIOM; BO
BTOPBIX — BBICOKMM YPOBHEM TPaBMaTH3Ma y IIaxTe-
POB, ¥ HAJIMYNEM BbICOKOKBAJIN(DUITMTPOBAHHOK MOZITO-
TOBJIEHHOW HAy4HOIT Oa3bl B JiuIle Kadepbl aHECTE3NO-
Jgorun u peanumarosnornn Hosokyszerkoro locy-
JIAPCTBEHHOTO MHCTUTYTA YCOBEPIICHCTBOBAHUS Bpa-
yeit (IMYBa) u Bpaueil TOPOACKON KJIMHUYECKON
6ospHuIB Nol. TIepBbIM IMPEKTOPOM (husmaia u ero

The Regional Campus of the Research Institute
of General Reanimatology of the Russian Academy
of Medical Sciences in Novokuznetsk was organized
by the Decree of the Presidium of the Academy of
Medical Sciences of the USSR Ne 173 as of April 25,
1990 and by the Order of the USSR Ministry of He-
alth Ne 420 as of October 25, 1990.

The initiators of the Regional Campus were
outstanding scientists who dedicated many years to
the establishment and development of the resuscita-
tion science in Russia: V.A. Negovsky, an academician
of the RAMS, V.N. Semenov, a Corresponding Mem-
ber of the RAMS, V.V. Moroz, an Honored Scientific
Worker of Russia, a Corresponding Member of RAS.
The primary reasons for organizing such a scientific
center in Novokuznetsk were the facts that Kuzbass
was a large industrial region with a significant indu-
strial potential and the level of injuries among miners
was high while there was a highly qualified scientific
base available (the Department of Anesthesiology
and Reanimatology of Novokuznetsk State Institute
of Advanced Medical Education and doctors of the
Moscow City Clinical Hospital Ne 1). V. D. Slepush-
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OpraHusatopoM ObLI 3aBe/yonii Kadeapoil aHecte-
3MOJIOTUN W peaHuMaTosioru  HOBOKY3HEIKOTo
'Y Ba nipodeccop B. /1. Caenyiikus.

Bymyuau 20 jser gupexropom HUU obieit pea-
Humarosiornn uMm. B. A. Herosckoro, 3aciry>KeHHBII
nearenb Hayku Poccun, wien-koppecrnionnenT PAH,
npodeccop Buxrop BacumbeBuy Mopos, yuaens
GoJIbITIOE BHUMaHKE B CTaHOBJIeHUH ¥ pasputun Du-
suana Uucruryra. Ilon pykosojactBom Buxropa Ba-
cuibeBrya Ha Oasze MHCTHTyTa 1 ero Dumasna mposo-
JIAJIACH HAYYHBIE UCCIIeIOBAHUS, TIOCBSIICHHBIC:

* U3YYEHUIO OCOOEHHOCTEN TMAaTO(hU3NOIOTH-
YeCKUX M3MEHEHWH y 1MaXTePOB B 3aBUCUMOCTH OT
JUTUTEJIBHOCTH MOI3EMHOTO CTajka pabOThI;

* YCTAHOBJICHWIO MEXaHU3MOB W3MEHEHUSA
IEHTPAIBHON TeMOJUHAMUKN U KHUCJIOPOJ-TPAHC-
MOPTHON (hYHKITUHU CEPJIEUHO-COCYUCTON CUCTEMBI Y
MIAXTEPOB C JJIUTEbHBIM CTAKEM MOJ3EMHbBIX PaboT;

* paspaborke a(hHEKTUBHBIX METOJOB OKa3a-
HUS PEAHUMATOJIOTHIECKON TOMOIIH TIOCTPAIABIIAM
1 OOJIBHBIM MIaXTePaM Ha dTalax JeUeHs;

* anpobaly HOBBIX [UATHOCTUYECKUX U Jie-
4eOHBIX TEXHOJIOTUI € MOCTIEAYIONUM BHEPEHUEM B
KIMHUYECKYTO TTPAKTUKY PEAHUMATOJOTHIECKUX OT-
JIeJIEHU .

[Tpukazom aupexktopa MHCTUTYTA 3aC/Ty>KEHHOTO
nedress Hayku Pocenn, uneHa-koppecrionzienta PAH,
npodeccopa B. B. Moposa B 1999 tomy mupextopom
Dummana HUU ob6uieit peanumarosorun PAMH 6bu1
HazHaveH IOpwuit AnexceeBuy YypJisieB, 3acimysKeHHbII
Bpau PO, naypear [Ipemunu [IpaBuresnscrea PO, nok-
TOP MEIUITMHCKUX HAYK, Tpodeccop, 3aBelyonuil Ka-
(benpoit anecresuomornu u peannmatonorun ['OY
JII1O HoBOKy3HEITKOTO TOCYZIAPCTBEHHOTO UHCTUTYTA
ycoBepiieHcTBoBaHus Bpadeil. IOpuit AsiekceeBud
JUTATESIbHOE BpeMst ObLT uieHoM IIpesu/myma mpasiie-
uust Deziepariuy aHECTE3UOJIOTOB U PEAHUMATOJIOTOB
Poccun. On aBrop 3 Mmonorpaduwmii, Gosiee 400 HayIHBIX
crareit, 40 naTeHTOB, HArPAXK/EH MeJAJIIMU «3a 0CO-
Ob1il BKJIaz B passutre Kysbaccas 111 crenenu (2001);
«3a caysxenne Kysoaccy» IT creriern (2005), cepebpsi-
HOI Meiasibio uM. akajiemuka B. A. HeroBckoro EBpo-
neifickoil akajzieMuu ectecTBeHHbIX Hayk (l'aHHOBep,
lFepmanug, 2006), moyeTHbIM 3HAKOM «30JIOTOM 3HAK
«Kysbaccas. ITIpodeccopy UypasieBy IO. A. mpucsoe-
Ho 3Banue «[TouetHbiit mpodeccop Kysdacca» (2007).
B 2007 r. TO. A. YypJisieB GbLT BBelIeH B cOcTaB pabo-
yeil rpymnibsl EBporefickoil komuccuu 1o peaHuma-
11N,

Ouinan nopaep;KUBaJI HaydHble CBsI3U ¢ Poc-
culickoit Axkajemueil mMeaunuHckux Hayk, [OY
[11O «TocymapctBennbsiii HoBoky3HenKuit WHCTH-
TYT YyCOBeplleHCTBOBaHMUSI Bpaueil Pocsnpasar,
HUN koMIieKCHBIX Tpo0JIeM TUTHEHBI U Ipodh3ab0-
agesanuii CO PAMH (r. HoBokysnenk), FOY BIIO
«KemepoBckas rocyiapcTBeHHAs MEIMIIMHCKAS aKa-
nemusi», ¢ Kysbacckum HayunbiM 1entpom CO
PAMH (r. Kemeposo), @ezepajibHbiM TOCYIAPCT-

kin, Professor, the head of the Department of Anest-
hesiology and Reanimatology of Novokuznetsk State
Institute of Stomatology was the first director and
the organizer of the Regional Campus.

Having been in the position of the director of the
V. A Negovsky Institute of General Reanimatology
for 20 years, Viktor Vasilyevich Moroz greatly contri-
buted to the establishment and development of the In-
stitute Regional Campus. Viktor Vasilyevich supervi-
sed the research in the Institute and its Regional Cam-
pus in the following areas:

* studying the characteristics of pathophysio-
logical changes in miners depending on the duration
of the underground work experience;

* identifying the mechanisms for changes in
the central hemodynamics and the oxygen-transport
function of the cardiovascular system in miners with
a long history of underground work;

* development of effective methods for provi-
ding resuscitation assistance to injured and sick mi-
ners at the treatment stages;

+ approbation of new diagnostic and thera-
peutic methods and their subsequent use in the clini-
cal practice of resuscitation departments.

In 1999 Yury Alekseyevich Churlyaev, an Ho-
nored Doctor of the Russian Federation, a laureate
of the RF Government Prize, Doctor of Medical
Sciences, Professor, Head of the Department of
Anesthesiology and Reanimatology of Novokuz-
netsk State Institute of Advanced Medical Educa-
tion, was appointed as a Director of the Regional
Campus of the V. A. Negovsky Research Institute of
General Reanimatology of RAMS by the Order of
V. V. Moroz, Director of the Institute. For a long
time Yuri Alekseyevich has been a member of the
Presidium of the Federation of Anesthesiologists
and Reanimatologists of Russia. He is the author of
three monographs, more than 400 academic publi-
cations, and 40 patents. He has awarded with me-
dals: «For a special contribution to the develop-
ment of Kuzbass» (IIT degree, 2001); «For Service
to Kuzbass» (IT degree, 2005); V. A. Negovsky Sil-
ver Medal of the European Academy of Natural Sci-
ences (Hanover, Germany, 2006); the honorary
badge «The Golden Symbol of Kuzbass». Professor
Yu. A. Churlyaev has been awarded the title of the
Honorary Professor of Kuzbass (2007). In 2007 Yu.
A. Churlyaev joined the Working Group of the
European Resuscitation Council.

The Regional Campus has maintained scientific
contacts with the Russian Academy of Medical Scien-
ces (RAMS), the State Novokuznetsk Institute of Ad-
vanced Medical Education, the Scientific Research In-
stitute for Complex Problems of Hygiene and Occupa-
tional Diseases of the Siberian Section of the Russian
Academy of Medical Sciences (Novokuznetsk), Keme-
rovo State Medical Academy, Kuzbass Scientific Cen-
ter of the Siberian Section of the RAMS (Kemerovo),
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BEHHBIM JIe4e€OHO-TIPODUTAKTUIECKUM YUPEKICHI-
eM «HayuyHo-KJIMHUYeCKnil 1IeHTp OXpaHbl 3/[0POBbsI
nraxtepoBy (r. Jlennnck-Kysnerk).

[TpenmeTom HayuHBIX HUccaenoBannii Munama
BIiepBbIie B Poccun, SIBIAIOCH N3YYeHNE TOMEOCTa3a
1 0COOEHHOCTE TeUEHMSI KDUTUIECKUX COCTOSTHUN Y
MIAXTEPOB ¢ Pa3pabOTKON U BHEAPpeHHEeM a(hheKTrB-
HBIX METOJIOB MHTEHCUBHOI Tepamuu. JTU HaIpas-
JIEHHS U3BICKAHWIT CBSA3aHbI ¢ OOJIBIION KOHIIEHTPA-
[Uel IpeAnpusITUil yroJapHoit orpacyu B Kysbacce.

Ha opranusM TOpHSIKOB, JJOOBIBAIOIIIX <«UEPHOE
30JI0TO», HETATUBHOE BO3/IEHCTBUE OKA3BIBAIOT BPE/I-
Hble (DAKTOPBI YrOJGHON miaxThl. Pabouyio cMeHy
H1axTep MPOBOJNT 10 3eMJIeH Cpe/iv YTOJIbHON TTbLIIH,
HOPOJIBI U CAMOTO YTJIsl, KOTOPBIE COAEPKUT GOJIBIIOE
KOJIMYECTBO XUMUYECKUX TIPUMECEH U 2JIEMEHTOB, T1a-
ryOHO BJIMSIIOIINX HA COCTOSTHUE 3/10pOBbst. HecMoTpst
HA TO, UTO Ky3HEIKUE YTJIN OTJIUYAIOTCS BBICOKUM Ka-
YEeCTBOM, B UX COCTaBe CONEPKUTCH MBIIIBIK, XPOM,
KaJIMWI, IIUHK, M€/lb, HUKEJb, (hTOP, COepsKaHue KO-
TOPBIX HEPEKO TIPEBBIIIAET MPEAETHHO JOITYCTUMYTO
KOHIIeHTpaIuio B 2—8 pa3, a B OCMHHUKOBCKOM paii-
OHE elle W BBICOKOE conepxkanue prytu (2—7 r/T).
[lokazaHo, 4TO C yBeJMYEHUEM CTa)Ka IMOA3EMHBIX
pa6or ot 10 u bostee Jiet B siumMoruTax nepudepude-
CKOM KPOBU HapacTaeT cojiepKaHue XpoMa, YTO MpH-
BOJIUT K UMMYHO/ICTIPECCUBHOMY COCTOSTHUIO.

Heo6x0uM0 OTMETUTD U PAJHOAKTHBHOE BO3-
JiefiCTBUE OT UCTOYHUKOB MOHU3UPYIONIETO U3JIyye-
HUSI €CTECTBEHHOTO MPOuCXoxaeHus. OcobeHHO
OTIACHO TOBBINIEHHOE coJiep:kaHue B aTMocdepe
NIAXT PaJMOAKTUBHBIX I'a30B — PAJ0OHA W TOPOHA.
[Ipu aTOM ecTecTBeHHAS PAMOAKTUBHOCTD BMEIA0-
NIUX TTOPOJI 3HAYNUTEIBHO BBIIIE, YeM CaMOTO YTJIS.

Bypenune yrojbHBIX MJACTOB TIOYTH BCET/A CO-
MPOBOK/IAETCST BBIIEIEHHEM OGOJIBIIIOTO KOJHMYEeCTBA
merana (CH,), KOHIIeHTpaIs KOTOPOTO, HECMOTPS Ha
HAJIMYKe B TAXTaX CUCTEMbl BEHTUJIAIINU, MOKET J10-
CTUTATD JIOCTATOUYHO BBICOKOTO YPOBHSA. B pesyibraTe
ra3 OKa3bIBAeT TOKCMYECKOE JICHCTBUE HA OPTaHW3M
MIAXTEPOB M CO3/IA€TCS B3PbIBOOIIACHAS cuTYyarus. Tax,
HAIpUMeEp, CTEeTeHb B3PBIBAEMOCTH IbLICBO3/YIITHOM
VTOJIBHOM CMeCH TIPH COJEP’KAaHUKM MeTaHa PaBHOM
uyJmo cocrasisiet 40 mr/m?, ipu CH,=0,5% artot mpe-
nen cumkaercst 1o 30 mr/m®, a mpu CH,=2% mo 10
mr/M%. OcOGEHHOCTBIO YTOJNIBHBIX MECTOPOKIEHUI
Kysbacca stByisietcst Majiast BeJIMUMHA BEPXHEN TPaHU-
I[bI HAXOK/ICHUS METaHA M BBICOKUI TPAJMEHT POCTA
ra30HOCHOCTH C YBEJIMYEHUEM TJTyOMHBI MIAXTHL.

Eme oann HeGIaronpusTHHINA 1IPOU3BOACTBEH-
HBIH (haKTOP, KOTOPOMY TIOJBEPTAIOTCS PAOOTHUKH
YTOJIbHBIX IIAXT — BO3/IeICTBUE JIOKAJIbHOW HU3KO- 1
cpesHedacToTHOi BubOpanuu. Ee MCTOYHUKOM sIB-
JITIOTCST MEXQHU3MbI JIOOBIUN YTJIsl, TAKUE KaK MPO-
XO[[UECKUE KOMOAITHBI, & B HEKOTOPBIX CJYYasSX U Pyd-
HbIe MHCTPYMEHTHI. [IpeBbillieHre npenesbHO-/0Iy-
CTUMOTO YPOBHSI JIOKAJIBHOU BUOPAIIH HA PYKOSITKAX
9TUX MexaHu3MoB pocruraer 10 gb.

the Federal State Medical and Prophylactic Institu-
tion «Scientific and Clinical Center for Miners' Health
Care» (Leninsk-Kuznetsk).

For the first time in Russia the subject of scien-
tific research of the Regional Campus was the home-
ostasis and the specifics of critical conditions in mi-
ners and the development and implementation of ef-
fective methods of intensive care. These areas of re-
search were associated with a large concentration of
coal companies in Kuzbass.

The harmful conditions in a coal mine have a
negative impact on the organisms of miners who
mine <«black gold». A miner spends his working
shift underground in coal dust, surrounded by
rock and coal, the latter containing a quantity of
chemical impurities and elements that adversely
affect health. Despite of the high quality of Kuz-
netsk coals they contain arsenic, chromium, cad-
mium, zinc, copper, nickel, and fluorine that often
exceed the maximum permissible concentration
by 2—8 times, with a high content of mercury in
the Osinnikovsky region (2—7 g/t). It has been
proved that, the chromium content in peripheral
blood lymphocytes increases with an increase in
the duration of underground work from 10 years
and more, which results in an immunosuppressive
condition.

It should be noted that there is a radioactive ef-
fect from naturally occuring sources of ionizing ra-
diation. The increased content of radioactive gases
(radon and thoron) in the atmosphere of mines is
especially dangerous. At the same time the natural
radioactivity of the wall rocks is much higher than
that of the coal itself.

Drilling of coal seams is almost always accom-
panied by the release of a large amount of methane
(CH,) with the concentrations (despite ventilation
systems in the mines) sometimes reaching quite high
levels. As a result, the gas exerts a toxic effect on mi-
ners and creates an explosive situation. For example,
the degree of explosivity of a dust-coal mixture with
a zero methane content is 40 mg/m? with CH,=0.5%
this limit is reduced to 30 mg/m? and with CH,=2%
— to 10 mg/m?. The coal deposits of Kuzbass are cha-
racterized by small values of the upper limit for met-
hane and high gradients of gas-bearing growth with
an increase in the depth of a mine.

The impact of local low- and mid-frequency
vibrations is another unfavorable production factor
faced by workers in coal mines. The vibrations are
caused by the mechanisms of coal mining applied
(such as tunneling combines and sometimes hand
tools). The maximum permissible level of local vibra-
tion on the handles of these mechanisms may be ex-
ceeded by 10 dB.

Considering the above stated, experts of the
Regional Campus of the V. A. Negovsky Research In-
stitute of General Reanimatology studied the home-
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YuutpiBag BbIIIE H3JI0KEHHOEe B duinaie
HIMW o6uieit peanumarosorun um. B. A. Herosckoro
ObLIM IIPOBEEHBI MCCAEJOBaHUSA TOMeocTasa pado-
TAIOIIUX IAXTEPOB MPHU PA3JUYHOM CTAXKE MO3EM-
HBIX paboT.

N3yuennbr 0cOOEHHOCTH (DYHKITMU BHEIITHETO JbI-
XaHUs1 y pabOTAIOIINX MIAXTEPOB, BHISIBUBIINE HATIMYHE
y IIaXTEPOB CEPHE3HBIX, HO MOKA OECCHMITTOMHBIX TIPO-
SIBJIEHU U U3MeHeHUH (DYHKIUI BHEIITHETO JIbIXaHUSI.
N s10T (hakr, o HaleMy MHEHWIO, UMeET Herocpe-
CTBEHHOE OTHOIICHUE K MEJUIMHE KPUTUYECKUX CO-
CTOSTHWIA, TaK KaK JI0JUKEH YUUTBIBATHCS TIPU TIPOBE/Ie-
HUW KOMIUIEKCHON MHTEHCUBHOU (B TOM YHCJIE U Pec-
MUPATOPHOIN) TEPAINU Y TSIKEJIOOO0JILHOTO WM TPAB-
MUPOBAHHOTO TITaXTepa. BhisiBJeHHbIE 0OCOOEHHOCTH —
npeobJialaHie PECTPUKTUBHBIX PACCTPOUCTB Haj 00-
CTPYKTHBHBIMH, TIPEIBSBISIIOT 0COObIe TPEOOBAHUS K
MTPOBEICHUIO PECITUPATOPHON MOJEPIKKY, a TaKKe K
OCHAIIEHUIO GOJIBHUI[ TTAXTEPCKUX PETMOHOB COBPE-
MEHHOH JIbIXaTeJbHON armapaTypoil ¢ BO3MOKHOCTBIO
BBIOOPA PA3ITUYHBIX PEKUMOB BeHTHISIINY [ 1].

WccnenoBanne n3MeHeHUH 3pUTPOHA Y IlaxTe-
POB ITPU PA3ITUYHOM CTaKe TTOI3EMHBIX PabOT TTOKA3AJI0,
YTO y MIAXTEPOB-TIOJI3EMHUKOB TIPU CTa’Ke MOA3EMHBIX
pabor metee 10 JieT B YCJIOBUSIX UHTEPMUTTUPYIOIIEH
TUMTOKCUM W WHTOKCUKAIUU  YTOJBHO-TTOPOUCTOM
IBLTBIO TTPOMCXOIUT KOMIIEHCATOPHOE yBEJMUEHUE KO-
JIYECTBA 9PUTPOIUTOB 1 TeMorsiobuHa. [Tpu crake moj-
3eMHOI1 pa6ot ot 10 sier 1 6oJiee IPOUCXOAUT UCTOLIIE-
HUE aJIalTAIlMOHHBIX PECYPCOB OPraHm3Ma, YTO TPO-
SABJISACTCS TEHJICHITNEH CHUPKEHUSAM KOJIMYECTBA 9PUT-
POIIUTOB U TeMOTTIOOMHA, KOMIIEHCUPYIOTIUXCS 32 CUET
yBesnueHust 00beMa 3PUTPOIIUTA U KOHIIEHTPAIIUH Te-
MOTJIOOWHA B HUX. Y BEJIMUEHHE YNCJIA SPUTPOIIUTOB U
KOHIIEHTPAIIUU TeMOrobuHa B TepudeprudecKoit
KPOBHU y MIAXTEPOB-TI0I3eMHUKOB 710 10 J1eT cBg3aHO ¢
YCKOPEHHBIM BbIXOJIOM 3PUTPOIIUTOB M3 KOCTHOTO
MO3Ta B KPOBb, YTO KOCBEHHBIM 00Pa30M CBUJIETEb-
CTBYET O HAINPSKEHUN KOMIIEHCATOPHBIX BO3MOKHO-
CTeil CHCTEMBI 9PUTPOHA Y ATOH TPYIIIBI PAOOTAIOIIHX.
C yBeJMueHUEM CTaxKa ITPOUCXOMUT UCTOIICHUE afiall-
TAIIMOHHBIX PECYPCOB OPraHU3Ma, ¥ TPOUCXOIUT KOM-
TICHCAIIMA 32 CUET YBEJINYCHUS <KUCTOPOTHON €MKO-
CTH spuTpoiuTas [2].

[Tpu usyueHnn M3MeHEHUN Ta30BOTO COCTaBa U
KUCJIOTHO-OCHOBHOTO COCTOSIHUSI apTepPUaIN30BaH-
Hoii kpoBu (KOC) y 1raxTepoB ObLIO BBISIBJIEHO, YTO
Ha (hOoHE BPEIHBIX YCIOBUN TPyZAa TPU TOA3EMHOM
craske 6ostee 10 JleT MPOUCXOUT CHIKEHIE HATTPSKe-
HUS KUCJIOPOJia W CaTypali KPOBU € OJHOBPEMEH-
HBIM yBEJWYEHUEM HANPSKEHUS YTJIEKUCJIOTO Tas3a.
MeTaboJuecKye U reMaTOJIOTHYECKUE PEAKITUH, Pa3-
BUBAIOIIMECS B OTBET HA U3MEHEHNE Ta30BOT0O COCTaBA
KPOBH, UMEIOT TIPOTPECCUPYIONINI 1 (ha3HbIll Xapak-
Tep, 3aBUCAIIMI OT CTaska II0A3eMHOI paboThl ¥ B
MeHbIIei crerieHu oT Bo3dpacta. [logepxanne KOC y
MIAXTEPOB B IPEIETIaX HOPMATbHbBIX 3HAUCHUH TIPU 13-
MEHEHUU Ta3000MeHa OCYIIECTBISETCS, B IEPBYIO

ostasis of working miners for various durations of the
underground work experience.

The specifics of the function of external respira-
tion in miners have been studied that revealed serio-
us but so far asymptomatic manifestations and chan-
ges in the functions of external respiration in miners.
In our opinion, this fact is directly related to the me-
dicine of critical conditions since it should be taken
into account when performing complex intensive
(including respiratory) therapy in seriously ill or inj-
ured miners. The revealed features (the predominan-
ce of restrictive disorders over obstructive ones)
imply special requirements to respiratory assistance
and to the equipment of hospitals in miner regions
(modern respiratory devices with different ventila-
tion regimes) [1].

The study of changes in erythron in miners
with different experience of underground work sho-
wed that underground miners with less than ten
years of underground work experience under condi-
tions of intermittent hypoxia and intoxication with
carbon dust have a compensatory increase in the
number of erythrocytes and hemoglobin. Miners
who have spent from 10 years and more doing un-
derground work demonstrate an adaptive deficit in
the resources of their organisms, which is manife-
sted by a tendency to reduced numbers of red blood
cells and hemoglobin compensated by an increase in
the volume of red blood cells and the concentration
of hemoglobin in them. The increase in the number
of erythrocytes and hemoglobin concentration in
the peripheral blood of underground miners with
work experience up to 10 years is associated with an
accelerated release of red blood cells from the bone
marrow into the blood, which indirectly indicates
the stress of the compensatory capacities of the
erythron system in this group of workers. With the
longer work experience the adaptive resources of
the organisms are depleted, which is compensated
by an increase in the «oxygen capacity of the eryt-
hrocyte» [2].

When studying the changes in the gas composi-
tion and the acid-base balance of arterialized blood,
miners were found to have a decrease in the partial
oxygen tension and the blood saturation with a si-
multaneous increase in the partial voltage of carbon
dioxide against the harmful working conditions after
more than ten year experience of underground work.
Metabolic and hematological reactions that develop
in response to changes in the gas composition of the
blood have a progressive and phase character depen-
dent on the duration of the underground work and,
to a lesser extent, on the age of a person. When the
gas exchange is altered, the acid-base balance in mi-
ners is maintained within the limits of normal values
primarily via the lungs, hemoglobin and hydrocarbo-
nate buffer systems and real system included in the
compensatory mechanisms after 20 years of profes-
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oyepelib, 32 CYET JIETKUX, & TAK)KE 32 CYCT BKIIOUCHUS
B MEXaHU3MbI KOMIIEHCAIIUU T€eMOTTIOOMHOBON ¥ THjI-
pokapboHaTHoit OydepHbix cuctem. He uckiovaercs,
YTO € yBEJUYEHHEM TOJ3EMHOTO CTaka PabOThI
cBbiiiie 20 jieT B MEXaHU3Mbl KOMITEHCAIIMH BKJIIOYAET-
cd W To4YeyHbId. Bce aTO MOKeT MMeTh 3HAUMMOE
BJIMSHUAE HA TEYCHUE TATOJOTMYECKHUX IPOIECCOB B
CJIydasix pasBUTHsI 3a00JI€BAHUIT U OTYIEHUS TsLKe-
JIBIX TPABMATUUECKUX TIOBPEKICHWIA.

BbisiBieHbI 001111€ 3aKOHOMEPHOCTH M3MEHEHU I
HEHTPAILHON TeMOJIMHAMUKY Y MIAXTEPOB, TAK MOJIY-
YeHHbIe HAMW JIAHHBIE CBUIETEIBCTBYIOT O [BYX
TUTIAX AJANTAIUUA CEPICUYHO-COCYIUCTON CUCTEMBI K
BPEIHBIM YCJIOBUSAM TPy/Zla B YCJIOBUAX MIAaxThl. [Ipu
craze 710 10 jieT aganTuBHble MEXaHU3MbI 00y CIIOBIIE-
HBI, TTPEK/IE BCETO, TOBBIIICHUEM MTPOU3BOAUTEIBHO-
CTH HAcoCHON (yHKIMU MuoKapaa. Cep/edHbiit THII
ajanranyyu QyHKIMOHAIBHO Oosiee (PU3MOJIOTHYEH,
HO JIJISI COXPAHEHUS BBICOKUX WHIIEKCOB CEPACYHOTO
BBIOpOCA U yIaPHOTO 00beMa TPeGyeTCst XOPOIIHii Be-
HOBHBIII BO3BpAT, T.e. CTAOWJIbHAS IPEKapIuaabHAsI
Harpyska. [Ipu passutnu runososieMunt (TpaBma, Kpo-
BOTIOTEPS1) UM CHUKEHUU TIPEKapAuabHON Harpy3Ku
HanboJiee BEPOSITEH CPBIB /[ANITAIIHN C TSLKEJIBIMU Ha-
pytteHusMu (yHKITMM CEPIIEYHO-COCYIUCTON CHUCTe-
Mbl. YcuiieHre paboThl cepjilia CBA3aHO € GOJIBIIIM
noTpebJIeHIEeM SHEPIUH, KUCJIOPOia 1 OBICTPOTO BOC-
CTAHOBJICHUST SHEPTETHUECKOTO 3armaca MUOGDUOPUILIL.
CKOpOCTh BOCCTAHOBJICHUST SHEPTETHMYECKOTO 3amaca
MUOKap/la y UCCJIEJOBAHHOTO KOHTUHTEHTA CHUKEHA,
0 4eM KOCBEHHO CBUJICTEJILCTBYET yrHETCHUE MHTEP-
Bama ST wa IKT. TIpu craxke paborsr ot 20 jer u
6ojiee — HAKAIJIMBAETCS] <YCTAJIOCTb» CEPAEUHON
MBIIIIIIBI, OTIEPEKA0NIAg BO3PACTHBIE U3BMEHEHNUS, UTO
MIPOSIBJIAETCS OTCYTCTBUEM IOBBINIEHUS TIPOU3BOIN-
TEJILHOCTU MUOKap/a Ha (DU3UYECKYI0 HArpy3Ky BO
BpeMst paboThl. [To-BUANMOMY, y TaHHOW KaTeropun
FOPHOPAOOUMX ITPU KPUTHUECKUX COCTOSTHUSIX, BO3HIU-
KaIONUX TPU TPABMATUYECKOM U T€MOPPArndyecKoOM
IIOKeE, CJIEYeT TPOBOANUTH O0Jiee OCTOPOKHBIN MTOJI-
XOJI K BBIOOPY CKOpoCcTH 1 00beMa TpaHChy3UOHHO-
MHOY3UOHHOU Tepanuu. Y MIaXTePOB CO CTAKEM pa-
60t1br Oosiee 20 sier HAGJIIOAAETCS MIEePEX0 CUCTEMBI
KPOBOOOPAIIEHUST HA COCYAUCTBIN THUIT aJalTal[ii C
TIOBBITIIEHNEM TOHYCa CUMTATH4ecKol cuctemsl. 11o-
CKOJIbKY JIAHHBIM THII aJ[allTallii MeHee (DU3noJoru-
YeH M MOJKET COIPOBOXKAATHCS HE TOJBKO (PYHKITHO-
HAJBHBIMU, HO U MOP(OJIOTUIECKUMI U3MEHEHUAMU
CHCTEMBI KPOBOOOPAIIEHUS, YTO, HECOMHEHHO, MOKET
BJMSTD HAa TE€UYEHUE KPUTUUECKUX COCTOSIHUHU, 00-
YCJIOBJIEHHBIX TPABMATHUECKUM M TeMOPPArmYeCKIM
okom |[3].

[Tpu usydeHnn (PYHKINOHATIBHBIX M3MEHEHUIA
MUKPOIUPKYJISIAN Y MAXTEPOB OBLIO MOKA3AHO, 4TO Y
MIAXTEPOB € YBEJIUYEHUEM CTaKa MOJA3EMHBIX PaboT
MIPOUCXOMUT M3MeHeHUe (DYHKIIMOHAIBHOTO COCTOS-
HUE MUKPOIUPKYJIAIINN. BbIsSBJICHHDBIE NU3MEHEHUS CO-
MOCTABUMBI CO CTaJUSIMU OOIIEr0 AMANITAIIMOHHOTO

sional work in miners. All above significantly affect
the course of pathological processes leading to deve-
lopment of diseases and consequences of severe trau-
matic injuries.

The general patterns of changes in the central
hemodynamics in miners were revealed, as the
data obtained showed two types of the adaptation
of the cardiovascular system to harmful working
conditions in the mine environment. With an ex-
perience of up to 10 years the adaptive mecha-
nisms involve, above all, an increase in the produc-
tivity of the pump function of the myocardium.
The cardiac type of adaptation is functionally
more physiologic, but a good venous return (i.e.
stable precardial load) is required to maintain
high indices of the cardiac output and the stroke
volume. With the development of hypovolemia
(trauma, blood loss) and a decrease in the precar-
dial load the adaptation is most likely to be dis-
rupted with severe impairment of the function of
the cardiovascular system. Increased cardiac per-
formance is associated with a large consumption of
energy, oxygen and a rapid recovery of the energy
reserve of myofibrils. The rate of recovery of the
energy reserve in the myocardium in the examined
sample was reduced, which was indirectly indica-
ted by the depression of the ST interval on the
ECG. With a work experience of 20 years or more,
the «fatigue» of the heart muscle accumulates that
outstrips the age-related changes, which is manife-
sted by the lack of an increase in myocardial per-
formance associated with physical activity during
work. Apparently in this category of miners a more
cautious approach to the choice of rate and volume
of transfusion-infusion therapy should be pursued
in critical conditions arising from traumatic and
hemorrhagic shock. Miners with a work experien-
ce of more than 20 years demonstrated a transition
of the circulatory system to a vascular type of
adaptation with an increase in the tone of the sym-
pathetic system. This type of adaptation is less
physiological and can be accompanied not only by
functional but also by morphological changes in
the circulatory system, which undoubtedly can in-
fluence the course of critical conditions caused by
traumatic and hemorrhagic shock [3].

The study of the functional changes in micro-
circulation in miners showed that miners with an in-
crease in the length of the underground work experi-
ence have changes in the functional state of the mic-
rocirculation. The revealed changes are comparable
with the stages of the general adaptation syndrome.
The stress stage that develops in miners with an ope-
rational experience of 1 to 9 years is characterized by
a decrease in peripheral resistance and a decrease in
the response of the restrictive link of microcircula-
tion to the central and local mechanisms of the mo-
dulation of tissue blood flow. With the activation of
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cuagpoma. Crasiugd HaNPSOKeHWs, Pa3BUBAIOIIASCS Y
MIAXTEPOB €O cTakeM paboTht 0T 1-ro 10 9 Jet, xapak-
TEPU3YeTCsl CHIKEHUEM Trepudepruieckoro COmpoTHB-
JICHUS, CHVKEHIS OTBETA PECTPUKTUBHOTO 3B€HA MUK-
POIUPKYJISAIY Ha TIEHTPATbHbBIC W JIOKATbHBIE MeXa-
HU3MBI MOJTYJISAIIMM TKAaHEBOTO KPOBOTOKA. [Ipn akTu-
BU3AIINHU PA3JTMYHBIX KOMIICHCATOPHBIX MEXaHU3MOB Y
MIAXTEPOB, PAOOTAOIIIX BO BPEIHBIX YCJIOBHSX, OT 10
o 19 ger, Hacrymaer pe3vCTUBHAS CTAJMS ajlariTa-
IMOHHOTO cuHapoMa. [lpu craxke paborer 20 u Gosee
JIET, C WCTOIIECHUEM KOMIIEHCATOPHBIX CHCTEM, TI0-
SABJIAIOTCSA TPU3HAKU JI€33/IaNITAIINH, XapaKTePU3YIO-
npecs yBeJndeHneM neprudepuyeckoro ConpoTuBie-
HUS ¥ HapaCTaHWEM IITYHTOBOTO KPOBOTOKA [4].
[TpoBeneHHOE U3bICKaHUE OOIINX 3aKOHOMEPHO-
CTeli UI3MEHEHWH TeMocTa3a 1 (HYHKIIMOHATBHOTO CO-
CTOSHUS IHAOTEJNUS Yy MIAXTEPOB IPHU PA3TUUYHOM
CTaske MOJI3EMHBIX PabOT BBISIBUIIO, UTO Y MIAXTEPOB CO
craxkeM paboTbl 1OZ 3eMieill jecatb u Oojiee JieT
MMEIOTCSI KOCBEHHbIE TIPU3HAKM U3MEHEHUH (DYHKITNI
COCY/ICTOTO HJIOTEIHS, TUCHYHKIIUE TPOMOOIIUTOB,
HapyIlieHre BHYTPEHHETO U aKTUBAIIMS BHEIIHETO Me-
XaHM3MOB Koaryssiiun u Gubpuroamnsa. st 1moj-
TBEP:K/IEHUST HAW/IEHHBIX U3MEHEeHU (PYHKINU SH/I0-
TeJiust ObLIIO TIPOBEJIEHO UCCIIEIOBAHUE C OIIPE/IeJIEH -
€M MapKepoB AUCHYHKIIUU COCYTUCTOTO IHAOTEUS Y
MIAXTEPOB, BBISABJICHO, YTO BCE BbINIETIEPEYNCICHHDIE
(baxkTOpBI peannsyoTcs cpeiin MaxTepoB yKe €O CTa-
JKeM MeHee 4 JjieT 1 Bo3pactom 24,93%0,76 net, cpenu
KOTOPBIX HAOJTIO/IAETCST BRIPAKEHHOE CHUKEHIE OKCH-
na azora. [IuchyHKIMS 9HA0TEUS — 3TO JIOKATIbHASA
Hecrieruyeckas peakiiusg coCyioB, KOTOpasi BbIpa-
JKaeTcst aucbanancoM (haKTOPOB BBISBIBAIONINX UX
cykeHue (Ba30KOHCTPUKTOPOB) U (PAKTOPOB BbI3bI-
BAIOINX WX pacimperre (BasoauIaTaToOpoB), TPO-
TpoMOGOreHHBIX (hakTOpoB. J[yMTesibHOE BO3/IENHCTBIE
HeOJIATONPUSTHBIX YCIOBUN TPY/la OKa3bIBAaeT Hera-
TUBHOE BJIMSHUE HA COCTOSTHUE DHJIOTENATBHOM CH-
CTEMBI ITAXTEPOB-TI0I3eMHUKOB. [locTosiHHAS CcTUMY-
JIAIUS 9H/IOTEJINS CTPECCOBBIMU areHTaMU TIPUBOAT
K YCUJICHHOM 3JKCIPECCHM KJIETKAMHU T'yMOPJIbHBIX
(baxTopoB, 3amyckas CJIOXKHBIM TaTohU3NOTOTHYe-
CKUI TIPOIIECC, UTOTOM KOTOPOTO SABJISIETCS SHIOTEIIH-
anbHag mucdyHkius. B To jke Bpemsi BO3pacTHbIE U3-
MEHEHUs, KOTOPbIE B HOPME TaKyKe BIAUSAIOT Ha (DyHK-
IMOHATTBHOE COCTOSTHUE CUCTEMBI 9HJIOTEJIUS, UMEIOT
BTOPOCTEINIEHHYIO POJIb B PAa3BUTUU 3HIOTETUAIBHOM
JuchyYHKIMN y pabOTAONNX MaxXTepoB. V3MeHeHus
COCYZIICTOTO SH/IOTENINUS C YBETMUCHUEM MOJA3EMHOTO
craka paboTbl MOTYT OBITH HE TOJHBKO OCHOBHBIMHU
(bakTOpaMu B TaTOTeHe3€e TUIIEPTOHIMYECKON GOJIe3HH,
ATEPOCKIIEPO3a, U JAPYTUX COCYAUCTHIX 3a00JIeBaHUI,
HO U 00YCJIOBIIUBATH OCOOEHHOCTHU TEUEHHSI KPUTHUE-
CKUX COCTOSTHUH Y ITaXTE€POB, PA3BUBAIOIIUXCS BCIE]I-
CTBHUE TSDKENBIX TPaBM U 3aboJieBaHuil. J{ymresbaoe
KOMILIEKCHOE BO3JIeHiCTBIE HeGIarompusiTHLIX (hak-
TOPOB PabOTHI B YCJIOBUSIX YTOJBHOM MIAXTHI TIPHBO-
AT K TUTIEPTOMOIIMCTEMHEMUN U TIPOTPECCUPYIOIIe-

various compensatory mechanisms in miners wor-
king in harmful conditions from 10 to 19 years there
is a resistive stage of the adaptation syndrome. With
work experience of 20 years and more there are signs
of disadaptation demonstrating the failure of com-
pensatory systems characterized by an increase in
peripheral resistance and shunt blood flow [4].

The research on the general patterns of changes
in hemostasis and the functional state of the endot-
helium in miners with different underground work
experience revealed that the miners with 10 years or
more of the underground work have indirect signs of
changes in the functions of the vascular endothe-
lium, platelet dysfunction, the disrupted internal
mechanism of coagulation and the activated external
mechanism of coagulation and fibrinolysis. To prove
the changes in endothelial function, a study was per-
formed to determine the markers of vascular endot-
helial dysfunction in miners. It was revealed that all
above factors were realized in miners with an experi-
ence of less than 4 years and age of 24.93%0.76 years,
among which there was a significant decrease in
oxide nitrogen. Endothelial dysfunction represents a
local nonspecific vascular response, which is expres-
sed by an imbalance of the factors causing their con-
striction (vasoconstrictors) and the factors causing
their expansion (vasodilators), prothrombogenic fac-
tors. The prolonged impact of unfavourable working
conditions had a negative impact on the state of the
endothelial system of underground miners. The con-
stant stimulation of endothelium with stress agents
resulted in the enhanced production of humoral fac-
tors by cells that triggered various complex pa-
thways led to endothelial dysfunction. At the same
time age-related changes, which normally also affect
the functional state of the endothelial system, might
also impact the development of endothelial dysfunc-
tion in working miners. Changes in the vascular en-
dothelium with an increase in underground work ex-
perience can both be principle factors in the pathoge-
nesis of hypertension, atherosclerosis and other vas-
cular diseases and determine the specifics of critical
conditions in miners that develop due to severe inj-
uries and diseases. A long-term complex impact of
unfavourable work factors in coal mine conditions
leads to hyperhomocysteinemia and a progressive in-
crease in the total amount of plasma peroxides with
an increase in underground work experience. In mi-
ners who have been working for 10 years or more and
have hyperhomocysteinemia the oxidated free radi-
cals are easily developing that complicate the dama-
ging effect of homocysteine on the vascular endothe-
lium and represents one of the main causes of develo-
ping the endothelial dysfunction.

The use of the normalized oxidation coefficient
enables the detection of oxidation-antioxidant imba-
lance in underground miners with the work experi-
ence of more than 10 years with moderate hyperho-
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MY BO3PaCTaHUIO CyMMapPHOTO KOJIMYECTBA TIepEKUceii
IJIa3MbI C YBEJMYEHHEM MOI3EMHOTO CTaska PabOTHI.
V maxtepos co craxkem 10 u Gosiee JieT ¢ TUIIEPrOMO-
[ICTENHEMUEH PA3BUBAETCST AKTUBAINST CBOOOTHOPA-
JIMKATTBHOTO OKHUCJICHUS, KOTOPOE Peasin3yeT TIOBPEXK-
Jaroriee JefCTBUE TOMOITUCTENHA HA COCYUCTBIN 9H-
JIOTEJINN W SABJSETCS OIHOW U3 TJIABHBIX NPUYUH B
Pa3BUTUU SHAOTETUAIBLHON TUCHYHKITUN.

Ncrnonp3zoBanre HOPMATM30BAaHHOTO K03(du-
IUEHTA OKCUJAIMK TI03BOJISET BBISABJIATH OKCHIA-
TUBHO-aHTUOKUCJIUTEILHBIN UCOIAHC Y [IAXTEPOB
¢ To/I3eMHbBIM cTaskeM OoJiee 10 JieT ¢ yMepeHHOH ru-
nepromorcrennemueit (I'T1L), u cBuzeTeBCTBYET O
yBEeJIMYEHUU OOIIeld OKUCAUTENbHON ¥ CHUKEHUU
o0111ell aHTUOKCUAHTHON aKTUBHOCTHU.

VBesnuenue pacTBOPUMOiL GOPMBI TPOMOOMO-
JIyJINHA B TIJIa3Me KPOBH IaxTepoB co cTaskeM 10—19
JIET, C TUTIEPTOMOIIUCTENHEMUEH CBUIETETTHCTBYET O
MOBPEXKAAIONIEM JICHCTBUU TOMOIIUCTEMHA HAa COCY-
JUCThil aHpoTeanil. CHizkeHrne TPOMOOMOJLYINHA
cpenu maxrepoB ¢ ymepennoir I'TI] Gosee 20 ser
CTa’ka CBA3aHO C YTHETEHUEM ero CUHTE3a, YTO acCo-
[UPOBAHO CO CHIKEHUEM TPOMOOPE3UCTEHTHOCTH,
u (HOPMUPOBAHUEM KOATYJISIUOHHON (DOPMBI JIHC-
dbyHKIIUU cocyaucToro supoTenus [5—7].

OcHOBBIBasICh HA TIOJYYCHHBIX JAHHBIX, BTO-
PBIM 3TaroM ObLIM M3Y4eHbI OCOOEHHOCTU TEYEHUST
KPUTUYECKUX COCTOSIHUM Y ITaXTEPOB MPH TSKEITBIX
TPaBMATHUYCCKUX MTOBPEKICHUSIX.

UccnenoBano (GyHKIMOHAIBHOE COCTOSIHUE
HEHTPAIbHON TeMO/IMHAMUKH Y TIAXTEPOB C TSIKEJION
MeXaHMYeCKOU TPaBMOil OOHAPY/KEHO, YTO B TIE€PBbIE
CYTKH B OTBET Ha TSKEJIble MEXaHMUECKUE TTOBPESK/Ie-
HUST Y TIIAXTEPOB C MOI3EMHBIM CTakeM padoTh GoJiee
10 siteT u MoCcTpagaBIINX, HE UMEIONUX ITOJ3€MHOTO
craka paboThl, OTMEYAIOTCST UJAECHTUYHBIE TEMOJINHA-
Muveckue peakiuu. Haunnag ¢ 3-ux v o 7-€ CyTKH y
MIAXTEPOB B OTJIIMYHNE OT TOCTPAIABIITNX, HE UMEIOTIUX
MO/I3EMHOTO CTaska PabOThI, MEHSIETCSI COOTHOIIEHNE
reMOJIMHAMUYECKUX TUTIOB B CTOPOHY POCTA TUTIO/IN-
HaMUYecKuX peakiuil. BoaMo)xHOI IpUYnHOii OTCyT-
CTBUS B JIMHAMUKE TIOBBIIICHUS MTOKa3aTesel ynap-
HOTO M CEpPAEYHOTO MH/IEKCOB y IIAXTEPOB B PaHHEM
MOCTTPABMATUYECKOM TIEPUO/IE, SBJSETCS CHUKCHUE
PE3EPBHBIX BO3MOKHOCTEN CHCTEMBI KPOBOOGpaIiie-
HUH, BCJEJCTBUE IPEANIECTBYIONIETO TPaBMe JIJIH-
TEJIBHOTO BO3JIEHCTBUSI HA OpPraHu3M HeGJaronpu-
ATHBIX (HaKTOPOB TTIPOU3BO/CTBA [8].

N3yuennl 001111e 3aKOHOMEPHOCTH HAPYIIIEHU I
MUKPOIMPKYJISAINH, TaK TPU TKEJIONH coueTaHHON
TpaBMe y IIAXTEPOB € MOA3EMHbBIM CcTaskeM padboT 10
u Gosiee JieT TPOUCXOAAT Oojiee TPyOble PaccTpoii-
CTBa MUKPOIMPKYJISIIUH, YeM Y JIUI] 6€3 TI0[3EMHOTO
craxka pabotsl. VIHIEKC MUKPOIUPKYJISIIHE OCTAeT-
CS1 CHIDKEHHBIM 0GoJiee JUIUTEHHOE BPEMSI, TaK KaK
KOMITEHCATOPHBIE BO3MOXKHOCTH MEXaHU3MOB, Ha-
MIPABJICHHBIX HA MOIYJSAINWI0O MUKPOKPOBOTOKA He
cocToATeNbHbI. [IprunHa BBISABIEHHBIX HAPYIICHU

mocysteinemia (HHC), and indicates an increase in
the total oxidizing activity and a reduction of the
total antioxidant activity.

An increase in the soluble form of thrombomo-
dulin in the blood plasma of miners with an experien-
ce of 10—19 years with hyperhomocysteinemia indi-
cates a damaging effect of homocysteine on the vas-
cular endothelium. The reduced thrombomodulin in
miners with a moderate HHC and over 20 years of
work is linked with the inhibition of its synthesis,
which is associated with a reduction of thromboresi-
stance and the formation of a coagulation form of the
vascular endothelial dysfunction [5—7].

Based on the data obtained, the second stage
was focused on the study of the flow of critical states
in miners with severe traumatic injuries.

The study of the functional state of central he-
modynamics in miners with severe mechanical trau-
ma showed that miners with an underground work
experience of more than 10 years and those injured
who do not have an underground work experience
demonstrate identical hemodynamic reactions in the
first day in response to severe mechanical injuries.
Starting from the 34 day and up to the 7th day mi-
ners, in contrast to the victims without an undergro-
und work experience, demonstrate changes in the
ratio of hemodynamic types towards the develop-
ment of hypodynamic reactions. A possible reason for
the lack of an increase in stroke volume and cardiac
index in miners in the early post-traumatic period is a
decrease in the reserve capacity of the circulatory sy-
stem as a result of the prolonged exposure to unfavo-
urable factors of production prior to trauma [8].

General patterns of microcirculation distur-
bances have been studied. In case of severe combi-
ned trauma miners with an underground work re-
cord of 10 or more years have more severe microcir-
culation disorders than those without underground
work experience. The microcirculation index rema-
ins lowered for a longer time, since the compensato-
ry capabilities of the mechanisms aimed at modula-
ting the microcirculation are not consistent. The
cause of the found changes has multiple components
and is based on both a reduction in the reserve of the
cardiovascular system due to the impact of unfavo-
urable working conditions and the duration of
transportation of the affected. Dynamic monitoring
of the microcirculation can help in the tactics of in-
tensive care and in the prediction of the disease
outcome, which requires further study [4, 7].

It was found that a serious combined injury in
miners is associated with pronounced disturbances
in gas exchange and prolonged disadaptation of the
regulation of the acid-base balance in comparison
with the victims who do not work in harmful condi-
tions of production. The dynamics and severity of
the revealed violations can be explained both by the
duration of the victims' transportation to a speciali-
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MHOTOKOMITOHEHTHA U 00YCJIOBJIEHHA KaK CHUKEHU-
€M pe3epBa CepeYHO-COCYIUCTON CUCTEMBI U3-32a
BO3JIEHCTBYSI HEOTATOIIPUSTHBIX YCJIOBUN TPYy/Ia, TAK
U JIIUTEIBbHOCTBIO TPAHCIIOPTUPOBKU IOCTPAIAB-
mux. J[uHaMuueckoe HaOJIOJIEHUE 33 COCTOSTHIEM
MUKPOIUPKYJISIU MOXKET [TIOMOYb B TAKTHKE WHTEH-
CHBHOIT Tepaliy 1 MPOTHO3UPOBAHUK HCX0/1a 3a60-
JIEBaHUSI, 4TO TPEOYeET MabHENIIero usydenust 4, 7).

BoisiBiiero, 4To TspKesas codeTaHHAS TPABMA Y
[IAXTEPOB COIIPOBOYKIAETCST BBIPAYKEHHBIMI HApYIIIe-
HUSAMU Ta3000MeHa 1 JIUTEJIbHOI Je3ajanraiyeii pe-
TYJISIIUN KUCJIOTHO-OCHOBHOTO COCTOSIHUSI B CpaBHe-
HUW C TIOCTPAJIABIIUMU, He PAbOTAOIIUMU BO BPE/I-
HBIX YCJIOBUSX TIPOU3BOJCTBA. /IUHAMUKY U CTereHb
BBIPAKEHHOCTH BBISIBJIEHHBIX HAPYIIEHUN MOKHO
OOBSICHUTD KaK [JIUTETbHOCTHIO JIOCTABKHU TIOCTPA/IaB-
[IUX B CHEIUAIN3UPOBAHHBIN CTAIIMOHAD, TAK U JIJIU-
TEeJIbHOCTBIO BO3/IENCTBUS HA OPTAHU3M IIaXTepa KOM-
TJIeKCca BPEAHbIX YCJIOBUH MTpousBocTBa [9].

[TpoBesiera paboTa MO M3YYEHUIO COCTOSTHISI
HEHTPATbHON TeMOIUHAMUKHI U TPAHCIIOPTA KUCJIOPO-
JIa y MIaXTePOB MPU TsHKEJION TEPMOTPAaBMe, KOTOPast
BBISIBUJIA, YTO Yy MOCTPAJABHIMX 0€3 MOA3EMHOTO
craska paboOTbhI B OCTPOM MEPHOJIE TSIKETON TepMUUe-
CKOH TPaBMBbI 1peobIaiaeT THIIEPIUHAMUYECKUN THTT
KpoBooGpateHust: B 1-bie cytku y 68%, K 7-M cyTKam
y 100% mnocrpagasmmmx. /locraBka kuciaopoga B 1-e
cyTKu rosbiiiena 10 800 Mia/MunXm? a K 5—7-M cyT-
KaMm cHipkaercst 1o 528 mu/muuxXm® Tlorpebietue
kucjaopoga B 1-e cyrku moBbinieno g0 312
MJL/MUHXM?, @ K 5—7-M CyTKaM cHmkaercs: 1o 215
M/ MuEXM?. KoadduimenT akcTpakimm Kucaoposa
B 1-e cyTku nosbiiied 0 39%, a K 7-M CyTKaM OCTaeT-
CsT TIOBBITIEHHBIM /10 43%. Y TIaXTEPOB, C TOA3EMHBIM
craskeM paboter 10 u GoJiee Jiet, IpH TSIKEION TepMOo-
TpaBMe B IIOCTTPABMATHYECKOM IEPHO/Ie TUITEPINHA-
MUYECKHI TUIT KPOBOOOPAIIIEHUST COXPAHSIETCST, HO HE
y Bcex (B 1-e cytku y 76%, k 7-M cyTkam y 50% 110-
CTPAJIABIINX): PA3BUBAETCST THIIOIMHAMITYECKUN THIL
KPOBOOGPAIIEHUsI, KOTOPbIil B 1-e CyTKU OTMeueH y
18% nocrpanasiinx, a k 7-m cytkam — y 43%. [locras-
Ka U I0TpedIeHne KUCI0PO/Ia Y MIAXTEPOB € TSKEJIOH
TEPMUYECKOM TPaBMOU B 1-ble CyTKM MOBBIIIEHBI /10
784 mut/mMunXm? 1 402 Mi1/MUHXM? COOTBETCTBEHHO.
K 5—7-M cyTkaM foctaBKa KUCJIOPOIA CHIKAETCS 10
422 mur/mMuHXM?, a ioTpebiieHre Kucaopoaa — 1o 192
M/ MuEXM?., KoadduimenT akcTpakium Kucaopoza
B 1-e cyTku nosbiiied 0 51%, a K 7-M CyTKaM ocTaet-
s TIOBBITIEHHBIM 710 53% [10].

BriepBbie B Mupe u3y4eHbl OCOOEHHOCTH Tede-
HUST OCTPOTO PECIMPATOPHOTO [TUCTPECC-CHHIPOMA Y
IIAXTEPOB C TSKEJOH coueTaHHOW TPaBMOM, MMelo-
IIMX [OA3eMHBINA cTax paborbl Gosee 10 sier. Bol-
ABJIEHbI OCOOCHHOCTM B BUje OoJiee JUIMTEJIbHOTO
BOCCTAaHOBJICHUST Ta3000MeHa W MEXaHUYEeCKIX
CBOWCTB JIETKUX, Y HUX BBIIIIe [IPOIIEHT TIEPEX0/A B TsI-
JKeJIble CTAJIUU B CPABHEHUM C MTOCTPAIABIIUME JIPY-
rux npodeccuit. [lomydeHnbie pe3yabTaThl UCCAECTO-

zed hospital, and by the duration of a miner's exposu-
re to a set of harmful work conditions [9].

Research has been carried out on the central
hemodynamics and oxygen transport in miners
under severe thermal trauma, which revealed that
during the acute period of severe thermal trauma the
hyperdynamic type of circulation prevails in victims
without the underground work experience: on Day 1
in 68% of the victims and on Day 7 in 100% of the
victims. The oxygen transport was increased up to
800 ml/minxXm? on Day 1, and by Days 5—7 it dec-
reased up to 528 ml/minXm? The oxygen consump-
tion in the first day increased to 312 ml/ minXm?,
and by Days 5—7 it decreased to 215 ml/ minXm?,
The coefficient of oxygen extraction on Day 1 in-
creased to 39%, and by Day 7 it remained increased
to 43%. Miners who had an underground work expe-
rience of 10 or more years demonstrate the hyperdy-
namic type of blood circulation with severe thermal
trauma in the post-traumatic period, but not in all of
the workers (in the first day in 76%, by Day 7 in 50%
of the affected): the hypodynamic type of blood cir-
culation develops, which in the first day was noted in
18% of the victims, and by the 7th day in 43%. The
transport and intake of oxygen in miners with severe
thermal trauma on Day 1 increased to 784
ml/minXm?and to 402 ml/minXm? respectively. By
Days 5—7 the oxygen delivery was reduced to 422
ml/minXm? and the oxygen consumption was redu-
ced to 192 ml/minXm?. The coefficient of oxygen ex-
traction on Day 1 increased to 51%, and by Day 7 it
remained elevated to 53% [10].

For the first time in the world the features of
the acute respiratory distress syndrome in miners
with severe combined trauma with an underground
work experience of more than 10 years have been
studied. A longer recovery of gas exchange and of
the mechanical properties of lungs has been descri-
bed. There is a higher percentage of transition to se-
vere stages compared with those affected in other
occupations. The results of the study enabled an
improved quality of treatment for injured miners
with severe combined injury complicated by
ARDS, by optimizing the methods of respiratory
support through an adaptive artificial ventilation
with controlled pressure and the maintenance of a
given tidal volume. The respiratory support algo-
rithm developed allowed the reduction of the venti-
lation duration in acute respiratory distress syndro-
me, of the incidence of pulmonary complications by
27.4%, and of the time spent in the resuscitation
unit by miners with an underground work experien-
ce of 10 years or more [11].

The specifics of the hemostasis system in mi-
ners with severe craniocerebral trauma have been de-
termined; miners with an underground work experi-
ence of 10 years and more with severe craniocerebral
trauma develop disorders in various parts of the he-
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BaHUA MO3BOJIMJIN YJIYYIIUTh KAYECTBO JIEUCHUS T10-
CTPa/IaBIINX MIAXTEPOB C TAKEJIO0H COueTaHHOH TpaB-
Mo, ocioxkaennoir OPJIC, 3a cyeT onmTuMu3aIiiu
METO/IOB PECIMPATOPHON MOJIEPKKU B BUJE aJIall-
tuBHOrO pesknma VIBJI ¢ yripaBiisieMbIM 1aBjieHueM 1
HOJJIEPKAHUEM 3aJIaHHOTO JIBIXaTeJbHOTO 00bheMa.
PazpaboTaHHbIil HAMKM aJTOPUTM PECHUPATOPHOI
TTOI/IEPSKKYU TIO3BOJIMJI CHU3UTH JIATEbHOCTh BJI
P OCTPOM PECIUPATOPHOM [IUCTPECC-CHHIPOME,
YMEHBIITUTD YaCTOTY PA3BUTUS JIETOYHBIX OCJIOKHE-
HUiT Ha 27,4% W COKPATUTD CPOKU TIPeObIBAHUS B OT-
JICJIEHUN PeaHMMAIlUX [IAXTEPOB, UMEIOTIUX MO/3EM-
HbIH cTaxk pabotsr 10 u 6osee et [11].

Oripe/iesieHbl 0COGEHHOCTH COCTOSTHUS CHCTEMbI
reMOCTa3a y MaxTepOoB MIPH TSKEIOH 4eperrHo-MO3T0-
BOU TpaBMe, TaK y HIAXTEPOB C TOJ3EMHBIM CTaKEM
pabotot 10 1 Gostee JieT TIPH TSKEJIOH YePeTHO-MO3TO-
BOU TpaBMe Pa3BUBAIOTCS HAPYIICHUS B Pa3JIMIHBIX
3BEHBSIX CHCTEMBI TEMOCTa3a, YTO CIIOCOOCTBYET pas-
putnio y Hux /IBC-cunapoma. Y 1maxrepos yaiie u
ObICTpee Pa3BUBAIOTCS TSKEJIBIE €T0 (POPMBbI, TPH KO-
TOPBIX YBEJIUYNBACTCS YaCTOTA PA3BUTUSA UHTPA — U
AKCTPAKPAHUATBHBIX OCTOKHEHUI, 4eM y TIOCTPa/IaB-
mux, He PabOTAMINMX BO BPEIHBIX YCJIOBUSX IMPO-
M3BOJICTBA, YTO B CBOIO OYEPE/b TPUBOIUT K BBICOKOI
geragbaocT. OGOCHOBAaHHOE paHHEe IPOBEJIEHIE
b GepeHITTPOBAHHOTO JIeYeHNUS HAPYIICHWH B CH-
CTeMe reMOCTa3a B KOMILJIEKCE MHTEHCUBHOI Tepanuu
MO3BOJIAET CHU3UTD YACTOTY PA3BUTHUS OCTPBIX (DOPM
[IBC-cunzpoma, WHTpa- M 5KCTPAKpaHUAJIbHBIX
OCJIOKHEHWH, & KOHEYHOM UTOTE, U JIETATBHOCTD [12].

M3yueHbl 0COOEHHOCTH HAPYIIEHUS TIPOHUIAE-
MOCTH reMaTOaHIe(aTmaecKoro 6apbepa pu KpUTH-
YEeCKUX COCTOSIHUSIX, OOYCJOBJEHHBIX TPAaBMOU Y
maxTepoB. BoIsiBIIEHO, UTO y TIOCTpaaBIInX, He pabo-
TAIONMX BO BPEIHBIX YCJIOBUAX MPOU3BOJICTBA, TIPU
KPUTUYECKUX COCTOSTHUSIX, OOYCJIOBJIEHHBIX Yeperi-
HO-MO3TOBOI TPaBMOH, Ha 1-ble CYTKM TIOBBIIIAETCS
MPOHUIIaeMOCTD B Harpasiernu kposb — [THC. C 3-
WX CyTOK MPOHUIIAEMOCTb MEHSET CBOE HAIIPABJICHIE
Ha niporuBononoxuoe — [ITHC — kpoBb. B nanmbHeii-
1IeM, CTAaHOBUTCA KpaliHe HU3KOH ((heHOMEH «3aKpbl-
Tist Gapbepas). Y MAXTEPOB C MOJ3EMHBIM CTaKeM
paboThI HoJiee 5 JIET MPHU TSIKETON Y€PEITHO-MO3TOBON
TpaBMe, U3MEHEHME TIPOHUIIAEMOCTH TeMaToaHIIeha-
JIMYECKOTO Oaphepa MMEET TaKyl jKe HalpaBJIeH-
HOCTb, YTO U y MOCTPAABIINX (€3 MOJA3EMHOTO CTaKa
pabotbl. [Ipu TsEKesIOi YepernHo-MO3roBOI TpaBMe Y
MIAXTEPOB C MOA3EMHBIM CTaKeM paboThl Hosiee 5 JieT
HApPYIICHUS TPOHUIIAEMOCTH TeMaTOdHIIe(DaTnIecKo-
ro Gapoepa I crereru He BoisiBisiercst, [T crernenn oT-
Meuaerca B 11,1%, III — B 31,6% u IV — B 55,6%,
TOT/IA KAK Y TIOCTPAaBIINX (€3 MOA3eMHOTO CTasKa pa-
6ortol 1 crenens Berasagercd B 15,4%, 11 — 34,6%, 111
— 23,1%, IV — 26,9%, 4T0 cBuzeTeabCTBYET 0 HoJiee
rpybOM  TIOBPEXIEHUM TeMaTOsHIIe(HaInIecKoro
Gapbepa y MOCTPaIaBIIKX [IAXTEPOB, KOTOPOE CIIOCO0-
CTBYET YBEJIUYEHUIO YaCTOTHI MHTPAKPAHUATHHBIX

mostatic system, which contributes to the develop-
ment of DIC syndrome. Miners have more frequent
and more rapidly developing severe forms of the
syndrome, in which the frequency of intracranial and
extracranial complications increases, in comparison
with those who do not work in harmful production
conditions, which in turn causes high mortality. The
reasoned early implementation of differentiated tre-
atment of disorders in the hemostasis system in in-
tensive care units enables the reduced frequency of
the development of acute forms of DIC syndrome,
intracranial and extracranial complications, and, fi-
nally, mortality [12].

The characteristics of the permeability of the
blood-brain barrier in critical conditions due to
trauma in miners have been studied. It was revealed
that in victims, who do not work in harmful produc-
tion conditions, in critical illness caused by cranio-
cerebral trauma the permeability is increased on
Day 1 in the direction of blood — the central nervo-
us system. From Day 3 the permeability changes its
direction to the opposite one: the central nervous
system — blood. In the future, it becomes extremely
low (the phenomenon of «closing the barriers). The
miners with an underground work experience of
more than 5 years with severe head injury have the
change in permeability of the blood-brain barrier of
the same direction as that of the victims without un-
derground work experience. In severe craniocereb-
ral trauma in miners with an underground work ex-
perience of more than 5 years there is no disturbance
of the permeability of the blood-brain barrier of the
15t degree, the 20d degree is observed in 11.1%, the
3rd degree in 31.6%, and the fourth degree in 55.6%.
In victims without an underground work experience
the 15t degree is detected in 15.4%, the 20d degree in
34.6%, the 3rd degree in 23.1%, and the fourth de-
gree in 26.9%, which indicates a more serious dama-
ge to the blood-brain barrier in the affected miners
that contributes to an increase in the incidence of
intracranial pyoinflammatory complications and
decreased surviving [13].

The results obtained showed that underground
work makes an irreversible impact on the human
body and psychology. Work under the ground results
in the restructuring of the body and its functions. It
turned out that even common illnesses in miners
have a course somewhat different from that in people
who do not work underground. A different type of
respiration and circulation has been identified in mi-
ners. Moreover, more pronounced deviations from
the norm were directly dependent not so much on
the age of a miner, but on the length of work under
the ground: the greater the underground experience,
the worse the health.

The main conclusion drawn by the employees
of the Regional Campus indicates that the critical
conditions in miners, especially in those with a

OBLI A PEAHMMATOAOI U, 2017, 13; 5

www.reanimatology.com

41



42

Events
| |

DOI:10.15360,/1813-9779-2017-5-33-43

THOHHO-BOCIIAJIUTEIbHBIX OCJOKHEHUN U TIOBbIIIe-
HUIO YUCJIA JIeTATbHBIX UcX0noB [13].

[TosrydyeHHBIE PE3yIbTATBI MMOKA3AJM, YTO TTOJI-
3eMHast paboTa HAKJIAIbIBAET HEOOPATUMDBII OTIIEYa-
TOK Ha OPraHU3M U MCUXOJIOTHIO 4YesioBeKa. PaboTa
1o/l 3emMJIeil BesieT K IepecTpoiike opraHu3Ma U ero
dyurimii. OKasanaock, 4To Jaske OObIYHbIE GOJIE3HN Y
nraxTepa MmpoTeKalnT HECKOJIbKO MHAYe, YeM Y JIIo/el,
He paboTayX M0/ 3eMJieil. Y maxTepoB ObLI BbI-
SIBJIEH JIPYTOUW THIT JIBIXaHUSI U KPOBOOOPAIIEHMUSI.
ITpuuem Gosiee BHIPasKEHHBIE OTKJIOHEHUST OT HOPMbI
HANPSAMYIO 3aBUCETN HE CTOJBKO OT BO3PACTA ITaxTe-
Pa, CKOJIBKO OT CTaka pabOThI TI0/] 3eMJIEiT, 4eM O0JTb-
1Ie TIOJI3EMHBII CTaX, TEM XY’Ke 3/[0POBbHE.

OCHOBHOIl BBIBOJI, C/IEJIAHHbBIN COTPYJAHUKAMM
Dunuana, CBUIETENBCTBYET O TOM, YTO KPUTUYECKIE
COCTOSTHUSI TIIAXTEPOB, OCOGEHHO ¢ GOJIBIITUM TTO/[3EM-
HBIM CTaskeM PabOThI, OTINYAETCS OT KPUTUUECKIX
COCTOSTHUH MOCTPAIABIINX, He PAOOTAIOIIIX BO BPE/I-
HBIX YCJIOBUSIX HMIAXTHOTO IIpousBojctsa. Ilpu miu-
TEJIBHOM MOJ3EMHOM CTaske paboTbl, CTPECCOBbIE
YCJIOBUS TPY/Ia CIOCOOCTBYIOT PA3BUTUIO CBOUX OCO-
GEeHHOCTEN aIaTITAIN JIBIXaHUSI 1 CEPAECYHO-COCY/IH-
CTON CHCTEMBbl, IIUTOreHETHYEeCKUX H3MEeHEeHUil B
KPOBH, OCOOEHHO BBIPAKEHHbBIE MPHU TOA3EMHOM
craxe paborsr 10 u Gosiee e,

[Momydennbie corpyaunkamu Ouinana HaydHbIe
Ppe3yIbTaThl ObLTN OIMyOJMKOBAHBI B IIEHTPAIHHBIX HA-
VUHBIX JKypHaJIax u Matepuanax kondepennuii. B Ho-
BOKY3HeIIKe TIPOBOAIMINCE: Beepoccutickas KoHbepeH-
1151 «AKTyaJIbHbIE BOTIPOCHI 00€300IMBAHUST U MHTEH-
CUBHOH Teparnu TsKeJIoN YeperrHo-MO3r0BOH TPaBMbI»
(2003), nayunas woncepeniusi «IIpropureTHbie Bo-
POChI AHECTE3UOJIOTUY U WHTEHCUBHOI Teparuus»
(2004), Beepoccwuiickasi koHbepenius «Kputnaeckme
COCTOSTHUISL Y TITAXTEPOB TIPU 3a00JIEBAHUSIX U TEXHOTEH-
ubix Katactpodax»> (2005), Bcepoccuiickas naydmo-
IpaKkTIdecKas KOH(MEPEHINs «IKCTPEHHAST MEINIIH-
CKasl TIOMOIIb TIPU YPE3BBIYANHBIX CUTYAIUSIX TEXHO-
FEeHHOTO XapaKTepa B KPYITHOM IIPOMBIIILIEHHOM IIE€HT-
pe» (2007), pernoHasibHAS HAYYHO-TIPAKTUIECKAS KOH-
(bepennms «IlepcrieKTUBbI HAYYHBIX UCCIEIOBAHUN U
UX POJIb B pa3BuTHX peannmatosioruus (2008).

Quiinaa aKTUBHO MPOBOIUJ TOCTAUILIOMHOE
obyueHue Bpaueil 1o CIernaaIbHOCTH aHECTE3HOJI0-
rUsI-PEAHUMATOJIOTHSI.

Hayunbie corpyanuku @uimana, siBJsisach die-
namu Dezepaliv aHECTE3UOJIOTOB-PEAHUMATOJIOTOB
Poccun u Acconumarniyiy aHecTe310JI0r0B-PEAHNMATO-
JioroB KemMepoBCKOI 061aCTH, E5KETOIHO yIaCTBOBAJIN
B 00JIACTHBIX ¥ TOPOACKUX OOIIECTBAX aHEeCTE3UOJI0-
FOB-PEAHUMATOJIOTOB U BbIMOJHSIM 3HAUNTEIbHDII
006beM KOHCYJIbTATHBHON MOMOIIU B OT/IEJIEHHSIX Pea-
HuMaruu 60spHIIL ropo/oB fora Kysbacca (TIpokorib-
eBck, Kucenesck, Ocunnuku, Mpicki) U O0JIbHUIAX
r. HoBokysHerika.

Corpynuukamu Duinana omybinkoBaHo GoJiee
700 mevarabix pabor. [To usydeHuo ocobeHHOCTEN

large underground work experience, differ from the
critical conditions of victims who do not work in
harmful mining conditions. At long underground
work experience, the stressful working conditions
contribute to the development of altered patterns
of adaptation in breathing and cardiovascular sy-
stem as well as to cytogenetic changes in blood
cells. These alterations were most significant when
underground work experience was continuing for
10 and more years.

The scientific results obtained by employees of
the Regional Campus were published in major scien-
tific journals and conference proceedings. In Novo-
kuznetsk the following events took place: the All-
Russian Conference Urgent Issues of Pain Manage-
ment and Intensive Care for Severe Craniocerebral
Trauma (2003), the Scientific Conference Priority
Questions of Anesthesiology and Intensive Care
(2004), the All-Russian Conference Critical Condi-
tions in Miners with Diseases and Technogenic Di-
sasters (2005), the All-Russian Scientific and Prac-
tical Conference Emergency Medical Assistance in
Emergencies of Technogenic Nature in a Large In-
dustrial Center (2007), and the Regional Scientific
and Practical Conference Prospects of scientific re-
search and their role in the development of resusci-
tation (2008).

The Regional Campus has had extensive co-
urses in post-graduate training for doctors anaesthe-
siology and intensive care.

The research staff of the Regional Campus as
members of the Federation of Anaesthesiologists
and Reanimatologists of Russia and the Association
of Anaesthesiologists and Reanimatologists of the
Kemerovo Region have annually participated in re-
gional and city societies of anesthesiologists and
reanimatologists and performed a significant amo-
unt of counseling in intensive care units of hospitals
in towns in the south of Kuzbass (Prokopyevsk, Ki-
selevsk, Osinniki and Myski) and in Novokuznetsk
hospitals.

More than 700 publications by employees of the
Regional Campus have been published. There have
been the publications of the results in 74 scientific pa-
pers on critical illness in miners, including 66 papers in
peer-reviewed journals and 2 papers in international
journals. The results of the research have been presen-
ted and published in the materials of scientific confe-
rences both nationally and internationally.

Fifteen collections of academic papers and ma-
terials of scientific conferences were published.
Seven monographs have been published. 59 patents
of the Russian Federation for inventions were gran-
ted. The employees of the Regional Campus had de-
fended eight DSc theses and 38 candidate disserta-
tions. Two DSc theses and five PhD dissertations
were defended using the study material obtained
when clinically observing the miners.
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TEUEHUsT KPUTUYECKUX COCTOSTHUN y MIAXTEPOB OITy0-
JIMKOBAHBI 74 Hay4uHbIe paboThI, 13 HUX 66 paboT B pe-
[[EH3UPYEMBIX JKYyPHAJIaX, 2 — B 3apyOeKHOU T1euaru.
Pe3yJibTaThl UCCIEIOBAHUI JTOJMOKEHBI U OMyOJIHKO-
BaHbI B MaTepUasiaX HAYYHBIX KOH(MEPEHINI pas3iny-
HOTO YPOBHSI Kak B Poccui, Tak u 3a pyGesKoM.

Boimytieno 15 cOOPHUKOB HayYHBIX TPYIOB U
MaTepraioB HaydHbIX KoH(beperiwmit. OmybaukoBa-
1o 7 monorpaduii. [loryueno 59 narernros PO ma
uzobperenust. Corpyauukamu Ouimaia 3amuieHbr:
8 nokropckux u 38 Kanauaarckux auccepranuii. [lo
MIAXTEPCKOU TEMATHKe 3AIUINEHO 2 TOKTOPCKUE U
KaHAUAATCKUX JUCCEPTAITU.
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TenzpepHbie 0COOEHHOCTH IMOCTPEAHUMAIIMOHHBIX H3MEHEHHI 9K CIIPECCHH MO3I0-
Boro Heiiporpoduueckoro pakropa (BDNF)

M. III. Aspymienko, M. B. Octposa, A. B. I'peuko
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Gender Peculiarities of Postresuscitation in the Expression
of Brain-Derived Neurotrophic Factor (BDNF)

Maria Sh. Avrushchenko, Irina V. Ostrova, Andrey V. Grechko

V. A. Negovsky Research Institute of General Reanimatology,
Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
25 Petrovka Str., Build. 2, Moscow 107031, Russia

Ilesb: BBIABUTH MOJI0BbIE OCOOEHHOCTH IIOCTPEaHUMAIMOHHBIX ¢ABUTOB sKcnpeccun BDNF u conpsiskeHHbIX ¢
HUMU [POIECCOB THOEIU HEIIPOHOB.

Marepuassl u MeToAbl. Ha pasHbIxX cpokax mocrpeaHnuManmontoro nepuoza (1-, 4-, 7-, 14-e cytkmn) nccuaeno-
BaJIM COCTOSIHUE BBICOKOUYBCTBUTEIBHBIX K THIIOKCUM HEHPOHAJILHBIX TTOIYJISAIUN (TMPaAMU/HBIC HEHPOHBI MUIINO-
KamIia 1 KieTku [lypKuHbe Mo3kedKa) y GesbiX M0JI0BO3PEJIBIX CAMOK KPbIC, Tiepereciinx 10-MuHyTHYIO OCTaHOB-
Ky CHCTEMHOT0 KPoBooOpatieHust (IepeskaTie CoCyMCTOro myvka cep/ia). KoHTposeM caryKiiu JI0KHOOEePUPO-
BaHHbIe KUBOTHBIE. [IpoBOIMIN MMMyHOTHCTOXUMIUECKOe BbisiBiieHre BDNF-uMMyHopeakTMBHBIX HEHPOHOB €
MOCJIEYIOINM OTIpe/ieJieHleM OTITUYeCcKOH MJIOTHOCTH, YMCJIA KJIeTOK C Pa3HbIM ypoBHeM akcmpeccnnn BDNF n
0011ero unca HelipoHOB Ha 1 MM JIJIMHBI UX c10st. B paboTe UCIoIb30BaHbI CUCTEMbI aHAJIN3a U300paKeHUN (KOM-
nbiorep Intel, muxpockon Olympus BX-41, nporpammbl ImadgeScopeM, Image] 1,48v, Excel 2007). Cratucruue-
CKy10 06pabOTKy JaHHBIX TIPOBOIMIIN B porpamme Statistica 7.0. ¢ ucmosb3oBanreM kputepres A Kosmoroposa-
Cwmupnosa, U-kputepus Manna-Yutan u t-kpurepust CTbio/ieHTa.

Pesyabrarhl. YcraHoBJeHA AMHAMEUKA TTOCTpeaHUMaIMOHHbIX ¢/BUTOB BDNF-nuMMyHOpeakTMBHOCTH BbICO-
KOUYBCTBHUTEIBHBIX K TUIOKCUU HeHpOHATIbHBIX TomyJsiuil. [Tokazano, 4to B monyssiuu kietok [lypkunbe y
CaMOK MTPOUCXOAAT U3MeHeHus yposHs akcnpeccurt BDNFE, uto conposokaaercs rubespio Heliponos. Boisgsiieno,
YTO 3TU CIBUTY PA3BUBAIOTCS TI03/IHEE, YEM Y CaMIIOB — K 7-M CyTKaM IocTpeannmanonsoro nepuojga. Cyiie-
CTBEHHO, 4To rubesn mojBepraiorest ojbko BDNF-HerarusHbie u c1abono3uTHBHbIE HEPBHbIE KJIeTKH. B momyJis-
IIUU TUPAMU/IHBIX KJIETOK THITIOKAMIIA Y CAaMOK, B OTJIMYME OT CaMIIOB, He ITporcxoanio uamenenuiit BDNF-nmmy-
HOPEAKTUBHOCTH, ¥ IIPOIIecC rOesin HelipOHOB He PasBUBAJICSL.

3axmouenue. BoisaBiieHbl reHiepHble 0COOEHHOCTU PA3BUTHUS IOCTPEAHUMAIIMOHHBIX C/IBUTOB YPOBHSI 9KCIIPEC-
cuu BDNF 1 conpsizKeHHBIX ¢ HUMUE T1POLeccoB rubenn HelpoHoB. [lokazaHo, 4To mocjie 0OCTAHOBKU CepIIlla OfUHA-
KOBOIi JIWIMTENILHOCTH Y CAMOK MOCTPeaHrMAaIlMOHHbIe CABUTH ypoBHs akcnpeccun BDNF u niporieccesl rubesn Heii-
POHOB BBIPaKEHbI MEHBIIIE, YEM Y CAMIOB. B TO jKe BpeMs, y JKBOTHBIX 0O0ET0 TI0JIa TIPOSIBIISTIOTCSI 001IHe 3aKOHO-
MEPHOCTH MOCTPEAHNMAIIMOHHBIX M3MEHCHUH MO3ra, CBUETEJLCTBYIONIME O B3aUMOCBSI3M YPOBHS 9KCIIPECCHN
BDNF B HelipoHax ¢ uX yCTOHUMBOCTBIO K HineMun-pernepdysun. OOCyKIatoTest reHiepHble 0COGEHHOCTH MOBPEsK-
JIeHUsI MO3Ta U MX 3HAYE€HUE JIJIsS TOHUMaHUST MEXaHU3MOB Pa3BUTHS MMOCTTUTIOKCUYECKUX 9HIeDaTOnaTHi.

Kumouesvie cnosa: moszosoi netipompoduueckuii pakmop (BDNF); zendepruie 0cobeHHOCMIUL; NOCMPEAHUMAUUOH-
HblLl nepuod; 2ubenb HelupoHos; NUPAMUOHbIe KIemKU; zunnokamn; kiemku IlypKunve; Mo3Hceuor; UMMYHOZUCTNOXU-
MUs; ONMUYECKast NIOMHOCIb; MOPPOMEMPUUECKUU AHATUS

Purpose: to identify gender peculiarities of postresuscitation shifts in BDNF expression and neuronal death.

Materials and Methods. At different points of the postresuscitation period (days 1-, 4-, 7-, and 14), the
condition of highly sensitive to hypoxia neuronal populations (pyramidal neurons of hippocampus and Pur-
kinje cells of cerebellum) were studied in white mature female rats exposed to a 10-minute stop of systemic
blood circulation (compression of vascular fascicle of the heart). Sham operated animals were used as the cont-
rol. Immunohistochemical detection of BDNF-immunoreactive neurons followed with determination of opti-
cal density, number of cells with different levels of BDNF expression, and total count of neurons per 1 mm of
the length of their layer was carried out. The work was done using the image analysis system (computer Intel,
microscope Olympus BX-41, software ImadgeScopeM, Image]J 1,48v, Excel 2007). Statistic processing of data
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was performed with the aid of Statistica 7.0 using Kolmogorov-Smirnov 4 test, Mann-Whitney U test, and
Student's t-test.

Results. The dynamics of postresuscitation shifts in BDNF-immunoreactivity of neuronal populations highly
sensitive to hypoxia was studied in rats. Purkinje cells population in tissue slides from brain specimens harvested
from female rats the alterations in BDNF expression became evident. This pattern was accompanied by the death
of neurons. Those shifts in female animals were found to develop later than in male rats — by day 7 of the postre-
suscitation. Only BDNF-negative and BDNF-weakly positive neurons not survived postresuscitation. In the po-
pulation of pyramidal cells of hippocampus in females, in contrast to males, there were no quantitative changes in
BDNF molecules as revealed by immunohistochemistry and neuronal death process did not develop.

Conclusion. Gender peculiarities in the development of postresuscitation shifts in BDNF expression and asso-
ciated therewith death of neurons were revealed. It was shown that after cardiac arrest of the same duration, the
postresuscitation shifts in BDNF expression and neuronal death manifested mostly in males compared to females.
At the same time, animals of both genders demonstrate common postresuscitation brain alterations evidencing
connection between the level of BDNF expression in neurons and their resistance to ischemia-reperfusion. Gen-
der-specific patterns of brain damage and their importance for understanding the mechanisms of post-hypoxic en-
cephalopathies are discussed.

Keywords: brain-derived neurotrophic factor (BDNF); gender peculiarities; postresuscitation period; neuronal
death; pyramidal cells; hippocampus; Purkinje cells; cerebellum; immunohistochemistry; optic density; morphometric
study
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BBenenne

[Tpobiiema moI0BOrO AUMOPGU3MA Pa3BUTHUS,
TEUYEHUS M MCXO/Ia KPUTUUECKUX COCTOSHUHI BBI3bI-
BaeT y uccJeoBatesieil 6oJbIoi narepec. ITot de-
HOMEH CBSI3BIBAIOT OOBIYHO C JIEHCTBUEM JKEHCKUX
MOJIOBBIX TOPMOHOB — 3CTPOT€HA U TPOTECTEPOHA
[1—5]. deiicTBUTENBHO, KINHIYECKIE HAOIIOMEHUS
CBUJIETEJLCTBYIOT O TOM, YTO JKEHIIUHBI OoJiee
YCTOWYUBBI K UIEMUH, YeM MYKUnHbL. OMHAKO CY-
NIECTBYIOT (DaKThI, YKa3bIBAIOIINE, YTO HATUUINE T10-
JIOBOTO IMMOPGU3Ma UITEMUYECKOTO TOBPEK/ICHUS
MO3ra 00YCJIOBJIEHO HE TOJBKO TIOJIOBBIMEI TOPMOHA-
Mu. Tak, reHmepHble pasauyuusl YCTOMUYMBOCTU K
UIIEMUH TIPOSIBJIAIOTCS U B MEPHUOJ, MEHOTIAY3bl, a
Tak)ke B paHHeM oHToTeHese [2, 4, 6—8]. Mexanus-
MBI TI0JIOBOTO IMMOP(hU3MA UITEMUYECKOTO TIOBPEIK-
JICHUST MO3Ta TIOKa U3Y4YeHbl HeplocTaTouHo. OHaKo
yiKe SICHO, 9TO MMEIOTCSl KaK TOPMOHO3aBUCUMBIE,
TaK U TOPMOHOHE3aBUCUMbIe (HaKTOPDI, 00YCIABIIH-
Baolye 3ToT (heHOMeH. VccamenoBanme MOJIEKYJIsp-
HBIX U KJIETOUYHBIX MEXAaHU3MOB, JIEJKAIINX B OCHOBE
MOJIOBOTO IMMOP(U3Ma UIIEMUYECKOTO MTOBPEsK/Ie-
HUS MO3ra, — HeoOXOMUMBIN aTall AJis1 pa3paboTKu
a(hEKTUBHON Teparmy MOCTTUITOKCUIECKUX IHIIE-
damonaruii [1, 2, 5—7, 9].

MosroBoii  HelipoTpoduuecknii  (akTop
(BDNF) urpaer BaxHy10 poJjib B HEHPOIIPOTEKIUN 1
BOCCTAHOBJIEHUN (DYHKIIUU MO3Ta MPHU Pa3TUUHbIX
natosiorndeckux coctroguusax [10—17]. Panee namu
OBLIIO TIPOBEIEHO MCCIIEM0BAHNE TOCTPEAHUMATIIOH-
HBIX U3MeHeHni1 ypoBHs akciipeccun BDNF B Bbico-
KO YyBCTBUTEIBHBIX K TUTIOKCUH HEHPOHAIBHBIX 110-
nyasanusax y camioB [18]. Ilpu aToMm BbIsiBJIeHA
B3aMMOCBSI3b MeXIy caBuramu akcrnpeccuu BDNF
U TIOCTPEAHUMAI[HOHHON r0esbi0 HEPOHOB. Yuu-
TBIBasI TIPOGJIEMY TIOJIOBOTO AUMOP(hU3MA UIIEMITUe-
CKOTO TIOBPEXKIEHUS MO3Ta, 1eJ1ecO00pa3HO Uccie-

Introduction

The problem of sexual dimorphism of develop-
ment, course and outcome of critical illness arouses
much interest among researchers. This phenome-
non is commonly linked to the effects of sex hor-
mons, estrogen and progesterone [1—5]. Indeed,
clinical observations evidence that women are more
resistant to ischemia than men are. However, there
are facts indicating that existence of sexual dimorp-
hism of ischemic brain damage is caused not only by
sex hormones. For instance, gender differences of
resistance to ischemia manifest also during meno-
pause and early ontogenesis [2, 4, 6—8]. The mecha-
nisms of sexual dimorphism of ischemic brain dama-
ge have not been thoroughly clarified. However, it
has become evident that there are both hormone-
dependent and hormone-independent factors ex-
plaining this phenomenon. Investigation of molecu-
lar and cellular mechanisms underlying sexual di-
morphism of ischemic brain damage is a necessary
step to developing an effective therapy for post-hy-
poxic encephalopathies [1, 2, 5—7, 9].

Brain-derived neurotrophic factor (BDNF) im-
pacts the neuroprotection and brain function recove-
ry during various pathological conditions [10—17].
Earlier we studied postresuscitation changes of
BDNF expression in highly sensitive to hypoxia ne-
uronal populations in males [18]. That study revea-
led relation between BDNF expression shifts and po-
stresuscitation death of neurons. Considering the
problem of sexual dimorphism of ischemic brain da-
mage, it would be useful to study the dynamics of
postresuscitation BDNF expression shifts in the
same neuronal populations in females after cardiac
arrest of the same duration. This study would deter-
mine whether the neuroprotective action of BDNF
depends on a gender.
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JI0BaTh JIMHAMWKY MOCTPEAHUMAITMOHHBIX CI[BUTOB
akcipeccun BDNF B aTux ke HellpoHAJIbHBIX 10-
IyJIANUAX Y CaMOK, [IepeHeclInX OCTaHOBKY cepaLa
TaKOH Xe JIUTEIbHOCTH. DTO AACT BO3MOKHOCTDb
OIIEHUTH, KaK Peau3yloTcsi HeHpONnpOTEeKTUBHbBIE
ceoiictBa BDNF B 3aBucumMocT# oT 10JIOBOH TpHU-
HaJIJIe3KHOCTU OpraHu3Ma.

Marepuan u MeTObI

WccnenoBanmu Mo3r 25 GebIX HEJTUHEHHBIX CaMOK
kpbic Maccoit 190—250 r, mepenecunx 10-MuHYTHYIO
OCTaHOBKY cep/ia (BHYTPUTOPAKaJIbHOE IepekaTue cocy-
mucroro rmyyka cepana) [19]. Yepes 1, 4, 7 u 14 nHeit nocie
peanuMariu (HEmpsIMOil Maccaxk cepiiia B COYETAHUU C
MCKYCCTBEHHOI BEHTHJISIIINEN JIETKNX BO3YXOM B PEKIME
rUNepBeHTUAAMN anmapaTtoM <«Animal Respirator»
dupmbl «SMT Geratehandel» ¢ BHyTpuTpaxeanbHbiM BBe-
JleHrneM pacTBopa ajgpeHasuHa B jo3e 0,1 Mr/Kr) KuBOT-
HBIX BBIBOJIMJIN 13 OKCIIEPUMEHTA JEKAMTUTAIIEN 110/ Hap-
KO30M (110 5—7 KMBOTHBIX HA KQXK/[BII CPOK TTOCTPeAHnMa-
IIMOHHOTO Mepuojia). KoHTposreM caryKuin JIOKHOOTIePH-
poBaHHBIE KPBICHI TOTO ke moJsa (n=10). DKcrmepruMeHThI
MTPOBOJIMJINCH COTJIACHO PEKOMEHANNSIM DTUYECKOTO KO-
murera OTBHY HUMN obuieit pearumarosiorun um. B. A,
Herosckoro B cootBerctBun ¢ «lIpaBunamu nposegeHus
paboT € HUCHOJNB3OBAHUEM IKCIEPUMEHTAIBHBIX KUBOT-
meix» (IIpukas Munsapasa CCCP Ne755 ot 12.08.1977).

WccnenoBanich TOCTpeaHNMAIIMOHHbIE U3MEHEHUS
BBICOKOUYBCTBUTEbHBIX K TMIIOKCUM HEHPOHAJIbHBIX T10-
nyasanuil — kiaetox Ilypkunbe xopbl Mo3Keuka U Iupa-
MUIHBIX HellpoHoB rurmokamia (cekrop CA4). BDNF
BBISIBJISIIM UMMYHOTUCTOXUMUYECKH HEIPSIMBIM TI€POK-
CHU/IA3HO-aHTHUIIEPOKCUIA3HBIM METO/IOM C HCIOJIbh30Ba-
HUeM ToJUKJOHATBHBIX aHTuTel kK BDNF (passenenme
1:50) (Santa Cruz, USA) u Bu3yaiusupyomei cucTemMb
LSAB Kit (DAKO, Glostrup, Denmark). UmmyHorucTo-
XMMUYECKYI0 PEAKIUI0 KOHTPOJUpPOBaIU HHKyOarueit
CPEe30B CO BCEMU PeareHTaMu KPOMe MePBUYHbBIX AHTHTE.
Unrencusnocts akcnpeccunn BDNF B nuronnazme neii-
POHOB OIEHUBAJIU C IMOMOIIBIO TTPOrPAMMbl aHATU3A
uzobpaxennit Image] 1,48v. Onpenensiiu «cpejpHee
sHauenue ceporo» (Mean Gray Value) u paccunrbiBann
OIITUYECKYIO MJIOTHOCTb (B YCJIOBHBIX CAMHUIIAX — Y.€.)
mo dopmyne: OD=log;, (255/Mean Gray Value). [lia
BU3YAJIbHOI OIeHKN MHTEHCHUBHOCTH OKPACKHU CPE3bI J10-
KpamuBaitn rematokcuaunom (puc. 1). Ha ocmoBanum
aHaJIM3a TUCTOTPAMM paclipe/ieJieHus HePOHOB 110 UX
ONTUYECKOH MJIOTHOCTU M BU3YAJIbHON OI€HKU BBIJIEJISIIIN
cooTBeTcTBylomue panru st BDNF-neratuBHbIX
(BDNF"), cnmabo — u cuapHonosutuHbix (BDNF' u
BDNF*") HeiipoHOB, B COOTBETCTBUHM C TeM, Kak ObLIO
ommcano panee [18].

B nomyramun xkietox Ilypkuabe Mo3:keuka panTH om-
TUUYECKO! II0THOCTU cocTaBuin: 711 BDNF-HeratuBHbIX
0D<0,25 y.e.; mia crabonosutububix 0,25< OD<0,31 y.e.
U 71T CUJIbHOTIO3UTUBHBIX HeliponoB OD>0.31 y.e. B mo-
MOyJISIIUN MTUPAMUIHBIX KJETOK THIIIOKaMma (CeKTop
CA4): panrm onTHYECKON TJIOTHOCTU COCTABUJIW: IJIST
BDNF-nerarusabix OD <0,24 y.e.; 17151 /1ab0N03UTHBHBIX
0,24<0D<0,28 y.e. u 1711 CUJIHOITO3UTUBHBIX HEIPOHOB
OD>0.28 y.e. Ompegensiin 06IIYyI0 [JIOTHOCTh HEPO-
HAJIBHON TMOIMYJISIUK, & TaKKe YHCIO KIETOK C Pa3HBIM

Puc. 1. Knerkn Ilypkunbe ¢ pa3HbIM YpPOBHEM IKCIPECCHU
BDNFE

Fig. 1. Purkinje cells with different levels of BDNF expression.
Note. Indirect peroxidase-antiperoxidase method, hematoxylin
staining, X400.

White arrow — BDNF™ neurons; black thin arrow — BDNF* ne-
urons; black thick arrow — BDNF** neurons.

IIpumevanue. HenpsmMoil 1epokcua3Ho-aHTUIIEPOKCUIIA3HBII
MeToJ, nokpacka remaTokcuiamuoM, X400. Bemas crpenka —
BDNF" neiiponsr; yepHas Tonkas crpeaka — BDNF* meiiponsr;
yepHag ToJicTas crpejaka — BDNF** neitponsr.

Materials and Methods

Twenty five outbred white female rats weighting
190—250 g were subjected to 10-minute cardiac arrest (in-
trathoracic compression of vascular fascicle of the heart)
according to described protocol [19]. Resuscitation measu-
res were provided by closed-chest cardiac massage combi-
ned with artificial lung ventilation with air in the hyper-
ventilation mode using Animal Respirator apparatus SMT
Geratehandel accompanied by intratracheal administra-
tion of adrenalin solution at a dose of 0.1mg/kg. In 1, 4,
7, and 14 days after the procedures, the animals were re-
moved from the experiment by decapitation under anest-
hesia (5—7 animals per each end point of the postresusci-
tation period). Sham operated animals were used as the
control (n=10). The experiments were carried out accor-
ding to the recommendations of the Ethics and Animal
Care and Use Committee of V. A. Negovsky Research In-
stitute of General Reanimatology, Federal Research and
Clinical Center of Reanimatology and Rehabilitology,
based on the «Rules of Performing Work Using Experi-
mental Animals» (Order of the USSR Health Ministry
No.755 dated 12.08.1977) and internationally approved
documents.

Postresuscitation changes of highly sensitive to hypo-
xia neuronal populations — Purkinje cells of the cerebel-
lum cortex and pyramidal neurons of hippocampus (sector
CA4) were studied. BDNF was detected by the immunohi-
stochemical technique using the indirect peroxidase-anti-
peroxidase method with utilization of polyclonal antibodi-
es to BDNF (dilution 1:50) (Santa Cruz, USA) and visua-
lization system LSAB Kit (DAKO, Glostrup, Denmark).
The immunohistochemical response was checked by incu-
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Puc. 2. [lunamMuka u3MEHEHHs] OOMmEH MUIOTHOCTH MOILYJISIIHH
kietok IlypkuHbe (a) ¥ MUPaMHUIHBIX KJIETOK runmokammna (b)
CaMOK B MOCTPEAHUMAIIMOHHOM I€PHOJIE TOCIE OCTAHOBKH CH-
CTEMHOTO KPOBOOOPANIEHHSI.

Fig. 2. Dynamics of changes in the total density of the Purkinje
cells (a) and pyramidal cells of hippocampus (b) of females in
postresuscitative period after cardiac arrest.

Note. a: * — P,<0.025 versus control (Group 0).

IIpumevanue. /[na puc. 2—4: Number of neurons per 1 mm the
length — uncio weiipornos na 1 MM mmmasL a: * — p,<0,025 1o
cpaBHeHUIO ¢ KoHTposieM (rpymma 0).

ypoBaeM akcrpeccnn BDNF na 1 MM asmnsr ux cros. B
paboTe WCIOJIb30Bai CUCTEMbl aHA/IU3a U300pasKeHUil
(xommubiorep Intel, mukpockon Olympus BX-41, nporpawm-
mbl ImageScopeM u Image] 1,48v. MS Excel 2007). Cra-
THCTHYECKYI0 00pabOTKY MaHHBIX TPOBOIUIIN C MOMOIIBIO
kputepusi A Kosamoroposa-CmupnoBa, U-kpurepust
Manna-Yutaun u t-xputepusi CTblofieHTa B TIpOTpamMMe
Statistica 7.0.

PesyibTatel 1 00Cy:K/1€HHE

Uccnenosanne kierok IlypkuHbe Mo3keuka
MOKA3aJ10, 4TO Ha 1-€ 1 4-e CyTKU MoCTpeaHuMaIlnoH-
HOro nepuoja o0Ias IJIOTHOCTh TOM HeipoHa/Ib-
HOW TOMYyJAIUN COOTBETCTBYET KOHTPOJHHOMY
ypoBHiO (puc. 2, a), T.e. rubesi HEIPOHOB He MPO-
ucxonuT. BoimazieHne HEWPOHOB pa3BUBAETC K 7-M

bation of slices with all reagents except for primary antibo-
dies. The intensity of BDNF expression in neurons' cyto-
plasm was evaluated with the help of image analysis soft-
ware Image] 1,48v. The Mean Gray Value was determined
and optic density was calculated (in conventional units —
c.u.) according to formula: OD=log;, (255/Mean Gray
Value). For visual assessment of color intensity, slices were
stained with hematoxylin (Fig. 1). Based on the analysis of
histograms of neurons distribution by their optic density
and visual assessment, respective ranks were established
for BDNF-negative (BDNF"), weakly — and strongly po-
sitive (BDNF* and BDNF**) neurons, as described earlier
[18].

In the population of Purkinje cells of cerebellum, the
optic density (OD) means were as follows: OD<0.25 c.u.
(BDNF-negative cells); 0.25<0D<0.31 c.u., (weakly posi-
tive cells); OD>0.31 c.u. (strongly positive cells). In the
population of pyramidal cells of hippocampus (sector
CA4) the optic density means for BDNF-negative cells
was OD<0.24 c.u; for weakly positive cells —
0.24<0D<0.28 c.u., and for strongly positive neurons —
0OD>0.28 c.u. The total density of the neuronal population
was determined as well as the number of cells with diffe-
rent level of BDNF expression per 1 mm of the length of
the cell layer. The work was performed using the image
analysis system (microscope Olympus BX-41, software
ImageScopeM and Image] 1,48v.). Statistic processing of
data was performed by Statistica 7.0. software using Kol-
mogorov-Smirnov A test, Mann-Whitney U test, and Stu-
dent's t-test.

Results and Discussion

The investigation of Purkinje cells of cerebellum
has shown that on days 1 and 4 of the postresuscita-
tion period, the total density of this neuronal popula-
tion corresponds to the control level (Fig. 2, a), i.e.
death of neurons does not take place. Significant drop
in neuron count occured by day 7 after resuscitation,
as evidenced by a considerable decrease of the total
density of the population compared to control (by
39.2%) (Fig. 2, a). Later on, the cell dropout process
does not progress.

It has been established that on day 1 and 4 po-
stresuscitation, the number of BDNF-negative ne-
urons as well as the number of weakly and strongly
positive cells did not change. However, by day 7 the
number of BDNF~ and BDNF* neurons decreased
compared to control (Fig. 3, a). Importantly, the
number of strongly positive (BDNF*+) cells corres-
ponded to the control level (Fig. 3, a). Later on day
14 of the postresuscitation period the detected chan-
ges persisted. The data demonstrate that at the stage
of neuronal death (day 7 after resuscitation) only
numbers of BDNF-negative and BNDF-weakly posi-
tive cells were decreased. Hence, it can be assumed
that neurons with low expression of BDNF express
increased propensity to die.

In a sector CA4 of hippocampus of female rats,
at all endpoints of the postresuscitation period stu-
died, the total density of pyramidal cells population
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cytkam mocse peanumaruu. O6 9TOM CBUAETEb-
CTBYeT CYIIECTBEHHOE CHUKEHHUE OOIIeil TIOTHOCTH
HOIYJISIIUYA B cpaBHeHUU ¢ KoHTpoJem (Ha 39,2%)
(puc. 2, a). B nanbHelieM Ipotiecc BbIaleHUs Kiie-
TOK HE MPOTPECCUpyeT.

YcTanoBieHo, uto Ha 1-e u 4-e cyTKu nocTpea-
HUMAIMOHHOTO Tepuona yncjio BDNF-aeratuBHbIxX
HEUPOHOB, a TAKIKE YHUCJIO CJ1ab0- U CUIIbHOIO3UTHB-
HBIX KJIETOK He M3MeHsoch. OIHAKO K 7-M CyTKaM
npoucxoauno cHwkenne yuciaa BDNF™ u BDNF*
HEHPOHOB B CPaBHEHWU ¢ KOHTpoJieM (puc. 3, a). Cy-
MIECTBEHHO, YTO TP 9TOM YNCJIO CUITHHOTIO3UTUBHBIX
(BDNF**) kyieTok cOOTBETCTBOBAJIO KOHTPOJIBHOMY
ypoBHIO (puc. 3, a). B nanpheiimem (14-e cyTku 1o-
CTPEAHVUMAIIMOHHOTO TIEPHO/Ia) BBISBICHHBIEC HU3Me-
HEHWSI COXpaHAIMCh. [loydyeHHbIe NaHHBIE CBUIE-
TEJILCTBYIOT O TOM, YTO Ha 9Taiie THOEeJU HEHPOHOB
(7-e cyTKM 110CJIe PeaHUMAIIUN ) TIPOUCXO/IAT CHIKE-
HEe yrcsa T0bk0o BDNF-HeraTuBHbBIX U ¢1a601103u-
TUBHBIX KJIeTOK. CJie/1oBaTeIbHO, MOKHO TI0JIarathb,
YTO UIMEHHO 9TU HEUPOHDI TIO[BEPTAIOTCS THOEIH.

B cexrope CA4 rummokamiia y caMOK Ha BCeX
MCCJIEJIOBAHHBIX CPOKAX MOCTPECAHMMAIIMOHHOTO Tie-
puoza o6Iast MIOTHOCTD MOMYJISIIUN TTUPAMUJIHBIX
KJIETOK COOTBETCTBOBAJIA KOHTPOJIO (puc. 2, b), 4to
CBU/IETEILCTBYET OT OTCYTCTBUM THOE HEHPOHOB.
Yucso HEPOHOB € Pa3sHBIM YPOBHEM 3KCIIPeCCUu
BDNTF rakske He usmensiioch (puc. 3, b).

PesysbraThl Hacrosmieii paboT cBUiETE/b-
CTBYIOT O TOM, UTO B IOy JIAIUHU KJIeTOK [Iypkunbe y
PEAaHMMHUPOBAHHBIX CAMOK K 7-M CyTKaM ITOCTPEaHU-
MAIHOHHOTO MEPUOJIa Pa3BUBAETCS TIPOIECC THOETN
HelipoHoB. CyIIecTBEHHO, YTO Ha ATAlle YMCHBIICHUS
o01Iell TIOTHOCTH TOMYJISIIUN CHUKAETCST YHCIIO
tosibko BDNF™ u BDNF* katerok (puc. 4, a) Ciaeno-
BATEJIbHO, MOKHO II0JIATaTh, YTO TUOETH MOBEP-
raloTCs TOJBKO HEPKCIIPECCUPYIOTIIE WU CJIa009KC-
npeccupytonie BDNF neliponbr.

CornacHo MolyYeHHBIM HAMU paHee JTAHHDBIM, Y
CaMIIOB, TIEPEHECITNX OCTAHOBKY CepIla TaKo# Ke
JUTTEIBHOCTH, B TIOIYJIAIIUU KJIETOK [lypkuHbe mpo-
HCXO/ISAT aHAIOTMYHBIE TTOCTPEAHUMAITMOHHBIE C/IBUTH
[18]. OnHako oHM BO3HUKAIOT PAHbIIIE, YEM Y CAMOK —
yKe K 4-M cyTKaMm Tocjie peanuMariu. VHTepecHo,
YTO M3MEHEHUS JKCIPECCUM U JIPYTUX HHIIOTEHHBIX
HEUPONPOTEKTUBHBIX (haKTOPOB — TJUAIBLHOTO Heli-
porpodudeckoro daxropa GDNF u rmokosperyiu-
pyemoro Gesika GRP78 — takke pasBUBAJIUCh y pea-
HUMUPOBAHHBIX CAMIIOB paHbIIle, YeM Yy CAaMOK, U CO-
MPOBOXKIAIICH THOEIBI0 HEPOHOB [20—22].

CieryeT OTMETUTDB, YTO BBISIBJIEHHBIC B I10-
myadaiun kiaetok [lypkuHbe y JKUBOTHBIX Pa3HOTO
0J1a TTOCTPEAHNMAIMOHHbIC U3MEHEHUS HOCUIIHU OJI-
HOHAITPABJICHHBIN XapakTep, XOTS U OTIUYAIHICH 110
JqHaMuKe. [Ipyu 5TOM U y caMIOB, U Y CaMOK Tubesu
MOJIBEPTATMCH TOJBKO HEIKCIPECCUPYIOIINE W CJa-
6oakcnpeccupymomue BDNF weliponbr. ITo corvia-
CYEeTCSl ¢ Pa3BUBAEMBIM HAMU MOJIOKEHUEM O 3HAYe-

corresponded to control (Fig. 2, b). Data demon-
strate the absence of death of neurons within this
region of the brain. The number of neurons with
different level of BDNF expression did not change
either (Fig. 3, b).

The results show that in the population of
Purkinje cells in resuscitated female rats, by day 7
of the postresuscitation period, the neuron death
process develops. Importantly, at the stage of dec-
rease of the total density of population, only the
number of BDNF~ and BDNF* cells decreases
(Fig. 4, a). Hence, it can be assumed, that only
non-expressing or weakly expressing BDNF ne-
urons suffer death.

According to our data obtained earlier, in male
rats subjected to cardiac arrest of the same dura-
tion, similar post-resuscitation shifts take place in
the population of Purkinje cells [18]. However,
they occur earlier than in female rats specifically, by
day 4 after resuscitation. Interestingly, changes in
the expression and other endogenous neuroprotec-
tive factors — glial cells derived neurotrophic factor
GDNF and glucose-regulated protein GRP78 — de-
veloped also in resuscitated male rats earlier than in
female rats and was accompanied by the death of
neurons [20—22].

It should be noted that in the population of
Purkinje cells in animals of different gender, the po-
stresuscitation changes exhibited an unidirectional
nature, though their dynamics was different. Both
in male and in female rats, only non-expressing or
weakly expressing BDNF neurons suffered to
death. This is consistent with our concept on role of
the BDNF level in the developing stability of ne-
urons foolowing ischemia-reperfusion [23, 18].

Interrelation between BDNF level shifts and
the process of postresuscitation death of neurons
is supported by current study of the population of
pyramidal cells of hippocampus located within the
sector CA4. According to the present results, in fe-
male rats within this neuronal population, no reli-
able shifts in numbers of neurons with different
BDNF-specific immunoreactivity at any stage of
the postresuscitation period were found. In this
instance, death of neurons does not take place
(Fig. 4, b).

Other changes were found by us earlier in
the population of pyramidal cells of hippocampus
sector CA4 in male rats subjected to cardiac ar-
rest of the same duration [18]. In that case, po-
stresuscitation shifts in BDNF expression and the
neuronal death process developed. As early as day
4 after resuscitation, with the total density of the
population being retained, its BDNF-specific im-
munoreactivity decreased (some strongly positive
cells 'moved' into the category of weakly positi-
ve). Later, by day 7 of the postresuscitation pe-
riod, the process of neuronal death developed (the
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Puc. 3. Yucio HelipoHOB ¢ pa3ubiM ypoBHeM 3kcnpeccud BDNF B nonyusiiun kinerok Ilypkunbe (a) ¥ IMPaMHIHBIX KJIETOK THINIO-

kamna (b) Ha pa3HbIX CPOKAX MOCTPEAHUMALOHHOTO ePHO/IA.

Fig. 3. The number of neurons with different levels of BDNF expression in Purkinje cell population (2) and the pyramidal cells of

the hippocampus (b) in postresuscitative period.
Note. a: * — P,<0.05; # — P,<0.1 versus control (Group 0).

IIpumeyanwue. a: * — p,<0,05; # — p,<0,1 B cpaBenun ¢ kourposem (rpyrra 0).

nuu ypoasa BDNF B ¢hopmupoBanum ycToitauBocTu
HeNPOHOB 1ocse uilieMuu-penepdysuu [23, 18].
Bsaumocsssb casuros yposusa BDNF ¢ mporiec-
COM TOCTPEAHUMAIUOHHOM rubein HEUPOHOB MOJI-
TBEPIKAAECTCA U TIPU UCCIECNOBaHNU MOITYJIAIIUN TTUPa-
MUJIHBIX KiIeToK cekTopa CA4 runmokamma. Corac-
HO pe3yJibTaTaM HacTosIIeld paboThl, y CAMOK B 9TOI

total density of the population decreased by
38.5%). Significantly, at that stage, only the num-
ber of BDNF-negative and weakly positive cells
decreased.

It would be interesting to compare the BDNF
expression shifts we have found in the population of
pyramidal cells of hippocampus sector CA4 versus
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Puc. 4. BsaauMocCBsI3b NOCTPEaHUMAIMOHHBIX H3MeHeHuil ypoBHs akcnpeccud BDNF ¢ npoueccom rudeny HEipOHOB B NOMYJISIIAM

kietok Ilypkunbe (@) v mMpaMUAHBIX KJIeToK runmnokamna (b).

Fig. 4. The relationship of postresuscitative changes in the expression level of BDNF with the process of neuronal death in the po-
pulation of Purkinje cells («) and pyramidal cells of the hippocampus ().

Note. * — P,<0,05; ** — P,<0.01; # — P,<0,1 versus control.

IIpumeuanue. * — p,;<0,05; **— p,<0.01; # — p;<0,1 B cpaBHEHUN C KOHTPOJIEM.

HEHPOHAJIBLHON TOIYJISIUKA He BBbISBJIEHO JI0OCTOBEP-
HBIX C/[BUTOB 4ucJa HEHPoHOB ¢ pasiauyHoit BDNF-
MMMYHOPEAKTUBHOCTBHIO Ha BCEX MCCIETOBAHHBIX
aTanax IoCTpeaHUMaIlMOHHOro Iepuoja. [Ipu atom
rubesi HelipoHOB He poucXoauT (puc. 4, b).

M Hble m3MeHeHUst ObLITN BHISIBIEHBI HAMU PaHee
B TOMYJAINA MUPAMUIHBIX KJIeTOK cektopa CA4
TUIIIOKAMIIA Y CaMI[OB, MEPEHECHTUX OCTAHOBKY

shifts in expression of another neuroprotective fac-
tor — protein GRP78, which is increasingly expres-
sed in the postresuscitation period in the same ani-
mals [22]. Tt has been established, that in male rats,
the level of GRP78 expression decreased similarly
to what was demonstrated for BDNE In female
rats, GRP78 expression drastically increased while
the level of BDNF expression did not change. At
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cep/ita Tako xe amurenabHocTtu [18]. B aTom ciyyae
Pa3BUBAJMCH MOCTPEAHUMAIIMOHHBIE CIBUTH YPOBHS
srcrpeccun BDNF u mporiece rubeiii HEHPOHOB.
Tak, yxxe Ha 4-e CyTKU TIOCJIe PEaHUMAaIlUU TP CO-
XpaHeHun o01Ieit moTHocTy nomyasiuun ee BDNF-
MMMYHOPEAKTUBHOCTh CHUIKAJAch («Iepexoi»
YaCcTU CUJIBHOMO3UTUBHBIX KJIETOK B KATETOPHUIO CJia-
6omo3uTuBHBIX). [To3/1HEE — K 7-M CyTKaM 1oCTpea-
HUMAIMOHHOTO TIEPHO/Ia — PA3BUBAJICS TIPOIECC I'H-
Genv HEHPOHOB (CHUKeHHUE OOIIEl TIOTHOCTU T0-
nymsinun #Ha 38,5%). CylilecTBEHHO, YTO HAa 3TOM
aTtane yMeHblanoch yuciao Toabko BDNF-neraTus-
HBIX 1 C1a00TTO3UTUBHBIX KJIETOK.

Boigasaennbie Hamu caurn akcnpeccuun BDNF
B MOTLYJIATIY TMPAMUTHBIX KJIeTOK cekTopa CA4 ruti-
MOKAMIIa WHTEPECHO COIMOCTaBUTH CO CABUTAMM KC-
MIPECCUM JIPYTOTO HEHPONPOTEKTUBHOTO (hakTopa —
6enka GRP78, pasBuBaiOMUMICS B TOCTpeAHUMA-
IIMOHHOM TIEPHOJIE Y ATUX JKe JKUBOTHBIX [22]. YcTa-
HOBJIEHO, YTO Y CaMIIOB YpoBeHb akcripeccun GRP78
CHIIKAJICS, aHAJIOTUYHO TOMY, KaK 3TO TOKa3aHO JIJIs
BDNE ¥ camox — axcnipeccus GRP78 pesko Bozpac-
Taja, B TO BpeMs Kak ypoBeHb akcipeccun BDNF ne
usMeHsicst. [Ipu 9TOM, Kak OBLIO OTMEUYEHO BBIIIE, B
cekrope CA4 rummokamiia y caMoK He OOHApPYKEHO
rubesin HeiipoHoB. [IpuBeieHHbIE (DAKTDI TAIOT OCHO-
BaHUe 10J1araTh, YTO B JIAHHOM CJIy4ae OJHUM U3 (hak-
TOPOB 3allUThl HEUPOHOB OT THOETU MOKET OBITH aK-
tuBaims akciipeccun GRP78. B mosb3y atoro mpej-
TIOJIOKEHUS CBUJIETEILCTBYIOT U JIAHHBIE O B3aWMO-
nericteuu BDNF u GRP78, u, B uacTHOCTH, TP BbI-
3BaHHOM HIIeMHUEl cTpecce HHIOMIA3MATHIECKOTO
perukynayma [24—26].

Bo3MoKHOCTD 3a1lUThl HEMPOHOB PN aKTHUBA-
WU JKCIIPECCUU OJHOTO U3 HEHPONPOTEKTUBHBIX
(hakTOpPOB B OTCYTCTBHE W3MEHEHWU APYrux ObLia
MoKasaHa HaMu paHee. Tak, 0Ka3anioch, YTO yCujieHue
akcripeccun BDNF (ipumenenne MumeTnka Gakto-
pa pocra HepBoB 'K2) criocobGeTBOBaa mpeoTBpa-
[IEHUIO TIOCTPEAaHMMAIMOHHON THOEIn HelpOHOB,
XOTS [IPU 9TOM YPOBEHD JIPYTUX HEHPOIPOTEKTOPOB
— netiporpoduna NT4 u ocHoBHOTO (hakTOpa pocrta
FGFb — ne yBesmmuuaics [27].

PesysbraTbl Hacrosieil pabOThbl CBUETE b
CTBYIOT O HAJTMYUU TCHIEPHBIX PA3JINYMIA TOCTPEAHN-
MAIMOHHBIX CABUTOB ypoBHs akcnpeccun BDNF n
COTIPSIKEHHBIX C HUMU TIPOIIECCOB THOEN HEHPOHOB.
[TosioBBIE OTIMYMS B BBIPAKEHHOCTH W TONOrpachun
MOCTPEAHMMAIIMOHHBIX TOBPEKIEHUIT M0o3ra ObLIN
TakKe ToKka3anbl Hamu panee [1, 28—31, 22]. Cyme-
CTBEHHO, YTO CAMKHU B CPABHEHUH C CAMIIAMU XapaKTe-
PH30BAIICH OoJiee OBICTPHIM BOCCTAHOBJICHHEM HEB-
poJiornmyeckoro cratyca. Tak, mocse 12-MUHYTHOI
OCTaHOBKH CEP/IITA BOCCTAHOBJICHIE HEBPOJIOTUUECKO-
ro cTaTyca y caMoK ObLIo Oojiee OBICTPBIM, U K 5-M
CYTKaM TMOCTPEAHNMAI[MOHHOTO TIEPUO/Ia PeaTn30Ba-
Joch B 77,8% ciryuaes npotus 27,2% — y camiios [ 28].
[Ipu aTOM y CaMOK TOBPEKICHIS MO3Ta Pa3BUBAINCD

that, as noted above, death of neurons was not
found in sector CA4 of hippocampus in female
rats. The data provide an evidence that activation
of GRP78 expression may be one of the factors
protecting neurons from death. Data about inter-
relation of BDNF and GRP78, and, in particular,
during ischemia-caused stress of endoplasmatic re-
ticulum [24—26] evidence in favor of this hypot-
hesis.

The possibility of neurons protection during
activation of expression of one of neuroprotective
factors in the absence of changes in others was shown
by us earlier. Tt turned out that intensification of
BDNF expression (use of nerve growth factor mime-
tic GK-2) assisted prevention of postresuscitation
death of neurons, though the level of other neuropro-
tectors — neutrophin NT4 and basic growth factor
FGFb — did not increase [27].

The present results demonstrate the gender
difference in post-resuscitation shifts in the level of
BDNF expression and neuronal death. Gender diffe-
rences in the expression and topography of postre-
suscitation brain damages were also shown by us
earlier [1, 28—31, 22]. Significantly, compared to
male animals, female animals were characterized by
faster neurological status recovery. For instance,
after a 12-minute cardiac arrest, neurological status
recovery in female animals was faster and by day 5 of
the postresuscitation period it resolved in 77.8% of
cases versus 27.2% in male animals [28]. At that, in
female animals, brain damages developed later and
were less manifested that in male animals. Gender
differences in orientation behavior and anxiety exi-
sting before resuscitation and persistent during the
postresuscitation period were also detected [28].

Gender differences in ischemic brain damage
were also found in rats after occlusion of medial ce-
rebral artery. It turned out that in male rats and
sprayed female rats the sizes of brain infarction in
cortex and caudoputamen region were larger than
in intact female rats [32]. Higher sensitivity of male
brain to ischemia was shown using lines of rats with
diabetes and spontaneous hypertension as well as in
different ischemia models. The reasons for this phe-
nomenon stem from hormone-independent mecha-
nisms of ischemic cell damage and factors related to
gender [2]. Interestingly, gender peculiarities of
nervous cell death mechanisms were found on cul-
tures bare of sex hormones. For instance, cultured
dopaminergic neurons from 14-day female embryos
were tolerant to exposure by toxic concentration of
dopamine, and their surviving was doubled than in
males [33]. Male cells were more sensitive to gluta-
mate and peroxynitrite; however, the action of oxi-
dants, such as H,0,, did not depend on gender of
animals [34]. Data show that the brain of male and
female animals is not equally sensitive to ischemia.
At the same time, these differences manifest already
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MO3/iHEE U OBLIN BBIPAKEHBI MEHBIIIE, €M Y CAMIIOB.
BbIsgBiieHBI TakKe MOJIOBBIC PA3UuUs OPUEHTUPO-
BOYHO-MCCJIE/IOBATEJILCKOTO MTOBEJICHNUS U TPEBOKHO-
CTH, CYIIECTBYIOIIUE /0 PEAHUMAITMM W COXPAHSIO-
HIecs: B MOCTPeaHUMAIIMOHHOM Tiepuojie [28].
lenniepHble pazinyusg B WIIEMUYECKOM T10-
BPEKJCHUM MO3Ta BBISBJIEHBI TaKyKe TTOCJE OKKJITO-
31U cpefiHell MO3TOBON aprepun y Kpbic. OKa3anocs,
YTO y CaMIIOB U Y OBAPHOIKTOMHMPOBAHHBIX CAMOK
pasMepbl uHGAPKTa MO3Ta B KOpPe U KayJoITyTaMeHe
ObwTi GOJIbIIE, YeM Yy MHTAKTHBIX caMok |32]. BoJee
BBICOKAs YyBCTBUTEJIBbHOCTH MO3Ta CAMIIOB K UIITEMUN
MOKa3aHa Ha JINHUSIX KPBIC ¢ THabeTOM U CIIOHTAHHOI
TUINEPTEH3MEH, a TAK)Ke HA PA3HBIX MOJIEJISAX UIIEMUN.
ITpuuusbl 9TOTO (heHOMEHA OOCYKAATCS KaK C
TOYKM 3PEHUS TOPMOHOHE3AaBUCUMBIX MEXAaHU3MOB
UIIEMUYECKOTO TIOBPEKACHUS KJICTOK, TaK U C YIeTOM
(hbaxTOpOB, CBA3AHHBIX C TTOJIOBOI TPUHAIJICKHOCTHIO
opranusma |[2]. VIHTepecHo, 4To TeHAepHbIE 0COOEH-
HOCTU MEXaHU3MOB IO HEPBHBIX KJIETOK BBISIBJIE-
HBI Ha KyJIbTYpax, JIMIICHHBIX TOJOBBIX TOPMOHOB.
Tak, KyJbTUBHPYEMbIE TohaMIUHEPTHIYECKUE Heipo-
HbI OT 14-1HEBHBIX SMOPUOHOB KEHCKOTO 110J1a ObLIK
TOJIEPAHTHBI K 9KCIMO3UITUN TOKCUYECKON KOHIIEHTPA-
ur oaMUHa, U UX BBIKUBAEMOCTh ObLIa BJBOE
Gourbiiie, ueM MyKCKUX [33]. MyskcKue KIeTKu ObLIn
6oJiee UyBCTBUTEJILHBI K TJIyTaMaTy U TEPOKCUHUT-
PUTY, OJTHAKO BO3JICHCTBUE OKCUAHTOB, TAKMX KaK
H,0, ne 3aBucesno ot mnoma [34]. Ilpusemenubie
(baxTpl CBUIETENBCTBYIOT O TOM, YTO MO3T CAMIIOB U
CaMOK HEOZIMHAKOBO UYBCTBUTEJIEH K UIIeMUU. B To
JKe BpeMs, 9T PA3JInuus MPOSIBJALIOTCS Y:Ke B paH-
HEM OHTOTEHE3e, T.e. €lle /IO TPOSBJICHUS BIUSHUS
MOJIOBBIX TOPMOHOB. Kpome ToT0, reHiepHble pasJim-
YU UIIEMUYECKOTO TOBPEXKACHUS BBIABISAIOTCS HE
TOJIBKO B 00JIACTSIX MO3Ta, CBSI3AHHBIX C PEIPOLYK-
TUBHOU (DYHKIMEl, HO U B APYTUX ero otraesnax [35].
CJie1oBaTeJIbHO, TOJIOBOI TUMOP(U3M UIIIEMUYECKO-
T'O TIOBPEIK/IEHUST MO3Ta 0OYCJIOBJIEH HE TOJILKO TIOJI0-
BBIMM TOPMOHAMU, HO CBSI3aH TaKyKe C Pa3IMIUAMU
MOJIEKYJIIPHBIX MEXaHU3MOB TIOBPEKICHUS KJIETOK.
Tak, usBecTHo, 4yT0 NO-CHMHTa3a WUrpaeT BaKHYIO
pOJIb B MHUIMAIIMY UIIEMUYECKON THOETU KIIETOK.
OjHaKo, OTCYTCTBUE €€ aKTUBHOCTU Y HOKAyTHBIX
CaMOK WM TIpH (hapMaKOJIOTUIECKOM TO[aBJICHUN
MIPUBOJNUT K TAPaZIOKCATBHOMY YBEJUYEHUIO pazMme-
poB MHMAPKTA T0C/e OKKJIIO3UN CPeTHEl MO3rOBOM
aprepun [36]. TlokazaHbl Takke TEHIEPHbIC PA3JIM-
qust peakiuu Ha akrusaiuio dpepmenta monu( A/l D-
pubosa) mosmepassl (PARP). V camiioB mociie k-
CaTOTOKCUYECKOTO WJIU WIIeMHUYeCKOTO BO3Jei-
ctBuss PARP rumnepaktuBupyeTcsd U yCUIUBACT TH-
6eb kietok. OHAKO Y CAMOK OTCYTCTBHE aKTHBHO-
CTH 9TOTO (hepMeHTa (HOKAYTHBIC CAMKH WJTH TTO/IaB-
sgenrie PARP) npuBoIUT K 3HAYMMOMY YBEJTMUCHUIO
UNIEMUYECKOTO TOBPEKICHUS MO3Ta MMOCJe OKKJITO-
3UN cpe/iHell MO3TOBO apTepuy B OTJINYME OT Iiepe-
HECIIUX aHAJIOTUYHOE BO3/leiicTBUe caMIloB [36].

during early ontogenesis, i.e. before the effects of
sex hormones appears. Besides, gender differences
in sensitivity to ischemic brain damage were found
not only in brain regions contributed to the repro-
ductive function, but in other regions as well [35].
Hence, sexual dimorphism of ischemic brain dama-
ge is determined not only by sex hormones, but is
also related to differences in the molecular mecha-
nisms of cell damage. For instance, NO-synthase is
known to play an important role in the initiation of
ischemic cell death. However, absence of its activity
in knockout female animals or in case of pharmaco-
logical suppression leads to paradoxical increase of
the size of infarction after occlusion of median ce-
rebral artery [36]. Gender differences of response to
activation of enzyme poly(ADP-Ribose) Polymera-
se (PARP) were also shown. In male animals after
excitotoxic or ischemic effect, PARP becomes hype-
ractivated and intensifies death of cells. However,
in female animals, absence of the enzyme's activity
(knockout female animals or suppressed PARP) re-
sults in a considerable increase of the ischemic
brain damage after occlusion of medial cerebral ar-
tery in contrast to male animals exposed to the
same effect [36].

Apoptosis development differences may also
be one of hormone-independent mechanisms of
gender peculiarities of ischemic cell damage. Tt was
shown [8], that during the early postnatal period,
in neurons of median preoptic nuclei (MPNc) and
anteroventral periventricular nuclei (AVPV) of
hypothalamus, the level of Bcl-2 and Bad in female
animals is smaller than in male animals whereas the
level of Bax is larger. Gender differences were also
identified in the number of caspase-3-positive cells:
in AVPV, their quantity was smaller in female ani-
mals than in male animals whereas in MPNc it was
greater.

Existence of gender peculiarities in specific
mechanisms of ischemic brain damage demonstrate
that the effectiveness of neuroprotective therapy
may differ in animals of different sex, too. Indeed,
during subarachnoid hemorrhage, application of an-
tioxidant tirilazad (nom-hormone 21-amino ste-
roid) was more effective in males that in females
[37]. Similarly thereto, post-trauma hypothermia
reduced brain damage and subsequent dropout of
neurons in males, but not in females [38]. It was
also established [39], that brain damage caused by
neonatal hypoxia was less manifested in females.
However, use of selective inhibitor of necroptosis
(drug Neurostatin-1) prevented development of da-
mages in males only. Earlier, we have also establis-
hed gender differences in efficacy of experimental
therapy after cardiac arrest of equal duration in
rats. Treatment with hormonal drug Gynodian
Depot (estradiol with dehydroepiandrosterone)
prevented death of neuronal cells only in male ani-
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9KCHCPI/1MCHT9.AI)HBI€ MCCACAOBAHM

OnHUM U3 TOPMOHAJIBLHO HE3aBUCUMBIX MeXa-
HU3MOB TEHJIEPHBIX OCOOEHHOCTEI WIIEMITYECKOTO
MOBPEK/IEHUS KJIETOK MOTYT OBITh TaK)Ke OTJIUUHUS B
pasBUTHM aronTo3a. Tak, mokasaHo [8], uTo B paH-
HEM TIOCTHATAJIBHOM TIepro/ie B HEHPOHAX MeIUaTh-
Horo mnpeontuiyeckoro (MPNc) u anTepoBeHTpash-
HOTO TiepuBeHTpUKYIsipHOTO (AVPV) snmep rumota-
Jamyca yposerb Bel-2 u Bad y camok meHbIie, uem y
caMIlOB, a ypoBeHb Bax- Gosbiie. IToJioBbie pasim-
YU BBISABJICHBI TAKJKE U B YHCJIE Kacma3a-3-TI03UTHB-
HBIX KJIEeTOK: B AVPV 1xX y caMOK OBLIIO MEHBIIIE, YeM
y camii0B, a B MPNc¢ — Goublie.

Hasmuue renziepabix ocobenHocTel B crienudu-
YeCKUX MeXaHW3MaX HMIEMUYECKOTO IOBPEKICHUS
MO3Ta CBUIETETBCTBYET O TOM, YTO Y JKUBOTHBIX PA3HO-
TO TI0JIa MOKET Pa3inyaThes v aphHeKTUBHOCTD HENPO-
NPOTEKTUBHOM Teparuu. [leficTBuTesbHO, mpu cy6-
APaXHOU/IATIbHOM KPOBOMBJIUSHUY TIPUMEHEHUE aHTH-
OKCHJIAHTA TUpHUJIa3aga (HeropMOHAIBHBIN 21-amMrHO-
crepoujt) 66110 Gostee APPEKTUBHBIM Y MY/KUNH, YEM Y
SKeHIUH [37]. AHAJIOTMYHO 3TOMY, MOCTTpaBMATHye-
CKasl TUTIOTEPMUS YMEHbIA/Ia TIOBPEKICHUE MO3Ta U
MocJIeTytolnee BbITTaJieHIe HEHPOHOB Y CaMIIOB, HO HE Yy
camok [38]. YcranosrieHo Taxke [39], 4T0 BBIZBAHHOE
HEeOHATa/IbHOM I'MIIOKCHEH TTOBPeKIeHe MO3ra ObLIO
MeHee BhIpaKeHHBIM y caMok. OnHaKo, pruMeHeHue
CEJIEKTUBHOTO WHIHOWTOPa HEKporTo3a (Ipemapar
HelipocTaTuH- 1) mpeynpekIano pa3BuTHe MOBPEKIe-
HUIT TOJIbKO Y caMmioB. PaHee HamMu Takyke ObLIN BbI-
SBJIEHBI TIOJIOBBIE Pa3imuus B a(DPEKTUBHOCTH Tepa-
ITUH TT0CJIE OCTAHOBKY CEPJIIIA OZIMHAKOBOM JTUTETHHO-
ctu. Tak, mprMeHeHne TopMOHAIbHOTO IIpenapaTa «I'm-
HozieaH Jlenoy (3CTpamuon ¢ AeTUIPOSITUAHPOCTEPO-
HOM) MTPEIOTBPAIIAJIO TUOEb HEPBHBIX KJIETOK TOJIBKO
y caMI10B 1 He B0 Ha caMok [30]. [TonoBbie pazsu-
yust ObLI OOHAPYSKEHBI U B 9(D(HEKTUBHOCTU UCIIONb-
30BaHUS Y PEAHUMHUPOBAHHBIX JKUBOTHBIX UMMYHOMO-
nyJsTopa nanasupa [31].

[IpuBenennbie (hakTbl CBUAETENBCTBYIOT O TIO-
JIOBBIX PA3JIMUYMAX HE TOJIBKO B MEXaHU3MAX MTOBPEXK-
JICHUS MO3ra, HO Takyke W ero 3amuThl. Panee Hamu
BBISIBJICHBI T€HJIEPHBIE OCOOEHHOCTH B PEAIH3AIUN
HEMPONPOTEKTUBHBIX CBOWCTB Psi/la 3HOTEHHBIX
HelpoTpoduueckux HakTOPOB — IIINATBHOTO HEMpPo-
tpoduueckoro axropa GDNF [20,21], roroko3ope-
ryaupyemoro Oeska GRP78 [22], a Takke 6enKoB
terioBoro moka cemeiictBa HSP70 [40]. Pesysibra-
TBI HACTOSIIEN PAaOOTDI CBUIETEIBCTBYIOT O HAJIMIUT
MOJIOBBIX OCOOEHHOCTEH TTOCTUIIIEMUIECKON 9K CITpec-
cun BDNEF. Tenznepubie pasziuyus sKclpeccuu
BDNF u ux MexaHu3mbl MPUBIEKAIOT B TOCJEIHEE
BpeMst GoJibiioe BHuManue. Tak, HeJaBHO ObLIN BbI-
SBJICHBI PA3JINUUA MEKITY MYKUYMHAMU U JKEHIIUHA-
MU Jla’ke B IIUPKAAHbIX putMax ypoBHs BDNF [41].
YCTaHOBIIEHBI TaKKe IOJIOBbIE OCOOEHHOCTH 3KC-
npeccur BDNF wu ero pertenitopa TrkB B Me/mainb-
HOM MPEONTUYECKOM SIIPE THITOTAIaMyca — 00JIacTh
MO3Ta, XapaKTePU3YIONIEHCs Y XOMSIKOB ITOJIOBBIM JIH-

mals and had no effect in female animals [30]. Gen-
der differences were also discovered in the effecti-
veness of using immunomodulator Panavir in resus-
citated animals [31].

The stated facts evidence gender differences
not only in the brain damage mechanisms, but in
the mechanisms of its protection, too. Earlier, we
have found gender peculiarities in neuroprotection
by a number of endogenous neurotrophic factors —
Glial Cells Derived Neutrophic Factor (GDNF)
[20, 21], Glucose Regulated Protein GRP78 [22],
and heat-shock proteins of HSP70 family [40]. The
present results display the existence of gender diffe-
rences at the level of the post-ischemic expression
of BDNF. Gender differences of BDNF expression
and their mechanisms had attracted much attention
lately. Recently, differences between men and
women were found even in circadian rhythms of
BDNF level [41]. Gender differences were also
shown in the expression of BDNF and its receptor
TrkB in median preoptic nucleus of hypothalamus
— the brain region characterized in hamsters by se-
xual dimorphism and control of sexual behavior in
male animals [42]. Tt was shown that in male rats
brain tissue, BDNF expression was higher than in
female rats. Gender differences in the BDNF gene
expression and its regulation by estrogen in diffe-
rent sectors of hippocampus in newborn rats were
established [43]. It turned out that in sector CA1 of
hippocampus and dentate gyrus, the level of BDNF
expression in male animals was higher than in fema-
le animals. Exogenous administration of estradiol
resulted in opposite shifts of BDNF expression in
these sectors: in CA1, increase was observed, and in
dentate gyrus — decrease.

The above factors show an existence of gen-
der differences in BDNF expression both in norm
and under different influences. Sex hormones are
important for the regulation of BDNF expression
in brain. Effect of androgens on the structural and
functional condition of hippocampus was discove-
red. Tt was shown that following castration by
orchiectomy, the absence of androgens in male ani-
mals is compensated by BDNF modulation of
mossy fibers, whereas testosterone annuls this ef-
fect [44]. Regulation of BDNF expression by
estrogens and estradiol interaction with BDNF
and its receptors are intensively discussed [45,
46]. Tt is pointed out that hormonal disorders du-
ring the fetus development period might lead to
abnormal shifts of BDNF expression. Interesting-
ly, the brain regions studied by us in this paper —
cerebellum and hippocampus — are among most
influenced by estrogens during development [47,
48]. The issue of gender peculiarities of BDNF ex-
pression becomes especially because of the role of
the BDNF in neurological and mental illnesses
[49, 50]. Sex hormones were shown to modulate
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MOP(hU3MOM U KOHTPOJUPYIOIIEM Y CAMIIOB TIOJIOBOE
nosezieaue [42]. [TokazaHo, 4TO B TKAaHW MO3Ta y CaM-
1108 akcrpeccust BDNF Bbiinie, uem y camok. BoisiBiie-
HBI I'eH/lepHble passinyus akcrpeccuu rena BDNF n
ee PeTyJIAINK 3CTPOTEHOM B PA3HbBIX OT/EJaX TUIIIIO-
KaMIla Y HOBOPOXKIEHHBIX KpbIc [43]. Oxazanoch, uTo
B cektope CA1l runmokamiia u B 3y6uaroil dacuuun
ypoBetb akcipeccun BDNF y caMIiioB ObLT BbIllie,
YeM y CaMOK. DK30T€HHOE BBEJICHUE ACTPAINOJIA TTPH-
BOJIMJIO K TIPOTUBOIIOJIOKHBIM C/IBUTAM 3KCIIPECCUU
BDNF B atux o6sacrsax: 8 CA1 Habionanoch yse-
JIMYeHue, a B 3y6uatoil (haciuu — CHUKeHHe.

[IpuBenennbie (hakTbl CBUACTEIBCTBYIOT O Ha-
JINYUU TOJIOBBIX pasyinyuii B akcripeccun BDNF kak
B HOPMe, Tak M IPU Pa3JnyHbIX BozjeiicTBusax. Ilo-
JIOBBIE TOPMOHBI UMEIOT OGOJBINOE 3HAYEHKE B PEry-
sanmu axcripeccunt BDNF B mo3sre. BoisiBieno Bins-
HUE aHJPOTEHOB Ha CTPYKTYPHO-(YHKIIMOHAIbHOE
cocrogHue rurnmnokamia. [lokasano, 4To mpu opxu-
JIDKTOMUM OTCYTCTBUE AaHJPOTEHOB Y CAMIIOB KOM-
neHcupyercs monyssanueir BDNF B cucreme moxo-
BU/IHBIX BOJIOKOH, TIPUYEM TECTOCTEPOH OTMEHSET
aT0T 3hdekT [44]. AKTUBHO OOCYKIAIOTCS BOTIPOCHI
o perysaiun akcrpeccun BDNFEF actporenamu, a
Takke B3amMozelicTBue actpaaunosna ¢ BDNF u ero
pettentopamu |45, 46]. Ilpu saTom momuepkuBaercs,
YTO FOPMOHAJIbHBIEC HAPYIIEHUS B TICPUOJ PA3BUTHUSA
IJI0/Ia MOTYT TIPUBOAMTH K AHOMAJbHBIM CI[BUTAM
akcnpeccun BDNFE MHuTepecHo, uTo nccseoBaHHbIe
HaM¥ B HacTosIeil pabore 006acT Mo3ra — MO3JKe-
YOK U TUIIOKAMII — OJ[HU U3 HauboJiee TTO/[BEPIKEH-
HBIX BJIMSHUIO 3CTPOTEHOB BO BpeMd pa3BUTHSA [47,
48]. Ocoboe 3HAUEHIIE BOTIPOC O MOJOBBIX OCOOEHHO-
crsix akcrpeccun BDNF npuobperaer B CBsI3U ¢ UC-
CJIe/IOBAaHNEM HEBPOJIOTUYECKUX U MICUXMUCCKUX 3a-
6osieBanuii [49, 50]. ITokasaHo, B 4aCTHOCTH, YTO 110-
JIOBbIe TOPMOHBI MOALy/Inpy1oT ypoBeHb BDNE, B ToM
gucsie u 1npu crpecce [45]. [Ipu aTom mposiBisioTes
KaK TeH/EePHBIE, TaK W CBA3aHHbBIC CO CHENM(pUKO
HeWPOHAJBHBIX TIOTYIAui ocobeHHoCTH. Tak, y uH-
TakTHBIX caMOoK ypoBeHb BDNF B mosie CA3 rurrio-
Kamita OblI OOJIbIIlE, YeM y CaMIOB, a B 3y04aToit
(bactium — menpire. Ctpecc MPUBOAMI K CHUKEHUIO
ypoBasi BDNF B CA3 y :KuBOTHBIX 000€r0 10J1a, a
MIPUMEHEHUE 3CTPOTeHA U TIPOTECTEPOHA TTOBBIIIAJIO
yposeb BDNF y nepenecmimx crpecc ;KUBOTHBIX.

B nenom mosiydeHHble HAMU B HACTOSIIEN pa-
60Te JlaHHbIE CBUJIETEIBCTBYIOT O HAJIMYUH [TOJIOBO-
ro aumopdusmMa He TOJBKO B HMIIEMUYECKOM I10-
BPEKJIEHUU MO3Ta, HO M B PEAJN3aluu HEHPOIpo-
TEKTUBHBIX MEXaHU3MOB €TI0 3aIUTHl. BbISBJIEHBI
reHjiepHble 0COOEHHOCTH MOCTPEAHMMAITMOHHBIX
casuroB akcnpeccun BDNF u conpsikeHHBIX ¢
HUMU IIpolieccoB rubesu Heiiponos. VccienoBanue
MOJIOBBIX OCOOEHHOCTEN OpTraHu3Ma JaeT BO3MOK-
HOCTH 0O0Jiee MOJHOTO TMOHUMAaHUS OOIIUX 3aKOHO-
MEPHOCTEI  TTOCTUNIEMUYECKOTO MOBPEKICHUSA
Mo3zra [2]. [leficTBUTeIbHO, MTOKa3aHO, YTO Y JKUBOT-

the BDNF level during stress [45]. In intact fema-
le animals, BDNF expression in sector CA3 of hip-
pocampus enhanced more compared to male ani-
mals and it was smaller in dentate gyrus. Stress led
to decreased BDNF level in CA3 in animals of
both genders, while application of estrogen and
progesterone increased BDNF expression in ani-
mals that had suffered stress.

Overall, the data obtained in our study de-
monstrate the existence of sexual dimorphism not
only in ischemic brain damage, but also at the level
of neuroprotective mechanisms. Gender peculiari-
ties of post-resuscitation shifts of BDNF expres-
sion and neuronal death processes associated the-
rewith were found. The investigation of gender pe-
culiarities at a neuronal level allows better under-
standing of general regulates of post-ischemic
brain damage [2]. Indeed, it has been shown that in
animals of both gender, in neuronal populations,
highly sensitive to hypoxia only BDNF non-ex-
pressing and BDNF weakly expressing cells suffer
to death. These data support our previous hypot-
hesis on significance of the level of BDNF expres-
sion for assuring neuronal stability during the po-
stresuscitation period.

Conclusion

Gender peculiarities of the development of
post-resuscitation shifts in the level of BDNF ex-
pression and neuronal death processes associated
therewith have been established. It has been shown
that after a cardiac arrest of equal duration, the post-
resuscitation shifts in the level of BDNF expression
and neuronal death processes are less manifested in
female animals than in male animals. At the same
time, both males and females demonstrate common
regularities of post-resuscitation brain changes indi-
cating a link between the level of BDNF expression
in neurons and neuronal resistance to ischemia-re-
perfusion. The gender-related patterns of neuropro-
tection might be significant for searching the mecha-
nisms of post-hypoxia encephalopathy and develo-
ping approaches to prevent and correct this frequent
consequence of critical illness.

The authors are grateful to T. N. Vassilieva
for the experiments of resuscitation of animals.
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Hemmueiinble JIoKaabHbIe 1edopMaiun MEMOPaH 3PUTPOIMTOB:
HOpMaJjbHble 3puTpouutsl (Yacts 1)
A. M. Yepnpim'?, E. K. Kosznosa'?, B. B. Mopos', B. A. Ceprynosa',
O. E. I'yaxosa', A. I1. Koznos? E. A. Manuenko!
! HUU o6meit peanmarosiorin uMm. B. A. Herosckoro @HKIL peannmaToiorny u peabuaIuToIorum,
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? [lepBoiit MockoBckmit rocyapcTBeHHbli MeauimHckuii yausepeutet uM. M. M. CeuenoBa Munznapasa Poccu,
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Nonlinear Local Deformations of Erythrocyte Membranes:
Normal Erythrocytes (Part 1)
Alexander M. Chernysh'?, Elena K. Kozlova'?, Viktor V. Moroz'!, Viktoria A. Sergunova',
Olga E. Gudkova!, Alexander P. Kozlov?, Ekaterina A. Manchenko!
''V. A Negovsky Research Institute of General Reanimatology,
Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
25 Petrovka Str., Build. 2, Moscow 107031, Russia
2 1. M. Setchenov First Moscow State Medical University, Ministry of Health of Russia,
8, Trubetskaya Str., Build. 2, Moscow 119991, Russia

V3yueHune MexaHUYECKUX CBOICTB MeMOPaH 9pUTPOILIMTOB — OCTPast pobJeMa B IPAKTHIECKOIT peaHuMaToJI0-
Uy 1 peabUInTONOIUH, TAK KAK CIIOCOOHOCTD 3PUTPOIUTOB Ae(OPMUPOBATHCS ONPEAE/ISET BO3MOKHOCTD UX MPO-
XOJK/ICHUSI YePEe3 KAMUIUISIPHYO CETh U PEOJIOTHIO KPOBU B IIEJIOM.

Iess paGoThI: HCcieOBaHNE TIPOLlecca HeJIMHENHOM AedopManiuu MeMOPaH HOPMAJIbHBIX SPUTPOIIUTOB.

Marepuaisl 1 MeTopl. MeTOIOM aTOMHO-CHJIOBOIl CIIEKTPOCKOIIUN KCCJIENA0BAIN JIOKATbHYIO KECTKOCTD
MeMOpaH 3pUTPOIMTOB: [UCKOIUTOB — HA TOPE M HA BIIA/JUHE, MIJIAHOIIUTOB — Ha MOBEPXHOCTH KJIETKL.

Pesyabrarsl. [Iporece nesuteiinoi gedpopmaru onmcbisanu Gyskimsyu h(z), Ah/Az (h) u p(h). dror Habop
(bYHKIIUIT [IOJTHO OIUCHIBAET MPOLIECC UIEHTAIIMH (TIOTPY/KeHNsT ) 30H1a B MeMOpatbl. [Tokasasiu, 4To 1oIarosblie 3aBu-
cumocTu KoauimeHTa JKeCTKOCTH YUacTKOB MeMOPaH CYIIECTBEHHO PA3JIMUAOTCS U 3aBUCST OT €€ COCTOSTHUSL.

3axmouenue. [TpeyioKeH b TOAX0 MOKET ObITh UCIIOJIB30BAH [IPU [TPOBEAEHUN (DYHIAMEHTAIBHBIX U KJIH-
HIYECKUX VCCJIEJ0BAHNUIT CBOWCTB KJIETOK KPOBU B HOPME U MPU Pa3JIMUHbIX 3a00eBanusix. Ocoberno acddexTus-
HBIM METO/] PETUCTPAINH HEJTMHENHBIX leopMaIinil MOKeT ObITh B TPAKTUKE PEAHUMATOIOTHH U PEAOUITUTOIOTHIL.

Kmouesvie cnosa: membpanvt spumpoyumos; neaunetinas 0e(opmayus; amomHo-cui08as cneKmpocKonusl; Kune-
MUKA NOZPYINCEHUS 30HOA

Investigation of mechanical properties of erythrocyte membranes is a pressing issue in practical reanimatology
and rehabilitation, because erythrocyte's ability to deform determines the possibility of their passage through ca-
pillary network and blood rheology in general.

The purpose of the work: to study the process of nonlinear deformation of membranes of normal erythrocytes
by the method of atomic force spectroscopy.

Materials and Methods. The local stiffness of erythrocyte membranes was studied: that of diskocytes — on the
torus and on the depression, that of planocytes — on the cell surface. Atomic force spectroscopy was used for cell
membrane study.

Results. The nonlinear deformation process was described by functions h(z), Ah/Az (h), and p(h). This set of func-
tions describes in full the process of probe incorporation (submergence) into membranes. It has been shown that step-
wise dependencies of the stiffness coefficient of membrane segments differ significantly and depend on its condition.

Conclusion. The suggested approach may be used in fundamental and clinical studies of blood cells' properties
in the norm and different diseases. The method of recording nonlinear deformations may be especially efficient in
the reanimatology and rehabilitation practice.

Keywords: nonlinear deformation; erythrocyte membranes; atomic force spectroscopy; probe submergence ki-
netics
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BBenenne

M3yueHre MeXaHUYECKUX CBOWCTB MeMOpaH
SPUTPOIUTOB — OJIHA U3 KJIOUYEBBIX MPOOJIEM HOP-
MaJbHOW M TATOJOTMYECKON (DU3NOTOTHM KPOBH.
Croco6HOCTh  3PUTPONUTOB  J1e(HOPMUPOBATHCSI
oTIpefieIieT BO3MOKHOCTh MX TPOXOKICHUS depes
KaIMJJIAIPHYIO CEThb U PEOJIOTHIO KPOBU B 11esioM [1].
OcobGeHHO 0CTPO CTOUT 3Ta TPobJeMa B TIPaKTHIE-
CKOl PeaHUMATOJIOTHH ¥ PeabuJnuTOJOTHH. ITO
OTIpE/IENIAETCS TEM, YTO MPU KPUTUUYECKUX COCTOS-
HUSIX, TIPU KPOBOIIOTEPSIX, IPU COUYETAHHBIX TPABMAX
cOOCTBEHHbBIE MapaMeTpbl MeMOPaH 3PUTPOIUTOB
MEHSIOTCS B MIMPOKUX Tipenenax [2, 3].

Aromuo-cuiioBasg cnekrpockonus (ACC) —
VHUKAJIbHBII METOJ WCCJEJOBAHUS MeXaHUIECKUX
cBOlcTB Ouosormyeckux MemOpan. OH MO3BOJIsIET
HOJIy4aTh U300paKeHUsT HAHOTIOBEPXHOCTH MeMOPaH
U, TPAKTUYECKH OJHOBPEMEHHO, HCCJIEI0BATH ee
CII0COOHOCTH IePOPMUPOBATHCST (TIPOTUOATHCST) TIO]
neiictBuem wHiaentopa [4, 5]. Tax usmepsior ke-
CTKOCTh CTEHOK COCYZIOB, (DPATMEHTOB MbIIIEUHBIX
cTpyKTYp, (hubpodiactos [6], KIETOK snuTegUs U
aHzoTesnd [7, 8], XpOMOCOM, JIUTIOCOM, IPOKIKeit [9]
GakrepuasnbHbIX K1eToK [10—12], kKapauomMuonuToB
[13], Tkaneii mo3ra [14] u psg ApyTUX.

[To croBbIM KPUBBIM, U3MEPEHHBIM B IOBEPX-
HOCTHOM CJIO€, PACCUUTHIBAeTCsI MOyJib FOHTa, KOTO-
PbIil IpUTHCHIBaeTCst BceMy 00beMmy Marepuaia [15].

KoMIoHeHTBI MeMOPaHbI 3PUTPOIIUTOB UMEIOT
cOOCTBEHHDBIE MEXaHMYECKUE CBOMCTBA. MATKUIA,
MIPAaKTUYECKU TIPO3PAYHBIN /I 30HAA, JIMIUIHBIN
OUCIIOI, JKECTKUIT CTIEKTPUHOBBIN MATPUKC — ITUTOC-
KeJIeT, IPOTEMHOBbIE Y3JIbl CBsidell — Oesiku band 4.1,
band 3, ankupuna, aktuHa u psiga Apyrux. B cuiy
MHOTOUUCJIEHHBIX U [OCTATOYHO IPOUYHBIX CBsI3eil
MeskLy PoChOTUIUAHBIM GUCTOEM U CIIEKTPUHOBBIM
MATPUKCOM TIPH JEUCTBUY HA KJIETKY WHIEHTOPA 3TH
CTPYKTYPBI BeZyT cebst KaK eirHast HEOTHOPOIHAsT (B
CMbICJIE YIIPYTO-3JACTUYHBIX CBOICTB) KOMIIO3UT-
HAst KOHCTPYKIUS KJIETKH.

ITesb paboThI — UCCIIEMOBAHUE TIPOIECCA HETTU-
HelHO sehopMalini MeMOpaH HOPMAJIbHBIX SPUT-
POILIUTOB.

Marepuan u MeTObI

Meron uamepeHus u 00beKT. VzMepeHust JJOKaIbHON
JKECTKOCTH MeMOPaHbl 3PUTPOLIUTOB MIPOBOMIIE METOIOM
ATOMHO-CHJIOBOH criekTpockonuu [16]. Vcnoab3oBasmmn
aToMHbIi cunoBoit Mukpockon (ACM) «Integra Prima
NT-MDT» (Poccust). Kantusnesepst SD-R150-NCL (Na-
nosencor, Switzeland), pagnyc R 3omma 150 uM, BbicoTa
3oHMa 15 MKM, KOO(DODUIMEHT YIPYTOCTH KaHTHUJIEBEpa
K=36 H/wm, pezonancuast yacrora 190 I

Jliist osyueHust u300paskeHuil IPOBOAUIIN CKAHIPO-
BaHUE 3PUTPOIUTOB B PE30HAHCHOM peskume B 1osie ACM
100X100 MKM, BBIOMpATM KJIETKY sl MCCJAEOBAHMS
(rpynmy kJyeTok), ckauupoBaiu B mose 10X10 mxm. 3atem
B PE’KUMe aTOMHO-CUJIOBOI CIIEKTPOCKOIINN YCTAHABIIIBA-

Introduction

Clarifying the mechanical properties of eryt-
hrocyte membranes is a key problem of normal and
pathological physiology of blood. Erythrocytes' abi-
lity to deform determines the possibility of their pas-
sing through capillary network and blood rheology
in general [1]. This issue is particularly relevant in
practical reanimatology and rehabilitation, because
in critical conditions, blood losses, concomitant inj-
uries, the parameters of erythrocyte membranes vary
in a wide range [2, 3].

Atomic-force spectroscopy (APS) is a unique
method of investigating the mechanical properties of
biological membranes. It allows acquiring images of
membrane nano-surfaces and studies of its ability to
deform (yield) under the indenter's action [4, 5]. In
this way, stiffness of vascular walls, fragments of
muscular structures, fibroblasts [6], epithelial and
endothelial cells [7, 8], chromosomes, liposomes,
yeast [9] bacterial cells [10—12] kapauomuonuToB
[13] brain tissie and some others [14] are measured.

Based on the force curves measured in the sur-
face layer, Young's modulus is calculated, which is at-
tributed to the whole volume of material [15].

Erythrocyte membrane components have their
own mechanical properties: soft, almost transparent
for the probe, lipid bilayer, stiff spectrin matrix — cy-
toskeleton, protein links nodes — proteins band 4.1,
band 3, ankyrin, actin, and otherones. By virtue of
multiple and sufficiently strong links between
phospholipid bilayer and spectrin matrix, under in-
denter's action on a cell, the behavior of those struc-
tures constitutes a single heterogeneous (in terms of
viscoelastic properties) composite cellular structure.

Purpose of the work: to study the process of
nonlinear deformation of membranes of normal eryt-
hrocytes by the method of atomic force spectroscopy.

Materials and Methods

Method of Measurement and Object. Measurements
of the local stiffness of erythrocyte membrane were perfor-
med with the aid of atomic-force spectroscopy [16]. Ato-
mic-force microscope (AFM) 'Integra Prima NT-MDT'
(Russia) was used. Cantilevers SD-R150-NCL (Nanosen-
cor, Switzeland), probe radius R is 150 nm, probe height is
15 pm, cantilever elasticity coefficient K=36 N/m, reso-
nant frequency = 190 kHz.

To receive images, erythrocytes were scanned in a
resonance mode in AFM 100x100 pum field, a cell (or
group of cells) were selected for analysis and scanned in
the field of 10x10 um. Thereafter, in an atomic-force
spectroscopy mode, a marker was placed on the cell
membrane imagin surface and the region was exposed to
an indenter (probe) acting with the force F. Force curves
were obtained [17].

Local stiffness of membranes was measured in for-
med monolayers of erythrocytes mounted on a slide. Mo-
nolayers of cells were produced with the aid of special
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JIM MapKep Ha u300pakeHUH MeMOPaHbl KJICTKH U jieii-
CTBOBAJIM Ha ATY 00JaCTh WHAECHTOPOM (30HIOM) C CHJIOH
F. Mosryuanu cunossie kpusbie [17].

JIoKaIbHYI0 JKeCTKOCTh MeMOpaH naMepsiim B chop-
MHUPOBAHHBIX MOHOCJOSIX IPUTPOIUTOB HA TIPEIMETHOM
crekJie. MOHOCION KJIETOK TIOJTy4YaJId C IIOMOIIIBIO CITeIra-
sgusuposanHoro ycrpoiicta «V-Sample VISION» (As-
crpust). Vsmepennst mpoBoaniu mipu Temreparype 18°C
cpasy nocJse GopMUPOBAHUS MOHOCIOS. VI3Mepenus, Ipo-
BEJICHHBIE B 3TUX YCJOBUAX, JIABATHM BOCIPOU3BOIUMbBIC
pe3yJIbTaThl.

3ab0op KPOBU OCYIIECTBIISIIA Y 3[0POBBIX MAIUEHTOB
Ha J0OPOBOJIBHOI OCHOBE MpH TPOMGUIAKTUIECKUX
0CMOTpax, M BCe JIATbHEHIINe FCCIeI0BAHIS TIPOBOIIIN
in vitro. B uccieoBaHrK MCIOJIB30BAIN KPOBb 6 TOHOPOB
MyKCKOTO Hoza oT 23 10 34 jet. Bee uccienoBanus npo-
BOJMJIU C y4eTOM TpeboBaHuil XeJbCUHCKON AeKIapainn
BcemupHoit accorpanuy «JTHYeCKUe TPUHITAIBI TPOBe-
JIeHUsT HAYYHBIX MEJAUIIMHCKUX UCCJEIOBAHUI € yUYacTHEM
yesioBekay ¢ onpaskamu 2000 r, a Takske ¢ HOpMaMU 9TH-
yeckoro komurera OHKIT PP.

VccmeroBau JIOKAIbHYIO KECTKOCTh MeMOpaH Kpac-
HBIX KJIETOK KPOBHU: IMCKOIIUTOB — HA TOPE U HA BIIAJIMHE,
IJTAHOIIUTOB — Ha TTOBEPXHOCTU KJIETKH. AHAIN3UPOBAIN
10 5 UCKOIUTOB U TI0 4 TIJIAHOINTA KakI0ro noHopa. Ha
KaK/IOM JINCKOITUTE TTPOBONIIN 110 4 M3MEPEHH: JIOKATb-
HOI1 JKecTKOCTH MeMOpaH Ha Tope u 1o 3 Ha Braaute. [Lia-
HOIIUTBI B KPOBU JIOHOPOB — PE3YJIbTAT (DU3N0JOTHYECKO-
ro noiikusonuTo3a. Ha moBepxHoCcTu Kask/10To IIaHOIUTA
M3MEPSIIN JIOKAJIBHYIO JKeCTKOCTh 4 (hparmenTtoB. Bcero
nsmepeno 120 ¢parmentoB Ha TOpe, 90 pparmenToB BO
BIIAJIHE AUCKONUTOB U 96 GparMeHTOB Ha IUIAHOINTAX.
Cratucrideckyio 06paboTKy JaHHBIX TTPOBOAUIIH € TIOMO-
b0 cTaHAapTHOI porpamMmbl Origin 9, (Origin Lab Cor-
poration, USA). Crpousn rucrorpaMmbl, ONpeesIsIn
cpeliiee 3HaU€eH e, BEJIMUNHY CPEHEKBAIPATHYECKOTO OT-
KJIOHEHUST ¥ TTOJIyIaJIi MHTEPBAJIBHYIO OIIEHKY, OIIEHKY /10-
CTOBEPHOCTH IOJYYEHHBIX PE3yJbTaTOB, OIEHKY IOCTO-
BepHOCTHU pa3immunii. /locTOBEpHOCTD pa3andmii OlleHnBa-
JIT € TIOMOIIBIO 0IHO(AKTOPHOTO JHUCIEPCUOHHOTO aHAJIH-
3a (One-way, ANOVA).

TpeGoBanus K NPOIECCY M3MEPEHUH U K 30HAAM.
Koadbdurmuent ynpyroctu K kantuneBepa (koHcomam) 107-
JKEH OBITh COM3MEPHM €O CPEAHUM KOAI(DOUIMEHTOM JKe-
CTKOCTHU |4 UCCJIEyeMOro Matepuana (MeMOpaHbl KJIETKU)
[18]. Ecu K << p, TO 30HZ BHeApsIETCS TOJBKO B IIPUIIO-
BEPXHOCTHBII CJION. JTO HE JACT BO3MOKHOCTU OIEHUTH
YIIPYTO-2JIaCTUYHBIE CBOMCTBA HEOHOPOHOTO MaTepUasa
MeMOpatbl. VICX0/Is1 13 9KCIIePUMEHTATbHBIX TAHHBIX OITH-
MasibHOe 3HaueHne K 71t n3aMepenust JIOKaIbHOI JKeCTKO-
¢t MeMOpaH 9PUTPOIUTOB JIEeKUT B ipenetax 10—50 H/m
st cyxux kietok 1 1,0—0,1 H/M 11 HaTHBHBIX KJIETOK.

Pammyc R 3onma nossken 6uith He menee 100 mwM, or-
tumanbio 100—200 um. Mamag Besmunna R (10—30 mwm)
[PUBOUT K MTPOHUKHOBEHUIO 30H/IA B CTPYKTYPY MeMOpa-
HbI Yepe3 JUMAIAHBI GUCTION 1 4epe3 MoJIble OIS TIHTOC-
keseta [19]. PesysibTaThl TakMX U3MEPEHUIT HE BOCIIPOU3-
BoziuMbL. [ToaTomy ajist peructparyu g MeMOpaHbl HEOOXO-
MO, 4TOOBI R GBI G0JIbIIIe pasMepa SUeiiKu CIIEKTPUHO-
Boro Matpukca. Pagnyc 6osee 400 HM He TIO3BOJUT 30HIY
HOTPY3UThCsT B MeMOpary. B Hamux paboTax Mbl HCIIOJIb-
30BN 30H/BI ¢ pagnycoM 150 M.

B pa6ore 0T/ie1bHO TIPOBEJI UCIIBITBITAHUS KaHTUJIe-
BepoB SD-Sphere-NCH-S-10 (Nanosencor, Switzeland),

device — V-Sample VISION (Austria). Measurements
were done at a temperature of 18°C immediately after a
monolayer has been formed. Measurements were carried
out in the above conditions that delivered reproducible
results.

Blood was harvested from patients on a voluntary
basis during preventive examinations, and all subsequent
analysis were performed in vitro. In the study, blood of 6
male donors aged 23 to 34 years was used. All studies fol-
lowed the requirements of the Helsinki Declaration of the
World Medical Association «Ethical Principles for Medi-
cal Research Involving Human Subjects» as amended in
2000, and the Protocol of the Ethics Committee of the Fe-
deral Research and Clinical Center for Intensive Care Me-
dicine and Rehabilitology.

The local stiffnesses of erythrocyte membranes were
studied: that of diskocytes — on the torus and on the de-
pression, that of planocytes — on the cell surface. 5 disko-
cytes and 4 planocytes per each donor were analyzed. On
each diskocyte, 4 measurements of membrane stiffness
were done on the torus and 3 measurements — on the de-
pression. Planocytes in donors' blood resulted from the
physiological poikilocytosis. On the surface of each pla-
nocyte, local stiffness of 4 fragments was measured. In
total, 120 fragments were measured on the torus and 90
fragments were measured on the depression of diskocytes,
and 96 fragments were measured on planocytes. Statistic
processing of data was performed with the aid of standard
software Origin 9 (Origin Lab Corporation, USA). Hi-
stograms were created, the mean, mean-square devia-
tions, intervals, confidence estimation of the results and
significance of differences were determined by One-way-
ANOVA.

Requirements to the Process of Measurements
and Probes. The elasticity coefficient K of a cantilever
(console) should be commensurable with the mean stif-
fness coefficient u of the material under investigation
(cell membrane) [18]. If K << u, probe penetrates only
into the near-surface layer. This does not allow evalua-
ting DTo He HAacCT BO3MOKHOCTH OlleHUTH viscoelastic
properties of the heterogeneous membrane material.
Based on experimental data, the optimal K for measu-
ring local stiffness of erythrocyte membranes is within
the range of 10—50 N/m for dry cells and 1.0—0.1 N/m
for native cells.

Radius R of the probe should be not less than 100 nm,
the optimal range is 100—200 nm. A small R (10—30 nm)
results in probe's penetration into the membrane structure
through lipid bilayer and hollow fields of cytoskeleton
[19]. Results of such measurements are not reproducible.
Hence, for recording membrane's |, it is necessary for R to
be larger than the size of the spectrin matrix cellule. A ra-
dius exceeding 400 nm will preclude probe submergence
into the membrane. In our work, we used probes with a ra-
dius of 150 nm.

Within the work, separate tests of cantilevers SD-
Sphere-NCH-S-10 (Nanosencor, Switzeland), probe ra-
dius R=400 nm, were carried out. Such probes were sub-
merged into erythrocyte membrane by 10—14 nm only,
which in principle did not allow measuring membranes' de-
formability.

Cantilever calibration on a completely stiff material
(for example, glass) must be performed before and after
measurements.
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pammyc R 3omzma 400 uwm,. Takwe 30HIBI TOTPYKAINCH B
MeMOpaHy apuTpolmTa Juiib Ha 10— 4 HM, yTO B IPUHIIU-
1€ He MO3BOJISIIIO U3MEPSITH CIOCOOHOCTH MeMOpaH jiedop-
MUPOBATbCA.

KanubpoBky KaHTmieBepa Ha aOCOJIOTHO JKECTKOM
Martepuasie (Harpumep, crekjie) HeoOXOMMMO MTPOBOIUTD
IO U TIOCJIe U3MepeHUil.

Bpewmst uHzeHTAIMT 30HIa He JO0JDKHO OBITh KOPOT-
K1M. BbIcTpoe rorpyskeHue MoKeT MEHSITh XapaKTepPUCTH-
ku Matepuada [20, 21]. OnTumanabHOe BpeMs MH/ICHTAIII
5—10 cexymn.

[Tpu neiicTBUM MHIEHTOPA MOTYT BO3HUKATH IBA TUIIA
nedopManuy MeMOpPaHbl: YUCTO yIpyras — MOAYUHSIETCS
3akoHy I'yka W ympyro-ajacTH4Hasi, IpU KOTOPO CBS3b
MEK/Y MEXaHWUYECKUM HATIPSIKEHHMEM U OTHOCUTETbHOM
nedopmanueit HemmHeitna [20, 22]. I[Ipu tom u apyrom
Bujie nedopMaIUil T10Ce CHATHS HATrPy3KH MeMOpaHa
JIOJIKHA BOCCTAHABJIMBATH CBOIO (hopMYy.

Kak ce6st Beger memOpana sputporura? /st orera
Ha 9TOT BOIIPOC TI0ce ehopMaIiiin MeMOPAHbL B Pe3yJib-
TaTe JIefCTBIS 30Ha (M3MEePEHNUsT JKeCTKOCTI ) BHOBb CKa-
HUPOBAJIM TIOBEPXHOCTH TOM ke 06acTu Kiaetku. Mem6pa-
Ha HPUTPOIUTA BOCCTAHOBUJIA CBOIO HAYAIBHYIO (hopMmy,
ocratouynas redopmanust He Habmogamach. [logobHbie pe-
3yJIbTaThI TIPUBEEHBI 1 B [23]. MemOpana, o1 ieficTBHeM
uHeHTOpa (30H/1a) Besa celst Kak yrpyro — aJacTHYHBI
nedopMHUpyeMbIil MaTepua.

PesyibTatel 1 00Cy K/1€HHE

ITocrpoenne cumoBbix KpuBbix. CrocoGHOCTD
MeMOpaHbI TI0]] IeUCTBUEM HHIEHTOPA 1eOPMUPO-
BaThCSA BHYTPH KJIETKU OIlEHUBAIN KO3 duimenTom
JokabHOM skectkoct p (H/m) Ha rry6Gune h.

IMITUPUYECKas CUJIOBAsl KPUBas, MOJydYeHHAs
¢ omotbio ACM — 3T0 3aBUCUMOCTbh TOKa Pacco-
riacoBanus I doropnona, a, ciaeoBaTebHO, OTKIO-
HeHus L kaHTUiIeBepa OT BeIMYUHBI BEPTUKAIBHOTO
cMelreHus z nbesockanepa. OcHoBaHMe KaHTUJIEBeE-
pa 3aKpeIyieHO HeMO/IBIXKHO, a er0 KOHeI[ BMECTe C
30H/IOM OTKJIOHSETCS B Pe3yJbTarTe CMENICHUS Ibe-
3ockanepa (puc. 1, a, I11). IIpsamoii xox nbe3ockaHe-
pa wmocTpupyetest Ha puc. 1, a, a mpoiecc morpy-
JKEHUST WHIEHTOpa B MeMOpaHy U ee jehopMmaiius
BHYTPb apuTpornuTa Ha puc. 1, b.

Ha ACM miporpaMMHO 33/IaI0TCSt MAKCUMAJTbHbIE
BEJIMYWHBI CMEICHUS TThe30CKaHepa z U 3HAYEeHUs
ToKa I, TO ecTh BeJTMUMHbI TIPUJIOKEHHON CUJTbI, HAIIPH-
Mep: Z =000 uM, I,,,,=1.5 HA. Eciim p >> K (crekino),
TO MeK/y cuJoi F 1 oTKJIOHeHneM KaHTuieBepa L cy-
HIECTBYET 3aBUCUMOCTD, OTIpe/iesisseMast 3aKoHoM ['yka.

=-KL (1)

Ecau 3on1 B3auMojeiicTByer ¢ MeMOpaHOil u

p=K ro:

max

F=-[1/K +1/u(h)] L (1a)

U 30HJ TIOTPY’KAETCsT B MEMOpaHy KJIETKH Ha
ray6uny h (h<z) (puc. 1, b). TIpu srom koadburm-
€HT [ 3aBHCUT OT TJIyOUHBI OTPY/KEHIS 30HIa — |
(h), u creroBaresvro hyukims (1a) HennMHeHA.

Ha puc. 2 nipeictaBiieHbI H300PasKeHUsI KJIETOK B
nosie ACM 1 cusioBble KPUBbIE JisT MEMOPaHbI TOPa

The time of probe indentation should not be short.
Fast submergence might alter material's characteristics
[20, 21]. The optimal time of indentation is 5—10 seconds.

Indenter action may cause two types of membrane de-
formation: purely elastic — it follows Hook's law, and vis-
coelastic wherein the connection between mechanic stress
and relative deformation is nonlinear [20, 22]. In case of
both types of deformations, after the load is removed,
membrane must recover its shape.

What is the erythrocyte membrane's behavior? To an-
swer this question, after probe-caused membrane deforma-
tion (stiffness measurement), the surface of the same re-
gion of the cell was scanned again. Erythrocyte membrane
recovered its initial shape, no residual deformation was ob-
served. Similar results are given also in [23]. Under the ac-
tion of an indenter (probe), the membrane behaved as a
viscoelastic deformable material.

Results and Discussion

Force Curve Building. Membrane's ability to
deform towards inside of a cell under the action of an
indenter was evaluated with the help of local stif-
fness coefficient p (N/m) at depth h.

The empirical force curve obtained with the
help of AFM is the dependence of the photodiode
misalignment current, hence, cantilever deviation L
from piezoscanner vertical shift z. The cantilever
base is fixed rigidly, while its end together with the
probe deviates as a result of piezoscanner shift (fig. 1,
a, TIT). Piezoscanner's straight path is illustrated on
figure 1a; the process of indenter submersion into the
membrane and its deformation inside erythrocyte is
shown in fig. 1, b.

In AFM, the program sets the maximal limits of
piezoscanner shift z and current I, i.e. the applied
force values, for example: z,,,, = 500 nm, I, = 1.5 nA.
If p >> K (glass), then there is dependence between
force F and cantilever deviation L, which is determi-
ned by the Hook's law.

=-KL (1)

If a probe interacts with a membrane and p=K,
then:

F=- [1/K +1/u(h)] L (1a)

and the probe submerges into the cell membra-
ne to depth h (h<z) (fig. 1, b). In this instance, coef-
ficient u depends on the probe submergence depth —
u (h), and, hence, function (1a) is nonlinear.

Figure 2 shows images of cells in the AFM field
and force curves for diskocyte membrane torus — re-
gion "Tor', — diskocyte membrane depression — re-
gion 'Dep’, and planocyte — region 'PI".

These curves differ from each other by the be-
havior of material deformed under the applied force
action. The slope of straight line for glass is deter-
mined by cantilever stiffness K — elastic deforma-
tion model. Point A is the point of contact of the
probe and membrane. This point is determined em-
pirically as a point in which d1/dz becomes greater
than 0. Point B is the point where the curve reaches
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JICKOIINTAa — 0bsacTh «Tors, — MeM-
OpaHbl BIIAJUHBL JUCKOLNUTA — 00IACTD
«Dep» 1 — rmanormra — 06sacthb «Ply.

ITU KPUBbIE OTJIUYAIOTCS JIPYT
OT Ipyra mnoBezneHueMm nehopmupye-
MOTO MaTepuajia Ioj AeHCTBUEM IIpU-
JIO)KeHHO! cuuibl. TaHreHc yryia Ha-
KJIOHA TIPSIMOIL JIJIST CTeKJIia Ompejie-
JISIETCST JKECTKOCThIO KanTtuieBepa K
— MoOJleJib YIpPYroi jgedopmaruu.
Touka A — Touka KacaHus 30HAA U
MeMOpaHbl. DTa TOUKA OIMPEEIISTETCS
IMITUPUYECKH, KAK TOYKA, B KOTOPOI
dI/dz cranosurcs 6osbiie 0. Touka B
— TOYKA BBIXO/Ia KPUBOII HA YIIPYTYIO
nedopmarmio. us MmeMOpaH KJIETOK
(puc. 2) yaactok A—B — daza ympy-
ro-siactTudHoil gedbopmaiuu, yda-
ctok B—C — uncro ynpyroii.

AHaJIM3 CHJIOBBIX KPHUBBIX.
[anpHeiuil anamu3 mpoiecca MH-
JleHTal 30H[a TpebyeT Iepexoja K
Koopautatam F (z) u psaga npeobpa-
3oBanuil. [lepexon k F (z) n unBeptu-
poBanue rpadUKOB OCYIIECTBJSIETCS
COTJIACHO BBIPAKEHUIO:

F (2)= (I./1)Kz, (2)

rue: I, m I, — Tokm paccormaco-
BaHUS MPU [IefICTBUU UHAEHTOPA Ha
MeMOpaHy U CTEKJIO COOTBETCTBEHHO.

m
z
cam 0
| I|rI
- J
J/.—f"/ Indenter 1‘\‘\\
P (tip of cantilever) e

Puc. 1. I3mepenne KeCTKOCTH MEMOPaHBI B aTOMHO-CHJIOBOH CIIEKTPOCKOIMH.
Fig. 1. AFM study of erytrocyte membrane rigidity.

Note. a: I-IT — piezoscanner and erythrocyte bring to Z level; IIT — probe indenta-
tion; b: dipping the cantilever into the cell membrane to a depth h, zoomed.
IIpumeuanue. Erytrocyte — apurponut; piezoscanner — nbesockarep; Identer (tip of
cantilever) — naenrep (KoHUMK KaHTUIEBepa); membrane — memGpana; cytoplasm —
nuroriazma. a: I—11 — nmoxBos nbezockanepa u apuTpormra Ha Beanuuny Z; 111 —
WHIEHTAINST 30HA B KJIETKY; b: TIOTpy’KeHNe KaHTHIeBepa B MEMOpPaHy KJIETKH Ha
ry6uny h, yBesnuennbiii maciirad.

it obmnacTy, pacHooKeHHON
HA TOpPE [UCKOIUTA, 3aBUCUMOCTH
F(z) npencrasnena Ha puc. 3.

[Ipsimast «G» — 9TO 3aBUCUMOCTD, OIICHIBAEMAST
BoipakenueM (1). Kpusasi «M» — 3aBucumocTsb cuibt F,
KOTOpast MPUKJIAJIBIBAETCS K MOBEPXHOCTH MeMOPaHbBI
TOpA IUCKOIUTA CO CTOPOHBI 30H71A TIPH €T0 TIObeMe Ha
BEJIMYUHY Z.

Cuua F onpeziensieT oTkiIoHeHe KaHTHIeBepa L
U OIHOBPEMEHHO JIehOopPMAITHIO cCaMOil MeMOpaHbI, TO
€CTb IIOTPYKEHNE 30HAa B MeMOpaHy Ha Iayouny h.

Kpusast «M» coziepskut B cebe Tpu KOMIOHEH-
TBI: — KOMIIOHEHTY HEJIMHEHHON yIpyrocTu MeMOpa-
HbI, — KOMIIOHEHTY yIIPYTOCTU KAHTUJIEBEPA, — KOM-
MOHEHTY [ePeMEeHHON TeOMeTPUU MHIEHTOPA, OTIpe-
nessiemyio opmysioit epra [15].

Besmunna h orpyskenust 30112 B MeMOpaHy:

h=z—L, (3)
WM B KOOP/IMHATAX PUCYHKA 3:
h=z, —z, (3a)

Beenem mapamerp Ah — yrurybiienue 3011 B
MeMOpaHy KJIETKU TP OJAUHAKOBOM JUCKPETHOM
HOIbeME MTbe30CKaHepa Ha Bemunny Az,

Jlna pasubix yray6senuin h; sesmumna Ah
MOKeT OBITh Pa3HOil B 3aBUCHMOCTH OT CBOUCTB JlaH-
HOU MeMmOpaHbl. Benmmunta Az 3a1aeTCsT UCXO/S U3
CBOMCTB MeMOpaHbl KJIETKH M HeOOXOAUMOM uc-
KPETHOCTHU OIMCAHUST U3y4AEMOU CTPYKTYPBIL.

elastic deformation. For cell membranes (fig. 2), re-
gion A—B is the phase of viscoelastic deformation,
region B—C is purely elastic deformation.

2.4. Analysis of Force Curves. Further analy-
sis of the process of probe identation requires trans-
ition to coordinates F (z) and a number of transfor-
mations. Transition to F (z) and inversion of dia-
grams are done according to expression:

F (2)= (I./1)Kz, (2)

where: I, and I, are currents of misalignment at
indenter's action on the membrane and glass, respec-
tively.

For the region located on the diskocyte torus,
dependence F(z) is shown in fig. 3.

Straight line 'G' is the dependence described by
expression (1). Curve "M’ is force F that is applied to
the diskocyte torus membrane surface on the side of
the probe when it is lifted to z.

Force F determines cantilever deviation L and
simultaneously deformation of the membrane itself,
i.e. probe submergence into membrane to depth h.

Curve 'M' contains three components: — the
component of membrane nonlinear elasticity, — the
component of cantilever elasticity, — the component
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Puc. 2. {uckonut u mranomut B noie ACM, cuioBbie KpHUBbIe ISl KJIE€TOYHBIX
MeMOpaH.

Fig. 2. Images of diskocyte and planocyte in the AFM field and force curves for
cells membrane.

Note. For fig. 2, 4, tabl. 1, 2: Tor — diskocyte torus; Dep — diskocyte membrane de-
pression; Pl — planocyte. A — the point of contact of the probe and membrane; B —
the point where the curve reaches elastic deformation; region A—B is the phase of
viscoelastic deformation; region B—C is purely elastic deformation. The arrows
show the direction of the piezoscaner movement.

Ipumevanue. /{st puc. 2, 4, Tabr.1, 2: Discocyte — nuckonuT; Tor — obiacTb TOpa;
Dep — obaacts Bnaguusr; Planocyte, Pl — nuanonut. A — Touka KacaHus 30HA U
MeMOpanbl; B — Touka BbIXOZa KpUBOU Ha ynpyryio aedopmainuio; A—B yupyro-
anactnynas gedopmarmst; B—C — ympyras nedopmanus. CTpeskn yKa3blBaloT Ha-

of indenter variable geometry deter-
mined by the Hertz formula [].

Value h of probe submergence
into membrane is:

h=z — L, (3)
or in the coordinates of figure 3:
h=z, —z, (3a)

Let us introduce parameter Ah —
probe deepening into the cell membra-
ne at equal discrete rise of the piezos-
canner by value Az.

For different deepenings hi, value
Ah may differ depending on the proper-
ties of a particular membrane. Value Az
is set based on the cell membrane's pro-
perties and required discretion of desc-
ription of the structure under investiga-
tion.

Further analysis requires buil-
ding dependence Ah (h). How can
this dependence be obtained?

To this end, in the beginning, it
is necessary to find dependence
Ah(z). Let us set discrete step Az, for
example, 20 nm in figure 3. For each
value of z, (curve 'M"), we shall de-
termine values z; (straight line 'G")
for the same force F; Function h(z) is
determined by expression (3a).

Then:

IIpaBJeHUE X0O/a IIbe30CKaHepa.

4000 4 F, nN

—n—x
——0
3000
L
P
i
4
. P
2000 /'
/.o'
Wl by,
-
1000 4 F, z * b, {/‘
. O_f»r'“./""-. -
i A z,nm
o L) F T
0 sa & 100

Puc. 3. ®ynkunn F(Z) nas 06aactu, pacnosiosKeHHOl Ha Tope
JIUCKOIMTA.

Fig. 3. F(Z) curves for diskocyte torus region.

Note. Curve M is force F that is applied to the diskocyte torus
membrane surface on the side of the probe when it is lifted to Z.
Curve G is the dependence described by expression (1). h — probe
dipping, nm.

IIpumevanue. M — 11 memOpanbl sputpornta; G — mas abeo-
JIOTHO TBep/I0ro Tesa (crekno); F — cuia, aefictByionas va o6pa-
zerf (nN), Z — BeJmunHa cMeIeHus mbesockanepa (nm), h — ruy-
GuHa morpyskeHus 30u/a (nm).

Ahi=h;,; — h; (4)
for sequence of zi via chosen
discrete step Az.

To obtain the resulting characteristic — the
value of discrete submergence of probe into membra-
ne, at set step Az we will obtain dependence looking
like:

dh/dz=f(h) (5)
or for discrete representation of function:
Ah/Az=f(h) (5a)

Function (5a) allows describing the process of
heterogeneous submergence of a probe into a compo-
site membrane and evaluating membrane's viscoela-
stic properties. For a fuller description of the probe
indentation process, dependence p(h) is built. Canti-
lever elasticity K and membrane local stiffness p are
included successively. Then, from figure 3 and ex-
pressions (2) and (3a) for different values h:

p=ImK/(Ig_Im) (6)

The diagrams of function F (z), h (z), Ah(z),
Ah (h), Ah/Az(h), and p (h) according to equa-
tions (2—6) are calculated and built by special pro-
grams written for realization of this method.

Process of Probe Indentation into Membranes
of Normal Erythrocytes. Figure 4 shows dependencies
h (z), Ah/Az(h), and p (h) for diskocyte torus, disko-
cyte depression, and planocyte. These figures contain re-
spective statistical dispersions of values under analysis.

OBLI A PEAHMMATOAOI U, 2017, 13; 5

www.reanimatology.com

63



64

. Experimental Studies

DOI:10.15360,/1813-9779-2017-5-58-68

Ta6auna 1. Cpenue 3HAYEHUS] BETUYUH Z,y, Loy ¥ Ny VIS TIAHOIMTA, TOPA W BIIATMHbI TUCKOIMTA.
Table 1. Mean z,,,,, L,,.,, and h,,,, for diskocyte torus, diskocyte depression, and planocyte.

Parameters, nm

Values of parameters in cells

Discocyte Planocyte (PI)
Tor Dep
Zimax 223+27 203+25 189+21
max 161£19 168+14 162+12
h 62+7 35+5 27+3

max

ITpumeyvanue. /I a6 1, 2: Parameters — mapametpsr; Values of parameters in cells — sHauenns napameTpos B KJIeTKax.

[lna nanbHeiero anaansa Hazio MOCTPOUTD 3a-
sucumocts Ah (h). Kak mosyuuts a1y 3aBUCUMOCTD?

g aToro, B Hauase, Ha/0 HANTHU 3aBUCUMOCTD
Ah(z). 3agaaum quckperHbiii mar Az, Harpumep, 20
HM Ha pucyHke 3. [l Kaxka0T0 3HAYCHUS Z,, (KPHU-
Basg «M») onpeznenum Bemuunbl z, (npamas «G»)
JUIst OfiHO# 1 Tol ke cubl Fy. Dynkuums h(z) onpene-
Jigercsd BeIpaskeHueM (3a).

Torna:

Ah=h;,; — h; (4)

JUISE TIOCJIEZIOBATEILHOCTH 7; Y€Pe3 BhIOPAHHBII
JMUCKPETHBIN 1mar Az.

[l nostydeHust pe3yJibTUPYIOIIei XapaKkTepu-
CTUKU — BEJUYUHBI [UCKPETHOTO TOTPYKEHUSA
30H/1a B MeMOpaHy, IPU 3a[aHHOM Tiiare Az MoJryda-
€M 3aBUCUMOCTD BUJIA:

dh/dz=f(h) (5)

WJIN JUIS TUCKPETHOTO TIpecTaByieHus (GyHK-

NN
Ah/Az=f(h) (5a)

Oyukiws (5a) MO3BOJISIET OIUCATH MPOIECC He-
OJTHOPOJTHOTO TIOTPY>KEHMUS 30H/Ia B KOMITO3UTHYIO MEM-
OpaHy ¥ OIEHUTD YIIPYTrO-3JIaCTHUYHBIE CBOMCTBA MeM-
Opanbl. 1151 6oJiee MOJIHOTO OIMCAHMST IIPOLECca MH/IEH-
Tarun 30112 crpoutcst 3aBucumocts p(h). Yopyrocts
KanTIIeBepa K 1 JIOKAJIbHAST JKECTKOCTh MEMOPAHBI |
BKJIIOYEHBI TIOCTIEI0BATENbHO. Torma u3 pucynka 3 u
Boipaskeruii (2) u (3a) 1ist pasimaHbIX 3HaYeHnit h:

p=ImK/(Ig_Im) (6)

Ipaduku pyuxiun F (), h (z), Ah(z), Ah (h),
Ah/Az(h) u p (h) B coorBeTcTBUE ¢ ypaBHEHUSIMEU
(2—6) BBIYMCIFIOTCS U CTPOATCS CHEITUATN3UPOBAH-
HBIMM TIPOTPAMMaMK HANMCAHHBIMU [IJI Pean3a-
WU HTOTO METO/IA.

IIpouecc WHIEHTAMU 30HAa B MeMOpaHbI
HOPMAJIbHBIX 3pUTpouuToB. Ha puc. 4 npuseneHb
sapucumoctu h (z), Ah/Az(h) u p (h) mst Topa guc-
KOITUTA, BIAJWHBI JMCKOIUTA ¥ Jijid TaHoiuTa. Ha
3TUX PUCYHKAX MPUBEAEHBI COOTBETCTBYIONIUE CTa-
TUCTHUYECKIE Pa3OPOChI OIEHUBAEMBIX BEJIUYUH.

BesmunHa MakcUMasbHOTO TOTpYyskeHust h, ..
30H/Ia MOKET MEHATHCH B ITMPOKOM JMATIA30HE IS
pasHbIX KiaeToK. CpenHue 3HAYCHUS BEJIUYUH Z,,
Lo ¥ Dy, JUISE TOPA AUCKOIUTA, BIAIMHDI IUCKOIU-
Ta U TJIAHOIIUTA, [IPE/ICTAaBJIeHbl B TalJ. 1.

Ha kaxnom rpaduke h (z) MOKHO BbIIEIUTH
JIBa XapaKTEepHbIX ydyacTKa: JUHEHHbIH U HeJnHeil-
wbiit. /g rpaduka Tor auckoimTa rpaHuiia 3TUX

The value of maximal probe submergence h,,,,
may vary within a wide range for different cells.
Mean values of z,,,,, L,,.., and h,,, for diskocyte torus,
diskocyte depression, and planocyte are given in
table 1.

On each diagram of h (z), two typical regions
can be identified: linear and nonlinear. For the disko-
cyte Tor diagram, the border of these regions z =78
11 nm, for the diskocyte Dep diagram z=34%4 nm,
and for planocyte Pl diagram z=28+4 nm. Up to
these borders, h increases from z almost linearly, i.e.
elastic deformation takes place (1). After these bor-
ders, function h (z) is nonlinear, membrane behaves
as a viscoelastic medium and follows viscoelastic de-
formation. The type of function (5a) for diskocyte
torus is shown in fig. 4, b Tor.

Below, in the description of results, mean values
are given.

The surface layer up to 10 nm is almost transpa-
rent for the indenter: Ah/Az = 0.85. In the layer of
10—50 nm, local stiffness grew and normalized value
Ah/Az dropped to 0.19. In the next layer of 50—62
nm, Ah/Az dropped to 0. At depth h=62 nm, the
probe stopped submersion into the cell membrane.

For diskocyte depression (Dep), these depen-
dencies had the same trends as for Tor. In the surface
layer to 8 nm, decrease of Ah/Az amounted to 0.78,
and in the layer of 8—35 nm, Ah/Az dropped mono-
tonously to 0. At h=35 nm, Ah=0, which meant
probe stop.

Biological objects, in particular, erythrocyte
membranes, feature high variability of properties and
structural peculiarities. Therefore, mechanical pro-
perties of membranes of different erythrocytes may
vary considerably. For planocyte (fig. 4, b) to 7 nm,
decrease of Ah/Az amounted to 0.85. Thereafter, to
h=21 nm, Ah/Az decreased to 0.1, and at h=28 nm,
the probe stopped submersion into the membrane.

From dependence F(z) (fig. 2) and (6), we ob-
tain the dependence of cell membranes' local stif-
fness coefficient p on probe submergence depth h
(fig. 4, ¢). As the probe submerged (membrane dip-
ped towards inside of the cell), coefficient p increa-
ses at first linearly and then nonlinearly. The bor-
ders of the regions of linear and nonlinear dependen-
cies p (h) are given in table 2.

A number of papers evaluate Young's modulus
E to describe stiffness of a biological object under in-
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yuacTkoB z=78+11 uM, 1714 rpaduka b.am o _— b
Dep nuckornura z=34+4 uwm, a s o] s
wianonurta Pl z=28+4 num. [lo stmx - F_I.JJ*"}T" o "SL““J
rpanutl h pacrer ot z mouTH JUHENRHO, o - ,_}- 7 -\ﬂ?ﬁ_}w
R ae '-
TO €CTb UMEET MeCTO ynpyrag aedop- ke /}/ i e b\ J\J
marus (1). [ocse atux rparut GyHK- = A .—»J——%:J‘ B 2 : ipg Ter
musg h (z) wenmueiina, memOpana i ;{b,-] = il SR - 1} \
_ " g ez 1 '}
BejieT cebst KaK BSI3KO-YIIpyTast cpesta ’,;”,a 2 Y % B i
U MOMYUHSAETCS YIIPYTO-3IaCTUYHOM el . & e e
-4 TS 4T amw I 4z &
nedopmariuu. Bug dyukiun (5a) mis l"‘ l|J 1|J
TOpa JIUCKOIUTA TIPEICTABJIECH HA PUC. b B b
4, b Tor. w Nim C
-2
Hwusxe, mpu onrcanuu pesyibTa- ey ",
TOB TIPUBOJSATCSA CpelHAE 3HAUYCHUS 0
BEJINYNH. s ;i
o o a4 [ H
[ToBepxHocTHBIH c0it 10 10 HM 5 i 4
ri-4 J‘ H
MPAKTUYECKW TTPO3pPAveH [Tl WH/ICH- o 3 3 e
topa: Ah/Az=0,85. B ciioe 10—50 HM e f ; b
JIOKAJTbHAST JKECTKOCTh BO3pacTajia U o H__F, 4 i
HopMupoBanHasi Benwymna Ah/Az e = .

nazgasa jio 0,19. B nocienyioniem cioe
50—62 um Ah/Az nagana no 0. Ha
ray6une h=62 HM 30HI mpeKpara
HOTpy’KeHre B MeMOPaHy KJIETKU.

g Bnagunet quckonuta (Dep)
3TU 3aBUCUMOCTU WMEJU TaKue Ke
TeHJIeHIINH, 4To u /i Tor. B moBepx-
HOCTHOM cJioe 110 8 uM nagenne Ah/Az cocraBuio
0,78, B ciioe 8—35 num Beanunna Ah/Az MoHOTOHHO
nagaia g0 0. IIpu h=35 um Bemmuuna Ah=0, uro
03HAYAJIO OCTAHOBKY 30H/IA.

Buosiornueckue 0OBEKTDI, B YaCTHOCTU, MEM-
OpaHbl 3PUTPOIUTOB, 00JIAJAl0T BBHICOKOIl Bapua-
GEeJIbHOCTBIO CBOUCTB U CTPYKTYPHBIX 0COOEHHOCTE.
TTosToMy MeXaHMYeCKUE CBOICTBA MEMOPaH pasJind-
HBIX 9PUTPOIMTOB MOTYT CYIIECTBEHHO Pa3inyaTh-
cst. Tax st twianonura (puc. 4, b) o 7 HM najieHue
Ah/Az cocrasuio 0,85. 3arem 10 h=21 um Ah/Az
ymenbimiaack 1o 0,1, a, mpu h= 28 uwm, 3011 1pekpa-
THJI TIOTPYsKEHUE B MEMOPaHY.

N3 3aBucumoctn F(z) (puc. 2) u (6) noaydaem
3aBUCUMOCTD K02(hhUIMeHTa JJOKATHHON KeCTKOCTH
U MeMOPpaH KJIETKHU OT TyOuHbI h morpyskeHus 30H/1a
(puc. 4, c¢). Tlo mepe norpyskerust 30ua (mporubda
MeMOpaHbl BHYTPb KJI€TKH ) KOA(h(MUIIHEHT | BO3pac-
TaeT BHauaJie JIMHEHO, a 3aTeM HeJuHelHo. ['panu-
IIbl YYACTKOB JUHEMHOU W HEJIMHEWHON 3aBUCHUMO-
creii p (h) mpemcrasienst B Tab1. 2.

JMCKOLUTA.

Puc. 4. 3asucumoctu h (z) , Ah/Az(h) u p (h) ana wianouura, Topa ¥ BlaMHbI

Fig. 4. Dependencies h (z), Ah/Az(h) and p ( h) for diskocyte torus, diskocyte
depression and planocyte.

vestigation [24—26]. Tt is assumed that the material
is homogenous and, hence, value E measured for the
surface layer may be attributed to the whole section
(volume) of an object.

Such interpolation will be inadequate for the
case of heterogeneous composite membrane [9, 27],
because functions h (z) and p (h) are nonlinear
(fig. 4, a) and membrane behaves as a viscoelastic
medium.

This approach allows evaluating local deforma-
tions of RBC membranes not only by the end value
of hmax, but also evaluating changes of nonlinear
stiffness of membranes as their deformation towards
inside of a cell (as probe indentation) increases.

Investigating viscoelastic deformations of eryt-
hrocytes' membranes, it should be discussed what
physical value can adequately describe properties of
such membranes. In this paper these properties are
described by functions h(z), Ah/Az (h) and u(h).
This set of functions describes the process of probe in-
dentation (submergence) in membranes fully enough.

TaGauua 2. T'paHuibl yYacTKOB JMHENRHOI 1 HeMHeNHHOii 3aBucuMocTeii p (h) 1151 HOpMaJIbHBIX HPUTPOIUTOB.
Table 2. Borders of the regions of linear and nonlinear dependencies p (h) for normal erythrocytes.

Parameters, nm

Values of parameters in cells

Discocyte Planocyte (PI)
Tor Dep
Linear region 0—46+5 0—23+3 0—17+2
Nonlinear region 46+5—62+7 23+3—35+5 17£2—-27+3

ITpumeuanue. Linear region — smueiinsiii yuacrox; Nonlinear region — HeJMHeHHbIH y4acTOK.

OBLI A PEAHMMATOAOI U, 2017, 13; 5
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B psae pabor onenusaior moayib IOnra E as
OITUCAHUS JKECTKOCTH UCCJIEYEMOTO OMOIOTHIECKO-
ro obbekta [24—26]. TIpu aToM TIpemoaraercs,
YTO MaTepPHUasl OJHOPOIHBIN U TOATOMY MOKHO H3Me-
PEHHOE 10 TOBEPXHOCTHOMY CJIOK0 3HaueHue E mpu-
mucaTh BceMy cedeHuto (06beMy) 0ObeKTa.

[ns cayyas HeOAHOPOAHOW KOMITO3UTHOM
MeMOpaHbl Takash MHTEPIOJAANUs OyIeT HeaJeKBaT-
Holi [9, 27], Tak Kak pyHkiwmy h (z) u p (h) Henuneii-
Hbl (puc. 4, a) u memOpaHa BejieT ceOst KaK BSI3KO-
yIIpyras cpeja.

JlaHHBIN IIOXOJ II03BOJIIET OLIEHUBATDL JIOKAJIb-
Hble Jedopmariy MeMOpaH SPUTPOIUTOB HE TOJBKO
10 KOHEYHOU Besimunte h, ., HO 1 OlleHUBAaTh U3MeHe-
HUSI HEJIMHEWHON JKeCTKOCTU MeMOpaH 10 Mepe yBe-
JudeHus ee nedopMalii BHYTPh KJIETKU (IO Mepe
WHIEHTAIIUN 30H/IA).

[Tpu uccae0BaHUN YIIPYTO-3JACTUYHBIX Jle-
dopmaruii MeMOpaH 3PUTPOIUTOB cJeayerT 06Cy-
JIMTh, Kakast pU3ndecKast BeJMUMHA MOKET ajleKBaT-
HO OIKCATh CBOMCTBA TakuX MeMOpaH. B pabore atu
cBoiicTBa onucbiBaloTes pyHkuusmu h(z), Ah/Az
(h) u p(h). Iror HAGOP PYHKITHIT TOCTATOUHO TTOJTHO
OTIMCBHIBAET TMPOIeCC HUJAeHTAUU (TIOTPYKEHUS)
30H/1a B MEMOPaHBI.

B 11e10M MOKHO CYJIUTH O JKECTKOCTH MeMOpa-
HbI 110 Besinunne h,,.. Yem menbiie h,,,, TeM xecTye
MeMGpana. Ho aToT mapamerp gaer Jiuiib o0iiee
IpeJICTaBIeHe O CBOicTBax MeMOpaHbl. Eciiu B uc-
CJIeJIOBAaHUK TIOCTABJIEHA 1[€JIb U3YUUTD JIOKAJIbHBIE
CBOWCTBA PA3JUYHBIX HAHOCTPYKTYP MeMOpaHb
HPUTPOIUTA, TO HEOOXOIAMMO TIOCTPOUTDH (DYHKITHIO
Ah/Az (h). B koHTekcTe 00CysK1aeMON 3a/1a4n T1a-
pameTp [ IMeeT OTIpe/ie/ICHHBIN (PU3MUecKnii CMbICII:
OH TOKa3bIBAET, Kakyto cuity F HeoOX0IUMO TIPUIIO-
JKUTD K 30HJLY, 4TO OBl OH MPOTHYJ MeMOpaHy | T10-
rpysuics Ha riay6uny h,. Ecii o Mepe norpyskemust
UHJIEHTOPA CBOMCTBA MEMOPAHBI OYIyT MEHSITHCSI, TO
1 K03 GunueHT p Toke Oy/IeT pasIHUeH JJist Pa3HbIX
BesuuH h;.

JLJist HEOJTHOPOJIHBIX CPE, HATIPUMED, JIJIST MEM-
OpaH 3PUTPOIUTOB TEOPETUUECKAS] 3aBUCUMOCTb,
ompenesstotiast F, Oyaer uMerh BUJL:

F=W[p (h),f (S),2(K)] (7)

Oyuknust ¢(h) onucbiBaeT HEOTHOPOIHOE T10-
BeJleHne MeMOpaHbl TIpu morpyskeHnu 3oH1a. OHa
BKJIIOUAET B cebst amMmupuieckue 3apucuMoctu h (z),
Ah/Az(h) u p(h), Ho, TO-BUANMOMY, HE OIINUCHIBAET-
Cs1 TIOJTHOCTBIO TOJIBKO 3TUMU (DyHKIMsIMU. VIMEHHO
aTa (DYHKIMS U SBJSIETCS UCKOMO# TIPH UCCIIEN0Ba-
HUM MEXaHUUYECKUX CBOHCTB MEMOPAHbBI KJIETK.

Oyuxnust f (S) yuurTpiBaeT u3MeHeHHe aKTUB-
HOU COCTaBJISIONIel TeoMeTprun S 30H/1a 1IPU €ro T10-
rpy’KeHUH B MeMOpaHy. DTa 3aBUCUMOCTb OITUChIBA-
erca dhopmysoit Fepria. P(K) — dynkius, onpese-
Jsiemas skectkocTbio kantuiaeBepa K (1). Oyukimn
¢ (h), f(S) u ®(K) onpepesnsor BU SMIUPHIECKOI
kpuBoii F(z) nus xkaetku (puc. 2, kpusas «M»). Liry-

max?

In general, membrane stiffness can be judged
based on hmax. The smaller hmax is the stiffer is the
membrane. However, this parameter gives just a ge-
neral idea about membrane properties. If an investi-
gation is aimed at studying local properties of diffe-
rent nanostructures of the erythrocyte membrane,
it is necessary to build function Ah/Az (h). In the
context of the problem under discussion, parameter
p has a definite physical meaning: it shown what
force F should be applied to a probe to make it bend
the membrane and submerge to depth hi. If as the
indenter submerges, the membrane properties
change, then coefficient p will also be different for
different hi.

For heterogeneous media, for example, erythro-
cytes' membranes, the theoretic dependence deter-
mining F will look as follows:

F=W[p (h),f (S),2(K)] (7)

Function ¢(h) describes the heterogeneous be-
havior of a membrane during probe submergence. Tt
comprises empirical dependencies h (z), Ah/Az(h)
and p(h), but, apparently, it is not fully described by
these functions only. It is this function that is sought
for during investigation of cell membrane's mechani-
cal properties.

Function f (S) takes into account the change
of active component of probe's geometry S during
its submersion into a membrane. This dependence
is described by the Hertz formula. ®(K) is the
function determined by cantilever stiffness K (1).
Functions ¢ (h), f(S) and ®(K) determine the
shape of empirical curve F(z) for a cell (fig. 2,
curve 'M"). The depth and process of submersion
strongly depend on function ¢ (h). Function f(S)
has little influence on the end result and may be
ignored in indenter submersion recording and
model building [27, 28].

Measurement of the local stiffness of red blood
cells' membranes addresses the issue of getting infor-
mation about nanomechanical peculiarities and
structure of this region of membrane.

Conclusion

The paper provides the experimental data
and substantiates the possibility of measuring
local stiffness of blood cell membranes using the
method of atomic force spectroscopy. The process
of viscoelastic deformation of a membrane accom-
panying probe indentation is shown. In different
cells and even in different zones of one cell, the
maximal local stiffness and probe passage process
might be different. The suggested approach may
be employed in fundamental and clinical studies of
parameters blood cells in the norm and diseases.
The method of recording nonlinear deformations
may be most efficient in the reanimatology and re-
habilitation practice.
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OGUHA W TIPOIECC TIOTPYKEHUST CUJIBHO 3aBUCHT OT
dyurmun ¢ (h). Oyukius f(S) caabo Bausier Ha KO-
HEUHBIIT PE3yJIbTAT U PU PETUCTPAIIUH OTPY/KEHIST
HHJIETOPA U TIOCTPOEHUH MOJIEJIEN MOJKET HE YUUThI-
Barbes [27, 28].

M3mepeHre JIOKAJIbHON KECTKOCTH MeMOpaH
KPACHBIX KJIETOK KPOBH PEIIAET 3ajlauy MOJIyIEHIsI
uHGbOPMAIMK O HAHOMEXaHUIECKUX 0COOEHHOCTSIX U
CTPYKTYPHOM CTPOEHUH JJAHHOI 061acTH MeMOpaHbl.
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KaJbHOU JKECTKOCTH MeMOpaH KJETOK KPOBU, HC-
MOJIb3YsT METOJI AaTOMHO-CUJIOBOM CIIEKTPOCKOTTHH.
[Tokaszasu mporecc ynpyro-siacTuaHoll nehopma-
1n MeMOpaHbl TI0 Mepe WHJIeHTauu 30H1a. Ha pas-
HBIX KJIeTKaX, ¥ JIa’Ke B PA3HBIX 30HAX OJTHON KJIETKH,
MaKCUMaJIbHAS BEJIMYNHA JIOKAJIBHOW KECTKOCTH U
MPOIECC TPOXOKAEHMST 30H/Ia MOTYT OBITh PAa3jiny-
Hbl. TIpeIoKeHHbBII TOX0/] MOKET ObITh UCIIOJIb30-
BaH IPU TIPOBe/leHUN (DYHAAMEHTAIBHBIX U KIMHU-
YeCKUX HCCJIeIOBAaHUN CBONCTB KJIETOK KPOBHU B
HOPMe U TIpu pasanuHbix 3abosesanusax. OcobeHHo
a(hEKTUBHBIM METOJI PETUCTPAITNY HEJTMHEWHBIX JIe-
dopmaruii MokeT ObITh B TPAKTHKE PEAHMMATOJIO-
TUd U PeabHINTONOTHH,
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Inhaled Antibiotics in Reanimatology:
Problem State and Development Prospects (Review)
Artem N. Kuzovlev, Andrey V. Grechko
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Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
25 Petrovka Str., Build. 2, Moscow 107031, Russia

HosokomuasbHast ITHEBMOHUSI — BTOPaAst 110 BCTPEYAEMOCTH HO30KOMUA/IbHast MH(EKIIUST B OTAEJNEHUSAX pea-
HUMATOJIOTUU U HauboJiee PACcIpPOCTPAHEHHAs y MAIMEHTOB HA UCKYCCTBEHHOU BeHTUIsAMU jJerkux (9—27%).
[lesbto TaHHOTO 0030pa JIUTEPATYPBI ABJIsieTCst 00CyKAeHNe HanboJiee COBPEMEHHOU OTEUECTBEHHOI U 3apybesk-
HOM JI0Ka3aTeJbHON 6asbl 110 UCHOIb30BAHUIO MHIAASIIMOHHBIX aHTUOMOTUKOB B peaHnuMaTosioruu. Ilouck oreue-
CTBEHHBIX MybuKanuii (0630pbl IUTEPATYPbI, 00CEPBAIMOHHBIE UCCIE0BAHMNS, TBONHBIE CJIETIbIe PAHIOMU3NPO-
BaHHbIE MCCJE0BAHUA) IPOBOAMIICS B Oase maHHbIX elibrary.ru, sapybexubix — B 6ase gannbix PubMed. 3a me-
puoa 2005—2017 rr. Micrionb30Baiuch cieAyloniue NOMCKOBbIE 3alIPOChL: «HHTAISAIMOHHbIE aHTUOMOTUKK», «<HO-
30KOMMaJIbHAS MHEBMOHMS», «<MHTAMSIIMOHHBIA TOOPAMUIIMHY, «MHTATAIMOHHbBII KoaucTun», «inhaled antibio-
tics», «inhaled colistin», «inhaled tobramycin». B ananus Bxitoueno 67 mybiukaruii 2007—2017 rr., ogHa my6-
sukarua 2000 roga. B 0630pe smTepatypbl NpeacTaBieHbl ONUCAHUS TIPENapaToB, COBPEMEHHBIE BO3MOKHOCTH
MHTAJISIIIMOHHOM aHTHOMOTHKOTEPATNE HO30KOMHUATbHONH MHEBMOHWU, TIPEUMYIIECTBA U HEJOCTATKU JAHHOTO
Meroza sedenus. Ocoboe BHUMaHUE yIeJeHO MCHOJIb30BAHUIO MHIAISAIMOHHBIX aMUHOIJIMKO3UIOB M WHTaJIs-
[MOHHOI'O KOJMCTHHA IPU HO30KOMHUAJIbHON ITHEBMOHUY B OT/IEJIEHUSIX PEaHUMATOJIOT .

Knoueswie crosa: nozoxomuanvnas NHEBMOHUSA, UH2AIAUUOHHDbLE aHmu6uomuKu; amuuomuxoauabt; mo6pamuuuu;
KoJucmu

Nosocomial pneumonia is the second most common nosocomial infection in critical care units and most com-
mon in ALV patients (9—27%). The purpose of this literature review is to discuss the latest domestic and foreign
body of evidence concerning the use of inhaled antibiotics B critical care. Search for domestic publications (li-
terature reviews, observation studies, double blind randomized studies) was carried out in elibrary.ru database,
for foreign — in PubMed. Database for the period of yrs. 2005—2017. The following search enquiries were used:
«inhaled antibiotics», «nosocomial pneumonia», «inhaled tobramycin», «inhaled colistin». The analysis inclu-
des 67 publications of yrs. 2007—2017 and 1 publication of yr. 2000. The literature review includes drug desc-
riptions, contemporary capabilities of inhaled antibiotic therapy for nosocomial pneumonia, the advantages and
drawbacks of this method of treatment. Special attention is focused on the use of inhaled aminoglycosides and
inhaled colistin during nosocomial pneumonia in critical care units.

Keywords: nosocomial pneumonia; inhaled antibiotics; aminoglycosides; tobramycin; colistin

DOI:10.15360,/1813-9779-2017-5-69-84
Bsenenue Introduction

Hosokomuanbnas naesmonust (HID), cBsazannas Nosocomial pneumonia (NP) related to mecha-
C HPOBEIEHIEM HCKYCCTBEHHON BeHTwiisiiun jierkux | nical lung ventilation (MLV) is a pneumonia that has
(UBJT), — nHeBMOHUs1, pasBuBiiasicst He panee yeM | developed not earlier than 48 hrs. after tracheal intu-
yepe3 48 4 0T MOMeHTa UHTYOaIu Tpaxen u Havaima | bation and onset of MLV in the absence of lung infec-
nposenerust UBJI ipu oTcyTCTBUH IPU3HAKOB Jierod- | tion signs at the time of intubation [1]. This is the se-
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HOIl wH(eKIY Ha MOMeHT uHTyOaruu [1]. Ito BrO-
pas 1o BCTPeYaeMOCTU HO30KOMUATbHAST UH(MEKIUS B
OT/IEJIEHUSIX PEAHUMATOJIOTUH U HauboJiee Pacipo-
cTpaHenHast y marmentos Ha UBJI (9—27%). Oxouto
50% aHTHOMOTUKOB, HA3HAYAEMBIX B OT/IEJICHHIX pea-
HUMATOJIOTUH, UCTIOJIb3YIOTCs st Jedenust HIT, At-
pubyrtusHas JeraabHoctb 1npu HII cocrasiser 1o
JTAHHBIM Pa3INYHBIX rccaenoBanuii ot 0 mo 50% [1—
6]. Boicokast setanbrOCTh 1prt HIT B GoibIiioii crerie-
HU CBsI3aHA C TPAAUIIMOHHBIM BHYTPUBEHHbBIM BBEJIE-
HUEeM aHTHOMOTHKOB (Yactora paspernenuss HIT npu
JIAaHHOM BapHaHTe aHTUOHOTUKOTEPAITUH COCTABJISIET
He Gosee 60%, BbICOKA 4acTOTAa PELUAMBUPOBAHUS
HII), a takske MUPOKOI PacIpOCTPAHEHHOCTBIO TI0-
JINPE3UCTEHTHBIX MITAMMOB I'PAMIIOJIOKUTENbHBIX U
IPaMOTPUIATETBHBIX MUKPOOPraHu3MoB [7—13].

AdbdexruBnas anrubuorukorepanuss HIT Tpe-
Oyer NOCTHKeHUS aHTMOMOTUKOM KOHIIEHTPAlluu B
TKAHU JIETKUX, IPEBBIIAIONEN MUHIMAIbHYIO II0-
nasssiontyio konrentparuio (MIIK) mukpoopra-
HuszMa. Eciu DTOpXuHOMOHBI [IPU BHYTPUBEHHOM
BBEJIEHUU XOPOIIO MTPOHUKAIOT B JIETKUE, TO OOJIb-
HIMHCTBO aHTHOMOTUKOB (6era-JaKTaMbl, KOJUCTHH,
AMUHOTJIMKO3U/IbI, TJIMKOIIEITH/IBI) TIPU BHYTPUBEH-
HOM BBeJIeHUU — Kpaline 1maoxo [14]. YBeaudyenue
JIO3bl aHTUOMOTHKA TI03BOJISACT JOCTUYD €0 OOJIbIIeH
KOHIIEHTPAIUU B JIETKUX, HO COINPSIKEHO C PUCKOM
no6ouHbIX addextoB. Kpome TOro, y marueHToB B
KPUTUYECKUX COCTOSHUIX (PapMaKOKUHETUKA BHYT-
PUBEHHDBIX AHTUOUOTUKOB 3HAYUTELHO U3MEHEHA U
MAaJIOTIPOTHO3UPYEMa, YTO 3aTPYIHSET aIeKBATHOE
JI03UPOBAHUE BHYTPUBEHHBIX aHTHOMOTUKOB [15]. K
COXKAJIEHNO, pa3pabOTKa MPUHIUITHAIBHO HOBBIX
5 dEKTUBHBIX aHTUOMOTUKOB B HACTOSIIIEE BPEMsI
3aTpy/HeHa 10 MHOTUM MpUYuHaM (HaydHble, 9KO-
HOMUYECKHUE, IOPUIUYECKUe, OPTaHU3AIMOHHbIE U
JIP.) ¥ IEPCIIEKTUB UX CO3/IaHUs B OJIMIKaliIee BpeMst
Het [7—9, 16]. [ToaTomMy TIepCIIeKTUBHBIM HaIlpaBJie-
HueM aHTrOnoTukorepanun HII gBisercs ucmnosib-
30BaHUE UHTASIIUOHHBIX aHTUOUOTUKOB (ITA) B Ka-
YeCTBe JOIOTHEHUST K CHCTEMHBIM.

[Tesibto TaHHOTO 0030pa JIUTEPATYPDI SIBJISIETCSI
obcyskieHe Hanboiee COBPEMEHHOW OTEYeCTBEH-
HOU 1 3apyOeRHOI I0Ka3aTeIbHON Ha3bl 10 MCHOJIb-
30BaHUI0 MHTAISIUOHHBIX aHTHOHOTUKOB B PEaHU-
MaTOJIOTHUH.

[Touck oTeyecTBEHHbIX Iy OIUKALIIT IIPOBOIILII-
cs1 B Oaze manubix elibraryru, sapybexubix — B 6ase
nannbix PubMed. Biiok-cxema BKJoueHust B 0030p
JIUTEPATYPBI MyOJIUKAINH TIPE/ICTABJICHA HA PUCYHKE.
ITpoBowIcst MOUCK TIO TyOuKaIusimM (0630PbI JIuTe-
patypbl, 00CEpBAIIMOHHBIE UCCIIE0BAHISI, [BOIHbIE
CJIeTible PAHIOMU3UPOBAHHbIE MCCIEI0BAHNUS) 32 Tie-
puoa 2005—2017 rr. Mcmonp3oBaauch Claeayoriie
MOUCKOBBIE 3aIIPOCHL «UHTAJSIIIMOHHBIE AaHTHOHOTH-
KI1», <HO30KOMUAJIbHAST THEBMOHUSI», «MHTAJISIIUOH-
HBIH TOOPAMUIIMHY, <«UHTAJSIIUOHHBIN KOJUCTHHY,
«inhaled antibiotics», «inhaled colistin», <«inhaled

cond most common nosocomial infection in critical
care units and most common among MLV patients
(9—27%). About 50% of antibiotics prescribed in cri-
tical care units are used for NP. According to varies
studies, the NP attributive case fatality rate is 0 to
50% [1—6]. High fatality rate during NP is largely re-
lated to conventional intravenous administration of
antibiotics (the NP resolution rate in case of that op-
tion of antibiotic therapy does not exceed 60%, the NP
recurrence rate is high), also with high prevalence rate
of multiresistant strains of gram-positive and gram-
negative microorganisms [7—13].

For NP antibiotic therapy to be effective, the
pulmonary tissue antibiotic concentration must be
higher than the microorganism's minimal inhibition
concentration (MIC). If fluoroquinolones penetrate
well into lungs in case of intravenous administration,
most antibiotics (betalactams, colistin, aminoglyco-
sides, glycopeptides) do it extremely badly in case of
intravenous administration [14]. Increasing antibio-
tic dose allows achieving its higher pulmonary con-
centration but presents a risk of side effects. Besides,
the pharmacokinetics of intravenous antibiotics is
considerably changed and can hardly be forecasted
in critically ill patients, which makes adequate do-
sing of intravenous antibiotics difficult [15]. Unfor-
tunately, development of principally new effective
antibiotics is currently unfeasible for many reasons
(scientific, economic, legal, organizational, etc.), and
there are no expectations that they will be created in
the nearest future [7—9, 16]. Therefore, a promising
direction of NP antibiotic therapy is the use of inha-
led antibiotics (TA) as an adjunctive therapy to sy-
stemic therapy.

The purpose of this literature review is to dis-
cuss the latest domestic and foreign body of evidence
concerning use of inhaled antibiotics in critical care.

Search for domestic publications was carried
out in elibrary.ru database, for foreign — in PubMed
database. The block diagram of inclusion of publica-
tions in the literature review is shown in Fig. 1. The
search was performed for publications (literature re-
views, observation studies, double blind randomized
studies) for the period of yrs. 2005—2017. The follo-
wing search enquiries were used: «inhaled antibio-
tics», «nosocomial pneumonias, «inhaled tobramy-
cin», «inhaled colistin». The analysis includes 67
publications of yrs. 2007—2017 and 1 publication of
yr. 2000.

Administration by inhalation is applied for dif-
ferent groups of drugs: antibiotics, antimycotics, an-
tituberculotics, immunosuppressants, vaccines, in-
terferons, etc. According to Ehrmann S. Et al., 99% of
critical care unit doctors use drug administration
through inhalation, 43% of them utilize nebulizers
(55% — jet, 44% — ultrasound, 14% — mesh-vibra-
ting nebulizers). 80% of respondent doctors apply in-
haled colistin and 30% do inhaled antibiotic therapy
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tobramycin». B anaius Britodero 67 myOiuKkarnmii
2007—2017 rr., ogna mybsmkanus 2000 roza.

NHranganmoHublil TyTh BBEACHUS WCIIOJb3Y-
eTCsl [IJIs1 JIEKAPCTBEHHBIX PENapaToB Pa3JIUuIHbIX
IPYIIL: aHTUOUOTUKOB, IIPOTUBOTPUOKOBBIX, TPOTH-
BOTYOEPKYJIE3HBIX, UMMYHOCYIIPECCOPOB, BAKI[UH,
untepbeporos u jap. 1o mawabiM Ehrmann S. u
coaBT. 99% Bpadeill OTHesIeHUN pPEAHMMATOJIOTUN
UCIIOJIb3YIOT HHTAJSIITUOHHBIN CIIOCO0 BBEICHMSI Jie-
KapCTBEHHbBIX [IPeNnaparos, 43% U3 HUX IPUMEHSIOT
HeOyaiizepnt (55% — crpylinbie, 44% yiabTpasBy-
KOBbIe, 14% — Hebymaiizepnl ¢ BUOPUPYIOIIEN T11a-
cTunoit). 13 onporrennbix Bpadeii 80% mpuMeHsiOT
MHTAJISIMOHHBIN KOJUCTHH, a 30% TMPOBOAST WHTa-
JIAIUOHHYI0 aHTUOMOTHKOTEPAITNI0 KAaK MUHUMYM
pa3 B aBa Mecsana [11]. MHransgnuonHoe npumeHe-
HUe aHTMOMOTHKOB KOJIMCTHHA, TOOpaMUIMHA, 1e-
(hamocnopunos, amboTepunmna B, menramuinna B
npodusakTuKe W JiedeHun WHOEKIUH JeTKux y
PA3JIMUYHBIX KATETOPU OOJHHBIX HCIIOJIb3YETCS YiKe
6ostee 50 ser.

WHraisiiuoHHble aHTHOMOTHKH B IIyJIbMOHOJIO-
run. HaubGoJsibimii ombiT ucrosib3osanust A Hakor-
JIeH TIPY JIeYeHUN OCTPOH M XPOHUYECKON CHHETHOM-
HOI nHMEKIK Y G0JLHBIX MyKOBUCITHI030M U OPOH-
XO9KTaTHUECKON 00/1e3HbI0. X POHUYECKAST CUHETHOT-
Hast MHQPEKIHS TIPU MyKOBUCIIAI03€ aCCOIIUUPOBAHA C
MOBBIIICHHOW JIeTAIBHOCTBIO. VIHTamaMoOHHbII TOO-
pamurun (MUT), xomuctun (UK) (50—75 mr 2—3
p/cyt.), aztpeonam (75 mr 3 p/cyT Kypcamu 1o 28
CYT.) U IpyTH€e aHTHOMOTUKHU UCIOJIB3YIOTCS JIJIST TTPO-
JOJDKUTEIBHOTO JiedeHus: NHGEKITHOHHBIX OCJIOKHE-
HUIT MYKOBUCIII/I03a B CTallHOHAPE U aMOYJIaTOPHO.
[lokazana adpdexruBrocTh 28-1HeBHOTO Kypca UT B
spaqukaiu Pseudomonas aeruginosa y O0JIbHBIX My-
koBucio3oM (300 Mr/cyT., B TedyeHue 28 cyT., 3aTeM
nepepbiB Ha 28 cyT.). OMHAKO JaHHBIE TOCJEIHETO
MeTa-aHaJIN3a MOKA3BIBAIOT, YTO B HACTOSIIIIEE BPEMSI
HEJIOCTATOYHO JloKa3aTesbeTB apdextuBnoctn MA
JUIsE JiedeHust 000CTPEHMIT CMHErHOMHOM nHMEKInn
npu MyKoBucimaose. Kpome Toro, B mociefHme rojibl
y GOJIBHBIX MYKOBHCIUZ030M YBEJIMYUBAETCST YUCIO
DE3UCTEHTHBIX K KOJUCTUHY U AMHOTJIUKO3WUIAM
mraMMoB Pseudomonas aeruginosa, a Taksxe Bospacra-
€T POJIb IPAMIIOJIOKUTENbHBIX KOKKOB B PA3BUTHU UH-
(hbeKIMOHHBIX OCJIOKHEHU . SHAYNTENIbHbIE OITACEHUST
TAK)Ke BBI3BIBAET KYyMYJIITUBHAS TOKCUYHOCTb aMU-
HOTJIMKO3UIOB TPU UX KYPCOBOM IIPUMEHEHUU Y
6osibHBIX MyKoBHCIMI030M [17—20]. B mccienosa-
HISIX 110 MCIIOJIb30BAHUIO HHTAJSIIIUOHHOTO TOOPaMu-
I[IHA TIPH 060CTPEHNU OPOHXO0IKTATHUECKON GOJIE3HI
He ObLIO TIOJIYYEHO JIOCTOBEPHBIX JIAHHBIX 110 €ro ab-
(hexTHBHOCTH, U OBLIO 3aPETUCTPUPOBAHO 3HAUUTEb-
HOE KOJIMYeCTBO ocaoxkHenuii [21]. B nccrenoBanun
Rietmuller J. u coaBT. ucrosp30Bajii HEOOBIYHYIO Me-
TOJIUKY MHTAJISIIIUOHHON aHTUOHOTUKOTEPAITHI CUHE-
THOMHOU MH(DEKITNY TTPU MYKOBUCITHIO3€: TIOCJIe/I0BA-
TEeJIbHO KOMOMHUPOBA/IM MHIAIAMOHHbI TOMOpaMu-

Publications identified
through other sources

Publications identified
by search through

databases (n=2123) (n=0)
Publications
after duplicates
were deleted (n=568)
Publications that Excluded
passed screening —>publications
(n=568) (n=446)
Full-text articles Excluded
evaluated full-text
for acceptability | articles
(n=122) (n=12)

v

Studies included

in the qualitative synthesis
(n=110)

Studies included
in the quantitative
synthesis (7n=68)

Biiok-cxema BKIIOYEHHS MyOJMKaNuii B aHAINS.

Block-diagram of the inclusion of publications in the analysis.
IIpumeuanue. Publications identified by search through databa-
ses — nmyOauKanuu, naenTuhuIMpoBaHHble Yepe3 MOUCK B Oazax
naunbix; through other sources — uepes apyrue ncrounnku; after
duplicates were deleted — nociie ypanenus ny6mkartos; that pas-
sed screening — npomeamue ckpununr; Excluded — nexioven-
ubie; Full-text articles evaluated for acceptability — momsorexc-
TOBBIE CTAThH, OllEHEHHbIe Ha TIpremaeMocTh; Studies included in
the qualitative/quantitative synthesis — uccaenoBanus, BKo-
YeHHbIC B KAUeCTBEHHBIH /KOIMYeCTBEHHBIH CHHTES.

at least every two months [11]. Inhaled antibiotics
like colistin, tobramycin, cephalosporins, amphoteri-
cin B, pentamidine have been used in the prophylaxis
and treatment of lung infections in different catego-
ries of patients for over 50 years.

Inhaled Antibiotics in Pulmonology. The lar-
gest experience of using IA is for treating acute and
chronic pseudomonas infections in patients suffering
from cystic fibrosis (mucoviscidosis) and bronchiecta-
sis lung disease. Chronic pseudomonas infection in
case of mucoviscidosis is associated with increased
case fatality rate. Inhaled tobramycin (IT), colistin
(IC) (50—75 mg 2—3 times/day), aztreonam (75 mg
3 times/day in 28-day courses), and other antibiotics
are being settings used for prolonged treatment of in-
fection complications of mucoviscidosis both in in-pa-
tients and outpatients settings. The efficacy of a 28-
day IT course for eradication of Pseudomonas aerugi-
nosa in mucoviscidosis patients has been confirmed in
clinical trials (300 mg/day for 28 days followed by a
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1uH (300 Mr 2 p/CcyT.) M MHTATSAIMOHHBIN KOJUCTUH
(1 mma. E/U 2 p/cyt.). JlaHHbBI alrOpUTM JieyeHMs
6b11 abbextusen y 80,5/% manmentos [22—23].

IIpeumMynecTea HHTAIAIMOHHBIX AHTHOUOTH-
KOB. VHTaJISIIUOHHDBIN IyTh BBEJIEHUsT aHTUOMOTH-
KOB 00J1ajlaeT PsIOM HECOMHEHHBIX MMPEUMYIIECTB
[0 CPAaBHEHUIO C BHYTPUBEHHBIM: TOCTABKA AHTH-
OUOTHKA HEMOCPEACTBEHHO B ouyar WHQeKIuu (uc-
MOJIb30BAHUE COBPEMEHHBIX HEeOYJIAil3epOB MO3BO-
asiet goctaBuTh 50—70% mo3nr 1A HemocpencTBeH-
HO B ouar WHQEKINN); TOCTUKEHNE BHICOKUX KOH-
HEeHTpaIil aHTHOUOTUKA B MOKPOTE, KOTOPbBIE
3HAYUTEHHO BBIIIE, YeM II0CJ€e BHYTPUBEHHOTO
BBEJIEHUST, YTO OCOOEHHO BaXKHO TIPU JIEYEHUU WH-
(bexnmii, BHI3BAHHBIX MMOJUPE3UCTEHTHBIMU ITAM-
MaM¥ ¥ [JIs1 IPeIoTBpaleHus GopMUPOBAHUST pe-
3UCTEHTHOCTH (JIOKA3aHO B KJIMHUYECKUX U IKCIIE-
PUMEHTAJbHBIX HuccaeroBanugax) [21, 24—27];
YMEHBIICHUE PUCKA PA3BUTUS CHUCTEMHOTO TOKCH-
YeCKOTO JIeWCTBUST aHTUOMOTUKOB BCJIEACTBUE MU-
HUMaJIbHOM CUCTEMHOI azcopOuuu aHTUOMOTUKA
[21—29]. Huskue cucteMHble KOHIIEHTPAITUN aHTH-
OUOTHKOB MPU UHTAJSIIIHOHHOM BBEJIEHUM TO3BO-
JsttoT u3bexaTh PasBUTUS PE3UCTEHTHBIX (HOPM
Mukpoopranusmos [21, 30]. UmeroTcs nokasaTenb-
HbI€e JAHHBIE O TOM, YTO HazHavenue VA conpoBox-
JIAeTCsl CHUZKEHUEM OOIIEr0 KOJUYECTBA UCIOJIb-
3yeMbIX y JJAHHOTO MAIlMEeHTa CUCTEMHBIX aHTUOUO-
THUKOB, YTO BaXKHO JIJISI CHIDKEHUsSI aHTUOMOTHKOPE-
3UCTEHTHOCTU MHUKPOOPraHM3MOB B CTAIMOHAPE U
1ist OPMUPOBAHUS IPOrPAMM PAIMOHAIBHON aH-
tubuoruroreparuu [31—32].

B 70—80-¢ rr. ObLI1 TPOBE/IEHBI TEPBbIE UCCJIE-
JI0OBaHUA 10 u3ydyeHuto 3(hQeKTUBHOCTH WHTAJL-
[[HOHHOTO T€HTAMUIIMHA, AaMUKAIINHA U TOOPAMUIIH-
Ha ipu HII y peannmaToIornyecKux rnaineHToB, Ko-
TOPbIE OTJINYATUCH MAJION BBIOOPKOU U PA3IMIHBIM
qusaiinoM. B GosbiinHcTBe paboT ObLIO MOKAa3aHO
paspemenue HIT npu jeyeHnn MHTaNAINMOHHBIMU
AMUHOTJIMKO3UIAMH, OJHAKO MAaKCHUMAJIbHO TOCTO-
BEPHbBIE Pa3Jinuus ObLIM MOJIYYEHDI TIPU CPAaBHEHUH
WA ¢ nane6o. Kpome toro, Bo MHOIMX HCC/IEL0Ba-
HUSIX OBLT 3aPETUCTPUPOBAH 3HAUMTEILHBIN POCT pe-
3UCTEHTHOCTU K AMUHOTJIMKO3U/AM, YTO BBI3BAJIO
3HAUUTEIHHBIC OTIACEHUS Y HCCIeoBaTesell 1 3aTop-
MO3MJIO Ha HECKOJIBKO JIeT JAJbHEHIIe UCeae/[0Ba-
HUS 110 JIaHHOU 1pobseme. B psime Gojiee mo3pHux
paboT 1 B GOJIBITMHCTBE COBPEMEHHBIX HCCJIE0OBA-
HUIT OBLIO JIOKA3aHO, YTO HCIIOJH30BaHIE WHTAJISI-
[[HOHHBIX AHTHOMOTHKOB HE BJIASIET HA POCT aHTH-
6uoTukopesucrenToctu [33—39].

KpynHBIX paHZOMU3NPOBAHHBIX MHOTOIIEHTPO-
BbIX nccienosanuii mo A B meuenun HII 1o Hacrosi-
IIero BpeMEeHM He TIPOBOAMIOCH. Bee ncciemoBanus
KpaiiHe reTeporeHHbI 110 IN3aliHy, BCJIe/ICTBHE Yero B
Hacrosiee BpeMs EBporieiickiM o011ecTBOM KJINHU-
YEeCKOU MHUKPOOUOJIOTUY ¥ WH(DEKIIMOHHBIX 3a00J1€-
BaHUI He PEeKOMEHOBAHO HCIIOJIb30BATh WHTAJIS-

28-day interval). However, the latest meta-analysis
shows that at present there is no sufficient evidence of
IA efficacy for exacerbations of pseudomonas infec-
tions in case of mucoviscidosis. Besides, recently the
number of mucoviscidosis patients with Pseudomonas
aeruginosa strains resistant to colistin and aminogly-
cosides has been growing and the role of gram-positive
cocci in the development of infection complications
has been increasing. Cumulative toxicity of aminogly-
cosides in case of their application in courses in muco-
viscidosis patients raises concerns, too [17—20]. The
investigations of using inhaled tobramycin for bronc-
hiectasis lung disease exacerbation did not produce
reliable enough data on its efficacy while a considerab-
le number of complications were recorded [21]. In
their study, Rietmuller J. et al. used an unconventio-
nal technique of inhaled antibiotic therapy for P.
aeruginosa infection during mucoviscidosis: they se-
quentially combined inhaled tobramycin (300 mg 2
times/day) and inhaled colistin (1 mln. U 2 times/
day). That algorithm of therapy was efficient in 80.5%
of patients [22—23].

Advantages of Inhaled Antibiotics. Admini-
stration of antibiotics by inhalation features a num-
ber of doubtless advantages versus intravenous ad-
ministration: antibiotic delivery straight to infection
focus (application of up-to-date nebulizers allows de-
livering 50—70% of TA dose straight to the infection
focus); achievement of high concentrations of anti-
biotica in sputum that are much greater than after
intravenous administration, which is particularly im-
portant during treatment of infections caused by
multiresistant strains and for prevention of resistan-
ce formation (has been proven in clinical and experi-
mental studies) [21, 24—27]; reduced risk of develo-
ping systemic toxic effect of antibiotics thanks to mi-
nimal systemic absorption of antibiotic [21—29].
Low systemic concentrations of antibiotics in case of
administration by inhalation allow avoiding deve-
lopment of resistant forms of microorganisms [21,
30]. There is evidence that TA prescription is accom-
panied with decrease of the total quantity of syste-
mic antibiotics used in that particular patients,
which is important for abating antibiotic resistance
of microorganisms in a hospital and for setting up ra-
tional antibiotic therapy programs [31—32].

In the 70—80s, first investigations were con-
ducted to study efficacy of inhaled gentamicin, ami-
kacin and tobramycin during NP in critical care pa-
tients, which were characterized by a small sample
and different design. Most papers showed NP reso-
lution in case of treatment with inhaled aminoglyco-
sides, however, maximally reliable differences were
obtained in the comparison of TA versus placebo. Be-
sides, many investigations recorded a considerable
growth of resistance to aminoglycosides, which rai-
sed considerable concern of researchers and delayed
further investigations of that problem by a few
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[[HOHHBbIE AHTUOUOTHKYM B KJIMHUYECKOU IIPAKTHKE
[40]. Hampotus, B pekoMeHIAIMAX AMEPUKAHCKOTO
obuecTBa nHpeknnonnbix 3abosesanuii (Infectious
Diseases Society of America, IDSA) 2016 r. ormeue-
HO, YTO I[IPU HAJUYUU UYBCTBUTEIBHOCTU TOJBKO K
AMUHOTJINKO3U/IAM WJIU KOJUCTUHY TPEIIOYTUTEb-
HO MPOBOIUTH KOMOMHUPOBAHHOE JIEUCHUE JTAHHBIMU
aHTHONOTUKAMU (BHYTPUBEHHOHMHTAISIITHOHHO).
Kpowme Toro, B JaHHBIX PEKOMEH/IATIMSAX YKA3aHO, YTO
MPUMEHSITh WHTAJISAIMOHHBIE aHTUOUOTHKH 1EJIECO-
00pasHo B TEX CUTYAIUSX, KOT/[A HET KIMHUYECKOTO
OTBETa HAa BHYTPUBEHHOM DPEXUMe aHTUOUOTHKOTE-
panuu. [lannbie mera-ananuza [DSA mnoxkasbiBaior,
YTO UCIIOJIb30BAHNE WHTAJSIMOHHBIX aHTUOUOTHKOB
B KayeCTBe JIOMOJHEHNS K CUCTEMHBIM yBEJIUIUBACT
vacrory pazpemernss HIT (RR 1,29) 6e3 Biustaust Ha
getasnbHOCTh (RR 0,84) mim wacroty pasBuTtus 1o-
6ounbix adperro (RR 1,11) [41].

B Poccuiickux HalMoHaJIbHBIX PEKOMEHa-
mugx «HozokoMuanbHasg MTHEBMOHUS Y B3POCJBIX>
2016 r. TakKe OTMeUEHA 11eeCO00PaZHOCTD MTPUMe-
HEHUST WHTAISIUOHHBIX aHTUOMOTUKOB B KauecTBe
JIOTIOJTHEHNS K crucTeMHBbIM. OTMe4YeHa BaKHOCTD CO-
GJIOJIEHUST TEXHUKY MHTAJSIIIME aHTHOMOTUKOB U HC-
HOJIb30BaHUsI HeOYTAN3€ePOB MOCIEIHETO TOKOJIEHIST
NI yBEJWYEHUS JIOCTaBKM TIperaparta B JIeTKUe.
Kpome Ttoro, perniearie 0 Ha3HAYCHUW WHTAJISIUOH-
HOU aHTHOMOTUKOTEPAIIIH JOJIKEH TPUHUMATH KOH-
cumuyM esiepaabHON CHeaJTn3npPOBAHHON MeIn-
[UHCKOI OpPraHusaIiu MPU YCJIOBUM HAJIUYUS 100-
POBOJILHOTO WH(POPMUPOBAHHOTO COTJIACHS TTAIlMEH-
Ta WJW €ro 3aKOHHBIX mpexactaButesein (IIpukas
Mumnsapasconpassutusi Poccun or 09.08.2005 r.
Ne494 «O mpuMeHeHWU JIEKAapCTBCHHBIX CPEJICTB Y
GOJILHBIX 110 JKU3HEHHBIM TIOKas3aHmsiM» ) [1].

HawuboJbiitee pacripocTpaHeHHEe B PEAHUMATO-
JIOTHH TIOJTYYUJT MHTISIIIMOHHDIN KOJUCTUH U UHTa-
JISIMOHHbIE AMIHOTJINKO3H/IBI BCJIE/ICTBUE UX GaKTe-
putgHoro addekra U J0KasaHHOU 0e30IaCHOCTU
MIPY MHTAJISAIMOHHOM BBEJICHUN.

HNurananmonnsie aMuHOIIIMKO3uabl. B Poccun
3apEeTUCTPUPOBAHA CIIeIMAIbHASA JIeKapCTBCHHAS
(hopma /i HHTAJSIITUOHHOTO BBEAEHUST TOOPAMUIIH-
Ha. HeoOXOAMMO OTMETUTH, YTO AMUHOTIIUKO3HIIHI
HauboJiee yIO0OHBI JIJIsI MHTAJSIIIHOHHOTO BBEICHUS,
[IOCKOJIbKY OHU 00JagaoT OaKTepUIMAHON aKTUB-
HOCTBIO, 3aBUCUMOI OT KOHIICHTPAIIUU, KOTJIA CO3/Ia-
€TCsT BBICOKAsI MTUKOBAsI KOHIIEHTPAIIUS TIperapara B
JIETKUX, HO TIPOJIOJKUTEIBHOCTD €T0 IEHCTBUS MaJa.
Hamnporus, ipu BHyTPUBEHHOM BBEIEHUU [TPOHUKHO-
BEHUE AMWHOTJIMKO3UIOB B JIETKUE MWHUMAJIbHOE
(12% s renramunmia, 32% 171t TOGpaMUIIMHA; KOH-
nenTpaius B Mmokpote menee 10* MITK), a puck pas-
BUTHSA TOKCUYeCKUX ahdeKToB Bbicok [16—18, 42].

AMUHOTJIMKO3HU/IBI TIPEACTABISIOT cOOOH TI0-
JISPHBIC MOJIEKYJIBI M OUY€HD TII0XO TPOHUKAIOT B Jie-
TOUHBIN AMUTETUH MPU BHYTPUBCHHOM BBEIECHUU
(15—20% mo3er). Ilpu UHTAISAIMOHHOM HPUMEHe-

years. A number of more recent papers and most
contemporary studies proved that use of inhaled an-
tibiotics renders no influence on growth of antibio-
tic resistance [33—39].

No large randomized multi-center studies of TA
in NP therapy have been conducted so far. All inve-
stigations are extremely heterogeneous in design;
consequently, at present, the European Society of
Clinical Microbiology and Infectious Diseases does
not recommend use of inhaled antibiotics in clinical
practice [40]. On the contrary, the guidelines of the
Infectious Diseases Society of America, IDSA, of
2016 say that when there is sensitivity only to ami-
noglycosides or colistin, a combined therapy with
these antibiotics (intravenous+inhaled) is preferab-
le. Besides, these guidelines mention that it is expe-
dient to apply inhaled antibiotics in situations when
there is no clinical response to the intravenous regi-
me of an antibiotic therapy. IDSA meta-analysis
shows that use of inhaled antibiotics as adjuvant to
systemic therapy increases the rate of NP resolution
(RR 1.29) without influence on the case fatality rate
(RR 0.84) or the rate of side effects (RR 1.11) [41].

Russian National Guidelines «Nosocomial
Pneumonia in Adults», 2016, also note expediency of
applying inhaled antibiotics as adjuvant to systemic
therapy. The importance of observing the antibiotic
inhalation technique and use of the last generation
nebulizers to increase drug delivery to lungs is un-
derlined. Besides, the decision of prescribing an inha-
led antibiotic therapy must be made by a case confe-
rence of a federal specialized medical organization
subject to voluntary informed consent of the patient
or his lawful representatives (Order No.494 of the
Russian Ministry of Health and Social Development
«On Life-Saving Application of Drugs in Patients» of
09.08.2005) [1].

Most common in critical care are inhaled coli-
stin and inhaled aminoglycosides due to their bacte-
ricidal effect and proven safety in case of administra-
tion by inhalation.

Inhaled Aminoglycosides. In Russia, a special
dosage for inhaled tobramycin administration is regi-
stered. Tt should be noted that aminoglycosides are
most convenient for administration by inhalation
since they feature bactericidal activity dependent on
concentration when a high peak dose of a drug is crea-
ted in lungs, but the duration of its effect is short. On
the contrary, in case of intravenous administration,
penetration of aminoglycosides into lungs is minimal
(12% for gentamicin, 32% for tobramycin; sputum
concentration is less than 10* MIC), while the risk of
development of toxic effects is high [16—18, 42].

Aminoglycosides are polar molecules and they
poorly penetrate into pulmonary epithelium when
administered intravenously (15—20% of the dose).
Inhaled tobramycin remains mostly in the respiratory
tract; it does not penetrate through respiratory epit-
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HUU TOOPAMUIIMH TIPEUMYIECTBEHHO OCTAETCSI B
JIBIXaTEJIbHBIX My TSX, HE IPOHUKAET Yepes3 pecinpa-
TOPHBI sHTenil. BUOZOCTYTHOCTD TOGPAMUIIITHA
3aBUCUT OT TEXHUKH UHTAJISAIUN U COCTOSTHUS JIbIXa-
TeapHBIX TyTel. Yepes 10 MUH TOCIe MHTATAINAN
300 mr UT cpeHsist KOHI[EHTpAIUsT TOOPAMUIIITHA B
mokpote cocrassier 1237 mkr/t (35—7414 Mkr/T).
Yepes 2 4 mocJjie UHTAJISAIUY KOHIIEHTpanust Toopa-
MUIIHA cocTaBysieT 14% OT KOHIEHTpAIUK Yepes
10 mun. CpenHsisi CbIBOPOTOUHAST KOHIIEHTPAIIUS
tobpamuinHa yepes 1 4 nocie unraasuu 300 mr
WNT y 6oJbHBIX ¢ MYKOBHUCLIMIO30M COCTaBJISIET
0,95 Mkr/mi1. BeiBoguTCst TOOPAMUIIIH [TPEUMYTIie-
CTBEHHO C MOKPOTON, He3HauWTeJbHAs 4YacThb —
myTeM KayboukoBoit puibrpanun, T, ToGpamMuiu-
HA U3 CBIBOPOTKY — MpUMepHO 2 4 [24—25].
Czosnowski u coasrt. [39] mokasanu, uto uc-
MOJIb30BaHUE WHTAJSIIIMOHHBIX aHTUOUOTUKOB MO3-
BoJisterT poctuub paspemenus HIT B 73% ciydaes,
spaaukaimu Bo30yauresst B 71% ciydaes. B perpo-
criektuBHOM uccaenosanun Arnold H. u coasr. ot-
MeueHa TEH/IEHIHS K O0Jiee BBICOKON BBIKIBAEMOCTH
60sibHbIX HII, KOTOPBIX JIEUMJIU WHTAJSIIIMOHHBIM
tob6pamurmaoM [43]. B uccaenosanuu Niederman u
coaBr. [44] 6bima okazana ahbEKTUBHOCTD HHTAJISI-
[MOHHOTO aMUKAI[MHA, KOTOPBIA BBOIUJIHN C TIOMO-
MBI 9KCIIEPUMEHTATIBHOTO HebOymmaiizepa 400 mr
kakbie 12 u. unm kaxkaple 24 4. Yacrora paspeliie-
uust HII cocraBuma 50% 1ipu [ByKpaTHOM BBEIEHUM
amukarmaa u 17% 1pu OIHOKPATHOM, 4acTOTa I10-
60unbIX a(hdexroB Obia MunuMabHOU. Le Conte u
COaBT. [45] moKazaau, 4TO UCHOJH30BAHUE WHTAJIS-
[IHOHHOTO TOOPAMUIIMHA B KAa4eCTBE JOMOJHEHUS K
BHYTPUBEHHBIM (eTa-JlakTaMaM TI03BOJISIET COKpa-
TUTH TnponoskuTesnbHocTh VIBJI. B perpocnexTns-
HOM uccsreioBannu Lu Q. u coaBT. Obliia 3aperucTpu-
poBaHa cXofHasd KAMHUYecKas 3(h(GeKTUBHOCTD CH-
CTEMHOTO W UHTAJISIIMOHHOTO BBe/leHUS e Ta3nim-
Ma ¥ aMUKaI[MHa, HO MeHbIIas yactota (hopMUpoBa-
HUST PE3UCTEHTHBIX MITaMMOB Pseudomonas aerugi-
nosa B rpynie VA. [46]. Ta xe rpyrmia uccienoBate-
Jiell ToKaszaia cXoJHylo 3(PdEeKTUBHOCTb WHTAJS-
[HOHHOTO KOJINCTHHA U KOMOWHAI[MM BHYTPUBEH-
HBIX O€eTa-JIAKTAMOB ¥ aMUHOTJIMKO3U/IOB Y GOJILHBIX
HITI, BoizBaunoit Pseudomonas aeruginosa u Acineto-
bacter baumanii [47]. B nanHoM uccienoBaHuy He
ObLIO TIOKa3aHO (GPOPMHUPOBAHUS PE3UCTEHTHOCTH
mMukpoopranuamos na ¢done UA. Hanporus, y 25%
MUKPOOpPTaHu3MOB Ha (oHe jeueHuss A moBbicu-
JIACh YYBCTBUTENBHOCTD K AaHTHOMOTHKAM, K KOTO-
PBIM OHE paHee ObLTn pe3ucTeHTHBL B padbore Ghan-
nam D. u coaBt. [48] 6bUIO TPOJEMOHCTPUPOBAHO,
uto B rpymie 60bHbIX HIT, KOTOPBIX JIEUNIN WHTa-
JIAIMOHHBIMU aMUHOTAUKO3UAaMu, pa3perierue HIT
6110 Gostee ObicTpbiM (Y 81% OOJIBHBIX IO CpaBHE-
Huto ¢ 31% B rpyiilie BHYTPUBEHHBIX AHTHOUOTH-
koB). He 6bLIO 3aperucTpupoBaHo ciydaeB Hedpo-
TOKCUYHOCTH B TPYIIE WHTAISAITMOHHBIX aMUHOTJIH-

helium. Tobramycin bioavailability depends on the
inhalation technique and respiratory tract condition.
10 min after inhalation of 300 mg of IT, the mean spu-
tum tobramycin concentration equals to 1237 mcg/g
(35—7414 mcg/g). 2 hrs. after inhalation, tobramycin
concentration equals to 14% of the 10 min concentra-
tion. The mean serum tobramycin concentration 1 hr.
after inhalation of 300 mg of IT in mucoviscidosis pa-
tients is 0.95 mcg/ml. Tobramycin is eliminated pred-
ominantly with sputumoii, a minor fraction — thro-
ugh glomerular filtration, tobramycin T,, from
serum is about 2 hrs. [24—25].

Czosnowski et al. [39] proved that use of inha-
led antibiotics allows achieving NP resolution in
73% of cases and germ eradication — in 71% of cases.
In a retrospective study, Arnold H. et al. observed a
tendency towards higher survivability of NP pati-
ents treated with inhaled tobramycin [43]. The
study of Niederman et al. [44] showed efficacy of in-
haled amikacin administered with the help of an ex-
perimental nebulizer in a dose of 400mg every 12 hrs.
or every 24 hrs. The NP resolution rate amounted to
50% for amikacin administration done twice and
17% for single, occurrence of side effects being mini-
mal. Le Conte et al. [45] demonstrated that inhaled
tobramycin used as an adjunctive therapy to inrave-
nous betalactams allows reducing the ALV period. In
a retrospective study, Lu Q. et al. recorded a similar
clinical efficacy of systemic and inhaled ceftazidime
and amikacin, but less frequent formation of resistant
strains of Pseudomonas aeruginosa in the TA group
[46]. The same team of researchers showed a similar
efficacy of inhaled colistin and a combination of in-
travenous betalactams and aminoglycosides in pati-
ents with NP caused by Pseudomonas aeruginosa and
Acinetobacter baumanii [47]. That study did not
show formation of microorganisms' resistance at the
background of TA. On the contrary, at the backgro-
und of TA therapy, 25% of microorganisms developed
sensitivity to antibiotics, which they had been resi-
stant to previously. Ghannam D. et al. [48] demon-
strated that in the group of NP patients treated with
inhaled aminoglycosides, NP resolution was faster
(in 81% of patients versus 31% in the group of intra-
venous antibiotics). No cases of nephrotoxicity were
recorded in the group of inhaled aminoglycosides.
Our study [49] proved that inhaled tobramycin
dosed 300 mg 2 times/day is efficient as an adjuvant
therapy to systemic antibacterial therapy in the tre-
atment of AIV-associated pneumonia caused by
multiresistant gram-negative germs: such modified
treatment facilitates faster pneumonia resolution
and earlier unassisted breathing.

Inhaled Colistin. Polymyxin E (colistin) was
isolated from Bacillus polymyxa by Japanese researc-
her Koyama Y. in 1949. Polymyxin E (colistin) and
polymyxin B differ by their chemical structure. These
antibiotics were intensively used for severe gram-ne-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2017, 13; 5



DOI:10.15360,/1813-9779-2017-5-69-84

O630pmr

K03u10B. B Hamem nccneposanun [49] 66110 qokasa-
HO, YTO IPUMEHEHIE HHTAJSIIIHOHHOTO TOOPAMUIIMHA
B 103¢ 300 Mr 2 p/cyT adpexTuBHO B KayecTse /10-
MOJIHEHUST K CUCTEMHOW aHTHOAKTEPUATIbHOU Tepa-
nuu npu gedennn MBJI-acconmmupoBanHoil mHeBMO-
HUU, BBI3BAHHOM MTOJIMPE3UCTEHTHBIMU IPAMOTPHIIA-
TEJIBHBIMU BO30YUTEJISIMU: JTAHHOE MOAUDUITHPO-
BaHHOE JiedeH e criocobeTByeT Goiee OBICTPOMY pas-
pEIIeHI0 THEBMOHUU 1 GoJiee paHHEMY MEePEBOJLY
GOJIbHBIX HA CAMOCTOSITEJILHOE JIbIXaHUE.

Nuranssmuonnpiii koauctuH. [lomumukcun E
(kosuctun) ObL1 BbieseH u3 Bacillus polymyxa
sanoHckuMm ucciuenoparesnem Koyama Y. B 1949 r. ITo-
aumuken E (kosucrtun) m nosmmukcud B otiu-
YAKTCS 10 XUMUYIECKOU CTPYKTYpe. ITH aHTHOHOTH-
KM aKTUBHO IPUMEHSIIN Ui JIEYEHUs] TSKEbIX
rpamotpuiarebubix wHpekuii 8 1950—70-e rr.,
3aTeM MX B OCHOBHOM HCITOJIb30BAJIU 1P MYKOBHC-
1u/103e, a ¢ Hayana 2000 r. cHoBa BepHYJIUCH K UX HC-
MOJIb30BAHUIO B PEAHUMATOJIOTUH B CBSI3U C POCTOM
antubuotTuKopesuctenTHOCTH [50].

Kosmctun — HawnboJiee CIIOKHBIN JIJIST MHTAJISI-
[HOHHOTO BBEJECHUS] AaHTUOUOTUK, MOCKOJBKY OH
Hpe/CTaBIsieT co00it MPOJIEKapCTBO (KOJIUCTUMETAT),
KOTOPOE JIJIsT AKTUBALINH JOJIKHO TIO/[BEPTHY THCST THI-
posuy. ViMeHHO fanHast hopma mpemnapara mpejinoy-
TUTEIbHA JUIST WHTAISIUOHHON aHTHOHOTHKOTEpa-
nun. KoJTMCeTuH SBISETCS CMEChIO ITUKJINYECKUX Ka-
THUOHHBIX MENTH/IOB, KOTOPbIE MOTYT MOBPEKAATH HE
TOJIBKO KJIETKU MUKPOOOB, HO M KJIETKU PECITHPATOP-
HOTO TPaKTa U JierKuX. Muiienb sl KOJTUCTUHA —
JIITIOTIOJINCAXAPU/] KJIETOUHO cTeHKu Gaktepuii [50].
Kosmctumerar HaTpusi ipyt BHYTPUBEHHOM BBEIEHUN
He OOHAPYKUBAETCSI HU B OJIHOM U3 CETMEHTOB JIEr0Y-
HOI TKaHW B U3MEPSEMBIX KOHIIEHTPAIUSAX, T03TOMY
st siedennss HIT mpenapaT pekoMeHZIOBaH TOJIBKO
JUIST MHTAJISIIIMOHHOTO BBesienus [1].

B perpocriekrusroM nccaenoBaruu Doshi M.
COaBT. OBLJIO TIOKA3aHO, 4TO J00aBJIEHNE WHTAJSI-
[UOHHOTO KOJUCTUHA K BHYTPUBEHHOMY KOJUCTUHY
yckopsiet pazpenienre HII u cHukaeT jietaabHOCTD
npu HII, BbI3BaHHOI MOJMPE3NCTEHTHBIMU I'PAM-0T-
pulaTeIbHBIMU MUKpoopranusmamu [36]. B uccie-
nosanun Tumbarello M. u coasT. ObLIO TTOKA3aHO,
4yTO Hcnoab3oBanue MK 1o cpaBHeHWIO ¢ BHYTpH-
BEHHBIM CIIOCOOCTBYeT GoJiee OLICTPOMY paspelie-
uuto HIT u Gosiee paHHeMy repeBoly OOJIbHBIX Ha ca-
MocTositesibHoe Abixanue [35]. Korbila I. u coasr. no-
kaszaiu, uyto M BJI-accoruupoBanuass HIT Obictpee
pasperaercst npu g00aBJEHUN K BHYTPUBEHHOMY
KOJIUCTUHY WHTAJSIIIUOHHON (hOPMbBI aHTUOUOTHKA
[33]. B pa6ore Liu D. u coaBr. Gblia JOCTUTHYTA
60JIblIIag YacTOTa pAANKALNU BO3OYAUTES U3 MOK-
POTBI U MEHbIIAsl JIETAIbHOCTh PU KOMOMHUPOBA-
HUU UHTAISIIUOHHOTO ¥ BHYTPUBEHHOTO KOJIUCTHHA.
Yacrora mo60uHbIX 3(H(HEKTOB B ITOM CJIydae He BO3-
pacrama [51—52]. B mera-anamuze Valachis A u
coaBT. ObLIO MTOKA3aHo, uTo uctosib3oBanue MK Bme-

gative infections in the 1950—70s; later, they were
mostly used during mucoviscidosis; and since early
2000, they have been used again in intensive care be-
cause of growth of antibiotic resistance [50].

Colistin is the most difficult antibiotic for ad-
ministration by inhalation as it is a pro-drug (coli-
stimethate), which must be hydrolyzed to become
active. It is this form of the drug that is preferable
for an inhaled antibiotic therapy. Colistin is a mix-
ture of cyclic cationic peptides that can damage not
only microbial cells, but cells of the respiratory
tract and lungs, as well. The colistin target is bacte-
rial cellular wall lipopolysaccharide [50]. Intrave-
nously administered sodium colistimethate is not
found in any of pulmonary tissue segments in mea-
surable concentrations; therefore, for NP trea-
tment, the drug is recommended only for admini-
stration by inhalation [1].

In a retrospective study, Doshi M. et al. showed
that the addition of inhaled colistin to intravenous
colistin accelerates NP resolution and decreases the
case fatality rate during NP caused by multiresistant
gram-negative microorganisms [36]. The study of
Tumbarello M. Et al. demonstrated that IC versus in-
travenous therapy assists faster NP resolution and
earlier unassisted breathing [35]. Korbila 1. Et al.
proved that ATV-associated NP resolves faster when
intravenous colistin is complemented with the inha-
led antibiotic [33]. Liu D. Et al. achieved more often
eradication of germ from sputum and lower case fata-
lity rate in case of combination of inhaled and intra-
venous colistin. Occurrence of side effects did not in-
crease in that instance [51—52]. In a meta-analysis,
Valachis A. Et al. showed that use of IC together
with intravenous colistin is accompanied with a hig-
her rate of NP resolution, eradication of germs from
sputum, and lower case fatality rate, while IC combi-
nation with other systemic antibiotics renders no in-
fluence on the case fatality rate [53]. In a meta-ana-
lysis, Floresci D. et al. proved positive clinical effects
of inhaled colistin, low occurrence of nephro- and ne-
urotoxicity, as well as decrease of the case fatality
rate [54]. On the contrary, in a retrospective case-
control study, Kofteridis D. et al. did not observe cli-
nical efficacy of inhaled colistin as adjuvant to intra-
venous colistin [55]. Similar data were obtained in
the recent study of Demirdal T. et al. [56—57]. Com-
parative studies of inhaled tobramycin and colistin
were carried out only in spontaneously breathing
mucoviscidosis patients, which makes it difficult to
use the data obtained in critical care NP patients
[58—59]. Our study [60] proved efficacy of inhaled
colistin dosed 2 mIn. U 3 times/day as adjuvant to
systemic antibacterial therapy in treating NP caused
by multiresistant gram-negative germs: such modifi-
ed therapy facilitates faster resolution of pneumonia,
earlier spontaneous breathing of patients, and shor-
ter period in a critical care unit. Our study did not re-
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CTe C BHYTPUBEHHBIM KOJHCTUHOM COIMPOBOXKIAETCST
yBesinyeHneM yactoThl paspentenusi HII, spajuka-
1K BO30YIUTEEH U3 MOKPOTBI U CHUKEHUEM JIETATIb-
HOCTH, TOT/Ia Kak jo0asienue VK Kk apyrum cucrem-
HBIM aHTHOMOTHKAM HE BJIUSIET Ha JIETAJIbHOCTD [53]. B
MeTa-anasmae Floresci D. u coaBT. ObLIN JJOKA3aHbI
MOJIOKUTEJbHBIC KAWHUYecKue a(h(eKTb WHTams-
[MOHHOTO KOJIUCTUHA, HU3Kas 4actota Hedpo- u
HEHPOTOKCUYHOCTH, 2 TaKXKe CHUKEHUE JIETAJIbHO-
ctu [54]. Hamporus, B peTpoCieKTUBHOM KCCIIeN0-
Bauuu cirydaii-koutposib Kofteridis D. u coasr. He
OBLIO OTMEYEHO KJIMHUYECKOH 3((HEKTUBHOCTU WH-
TaJISIIIMOHHOTO KOJIMCTUHA [IPU €ro JM00aBIEHUN K
BHYTPUBEHHOMY KOJHUCTUHY [53]. Anamorudmbie
JIaHHbIe OBLIN MOJIYIEHBI B HETABHEM UCCJIEIOBAHUN
Demirdal T. u coasr. [56—57]. CpaBHUTEbHbIE HC-
CJIEJIOBAHUST MHTAJSIITHOHHOTO TOOPAMUIIMHA U KO-
JIUCTUHA MPOBOJUJIUCH TOJHKO Y OOJBHBIX MYKO-
BUCIU/I030M HA CAMOCTOSITEJbHOM [bIXaHUU, YTO
3aTPYAHSIET UCIOJb30BAHUE MOJTYYEHHBIX NAHHBIX
y peaHumarosornaeckux 60sbpubix ¢ HIT [58—59].
B Hamem wuccrienoBanun [60] Obuia gokasatna ag-
(bexTMBHOCTD MHTANIANMOHHOTO KOJUCTUHA 2 MJTH.
E/l 3 p/cyT. B kauecTBe OMOTHEHUS K CUCTEMHON
aHTHOAKTEepUAJbHOU Tepanuu 1pu Jjedernn HII,
BBI3BAHHON IIOJIMPE3UCTEHTHBIMU TPAMOTPHUIIA-
TeJIbHBIMU BO30YIUTESIMI: TaHHOE MOAUMDUITIPO-
BaHHOE JieueHue crnocobeTByer Gosiee OBICTPOMY
paspeleHnto MHEBMOHNH, 0oJiee PaHHEMY MEPEBO-
[y TAIUEHTOB HA CAMOCTOSITEJIbHOE [[bIXaHue U CO-
KPAIIEHUIO CPOKOB TIPEObIBAHMS B OT/IEJIEHUN pea-
HUMATOJIOTUU. B HaileM HcclefoBaHUM He OBLIO
Hall/IeHO OCTOBEPHBIX PA3JIUYUN MEKIY WHTAJS-
[UOHHBIM TOOPAMUIIMHOM ¥ WHTAJSIIUOHHBIM KO-
JINCTUHOM I10 KIUHUIECKUM UCXO/AM.

Takke B peaHMMATOJOIMU UCHOJIB3YIOTCS UH-
rajsaiuoOHHble (PTOPXUHOJOHBI, JHUIOCOMATHHAS
(hopMa aMUHOTJINKO3HU/IOB; a3TPEOHAM, KOMOUHAIIUI
MHTQJISIIIUOHHBIX AHTUOUOTUKOB
(bochomurma/To6paMuIinH, KOJIUCTHH/TOOPaMU-
nuH, nunpodaokcanui/Koauctun). MHrajasamnuon-
HbI pochoMuiuH, obJagaronmii aHTUMUKPOOHOI
AKTUBHOCTHIO KAK IMPOTUB IPAMOTPHUIIATETHHBIX, TAK
U TIPOTUB TPAMIIOJIOKHUTETBHBIX MUKPOOPraHU3MOB,
PEKOMEH/[0OBAHO KOMOUHHUPOBATh C IPYTHMMU AHTH-
6uotuKamu BO n36eKaHie ObICTPOTO PA3BUTHS PE3U-
CTeHTHOCTH K Hemy [20—35].

Wcnonp3oBanve MHTAIAIMUOHHBIX Tledanoco-
PUHOB MJIM MOHOOAKTAMOB IMOJPA3yMEBAET acThlie
UHTQJISIUKA  BeJiefcTBUE  (hapMaKOKMHETUYECKUX
0cobeHHOCTEN JIAHHBIX aHTUOMOTUKOB. Harpumep,
17151 9 HEKTUBHON MHTAIAIIMOHHOM Tepannu 1edra-
3UIUMOM HeOOXOJMMbBI MHTAJSIIUN KaK/Ible 3 Jaca,
YTO TPYIHOBBINOJHUMO Ha mipakTuke [61]. Mcmomb-
30BaHUE HHTAISIUOHHO (hOPMBI HeTa-JIaKTaMOB He-
11eJ1ec000PasHO, TOCKOJIbKY X aHTUMUKPOOHAsI aK-
THUBHOCTbH 3aBUCHUT OT BPEMEHH, 4TO TPeOYeT YacThIX
WHTJIAIWI 1iperiapaTta (Harpumep, 1edTa3ujgnuM —

veal reliable difference between inhaled tobramycin
and inhaled colistin based on clinical outcome.

In critical care,u ucrosbaytorest inhaled fluoro-
quinolones, liposomal aminoglycosides; aztreonam,
combinations of inhaled antibiotics (fosfomicin/
tobramycin, colistin/tobramycin, ciprofloxacin/coli-
stin) are also used. Inhaled fosfomicin featuring anti-
microbial activity both against gram-negative and
gram-positive microorganisms is recommended to be
combined with other antibiotics to avoid fast deve-
lopment of resistance thereto [20—35].

Use of inhaled cephalosporins or monobactams
implies frequent inhalations due to pharmacokinetic
specificity of these antibiotics. For example, an effec-
tive inhaled ceftazidime therapy requires inhalations
every 3 hours, which is hard to implement in practice
[61]. Use of inhaled betalactams is inexpedient be-
cause their antimicrobial activity depends on time,
which requires frequent drug inhalations (for exam-
ple, ceftazidime — every 3 hrs.). When administered
by inhalation, carbapenems cause allergies: the inve-
stigation of inhaled doripenem was stopped for this
reason at phase one [20—45, 61].

Devices for Inhaled Antibiotic Therapy. To
perform an effective inhaled antibiotic therapy, it is
necessary to use special inhaled forms of drugs and
up-to-date nebulizers. There are ultrasound, jet, and
vibrating-mesh nebulizers. Among nebulizers avai-
lable in the critical care practice, most advantageous
are vibrating-mesh nebulizers where piezoeffect is
used for aerosol generation. This type of nebulizers
provides formation of aerosol droplets of 2.1 mcm in
size and delivery of up to 70% of the drug dose into
lungs; aerosol temperature does not change in the co-
urse of inhalation, which minimizes the risk of drug
degradation; aerosol flow renders minimal influence
on the ALV parameters; when this type of nebulizers
is used, it is possible to continue moistening the bre-
athing gas in the ALV apparatus circuit. Drug spray-
ing in this nebulizer is synchronized with the inspira-
tory phase; a smaller amount of drug is required for
efficient inhalation [1—35]. Jet or ultrasound nebuli-
zers do not allow achieving the necessary size of par-
ticles. Tt has been shown that during inhalation of
300 mg of tobramycin through a jet nebulizer, the
mean sputum concentration of the antibiotic was
900 mg/g, which is significantly less than 25*MIC
[30—40].

Currently several special systems for delivery
of inhaled antibiotics are employed on clinics. The
Investigational eFlow InlineNebulizer System by
PARI Pharma can be used several times in the same
patient, which allows avoiding circuit disconnection
between inhalations. This nebulizer represents a vib-
rating stainless steel mesh placed in the airflow from
an ALV apparatus and works continuous. The system
allows inhalations of amikacin and fosfomicin combi-
ned in ratio 5:2. In this device, the expiratory elbow
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kaxpie 3 u). KapbarieHeMbl TIPH MHTAJSIIIUOHHOM
BBE/ICHUY BBI3BIBAIOT AJIIEPTUU: UCCIIECIOBAHUE WMH-
raJISIMOHHON (hOPMBI TopHUTTeHeMa ObLJIO OCTAHOBJIE-
HO TI0 TAHHOU npuynHe B riepsoit dhaze [20—45, 61].

YerpoiicTBa 111 MHIaJSIHOHHOW aHTHOHOTH-
Kkotepanuu. /17151 nposesenns ahGexTUBHONM MHTAIIS-
[UOHHON aHTUOMOTUKOTEPAIIUK HEOOXOAMMO UC-
MOJIb30BaTh CIIEIUATbHBIC WHTATSAIMOHHbIE (hOPMBI
IperapaToB U coBpeMeHHbie HeOysaiizepsl. Cytie-
CTBYIOT He(OyJiaii3ephl YIbTPAa3BYKOBBIE, CTPYIHbIE U
¢ BubOpupymoieit miactuHoil (mesh-uebyaiizepnr).
W3 nocTynmHbIX B PeaHMMATOJIOIMUYECKON IpaKTUKe
HeOyJaii3epoB  HauOOJIBITUMHU  [IPEUMYIIECTBAMU
obsanaoT HeOymaiizepsl ¢ BUOPUPYIONIEH IJIACTH-
HOIA, B KOTOPBIX UCIIOJIb3YeTCs Mbe30-3(DheKT /715 re-
Hepaiuu aspo3ouist. Jlauubiii Tun HeOyJaiizepoB
obecrieunBaeT (HOPMUPOBAHUE KaIlEJb a9PO30JIsT Pas-
MepoMm 2.1 MKM 1 jocTaBKy 10 70% 1035l JTeKapCTBEH-
HOTO TIperapara B JIETKUE; TeMIIepaTypa aspo3oJid He
MU3MEHSETCS B IIPOIecce MHTANSINH, YTO MUHUMHU3H-
PYET PUCK pas3pyIIieHUs JIEKAPCTBEHHOTO TTPerapara;
MOTOK a3P030Jid OKA3bIBAET MUHUMAJILHOE BJIMSHUE
Ha napameTpsl VIBJI; ipu mcnoJsib30BaHUM JJaHHOTO
THa HEOYIali3ePOB MOYKHO IMPOJOJLKATH yBJIAKHE-
HUe JIbIXaTesJIbHON cMecH B KOHTYype amtapara VBJL.
Jlauublii HeOytaiizep MPOBOJAUT PACIIbLICHUE TIperia-
para CHHXPOHHM3MPOBAHO ¢ (as3oil Bloxa, Tpedyercst
MEHDIITHIT 00beM JIEKAPCTBEHHOTO TpernapaTa st a¢-
dexrusnoint murassiuu [1—35]. Mcnosb3oBanue
CTPYHHBIX WJIH YJbTPa3BYKOBBIX HEOy3alliepoB He
MO3BOJISIET JIOCTUYb HEOOXOAUMOTO pasMepa YacTHIL,
Bouto mokazano, uto npu uarassiuu 300 Mr Tobpa-
MUIIUHA Yepe3 CTPYUHBIN HeOyiaiizep cpeHsist KOH-
HeHTpanust aHTuOuoTHKAa B MOKpoTe Obita 900 mr/T,
YTO 3HAUYNUTETHHO MeHbIIe, ueM 25* MIIK [30—40].

B nacrogiiee BpeMst U3BECTHO HECKOJIBKO CIICTIH-
AJTBHBIX CHUCTEM [IJIS1 IOCTABKU MHTAJIAIIMOHHBIX aHTH-
6uotukoB. Crucrema PARI Investigational eFlow Inli-
neNebulizer System mojker ObITh HCIOJIb30BaHA He-
CKOJIBKO pa3 y OIHOTO U TOTO K€ GOJIBHOTO, YTO JaeT
BO3MOKHOCTH U30€KATh Pa3MbIKaHIE KOHTYPA MEKTY
UHTAIAIMIMA. JIaHHBIN HeOyJaiisep IpeiCTaBsieT
cob0il BHOPUPYIOIILYIO IIACTHHY W3 HEPKaBeoIeit
CTaJIA, KOTOpasi PaclosokeHa B IOTOKE BO3/LyXa U3 afl-
napata VIBJI u paboraer HernpepbiBHO. Cucrema 1mos-
BOJIAET BBITIOJHATH MHTAISAINN aMuKaiimHa u gocdo-
MUI[MHA B KOMOWHAIMY B COOTHOTIIEHNH 5:2. B maHHOM
YCTPOICTBE HKCIMPATOPHOE KOJEHO KOHTYPa UTPaeT
POJIb pe3epByapa JIJIsl a3po30Jisi aHTUOMOTHKA B (hasy
BbIjIOXa. Pa3mep uacTtul] — wu3HavaidbHO 2,8 HM, C
MOCJIEYTOITMM YBEJIMIEHUEM 10 3,2 HM TIPU TIPUPOCTE
BiakHOCTH. Bpemst nnrassiu 12 mun. Texundeckue
XapaKTEePUCTUKY JTAHHOTO He(yJiaiisepa ObLIN OITica-
Hbl B pajie uccienoBanuii [62—64]. B mnacrosiee
BpeMs TpoBoauTcd uccuenaoBanue 11 daspr ¢ ncnosn-
soBanuem cucrembl PARI. Cucrema mrst vHraadimmn
to6pamuiiia (TOBI®) B HacTosiiee Bpems uccey-
€TCs1 B TPYIIIIE TIAIHEHTOB MyKOBUCIIUZI030M[65].

of the circuit plays the role of a tank for the antibio-
tic aerosol during the expiratory phase. The size of
particles that is 2.8 nm initially, is significantly in-
creasing to 3.2 nm as a moisture content grows. The
inhalation duration that is 12 min. The technical cha-
racteristics of this nebulizer were described in a num-
ber of studies [62—64]. At present, a phase-II study
with the PARI system is underway. The tobramycin
inhalation system (TOBI®) is currently investigated
in patients with mucoviscidosis [65].

The amikacin inhalation system (Amikacin In-
hale) is designed for administration of a special inha-
led form of amikacin in NP patients and includes a
special drug delivery system providing antibiotic in-
halation synchronization with the first 75% of the
time of inspiration [66]. This system allows delivering
35—58% of the drug to air vesicles in a concentration
much exceeding MIC [31]. During use of Amikacin
Inhale, the maximal amikacin concentrations in blood
serum were within a safe range. At present, a phase-
IIT clinical study of this system is carried out. Anti-
biotic instillation via an intubation or tracheotomy
tube is inefficient and should not be used.

Inhaled antibiotics are not used as a monothe-
rapy without systemic drugs, because their absorp-
tion into blood is low (2—4%) and insufficient for
treatment of infections accompanying NP, and the
amount of antibiotic reaching the respiratory region
of lungs is insignificant [ 1—13, 20—30, 32—40, 49]. It
should be noted that we have described a clinical
example of inhaled tobramycin monotherapy for NP
with a good clinical and microbiological effect in a
patient with a severe allergic reaction to systemic an-
tibiotics of several classes (Lyell's syndrome) [67].

At present, there is no sufficient body of evi-
dence to recommend inhaled antibiotics as prophyla-
xis of NP development in a critical care unit. Howe-
ver, this concept is highly attractive and pathogeni-
cally substantiated: in theory, inhaled antibiotics
allow reducing oropharyngeal colonization and pre-
venting NP development, or may prevent nosocomi-
al tracheal bronchitis aggravation to NP [49—52].

Use of TA is connected with some problems:

 Insufficient TA penetration into those pul-
monary regions where patency of airways is distur-
bed, which is especially relevant when there are con-
comitant obstructive lung diseases;

* partial depositing of the TA dose in the intu-
bation tube and large airways: this may play a pro-
tective role against formation of a microbial biofilm;

* TA inactivation by inhibiting substances
contained in sputum: this effect manifests most pro-
minently in case of aminoglycosides; to overcome
inactivation, MIC must be exceeded 25-fold, which
is achievable by use of up-to-date nebulizers;

* alteration of TA physical and chemical proper-
ties in the course of aerosol formation due to heating,
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Cucrema i unrassgnmy amvkanuia (Amikacin
Inhale) npexnasHayeHa st BBEAECHUS ClIEIMAIbHON
WHTQJISIIUOHHONM (hOPMbI aMUKAIlMHA Yy TIAIIMEeHTOB
HII u Bkjroyaer B cebst ClENUANbHYIO CUCTEMY JI0-
CTaBKM IIperapara, KoTopas 00eciiednBaeT CHHXPOHU-
3aLUIO0 MHIAJISAIMKA aHTUOMOTHKA C TIePBbIMU 75% Bpe-
MeHu Bjoxa [66]. Jlannas cuctema 1o3BoJISIET J0CTA-
BuTh 35—58% mpemnapara 0 ajbBeoJi, B KOHI[EHTPA-
1uu, 3HaunTesapHO Tnpesbimaomei MITK [31]. Tpu
ncnoapsoBanun Amikacin Inhale mMaxcumanbmbIe
KOHIIEHTPAIlUU aMUKAIMHA B CHIBOPOTKE KPOBU HAXO-
auauch B 0Oe30macHOM auanasoHe. B Hacrosiiee
BpeMs MPOBOAUTCSA KJIUHWYeCKoe ucciaenoBanue [11
(asbl gaHHOI cucreMbl. IHCTU/LISAINS aHTHOMOTHKA
yepes MHTYOAMOHHYIO WM TPaXeOCTOMHYECKYIO
TpyOKy HeahdeKTHBHA U He IOJEKHA TPUMEHSITHCSL.

WNHurananuonuble aHTUOMOTUKM HE UCIIOJb-
3YIOTCS B KadyecTBe MOHOTepaluu 0e3 CHCTEMHbIX
MpernaparoB, Tak KaK CTeleHb WX BCACHIBAHUS B
KpoBb HU3KA (2—4%) 1 HeJIOCTATOUHA JIJisI JIeYeHUsT
conytcrBytomux HIT wabekmii, a KoJu4ecTBO aH-
TUOMOTUKA, JOCTUIAIONIEr0 PECHUPATOPHOIT 30HbI
Jierkux, Hesnauurenbno [1—13, 20—30, 32—40, 49].
CJlieryer OTMETUTD, YTO HAMU ONUCAH KJIUHUYECKUT
npumep MoHoTepary HIT uHraIsimoHHbIM TOOPa-
MUITHOM C XOPOLIMM KJINHUUECKUM U MUKPOOHOJIO-
rudeckuM 3G GHEKTOM y GOJNBHON ¢ TSKEJOU ajiiep-
I'MYeCKOil peakiiueil Ha cucTeMHble aHTUOMOTUKY He-
CKOJIbKUX KJTaccoB (cunzapoM Jlaiiema) [67].

B macrosimee Bpemsi HeT MOCTaTOYHOM JOKa3a-
TeJIbHOI Oa3bl /11 TOro, YTOOBI PEKOMEHI0BATh MHIa/Is-
IMOHHbIE AaHTUOMOTHKKM B KadecTBe MPOQUIAKTUKM
passutus HII B otnenenun peanumarosnoruu. Ho man-
Has KOHIIETIIUSA SBJIIETCS KpaliHe MPUBJIeKaTeIbHON 1
[IATOTCHETUYECKA OOOCHOBAHHOM: MHTAIAIMOHHbIC aH-
TUOMOTUKK TEOPETUYECKH O3BOJISIIOT YMEHbBIINTD CTe-
1eHb opohapuHreaIbHOM KOJOHU3AIUU U TIPEIOTBPa-
TuTh pazsutue HII, i MoryT nnpesioTBpaTuTh epexoy
HO30KOMHUAJILHOTO TpaxeoOponxura B HIT [49—52].

Ucnonb3oBanue A cBsi3aHo ¢ orpejiesieHHbI-
MU TPOOIEMAMIL

* HejlocTaTOYHOE TpOoHUKHOBeHUuss WA B Te
30HbI JIETKUX, B KOTOPBIX HapyIlleHa MPOXOAUMOCTb
JIbIXaTEJIbHBIX IIYTeii, YTO 0COOEHHO aKTyaJbHO IIPU
HAJIMYUHU COMYTCTBYIOMIUX OOCTPYKTUBHBIX 3a00J1e-
BaHUII JIETKUX;

* JIeOHMpOBaHUe YacTy 103bl VIA B nHTyOa-
[UOHHOU TPYOKEe M KPYIHBIX AbIXaTEJbHBIX IIyTIX:
ATO MOJKET UTPaTh 3AlUTHYIO POJIb IIPOTUB (popMuU-
poBaHUsE MUKPOOHO GUOTLIIEHKY;

e uHaktuBanug VA MHrHOUpYIOUMMK Bele-
CTBaMU, COJIEPKANIUMUCS B MOKPOTE: JaHHbI -
ekt HanboJiee BhIpaskeH B OTHOIIEHUH aMUHOTJINKO-
3U/0B; JIJIS TIPEOJ0JIEHNS] MHAKTUBAIIMY HEOOXOIMMO
npesbiirenne MITK B 25 pas, 4To 10CTHKUMO [IPU UC-
10JIb30BaHUH COBPEMEHHbIX HeOyIaii3epos;

* u3MeHeHue (PUBUKO-XUMUUYECKUX CBOUCTB
WA B 1porecce 06pazoBaHust adpo30Jisl BCAEICTBHE

cooling, vibration: this manifests most prominently
when jet nebulizers are used [2—12, 15—24, 30—32];

 Jlocal toxic effect of IA, which manifests most
frequently in the bronchoconstriction action of pre-
servatives (EDTA, benzalkonium chloride) [61];

 systemic side effects of TA — in a number of
clinical case descriptions, there were examples of ne-
phro- and ototoxicity when inhaled tobramycin was
used; development of systemic side effects might be
connected with antibiotic adsorption into blood,
which is considerably greater during pneumonia
compared to healthy lungs [40—43];

* Decreased informational content of micro-
biological analysis results of sputum at the backgro-
und of TA therapy: absence of microorganisms in spu-
tum does not rule out their presence in distal regions
of airways and pulmonary tissues [43, 44];

 contamination of environment by TA, expo-
sure of medical stuff and other patients to antibio-
tic's particles.

To avoid these effects, it is necessary to observe
recommendations for nebulizer use [45].

An ideal inhaled antibiotic — is it possible? An
ideal inhaled antibiotic must possess a number of
characteristics [68]:

* An optimal chemical composition of an inha-
led antibiotic drug product. Inravenous forms of an-
tibiotics usually contain phenol and far from optimal
in terms of osmolarity (less than 150 mOsm/L, more
than 1200 mOsm/L), which causes irritation of air-
ways and bronchospasm. A drug product for inhala-
tion must be sterile and pyrogen-free, pH should be
within 4.0—8.0, osmolarity should be 150—1200
mOsm/L. Today, special inhaled forms of drugs are
available for colistin, tobramycin, and aztreonam
only.

 Inhaled antibiotic dose: such dose of a drug
is considered optimal that provides antibiotic con-
centration in distal airways that is 25 times higher
than microorganism's MIC.

* Antibiotic inhalation must be performed
only with the help of an up-to-date efficient nebuli-
zer providing nebula size of 1—5 mem (in this case,
they can reach distal airways). Jet nebulizers cannot
provide particles of that size. Vibrating-mesh nebuli-
zers or special commercially available combinations
of such nebulizers and antibiotics are the best for in-
halation of antibiotics. Modern nebulizers allow per-
forming antibiotic inhalation synchronously with ar-
tificial lung ventilation. Ideally, a nebulizer should
provide minimal changes in the MLV apparatus set-
tings when a nebulizer is used as well as efficient an-
tibiotic inhalation even when there is a moistener in
the circuit.

Recommended Algorithm for Use of Inhaled
Antibiotics [ 1, 49]:

1. Assess NP severity and ethological structu-
re: clinical, laboratory and instrumental signs; Clini-
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HarpeBaHusl, OXJIaKIeHus1, BUOpaluu: HanboJiee Bbl-
PaKEHO TIPH UCIIOJIb30BAHUU CTPYWHBIX HeGyraiize-
poB [2—12, 15—24, 30—32];

e MECTHOe TOKCHYeCKoe Bozzerictsue 1A, Ko-
TOpPOE Yallle BCETO BBIPAKAETCS B OPOHXOKOHCTPUK-
TOPHOM JIEHICTBUM KOHCEPBAHTOB (3THUJIECHIMAMITH-
TeTpaaiierar, GeH3aIKOHUsT XJopuz) [61];

* cucremubie 1mobouHble apdexkrsr A — B
psijie ONMUCAHWN KJIMHUYECKUX CJIyYaeB ObLIM 3aperu-
CTPUPOBAHBLI MPUMEPbl HeDPO- U OTOTOKCUYHOCTU
[IPU UCTIOJB30BAHUY HHTAJISIIIUOHHOTO TOOPAMUIIITHA;
Pa3BUTHE CUCTEMHBIX MOOOYHBIX 3(H(HEKTOB MOKET
ObITH CBSI3aHO C ajcoOpIell aHTUOMOTHKA B KPOBb,
KOTOpas 3HAYUTETHHO yBEJNYEHA ITPU THEBMOHUH 110
CPaBHEHUIO CO 37I0POBBIMU JieTkuMu [40—43];

* CHUXeHHe WH(GOPMATUBHOCTU PE3YJIbTATOB
MUKPOOUOJIOTMIECKOTO UCCJIE0BAHNUST MOKPOTBI Ha
(bone nevenus MA: orcyTcTBre MUKPOOPTaHU3MOB B
MOKPOTE He UCKJI0YaeT NX HAJIMIHS B IMCTAIBHBIX OT-
JleJIax JIBIXaTeIbHbIX My TeH 1 TKaHU JIeTKNUX [43—44];

* 3arps3HeHue okpy:kawoiieil cpeast A, Bo3-
JeficTBAe 4YacTUIl aHTUOMOTMKA HA MEJUIMHCKUNI
HEePCOHAT U JIPYTUX GOJHHBIX.

Bo usb6esxanue gaHHbix aphexToB He0OX0AUMO
COOJIIOIATH PEKOMEH/IAINHN 110 MCIIOJIb30BAHUIO He-
Oymnaiizepa [45].

UneanbHblii UHraJSIHOHHBIA AHTUOUOTUK —
BO3MOSKHO JU 3T0? ljeaybHbIl MHTAIAMMOHHBII
aHTHOMOTUK JOJKeH 00JIa/iaTh PSZIOM XapaKTepu-
ctuk [68]:

*  OnTUMaTbHBIN XUMUYECKUH COCTAB IIperapa-
Ta WHTASIIIMOHHOTO aHTHOMOTHKA. BHYTpPUBEHHbIE
(hopMBI aHTHOUOTHKOB OOBIUHO COZIEPIKAT (DEHOJT U He-
onTUMAIBHBI 110 ocMoJisipHocTH (Metee 150 MOcm/11,
6osee 1200 MOcm/i1), 9TO BBI3BIBAET Pa3[PaKEHIE
JIbIXaTeIbHBIX MyTell 1 Oponxoctasm. Tlpenapar Jyist
WHTAJISIIUE JIOJUKEH OBITh CTEPUJIbHBIM U ATTUPOTEH-
weiM, pH B mpenenax 4,0—8,0, ocmonstpHocTh 150—
1200 mOcm/a1. B Hacrositiiee BpeMst ClieliiaibHbie MH-
TaJIAIUOHHbBIE (POPMBI TIPENIAPATOB CYIIECTBYIOT TOJb-
KO JIJIsI KOJIMCTUHA, TOOPAMUIIMHA ¥ a3TPEOHAMA.

* JI03UPOBKA MHTAJSIIIHOHHOTO aHTUOUOTHKA:
OTITUMAJILHOIM CYUTAETCA TaKas /103a Ipernapara, Ko-
Topas obeciiedrBaeT KOHIEHTPALMIO aHTUONOTHKA B
JIICTATIBHBIX [[IXaTeNbHBIX MYTsX, B 25 pa3 mpeBbl-
nratorryio MITK mukpoopranmnsma.

*  UWurassiiust aHTHOMOTHKA JIOJKHA TIPOU3BO-
JIUTHCS TOJBKO C UCIOJBb30BAHUEM COBPEMEHHOTO 3(h-
(dextuBHOrO HeOyImaiisepa, KOTOPBIH obecrieunBaeT
pasmep HeGys 1—5 MKM (B 3TOM cJiydae OHH MOTYT
JIOCTUTHYTb JUCTAJIBHBIX OT/EIOB [[bIXaTeJbHbIX
nyteit). CrpyiiHble HeOyJaii3epbl He B COCTOSTHUU
obecrieunTs Takol pazmep uyactuil. Hanbosee ornru-
MAJIBHBI JIJIST MHTAJISIIIUN aHTHOMOTHKOB HelyJiaiize-
pbl ¢ BUOPUPYIOIIEH TIACTHHONW WJIM CIIEUAIbHbIE
KOMMEPUYECKHU JIOCTYITHBbIE KOMOMHAIIUN JIAHHBIX He-
OyuaiizepoB u anTu6buotTuKoB. CoBpeMeHHbIe HEDY-
JIafi3ephl MO3BOJIAIOT BBIMOJIHATH WHTATAINIO aHTH-

cal Pulmonary Infectious Score (CPIS); microbiolo-
gical assay of sputum.

2. Assess presence of indications for using TA in
a particular patient. Inhaled antibiotics are prescri-
bed only at the background of systemic antibiotic
therapy!

3. Assess presence of counter-indications and
risk of complications in a particular patient.

4. Prior to commencing antibiotic inhalation,
carry out toilet tracheobronchial tree suction (a
suction catheter; if necessary, fiber-optic bronchos-
copy), use mucolytics (fluimucil 300 mg i/v 1—2
times,/day)

5. When a particular patient has a high risk of
developing bronchospasm, before and after antibio-
tic inhalation, use bronchodilators via a nebulizer
(ipratropium bromide 0.5 mg; berodual 20 drops,
etc.). An extended aminophylline infusion at 240
mg/day is also efficient.

6. Adjust ALV apparatus operation: use the
breathing circuit without a moistener, remove heat
and moisture exchange filter for the duration of inha-
lation, fit it onto the expiratory valve (to prevent ex-
piratory valve obstruction by medicine); fit the ne-
bulizer onto the ALV apparatus at the point of inspi-
ratory line connection or onto the inspiratory line of
the circuit 30 cm from the Y-piece (a special circuit
is required); use the breathing volume of 500 ml ap-
proximately (at least) for adults; ensure gas flow of
40 L/min approximately (a higher flow rate is
worse), the inspiration/expiration ratio exceeding
1/2; switch off the flow trigger [1].

7. Prepare a sterile nebulizer, connect it into pa-
tient's breathing circuit; fill with a drug. Do not mix
the TA solution for inhalations with other drugs. While
operating a nebulizer, follow the manufacturer's in-
structions. The dosing schedule is determined by the
drug's insert and National Recommendations [1].

8. Perform drug inhalation via the nebulizer:
inhalation shall be carried out until there is no more
TIA in the nebulizer.

9. Upon procedure completion, check the resi-
dual volume of the drug in the nebulizer, remove the
nebulizer from the breathing circuit, and perform its
treatment as per manufacturer's recommendations.
Pay special attention to nebulizer disinfection to pre-
clude its colonization by nosocomial microflora.

1. Fit the heat and moisture exchange filter
onto the Y-piece, reset the ALV apparatus to previo-
us settings.

2. TA therapy duration — there is no body of
evidence on this issue; one should rely on clinical
data and own experience.

3. During the therapy and upon its comple-
tion, its efficacy should be assessed (clinical, labo-
ratory, and instrumental signs; CPIS; dynamic mic-
robiological assay of sputum), and presence of side
effects.

OBLI A PEAHMMATOAOI U, 2017, 13; 5

www.reanimatology.com

79



80

Reviews
| |

DOI:10.15360,/1813-9779-2017-5-69-84

OGUOTHKA CMHXPOHHO C TPOBOJUMON UCKYCCTBEHHOI
BeHTUJIsAIMEl JerknX. B meane HeOy maiizep M0OJKEH
obecreynBaTh MUHUMAJIBHBIE U3MEHEHUSI B HACTPOA-
kax arnmapara VIBJI ipu ucrnosnbzoBanuu HeOyJiaiize-
pa, a Takke 3(hPEKTUBHYIO MHTAJSIIIUIO AHTUHOMOTUKA
Jlaske TIpY HAIMYMK YBIAKHUTENS B KOHTYPE.

PexomeH10BaHHbBIT aITOPUTM IIPUMEHEHU S MH-
raJISIIIMOHHBIX aHTHOUOTHKOB [ 1, 49]:

1. OIeHUTDH CTeneHb TIKECTH W ATUOJIOTHYE-
ckyto crpykrypy HII: kiuHuuecKue, 1abopaTopHbie
U WHCTpyMeHTaabHble mpusHaky; mkaaa Clinical
Pulmonary Infectious Score (CPIS); nanubie Kosu-
YEeCTBEHHOTO MUKPOOHOJIOTHYECKOTO UCCIIEM0BAHUS
MOKPOTBI.

2. OreHuTph HaJIWYUe IIOKA3aHUN K HCIIOJIb30-
Banuio VA y mannoro 6ojibHOro. VHTansimoHHble
AHTUOMOTUKU HA3HAYAIOTCS TOJBKO Ha (hoHe Jiede-
HUST CHCTEMHBIMU aHTUOMOTUKAM!

3. Ouenurtp HajquuMe TPOTUBOINOKA3AHUUN U
PHCK Pa3BUTHUS OCJIOKHEHUIT Y IAHHOTO OOJIBHOTO.

4. Tlepes HayajoM MHTaJAUU aHTUOMOTHKA
BBITIOJIHUTD CAHAIIUIO TPAaXeOOPOHXUAIBHOTO JIEPeBa
(caHAIMOHHBIN KaTeTep, MPU HEOOXOAUMOCTH —
(bubPOOPOHXOCKOIHST), UCTIOJIB30BATH MYKOJIUTHKH
(payumytmr 300 mr B/B 1—2 p/cyT.)

5. TIpu BBICOKOM pUCKe Pa3BUTHsI GPOHXOCTIA3-
Ma y JIaHHOTO GOJIBHOTO — Tepe/l MHTAJSIIIUE aHTH-
OGUOTHKA U 1OCJIe Hee MCIOIb30BaTh OPOHXOANISTA-
TOpbI uepe3 HeOysaiizep (umparponust 6pomus 0,5
mr; 6eposyadn 20 kamens u ap.). Takke apdexTrBHA
npojieHHas nHpysus aybuamuna 240 mMr/cyT.

6. Koppeknuust pabors ammapata UBJI — wuc-
MOJIb30BATD JIBIXATEbHBII KOHTYD 0€3 yBIaKHUTE-
JIsl, CHATH (DUJIBTP-TEIIOBIArOOOMEHHUK Ha BPEMSI
WHTJILIH, TOMECTUTD €T0 Ha KJalaH BbiioxXa (/715
peIoTBpalleHrst OGCTPYKIINU KJIAMaHa BBIIOXA Me-
JIMKAMEHTOM ); TOMECTUTh HeOysaiisep Ha armapar
WBJI B MecTe TipucoeIUHEHUI JTUHUHU BIOXA WJINA Ha
JINHUIO BI0Xa KOHTYpa B 30 cM OT TpoitHuKa (HY:KeH
CHEIUATbHBII KOHTYP); MCIOJIB30BATh [[bIXATEIb-
HBII 00beM 0K0Ji0 500 MJ (He MeHbIIe) JJIsT B3POC-
JIBIX; 06ECTIEYUTD MOTOK ra3a 0koJio 40 ji/muH (6oJiee
BBICOKHH MTOTOK XYy’Ke), COOTHOIIIECHUE BJIOXA K BBIIO-
Xy Gostee 1/2; BBIKIIOYUTH TOTOKOBBII Tpurrep [1].

7. TloAroToBUTH CTEPUJIbHBIN HeOyalisep,
BKJIFOUUTD €70 B JIBIXaTeIbHbIA KOHTYP GOJIBHOTO, 3a-
MOJIHUTH JIEKAaPCTBEHHBIM TiperiapatoMm. He cremyer
cMmelnuBarh pactBop A st mHrasissiuii ¢ ApyruMu
JIeKapCTBEHHBIMU Tperapatamit. [Ipu pabore ¢ HeOy-
JIAN3EPOM CJICIOBATD WHCTPYKIMAM TTPOU3BOIUTEIIS.
Pexxnm osupoBanus orpeiesisieTcsl UHCTPYKIe B
npenapaty 1 HarimonanbabIMU pekoMenganusamu [1].
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Conclusion

Therefore, inhaled antibiotics (first of all, in-
haled colistin and inhaled aminoglycosides) are
highly effective as adjuvant therapy to systemic an-
tibiotics for NP and should be actively used in cri-
tical care. Further studies of clinical use of inhaled
antibiotics in different categories of critical care pa-
tients as a monotherapy and for NP prophylaxis in
nosocomial tracheal bronchitis patients are war-
ranted.

8. BbINOJHUTD MHTAJIANMIO TIperapaTa 4yepes
HeOyJraii3ep: WHTaSANUsT TPOBOJUTCS 10 TEX MOp,
noka pactsop A B HeOymalizepe He 3aKOHUHUTCSI.

9. Ilocsie 3aBepiieHus TPOIEYPBI TIPOBEPUTH
OCTaTOUHbII 00beM mperapaTa B HeOyJaiizepe, y/ia-
JuTh HeOyJiaii3ep U3 JbIXaTeJbHOTO KOHTYPA, TIPOBe-
cru ero 06paboTKy B COOTBETCTBHUM ¢ PEKOMEH/IAIIUSI-
mu ipousBouTesist. Clieyer yaenstb ocoboe BHUMA-
Hue Je3utberin Hebyaiizepa BO U30eKaHUe €ro
KOJIOHU3AIIUU HO30KOMHUAIBHON MUKPO(hJIOPOT.

1. YcranoButh GUIBTP-TEILIOBIATOOOMEHHUK
Ha Y-00pasHbIl TPOWHUK, BEPHYTb IPEXHUE Ha-
ctpoiiku anmnapata VBJI.

2. Ilpoposxurenvuocts Jjedenuss A — wer
JIOKa3aTeIbHOU 6a3bl 10 JAHHOMY BOIIPOCY, HEOOXO0-
JIIMO PYKOBOZICTBOBATHCS KINHUYECKUMU JTAHHBIMU
U COOCTBEHHBIM OIBITOM.

3. B mporiecce siedenns 1 10 3aBEpIICHUN He-
06X0IMMO OIleHUBATh €ro 3(h(HEKTUBHOCTD (KJIMHMU-
yeckue, JTabopaToOpHbIe ¥ MHCTPYMEHTAIbHBIE TIPH-
3naku; mkasa CPIS; nannble KOIM4ecTBEHHOTO MUK-
POGUOJIOTHYECKOTO UCCIE0BAHUST MOKPOTHI B JIHA-
MUKE) U HaJmdie T000YHBIX 9 hEKTOB.

3axiaoueHue

TakuMm 00pasoM, MHraJSIMOHHbIE aHTUONOTH-
KU (TIpeKe BCETO MHTAISAIIMOHHBIN KOJTUCTUH U UH-
TJIAIIMOHHBIE AMIHOTJIMKO3U/IbI) B KAUECTBE JIOTOJI-
HEHUST K CUCTeMHBIM aHTuOuoTnKam 1pu HIT Boico-
K09 HEKTUBHBI W JIOJIKHBI aKTUBHO MCIIOJIb30BATH-
cs1 B peannMarosiornu. TpeOyroTest ajibHelme uc-
CJIe/IOBAHISI B JAHHOM HAINPaBJIEHUH, 0COOEHHO B OT-
HOIIEHUU [PUMEHEHMS] WHTAJISIUOHHBIX aHTUOUO-
TUKOB y Pa3JNYHbIX KAaTETOPUN PeaHUMAaTOJIOTHye-
CKUX OOJIbHBIX B KaueCTBE MOHOTEPAINUH, a TAKKe
st nipodpusiaktuky pazsutusg HIT y narnuenToB c
HO30KOMHUAJIBHBIM TPAaXeOOPOHXUTOM.
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Detoxication in Critical Conditions:
an Insight into the Scientific Problem in the XXI Century (Review)
Sergey E. Khoroshilov, Artem V. Nikulin
V. A. Negovsky Research Institute of General Reanimatology,

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

IHJIOTeHHAsT MHTOKCUKAIMST KaK THIIOBO TATOJOTHYECKUA TIPpoIlece OblIa M OCTAeTCsl OJHOI M3 KJIOYEBBIX
pobIieM BO BeeX 00JIaCTsIX MEUIMHBI, 1, IPEKie BCEro B peaHnMarosorui. HakorieHne sHA0TeHHBIX TOKCHYe-
CKHX BEIIECTB SBJISIETCS] HEOTHEMJIEMBIM KOMIIOHEHTOM JIIOOOTO KPUTHYECKOTO COCTOSTHUS U COMTPOBOYKAAET TSIXKe-
JIYIO TPAaBMY, TeHepain30BaHHbIe MH(MEKIUH, IeCTPYKTUBHbIE 32a00J1€BaHSI TI0JIOCTHBIX OPraHoB. YTpara GyHKIUN
JETOKCUKAIIMOHHBIX CHCTEM IPU TIOJHOPTaHHOIN HEOCTATOYHOCTH BJIeYeT 3a cO00iT IPOrPecCUPOBAHUE IHIIOTOK-
CUKO3a 1 HapylIeHue TPAHCIOPTa KUCJI0PO/a, B TOM YUCJIE U B CAMUX OpraHaX JIeTOKCUKAIIUM, TEM CaMbIM 3aMbl-
KaeTcst IOPOYHBII KPYT TaHATOTeHEe3a.

IHJIOTeHHAsT MHTOKCUKAINS — MYJbTHMCIUIIMHAPHAST TTPOGJIeMa, SBISTIONIAsCs 00IACTIO MHTEPECOB Pa3-
HbBIX HAIPABJIEHUN COBPEMEHHOU MEAUIUHCKON HAYKU, SKCIEPUMEHTAIBHON MaTo()u3noaoruu u OUOMeUIIH-
CKOI1 TexHosiornu. birarosaps aToMy B KIMHUYECKYIO TIPAKTUKY BHE/PSIOTCS HOBbIE 3 deKTUBHbIe MeTOIbI achde-
PEHTHOTO JiedeHVsI KpUTHYeCKUX coctosinuil. B Hayuno-ucciie1oBaTeibckoM HHCTUTYTE 00IIell peaHnMAaTOJIOTUI
um. B. A. Herosckoro PAMH (ubiie @ HKIT PP) na npoTskeHn MHOTHX JIET BE/IETCSI U3yYeHUe TEOPETUYECKUX
U [IPUKJIQJIHBIX BOIIPOCOB, HAIIPABJIEHHBIX HA PelieHre MpobJaeMbl 9HI0TOKCUKO3a. B nipeacTaBieHHoM 0030pe Mbl
nocrapaauch 0600UIUTh OCHOBHBIE PE3YJIbTATHI AEATEIBHOCTU VIHCTUTYTA B JAHHOM HAllPaBJICHUH.

Kumouesvie crosa: sndozennas unmoxcuxauust, s3¢ppepenmmoe ievenue; 0emokcurkayust

Endogenous intoxication as a typical pathological process has always been one of the key issues in all areas of
medicine, especially in intensive care. Accumulation of endogenous toxic substances is an integral component of
any critical condition. It accompanies severe trauma, generalized infections and destructive diseases of the cavity
organs. The loss of the function of detoxification systems in multi-organ failure causes the progression of endoto-
xicosis and the disruption of oxygen transport (in the organs of detoxification as well), hence closing the vicious
cycle of thanatogenesis.

Endogenous intoxication is a multidisciplinary problem being a matter of interest in different areas of modern
medical science, experimental pathophysiology and biomedical technology. As a result new effective methods of ef-
ferent treatments of critical conditions are introduced into clinical practice. For many years theoretical and appli-
ed issues aimed at solving the problem of endotoxicosis have been the focus of studies in the V. A. Negovsky Rese-
arch Institute of General Reanimatology of the Russian Academy of Medical Sciences (now the Federal Research
and Clinical Center of Intensive Care Medicine and Rehabilitology). In the presented review we have tried to ge-
neralize the main results of the Institute's activities in this direction.

Keywords: endogenous intoxication; efferent treatment; detoxification
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BBenenne

B cepe nHTEPECOB TOKCUKOJIOTUN KaK CaMO-
CTOATEJILHOTO Pa3iesia PeaHuMAaTOJOTUH JIEKUT JIeii-

Introduction

The action of toxic substances that enter the
organism exogenously is studied in toxicology as an
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CTBUE TOKCHYECKUX BEIECTB, MOCTYTAIONNX JK30-
reHHbIM ITyTeM. COBpeMEeHHAs TOKCUKOJIOTHS PACIIO-
JlaraeT MHOTOYMCJICHHBIMU JTAaHHBIMU O TOKCUKOKH-
HETUKE W MEXaHU3MaX 3JK30TCHHBIX OTPABJICHUH,
6uotpaHchOpPMAIINU SIIOB U UX dJUMUHAIUU. Paspa-
6oTaHa 1oAPOOHAsA KaacCUDUKAIMA OTPABJISIONINX
BEIECTB M aJTOPUTMBI JieUeOHBIX MEPONPUITUN B
3aBUCUMOCTH OT UX (PU3UKO-XUMUUECKIX CBOWCTB U
MyTel MOCTYTIeHN. JHOTCHHAs MWHTOKCUKAIUSA U
O ceil JIeHDb SIBJISIETCST HEPa3PEIIeHHON TPOOIEMOIL.
OjHUM U3 TIEPBBIX OIBITOB OOCYKIEHUS BO3MOKHO-
CTU JIMATHOCTUKYU W JICUCHUS SHIOTCHHONW WHTOKCH-
Kl SgBUJICS MEKJIYHAPOAHON CHUMIIO3UYM, IIPO-
mepmmii 8 1994 roxy 8 Canxr-IlerepOypre mom oj-
HOMMEHHBIM HasBanueM. Ilox sHIOTeHHON NHTOKCH-
Kalyeil TTOHUMAJOCh HAKOIJIEHWE B JKUIKOCTHBIX
KOMITADTMEHTAX KOHEUHBIX WJIHM TTPOMEKYTOUHBIX
MIPOLYKTOB HOPMAJIBHOTO MJIM U3BPANIEHHOTO MeTa-
6oJsin3Ma, PUBOJIAIIEE K HAPYIIEHUIO CHAYala Ce-
nupudeckoii, a 3aTeM Hecnerubudeckoit GyHKINN
KJIETOK. JIT060€ KPUTUIECKOE COCTOSTHUE COTTPOBOIK-
JIAeTCsT HAKOIIJIEHMEM TOKCUYECKUX BEIIECTB B GOJIb-
[IeM WU MEHbBIIEM KOJIMYEeCTBE, YTO BLI3LIBACT I10-
BpEK/IEHNE KJETOYHBIX MeMOpaH, PaccTpoiicTBO
BHYTPUKJIETOUHOTO MeTabosu3Ma, pasoliieHne
okucsienus 1 (pocHopunmpoBaHusa B MUTOXOH/IPUSIX,
1 B KOHEYHOM WTOTe IIPUBOJIUT K TKaHEBOH (TUCTO-
TOKCUYECKON ) TUIoKcuu. Kak MpaBuIoO MHTOKCUKA-
Mg HAYWHAET UTPATh BEAYIIYIO POJib B MATOTeHe3e
MHOTHX CHCTEMHBIX 3a00JI€EBAaHUN, TSKETOW MH(DEK-
[[UM WJIH COYETAHHOI TPABMBI, TIO3TOMY pa3padoTKa
KoMILIeKca 3(MGhEpPeHTHBIX METO/OB JieUeHUsS Tpu
KPUTUYECKUX COCTOSHUSX SABJISACTCS OJHON U3 PUO-
PUTETHBIX HANPABJIECHUN B HAYYHO-UCCIEOBATEIb-
ckoit negrenbrocr HU obiieil peaHMMaToI0r K
um. B. A. Herosckoro, B jabOpaTOpuu TUIIOKCUH
KPUTUYECKUX COCTOSHUI MOJ[ PYKOBOACTBOM UJI.-
kopp. PAMH B. B. Moposa. PegysibraTom fesitesb-
HOCTU HAYYHBIX COTPYIHHKOB JIAOOPAaTOPUU 3a I0-
CJIeJIHIE TOJBI CTAJIO TEOPETHIECKOe 0OOCHOBAHME U
KJIMHUYECKOE BHEJIPEHUE 3KCTPAKOPIIOPAIBHOTO
JIEYEHUS CeTICUCa, OIPe/esieH aJTOPUTM TIPUMEHe-
Hug 3 PEPEHTHBIX METOOB TIPU TSKETION COUeTaH-
noit tpaBme (TCT), cchopmyamMpoBaHbl MPUHITUIIBI
MEIMKAMEHTO3HOU HedPOINPOTEKIINN U PaHHETro
IIPUMEHEHNS 3aMeCTUTEIbHOH TOUeYHOH 1 IleueHou-
HOHW Tepanmmy NPU KPUTHYECKUX cOCTosHUAX. Ha-
YVUHbIC M3BICKAHWSA B 9TOM HAIPABICHUM ITPOIOJI-
JKafoTes, uaydaercss 3MGEKTUBHOCTbD BBICOKO- U
CBEPXIIPOHUIIAEMBIX MeMOpaH I TeMOIUATN3a
(I'1) u remognadpuaptpanun (I/IMD), cemeKTUBHBIX
U KOMOMHUPOBAHHBIX METOJUK (CENEKTUBHAST TEMO-
copOIMsT JIUTIONIOJINCAXapy/ia, UCKYCCTBEHHAs Tie-
YeHb, TeAPUH-UHAYIIMPOBAHHBIH Juniadepes u 1p.).

Nurokcukanus: neduHunus, Kiaccuduka-
musi, MexauusMmbl. Jluccepraiontast paboTa UiL.-
kopp. PAH Buxropa Bacuibesnua Moposa [1] mo-
cBsitieHa (hyHIaMEHTaIbHOI 1mpobiieMe — KOpPpPEeK-

independent section of resuscitation. Modern toxi-
cology has numerous data on the toxicokinetics and
mechanisms of exogenous poisoning, biotransforma-
tion of poisons and their elimination. A detailed clas-
sification of toxic substances and algorithms of cura-
tive interventions has been developed depending on
their physical and chemical properties and routes of
entry. To the present time endogenous intoxication
has been an unresolved problem. An international
symposium held in 1994 in St. Petersburg was one of
the first exercises in the possibility of diagnosis and
treatment of endogenous intoxication. Endogenous
intoxication was determined as the accumulation of
the final or intermediate products of normal or per-
verse metabolism in the fluid compartments resul-
ting in a disruption of the specific and later the non-
specific cell function. Any critical condition is ac-
companied by the accumulation of toxic substances
in greater or lesser amounts, which causes damage to
cell membranes, an intracellular metabolism disor-
der, an uncoupling of oxidation and phosphorylation
in the mitochondria with the ultimate outcome
being tissue (histotoxic!) hypoxia. As a rule, the in-
toxication has become a key factor in the pathogene-
sis of many systemic diseases, severe infection and
combined trauma. Development of a complex of effe-
rent treatment methods in critical conditions rema-
ins the one of the priority areas in the research acti-
vities of the V. A. Negovsky Research Institute of Ge-
neral Reanimatology (in the Laboratory of Hypoxia
in Critical Conditions under the guidance of V.V.
Moroz, a Corresponding Member of the RAMS).
The activity of the Laboratory's scientists in recent
years has resulted in a theoretical substantiation and
clinical implementation of the extracorporeal trea-
tment of sepsis, the algorithm for the use of efferent
methods in severe combined trauma (SCT), princip-
les for the drug nephroprotection and the early use of
renal and hepatic replacement therapy in critical ill-
ness. There are ongoing studies in following areas:
the efficacy of highly permeable and superpermeable
membranes for hemodialysis (HD) and hemodiafilt-
ration (HDF), clinical studies that employ selective
and combined methods (selective hemosorption of li-
popolysaccharide, artificial liver, heparin-induced li-
papheresis, etc.).

Intoxication: definition, classification and
mechanisms. The subject of the doctoral thesis of
Victor Vasilyevich Moroz, a Corresponding Mem-
ber of the RAS [1] was the fundamental issue of
correcting hypoxia in critical conditions. For the
first time the concepts of detoxification and disin-
toxication were clearly defined. Detoxification
should be understood as the removal of toxic sub-
stances from the body in an unchanged form. Di-
sintoxication involves their destruction in the
body to safer substances that are further elimina-
ted by natural organs of detoxification (primarily,
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1MUY TUTTOKCUU TIPU KPUTUUYECKUX COCTOSTHUSX. B Helt
BIIEPBBIE YETKO ObLIN OTIPe/eeHbl TIOHITHS eTOK-
CUKaIusa U Je3MHTOKCcuKarms. Ilox «metokcukanm-
efi» ciepyeT TOHUMATD y/aJeHne TOKCUYECKUX Be-
MIECTB U3 OPraHU3Ma B HEM3MEHHOM BU/JIE, K «/I€3WH-
TOKCUKAIUW» OTHOCUTCS pa3pylieHue UX HeTOCPesI-
CTBEHHO B opranuame 10 6oJjiee 6e3011aCHbIX BEIECTB
¢ TIOCTeIyIoNed sMMMUHAIINEeN eCTECTBEHHBIMU OP-
raHaMu JICTOKCUKAITUH, TIPEK/IE BCETO TOYKAMU 1 Tie-
yenbto. TeM He MeHee, HEOMHO3HAUHOCTh TEPMMHA
«TOKCHH» CO3/Ia€T B HAYYHBIX MTyOJUKAIMSIX TEPMU-
HOJIOTUYECKYIO Iy TAaHUILY, U KaK CHHOHUMBI UCTIOJTh-
3yeTcsl MHOKEeCTBO TTOHSITHI.

OrnipenesieHrie TepMUHA «dHIOTEHHBIE TOKCUYE-
ckue cybcranmuny» (DTC) oxBaTbiBaeT MUPOKUI
CIIEKTP BEIECTB C MaCCON MOJIEKYJIbI OT O/{HOTO (Ka-
THOH BOJIOPO/IA) JI0 MUJLTUOHOB (TarTeHOBbIE OEJTKH )
[labTOH, U JUITH Majiasd 4acTb U3 HUX XUMHUYECKU
unaentuduimposana. [loaToMy MOKHO 3HAUUTENBHO
PaCIIUPUTH KPYT COCTOSHUH, TIOAAIAIONINX MO/ T10-
HATHE WHTOKCUKaIuu. Harmpumep, okcu Bogopoa,
T.€. BOJIa, — CTPYKTYPHBIH U (DYHKIIMOHATBHBIN KOM-
MOHEHT Ka)K/I0M KJIEeTKM, KOTOPBIN IpHU 3TOM IIpO-
SABJISIET <«TOKCHYECKHUE» CBOMCTBA, HAKAIJIUBASICH
IIPH 11€JIOM Psijie COCTOSTHUH (ocTpast oyedyHast HeJ0-
CTaTOYHOCTb, OTEK JIETKUX, TUIIEPBOJIEMUS, 3aCTOM-
Has cepieuHasi HeJIOCTATOYHOCTD, TUTIEPTUAPATAIIIS
IIpH JIETOYHOM TUTIepTeH3uH, aHacapka u ip.) Mcrou-
HuKOM DTC MOTyT CJIIYKUTH KaK COOCTBEHHDIE KJIET-
KW, TaK 1 MUKPOOPTaHU3MbBI — MATOTEHHbIE WJIH CHM-
6uonTHbBIE. TlociesHre B HOPME KOJOHU3UPYIOT
JKKT, serkue, MOUEBbBIIETTUTENbHBIE TIYTH U KOXKY.
3amaua, crogmagd nepel a¢hdepeHTHON MeTUuITnHOM,
CBOJIUTCSI K YIAJIEHUIO BENECTBA, U30BITOK KOTOPOTO
HapyliaeT HOPMJIbHOE TeyeHUe (DU3NOTOTUICCKUX
mpoieccoB. IIpu 3TOM ¢ TOUKHU 3peHUS TEXHOJIOTUU
VAQJICHUS COBEPIICHHO HE BaXKHO, CYIIECTBYET JIn
3TO BEIIECTBO B HOPME, MOCTYIHUJIO OHO U3BHE WJIU
SBUJIOCH TTPOLYKTOM U3BPAIllEHHOTO CUHTE3A.

[To mpeumyIecTBEHHOMY MYTH TOCTYIIJICHUS
IDTC B KPOBOTOK MOKHO BbIJIEJTUTH HECKOJIBKO MeXa-
HU3MOB WHTOKCUKAIIAH.

1) TIpomyKIMOHHbII MeXaHU3M — U30BITOUHOE
HOCTYIJIEHHE MPOLYKTOB HOPMAJIbHOTO METabO/In3-
Ma TIPU COXPAHHON (DYHKIIMK OPTraHOB 3JIUMUHAITIN.
ITpumep — HPOAYKIMOHHAST a30TEMUsST TIPU OEJIKO-
BOM KaTaboJin3Me Y OOJIbHBIX CEIICUCOM WUJIH TIPHU T5I-
JKeJION coueTaHHOHN TpaBMe.

2) Pe30pOIUOHHBIIT MEXaHU3M — TIOCTYILIe-
HUE B KPOBOTOK IIPOZYKTOB KJIETOYHOTO paciaja u3
ouara TKaHEBOU JIECTPYKIIUU WJIN TPOLYKTOB KU3-
HeJleATebHOCTH MUKpoopranusamoB. [Ipumep —
TPAaBMATUYECKUIN PabIOMUOJIN3 TIPU CUHIPOME JIJTH-
TEJTHHOTO C/IABJIEHUS, IECTPYKTUBHBIN MaHKPEATHUT.
Ocobast pa3HOBUIHOCTH — TPAHCJIOKAIUSI SHTOTOK-
CMHA MUKPOOPTAHU3MOB TIPU HECOCTOSTEIbHOCTU
THCTOTEMATHIECKUX OapbepoB (ab[OMUHATBHBIN
CETICHC MTPU TPETUYHOM HEPUTOHUTE).

kidney and liver). Nevertheless, the ambiguity of
the term «toxin» creates terminological confusion
in scientific publications, and many concepts are
used as synonyms.

The definition of the term «endogenous toxic
substances» (ETS) covers a broad range of substan-
ces with a molecule mass from one Dalton (hydrogen
cation) to millions Dalton (haptenic proteins), and
only a small fraction of them have been chemically
identified. Therefore, the range of conditions falling
under the concept of intoxication can be significant-
ly expanded. For example, hydrogen oxide (water) is
a structural and functional component of each cell,
which at the same time exhibits «toxic» properties
when accumulating in a number of conditions (acute
renal failure, pulmonary edema, hypervolemia, con-
gestive heart failure, hyperhydration in pulmonary
hypertension, anasarca, etc.). Both own cells and
microorganisms (pathogenic or symbiontic) can be
the source of ETS. The latter normally colonize the
gastrointestinal tract, lungs, urinary tract and skin.
The task facing efferent medicine is reduced to the
removal of a substance the excess of which disrupts
the normal course of physiological processes. At the
same time, as far as the removal technology is concer-
ned, it is not at all important whether this substance
is normal, has come from the outside or was a pro-
duct of a perverse synthesis.

There are several mechanisms of intoxication
identified by the primary route of ETS entering the
bloodstream:

1) The production mechanism: an excessive
supply of products of normal metabolism with the
function of elimination organs unimpaired, for exam-
ple, production azotemia in protein catabolism in pa-
tients with sepsis or in severe combined trauma.

2) The resorption mechanism: the entry into
the bloodstream of cellular decay products from a
source of tissue destruction or the products of vital
activity of microorganisms, for example, traumatic
rhabdomyolysis in long-term compression syndro-
me or destructive pancreatitis. The translocation of
endotoxin of microorganisms with insufficiency of
histohematological barriers (abdominal sepsis with
tertiary peritonitis) is a special variety of this mec-
hanism.

3) The reperfusion mechanism: products of un-
finished metabolism from tissues, which have been
subject to prolonged ischemia, enter the bloodstre-
am, for example, ischemic rhabdomyolysis in the
syndrome of positional compression, restoration of
blood circulation after successful resuscitation or
operations with artificial circulation;

4) The retention mechanism: a delay in excre-
tion of substances of any origin as a result of the fai-
lure of natural detoxification organs, for example, an
impairment of the nitrogen excretory function of
kidneys (uremia), obstructive jaundice, etc.
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3) Penepdysnonnblii MexaHusM — MOCTYTLIE-
HUE B KPOBOTOK IIPOJyKTOB HE3aBEPIIEHHOTO MeTa-
6oJM3Ma U3 TKaHeil, MOABEPruIuXcs JIUTeNbHOI
umemun. IlpumMep — uireMudecKuii pabroMuoJIu3
IIPU CUHPOME TO3UIMOHHOTO CABJICHUS, BOCCTA-
HOBJIEHHE KPOBOOOPAIIEHUST TTOCJIE YCIENTHOM pea-
HUMAI[IH, OTEPAIlMU ¢ UCKYCCTBEHHBIM KPOBOOOPa-
HIeHUEM;

4) PeTeHIIMOHHBIN MeXaHU3M — 3a/IeP>KKa BbI-
BeJICHUsI BEIECTB JIIOOOTO MPOUCXOKAEHUSI B pe-
3yJIbTaTe HECOCTOSATEJBHOCTU €CTECTBEHHBIX OpTa-
HOB zieTokcuKanuu. [Ipumep — HapyIieHne a30TBbI-
JIeTUTENbHON (DYHKITNY 1ToYeK (YpeMus ), MexXaHmye-
CKas JKeNTyxa u T.JI.

HeoOX0MUMBIM ~ YCJIOBUEM  JIJIsI  PA3BUTUS
0601 nHTOKCUKamu asigercd nonajganne DTC B
KPOBOTOK U X PACIPOCTPAHEHNE TI0 BOIHBIM CEKTO-
pam oprarmusma. O6bem pactpeneneaus ITC 3aBu-
CUT OT UX (DU3UKO-XUMHUUYECKUX CBOWCTB, TJIABHBIMU
13 KOTOPBIX ABJISAIOTCS MOJIEKYJIIpPHAS Macca ¥ BOJIO-
(3KMPO)-pacTBOPUMOCTD. ITU XAPAKTEPUCTUKHU SB-
JITIOTCST KJTIOUEBBIMU TIPU BBIOOPE METO/IOB DKCTPa-
KOPIIOPAJIbHOU JIETOKCUKAIIWU. Y CIOBHOU TPaHUIIEH
BEIECTB MAJION MOJIEKYJISIPHOU Macchl siBJisietcst 500
Jla — MpOHUILAEMOCTD KJIETOUYHBIX MeMOpaH. JTO BCe
MOJIEKYJIIPHBIN 3JIeMeHTbl (CM. TepUOUYecKyIo
tabsuity MeHjieieeBa), MOYeBUHA, KPEATUHWUH, TJI0-
K033, aMITHOKHUCJIOTBI. MeTO/IOM yCTpaHEeHUST HU3KO-
MOJIEKYJIIPHOIW MHTOKCUKAIIMK SIBJISETCH TEeMOJIMA-
sin3. CylecTByeT JIUIb O/{HA 9H/IOTEHHAs HU3KOMO-
JIEKYJISIpHAst MHTOKCUKAIIUA — ypeMuJecKasi, pa3Bu-
BaIOIASICS [IPX OCTPOU MJIM XPOHNYECKOH MouyedHon
HeJI0CTaTOYHOCTU. Bemrectsa, obusagaione 60J1b-
0N MOJICKYJIIPHOI Maccoi, gBJSIOTCSA TOJIUMepa-
MU Wi Oenkamu (IUPKYJUPYIOIIHE UMMYHHbBIE
KOMILJIEKCHI, IMMYHOTJIO0YJIMHBI, (DAKTOPBI CBEPTHI-
Banusi). Pasmep ux mosexys mpesbimaer 50—60
teic. [la. Ouu addexTnBHO yaandioTes miaazmade-
pesom. VX HaKoIIeHre XapaKTePHO I MHOTUX UM-
MYHONATOJIOTMYECKUX TTPOIIECCOB, OJHAKO B PEAHMU-
MaTOJIOTUU HTH BEIeCTBA HE UTPAIOT CYIIECTBEHHOM
posm. Hakoser, camast GoJibliiast TPYIIa COeMHE-
HUI — BelllecTBa «Cpe/Hel MOJIeKYJISIPHOM MacChbl» ¢
pasmepom mosiekyrbt ot 0,5 1o 50 Teic. Jla. Xumiye-
CKMIT cocTaB MoJieKkyJt cpesineli maccsl (MCM) Bech-
Ma HEOJTHOPOJIEH U OObEIUHSIET TETEPOTEHHYO TPYTI-
my BemecTB. Cio/la MOMAAIOT PETYIATOPHBIE TOPMO-
HbI, OUOAKTUBHbBIE MENTH/IbI, HE3aBEPIIEHHbBIE TPO-
JYKTBI pas3pylieHust GakTepUaibHBIX KJIETOK, GENTKO-
BOTO KaTaboJIM3Ma U ayToJin3a, MUorjaoouH. VIMeHHO
Cpe/lHre MOJIEKYJIbI SIBJISIIOTCS HauboJjiee BasKHOI
TOYKON TPUJIOKEHUS TPU TIPOBEICHUN 9KCTPAKOP-
MOPAJLHOM /IETOKCUKAIIUU TIPU KPUTHYECKUX CO-
crostausix. CoBpeMeHHBIMU pa3paboTKaMu  JIJist
yCTpaHeHUsT 9TOU MPOOJIEMbI SIBJISTIOTCSI CBEPXITPO-
HUIAEMbIE JUATU3ATOPBI U TI1a3MOCETIaPATOPBDI C BbI-
coknuM muddysnorabM Kaupencom 1o MCM, uto
C/IeJIAI0 BO3MOXKHBIM 3((PEKTUBHOE yAaJeHUE dTUX

A prerequisite for the development of any into-
xication is the ingress of ETS into the bloodstream
and their spread through the water sectors of the or-
ganism. The volume of the ETS distribution depends
on their physicochemical properties, with the main
being the molecular mass and the water (fat) solubi-
lity. These characteristics determine the choice of
methods of extracorporeal detoxification. The condi-
tional boundary of low molecular weight substances
is 500 Da (the permeability of cell membranes).
These are all molecular elements (see Mendeleyev's
periodic table), urea, creatinine glucose, and amino
acids. Hemodialysis is a method of eliminating low
molecular weight intoxication. There is only one en-
dogenous low-molecular intoxication (the uremic
one) that develops in acute or chronic renal failure.
Substances of high molecular weight are polymers or
proteins (circulating immune complexes, immunog-
lobulins, coagulation factors). The size of their mole-
cules exceeds 50 000—60 000 Da. They are efficiently
removed by plasmapheresis. Their accumulation is
typical for many an immunopathological process, but
these substances do not play a significant role in re-
suscitation. Finally, the largest group of compounds
are substances of «average molecular weight» with a
molecular size from 500 to 50 000 Da. The chemical
composition of the average mass molecules (AMMs)
is quite heterogeneous and combines heterogeneous
substances. These include regulatory hormones, bio-
active peptides, unfinished products of the bacterial
cells destruction, protein catabolism and autolysis,
myoglobin. The average mass molecules are the most
important when performing extracorporeal detoxifi-
cation in critical conditions. Ultra-highly permeable
dialyzers and plasma separators with high diffusion
clearance in the AMM are among topical methods
for the elimination of the problem, which enable the
efficient removal of these molecules in the dialysis
regime without loss of endogenous water.

There are complementary approaches (clinical
and laboratory ones) traditionally used for the diag-
nosis of endogenous intoxication. The clinical eva-
luation of intoxication is subjective and largely de-
pends on the knowledge and experience of the phy-
sician, which complicates early diagnosis and deve-
lopment of unified approaches to treatment. The
availability of laboratory studies depends on the
equipment of a particular hospital, whereas the non-
uniformity of the tests applied reduces their infor-
mative content in general when choosing a detoxifi-
cation method. Based on the clinical picture, there
are three degrees of severity of intoxication. The se-
verity of organ dysfunction is considered as the cri-
teria, such as hemodynamic disorders, central nervo-
us system dysfunction, respiratory failure, decreased
diuresis, and adiaphoria to the ongoing therapy. Un-
fortunately, these criteria are not specific and do not
take into account the premorbid background, the
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MOJIEKYJI B PeKUME inasinsa 6e3 HoTepb aHIO0TeHHO
BOJIbI.

Jl1s1 IMarHOCTUKU DHIOTEHHON MHTOKCUKAIUN
TPAAMITMOHHO HCIIOJAB3YIOT MOTOJHSIIONNE JPYT
JIpyra MOAXOAbl — KJIMHUYECKUU ¥ JTaGOPATOPHBIN.
KirmHuueckast OlleHKa MHTOKCUKAIIUHU CyObeKTHBHA 1
BO MHOTOM 3aBUCHUT OT 3HAHUI W OIBITA JieYalero
Bpaua, YTO 3aTPYAHAET PAHHIOI [TUATHOCTUKY U BbI-
PabOTKY eIMHBIX MOJXO/0B K JiedeHu 0. J{oCcTyImHOCTD
JIabOPATOPHBIX UCCIIEI0BAHUN 3aBUCUT OT OCHAIIEH-
HOCTU KOHKPETHOTO CTAI[MOHAPa, a HEOHOPOIHOCTD
MIPUMEHSEMBIX TECTOB CHMIKAET B I[EJIOM UX WHMOP-
MaTHBHOCTH TIPH BHIOOPE MeTOa JleTOKCuKarmm. Ha
OCHOBAHWM KJWHUYECKOH KapTUHBI BBIIEISAIOT TPU
CTENEHN TAKEeCTH MHTOKCUKAINK. B KauecTBe KpuTe-
pUEB NIPUHUMAETCS BBIPAKEHHOCTH OPTaHHOW [UC-
(bynkImM: paccTpoiicTBa reMoIMHAMUKY, HApyTIICHTE
(byHKIIMM TIeHTpasIbHOI HEPBHOI CHCTEMBI, HATNYHE
JIBIXaTeTbHON HEJIOCTATOUHOCTH, CHUKEHUE 1INy Pe3a,
pedpakTepHOCTD K TPOBOANMOIT Tepanuu. K coxkaiie-
HUIO 3TU KPUTEPUM HE ABJISAIOTCS CHEMUIHBIMU U
He YUYHMTBIBAIOT MPEMOPOUIHDINA (HOH, XapaKTep oc-
HOBHOTO 3200JieBaHus U (DYHKIIMOHATbLHBIE PE3EPBHI
KOHKPETHOTO opraHuama. [1o HatieMy MHEHMIO, GoJiee
VIQUHOU SIBJSIETCS KAacCUDUKAIUA XUPYPIUIECKOTO
aHjIoTOKCUKO3a, punsTtas B [IIBKT um. A. A. Bu-
HEBCKOTO [2], rpasanus Ts:kecTu TPOBOJUTCA € yde-
TOM HCXOJIHOTO COCTOSTHUS OPTraHW3Ma, XapaKTepa
ouara (MCTOYHMKA) WHTOKCHKAIUH, JIAOOPATOPHBIX
ToKasaresiell — KOJIUYecTBa JEHKOIIUTOB, CoAepsKa-
Husgs MCM, MOYEBWHBI, MPOAYKTOB IMEPEKUCHOTO
oxucyenugd sunugos (ITOJI). Tem He MeHee, ee ipu-
MEHEHUE OTPaHUYEHO OOJBHBIME XHUPYPrHIeCKOTO
npoduiis, 1 OlleHKa HeITOCPE/ICTBEHHDIX PE3yJIbTaTOB
MIPOBOIUMOI 9KCTPAKOPIIOPATbHON JIeTOKCUKAIUN
110 Hell Tak’Ke 3aTPy/HUTeIbHA.

[MTupokoe pacmpocTpaHeHre MOJIYYUIo Jiabo-
patopHoe onpenesnenre ITC onTUYECKUM METO/IOM.
OH OCHOBaH Ha M3MEPEHUU OMTUYECKOU MIOTHOCTH
6e30€eJIKOBOTO CyTIepHATAHTa OUOJOTUYECKON JKUJI-
kocTy 1ipu juinnHax BoaH 190—302 am. B pesysbraTe
MOJIyYaeTCsl OTHOCUTETbHAS BEJIMUNHA, XapaKTepH-
3yIolasg KOHIIEHTPAINIO BelleCTB HU3KOU U cpeHeit
MoviekysipHoit Mmaccel (BHuCMM). Perucrparus
CIEKTpPa B JAHHOW 30HE yJIbTPAdUOJIETOBON YacTu
MO3BOJISIET TPOU3BECTH KOMILIEKCHYTO OTIEHKY OoJiee
200 mosiekysr ITC, 06pasyOUMXCst TPU HOPMAJIb-
HOM ¥ HapyiieHHOM MeTabosimame. OnHAKO YeTKOM
KOppEeJAIUA  MEXAYy IJIa3MEHHBIM ~ YPOBHEM
BHuCMM u ts:xecTbio S9HAOT€HHON NMHTOKCUKAIIAN
Her. KoHieHTparusi 1060ro BellecTBa B IIa3Me
KPOBU OIIPE/IEIISACTCS CKOPOCTBIO €r0 TOCTYIIJICHUS B
KPOBOTOK, XapaKTEPOM paclpeiejieHus W TEeMIIOM
BbIBezieHNs. Hampumep, apuTpoIuThl UTPAIOT CyIIe-
CTBEHHYIO posib B Tpancropte JTC, uro moarsep-
JKAAETCS YXYAIIEHUEM 3JIeKTPOhOPEeTHIECKOl T10-
JBUKHOCTU DPUTPOIMTOB IIPU JIIOOOI 9HIOreHHOM
nHToKcuKanuu [3]. [lig oTpakeHHst COOTHOIIECHUS

nature of the underlying disease and the functional
reserves of a particular organism. In our opinion, the
classification of surgical endotoxicosis used in the
A. A Vishnevsky Central Military Clinical Hospi-
tal, is more successful [2]: the severity grading is
performed considering the initial state of the orga-
nism, the nature of the source of intoxication, labo-
ratory indicators (the number of leukocytes, the
content of AMM, urea, and products of lipid peroxi-
dation (LPO)). Nevertheless, the use is limited to
patients with surgical profile. Besides, it is difficult
to evaluate the immediate results of extracorporeal
detoxification.

The laboratory determination of ETS by the
optical method has become widespread. Tt is based
on the measurement of the optical density of the pro-
tein-free supernatant of a biological fluid at wave-
lengths 190—302 nm. As a result, a relative value is
obtained that identifies the concentration of sub-
stances of low and average molecular weight
(SLAMM). The registration of the spectrum in this
area of the ultraviolet zone allows a complex evalua-
tion of more than 200 ETC molecules formed during
normal and disturbed metabolism. However, there is
no clear correlation between the plasma level of
SLAMM and the severity of endogenous intoxica-
tion. The concentration of any substance in the
blood plasma is determined by the rate of its entry
into the bloodstream, the nature of the distribution
and the rate of excretion. For example, red blood
cells play an important role in the ETS transport,
which is confirmed by the deterioration of the elect-
rophoretic mobility of erythrocytes in any endoge-
nous intoxication [3]. The researchers in the Institu-
te of General Reanimatology have suggested an in-
tegral index (the index of the syndrome of endogeno-
us intoxication (ISET)) to reflect the relationship
between the accumulation and removal of SLAMM.
When calculating the index the sorption capacity of
the erythrocyte membrane, the accumulation and
transport of SLAMM in plasma and their natural eli-
mination in urine are taken into account. The aut-
hors have identified three variants of endogenous in-
toxication depending on the level of the ISEI: com-
pensated, sub- and decompensated, which corres-
ponded to the severity of abdominal and obstetric
sepsis in the examined patients [4]. At high ISEI va-
lues, the authors recommend an early initiation of
renal replacement therapy.

Extracorporeal detoxication in severe combi-
ned trauma. Intoxication is one of the leading patho-
genetic mechanisms in traumatic disease at all stages
of its development and has a combined nature. With
the SCT the destruction of muscles is accompanied
by the release and resorption of the products of cyto-
lysis. Myoglobin is the most obvious and important
biochemical indicator of traumatic rhabdomyolysis.
Its concentration reliably correlates with the severi-
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Mexy HakoiuienveM u BoiBesienrieM BHuCMM co-
tpyaaukamu HUW ob6uieil peannMaTosoruu ObLI
MPE/ITTOKEH MHTETPATBHBIN TOKa3aTelb — WHIEKC
cunjgipoma sujoreHnoin uHtokcukanuu (MCIN),
IpU pacuyere KOTOPOTO YUUTBIBAIOT COPOIMOHHYIO
CIIOCOOHOCTH APUTPOIUTAPHON MEMOPAHbI, HAKOTLIIE-
nue u tpanciopr BHuCMM B niasme u ux ecte-
CTBEHHYIO 3JIMMUHAIINIO ¢ MOYOH. B 3aBucuMocTH OT
ypoBHg ICIU aBTOPBI BBIIEAAIOT TPU BapUaHTA 9H-
JIOTEHHOW WHTOKCHKAIIUM — KOMIIEHCHPOBAHHYIO,
cy6- ¥ JIEKOMIIEHCHPOBAHHYIO, KOTOPbIE COOTBET-
CTBOBAJIH TSIKECTU aOJJOMIHATIBHOTO U aKYIIEPCKOTO
cericrca y obcsieloBaHHbIX 00JbHBIX [4]. TIpu Bbico-
kux 3HadeHnsasx VCIOU aBTOPbI peKOMEHIYIOT PaH-
Hee HauyaJlo 3aMeCTUTEeIbHOHN ToYeuyHOol Teparni.

IKcTpaKoprnopagbHas eTOKCHKAIMSA MPU TH-
JKeJoit coueTaHHOU TpaBMme. IHTOKCUKANUA SB-
JIZETCH OJTHUM U3 BEYIUX TATOTCHETUYECKUX MeXa-
HU3MOB TPaBMATUYECKON OOJIE3HU HA BCEX TAllaX ee
pasBUTHUsL, HOCST KOMOMHUPOBaHHbII Xapakrep. [Tpu
TCT paspyliieHre MBIIIEYHBIX MACCUBOB COITPOBOJK-
JlaeTcs BHICBOOOKIEHNEM U Pe30pOIreil IIPOAyKTOB
nuuTosmn3a. Muorsobun — Hanbosiee OYEeBUIAHBIN U
BKHBI OMOXUMUYECKHUIT TIOKa3aTe b TPaBMaTye-
ckoro pabpomuosnza. Ero KOHIEHTPAIUsT HAJIEKHO
KOPPEIUPYET C TAKECTbIO OPTaHHON AMCHYHKIUN U
BBIPAKEHHOCTBIO CUCTEMHOTO BOCIATUTEIBHOTO OT-
BeTA TIPU Psijic XUPYPTrUUYECKUX U TeMATOTOTMYCCKUX
3abosieBaHuil [5].

Pabpomuonus mnpezacrasisier cobOOil JecTpyK-
IO TIOTIEPEYHO-TI0JIOCATON MYCKYJIATYPhI € Pe30p0-
IUel MPOAYKTOB IUTOJIM3a B WHTEPCTUIMATBHOE
MIPOCTPAHCTBO U CUCTEMHBII KPOBOTOK.

Iruosiornyeckue (HakTopsl padIOMHUOIIHI3A:

e MexaHunyeckast TpaBMa

e JlekapcTBa 1 TOKCUKAHTBI

* YpesmepHas dusndeckas Harpy3Ka

* Tuneptepmusa

e Uimemus ckesieTHON MyCKYJIaTypbl

» JlumTebHOE HEMOJBUIKHOE COCTOSHIE

o UMudexuuu (BUpyCHbIE U HAKTEPUATHLHBIE)

*  JJIEKTPOJUTHBIE U 9HIOKPUHHDIE HAPYIIIEHUS

e Tenernueckue aHOMaJINN

» 3abosieBaHUS COEIMHUTENBHOM TKAHN

Hecmorpst Ha MHOTOOGpa3ue PUUUH U (HakTo-
POB, IPUBOAIATINX K HEKPO3Y CKEJICTHON MYCKYJIaTy-
PBbI, MEXaHU3M 3TOTO COCTOSTHUA €IMH W CBOIUTCS K
JIECTPYKITNU MHUOIIUTA U TIOMA/IAHNIO KJIETOYHOTO CO-
JEPKUMOro B KpoBooOparieHune. Muoraobun —
OJIMH U3 CAMBIX BA)KHBIX W OTIACHBIX CPETHEMOJICKY-
gsipubix TokcaoB (MM 18,8 k/la), oOpasyormuxcst
IIPY pa3pylIeHUH CKEJIETHBIX MBI, B HOpMe MUOT-
JIOOUH B CJIEIOBBIX KOJIMYECTBAX OIPENEJSETCS B
IJIa3Me KPOBH, OTKY/IA YAAJSIETCS IIyTeM KIyOOUKO-
BOH (bUJIbTpAIMH, HO BBICOKAS KOHIIEHTPAIIMS MUOT-
JIOOUHA B MOY€ B YCJIOBUSIX KUCJIOH CPE/IbI BHI3BIBAET
obpa3oBaHKe HEPACTBOPUMBIX KOHTJIOMEPATOB, 0JI0-
KUPYIOIKUX Taccax (GUIbTpaTa 1O KaHAJIbIAM.

ty of organ dysfunction and the severity of the syste-
mic inflammatory response in a number of surgical
and hematological diseases [5].

Rhabdomyolysis is a destruction of the striated
muscle with resorption of cytolytic products in the
interstitial space and systemic blood flow.

Etiological factors of rhabdomyolysis are as fol-
lows:

* Mechanical injury

* Drugs and toxicants

» Excessive physical activity

* Hyperthermia

 Skeletal muscle ischemia

* Prolonged motionless state

* Infections (viral and bacterial)

* Electrolyte and endocrine disorders

* Genetic abnormalities

» Connective tissue diseases

Despite the variety of causes and factors that re-
sult in necrosis of skeletal muscles, the mechanism of
this condition is universal and is defined as the myo-
cyte destruction and the entry of cellular contents
into the circulation. Myoglobin is one of the most im-
portant and dangerous medium-molecular toxins
(Mm 18.8 kDa) formed during the destruction of ske-
letal muscles. Normally myoglobin is determined in
the blood plasma in trace amounts from where it is re-
moved by glomerular filtration, but a high concentra-
tion of myoglobin in the urine under acidic condi-
tions causes the formation of insoluble conglomerates
that block the filtrate passage through the tubules.
Intracanular hypertension causes the leakage of the
filtrate into the renal interstitium, and interstitial
edema develops. Ischemia of the tubular epithelium
can lead to acute tubular necrosis.

Massive decay of myocytes results in the relea-
se of the potassium ion (the main intracellular elect-
rolyte) into the bloodstream. Hyperkalemia in con-
ditions of hypovolemia, acidosis and developing
renal failure may be life-threatening as causes intra-
cardiac blockade, so it requires immediate treatment.

Phosphorus is released from the damaged
muscles and in kidney failure leads to the formation
of tissue deposits from calcium-phosphorus comple-
xes and to the development of hypocalcemia in the
early period of rhabdomyolysis. Massive calcifica-
tions can be observed in the areas of myonecrosis,
and in a number of cases heterotopic ossification is
observed. Decreased serum calcium levels in hyper-
kalemia can cause heart rhythm disturbances, muscle
spasms and convulsions. In the late post-compres-
sion period calcium leaves the depot leading to hy-
percalcemia.

Reperfusion of myolysis sites is accompanied by
the nucleosides entry into the blood (the products of
the catabolism of nucleic acids). As a result purines
and uric acid accumulate. Their precipitation also
contributes to tubular obstruction.
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BuyrpukanasibiieBass TUINEPTEH3US TPUBOIUT K
yTeuke (puabTpaTa B MOYCUHBI WHTEPCTUIINIA, Pa3-
BUBAETCSI UHTEPCTUIUATBHBIN oTek. Viemust TyOy-
JIIPHOTO 3TUTEJNS MOKET TIPUBECTU K OCTPOMY Ka-
HAJBIIEBOMY HEKPO3Y.

MaccuBHbBIN pacTiaz MUOIIUTOB ITPUBOIUT K BBI-
X0y B KPOBOTOK OCHOBHOTO BHYTPHUKJIETOYHOTO
AJIEKTPOJINTA — MOHA KaJust. [urepraameMus B ycJio-
BUAX TUTIOBOJIEMUH, all/I03a U Pa3BUBAIOIIEHCS 110-
YEYHOU HEZIOCTATOYHOCTH MOKET HOCUTD JKU3HEYTPO-
JKAIONUI XapaKTep, BBI3bIBas BHYTPUCEPACYHYTO
6JI0Ka Ly, U TPEOyeT He3aMeJIUTETLHOTO JIEYEHHSI.

Dochop BHICBOOOKIAETCS U3 TOBPEKIEHHBIX
MBI ¥ IPU TIOYEYHON HEIOCTATOYHOCTHU TIPUBOJIMT
K 00pa30BAHUIO TKAHEBBIX JIEMIO3UTOB U3 KaJbI[Hii-
(hochopHBIX KOMILIEKCOB U PA3BUTHIO THITOKAJbITHE-
MUM B PaHHEM Tiepuojie pabjomuosmsa. B ydacTrax
MHOHEKPO3a MOTYT HaGJIF0JIAThCSI MACCUBHbBIE KaJlb-
IIUHATBI, & B PSJI€ CAyYaeB BBIABJSETCS TETEPOTOTIN-
yeckast occudurainug. CHUZKEHUE YPOBHSA CBIBOPO-
TOYHOTO KaJblMs HAa (hOHE TUNEPKATMEMUU MOXKET
BBI3BATh HAPYIIEHUS CEP/IEYHOTO PUTMA, MBITIICYHbIE
CIa3Mbl U CyJIOPOTH. B M031HEM TOCTKOMITPECCHOH-
HOM TIepUOjie KAJBIIMH MOKUIAET JIeT0, TPUBOIA K
TUTIEPKAJIBITUEMUH.

Periepdysusi yuacTKOB MUOJIN3a COMTPOBOKIA-
€TCs MOCTYIJICHNEM B KPOBb HYKJICO3UIOB — IIPO-
JYKTOB KaTaboJM3Ma HYKJIEUHOBBIX KUCJIOT. B pe-
3yJIbTaTe HAKAIJIMBAIOTCS MTyPUHBI U MOYeBas KHUC-
JIOT, TIPEIUITUTAIIS KOTOPBIX TaKKe CIIOCOOCTBYET
KaHaJIbIIeBOI1 0OCTPYKIIMH.

Pe3opOiiust IpOyKTOB KJIETOYHOTO PACIiajia 3a-
KOHOMEPHO MTPUBOJIUT K PA3BUTHUIO CHCTEMHOTO BOC-
MAJTMTEJLHOTO OTBeTa HEMH(MEKIMOHHOTO reHe3a. B
JTATbHENIIeM, TIPU YCIOBUU TTOBPEKICHNUS aHATOMU-
yecKuX GapbepoB, HA TPETHEU CTAJUU TpaBMaTHUe-
CKOU 00JIE3HU PA3BUBAIOTCS WH(MEKITHOHHDIE OCJIOK-
HEHUS U CETICUC. ITO COCTOSHUE BBI3BIBACTCS U TIOJI-
JIEPKUBACTCA TOBBIINIEHHON TPOIYKITNEN MeAuaTo-
poB BocnasieHus. [umokcuyeckoe moBpesKaeHue Cim-
3UCTON OOOJIOUKH KHUIIEYHUKA MOKET MPUBECTH K
TPAHCJIOKAIIUN KUIIEYHOU MUKPOMJIOPbI U Pa3BU-
THIO0 aOJOMUHAIBHOTO CETICUCA, A [IPU TPOHUKHOBE-
HUM GaKTepHil B KPOBOTOK — BO3HUKHOBEHUIO J[PY-
X WHGEKITMOHHBIX OCTOKHEHUI.

Jluarsnoctuka pabIoOMHO/IN3a, OCJIOKHEHHOTO
muorsoburypudeckoit OTTH, crpoutest mpeskie Beero
HA aHaJIM3€e KJIMHUYECKUX CUMIITOMOB, TaGOPaTOPHBIX
JIAHHBIX U PE3YJIbTATOB JIy4€BOTO HCCIEIOBAHIS.

1) KimHuueckue Kputepun: skaioObl Ha MbITIEY-
Hble OOJIH, TUXOPA/KY, TOTEMHEHHE MOUM ¥ CHIKEHIE
TeMIIa MOYEOT/IEJIEHUs, B aHaMHe3e 3a00JIeBAHUST U
JKU3HU — HAJIMYUE TPUTTEPHBIX UJIU TIPE/IPACTIONAraio-
nwmx (hakTopoB (TpaBMa, UIEMUs, TPUEM JIEKAPCTBEH-
HBIX IIPENApPATOB, CaXapHBIH AuA0eT, aTepOCKIEPO3,
HACJIE/ICTBEHHBIE 3a00/I€BaHMsI, OIIEPAIIUU B YCJIOBHSIX
HCKYCCTBEHHOTO KPOBOOOPAIIEHUST), B JIOKATLHOM
craryce — OTeK W YIUIOTHEHUE B 00JIACTU ITPEJIIIoJia-

Resorption of products of cellular decay natu-
rally results in the development of a systemic inflam-
matory response of non-infectious genesis. In the fu-
ture, if anatomic barriers are damaged, infectious
complications and sepsis develop in the third stage of
the traumatic illness. This condition is caused and
supported by the increased production of inflamma-
tory mediators. Hypoxic damage to the intestinal
mucosa can lead to translocation of the intestinal
microflora and the development of abdominal sepsis,
and other infectious complications if bacteria penet-
rate the bloodstream.

Diagnosis of thabdomyolysis, which is compli-
cated by myoglobinuric arthritis, is primarily based
on the analysis of clinical symptoms, laboratory data
and the results of radiation research.

1) Clinical criteria: complaints of muscle pain,
fever, darkening of the urine and a decrease in the
rate of urination, trigger factors or predisposing fac-
tors (trauma, ischemia, medication, diabetes, athe-
rosclerosis, hereditary diseases, artificial circulation)
in the patient's medical history, in the local status —
edema and compaction in the area of suggested com-
pression, disturbed pulsation of the main vessels.

2) Laboratory data: cytolytic laboratory synd-
rome (hypermyoglobinemia, increased CPK, LDH,
AST, ALT, hyperkalemia, hyperphosphatemia), me-
tabolic acidosis, plasma hyperosmolarity, increased
concentrations of nitrogen metabolism products
(creatinine, urea nitrogen, uric acid), myoglobinuria,
positive NGAL (serum and urine) test.

3) Radiation examination: echographic signs of
edema and dystrophy in muscle mass, loss of muscle
structure and striation in the zone of probable dama-
ge, CT- or MRI-signs of destruction of soft tissues.

Suggested ways of treatment for rhabdomyoly-
sis are conservative (infusion therapy, achievement
of alkalosis, saluretics), surgical (surgical treatment),
and early efferent therapy.

Extracorporeal detoxification is a very powerful
and effective way of removing tissue decay products.
However, it should be applied only after performing
conservative measures and complete surgical sanita-
tion of the lesion sites. The choice of a method and a
regime of efferent treatment is based on the nature of
the substances causing intoxication and the kinetic
parameters reflecting the phase of injury/illness, the
rate of resorption of toxins and the preservation of
the natural mechanisms of elimination.

Plasmapheresis is a simple and available method
of removing tissue degradation products in the 'vas-
cular phase» of the toxins distribution. Depending on
the equipment available in a clinical center both plas-
mafiltration and gravitational plasmapheresis can be
used. Plasmofiltration can be performed without
equipment both in the field and in the stages of medi-
cal evacuation. Since the molecular value of myoglo-
bin corresponds to the spectrum of AMM, it can be
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raeMoro TO3WIMOHHOTO C/IaBJIeHNs, HapylleHHas
ITYJIbCAINST MATUCTPAJIBHBIX COCYIOB.

2) JlaGoparopHble JaHHBIE: IMUTOJUTHIECKUN
J1abopaTOPHBIH CUHAPOM (TUIEPMHUOTIOOUHEMUS,
poct KOK, JI/IT, AcAT, AnAT, runepkanuemus, Tu-
nepdocharemist), METAOOTIUIECKUIT AllUI03, THITEP-
OCMOJISIPHOCTD TIJIA3MbI, TIOBBIIIIEHE KOHIIEHTPAIINN
MPOJYKTOB a30THCTOr0 0OMeHa (KpeaTHMHUHA, a30Ta
MOYEBUHBI, MOYEBOU KUCJIOTHI), MUOTJIOOWHYPUS,
no3utuBHbII NGAL-TecT CBIBOPOTKHM 1 MOUH.

3) JlyueBoe wuccnenoBanue: sxorpaduueckue
MPU3HAKHU OTEKA U AUCTPOPUN B MBITIIEYHBIX MACCH-
BaX, IOTEpPSd CTPYKTYPHOCTH M WMCYEPUYECHHOCTU
MBIIIIT] B 30HE BeposATHOTO roBpesxienus, PKT- niu
MPT-npusHaku ecTpyKINM MSTKUX TKaHe.

Jleuenue npu pabIOMHOIN3e — KOHCEPBATUB-
Hoe (MH(]pY3MOHHAS TePAINs, TOCTUKEHUE AJTKAI03a,
CAJIypeTUKH), onepaTuBHOE (XuUpyprudeckas obpa-
60Tka), panHee ahdepeHTHOE.

IKCTPAKOPIIOPATIbHAS JIETOKCUKAIUS 3TO BECh-
Ma MOTIHBIN 1 3((HEKTUBHBIN CIIOCO0 yAaJIeHUs ITPo-
JIYKTOB TKaHEBOTO PACIIa/la, OJIHAKO TIPUOETaTh K HEMY
CJIEJyeT TOJILKO TIOCJIE BBITIOJTHEHUS KOHCEPBATUBHBIX
MEPONPUATUI 1 TTOJTHOIEHHON XUPYPruyecKoi caHa-
[ OYaroB JIECTPYKIMU. BbIOOp MeTojia U PesKruMa
ahdepeHTHOrO JieYeHns TPOBOAUTCS MCXOAT U3 Xa-
pakTepa BEIIECTB, BBI3BIBAIONINX WHTOKCUKAIUIO, U
KIMHETUYECKUX MTaPaMETPOB, OTPAKAIONINX (ha3y Tpas-
MbI/00JIE3HI, CKOPOCTb PE30POIHH TOKCUHOB U CO-
XPaHHOCTb €CTECTBEHHBIX MEXaHNU3MOB 2JTUMIHAITUN.

[Tnasmadepes — MpocToil U AOCTYIIHBIN METO/
yAQJICHUS TTIPOLyKTOB TKAHEBOTO PACIIA/Ia B «COCY/IH-
ctyio hazy» pacrpeneseHus TOKCUHOB. B 3aBucnmo-
CTU OT JOCTYITHOCTU aIlllapaTypbl U OCHANIEHHOCTU
KJIMHUYECKOTO IEHTPA MOKET OBITh MCIIOJb30BaHA
KaK IJIa3MOMUIbTPAIS, TaK U TPABUTAIMOHHBIN
wasmadepes. ThazModuabTparus MoKeT ObITh Bbi-
HoJiHEeHa 0e3annapaTHbiM CII0COOOM U B MOJIEBBIX
YCJIOBUAX, M Ha 3TAlax MEIUIMHCKON 3BaKyalluu.
[Ipu aTOM, TOCKOJIBKY MOJIEKYJISIpHAS BEJIUYMHA
MuorI00nHa coorBercTByet criiektpy MCM, ero yia-
JIEHWEe W3 OpraHu3Ma BO3MOXKHO U C IMTOMOIIBIO
(pusbTpanmoHHbBIX METOIOB JleToKcuKaluu [6]. B 1e-
quaTtpuu 1ia3mMadepes Halies MpuMeHeHne Kak ag-
(hexTUBHBII MeTOH GOPHOBI ¢ OCTPBIM BHYTPHCOCY-
JUCTBIM TeMosinu3oM [7]. TemoduabTpaiiug ¢ BbICO-
KUMU 00beMAMU 3aMEIEHUsST KUIKOCTH TOMUMO
KOHBEKITMOHHOTO y/aJeHUS TPOAYKTOB IMTOJIN3A
OKa3bIBaeT CTAOMIN3UPYIOIIee JeHCTBIE HA TEMOJIN-
HamuKky. [Ipumenenmne cBepXBBICOKOTIPOHUIIAEMBIX
MeMOpaH (¢ BBICOKOI TOYKOU OTCEUKH 110 MOJIEKY-
JIIpHOIT Macce) obecrieunBaeT AU hy3MOHHBINA KITH-
PEHC TI0 BEIecTBaM CPEHEN MAacChl, YTO MOBBITIACT
Kak 9P (EKTUBHOCTD, TaK U EPEHOCUMOCTH (6e3-
OTIACHOCTD) 3KCTPAKOPIIOPATIbHOTO BO3/I€ICTBUSI.

Pe3opbuust TPOJYKTOB KJIETOYHOTO pacajia
npu TsKenoi couetanHoit Tpasme (TCT) mpusoaut
K Pa3BUTUIO CUCTEMHOTO BOCHAJIUTEJIBLHOTO OTBETA

removed from the organism by filtration methods of
detoxification [6]. In pediatrics plasmapheresis has
been used as an effective method for controlling acute
intravascular hemolysis [7]. Hemofiltration with
high volumes of fluid replacement (in addition to the
convection removal of cytolysis products) has a stabi-
lizing effect on hemodynamics. The use of ultra-high-
permeability membranes (with a high cut-off point
for molecular weight) provides diffusion clearance for
medium-weight substances, thus increasing both the
efficacy and the tolerability (safety) of extracorporeal
exposure.

Unfortunately, resorption of cellular decay pro-
ducts in severe combined trauma (SCT) leads to the
development of a systemic inflammatory response
(SIR), which is initially non-infectious. The impai-
red barrier function of the intestinal mucosa can re-
sult in the translocation of intestinal microflora and
the development of abdominal sepsis [8], and with
bacteria penetrating the bloodstream, in other infec-
tious complications. AM. Tlchenko, an employee at
the V. A. Negovsky Research Institute of General
Reanimatology, performed a study of the extracorpo-
real detoxification in victims with massive crushing
of soft tissues in SCT [9]. 41 victims (78.8%) of 52
victims showed traumatic toxicosis in the early post-
traumatic period and 11 victims (21.2%) developed
septic shock. The decision to conduct hemofiltration
and plasmapheresis in the first group was taken in
the laboratory diagnosis of early signs of endogenous
intoxication expressed in increased concentrations of
myoglobin (more than 700.0 ng/ml), CPK more
than 900 TU /I, AMM more than 0.8 opt. units. Plas-
mapheresis in the early stages of medical care (Days
1—3) allowed the affected patients to have a decrease
in CPK by 19%, the myoglobin content by 25%, and
the average molecules by 26%. Hemodiafiltration
using ultra-high-permeability membranes (EMiC,)
in the early post-traumatic period promoted a more
significant decrease in the CPK concentration (by
32%), a 44% decrease in the myoglobin content and
a 37% increase in the average molecules. In addition,
the victims who received plasmapheresis surgery
showed a decrease in the total protein, which was not
observed with HDF. The high efficacy of early appli-
cation of HDF and plasmapheresis in victims with
SCT with massive crushing of soft tissues enabled a
significant reduction in the lethality (9.6%) and the
development of infectious complications. The repla-
cement dose in patients with septic shock should be
selected taking into account the severity of the syste-
mic inflammatory response, the level of intoxication,
hemodynamic disorders and gas exchange disorders
[10].

It is necessary to emphasize the need for timely
(early) use of efferent methods in the treatment of
the toxic resorptive state. Patients affected with
SCT with massive crushing of soft tissues after stabi-
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(CBO), koTopblif n3HAYATHHO HOCUT HEMH(MEKITHOH-
HBII xapakrep. HapyieHue GapbepHOU (byHKIIUN
CJTUBUCTOI 000JIOUKU KUIIEUHUKA MOKET MPUBECTH
K TPAHCJIOKAIIMK KUIIEYHOW MUKPOMIIOPHI U PA3BH-
TH0 aGJIOMUHAILHOTO cericuca 8], a mpu MpOHUKHO-
BeHUM OaKTepuil B KPOBOTOK — BO3HUKHOBEHWIO
Ipyrux WHOEKIMUOHHBIX ocHoxkHeHnit. CoTpyaHu-
koM HUMW o6uieit peannmarosioruu um. B. A. Heros-
ckoro (Mubuerko A. M.) Gbuia mpoBefeHa pabora,
MOCBSIIIEHHAST 9KCTPAKOPIIOPAIBHON [I€TOKCHKAIIIN
y TIOCTPAIABIIUX C MACCUBHBIM PA3MO3KEHUEM MsIT-
kux traneit pu TCT [9]. ¥V 41 (78,8%) us 52 1o-
CTPAJIABIIUX BbBISBJIEHBI IIPOSIBIEHUST TPaBMaTHUe-
CKOTO TOKCHUKO3a B PAHHEM IIOCTTPABMATUYECKOM
nepuogze u 'y 11 (21,2%) — pa3BuTue cenTuIecKoro
moka. Petienve o npoBefenun reMOMUIbTPAIIMT U
mazmadepesa B [EPBOI IPyIilie MPUHUMATIOCH IPU
J1abOPAaTOPHOU JIMATHOCTUKE PAHHUX TIPU3HAKOB 9H-
JIOTeHHON MHTOKCUKAIIUHU, BBIPAKABIINXCS B MMOBBI-
HNIEHHBIX KOHIEHTpalusAX MuoriobmHa — OGojee
700,0 nr/ma, KOK — 6omee 900 ME/i1, MCM —
6osiee 0,8 ont. en. ITposenenue mmasmadepesa Ha
pPaHHMUX ITANAX OKA3AHUS MEIUIUHCKOU ITOMOIIN
(1—3 cyTku) MO3BOMIIO TOCTUYD Y MOCTPAIABIIIX
crakenns KDOK na 19%, copepskanus MuoriobnHa
— Ha 25%, cpemHUX MOJeKysn — Ha 26%. [emomna-
(busbTpaIusa ¢ MCIOJb30BAHUEM CBEPXBBICOKOIIPO-
HutaeMbix MemOpan (EMiC,) B paHHeM mocTTpaB-
MaTHYECKOM MePHojie CIocoOCcTBOBaA GoJiee 3HAUM-
mMomy cumxkennio kounentpaimun KOK (ma 32%),
YMEHbBIIEHUIO CO/lep:KaHusT MUOTI0OOnHA (Ha 44%) u
cpenHux MouiekyJ (Ha 37%). Kpome toro, y nocrpa-
JIABIINX, TOJIYYaBIIUX onepaiuu amadepesa, ot-
MeUYeHO yMeHbIeHre o0iero 6ejka, 4ero He HabJIIO-
nasnoce ipu [JID. Beicokast ahexkTuBHOCTD paHie-
ro npumenenus ['JI® u niazmadepesa y mocrpagas-
nmx npu TCT ¢ MacCMBHBIM Pa3MO3:KeHUEM MATKUX
TKaHell MMO03BOJINJIO CYIIECTBEHHO CHU3UTH JIETAJIb-
uoctbh (9,6%) u pazButne nHMOEKIIMOHHBIX OCTOKHE-
Huil. Bei6op 1036l 3aMelieHnst y GOJIbHBIX C CelTHYe-
CKUM IIOKOM J[OJIKEH OCYIIECTBIISITHCS C YI€TOM BbI-
PasKEHHOCTU CUCTEMHOTO BOCHAJUTENBHOTO OTBETA,
YPOBHSI MHTOKCUKAIIMU, TeMOAMHAMUYECKUX HAPY-
MmeHui 1 HapyiieHnii razooomena [10].

Ciieqryer moIYEPKHYTH HEOOXOIAUMOCTH CBOE-
BPEMEHHOTO (paHHEero) mpuMeHeHns 3¢ depeHTHbIX
METOJIOB MPU JIEYEHUH TOKCHKO-PE30POTUBHOTO CO-
croguus. [loctpagasmum ¢ TCT npu mMaccuBHOM
Pa3MO3KEHUH MSTKUX TKaHel 1Mocjie CTaOuIn3aiuu
reMOJIMHAMUKY B PAHHEM MOCTTPABMATHYECKOM IIe-
puoge (1—3 cyTku) mokasaHo MpoBe/icHIe: TeMO/[a-
(busbTpaluu — B YCJIOBUSIX BBICOKOCIIEIIUATU3UPO-
BAHHOTO JIeueOHOTO yUPEeKIeH!s U TazmMadepesa —
Ha 9rarnax, OpuOIMKEHHBIX K MECTY MOJydYeHUsI
TPABMBI, C II€JIbI0 KOPPEKIIUU MTOCJIeCTBUIT MACCHB-
HOTO [UTOJU3a. JTO MO3BOJISIET CHU3UTH PHUCK Jie-
TAJIbHBIX OCTIOKHEHW B OTAJIEHHOM TIEPHUOJIE [TOCJIe
TPABMBL Y MOCTPAIABIINX C YK€ PA3BUBITUMICS UH-

lization of hemodynamics in the early post-traumatic
period (Days 1—3) should receive the following tre-
atments: hemodiafiltration (in a highly specialized
medical institution) and plasmapheresis (at the sta-
ges close to the place of injury, in order to correct the
consequences of massive cytolysis). This allows the
reduction of the risk of fatal complications in the
long-term after the injury. In patients with already
developed infectious complications of SCT the use of
hemofiltration in a short time contributes to the sta-
bilized hemodynamics and the reduced manifesta-
tions of endogenous intoxication. The proposed algo-
rithm has a high level of detoxification efficiency and
allows a significant improvement of the results of tre-
atment with SCT.

Disintoxication in the treatment of sepsis.
Physicochemical methods of disintoxication aimed
to inactivate toxins directly in the body are still wi-
dely used in most clinics in Russia. Methods of phy-
sical and chemical modification of blood have been
used in the treatment of sepsis for decades. The ul-
traviolet and laser irradiation of the blood has a
bactericidal and immunomodulating effect, with
the photomodification of the blood performed thro-
ugh a light guide installed in the venous bed. In the
thesis research by O. M. Shevtsova [11] the effects
of intravascular laser (IVL) and the ultraviolet irra-
diation of blood have been demonstrated. They are
manifested in decreasing the viscosity of blood and
improving the deformability of erythrocytes. There
is also a positive effect of plasmapheresis on hemo-
stasis: the levels of SFMCs and fibrinogen decrea-
sed, the spontaneous aggregation of platelets dec-
reased combined with the increase in fibrin degra-
dation products, which, in the opinion of the aut-
hors, is a sign of deblocking of the microcirculatory
bed. A study was conducted on the efficacy of IVL
in combination with hyperbaric oxygenation
(HBO) at the Regional Campus of the Research In-
stitute of General Reanimatology in Novokuznetsk.
Clinical observations were performed in 80 surgical
patients with purulent-septic complications. They
were divided into two groups: in Group 1 the trea-
tment was supplemented by TVL sessions using the
helium-neon laser from the first postoperative day,
in Group 2 IVL was supplemented with HBO one
session per day for three days in a row. The control
group included 18 patients who underwent the
HBO. Central hemodynamics was studied by the
method of computer tetrapolar rheography, meta-
bolites of carbohydrate metabolism and products of
lipid peroxidation were determined. In patients of
the second group there was an increase in the cardi-
ac stroke volume after the sessions of IVL reaching
65.6 ml by the second HBO session, compared with
the initial value of 47.8 ml (P<0.05). There was no
significant influence of the TVL on the level of
AMM. After the IVL sessions the content of cerulo-
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(bexmmmonnbiMu  ocnoxuernsimu TCT npumenenue
reMO(UIILTPAIUY TTO3BOJISAET B KOPOTKHE CPOKU CTa-
OUIIM3UPOBATH TEMOJINHAMUKY U CHU3BUTH MPOSIBJIE-
HUS 9HIOTeHHOU MHTOKcuKanuu. [Ipenmaraembrii a-
TOPUTM XapaKTepPU3yeTCs BBICOKUM YPOBHEM JICTOK-
CUKAIMOHHOW 2(h(DEeKTUBHOCTU W TO3BOJISAET CYIIe-
CTBEHHO YJIy4lATh pe3ysibraTel Jederus TCT.
Jle3uHTOKCHKANUsA B JieYeHUH celcuca. B
GOJIBIIUHCTBE KJIMHUK POCCUE MIMPOKOE PaCIpo-
CTpaHEHUE JI0 CUX MOP UMEIOT (PU3UKO-XUMUIECKHE
METOJIBI IEBUHTOKCUKAIINY, HATIPABJICHHBIC HA NHAK-
THUBAIMIO TOKCMHOB HEMOCPEIICTBEHHO B OPTaHU3ME.
MHorue fiecaTuIeTus nNpu JeYeHUn Cercuca prume-
HSJTUCh METO/IbI (PU3UYECKON U XUMUYECKOU MOJIU-
(ukanuu kpoBu. BakTepUIUIAHBIM 1 UMMYHOMOLY-
supytomuM adhderkToM o0bagaer yabrpadroneTo-
BOE U JlagepHoe 00JIydeHre KPOBH, IPU 3TOM (HhOTO-
MOMMUKAINA KPOBU IPOU3BOIUTCS Y€pPe3 CBETO-
BOJI, YCTAHOBJIEHHBII B BEHO3HOM pycJie. B auccep-
taninonnom uccaenoannu [llesiooit O. M. [11]
JoKa3aHbl 3(h(GEKTb BHYTPUCOCYAMCTOTO JIA3€PHOTO
(BJIOK) u yabrpadroseToBoro 06Jy4eHust KPOBH,
MPOABJISAIONINECS B YMEHBIIEHUN BA3KOCTH KPOBU U
yaydmeHun  1eOpMUPYEMOCTH  SPUTPOIUTOB.
Takske MOKa3aHO MOJOKUTETHHOE BAUSHIE TLIa3Ma-
(epesa na remocraz — cumkaics ypoenb POMK,
(bubpUHOTEHA, yMEHbIIIATACH CIIOHTAHHAST AarPETalist
TPOMOOIIUTOB B COUYETAHUK C POCTOM TIPOLYKTOB Jie-
rpafaiuu (puGprHa, 4TO, 10 MHEHWIO aBTOPOB, SIB-
JIIETCST IPU3HAKOM [1e0JIOKMPOBAHUST MUKPOIUPKY-
gsgroproro pycia. Ha 6aze @uimana HUN obuieit
pearmmarosioruu B r. HoBOKy3HeIlIKe MPOBeICHO UC-
caenosanne addexrusnoctu BJIOK B couetanuu ¢
runiepbapuueckoil okcurenarein (I'6O). Knunuiue-
ckue HabJIoIeHUsT TIPOBe/ieHbl Y 80 XUPYPrudecKmx
GOJIBHBIX C THOWHO-CENTUYECKUMU OCJIOKHEHUSIMHU,
KOTOpBIE OBLIN pa3jieJieHbl Ha JiBe TPybL B 1 rpyri-
e KOMILIEKC JIeYeHUS [IOTOJIHSJICS CceaHCaMu
BJIOK renmii-HEOHOBBIM JIa3€POM C TIEPBBIX TIOCIIE-
OTIEPAITMOHHBIX CYTOK, BO 2 Tpytie BJIOK ponosns-
siock I'BO 110 orHOMY ceaHcy B JleHb TPU JIHS TTO/IPSIL.
B koHTpOsIBHYIO rpyIiny Bouwio 18 GoJbHBIX, KOTO-
pbim Boinosiasin TBO. VcenenoBanach 1eHTpasb-
Has TeMOJMHAMHUKA METOZIOM KOMIBIOTEPHOI TeTpa-
HOJISIPHOU peorpaduu, ONpPeIessiIuCh MEeTabOJTUThI
VIJIEBOJIHOTO 0OMEHA, TPOYKTHI TIEPEKUCHOTO OKUC-
JIEHUST JIUIUAOB. Y OOJIBHBIX 2 TPYIIbl OTMEYEHO
yBeJUUYEHUE YAaPHOTO 00beMa Cep/ila MoCje CeaH-
coB BJIOK, nocrurarotiero ko Bropomy ceancy ['bO
65,6 MJT TTO CpaBHEHHIO ¢ UCXOAHBIM 3HAUeHNEeM 47,8
mia (p<0,05). [locrosepuoro sausinus BJIOK ma
yposerb MCM ob6napy:keHo He 6buio. [Tocie cean-
coB BJIOK nopmanm3zoBasioch cojiepskanue 1mepyJio-
MJIa3MUHA B TJIa3Me KPOBHU, a TAKKE TIEPOKCU/IA3bl U
TJIMKOTE€Ha B HeUTpoduiax y GOJHHBIX ¢ HUCXOIHO
HU3KUMU 3HAYCHUSIMU, YTO OTPAKAET BOCCTAHOBJIC-
HUe aHTUOKCHIAHTHON aKTUBHOCTU KpoBu. B 1 u 2
IpyInax HOPMAJIU30BAJCAd JAKTaT-TIPUPYBATHBIN

plasmin in the blood plasma, as well as peroxidase
and glycogen in neutrophils in patients with initial-
ly low values was normalized, which reflects the re-
storation of the antioxidant activity of the blood. In
groups 1 and 2 the lactate-priroval coefficient was
normalized, which was the result of correcting hy-
poxia and energy deficiency. The inclusion of the
IVL in the treatment in the postoperative period in
patients with a low antioxidant activity and high
levels of free radical reactions helped prevent the
toxic effect of hyperbaric oxygen and reduce the
lethality by 7%. Nevertheless, according to modern
data of domestic and foreign researchers, the photo-
modification of blood does not have independent
significance and does not affect the survival of pati-
ents with severe sepsis and septic shock.
Electrolysis of isotonic sodium chloride solu-
tion followed by a subsequent intravenous infusion
was called indirect electrochemical disintoxication.
Sodium hypochlorite formed during electrolysis is
an unstable compound. It rapidly decomposes in the
absence of oxidizing substances and releases «active
oxygen», while hydroxylating xenobiotics and prac-
tically all organic substances (bilirubin, ammonia,
urea, acetone, etc.) in the body. It is believed that in-
direct electrochemical oxidation simulates the func-
tion of the cytochrome P-450 biocatalyst. Sodium
hypochlorite is a compound with a low molecular
weight, so it diffuses freely in the extracellular sec-
tor and can damage the cell membranes. A number
of significant drawbacks hinder the use of this met-
hod in the treatment of critical patients: unpredicta-
bility and instability of the composition of the resul-
ting solution, non-selectivity of the action of active
oxygen species, unavoidable damage to blood cells
and membranes of other cells, oxidation of clotting
factors and injectable drugs, and inactivation of bio-
logically active substances. Thus, disintoxication is
an uncontrolled and difficultly predictable process.
The use of physicochemical methods in the trea-
tment of critical patients can be justified only by the
exhaustion of therapeutic options or the inaccessibi-
lity of other more effective methods, which, howe-
ver, is not uncommon in Russian clinics. We should
emphasize that to date physicochemical disintoxica-
tion is not a field of scientific interests of the Insti-
tute in view of the indicated shortcomings. Nevert-
heless, the technical simplicity and relative cheap-
ness make these methods the only ones available for
the vast majority of regional health facilities. This
allows us to present the results of a study by a group
of authors from Nizhny Novgorod [12]. It contains
extensive material on the treatment of postoperative
complications in patients with purulent inflamma-
tory diseases of the abdominal cavity (cholangitis,
pancreatic necrosis, peritonitis), which were given
an ozonized isotonic sodium chloride solution and a
sodium hypochlorite solution in combination with
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K03 HUIIUEHT, UTO ABJSETCS PE3yJIbTaTOM KOPPEK-
UMW TUTIOKCUW U 3Heprojedunnrta BriouyeHnue
BJIOK B koMmIuieKc JieueHus B MOCJI€0TEPAIIMOHHOM
nepuojie y 60JbHBIX ¢ HU3KON aHTUOKCUIAHTHOMN aK-
TUBHOCTBIO U BBICOKUM YPOBHEM CBOOOIHO-PaIM-
KQJIbHBIX PEaKIUid TTO3BOJIMJIO TPEAOTBPATUTD TOK-
crueckuil apdeKT rumnepbapuvIecKoro KUcjaopoaa u
CHMU3UTH JieTaJbHOCTb Ha 7%. TeMm He MeHee, 110 CO-
BPEMEHHBIM JIAHHBIM OTEYECTBEHHBIX U 3aPyOesKHBIX
uccaepoBaresieit, dhoroMoaudUKaMU KPOBU He
MMeET CAMOCTOSATEIbHOTO 3HAUCHUS W He BJUGET Ha
BBIKHBAEMOCTD OOJIBHBIX TSIKEJIBIM CETICUCOM U CeTl-
TUYECKUM IITOKOM.

DJIEKTPOJIN3 M30TOHUYECKOTO PacTBOpa Hat-
pus XJI0pU/Ia ¢ TOCTIeLyoleil BHYy TPUBEHHON MH(Y-
3uell TToJIy4nJl Ha3BaHUe HElIPSMON 3JIeKTPoXuMuye-
cKoii geaunToKcuKauu. OOpasyIouuics Ipu sJ1eK-
TPOJIU3€ TUTIOXJIOPUT HATPUS SABJSACTCA HEYCTONYM-
BBIM COEIMHEHUEM, B OTCYTCTBUE OKHUCJSIONINX Be-
MECTB OBICTPO PA3JIaraeTcst, BbIIEJsSsT <«aKTUBHBII
KHUCJIOPO/l», & B OPTAaHU3ME TUAPOKCUIUPYET KCEHO-
OUOTHKU ¥ TPAKTUYECKU BCE OPTaHMYECKUE Bellle-
cTBa — OWIMpPYOWH, aMMHAK, MOYEBUHY, alleTOH U
mp. CunraeTcs, 4TO HEMPSIMOE AJEKTPOXUMHIUECKOE
OKHCJIEHHE UMUTHPYET (DYHKIIUI0 GHOKATAIN3aTOPa
uroxpoma P-450. Tumoxsiopur Hatpusi npeacras-
JisieT coboil COoeIMHEHrnEe ¢ MaJOH MOJIEKYJISIPHON
MACCOHi, mo3TOMy OH CBOGOAHO aAuddyHAUPYET BO
BHEKJIETOUHOM CEKTOPEe M MOJKET MOBPEXKAATh KJie-
TOYHBbIE MeMOpaHbL. PsiJI CYIIECTBEHHBIX HEIOCTAT-
KOB C/IEP;KMBAIOT IPUMEHEHHE 3TOTO METO/IA B Jieye-
HUM KPUTHYECKUX OOJIBHBIX: HEMPEICKA3yeMOCTh U
HecTabUIIbHOCTD COCTaBa MOJIYyYaeMOro PacTBOPA,
Hen30UPaATETbHOCTD JIEHCTBUS aKTUBHBIX (hOPM KHC-
Jlopojia, HeusbeRHOE TMOBpEKIeHNE (HOPMEHHDBIX
HJIEMEHTOB KPOBH M MeMOpaH JIPYTHUX KJIETOK, OKUC-
JeHrue (GaKTOPOB CBEPTHIBAHUS M BBOJIUMBIX Jie-
KapCTBEHHBIX CPEJICTB, MHAKTUBAIIUST OMOJIOTUIECKU
AKTUBHBIX BEIIECTB. B CBA3M ¢ 9TUM /I€3UHTOKCHKA-
U — MAJOKOHTPOJMPYEMbIN U TPYAHOIIPEICKa3ye-
MBI TIporiecc. B JiedeHUN KPUTUYECKUX OGOJLHBIX
npuMeHeHre (DU3NKO-XUMUYECKUX METOI0OB MOKET
OBITH OMPAB/AHO JIUIIH HCYEPITAHUEM JIEYeOHBIX BO3-
MOKHOCTEN MJIN HEJJOCTYITHOCTBIO APYTUX GoJiee agh-
(bexTUBHBIX METOZOB, YTO, BIIPOUYEM, HE PEAKOCTH B
poccuiickux kanHukax. [TopuepkueMm, 4To Ha cero-
JHAITHUN IeHb (PU3NKO-XUMHUYECKas J1e3MHTOKCUKA-
ST He SIBJISIETCST 00JIACTDIO HAYYHBIX UHTEPecoB MH-
CTUTYTa BBUJY YKa3aHHBIX HEJOCTATKOB. Tem He
MeHee, TeXHUYecKas IPOCTOTa M OTHOCUTEIbHAS Jie-
NIEBU3HA JIEJIAIOT 9TU METO/Ibl €IMHCTBEHHO [OCTYTI-
HBIMU JIJIsI TIOJIABJISTIONIETO GOJIBITUHCTBA PETHOHATb-
geix JIITY. C stux mosuruii cururaeM BO3MOKHBIM
MPUBECTH PE3YJIbTAThl PAabOTHI, TIPOBEIECHHON TPYII-
noii aBropo u3 Hwxuaero Hosropoza [12]. B neii
U3JI0KEH OOIIMPHBII MaTepUAJ 0 JICYEHUTO TTOCIe-
OTIEPAIMOHHBIX OCJIOKHEHUH y OOJIbHBIX € THOMHO-
BOCHAJIUTETHHBIMU 3260JIEBAHUSIME OPIOIITHOI TT0J10-

the UVR of blood and discrete plasmapheresis. In
the thesis the results of four randomized controlled
trials were combined. In Study 1 128 patients with
acute cholecystitis complicated with acute cholan-
gitis were examined. All of them had cholecystecto-
my performed with the drainage of the choledocho-
us duct through the stump of the bladder duct ac-
cording to Halstead-Pikovsky. Traditional methods
of treatment were supplemented by the intravenous
administration of the ozonized isotonic sodium
chloride solution with the ozone concentration in
the solution of 2 mg/1 for 5—7 days after the surgery,
which reduced the level of endotoxemia. This was
evidenced by a decrease in the level of total bilirubin
relative to the baseline state by a factor of 2, LIT by
70%; the plasma SLAMM by 31%; ISEI by 62.5%;
AST by 30%, and ALT by 34.7%; an increase of 68%
from the initial state of SLAMM in the urine. The
drip introduction in choledochous duct of the 0.06%
solution of sodium hypochlorite in a volume of 40 ml
at a rate of 50 drops per minute for 4-5 days after the
operation allowed the reduction of the titer of gram-
negative microorganisms by four times, i.e. practi-
cally to normal values. The duration of the patients'
stay in the RICU was reduced from 10.2+0.074 to
4.7+0.095 days, and the duration of inpatient trea-
tment was shortened from 13.47+0.16 to 8.57+0.15
days.

The Study 2 involved 180 patients with diffuse
peritonitis. It was shown that intravenous sodium
hypochlorite in combination with ultraviolet irradia-
tion of autoblood stimulates the T-cell link of immu-
nity. This was confirmed by an increase in the abso-
lute number of T-lymphocytes by Day 13 after the
surgical treatment by 48.2%, the level of T-active
lymphocytes by 66.6%, an increase in the T-suppres-
sor content by four times against the constant num-
ber of T-helpers, and by a decrease in immunoregula-
tory of the index by 56.6%. In addition, the combina-
tion of the IECO and the blood UVR increased the
number of B-lymphocytes by 22.2% and activated
their functional activity in the form of an increase in
the IgM content by 90.8%.

The Study 3 included 120 patients with de-
structive pancreatitis. They were treated with so-
dium hypochlorite, ozonized sodium chloride solu-
tion, the blood UVR and discrete plasmapheresis.
The use of these methods in the preoperative period
in patients with the infected pancreatic necrosis pre-
vented worsening of the patients' condition on Day 1
after the operation. Compared with the control, he-
modynamics remained stable during the surgery and
after the transfer from the operating room; the con-
centrations of bilirubin, transaminases, urea, LII,
ISEI, plasma SLAMM, erythrocytes and urine were
preserved at the initial level, normal values of diure-
sis; there was no deterioration in the immunological
status in comparison with the control group.
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cTH (XOJIAaHTUT, TTAHKPEOHEKPO3, TEPUTOHUT), KOTO-
PBIM TPUMEHSJIN O30HUPOBAHHBIA M30TOHUYECKUI
pacTBOp XJIOPUIA HATPUS U PACTBOP TMIIOXJIOPUTA
unatpust B codetanuu ¢ Y DO KpoBU U AUCKPETHBIM
mwiasmadepesom. B puccepranunonuoii pabore GbLin
00OBEITMHEHBI PE3YJIbTATHI 4-X PAHIOMU3UPOBAHHBIX
KOHTPOJIMPYEMBIX HcciefoBaHnil. B uccienoBanun
Ne 1 o6cienoBano 128 GONBHBIX ¢ OCTPBIM XOJIEIHU-
CTUTOM, OCJIO}KHEHHBIX OCTPBIM XOJAHTMTOM. Beem
UM ObLJIa BBITIOJHEHA XOJIEIIUCTIKTOMUSI C JIPEHUPO-
BaHUEM XOJIE[OXA Yepe3 KYJIbTIO ITy3bIPHOTO MIPOTO-
ka 1o Xouscreny-IlukoBckomy. Tpaauiimonusie Me-
TOJIBI JIeYeHUsI IOTIOJIHSINCH BHYTPUBEHHBIM BBejIe-
HUEM O30HMPOBAHHOTO H30TOHUYECKOTO PACTBOPA
XJIOPUJIA HATPUSI C KOHI[EHTPAIIUEN 030HA B PACTBOPE
2 Mr/n B TedeHune 5—7 CyTOK IIOCJIE OTI€PAIIUU, YTO
CHIKAJIO ypOBeHb sHA0TOKCceMuu. OO aToM cBuH/Ie-
TeJIbCTBOBAJIN: YMEHbIIIEHNE OTHOCUTENbHO UCXO[I-
HOTO COCTOSIHHSI YPOBHsI 00tiero Ouiupybuta B 2
pasa, JIN — wa 70%; BHuUCMM mmasmbr — Ha
31%; MCOU — na 62,5%; AcAT — na 30%, a AnAT
— Ha 34,7%; nosbliienne Ha 68% OT UCXOIHOTO CO-
crosaungd BHuCMM B moue. KamesibHoe BBejieHE B
xonenox 0,06% pactBopa TUIOXJIOPUTA HATPUS B
obbeme 40 mit co ckopocthio 50 Karesib B MUHYTY B
TeyeHwe 4-5 CyTOK TI0CJIe ONePAIUH TO3BOJINIIO CHU-
3UTh TUTP TPAMOTPHUIIATEIbHBIX MIKPOOPTAHI3MOB B
4 pasa, T.e. IPaKTUYECKU /0 HOPMAJIbHBIX 3HAUEHUH.
Cpoxku npe6oiBatust 60sbHbIx B OPUT GbLitut coxpa-
miennl ¢ 10,220,074 10 4,7£0,095 cyToK, a CpoKH cTa-
1monapHoro Jjederust — ¢ 13,47+0,16 mo 8,57+£0,15
CYTOK.

B uccaenosanue Ne 2 srimodeno 180 GoJbHBIX ¢
mubdysabiM TeputoHuToM. [lokazano, 4To BHYTpH-
BEHHOEe BBeJIeHUe TUIIOXJIOPUTA HATPUST B COYETAHIH
¢ yabTpadHONeTOBBIM 00JIyYeHUEM ayTOKPOBH CTH-
myJsupyer T-kjerounoe 3BEHO UMMYHHUTETA. ITO
MO/ITBEPIKIATIOCH YBEJMUeHHEM aOCOIOTHOTO KOJIH-
yectBa T-mumborToB k 13 cyTkam 1mocie onepaTus-
Horo Jsiedenus Ha 48,2%, ypoBHs T-aKTUBHBIX JUM-
(oruToB — Ha 66,6%, ToBbBITIIEHNEM coepsKaHusT T-
CyIpeccopoB B 4 pa3a Ha (oHe HEM3MEHHOTO YMCIa
T-xennepos, CHUMKEHUEM WUMMYHOPETYJISITOPHOTO
unzekca Ha 56,6%. Kpome Toro, coueranre HOXO u
Y DO kpoBu MOBHIIIAIO KOJN4ecTBO B-numborutos
Ha 22,2% v akTUBU3UPOBAIO UX (HYHKIIMOHATIBHYIO
aKTUBHOCTD B BHjie pocTa comepsranust IgM Ha 90,8%.

B uccaenosanue Ne3 souwm 120 60bHBIX je-
CTPYKTHBHbBIM ITAHKPEATUTOM. B KOMILIEKC Jeuenust
B UCCJIEIyeMbIX TPYIIaX BKJIOYMIN TUMOXJIOPUT
HATPUSI, O30HUPOBAHHBII PACTBOP HATPUS XJIOPHUJIA,
Y®O xposu u auckpernbiii miazmadepes. [pume-
HEeHUe 9TUX METO/IOB B IIPEJOIEPAIIMOHHOM [IEPUO/IE
npu THPUITTPOBAHHOM ITAHKPEOHEKPO3e MPeI0TBPa-
TUJIO YXY/IIIEHUE COCTOsTHUSI GOJIbHBIX B 1 CyTKu
nocye onepanuu. [lo cpaBHenuio ¢ KOHTpoJieM CO-
XpaHsIach CTabUIBHOCTH T€MOJNHAMUKN BO BPEMSI
oTepaIuy U MocJjie TepeBojia U3 OMeparuoHHoN, co-

The Study 4 included 60 patients with diffuse
peritonitis of various etiologies. It was shown that
discrete plasmapheresis should be combined with
the transfusion of autoerithrocytic mass previously
treated in the hemocone by the ozonated isotonic
sodium chloride solution. This results in the redu-
ced numbers of LIT by 3.4 times, the plasma
SLAMM by 63%, the red blood cells SLAMM by
20% compared to the baseline level; the content of
SLAMM in urine increases by 41%. With the stan-
dard technique of discrete plasmapheresis there is
only a significant decrease in the level of the plasma
SLAMM observed, while the levels of the SLAMM
of erythrocytes and urine remain unchanged. The
study of the excretory function of the kidneys sho-
wed that the level of urea is reduced by 23.6%, the
creatinine of blood by 28.6% compared to those be-
fore the session, the magnitude of creatinine clea-
rance is increased by 40.8% and diuresis is increased
by 50%. When two sessions of plasmapheresis are
used following the usual method, there is no dyna-
mics of indices of the excretory function of the kid-
neys, in addition to the amount of diuresis.

Detoxification in sepsis and its complications.
Bacterial infection initiates inflammation through
the activation of biochemical and cellular cascades
causing the production of endogenous mediators and
effector immune cells. The role of this response is to
maintain homeostasis and to limit the spread and
growth of microorganisms at the focus of infection. At
the present the model of endotoxin stimulation of
cells is considered to be the most studied in the pa-
thogenesis of bacterial sepsis [ 13]. Endotoxin directly
and indirectly affects endothelial cells and activates
polymorphonuclear neutrophils. On the surface of the
endothelium the production of free oxygen radicals is
enhanced, which contributes to the development of
intravascular coagulation in the microcirculatory
channel. Endotoxin is involved in the formation of
microvascular thromboses (that increase ischemia of
organs and tissues), and, in turn, causes the develop-
ment of organ disturbances. Disseminated thrombo-
sis of microvessels is formed, which results in the de-
velopment of circulatory hypoxia. The conditions of
hemocoagulation and fibrinolysis in 100 patients
with widespread peritonitis were studied in detail in
the thesis by E. Khandazhapov, where the signs of
DIC were detected in all patients [14]. Contact acti-
vation through endotoxinemia leads to the produc-
tion of bradykinin (a powerful vasodilator, which also
increases the permeability of the endothelium and
thereby increases the extravasation of the fluid). In
this case the gel matrix of the interstitial space
«swells» disrupting the diffusion of metabolites and
oxygen; this effect has been proved experimentally
and clinically [15]. Endotoxinemia and hypercon-
centration of inflammation mediators («mediator
storms ) cause disorders of central hemodynamics due
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XPaHsIACh HA MCXOHOM YPOBHE KOHIIEHTpAIUsT Ou-
qupy6buHa, TpaHcaMuHas, Moyesubl, JIVM, MCOU,
BHuCMM 1na3mbl, 3pUTPOIMTOB W MOYM, HOP-
MaJibHas BEJMYMHON JIMYPe3a; OTCYTCTBOBAJIO YXY/I-
HIeHWe TMoKa3aTejell MMMYHOJIOTHYECKOTO CTaTyCa,
KaK 9TO UMEJIO MECTO B KOHTPOJILHO TpyTITIE.

B uccienosanne Ne 4 Boutno 60 60bHbBIX Aub-
(bysabIM TIEpUTOHUTOM pazmuHOl aTHosNoTHH. [lo-
Ka3aHo, UTO JIMCKPETHDIN 11a3Madepes 1erecoobpas-
HO JIOTIOJTHSATD TIEPEJINBAHNUEM ayTOAPUTPOIUTAPHON
MACCBI, TIPeBapPUTETHHO 00pabOTaHHOI B reMaKOHe
030HUPOBAHHBIM U30TOHUYECKUM PACTBOPOM HATPUS
xjopusa. B pesyabrare ymenbinaiorcs: JIMW B 3,4
paza, BHuUCMM mnasmer Ha 63%, BHuCMM apur-
porutoB Ha 20% 10 CPAaBHEHUIO ¢ UCXOAHBIM YPOB-
HeM U roBbIaercs cojep:kanve BHuUCMM B moue
Ha 41%. ITpu 0ObIYHOI METOAUKE JMCKPETHOTO I11a3-
Madepesa HaOJIIOIAETCST JIUIITD JOCTOBEPHOE YMEHb-
nrenne yposigd BHuUCMM B mia3me, oxkasaTesin ke
ypoBHst BHUCMM 3puTpPOIIMTOB ¥ MOYU OCTAIOTCS
HeuaMeHHbIMU. V3yuenne BbIIeuTeIbHOM (DyHKIIUN
MOYEK TIOKA3AJI0, 9YTO YPOBEHb MOUEBUHBI CHUKAETCS
ua 23,6%, kpearunus KpoBu — Ha 28,6% 1o cpaBe-
HUIO C TaKOBBIMHU JI0 CEAHCA, BEJIMYMHA KJIMPEHCA
Kpearununa ysemuuBaercs ua 40,8% u nuypes yse-
snuansaercst Ha 50%. [Ipu npumenennu ke IByX ce-
aHcoB TasMadepesa 1m0 0OBIUHOIN METOJIUKE, JUHA-
MUKH TTI0Ka3aTeseil BbIIeNTeTbHON (DYHKITUH TTOYEK,
KPOMeE BEJIMUKHBI IyPe3a, He HAOJII0IaeTCsI.

JeTrokcukanusi Ipu cemncHuce U ero OCJoKHe-
HUAX. bakrepuanbuasg MHGEKINI UHUIIUUPYET BOC-
HaJIeHHe Yepe3 aKTUBAIUMI0 OHOXUMUYECKOTO U KJle-
TOYHOTO KaCKaJIOB, BBI3bIBAs MPOAYKIINIO JH/IOTCH-
HBIX MeIuaTopoB U 3(h(HEKTOPHBIX NMMYHHBIX KJie-
TOK. P0JIb 3TOTO OTBETA 3aKJII0YAETCS B MOIEPKAHUN
roMeocTasa M OTPaHUYEHUU PACHPOCTPAHEHUS WU
pocta MUKPOOPraHu3MoB B ouare nHbeximu. Hanbo-
Jiee M3YYEHHOW B HacTosdIlee BpeMs B TaTOTcHE3e
GaKTEPHAIbHOTO CETICUCA CUYUTAETCS MOJIEJb DHJIO-
TOKCUMHOBOM CTUMYJIAINHU KIeToK [13]. dumoTokcun
MIPSIMO 1 OITOCPE/IOBAHHO BO3/IEHICTBYET HA 9H/IOTEIN-
AJTbHbBIC KJIETKU U aKTUBUPYET MOTMMOP(HOSIEPHDIE
HelTpoduibl. Ha moBepXHOCTH 9H/I0TEINS YCUIUBA-
€TCsT TIPOJLYKIINsST CBOOOIHBIX KUCTOPOIHBIX PajIKa-
JIOB, 4TO CIIOCOOCTBYET PA3BUTHIO BHYTPUCOCYAUCTON
KOATyJIAIA B MUKPOITMPKYJIATOPHOM pycJe. DHIO0-
TOKCUH y4acTByeT B (hOPMUPOBAHUM MUKPOBACKY-
JISPHBIX TPOMOO30B, YCHUIUBAOIINX HMIIEMHIO Opra-
HOB ¥ TKaHEH, U BBI3BIBACT, B CBOIO OUEPE/ib, PA3BUTHE
opraunbix Hapyurenuii. Mopmupyercst aucceMunu-
POBAaHHBII TPOMOO3 MUKPOCOCYIOB, YTO IPUBOAUT K
Pa3BUTHUIO IUPKYJIATOPHON TuIOKcHU. CocTosiHUE Te-
MokoaryJsiiiuu 1 ¢ubdpurosnza y 100 601bHbIX pac-
IIPOCTPAHEHHBIM MTEPUTOHUTOM TIPEIMETHO U3YYCHO B
JccepraiorHoil pabore Xangaxkanosa J. [I., rae
npusHaku [IBC Obuiv BbISIBIEHBI y BCeX OOJIBHBIX
[14]. KonTakTHas akTWBAIMs 4Yepe3 IHAOTOKCHHE-
MU0 BEJIET K MPOAYKIMU OPAIUKUHUHA — MOIIHOTO

to direct myocardial depression and vasoplegia [6].
The main component of the mediator cascade are cy-
tokines (peptides with multiple paracrine and distan-
ce effects synthesized by macrophages). TNF-«, IL-
18, IL-6 and TL-8 are the key mediators of the inflam-
matory cascade. These are the primary mediators of a
systemic inflammatory response. Their increased le-
vels indicate a pronounced antigenic stimulation of
immune cells [16]. The increase in the ratio of TL-
18/TNF-« to 10 cu and higher, a decrease in the acti-
vity of C3 and C4 fractions of the complement, and a
low IgG level indicate immunodepression and are
prognostic factors of lethality.

L. I. Yakovleva, working with the V. A. Negovs-
ky Research Institute of General Reanimatology,
has done a thesis on the optimization of renal repla-
cement therapy in patients with sepsis and septic
shock by using extended HDF [17]. 66 patients
with severe sepsis were treated, 38 of those were in
need of inotropic support. All patients, irrespective
of the ARF, were treated with renal replacement
therapy. Patients had high concentrations of the
circulating TNF-¢, lactate, cortisol and thyroxine.
It was found that during the HDP a significant
amount of TNF-a is removed by filtration (8.92
mg/day) and partial adsorption on the haemofilter
membrane (10,977 ng/min), as well as cortisol and
thyroxine without a significant decrease in the con-
centration of hormones in the blood plasma. The
role of blood elements in the transport of hormones
was proved by the separate determination of the
plasma concentration of hormones before and after
the hemofiltration and eluting them from the eryt-
hrocyte sediment. It was shown that the intake of a
significant amount of exogenous lactate in the re-
placement solution aggravates hyperlactatemia,
which requires additional administration of sodium
hydrogencarbonate. When studying the kinetics of
urea and creatinine, it was found that the HDP pro-
vides an adequate control of azotemia regardless of
the level of metabolism and the supply of nitrogen
carriers with food. In 72% of patients with septic
shock and the preserved contractile ability of the
myocardium under the influence of HDF a signifi-
cant improvement in the indices of systemic hemo-
dynamics and oxygen transport was obtained. In
58% of patients with acute parenchymal lung injury
gas exchange was improved with an increase in the
oxygenation index, a decrease in the intrapulmona-
ry shunt, alveolar-arterial difference, and oxygen
pressure in the alveoli. The use of the constant
HDF in complex therapy enabled the reduction of
mortality to 43.9%.

The obtained experimental and clinical data on
the high efficacy of large replacement volumes in sep-
tic shock was used as a prerequisite for the next study
performed by R. E. Pavlov in the V. A. Negovsky Re-
search Institute of General Reanimatology [18]. Re-
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Ba30/IMJIATATOPA, KOTOPBIN TaKKe yBEJIUIMBACT TIPO-
HUIAEMOCTD 9HIOTEJINA U TEM CAMBIM TTOBBITIACT 9KC-
TpaBaszaIuio KuAKocTH. [Ipr aTOM resib-mMaTpukce uH-
TEPCTUIMATIGHOTO TTPOCTPAHCTBA «HAOYXaeT», Hapy-
mast auddysnio MeTaGoJUTOB U KUCIOPOJIA; 3TOT -
(bexT mOKaz3aH AKCIEPUMEHTAIBHO M KJIMHUYECKU
[15]. DupoTOKCHHEMUST U THIIEPKOHIIEHTPAIS Me-
JIMATOPOB BOCTIAJIEHUST («MeIMaTOPHAst OYPsi» ) BbI3bI-
BalOT PACCTPONCTBA IIEHTPAJIbHOM reMOIMHAMUKHN 32
cyUeT IPSAMOM JIepeccuy MUOKap/ia 1 Bazonserut [6].
OCHOBHBIM KOMITOHEHTOM MEAMATOPHOTO KacKaja
SIBJISTIOTCST TIUTOKUHDI, [IPEJICTABIISTIONINE cO0O0il Ter-
THJIBI C MHOSKECTBEHHBIMY TAPAKPUHHBIMU M JINCTaH-
IMUOHHBIMU A deKTaMu, CUHTe3NpyeMble Makpoda-
ramu. KioueBbie MeiMaTOpPbl BOCITAJIMTEIBHOTO Kac-
kaga — TNF-a, unrepaeiikun-14 (IL-13), unrepeii-
k-6 (IL-6), nunrtepaeitkun-8 (IL-8). Ito mepsuy-
HBbIE€ MEJIMATOPBI CUCTEMHOTO BOCIIATUTEJILHOTO OTBE-
Ta, TIOBBIINIEHUE YPOBHS KOTOPbIX TOBOPUT O BBbIpa-
JKEHHON aHTUTEHHOW CTUMYJISAIUU UMMYHHBIX KJie-
Tok [16]. Poct ornomenus IL-15/TNF-a no 10 y.e. u
BbIlie, cHIKeHue aktuBHOCTH C3- u C4-dpakunmii
KOMILJIEMEHTa, HU3Kui ypoBeHb IgG cBuUmeresib-
CTBYIOT 00 UMMYHOJIEIIPECCUH U SIBJISTIOTCSI ITPOTHO-
CTUYECKUMU (haKTOPaAMU JIETATbHOCTH.
Corpyauukom HUU obrieil peaHUMAaTOJIOTHI
uM. B. A. Herosckoro W. U. dIxoBieBoii BBITIOJHEHO
JIICcepTalnOHHOE NCCIelOBaHNE, TOCBAIICHHOE OIl-
TUMU3AIUN 3aMeCTUTeJIbHON TOYeuHOl Teparnun y
GOJILHBIX CEIICUCOM U CENTUYECKUM IOKOM ITyTeM
npumenenus npossennoin [/ID [17]. [Iposexneno
seyeHue 66 GOIbHBIX € TAYKEIBIM CEIICUCOM, B MHOT-
POIHO¥ TIO/I/IepKKe HYXKIam0ch 38 uesoBek. Becem
60s1bHBIM HezaBucumo oT Haanursa OITH nposou-
JIU 3aMECTUTEIbHYIO MOYEUHYI0 Tepanuio. Y 00Jb-
HBIX PErMCTPUPOBAJIACH BBICOKAS KOHIEHTPAIMSA
nupkyaupymomnero TNF-a, jmakrtata, KOpTH30Ja 1
TUPOKCUHA. Y CTaHOBJEHO, yTO BO Bpems [J|D yua-
Jsgercs cyiiecTBeHHOe KommdectBo TNF-a mocpes-
ctBoM umpTpanun (8,92 MKr/cyT) M 4acTUYHOU
azcopbu Ha MembGpaHe remoduibrpa (10,977
HT/MUH), a TAKKe KOPTU30JI U THPOKCHH Oe3 cylie-
CTBEHHOTO CHWKCHMSI KOHIICHTPAIlUU TOPMOHOB B
ma3Me KpoBU. PaznmesbHbIM ONpe/eieHUEeM I1J1a3-
MEHHOI KOHIIEHTPAIINU TOPMOHOB /IO U TTOCJIE€ TEMO-
(bunbTpa M 2sOMPOBAHNEM UX C OCATKA HPUTPOIIH-
TOB JI0Ka3aHa PoJib (POPMEHHBIX 2JIEMEHTOB KPOBH B
TpaHCIOpTe TOPMOHOB. JloKa3aHo, 4TO MOCTYTIIICHIE
3HAUUTEJIBLHOTO KOJTMYECTBA 9K30T€HHOTO JIAKTaTa B
COCTaBe 3aMeMIaoIero PacTBopa yCyryOJsieT ru-
HePJAAKTATEMIIO, YTO TPeOYeT OTMOHUTEIHLHOTO
BBeJleHUs ruApokapbonata Harpus. [Ipu uccieno-
BaHWM KWUHETWKM MOYEBUHBI U KpPEaTMHWHA yCTa-
Hosieno, uto [/ID obecneduBaer ameKBaTHBIN
KOHTPOJIb a30TEMUU HE3aBUCHMO OT YPOBHSA MeTa-
6osiu3Ma ¥ MOCTYIIEHUST HOCUTENEH a30Ta ¢ MuTa-
HueM. Y 72% GOJILHBIX ¢ CENTHYECKUM IIIOKOM U CO-
XpaHHOU KOHTPAKTUJIbHOU CIHOCOOHOCTHIO MUOKAp-

sults of the treatment of 60 hemodynamically unstab-
le patients with severe sepsis are presented. Patients
were treated with the HVHF with a dose of substitu-
tion of 90 ml/kg/h. According to the bioimpedance
spectroscopy data, initial water-sectoral disturbances
were recorded in all patients in the form of an increase
in the total fluid content due to intracellular space
and a simultaneous decrease in the volume of circula-
ting blood. The cause of the uncontrolled trans-secto-
ral fluid movement was an increase in vascular per-
meability, as well as a disturbance of osmotic and on-
cotic balance [19]. As a result the content of extracel-
lular water decreased from 15.7% to 4.5%, and the
VBC increased by 19% from the initial value. In the
comparison group, water-sectoral disturbances persi-
sted longer, and infusion therapy caused an increase
in the FV with persistent hypovolemia. The HVHF
made it possible to significantly change the gas exc-
hange after 6 hours: a significant increase in oxygen
delivery was observed (from 419+49 to 560+78
ml/min/m?), however, with an increase in its con-
sumption (from 172£31 to 196.0£22 ml/min/m?),
which indicates the restoration of microcirculation
and perfusion of internal organs, including kidneys, as
indicated by a significant increase in the urine output
by minute. According to foreign authors, the condi-
tion of renal function in critical states is of fundamen-
tal importance: with the preservation of diuresis, des-
pite azotemia, there is an almost two-fold increase in
survival rate compared to patients in the anuric phase
of acute renal failure (ARF). The renal blood flow,
hence the water-discharge function of the kidneys,
clearly reflect the state of visceral microcirculation as
awhole. An original study by S. E. Khoroshilov, a lea-
ding scientific researcher of the V. A. Negovsky Rese-
arch Institute of General Reanimatology, showed
that the effect of nephroprotection on mortality in
ARF of circulatory genesis (the treated sample was
176 patients divided into three groups) [4]. In the
comparison group (n=46) the ARF was diagnosed
based on oliguria and the growth of nitrogenous slags.
The dialysis treatment started according to traditio-
nal indications. Nephroprotective therapy was given
to 75 patients of Group IT with the purpose to restore
glomerular filtration and eliminate hypoxia of the tu-
bular epithelium. Organ perfusion was potentiated
with osmotically active substances (mannitol, 20%
glucose solution, hypertonic NaCl solution). Patients
of Group IIT (55 people) had the early diagnosis of
ARF performed for natriuresis and excreted fractions
of sodium, urea and creatinine. They had a strong po-
sitive correlation between the glomerular filtration
rate and the concentration of urine sodium (k=0.79
for P<0.05); therefore, renal replacement therapy was
initiated when medication had been inefficient du-
ring 24 hours. That strategy pursued two comple-
mentary goals: the replacement (prosthetics) of the
lost kidney function and, at the same time, modeling
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na non BiausaueM [JIM mosydeHo cyliecTBEHHOE
yJydllieHre IoKasaTesjeil CUCTEMHOHN TremMojinHa-
MUKH U TPaHCIOpTa Kucaopoaa. Y 58% OOMbHEIX ¢
OCTPBIM TOBPEXKICHUEM JIETKUX OTMEYCHO YJIyd-
meHue ra3o00MeHa ¢ POCTOM WHJEKCA OKCUTEeHa-
MU, yMEHbIIEHUEM BHYTPHUJIETOYHOTO IIYHTA,
AJIbBEOJIIPHO-APTEPUAIBHON DPA3HUIIBI W JIaBJC-
HUS KUCJIOpOo/ia B anbBeosiaxX. [IpumMenenne B Kom-
mwiekcHoit Tepamnuu nocrosuunoi ['/ID mo3sosnio
CHU3UTD JICTAJIbHOCTD 10 43,9%.

[TosydeHHbIe SKCIIEPUMEHTAJIBHBIC U KJIWHUYE-
CKM€ J[AHHBIE O BBICOKOI 3((hEKTUBHOCTH OOJIBIINX
00BEMOB 3aMEIIEHUST TIPU CEIITUYECKOM THOKE TIOCITY-
SKUJTA TTPEATIOCBITIKON JIJIS CITE/TYIOIIETO NCCIeIOBAHNS,
BbiosiHenHoro 8 HYY o61ieil peaHnMaToIornu 1.
B. A. Herosckoro Ilanosbiv P. E. [18]. [IpuBemennt
pesyJsbTarhl Jiederrns 60 reMoAMHAMUYECKH HecTa-
OUIIBHBIX OOJIBHBIX C TSIKEJIBIM CENCUCOM. BOIbHBIM
oo BOT'D ¢ mosoit 3amemniennst 90 mur/Kr /4.
ITo maHHbIM GUOMMITEJAHCHOM CIIEKTPOCKOIIUH, UCXO]I-
HbI€ BOIHO-CEKTOPATIbHBIE HAPYIICHUS PETUCTPUPOBA-
JIACH Y BCeX OOJIBHBIX B BUJIE YBEJMUEHUST COMEPIKAHUS
0011Iell BOZIbI 32 CYET BHYTPUKJIETOYHOTO TIPOCTPAHCTBA
U OJIHOBPEMEHHBIM YMEHbBIIIEHHEM OObeMa IIUPKYJIH-
pyiouieid kpoBu. IIpUUMHON HEKOHTPOJIUPYEMOTO
TPAHCCEKTOPATIBHOTO TEPEMEIIEHUS SKUIKOCTU SBU-
JIOCh YBEJIMYEHUE COCYAMCTON IMPOHUIAEMOCTH, a
TaK)ke HapylIeHHe OCMOTHYECKOTO W OHKOTHYECKOTO
paBHOBecus [19], B pe3ysbrate KOTOPOW CHUKAIOCH
cojepskaHne BHEKJIETOYHOH Bombl ¢ 15,7 1o 4,5%, a
OIIK Boipoc Ha 19% ot ucxoznoro 3uavenus. B rpyrie
CPaBHEHUST BOJIHO-CEKTOPAJIbHBIC HAPYIICHUS COXpa-
HSJIUCD JIOJIbITIE, @ WH(Y3MOHHAS Teparis IPUBOINIA
k pocty OJK mipu coxpansitonieiicst runioosieMun. [1po-
Benenne BOI'D mo3Bosniio yxe yepe3 6 4acoB cyiite-
CTBEHHO M3MEHUTH Ta3000MEH — OTMEUEHO 3HAYNMOE
yBesindeHue joctaBku kuciopogaa (¢ 419+49 no
560£78 mur/Mut/m?), COTPOBOKIABIIEECST, OIHAKO, U
yBenuueHreM ero otpebienust (¢ 172+31 no 196,0£22
MJI/MUH/M”), 4TO CBUJICTEIICTBYET O BOCCTAHOBJICHUN
MUKPOIMPKYJISIINH U TIepY3Un BHYTPEHHUX OPTaHOB,
B TOM YHCJIE TIOUEK, O YeM TOBOPUJI JIOCTOBEPHBII POCT
MUHYTHOTO Jiypesa. 110 JaHHBIM 3apyOesKHBIX aBTO-
POB, COCTOSTHUE TIOYETHOM (DYHKITUHU TTPU KPUTHUECKUX
COCTOSHMAX WMMeeT TPUHIMIUAIBHOE 3HAYCHUE: CO-
XPaHHOCTH JINype3a, HECMOTPST HA a30TEMMIO, COIPO-
BOJK/IAETCSI POCTOM BBIKMBAEMOCTH TOYTH B /[BA pa3a
0 CPaBHEHUIO ¢ GOJIHBIME B aHYPUYECKOH (hase ocT-
poii ioueunoit wHepoctarounoctu (OITH). Tloyeunnrii
KPOBOTOK, a 3HAUNT, U BOOBBIICJIUTEIbHAS (DYHKIINS
MOYEK HATJISZHO OTPAKAIOT COCTOSTHHUE BUCIIEPATBHOM
MUKPOIUPKYJISIUH B 11eJIOM. B opurnHasibHOM Hccie-
JIOBAaHWU BeAyIlero HaydyHoro corpyanmka HUUN
obmieii peannmarosorun uMm. B. A. Herosckoro C. E.
XOpoIuIoBa I0Ka3aHo BAUSHIE He(HPOIIPOTEKITNN Ha
geranbHOCTh Tipu OITH 1upKysigTOpHOTO TeHe3a Ha
ombite Jiewerust 176 GOJIBHBIX, KOTOPbIE ObLIN pasziesie-
Hbl Ha 3 TpymIib [4]. B rpymie cpaBuenns (n=46) nuar-

of the excretory function of the kidneys in order to
preserve the functional reserve. The latter can be re-
garded as a means of preventing acute renal damage:
the frequency of anuric form of ARF in Group III pa-
tients was significantly lower and amounted to
20.1%. In patients with neoliguric form of arthritis, a
lethal outcome was observed in 38.9% of cases, and in
the development of anuric arthritis in 59.9% of cases
(P<0.05). The overall mortality rate for early initia-
tion of renal replacement therapy was 41.8%, which is
1.8 times lower than in Group I (P<0.05).
Detoxification in abdominal (gram-negative)
sepsis. The main inducer of the systemic inflamma-
tory response in gram-negative sepsis is endotoxin
(lipopolysaccharide of the outer wall of gram-negati-
ve bacteria released when the bacterial cell is de-
stroyed). Tt includes an obligate part (lipid A), a
central oligosaccharide (cortex) and an optional
hydrophilic O-antigen of a quite variable length, due
to which the molecular mass of endotoxin ranges
from 10 to 1,000 kDa. Because of the wide range of
molecular size it is not possible to say beforehand
how effective the convective removal of endotoxin
may be with plasmapheresis or hemofiltration. The
number of bacterial bodies in the intestine is an order
of magnitude greater than the number of cells in the
human body. It justifies the reputation of this dige-
stive organ as an «undrained abscess» and a source of
multi-organ failure [11]. Violation of the barrier-
mechanical function of the mucous membrane results
in the translocation of endogenous microflora and
endotoxin, which can trigger a septic process even
when the elements of the cell wall of an unviable mic-
roflora enter the bloodstream. Functional properties
of the peritoneal cover as a component of hematope-
ritoneal transport are determined by the properties
of various branches of the microcirculatory bed. The
criterion for the permeability of histohematological
barriers is the ratio of the concentration of the sub-
stance in the tissue to its concentration in the blood
serum. In the dissertation thesis study by E. V. Gri-
goriev, (employed by the Regional Campus of the V.
A. Negovsky Research Institute of General Reanima-
tology), the results of treatment of 146 patients with
abdominal sepsis were analyzed. The study was focu-
sed on hematoperitoneal transport (the content of
acute inflammatory phase proteins (lactoferrin, albu-
min, @-2-macroglobulin, plasminogen/plasmin)).
The «serum-peritoneal exudate» permeability coeffi-
cients were calculated, as well as the AMM in serum,
erythrocytes, urine and peritoneal exudate [20].
First the author established that the damage to the
hematoperitoneal transport of proteins in the acute
phase of inflammation is one of the key factors in the
development of abdominal sepsis. Local application
of Perftorane (the emulsion with gas transmission
properties) proved effective in patients with advan-
ced purulent peritonitis in the stage of multiple
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Ho3 OITH craBwiicss Ha OCHOBAaHUM OJIUTYPUU U POCTA
A30TUCTBIX TIJIAKOB, a [UAJIU3HOE JIeYeHe HAYMHAIN
[0 TPAAUIMOHHBIM IOKasaHusM. Y 75 GosbHbix 11
TPYNIIBI TTPOBOAUIN HE(POIPOTEKTUBHYIO TEPAIIHIO,
IEJTHI0 KOTOPOii SIBUJIOCH BOCCTAHOBJIEHHE KJIYOOUKO-
BOIi (DUIBTPAITUY U YCTPAHEHUE TUIIOKCUU KaHAJIbIIE-
BOro anuTesus. Oprannyio nepgy3uio HOTEHITMPOBATN
OCMOTHYECKN AKTWBHBIMM BeENIeCTBAMU (MaHHUTOJI,
20%-11 pacTBOp TJIIOKO3bI, TUIIEPTOHIIECKII PACTBOP
NaCl). ¥V 6ospbabix T rpyrms, Ky/aa BOILUH 55 Yesio-
BEK, MPOBOAM/IN paHHIo AnarHoctuky OITH mo Hat-
puiiypesy M 3KCKpPeTHPYyeMbIM (DpaKiusgM HaTpHs,
MOYEBHMHBI U KPEaTHHUHA. Y HUX ObLIa yCTAaHOBJIEHA
CUJIbHASL TIOJIOKUTEIbHAS KOPPEJSIMOHHAS CBS3b
MEKJLy CKOPOCTBIO KJIYOOUKOBOI (DHIIBTPAIIK M KOH-
nenTpaiein Harpus mourt (k=0,79 upu p<0,05), no-
3TOMY 3aMECTUTEIBHYIO TTOUCUHYIO TePATTNIO HAYMHAIIN
pu HeahHEKTUBHOCTH METUKAMEHTO3HOTO JICYCHUS B
TeuyeHre 24 4acoB, UTO IPECJIE/IOBAJIO JIBE B3aUMOJIO-
MOJTHATONIE TeJIn — 3aMelieHue (TIPOTe3MPOBaHIE)
yTpadeHHO! (hyHKIINHU TIOYEeK 1, OTHOBPEMEHHO, Mojie-
JINPOBAHUE BBIICIUTENBHON (DYHKIIMU TIOUEK C TEJTBIO
coxpaHeHus (yHKIIMOHAIBLHOTO pe3epBa. llocnennee
MOKHO PACIIEHUBATh KaK CPEJICTBO TMPOMDUIAKTUKA
OCTPOTO TIOYEYHOTO TOBPEKICHUS: YaCTOTA aHypHUe-
ckoit popmbt OTTH y 6ostbHbIx 11 TpyIIIib! ObLia 10CTO-
BepHO Huke u coctaBuyia 20,1%. Y GOJIbHBIX ¢ HEOJH-
rypudeckoii popmoii OTTH JieTasibHbIN vexo HabJIwo-
nascst B 38,9% ciiydaes, a IpU Pa3BUTUH AHYPIIECKOI
OITH — 59,9% caryuaes (p<0,05). O6muias jieTaJbHOCTb
IIPU PaHHEM Havajle 3aMeCTUTEeJIbHOW TT0UeYHON Tepa-
muu coctapmia 41,8%, uro B 1,8 pasa HIKe MoKa3aTesist
B | rpyme (p<0,05).

IeTokcukanusi npu abOMHHATBHOM (TPaMoT-
punareabHoMm) cemncuce. OCHOBHBIM WHIYKTOPOM
CHUCTEMHOTO BOCHAJIUTEIBHOTO OTBETA IPU TPAMOT-
PHUIATEJIBHOM CEIICUce ABISETCS HIOTOKCUH — JIH-
MOTIOTMCAXapy/l HAPY;KHON CTeHKU TPAMHETraTUBHBIX
GaKTepHil, KOTOPBIA BBIIEJSETCS [IPU Pa3pylleHUN
GaxkTepraJbHON KaeTku. B ero cocras BXoAUT 00.11-
raTHasg 4yacTh — JIUIUJ A, EHTPAJIBHBIN OJTUTrocaxa-
puza (kop) u dakyabTaTUBHBINA TUAPOhMIbHBIEH O-
AHTUTEH BeChbMa BapUADEJbHOI JUIHHDI, 33 CUET YETO
MOJIEKYJISIPHAsT MAacca 9HAOTOKCUHA KOJIEOIETCsT OT
10 mo 1000 k/la. [lIupokwnii sramna3oH pa3mepa MoJie-
KyJI He TO3BOJISIET CKa3aTh 3apaHee, HACKOJIbKO a-
(hekTHBHO OyleT KOHBEKIIMOHHOE YiaJeHhe 3HJ0-
TOKCHHA TIPY 1a3Madepesde uian reMouiabTparum.
KosinuectBO OakTepUaTbHBIX TEJT B KHUIEYHUKE HA
MOPSAIOK TPEBBINTACT YUCIO KIETOK 4eJOBEUECKOTO
OpraHM3Ma U OIIPABBIBACT PEILyTAIMIO 9TOTO OpraHa
MUIIeBAPEHIS KAK «HE[PEHUPOBAHHOTO abcIieccas u
HUCTOYHWKA IOJUOPraHHoi HepoctatouyHoctu [11].
Hapyuienne 6apbepHO-MEXaHUUECKON (DYHKIUH
CJIUBUCTO 0OOJIOUKY TPUBOIUT K TPAHCIOKAIIUU HH-
JIOTEHHOW MUKPOMhJIOPDI ¥ 9HAOTOKCUHA, YTO MOXKET
3aIyCTUTD CENITUYECKUI TIPOIIeCC Jake TIPU MoTa/ia-
HUU B KPOBOTOK 3JIEMEHTOB KJICTOYHON CTEHKHU He-

organ failure. As an addition to enteric detoxification
(with intestinal decompression, enteral lavage and
enterosorption), intraperitoneal perfusion of Perfto-
rane increases the sanitizing effect of surgery and re-
duces the need for repeated sanitization of the abdo-
minal cavity by 44.4%. Localization of the primary
focus of bacterial infection in the urinary tract cont-
ributes to an early involvement of the kidneys in the
pathological process, due to which the development
of multi-organ failure in urosepsis is characterized by
a colossal mortality (up to 80—90%). The study [21]
was focused on the treatment of patients with puru-
lent-inflammatory urological diseases. The early use
of HDF before the development of anuric stage in
the ARF prevented the development of irreversible
polyorganic lesions in 87.0% patients with severe
urosepsis, reduced the number of hemodialysis per
patient to 1—2 sessions (in the control group 5—12
sessions), reduced the mortality rate in comparison
with of the control group by 25.8% (P<0.05). With
the early dialysis /HDF (when signs of acute renal
failure have not yet developed), «extrarenal indica-
tions» for detoxification are implied. This concept is
not quite accurate but it may found in many Russian
and foreign sources of recent years. Indeed, a pre-
emptive removal of mediators of a systemic inflam-
matory response can prevent or inhibit the develop-
ment of multiple organ failure, which is in good agre-
ement with the «cytokine» theory of sepsis. In recent
years, Russian resuscitators have been capable to se-
lectively bind endotoxin circulating in the bloodstre-
am. Most positive result was achieved when the cas-
cade of mediator reactions was terminated early — at
the stage of endotoxinemia, when the process had not
yet gone out of control. Our own studies revealed cli-
nical benefits from the early use of selective lipopoly-
saccharide sorbents in patients with endotoxinemia
and septic shock [22]. Early diagnosis of sepsis inclu-
ded the mandatory determination of procalcitonin in
all patients, which made it possible to clarify the bac-
terial origin of the systemic inflammatory response.
LAL test is commonly performed to identify endoto-
xinemia. The level of endotoxinemia above 2.0
EU/ml with a clinical picture of a systemic inflam-
matory response in the absence of unsanitary foci of
infection is considered as a recomendation for a he-
mosorption. In patients without a detailed picture of
the multiple organ failure (MOF), lipopolysacchari-
de sorption results in immediate clinical and labora-
tory effects (the improvement of central (based on
the data of transpulmonary thermodilution) and pe-
ripheral hemodynamics, reduction of endotoxin load,
reduction of the LIT and fever). The dose of cardioto-
nic support is significantly reduced, in some cases the
content of extravascular water in the lungs decrea-
ses, which improves arterial oxygenation [23]. The
data obtained by monitoring the vollemic status by
the thermodilution method correlates with the re-
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JKU3HECTTOCOOHOI MUKpOGhIopsl. DyHKIMOHATbHbIE
CBOICTBA OPIOMIMHHOTO TOKPOBAa KaK KOMITIOHEHTA
reMaToNEePUTOHEATBHOTO TPAHCIIOPTA OMPEC/IIIOT-
€S CBONCTBAMM Pa3JIMYHBIX OT/EJIOB MUKPOIUPKY-
JATOPHOTO pycia. Kputepruem NmpoHUIIAEMOCTH TH-
CTOTEMATUYECKUX 0OapbepoB CJIYKAT COOTHOIIEHISI
KOHIICHTPAIINH JAHHOTO BEIECTBA B TKAHU U €70 KOH-
IEHTPAINH B CBIBOPOTKE KPOBU. B muccepraimonHoM
uceaenoBanny corpyaarka punnana HUAW obuieit
peanumarosiornt uM. B. A. Herosckoro I'puropnesa
E. B. npoananmmsupoBanbl pe3ysibTaThl JedeHus 146
GOJILHBIX abIOMUHAIIBHBIM CETICHCOM, Y KOTOPBIX U3-
Y4YaJI0Ch COCTOSTHUE TeMATONEPUTOHEATBHOTO TPAHC-
HopTa 10 COoJepKaHnio GEKOB OCTPOil (hasbl BocIa-
Jenust (nakrodeppuH, aTbOyMuH, @-2-Makporaooy-
JINH, TJIA3MUHOTEH/TIIIA3MUH) ¢ pacueToM Koaddu-
IUEHTOB TTPOHUIIAEMOCTH «CBIBOPOTKA KPOBU — Tie-
PUTOHEAbHBIH 9KCCyAaTy, a Takxke 10 MCM B cbiBO-
POTKe KPOBHU, 9PUTPOIUTAX, MOUE U TIEPUTOHEATHHOM
akccynare [20]. ABTOpoM BIIepBbI€ YCTAHOBJICHO, UTO
MOBPEKICHIE TEeMaTOIEPUTOHEATbHOTO TPAHCIOPTA
6eIKOB 0CTPOil (has3bl BOCIIANIECHUST SIBJISIETCST OJ[HUM
u3 BeAyiux (hakTopoB B Pa3BUTUN a0JOMUHAIBEHOTO
cenicuca. MecTHoe mnpuMeHeHue tepdTopaHa —
AMYJILCUH C Ta30TPAHCIIOPTHBIMU CBOMCTBAMHU — OKa-
3a10Ch 3((HEKTUBHBIM Y GOJIBHBIX € PACTPOCTPAHEH-
HBIM THOWHBIM TIEPUTOHUTOM B CTaJIUU TIOJMOPraH-
HOIT HefocTaTouHOCTH. Kak /onosHeHre K 9HTepash-
HOW JIETOKCUKAINHU, BKJIOYAIOIIEH IEeKOMITPECCUIO
KUIIIEYHUKA, SHTEPATBHBIN JIaBaK U SHTEPOCOPOIIUIO,
BHyTpuOpronmHHast epdysust mephropaHa MOBbI-
nraet caHupyomuii ahdexT ormepaTUBHOTO BMeIa-
TEJBCTBA W TI03BOJISIET CHU3UTH HEOOXOAUMOCTH B
[HOBTOPHBIX CaHAIMAX OPIOIIHON 10J0CTH Ha 44,4%.
Jlokanuzaiust MepBUYHOTO ovara OaKTepUATbHOU
UHGDEKIMY B MOYEBBIBO/SAIINX ITYTSIX CHOCOOCTBYET
paHHEeMy BOBJICUCHHWIO B MATOJOTMUYECKU IMPOIECC
MOYEK, 32 CUYET YeTO PA3BUTHE TTOJTMOPTAaHHON He/lo-
CTAaTOYHOCTH TIPU YPOCEIICHCE XapaKTePU3yeTcs KO-
JIOCCATBLHOM JeTalbHOCThI0O — 710 80-90%. Uccneno-
BaHue [21] mocBsIieHo JiedeHn0 GOJNBHBIX THOMHO-
BOCHAJIUTEIBHBIMU YPOJIOTHUECKUMHU 3a00/I€BAHUSI-
mu. Pannee npumenenve ['/ID 1o passuTust anypu-
yeckoii cragmu OTTH no3Bosiniio mpegaynpeauTs pas-
BUTHE HEOOPATUMBIX MOJMOPTAHHBIX TOPAKEHUN Y
87,0% GONBHBIX TSIKEIBIM YPOCETICHCOM, YMEHDBIITUTh
KOJIMYECTBO TEMOJIUAJIN30B HA OJIHOTO OOJIBHOTO JIO
1—2 cearcoB (B KOHTPOJIbHOI rpyiie — 5—12 cean-
COB), CHU3UTD JIETAJILHOCTD 10 CPABHEHUIO C KOHT-
poabHOI rpymmoi Ha 25,8% (p<0,05). [lpu pannem
BoinosiHeHnn auanu3sa//1MD, xorpa emnie He pasBu-
siice ipusHaku OITH, ToBopsT 0 «BHEMIOUYEUHBIX T10-
Ka3aHUAX» K JIETOKCUKAIUU, 3TO HE COBCEM TOUHOE
MOHATHE MTMPOKO BCTPEUACTCS B OTEYECTBEHHBIX U
3apy0OeKHBIX HCTOYHUKAX MOCTEHUX JieT. JleiicTBr-
TEJIBHO, YIIpesKaaoniee ylaJleHue MeIUaToOpoOB CH-
CTEMHOTO BOCHATUTEJBHOTO OTBETA MOJKET TIPE]i-
OTBPATUTDh WJIN CIEPXKATh PA3BUTHE TIOJTMOPTAHHOM

sults of non-invasive measurements of water sectors
in our early studies. A number of patients failed to
achieve a clinically significant effect due to the late
sorption, when endotoxinemia goes to the backgro-
und, while the triggered mediator cascade becomes
most important. The increasing intoxication and the
progression of MOF in these patients served as an in-
dication for HVHE Unfortunately, the high cost of
lipopolysaccharide sorbents and the lack of the possi-
bility for objective laboratory control of endotoxine-
mia still make selective hemosorption a very compli-
cated task for the vast majority of Russian health fa-
cilities. Activation of the mediator cascade during
sepsis damages the endothelium and causes signifi-
cant microcirculatory disorders that precede hemo-
dynamic disorders: an increase and then a decrease in
cardiac output, a decrease in peripheral vascular resi-
stance, an increase in endothelial permeability, pul-
monary hypertension, redistribution of organ blood
flow, and a decrease in myocardial contractility. The
result of pathophysiological effects realized at the
microcirculatory level is that in a significant cohort
of patients the infection is complicated by the deve-
lopment of sepsis (accompanied by MOF according
to SEPSIS-3 classification) and septic shock, which
both are considered as the main causes of death in In-
tensive Care Units (ICU). Treatment of abdominal
sepsis involves surgical sanitation of the infectious
focus and antimicrobial therapy, but intensive trea-
tment should be supplemented with extracorporeal
detoxification methods to restore tissue perfusion.
The study of microcirculation in critically ill patients
has long been of interest to researchers. A method for
video microscopy of sublingual microvessels has
been developed, which enables tracking the dyna-
mics of microcirculatory disorders near the patient's
bed, including in response to the therapeutic effect.
The connection of revealed circulatory disturbances
in sublingual microvessels with blood flow through
the mesenteric vessels was proved, and these disor-
ders correlate with the severity of the state of pati-
ents with sepsis. Even more accurate information is
provided by the method of spectral-polarization ana-
lysis of images, which allows visualization of capilla-
ry perfusion. A number of studies confirm the possi-
bility of evaluating the organ blood flow based on
data obtained by studying the microcirculation of
peripheral tissues using laser Doppler flowmetry. For
example, A. A. Kosovskikh and Yu. A. Churlyaev (the
Regional Campus of the V. A. Negovsky Research In-
stitute of General Reanimatology) analyzed changes
in the functional state of the capillary bed of the skin
with diffuse purulent peritonitis complicated by ab-
dominal sepsis, with a quantitative assessment of the
level of perfusion [24]. The authors showed that di-
sorders of the microcirculation of the skin correlate
with changes in the mean value of the microcircula-
tion parameter of the small intestine wall. The thesis
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HEIOCTaTOYHOCTH, UTO YIAUHO COTTIACYETCS C <ITUTO-
KMHOBOW» Teopuel cercuca. B mociemaue Toapl y
POCCUNCKUX PEAHNMMATOJIOTOB TMOSBUIACH BO3MOXK-
HOCTb U30UPATEHHO CBSI3bIBATH SHIOTOKCHUH, IIUP-
KYJIUPYIOIIMH B KpOBeHOCHOM pycJie. [lososxknuresnb-
HOTO Pe3yJibTaTa MOKHO JOOUTHCS, ecii 000pPBaTh
KacKa/l MeIMaTOPHBIX Peakildii B caMOM Hauaje, Ha
aTare sHI0TOKCUHEMUH, KOT/Ia ITPOIIecC elle He pH-
HSJI HeyIpaBJisieMblil XapakTep. B HayuHO-1ccien0-
BaTesbcKoit pabore Xopourunosa C. E. u Hukysmina
A. B. 0600611eH cOOCTBEHHBII OIBIT IPUMEHEHUS Ce-
JIEKTUBHBIX COPOEHTOB JIATIONOJIcaXapuia y 60Jib-
HBIX C 9H/JOTOKCUHEMHEH ¥ CENTUYECKUM IIMOKOM
[22]. PanHss quarnoctrka cercuca mpejycMaTpuBa-
Jia 00s13aTeIbHOE OTIPe/IeJIeHUe TIPOKATIBIIUTOHUHA Y
Bcex OOJIBHBIX, YTO MO3BOJBIIIO YTOYHUTH OaKTEpHU-
aJIbHOE MPOUCXOKIECHUE CUCTEMHOTO BOCIIAJIUTEIb-
HOTO OTBeTa. /1151 BBIABICHUS 9HAOTOKCUHEMUU TIPO-
Boguics LAL-tecr. Tlokazanuvem st npoBejieHMs
reMOCOpOIU MBI CYUTAEM YPOBEHb IHIOTOKCHHE-
v Boite 2,0 EU/ml ¢ kinHndeckoil KapTUHOI cu-
CTEMHOTO BOCHATUTEJIBLHOTO OTBETA ITPU OTCYTCTBUU
HECAaHUPOBAHHBIX 04aroB nH(peEKIH. Y GOJbHBIX 6e3
passepuyToit kKapruubl [IOH copbitus sumnonosca-
Xapu/ia TMPUBOIUT K HEMOCPEICTBEHHBIM KJIMHIYE-
CKUM © J1AO0paTOPHBIM ahdekTaM — YIIydIIeHIO
IEHTPAJIbHOW (JIAaHHBIC TPAHCITYJIbMOHAIBHON TeEp-
MOJILJTIONUN) U TepuhepUIecKoil reMOJAMHAMUKHY,
YMEHBIICHUIO 9HIOTOKCUHOBOW HArpy3KH, CHUXKe-
nuio JIMW w juxopajaku. 3HAYUMO COKPAIAeTCst
71032 KapIMOTOHMYECKON TTO/IIIEPIKKH, B PSIZIE CIydaeB
CHUKAETCS COJIepsKaHue BHECOCYAMCTON BOJIBI B JIET-
KWX, 32 CYET YEeTO YIYUIIAeTCS apTepuaabHas OKCUTre-
Hars [23]. [lanHble, OJydYeHHbIE TP MOHUTOPHUPO-
BaHUU BOJIEMHUYECKOTO CTATyCA TEPMOIUITIONIMOHHBIM
METOJIOM, COOTHOCSITCSI C Pe3yJIbTaTaMi HEMHBA3UB-
HOTO U3MEPEHUs BOJHBIX CEKTOPOB B HAIINX PAHHUX
uccieoBaHusX. Y psifia OOJIBHBIX HE YIaJoCh JI0-
CTUYD KJIMHIYECKT 3HAUUMOTr0 ahdherTa BBULY MMO371-
HETO BBITIOJIHEHUs COPOIIH, KOT/Ia 9HIOTOKCUHEMIIST
VXOJIUT HA BTOPOM TWIaH, a Beyllee 3HAUCHHE TIPH-
obperaer 3alylnieHHbI MeAuaTOpHbIA Kackax. Poct
MHTOKCUKAIMU 1 1porpeccupoBanme [IOH y atux
6OJIbHBIX cJry ki nokasanuem it BOTO. K cosxa-
JIEHUTO, BBICOKASI CTOUMOCTD COPOEHTOB JIUITOTIOJIHCA-
Xapujia ¥ OTCYTCTBHE BO3MOKHOCTU OOBEKTHBHOTO
J1abOPATOPHOTO KOHTPOJIST SHIOTOKCMHEMUH TIOKA JIe-
JIAIOT OYEHb CJIOKHOU CEJIEKTUBHYIO TeMOCOPOIHIO
JUIST TIOJIABJISIOIIETO  OOJIBIIIMHCTBA OTE€YECTBEHHBIX
JIITY.

AXTHBAIMA MEMATOPHOTO KaCKa/[a IPU CETICH-
ce TIPUBOJIUT K TOBPEKACHUIO SHIOTENUS W 3HAUM-
MBIM HapyIIeHUSAM MUKPOIUPKYJISAINHA, KOTOPBIE
MIPE/IINIECTBYIOT FTeMOJMHAMUYECKUM PACCTPONCTBAM:
VBEJIMYEHUIO, & 3aTeM U CHUKEHUIO CePACYHOTO BbI-
6poca, CHUKEHUIO TepudepruuecKoro COCYAUCTOTO
COTIPOTUBJICHNUS, MOBBIICHUIO TTPOHUIIAEMOCTH 9H-
JIOTEeJTS, JIETOYHON TUIIEPTEH3UH, Tepepacipeieie-

by D. L. Shukevich on «Extended replacement renal
therapy for abdominal sepsis» was based on the ana-
lysis of the dynamics of endogenous intoxication, hy-
poxia and multiple organ failure (both with the gene-
rally accepted intensive treatment and with its com-
plementation by hemofiltration). Objective criteria
for the early initiation of prolonged renal replace-
ment therapy with abdominal sepsis were for the
first time substantiated, developed and implemen-
ted in practice to fulfil at the maximum level the or-
ganoprotective effect of the therapy: the prevention
of the development and progression of multiple
organ failure [6].

The data obtained in the thesis by E. S. Bazhi-
na, an employee of the V. A. Negovsky Research In-
stitute of General Reanimatology, confirmed the
pronounced disorders of tissue perfusion with abdo-
minal sepsis [25]. They are characterized by a dec-
rease in the linear and volume velocities of the blood
flow dependent on the severity of patients. This, to-
gether with the analysis of the spectral characteri-
stics of the Doppler, confirms the development of ar-
teriolo-venular shunting in septic shock. Tt was
shown that one of the mechanisms of the positive ef-
fect of efferent treatment is the improvement of tis-
sue perfusion, which can be used both as a target of
therapeutic effect, and as a control of the treatment
efficacy. In order to control the effectiveness of trea-
tment, it was suggested to evaluate tissue perfusion
by ultrasound dopplerography. It is an easy method
to use at the patient's bed, with quick results that do
not require expensive consumables. The degree of
separation between macro- and microcirculation de-
termines the possibility of tissue perfusion restora-
tion using efferent treatment methods, such as selec-
tive hemosorption of endotoxin or «non-selective»
hemodiafiltration.

Renal replacement therapy in patients with
cardiovascular diseases. In addition to injury and
infection, SIR can be induced by artificial circulation
(IC): the contact elements, the coagulating blood sy-
stem and the complement contact the surface of fore-
ign materials and oxygen in the oxygenator. The po-
stoperative MOF remains the most common cause of
patients dying after surgical interventions, which
prompted G. P. Plotnikov to study this problem in
detail [26]. The analysis of extensive clinical material
(1.129 case histories) was performed retrospectively.
The prospective study involved 220 patients opera-
ted under IC conditions for coronary artery disease
and acquired heart defects. The author established
non-laboratory events and factors with a high pro-
gnostic significance (52—71%) leading to the deve-
lopment of MOF in the postoperative period, name-
ly: multifocal vascular lesion, the IC duration > 150
min, the operation duration > 300 min, the severity
of condition upon admission to resuscitation on the
APACHE 11 scale > 18 points; blood loss > 10 ml/kg
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HUIO OPTAaHHOTO KPOBOTOKA M CHUIKEHUIO COKPATH-
TeJIBHOI criocobHOCTH MuoKapaa. [latodusuonoru-
yeckue aeKThl, peasn3yeMbie Ha MUKPOIUPKYJIs-
TOPHOM YPOBHE, BElyT K TOMY, UTO Y 3HAUUTEJIbHOM
qacTu OOJIBHBIX CEICUC OCJOKHSIETCS Pa3BUTHEM
CETTUYECKOTO MIOKA U MOJUOPTaHHON HE0CTaTOY-
HOCTH, KOTOpasl sIBJISIETCSI OCHOBHON NMPUYMHON THU-
6esu 9TuX 60bHBIX. Jledenune abJOMUHAIBHOTO CEll-
cuca TpeLycMaTPUBAET XUPYPTUUYECKYIO CAHAIIMIO
UHGDEKITMOHHOTO 0Yara ¥ aH TAMUKPOOHYIO TEPATIUIO,
OJTHAKO MHTECHCUBHOE JICUCHUE TOJIKHO TOTIOTHATHCS
METO/IJAMU JKCTPAKOPHOPAJIBLHON JIETOKCUKAIUU C
IIeJThI0 BOCCTAHOBJIEHNS TKaHeBOU mnepdysun. M3-
yUeHUEe MUKPOIMPKYJISAINA Y KPUTUUECKU TSKEITBIX
GOJIbHBIX JIABHO MPUBJIEKAET BHUMAHUE UCCJIEI0BA-
tesieit. Pazpaboran MeToz BUACOMUKPOCKOIIMH HOb-
S3BIYHBIX MUKPOCOCY/IOB, TIO3BOJISIONINI Y MOCTENN
GOJIHOTO OTCJIEKUBATH JMHAMUKY MUKPOIIUPKYJISI-
TOPHBIX HAPYIIEHUH, B TOM YKCJI€ B OTBET Ha Jieuel-
Hoe Bos/ielicTBue. JlokazaHa CBSI3b BBISIBJISIEMBIX Ha-
PyILIEHIIT KPOBOOOpaIleHHs B CyOJIMHIBAJIbHBIX MUK-
pococyiax ¢ KPOBOTOKOM 10 OPBIKEEUHBIM COCY/IaM,
MIPUYEM 3TU HAPYIIEHUS KOPPEJIUPYIOT C TKECTHIO
cocTostHus OOJIbHBIX ¢ cericucoM. Erie 6osiee TOUHYT0
MHOOPMAIINIO TPEOCTABISAET METOJ CIEKTPAIbHO-
HOJISIPU3AIIMOHHOTO aHaM3a U300paskeHnl, MO3BO-
JIFTONUI BU3YaJIU3UPOBATh KAWJUIAPHYIO Tepdy-
3uto. Psj uccieoBaHU MOATBEPIKAAIOT BO3MOMK-
HOCTD OIIEHKU OPraHHOTO KPOBOTOKA HA OCHOBE JIAH-
HBIX, TIOJIYYE€HHBIX TPU U3YYEHUU MUKPOIUPKYJIS-
uu nepudepudeckuxX TKaHEH MEeTOIOM Jia3epHOM
JIOTITLIIEPOBCKOIL (htoymerpu. Tak, B paboTe cOTpy/I-
HuKOB rtnana HUN obiieil peaHUMaTOJIOTHN UM,
B. A. Herosckoro A. A. Kocosckux u 10. A. UypJse-
Ba TIPOBEJICH AHATN3 U3MEHEHWH (DYHKIIMOHATBHOTO
COCTOSHUS KAWJUIIPHOTO pyCJia KOKHW TPU PA3JIv-
TOM THOITHOM IEPUTOHUTE, OCJIOKHEHHBIM a0OMU-
HaJIBHBIM CEIICHCOM, C KOJIMYEeCTBEHHOH OIleHKOM
ypoBHs tiepdysun [24]. ABropamu ObLIO MOKa3aHO,
YTO HAPYIHIEHUS MUKPOIMPKYJIAINN KOXKHU KOPPEJIH-
PYIOT € M3MEHEHUSIMU CPETHETO 3HAUCHUS MTapaMeTpa
MUKPOIUPKYJISIIMY CTeHKN TOHKOW KUITKK. B nuccep-
taruu [Iykesnya /1. JI. «I[IpoaienHas 3amecTuTeIbHAS
HOYEYHAsT Tepalusi Ipu abJIOMUHAIILHOM CETICHCe» Ha
OCHOBAHUY aHAJIM3a JINMHAMUKHU SHIOTCHHON MHTOKCHU-
KaIliK, TUTIOKCUUA W TOJIMOPTAHHON HEI0CTAaTOYHOCTH
Kak Ha (hoHe OOIIEPUHATOTO MHTEHCUBHOTO JICYEHUS,
TaK U C €T0 JIONOJTHEeHeM reMO(pUIIbTPAIINei, BIIEPBbIE
TEOPETHYECKH 0O0CHOBAHBI, Pa3pabOTaHbI U TIPAKTHYe-
CKU Peajin30BaHbl O0bEKTUBHbIE KPUTEPUH PAHHETO Ha-
yasia MPOJIJIEeHHON 3aMeCTUTEIbHOM TOYeYHO Teparun
npy abJIOMUHAIIGHOM CETICUCE, TIPUMEHEHNE KOTOPBIX
MO3BOJISIET MAKCHMAJIbHO PEAIM30BaTh €€ OPTaHOIpO-
TeKTUBHBIN ahdeKT — TpeaynpeskieHie pa3BUTHs U
IIPOrPECCUPOBAHMS  TIOJIMOPTAHHON HEIO0CTATOYHOCTH
[6].

[larHble, MoydyeHHbIE B IUCCEPTAITMOHHOM HC-
ciepoBanun corpyanuka HUM obueil peanrMaTo-

and hemotransfusion >2 doses of donor erythrocyte
mass and plasma. These events and factors registered
enable the start of preventive organ replacement the-
rapy without waiting for laboratory markers of dys-
function in organs and systems to manifest. The hyd-
rodynamic status determined by the method of
transpulmonary thermodilution (an increase in
EVIWTI>8.0, PVPI>3.5 with GEDVI<700 ml/m?) is
a pathogenetic justification for the early onset of per-
manent venous-venous hemofiltration, which makes
it possible to level out the manifestations of acute
lung damage, renal failure, metabolic disorders and
prevent the transformation of organ dysfunction into
the failure in more than 70% of cases. Incidentally,
substitutive renal therapy can be performed directly
during the IC, which in a number of cases can pre-
vent the development of postoperative ARF or the
progression of CKD in patients with pre-existing
chronic kidney disease [27].

High mortality in patients with myocardial in-
farction is associated with the development of car-
diogenic shock. The prolonged and significant hypo-
perfusion with cardiogenic shock followed by the re-
stored peripheral circulation causes the release of in-
flammatory mediators into the systemic circulation
and the development of MOE In patients with car-
diogenic shock emergency angioplasty is a life-saving
operation. To prevent MOF an early (within 12
hours after revascularization) use of extended hemo-
filtration is an option; it may significantly reduce the
dose of cardiotonic support, reduce the manifesta-
tions of acute lung damage and the clinical manife-
stations of a systemic inflammatory response [28].
This is a promising field of using extracorporeal de-
toxification, which requires further study.

Replacement treatment of acute liver failure.
The high prevalence of viral hepatitis, the hepatoto-
xic effect of many medications and the extensive sur-
gical interventions on the liver are the main factors in
the development of acute hepatic failure (AHF). The
problem of treating a fulminant course is particularly
urgent as the life of patients is limited to a few days.
As a rule, AHF is not a monoorganic disease. It joins
in as a component of multiple organ failure and signi-
ficantly worsens the prognosis. Being the main «me-
tabolic reactor» of the body, the liver has not only a
large functional reserve, but also good regenerative
capabilities. However, the liver regeneration through
hypertrophy and hyperplasia of hepatocytes is relati-
vely slow. Lethal outcomes may be prevented by tem-
porary prosthetics of the liver detoxification function
in the duration while its function is being restored.
The detoxification methods described above prove to
be ineffective due to the fact that in AHF both hyd-
rophilic and hydrophobic ETSs accumulate in the co-
urse of the treatment. The latter are connected with
plasma proteins and cause the depletion of the bin-
ding capacity of albumin. Increasing encephalopathy
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gorun uM. B. A. Herosckoro E. C. baxunoii, moz-
TBEPSKIAIOT HAJIMYKE BBIPASKEHHBIX PACCTPONUCTB TKa-
HeBOU niepdysuu mpu aboMUHAILHOM cericuce [25].
OHU XapaKTepU3yI0TCs CHUKCHUEM TI0OKa3aTesiei Jin-
HEWHOI 1 06BEMHOU CKOPOCTEN KPOBOTOKA COOTBET-
CTBEHHO TSIKECTH COCTOSIHUSI OOJIBHBIX, YTO B COBO-
KYITHOCTH € aHAJIM30M CIIEKTPAJIBHBIX XaPAKTEPUCTUK
JIOTIIIEPOTPAMM TOJTBEPIK/IAET MOJIOKEHIE O PA3BU-
TUU apTEPUOJIO-BEHYJISPHOTO NIYHTUPOBAHUS TIPU
cenrtudeckoM mioke. [TokazaHo, 4TO OfHUM M3 Mexa-
HU3MOB TOJIOKUTEHLHOTO BO3/ieicTBUS ahdepeHTHO-
TO JIeUEeHUST ABJISACTCSA YIydllIieHue TKaHeBOH 1epdy-
31H, KOTOPYIO MOKHO UCIIOJIb30BaTh KaK B KauecTBe
MUIIIEHN JIedeOHOTO BO3EICTBUS, TaK U B KauyeCTBe
KoHTpoJist addexkTuBHOCTH JieyeHUs. C 1eJbI0 KOHT-
poJist aPeKTUBHOCTU JIeYeHUS TIPe/IIOsKeHa OTleHKa
TKaHEeBOI TIepy3nn IyTeM YIbTPa3ByKOBOH JOTIILIE-
porpaguu — pOCTOil B IPUMEHEHUH, [IPOBOUMbBIN Y
nocresm O60JILHOIO METO ¢ OBICTPHIM [10JIyYeHIEM Pe-
3yJILTATOB, HE TPEOYIOIIEH OPOTOCTOSIIX PACXO/I-
HbIX MaTepuaynoB. CrerneHb pPa3oOIIEHUST MEKITY
MaKpO- ¥ MUKPOIUPKYJIAIMEN ONpe/eisseT BO3MOXK-
HOCTH BOCCTAHOBJIEHUSI TKaHEBOI 11epy3un 1pu uc-
10J1b30BaHNU 3(HHEePEHTHBIX METO/IOB JICUCHUS, TAKUX
KaK CEJIEKTHBHAsT TeMOCOPOIHsI 9HIOTOKCHUHA WJIN
<HECEJIeKTUBHASI» TeMOINA(DUIbTPAITU.
3amecTuTenbHasd TOYEUHAs Tepanusi y 60Jb-
HBIX C CEPAEUYHO-COCYAUCTBIMU 3a00JeBaAHUAMH.
[Tomumo TpaBMbI 1 nHbEKTH, TpoBoIpoBath CBO
MOJKET MCKyccTBeHHOe KpoBooOparienue (MK), mpu
KOTOPOM ITPOUCXO/IUT KOHTAKT (DOPMEHHBIX 2JIEMEH-
TOB, CBEPTBIBAIONIEH CUCTEMbI KPOBU ¥ KOMILTIEMEHTA
C TIOBEPXHOCTBHIO UYKEPOIHBIX MATEPUATIOB U KUCJIO-
ponom B okcurenarope. Ilocreonepanmonnas [TOH
ocTaercst HanboJiee YacToi MPUIUHON cMepTH 6OJIb-
HBIX [IOCJIE XUPYPIUYECKUX BMEIIATENBCTB, 4TO 00y -
quio I'. I TlnoTHMKOBA /leTalbHO U3YYUTD 3TY TIPO-
6semy [26]. PeTpOCIEKTHBHO MPOBEIEH aHAIN3 00-
HNIMPHOTO KJnHUYeckoro marepuana (1129 ucropnii
6oJsie3Hn). B MPOCIIEKTUBHOE HCCJIEJOBAHUE BOIILIO
220 GOJIBHBIX, OIEpUPOBaHHBIX B yciaoBusx MK mo
noBogy UBC u 1proGpeTeHHbIX TIOPOKOB CEPIIA.
ABTOPOM yCTaHOBJIEHBI BHEJAOOPATOPHbBIE COOBITHSI
n (axTOphl, ¢ BBICOKON MPOTHOCTUYECKOU 3HAUM-
MocTbio (52—71%) npuBopsuiue K pazsuruio [IOH B
MOCJICOTIEPAITIOHHOM TI€PHOJIE, & UMEHHO: MYJIbTH-
(bokasmbHOE cocyaucToe TIOpaXKeHWe, IJIUTETHHOCTD
MK >150 muH, 1pogossKuTesbHOCTD orepariuu >300
MUH, TSKECTh COCTOSHUS TP MOCTYIIJICHUH B PEAHU-
marnuio 1o mkane APACHE I1>18 6auios; kpoBoIio-
Teps >10 mui/kr u remoTpancdysus >2 103 TOHOP-
CKOI 3PUTPOIMTAPHOI Macchl U 1y1a3Mbl. Peructpa-
IHST 3TUX COOBITHI 1 (DAKTOPOB MO3BOJISIET HAUNHATD
MIPEBEHTUBHYIO OPTAaHO3AMECTUTEIBHYIO TePAITNIo, He
OKWJIast TOSIBJIEHUST JTaGOPATOPHBIX MApPKEPOB JIHC-
(bynkmmii mo opranam u cucremam. I'mapogmaaMude-
CKMH CcTaTyC, Olpe/iesisieMblil MeTO/IOM TPAHCITYJIbMO-
HaJbHOM Tepmoutionuu (noseiienue EVIWI>8,0,

is determined by the accumulation of neurotoxins
(ammonia, methyl mercaptans), the synthesis of false
neurotransmitters from aromatic amino acids and en-
hanced GABAergic transmission of nerve impulses in
the brain; the disrupted liver metabolism of nitric
oxide results in vasodilation and slowing down of the
glomerular filtration rate, which together determines
a clinical picture. Albumin dialysis developed and im-
plemented in clinical practice in the 1990s of the last
century, gives a solution to the problem of removing
both hydrophilic and hydrophobic toxins due to a
combination of sorption removal of toxins and diffu-
sion mass transfer.

In the thesis by A.V. Nikulin the results of the
treatment of 52 patients and those affected with
AHF were analyzed [29]. The concentrations of bili-
rubin and creatinine in the blood plasma of patients
and in the solution of donor albumin were studied.
The transport ability of albumin was also calculated.
When calculating the kinetic model of albumin dia-
lysis, the maximum clearance for unconjugated bili-
rubin at low blood flow rates and albumin flow was
revealed. With a significant predominance of the
conjugated fraction of bilirubin, the maximum remo-
val of ETSs is mediated by high flows of blood, albu-
min and dialysis solution. During albumin dialysis an
increase in the binding reserve and effective concent-
ration of serum albumin was observed on average by
27%, which indicates an improvement in its trans-
port properties. Direct clinical effects of detoxifica-
tion were shown as follows: a decrease in encephalo-
pathy, stabilization of hemodynamics, an increase in
diuresis. The best results were found in patients with
a slow increase in the postdialysis level of bilirubin.
At the same time the loss of the detoxification capa-
city of the liver was prevalent, while the protein-
synthetic and disintoxication functions were relati-
vely preserved. Mortality in these patients was 41%,
which was significantly higher compared to the com-
parison group where there was no extracorporeal tre-
atment. Temporary elimination of intoxication as a
result of albumin dialysis stabilizes the function of
the remaining hepatic tissue (a «<bridge» to regenera-
tion or transplantation). The persistence of the trea-
tment results depends on the possibility of restoring
the liver function, as well as the safety of functions of
other organs and systems. The persistence of the la-
boratory effect of DT (a slow rate of recovery of the
pre-dialysis level of bilirubin) may indicate a more
favourable outcome of the disease. Rapid recovery of
the initial level of hyperbilirubinemia was observed
in the case of hepatodepression (the loss of all liver
functions in MOT). In these cases, the effect of albu-
min dialysis was insufficient and unstable, while the
28-day mortality was 80%.

Detoxification in pancreatic necrosis. Endo-
genous intoxication is the main cause of death in
pancreatic necrosis (a severe disease that continues
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PVPI>3,5 npu GEDVIK700 mi/m?), siBiisieTcst mato-
FeHEeTHYEeCKUM ODOCHOBAaHMEM PAHHETO Havaja Io-
CTOSIHHOW BEHO-BEHO3HOU reMO(pUJIbTPAIlUNM, YTO
MO3BOJIAET HUBEJIUPOBATH MPOSIBJIECHUS OCTPOTO T10-
BPESKICHUS JIETKUX, TIOYEYHON HEOCTATOUHOCTH, Me-
TabOJINIEeCKIEe PACCTPOIICTBA U  MPEXOTBPATUTD
TpaHchOPMAITNIO OPraHHbIX [UCHYHKIINN B HEOCTA-
To4HOCTH Oosiee ueM B 70% ciayuaes. Kcraru, 3ame-
CTUTEJIbHAS TTOYeYHAS TePATTs MOXKET BBITIOJHATHCS
HerocpezicTBeHHO BO BpeMs VK, uto B psizie cyvaes
MO3BOJISIET TIPEAOTBPATUTH PA3BUTHE MOCJIEOIEPA-
nuonnot OIIH wmam mporpeccupoBanue XIIH y
GOJILHBIX C MPEJCYIIECTBYOIIEH XPOHUUECKOH 6o-
JIE3HBIO TIoueK [27].

Boicokast JieTasibHOCTD y OOJIbHBIX HH(DAPKTOM
MUOKap/la CBsI3aHA C Pa3BUTHEM KapAUOTEHHOTO
moka. /lrenbHag v 3HaUMMas runonepdys3us npu
Kap/IMOTEHHOM TIOKE € TIOCJEAYIONUM BOCCTAHOBJIE-
HUEM Tepr(epUIecKoro KpoBOOOPAIEHUST TIPUBOJIUT
K BBIOPOCY B CUCTEMHBII KPOBOTOK MEJUATOPOB BOC-
nanenuss u pasputuio [TOH. Ilpm kapmamorenHoM
IIOKE BBITIOJTHEHUE HKCTPEHHON aHTUOIJIACTUKU $IB-
JsgeTcs SKM3Hecmacamoolieil omneparueit. /s mpen-
orspatieans [IOH BoamoskHo pannee (B Teuenne 12 4
MOCJIe PEBACKYJIIPU3AIINHT ) TIPUMEHEHUE TTPOJITICHHOM
reMouIbTpaIN, KOTOPas MO3BOJISAET 3HAYUMO CHHU-
3UTHh 7103y KapAMOTOHWUYECKOW MOJICPKKN, YMEHb-
NIATH MPOSBIECHUS OCTPOTO MOBPEKIACHUSA JIETKUX U
KJIIMHUYECKUE TIPOSIBJICHUS CHCTEMHOTO BOCIATTUTETb-
Horo otBera [28]. D10 nepcrekTUBHAS 00JIACTD TIPU-
MEHEHUS 3KCTPAKOPIIOPATIBbHOM JIETOKCUKAIINH, Tpe-
Oyroliast IaIbHENIIero 3y YeHusl.

3aMecTHTeIbHOE JeYeHHe OCTPOii MmeyeHou-
HOIl HEIOCTAaTOYHOCTH. BhicoKag pacrnpocTpaHeH-
HOCTb BUPYCHBIX TEMATUTOB, TENAaTOTOKCHYECKOE
JICHCTBUE MHOTUX JIEKAPCTBEHHBIX CPEJICTB, BBLITIOJI-
HEHUE PACIIUPEHHBIX ONEPATUBHBIX BMEIIATEJIbCTB
Ha IEYCHU OTIPEICJSIOT ABASIOTCS OCHOBHBIMU (haK-
TOPaMH Pa3BUTHS OCTPOH MEUEeHOYHOHN HeJ0CcTaTou-
Hoctu (OTIleuH). TTpobaema seuenust OTleaH most-
HUEHOCHOTO TE€YEHUsT 0COOEHHO aKTyaJlbHA, TaK KaK
JKM3Hb TMAIMEHTOB OTrpaHUYeHAa HECKOJIbKUMU
nuamu. Kak npasusio, OlleuH ne siBisiercss MoHo-
OpraHHbBIM 3a00JIEBaHUEM, €€ TPUCOEMHEHNE KaK
KOMIIOHEHTa TOJUOPTaHHOW HEJI0CTaTOYHOCTU
3HAUUTEJIBHO YXYJIIaeT MporHo3. Kax ocHOBHOI
«MeTaboIMYECKUNl PeakTOpP» OpPraHu3Ma, MeYeHb
obJiajjaer He TOJBKO GOJbIIMM (DYHKIIMOHAIbHBIM
pe3epBOM, HO M XOPOIINMHU PereHepaTOPHBIMU BO3-
MOKHOCTSIMU, OJTHAKO PereHeparus MeuyeHu 3a cyer
rUIepTpoPuu W TUNEPIIA3UNA TENATOIUTOB IIPO-
HCXOAUT OTHOCUTETBHO MeieHHo. [IpenoTBparuthb
JIETATTBHBIN MCXO/]] TTO3BOJISIET BPEMEHHOE MPOTE3U-
pOBaHUE NETOKCUKAIMOHHOW (DYyHKIIUM TEeYeHW Ha
TOT TIEPUOJI, TTIOKA HE BOCCTAHOBATCA ee (PYHKINO-
HaJIbHBIE BO3MOKHOCTH. OTMCAHHBIE BBIIIE METO/IbI
JIETOKCUKAIIMKU OKa3bIBAIOTCS Masod(dekTuBHbIMU
B cBsi3u ¢ TeM, 4To 1ipu OlleuH nakannuaoTcs He

to take the lives of the population), despite the im-
provements in surgical techniques and modern ap-
proaches to intensive care.

Enzyme toxemia (specific for pancreatic necro-
sis) is one of the major aspects of endogenous intoxi-
cation. It causes the development of severe organ da-
mage and disruption of vital functions of the body in
the first week from a clinical manifestation. The fai-
lure of biological barriers at an early stage of the di-
sease development results in activated pancreatic en-
zymes entering the systemic circulation. Lungs are
the first target organ for the factors of pancreatic ag-
gression. Enzymes of the pancreas that enter the blo-
odstream through the chest lymphatic duct primari-
ly damage the pulmonary microcirculation system,
therefore acute respiratory distress syndrome
(ARDS) complicates the course of pancreonecrosis
in 30—35% of cases and significantly aggravates the
course of the disease. The damaging potential of en-
zyme toxemia may be reduced by the method of plas-
mapheresis. In the work [30] it was shown that plas-
mapheresis is an effective method of eliminating pan-
creatic enzymes from systemic blood flow in the en-
zymatic phase of pancreatonecrosis. The method ap-
plied with an average volume of plasma substitution
of 47.5% allows the reduction of the level of pancrea-
tic a-amylase by 38.2%, the level of lipase by 36.4%.
The frequency of development and the severity of
ARDS grow with the increase in the period from the
onset of the disease to plasmapheresis. Plasmaphere-
sis in the enzymatic phase of the disease started wit-
hin 48 hours from the onset of pancreatic necrosis,
can prevent clinically significant damage to lungs.
The use of plasmapheresis in intensive therapy star-
ted from Day 3 after the manifestation of the disease,
enables the reduction of the frequency of ARDS by
23.5%. In general, the reduction of enzyme toxemia
reduces a 14-day mortality by 11.7% and the dura-
tion of patients' stay in the department of resuscita-
tion by 2 days.

Conclusion

When writing this review we aimed to demon-
strate the scientific developments of the V. A. Negovs-
ky Research Institute of General Reanimatology in
solving the problem of endogenous intoxication. In our
opinion, there are no ineffective methods of treatment.
There will be far fewer clinical failures if the therapeu-
tic efforts in ICU are employed «in a right time», tech-
nologically correct manner strictly tied to medical in-
dications. We are constantly aware of new pathophy-
siological mechanisms of endogenous intoxication.
Based on the acquired knowledge and modern medical
technology, we are revising traditional approaches to
detoxification and are developing new areas of rese-
arch. All above certainly warrants the continuation of
a scientific searching.
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TOJIBKO THApObUIbHbIE, HO U TunpodobHbie DTC.
TMoceHme HAXOAATCS B CBSI3U € OEJIKAMU [1JIA3MbI 1
OPUBOAT K KCYEPIIAHUIO Pe3epBa CBI3bIBAIOIIEN
criocobHocT abOymuna. HakorieHne HepoToK-
CUHOB — aMMHUAKa, METHUJI-MEPKAIITAHOB, CUHTE3
JIOJKHBIX HEUPOTPAHCMUTTEPOB U3 APOMATUUYECKUX
amMuHOKUCJIOT U ycunernHas [AMK-epruueckas te-
peraya HepPBHBIX KMMITYJIbCOB B TOJIOBHOM MO3Te
OTIpeNesiIioT HapacTaIoNLyIo sHIledanonaruio, a Ha-
pYIIEHIE TTEIEHOYHOTO MeTaboIu3Ma OKCH/IA a30Ta
IPUBOANUT K BA30[UJIATAIUU U 3AME/JIEHUIO CKOPO-
cTu KJIIyOOYKOBO# (DUIIBTPAIIH, YTO B COBOKYITHO-
CTHU U ofpezender kinandeckyio kaptuny OlleuH.
AbOyMUHOBBIN [THa/N3, Pa3spabOTaHHBI W BHEI-
PEHHBIN B KJIMHUYECKYIO MpakTuky B 90-X Tomax
MPOIILJIOTO CTOJIETHSI, TI03BOJISIET PEIIUTH TPOOIEMY
yIaTeHUs KaK THAPO(MUIBHBIX, TaK U TUAPODOOHBIX
TOKCHHOB OJlarofaps coYeTaHuio COPOLMOHHOIO
yAajieHns TOKCMHOB 1 [ dy3noHHOTO Maccotepe-
Hoca. B muccepranmonHoit pabore A. B. Hukysmna
MPOAHAU3UPOBAHBI PE3YJILTATHI JledeHusT 52 60JIb-
Heix 1 noctpagasmux ¢ OlledH [29]. W3yuanach
KOHIleHTpalust OuanpyOrHa, KpeaTuHUHA B TJIa3Me
KpPOBU GOJIBHBIX U PACTBOPE JOHOPCKOTO abOyMu-
HA, TAK)Ke PACCYNUTHIBAIU IOKA3ATENU TPAHCIIOPT-
HOU crocobHocT anbbymuHa. [Ipu pacuere KuHe-
TUYECKOU MOfieJU aibOyMUHOBOTO [UAJIN3a BbI-
SIBJIEH MAKCHUMAJIbHBIN KJIUPEHC 10 HEKOHBIOTUPO-
BaHHOMY OUIPYOUHY TIPU MAJIBIX CKOPOCTSIX KPOBU
u oToKa anbOymuna. [Ipu 3HaYMTEIHHOM TIpeobJia-
JIAaHUU KOHBIOTUPOBAHHOW (pakiun OuanpyOrHa
ATbOYMUHOBBIN JINAJIN3 MaKCUMAJbHOE YIaJeHue
ITC uztet ¢ BBICOKUMU OTOKAMU KPOBH, aJIbOyMU-
HA ¥ JUATU3UPYIONIETO pacTBOpa. Bo BpeMs aibly-
MUHOBOTO JINQJIN3a OTMEYEH POCT Pe3epBa CBI3bIBA-
Hus U 3(hhHEeKTUBHON KOHIIEHTPAIIMHU ChIBOPOTOUHO-
ro aabOyMUHa B cpejiHeM Ha 27%, 4TO TOBOPUT 00
VJIYUIIEeHU! ero TPAHCIIOPTHBIX cBOHCTB. [lokazaHbl
HETOCPE/ICTBEHHbIE KJINHUYecKue a(hheKThl IeTOK-
CUKAIlMK — YMeHbIIeHe aHIedanonaTuu, ctabum-
3amusl TeMOAUHAMUKH, POCT auype3a. Haumyurue
pe3yJIbTaThl JIEUCHUsI OKA3aIUCh Yy GOJBHBIX ¢ MEJI-
JIEHHBIM POCTOM TIOCT//IUAJIUN3HOTO YPOBHSI OUIUPY-
6una. [Tpu 9TOM BeIyIIUI XapaKTep UMeJIO BhIajie-
HUE JIETOKCUKAI[MOHHOW CHOCOOHOCTH TIE€YeHH, a
GEJIKOBOCUHTETUYECKAST W JIE3UHTOKCUKAIIMOHHASI
(YHKIUYU OKA3aTUCh OTHOCUTEIBHO COXPAHHBIMU.
JletambHOCTD y 3TUX GOJBHBIX cocTaBuia 41%, uto
JIOCTOBEPHO HUJKE [10 CPABHEHUIO C TPYIIIION, B KOTO-
POl 9KCTPAKOPIOPATbHOE JiedyeHue He IIPOBOIU-
Jock. Bpementoe ycrpanenne UHTOKCUKAIIMU B pe-
3yJIbTaTe MPOBEAEHUST aTbOYyMUHOBOTO [IHAJ3a
OPUBOJUT K crTabuim3anuu (hyHKIIMU OCTaBIIEHCst
MEYEeHOUHON TKaHU («MOCT» K pereHepanuu WJn
tpaHciianTanun). CTOUKOCTb Pe3yJsibTaToB Jicue-
HUs 3aBUCUT OT BO3MOJKHOCTU BOCCTAHOBJIEHUS
(byHkIuu nedenu, a Takxke coxpaHHOCTU (PYHKIINI
apyrux opranoB u cucreM. CTOUKOCTD J1abopaTop-

Horo acddekra A/l — MelJIeHHBII TeMIT BOCCTAaHOB-
JIEHUST TPeINaJu3HOTO YPOBHs OuaupyOuHa —
HO3BOJISIET CYyAUTH O GoJiee GJIArOIPUSTHOM UCXO/IE
3abosieBaHus1. BBICTPOE BOCCTAHOBJIEHUE UCXOHOTO
YPOBHSI TUIEPOUTPYOUHEMIH HAOIIOATOCD B CIIy-
Yae rernaTojlelpecCuu — BBIMAAEHUS BCeX (QYHKITUI
[eYeHn B COCTABe MOJUOPTaHHOM HEOCTATOYHOCTH.
B Tom cayuae abdekr arbOyMHUHOBOTO auajn3a
OKa3bIBAJICA HEIOCTAaTOYHBIM M HECTOUKUM, a 28-
MHEBHAY JICTAITLHOCTD cocTaBuia 80%.

JeTokcukaius npu maHKpeoHeKpose. IJHJI0-
reHHasi HHTOKCUKAIUS SIBJISIETCS] OCHOBHOW MPUYH-
HOU JIeTaJIbHOCTH 1TPU NTAaHKPEOHEKPo3e — TsKeJieli-
meM 3a060JIEBAHNH, TIPOJIOJIKAIONIEM YHOCHTD JKU3HD
TPYIOCIIOCOOHOTO HACEJIEHUsT, HECMOTPST Ha COBep-
[IEHCTBOBAHIE XUPYPrUYeCKONH TEXHUKU U COBpe-
MEHHBIE TI0/IXO/Ibl UHTEHCUBHOTO JIEUEHHUSI.

OpHuM U3 BeAylIX KOMIOHEHTOB 9HIOT€HHOM
UHTOKCUKAIUU SIBJsIeTcsl crenuduyaHas st IaH-
KPEOHEKPO3a (HEPMEHTHAsT TOKCEMUs, OOYCIIOBJIU-
BaIOIAsl Pa3BUTHE TSIKEJIOTO OPTAaHHOTO MOBPEK/Ie-
HUS U HAPYIIIeHNe BUTAIBHBIX (DYHKIUIT Opranu3Ma B
HEePBYI0 HeIEI0 OT KJIWHUYECKOH ManudecTanuu.
Pe3y/ibTaTOM HECOCTOSITENLHOCTH OUOJOTHYECKITX
GapbepoB Ha paHHEH CTauy Pa3BUTHS 3a00JICBAHUS
SIBJISIETCST TIONAJAHNE B CUCTEMHbBIN KPOBOTOK aKTH-
BUPOBAHHBIX ITAHKPEATUYECKUX IH3UMOB. [lepBbiM
OPraHOM-MUIIEHDIO JIJIsT (GAKTOPOB MAHKPEATUIECKOM
arpeccuu ctaHoBsitcs Jjierkue. DepMeHTHI MOKETY-
JIOYHON JKeJie3bl, MOCTYIAIOIINE B KPOBb Yepe3 TPy/I-
HOI JinMpaTUdecKuil TPOTOK, TOBPEKIAIOT MPEKIE
BCETO CUCTEMY JIETOYHOI MUKPOIUPKYJISAIIH, 109TO-
MY OCTPBIIl pecIUupaTOPHBIA JAUCTPECC-CUHIPOM
(OPAC) ocrnoxHseT TeyeHWE ITTAHKPEOHEKPO3a B
30—35% ciydaeB M CYIIECTBEHHO OTSITOIAET Tede-
Hue 3a0oseBanus. CHIDKEHUE TIOBPEKAAIOIIETO T10-
TeHnuama GepMEHTHON TOKCEMUH JOCTUKIMO METO-
nom miaasMacdepesa. B pabore [30] mokasano, uTo
mnasmadepes sapisiercd aPHEKTUBHBIM METOIOM
nuMUHAIIUN (PEPMEHTOB TIO/KETYIOUHON JKeJe3bl
13 CUCTEMHOTO KPOBOTOKA B (hepMEHTATUBHON hase
MaHKPeOoHeKpo3a. Ero npuMeHeHue ¢ cpeHuM 00be-
MOM ILJIasMoO3aMeleHus 47,5% I03BOJIAeT CHU3UTD
YPOBEHb MAHKPEATUIECKON ¢ -aMIJia3bl Ha 38,2%, jiu-
na3el — Ha 36,4%. [Ipu aTOM yacToTa pa3BuTUs U TSI-
skectb OPJIC Bo3dpacTaeT o Mepe yBeJTmueHMs CPOKa
oT Havasa 3a60JIeBaHIsI JI0 TPOBEJIeHU TTasMadepe-
3a. [lnazmadepes B pepmeHTaTuBHOI (haze 3ab0eBa-
HUS, HAYaThIil B CPOK 48 4 OT HavaJa TTAHKPEOHEKPO-
3a, TI03BOJISIET IIPEIOTBPATUTD KIMHUIECKU 3HAYNMOE
noBpexenue jerkux. [Ipumenenue miazmadepesa B
cocTaBe MHTEHCUBHOW Tepalnny, HayaToll ¢ TPeTbux
CYTOK OT MaHuectanuu 3ab0JIeBaHUs, O3BOJISIET
can3utb yactory OP/IC na 23,5%. B nesom, kynupo-
Banue (hepMEHTHOU TOKCEMUU MPUBOAUT K CHIKE-
Huio 14-tu aHeBHON JeTanbHocTH Ha 11,7%, cpokoB
npebObiBaHust GOJIBHBIX B OT/EJECHUN PEAHUMATOJIO-
MU — Ha 2 CYTOK.
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B 0630pe paceMOTPEHbI METOBI OTIpe/eIeHUs OaKTEPUATBHBIX HHIOTOKCHHOB B BOJHBIX PACTBOPaX U OHOJIO-
TUYeCKUX KUAKOCTSAX. OCHOBHOE BHUMAHUE y/IeJIeHO OIpe/iesIeHUIO COREPKaHNsT 9HIOTOKCHHOB KaK KJINHIIeCKN
3HAYMMBIX OGHOMAPKEPOB CEICHCA, BHIBBAHHOTO TPAMOTPHIATENbHBIMU GakTeprsiMi. OOCYKAEHBI IOCTOMHCTBA U
HEIOCTATKU KayK/[OTO METO/IA 1 IIPUBE/IEHBI CPABHUTEJIbHBIC XaPAKTEPUCTUKU UCIIOIb3YyEMbIX B HACTOSIIIEE BPEMS
B KJIMHUYECKOI IIPAKTUKE TECT-CUCTEM.

Kmouesvie cnosa: 6a1€mepuaﬂbnbtd aHéomoxcuH; ﬂunonoxlucaxapua; pamompuuyamenvHovle 6a7€mepuu; cencuc,
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Dedicated to reviewing the methods for detecting bacterial endotoxin in aqueous solutions and biological
fluids, this review is focused on determining the content of endotoxin as a clinically relevant biomarker of sepsis
caused by Gram-negative bacteria. The advantages and disadvantages of each method are described, and the cha-
racteristics of test systems currently used in clinical practice are listed and compared.

Keywords: Bacterial endotoxin; lipopolysaccharide; Gram-negative bacteria; sepsis; LAL-test, endotoxin activity
assay, method of activated particles
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Crucok cokpanieHuit List of abbreviations

B3 — GakrepuaibHbIi 9HAOTOKCUH BE — bacterial endotoxin

JITIC — smnonoancaxapus LPS — lipopolysaccharide

JIAJT-tect — Limulus Amebocyte Lysate Tect LAL-test — Limulus Amebocyte Lysate test

EAA — ananus aktuBHOCTH 3HAOTOKCHHA (En- EAA — Endotoxin Activity Assay
dotoxin Activity Assay) MAP — method of activated particles

MAY — MeTo/1 aKTUBUPOBAHHBIX YACTHUII EU — endotoxin unit

ED — eqwHWIIBI 9HIOTOKCHHA
Introduction
BBenenne
The term «bacterial endotoxin» (BE) was intro-

Buepsbie TepmuH Gakrepuaibhbiii sH10TOKCHH | duced for the first time in the 19th century to descri-
(B3) 6bun BBenen emie B XIX Beke st onmcanust | be the components of Gram-negative bacteria respon-

KOMIIOHEHTOB TPaMOTpHIaTeIbHbIX GakTepuil, otBeT- | sible for the emergence of the pathophysiological re-
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CTBEHHBIX 32 BO3HUKHOBEHUE TATO(DU3UOJIOTHUCCKUX
peakIuii mpu rpaMoTpUIaTeIbHBIX HHMeKIAX. bia-
rojlapsl Pa3BUTHIO MHCTPYMEHTAIBHBIX METO/IOB aHa-
sau3a B cepeinHe XX BeKa XUMHUUYeCKast CTPYKTypa 1
Ouosormyeckue CBOMCTBa BD ObLam olpeneneHb
6osee touno [1]. TlpucyTrcTByomuii Bo BHENTHEN
MeMOpaHe BCEX IPaMOTPUIATEJBHBIX Gaktepuii B
IIPY TIOMA/IAHUN B KPOBEHOCHYIO CHCTEMY 4YeJIOBEKa
CII0CcOOEH BBI3BATh CUJIBHBIN BOCHIAUTENBHbBII OTBET,
B TSDKEJIBIX CJIy4YasixX MPUBOJAIININ K PA3BUTHIO CETl-
TUYECKOTO TIOKA C BBICOKOW BEPOATHOCTDHIO JICTAJb-
HOro mucxona. CBOEBPEMEHHOCTb KOJUYECTBEHHOTO
WA TOJYKOJIUYECTBEHHOTO olpeeneHus b B
KPOBH U JIPYTUX (DU3UOJOTHUECKUX KUIKOCTIX Opra-
HU3Ma B HACTOSIIEE BPEMs OTHOCATCSA K KJIOUEBBIM
(baxTopam paHHel IMATHOCTUKY CETICHCA U YCJIOBUEM
HaszHaueHus1 GoJiee «TOYHOTO» JIEUEHUs], BKJIOUYASI
MEPCOHAIN3NPOBAHHOE TIPUMEHEHWE KCPAKOPIIO-
PaJibHBIX METOJIOB JiedeHust cercuca [2].

Crpykrypa 6GaKTepuaJbHOTO IHAOTOKCHHA.
B3 npescrassier co60i MOJIEKYJIbI JIUITOTIOINCAXA-
puga (JIIIC), akcmpeccupoBaHHble Ha HApPY:KHOU
KJIETOYHOM CTEHKE IPaMOTPUIIATEIbHBIX OGaKTEpHIl.
Ob6muast xuMuveckast cTpykrypa mosekyn JIIIC
GOMBIINHCTBA GAKTEPUIl CXOAHAL: OHU COLEPAKAT I10-
JAPHBIN  TeTeponosucaxapuaabiii  (O-aHTHUTEH),
BHYTPEHHUIl OJIMTOCAXapUJAHbIH W  JUIUIHBIN
(smuniug A) dparmentst |3, 4] (puc. 1).

O-anTureH — HaMMeHee KOHCEPBATUBHAS YacTb
mostekyJibl JITIC; on mipefcrabisier coOOI TOJISIPHBII
TeTepOIOJINCAXAPUIHBIN (hparMeHT, CTereHb Pa3BeTB-
JICHHOCTU W TIPUCTYTCTBUE TEX WJIM WHBIX MOHOCAXa-
PHJIOB B KOTOPOM 3aBUCHT OT Buja Gakrtepuil [5, 6].
HenTpanpHblli osMrocaxapuiHbIlE (hparMeHT coco-
TOUT W3 BHEIIHel W BHYTPeHHell uyacTu. BHemrHss
YacTh, TakKe Kak 1 (hparmenT O-aHTUTEHA, He SBJISET-
Csl KOHCEPBATUBHOM U TIPe/ICTaBIIsIeT cOOON OCTAaTKK

actions in Gram-negative infections. Due to the pro-
gress in development of instrumental methods of ana-
lysis in the middle of the 20th century, the chemical
structure and biological characteristics of BE have
been clarified [1]. BE is expressed in the outer mem-
brane of all Gram-negative bacteria. The BE molecu-
les are capable to induce a potent inflammatory res-
ponse after entering the human bloodstream, in seve-
re cases leading to the development of septic shock
with a high probability of a lethal outcome. A timely
quantitative or semi-quantitative determination of
BE in the blood and other body fluids is currently one
of the key factors for early diagnosis of sepsis and a
basis for prescription of a more appropriate trea-
tment, including personalized approaches to extra-
corporeal treatment of sepsis [2].

Structure of bacterial endotoxin. BE repre-
sents lipopolysaccharide (LPS) molecules of the
outer cell wall of Gram-negative bacteria. The ge-
neral chemical structure of LPS molecules of most
bacteria is similar: they contain polar heteropoly-
saccharide (O-polysaccharide chain), internal oli-
gosaccharide, and lipid (lipid A) fragments [3, 4]
(Fig. 1)

The O-polysaccharide chain is the least conser-
vative part of the LPS molecule; it constitutes a
polar heteropolysaccharide fragment, the degree of
branching and presence of certain monosaccharides
in which depends on the type of bacteria |5, 6]. Cent-
ral oligosaccharide fragment consists of external and
internal parts. The external part, as well as a frag-
ment of the polysaccharide are not conservative and
represented by residues of six-membered sugars,
which numbers may vary from 8 to 12 [5].

The inner part of the oligosaccharide fragment
contains heptoses and at least one residue of 3-
deoxy-D-manno-oct-2-ulosonic acid. Lipid A is the

N-0-6%
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O-polysaccharide ’ ' 2o
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Q Monosaccharide @ Phosphate groups -~ Ethanolamine A~ Fatty acid

Puc. 1. O6mas xumuueckas crpykrypa JIIIC.
Fig. 1. Chemical structure of LPS.

IIpumeuanue. O-polysaccharide chain — O-anrturen; ays puc. 1, 2: Core oligosaccharide — BuyTpennuii osurocaxapuanbiii pparMent;
Lipid A — siummaz A. Outer Core — BHelHsist yatch; Inner core — BHyTperHsist yacth; Monosaccharide — monocaxapuy ; Phosphate gro-
ups — docdarnbie rpynmsr; Ethanolamine — sranoamun; Fatty acid — skupHble KHCTOTHL
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Core
oligosaccharide —
Hep — Hep ——
I
Hep
: B4
Lipid A — ﬁ
E.coli N.meningitidis C.trachomatis H.influenzae

Puc. 2. IIpumeps! CTPOEHU: BHYTPEHHETO OJIMTOCAXaPHAHOTO (pparMenTa Jisi pa3aMuHbIX FPAMOTPUIATENbHBIX GaKTEPHIA.
Fig. 2. Core oligosaccharide structure of different gramnegative bacteria.

IMEeCTUYJIEHHBIX CaXapOB, KOJMUYECTBO KOTOPbIX
MOKeT BapbupoBath ot 8 10 12 [5].

Bo BHyTpeHHell yacTu osirocaxapuiHoro gpar-
MEeHTa COJIEPIKATCSI TEIITO3bI U HE MeHee OJ[HOTO OCTAaT-
Ka 3-1e30Kcu-D-MaHHO-OKT-2-yJI030HOBOIM KUCJIOTbI
(puc. 2). JTunug A — nanbosiee KOHCEpBaTUBHAS YaCTh
mostekysibl JITIC, mpezcrasisionias coboil yHUKaIb-
HbIl (hocHOPUIMPOBAHHBIN TIUKOIUATIUL [7].

TOKCUYHOCTH GaKTEPHAIBHOTO SHIAOTOKCUHA.
B3 BBICBOOOKIAETCS TIPU PAa3PYIIEHUH CTEHOK GaK-
TEpUil, OCJIe Yero MOXKET IPOHUKATD B PA3IUIHbIE
JKUJIKHE CPelibl opranuama (KpoBb, CIIMHHOMO3TOBYIO
JKUJIKOCTh, MOKPOTY 1 7ip.). [Tonaganue B kpoBb B
OCO6eHHO OIIaCHO, 1 IIPAU 3TOM CTOUT OTMETUTD, YTO Y
PA3HBIX BUAOB KUBOTHBIX YYBCTBUTE/JIbHOCTD 110 OT-
notrenuto kK b neopnuakosa [8]. Hupkyisanus au-
JOTOKCHMHA B KPOBU NPUBOAUT K PA3JUYHBIM I1aTO-
(usnonornueckum addexraMm, yXyAIaoIUM CO-
CTOSIHUE U B 3HAYUTETHHOI Mepe OIpeeIsTiOoniM
TSDKECTh KJIMHUYECKOTO cocTosiHus maiuenta. Cau-
TaeTCs, 4YTO B pa3BUTHE TKaHEeBOU TUIIOKCHUH, TIPUBO-
JIATIel K MOJUOPTraHHON HeJOCTATOYHOCTH TIPU CeTl-
CHCe U CENTUYECKOM IIOKe, BHOCST CYII€CTBEHHBII
BKJta] MoJiekyJibl JITIC, criocoOHbIe HAPYIIATD SHIO0-
tenuii cocynoB (DC) Kak HeNocpejiCTBEHHO, TaK U

most conservative part of the LPS molecule repre-
senting the unique phosphorylated glycolipid [7].

Toxicity of bacterial endotoxin. BE is relea-
sed on destruction of bacterial walls, and then it
can penetrate into various body fluids (blood, ce-
rebrospinal fluid, bronchial mucus, and urine).
The BE penetration into the blood is significantly
dangerous, and it should be noted that the sensi-
tivity to BE varies in different animal species [8].
The circulation of endotoxin in blood leads to va-
rious pathophysiological effects, worsening the
condition and largely determining the severity of
patients' clinical condition. Tt is believed that
LPS molecules capable of impairing the vascular
endothelium (VE) significantly contribute, both
directly and indirectly, to the development of tis-
sue hypoxia leading to multiple organ failure in
sepsis and septic shock by activating neutrophils
aggregating on the VE surface. Therefore, the de-
tection of BE in the circulation seems obligatory
for personalization of treatment of life-threate-
ning conditions in sepsis [9, 10].

Test methods for detection of bacterial endo-
toxin. There are four main ways to detect bacterial
endotoxin to date:
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OTIOCPEIOBAHHO, aKTUBUPYS HEHUTPOMUIIbI, arperu-
pytome Ha moepxHoctu JC. [Hoatomy ompemele-
Hue B B upKyIsaiiuu HeoOX0AUMO JIJISt IEPCOHATIH-
3aIUN JICYCHUS JKIU3HEYTPOKAIONTNX COCTOSHUN TIpU
cencuce [9, 10].

Merop! onpeiesienus: 6aKTepruaIbHOTO IHI0-
TOKCHHA. Ha /laHHbII MOMEHT CyIIlecTBYeT uYeTbhIpe
OCHOBHBIX CII0COOa OTpe/esieHnsT GaKTePHATLHOTO
9H/IOTOKCHHA:

1) Ompenenenrie MMPOreHHOCTH HA KPOJTUKAX —
YCTAHOBJICHHE BCEX MMMPOTCHOB, BKIIIOYAS dHIOTOKCH-
uel [11];

2) JIAJT tect (Limulus Amebocyte Lysate
Test) — Tect, MO3BOMSAONINI OIPENEJATH OaKTEPH-
aJIbHbIE DHIOTOKCUHBI (HE MUPOTEHBI KaK TaKOBBIC)
[12] u ero passnynble aHANIOTH, B YaCTHOCTH, PyTO-
Gene™ [13], EndoLisa® u EndoZyme® [14, 15];

3) EAA (Endotoxin activity assay) — mo3Bo-
JIZeT TPOBO/IUTD AaHAJIN3 AaKTUBHOCTH dHIOTOKCHHA B
KpoBU TanuenTa [ 16];

4) MAY-Endotox (MeToJ aKTHBUPOBAHHBIX
yactuil) [17] — mMO3BOJISAET MOMIY-KOJTUYECTBEHHO
OTIPEZIESIATh KaK SHIAOTOKCHHBI OT/EJIBHBIX BUIOB
GaKTepHii, TaK 1 UX CyMMapHOe COJlePKaHIeE.

Omnpenesnenie MHPOTeHHOCTH HAa KPOJHKaX.
[losiroe BpeMs 0 HAIMYUY 9HIOTOKCUHOB B KPOBH CY-
JIUJTH 110 TUPOTEHHOCTH B TecTe Ha Kposnkax. [Tupo-
TeHHOCTDb PACTBOPA OTIPEJIEISIIN ITyTeM BBEICHUS €TO
B KPOBb JKUBOTHOTO ¥ HAOJIOJIEHUS 32 U3MEHEHIEM
temnepatypsl Tesa [18]. IloBblenue TemmepaTypbl
BBIIIIE JIOITYCTUMON HOPMBI YKa3bIBAJIO HA HAJUYME
BO BBOJIUMOM PAaCTBOpPE, COJIEPIKAIIEeM KOMIOHEHTBI
KPOBU OOJIBHOTO, TUPOTEHHBIX TIPUMECEN — MPEIIo-
JgoxutesnbHo, B, Brepsoie atoT Tect Gbu1 ohuUIm-
anbpro pexomengosan Mapmakoreeit CIITA B 1942 r.
I'7aBHBIM HEZLOCTATOK — HEBO3MOKHOCTDL KOJIMYE-
CTBEHHOI o1leHKU cojep:kanus B [19].

JIAJI-tect. JIAJT-Tect wiu Limulus Amebocyte
Lysate (LAL) — xadecTBeHHBIN U KOJNYECTBCHHBIN
METO/I OTIPe/IEJICHUS YPOBHS 9HIOTOKCHUHA, OCHOBAH-
HBII Ha peakiuu in vitro mexkay b u JIAJI-peaktu-
BoM. Tect BriepBbie nipesyioxker B 1968 r. [20]. Ompe-
Jesienrie cojiepxkanus b3 ¢ momorsio JIAJI-Tecta
BO3MOKHO B PA3JIMYHBIX KUAKUX CPe/laX, BKJIOUAs
KPOBb U TIa3My. BriepBbie 3TOT MeTO/[ OBLIT BKIIOUEH
B @apmakoreio CIIA B 1985 1. xak npeaHasnaveH-
HBII JI7sT onpesiesieHrst DaKTePUATBHBIX SHIOTOKCH-
HOB [21]. CaeryeT OTMETHUTD, YTO dHAOTOKCUHBI Pa3-
JINYHBIX BUZOB OaKTEPUl OTIMYAIOTCS 10 CBOEH aK-
tuBHoctu B JIAJI-Tecte 110 cpaBHEHUIO € OIpesesie-
HUEM ITHPOTEHHOCTH HA KPOJMKax [22].

CymectByer Heckosbko Moauduranuii JIAJI-
tecra. Cpen HUX TeJb-TPOMO TECT, XPOMOTEHHBIN
TecT (KHHETUYECKUIA U 1T0 KOHEUHOH TOUKe), a TaKKe
typbopumerpudeckuii JIAJI-rect (KMHETUYECKUIT U
110 KOHEYHOH TOYKe).

Nnest meTona 3aKIII09AETCS B TOM, UTO (DEPMEHT
daxrop C, copepskaiuiics B iusare aMmeO0IUTOB Me-

1) the pyrogenicity test in rabbits helps deter-
mine all the pyrogens, including endotoxins [11];

2) LAL test (Limulus Amebocyte Lysate Test)
is a test that allows to detect bacterial endotoxins
(not pyrogens, as such) [12] and its various analogu-
es, in particular, PyroGene™ [13], EndoLisa® and
EndoZyme® [14, 15];

3) EAA (Endotoxin activity assay) allows to ana-
lyze the activity of endotoxin in patient's blood [16];

4) MAP-Endotox (method of activated partic-
les) [17] allows to carry out a semi-quantification
test for both endotoxins of individual bacterial speci-
es and their total content.

Pyrogenicity test in rabbits. The presence of
endotoxins in the blood has been assessed based on
the pyrogenicity test in rabbits for a long time. The
pyrogenicity of a solution was determined by injec-
ting it into the bloodstream of an animal and monito-
ring the body temperature [18]. The temperature rise
above the reference limits indicated the presence of
pyrogenic impurities, presumably, BE in the injected
solution containing components of patient's blood.
For the first time, this test was officially recommen-
ded by the United States Pharmacopoeia in 1942,
The principal disadvantage of the test is the inability
to accurately quantify the content of BE [19].

LAL test. LAL-test or Limulus Amebocyte Ly-
sate test (LAL) is a qualitative and quantitative met-
hod for the determination of endotoxin levels, based
on in vitro reaction between BE and the LAL re-
agent. The test was introduced for the first time in
1968 [20]. The detection of BE using the LAL-test is
possible in various body fluids including blood and
plasma. For the first time, this method was included
in the United States Pharmacopoeia in 1985 as a test
for bacterial endotoxins [21]. Tt should be noted that
endotoxins of different kinds of bacteria differ in
their activity in the LAL-test as compared to the py-
rogenicity test in rabbits [22].

There are several modifications of the LAL-test.
They include the gel-clot test, the chromogenic test
(kinetic and endpoint procedure), as well as turbodi-
metric LAL-test (kinetic and endpoint procedure).

The concept of the method is that the enzyme
factor C contained in the limulus amebocyte lysate
(Limulus polyphemus) (LAL-reagent), reacts only
with BE, thus triggering a cascade of enzymatic re-
actions leading to activation of a coagulating enzy-
me, which eventually turns coagulogen into coagu-
lin, that leads to the formation of gel (gel-clot and
turbodimetric version of the method). Chromoge-
nic modification of the method uses, instead of coa-
gulogen, a chromogenic substrate hydrolyzed by
the enzyme system activated in the presence of BE
with the formation of a stained product (4-nitro-
aniline) [23].

The gel-clot test is a semi-quantitative LAL-
test version. This method is based on the formation
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Bacterial Endotoxin

B-glucan

Puc. 3 CxemaTtnueckoe npeacTaBieHue reab-oopasosanus B npouecce JIAJI peakuuu.

Fig. 3. Schematic representation of the LAL gelation reaction.

IIpumevanue. Bacterial Endotoxin — Gakrepuanbhblii angorokcu; glucan — rmokan; Factor C (B, G) — daxrop C (B, G); Activated
Factor — akrusnas dhopma dakropa; Proclotting enzyme — npodepment; Clotting enzyme — cseproiBatomuii hepment; Coagulogen —

koaryJoren; Coagulin — koarysum.

yexBocToB Limulus polyphemus (JIAJI-pearenr), pea-
TUpyeT MPAaKTUYeCKU TOJIbKO ¢ B3I, 4To 3amyckaer
KackaJl (pepMeHTAaTUBHBIX PEAKIIUH, IIPUBOJSIIUIN K
AKTUBAIIMKU CBEPTHIBAIOIIETO (hepMeHTa, KOTOPLI B
WTOTE TIPEBPAIAET KOATyJIOTeH B KOATyJIUH, 4TO IIPH-
BOZIUT K 06pa3oBaHuio resist (reib-TpoM6 u Typbou-
METPUYECKUI BApUAHT MeTo/1a). B ciryuae XpoMoreH-
HOU MOZM(UKAIIMT METO/Ia BMECTO KOAryJIoreHa 1c-
HOJIb3YETCST XPOMOTEHHBIN CyOCTpaT, KOTOPbI Iuji-
pPOJIM3YeTCsI aKTUBUPOBAHHOW B HPUCYTCTBUU DO
(bepMEHTHOI cHCTEMOR ¢ 0Opa30BaHUEM OKpAIlEH-
HOTO NPOAYKTa — 4-HuTpoanuanHa [23].
Teb-TpoM6 TecT — TOMYKOJINYECTBEHHbBII Ba-
puant JIAJI-recra. /lanublii MeTO OCHOBaH Ha 00-
Pa3oBaHUK TBEPJOTO TeJist OCHe H00ABIEHUS K UC-
cienyeMomy o6pasily (BOAHOMY pacTBOPY WJIH
miazme kpoBu) JIAJI-peaktuBa (puc. 3). Ilpenen
o6GHApPYKEHUs DHJIOTOKCHHA MIPU TAKOM METOJe CO-
crasster ot 0,01 10 0,03 E9 /M (1 ED 06bran0 co-
otBerctByer 100 nr B3). Kpurepuewm, ucrosib3ye-
MBIM B JIAHHOM METO/I€ TeJic0OPa3OBaHusl, SIBJISIETCSI
COXPaHEHMeE IeJOCTHOCTH 0OPA30BaBIIETOCS B pe-
3yJIbTaTe PEAKI[UU IJIOTHOTO TeJist Ha J[He TIPOOUPKU
1pu ee IepeBopaunBaHun (IOJOXKUTEJIbHBINA pe-
3ysbTaT). OTpUIATEJIbHBIM SIBJISIETCS PE3YJIbTAT, CO-
OTBETCTBYIONMN OTCYTCTBHIO IJIOTHOTO TeJisl WJN
€ro MITHOBEHHOMY Pa3pyLIEeHUIO IIPU lIepeBOpauYnBa-
HUY TPOOUPKHU, YTO O3HAYAET OTCYTCTBHE OaKTEPH-
AJIbHOTO AHJOTOKCUHA HA YPOBHE TIPejieJia 9yBCTBH-
TEJBHOCTH KOHKPETHOTO PEAKTUBA. ITOT METO]

of solid gel after adding the LAL-reagent to the stu-
died sample (water solution or blood plasma). The
endotoxin detection limit of this method ranges from
0.01 to 0.03 EU/ml (1 EU usually corresponds to
100 pg of BE). Criterion used in this method of gela-
tion is the preservation of the integrity of a dense gel
resulting from the reaction on the bottom of the test
tube when it is turned upside down (positive result).
The result is considered negative, in the absence of
the dense gel or its immediate destruction after tur-
ning the tube, which means that there is no bacterial
endotoxin at the sensitivity limit of a specific re-
agent. This method is relatively inexpensive and
does not require specialized equipment for its imple-
mentation. Its disadvantages include low reproduci-
bility and low accuracy of detection of bacterial en-
dotoxin.

The chromogenic LAL-test is based on the for-
mation of a stained product during hydrolysis of the
substrate, which only happens when the enzyme sy-
stem is activated in the presence of bacterial endoto-
xin. In the presence of LPS, test solutions turn
yellow; at that, the color intensity is proportional to
the content of BE, that allows to build a calibration
curve and use this method for the assay of BE. The
peak sensitivity of the method is 0.005 EU/ml. To
carry out the chromogenic test, equipment, allowing
to determine the absorbancy of solutions is required
in addition to main consumables, for example, a stan-
dard spectrophotometer or optical reader for tablets
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CPaBHUTEJIHHO HEIOPOTOW U He Tpedyer Crenu-
AJIbHOTO 0OOPY/IOBAHYS JIJIs ero peaym3anuu. K He-
JIOCTATKaM MOKHO OTHECTH HEBBICOKYIO BOCIPOU3-
BOZIMMOCTH PE3YJIbTAaTOB U HU3KYIO TOYHOCTD OIpe-
JeJieHnst GaKTepUaIbHOTO IHIOTOKCHHA.

Xpomorensuniii JIAJI-Tect ocHOBaH Ha 00paszo-
BaHWU OKPAIIEHHOTO TPOYKTa IPU TUAPOJU3e Cy0-
CTpaTa, KOTOPBIH MPOUCXOANT JIUIIb ITPU AaKTUBAIINN
(hepMEHTHON CHCTEMBI B TIPUCYTCTBUU OAKTEPUATb-
Horo sujorokcuna. [Ipu namuuun JIIIC uccienye-
MbI€ PACTBOPBI OKPAITUBAIOTCS B JKEJITBII I[BET, TIPH-
4YeM WMHTEHCUBHOCTH I[BETA IPOIOPITMOHAIbHA CO-
nepxanuio b, 4To Mo3BOJISAET TOCTPOUTH TPALYUPO-
BOYHYIO KPUBYIO U HCIIOJIb30BATH IAHHBII METO/L /1715t
KOJINYECTBEHHOTO aHan3a cojiep;kanus bd. Makcu-
MaJibHasg YyBCTBUTEJIBLHOCTb METO/A COCTABJSET
0,005 ED/mua. /Iy BbIOJHEHUST XPOMOTEHHOTO
TecTa MOMMMO OCHOBHBIX PACXOIHBIX MaTCPUAJIOB
HEOOX0IMMO 060PYI0BaHHe, TIO3BOJISIOIIEE OIIpee-
JIATH OITUYECKYTO MJIOTHOCTHh PACTBOPOB, HAIIPUMED,
MO’KHO MCIIOJIb30BaTh CTAHAAPTHBIN CHEKTPO(OTO-
MeTp WJIM ONTUYECKUil pujep /s 1sanieroB. He-
OCTIOPUMBIM JIOCTOMHCTBOM XpoMoTeHHOTO JIAJI-
TecTa SBJSAETCS BO3MOKHOCTH TOYHOTO OIIpejiesie-
HUSI, cofiepskanust BO 1 3HAUUTEIbHO HOJIee BHICOKAsT
BOCIIPOM3BOIMMOCTb METOJIA.

Typboaumerpuueckuii JIAJI-TecT OCHOBaH Ha
TOM, UTO TIPU B3aMMOJZIEHCTBUM peakTuBa ¢ b mpo-
HCXOUT IOMyTHEHUE PACTBOPA, T.€. U3MEHSIETCS eTo
OIITUYECKAs TIOTHOCTD, TIPUYEM CKOPOCTh M3MEHe-
HUA JAHHOTO MapaMeTpa HAIPAMYIO 3aBUCUT OT KO-
JINYEeCTBEHHOTO coziepskannsd bad. Kak mpasuiio, kpu-
TepueM OICHKHU SIBJSETCS JOCTUKEHUE 3apaHee
OTIPE/IEJICHHOTO TIOPOTOBOTO 3HAYCHUS ONTUYECKOMN
mrotHoctu. Cpenu Beex Bapuanuii JIAJI-tecra nan-
HBII MeTOJ SIBJIsieTcsl HanboJiee UyBCTBUTEIbHBIM
(MakcumasibHasg yyBcTBUTEabHOCTD 0,001 EJ/Mun).
BoinosiHenne anasmsa TpebyeT HaJUdusi TEPMOCTa-
TUPYIOIIETO HHKYOAaTOpa ¢ (hOTOMETPOM, TTO3BOJISTIO-
IIEr0 TTPOBO/IUTH HENIPEPLIBHOE U3MEPEHHE ONTHYEe-
CKOU TJIOTHOCTH PEAKIIMOHHON CMeCH TIPH WHKYyOa-
WU B YCJIOBUSX 3a/IaHHOM TeMIIePaTyphl.

[Tpu anasmse GUOJIOTMYECKUX JKUAKOCTEH METO-
JoMm JIAJI-Tecta Ba;KHO IOHUMATh, YTO B HUX MOTYT CO-
JIepsKaThCs KOMIOHEHTDI, METIATOIIIE TPOBECHUIO Pe-
akuu ¢ cyoerpatoM. Tak, MUPKyJIUpPyONMi 60K
LBP, MeMOpaHO-aCCOIMUPYIONIHECS] MOJIEKYJIBI TPa-
HyJioruToB 1 MoHoiuToB (CD11/CD18, CD14 u n1p.),
a TaKKe MOBEPXHOCTHBIE CTPYKTYPHI TPOMOOIMTOB
00J1a1a10T CII0COOHOCTDHIO CBSA3BIBATH U HEHTPAIM30-
Batb JIIIC [24, 25], yTO cCHUXKAET TOYHOCTD OTIpEJIeie-
Hus kosmdecTBa B B skuakux obpasiax. Kpome toro,
B KPOBHU COJICPKATCS CEPUHOBBIC ITPOTEA3bI, TUAPOJIH-
3YIOIIUE TTENTU/THBIE CBA3U (DEPMEHTOB, y4aCTBYIOIINX
B KacKajle PeaKiuil; GOJIbIIoe COJAEpKaHMe POTEas3 B
6uoo6pasifax (HapuMep, B pe3yJibTare BbIX0JIa TPOTe-
a3 13 Pa3pyIICHHBIX KJIETOK ITPY TPABMAX, IPYTUX KPU-
TUYECKUX COCTOsIHUSAX) gnesaer orpenenenue JITIC

may be used. The undeniable advantage of the chro-
mogenic LAL-test is the ability to determine the
content of BE accurately and a significantly higher
reproducibility of the method.

The turbodimetric LAL-test is based on the
fact that turbidity of the solution occurs during inte-
raction of the reagent with BE, i.e. its absorbancy
changes; at that, the rate of this change depends on
the quantity of BE. As a rule, achievement of a pre-
determined threshold of the absorbancy is the assess-
ment criterion. Among all variations of the LAL-test,
this method is the most sensitive one (the peak sen-
sitivity is 0.001 EU/ml). The analysis requires a
thermostatic incubator with a photometer, allowing
to perform continuous measurements of the absor-
bance of the reaction mixture during incubation at a
given temperature.

When analyzing biological fluids by means of
the LAL-test it is important to understand that they
might contain components preventing a reaction
with the substrate. For instance, circulating LBP
protein, membrane-associated molecules of granulo-
cytes and monocytes (CD11/CD18, CD14, etc.), as
well as superficial structures of platelets have the
ability to bind and neutralize LPS [24, 25] thus dec-
reasing the accuracy of the BE counting in liquid
samples. In addition, the blood contains serine pro-
teases hydrolyzing peptide bonds of enzymes invol-
ved in the cascade of reactions; a greater content of
proteases in biosamples (for example, as a result of
release of proteases from destroyed cells after trau-
mas and other critical conditions) makes the LPS de-
tection difficult [26]. On the other hand, proteases
can activate enzymes contained in the Limulus coa-
gulation system which is similar to that of mammals,
resulting in false positive test results [27]. In addi-
tion to the proteins, (1,3)-8-D-glucans, the compo-
nents of fungal cell walls, are present; like LPS, they
can activate the enzyme cascade. In order to reduce
the probability of false results in blood and serum
tests, a specially designed Glucashield ™ buffer com-
patible with the reagent for the LAL-test should be
used. While using it, enzymes, producing the LAL-
reaction cascade are insensitive to (1,3)-8-D-glucans
that allows a more precise measurement of endotoxin
in the sample. In general, pretreatment is required to
abrogate a negative impact of various blood proteins
that prevent the reliable and reproducible results of
the LAL-test when testing for bacterial endotoxins
[28].

Therefore, the advantages of the LAL-test in-
clude a sufficiently high sensitivity, simplicity and
relatively short testing time. The method is charac-
terized by a relatively low cost, reproducibility, and
simplicity. Disadvantages of the method includes: (a)
lacking the specificity in the analysis of the content
of BE in multicomponent solutions such as blood
and plasma, and (b) requirement of special equip-
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npobematuaHbiM [26]. C apyroit CTOPOHDI, TPOTEA3bI
MOTYT aKTUBUPOBATh (DEPMEHTBI, COCTABJISIONINE CHU-
CTEMY CBEPTBIBAHMS KPOBU MEUYEXBOCTOB, CXOIHYIO C
TAKOBOM y MJICKOITUTAIONINX, YTO TIPUBOJIUT K TTOJTyde-
HUIO JIOJKHOTOJIOKUTEJIBHBIX PE3yJIbTaTOB aHAIN32A
[27]. B notmosiHeHue K GekaM, B KPOBH B HEOOJIBIITUX
KosimdecTBax copepsxkarcs (1,3)-B-D-riaokanbl, KoM-
MOHEHTBI CTEHOK IPHOKOBBIX KJIETOK, KOTOPbIE, TAK/KE
kak u JIIIC, moryT aktuBUpoBaTh (hDePMEHTHBII Kac-
Kajl. J[Jist TOTo, 4TOOBI CHU3UTD BEPOSITHOCTD MOJTyde-
HUA JIOKHBIX PE3yJIbTAaTOB P UCCIEIOBAHUN KPOBU
U CBIBOPOTKH, HEOOXOIMMO HPUMEHSITH CIIEIUATbHO
paspaboranubiii 1715t atoro 6ydep Glucashield™, co-
BMecTUMBIN ¢ pearentoM it JIAJI-tecra. [Ipu ero
MCIOJB30BaHUH (hePMEHTBI, MTPOAYITUPYIONINE Kac-
kay JIAJI-peakiinu, OKa3bIBAIOTCSI HEUYBCTBUTETHHbBI
K (1,3)-f-D-rmokanam, 9T0 MO3BOJISIET TIPOU3BECTH
6oJiee TOUHOE U3MePEHIEe DHIOTOKCHHA B 0Opasiie. B
o011eM ¥ 11eJ10M, HeoOXoAuMa IpeJBapuTebHas 00-
paboTKa, [e3aKTUBUPYIOIIAast HEraTUBHOE BO3JEi-
CTBUE PA3JIMUYHBIX GEJTKOB KPOBH, MEIAONINX TTOJTY-
YEHUIO IOCTOBEPHBIX U BOCITPOM3BOIUMBIX PE3yJibTa-
TOB aHajn3a OAKTEPUAIBHBIX IHIOTOKCHMHOB METO-
nom JIAJI-tecra [28].

Taxum o6pasom, k mpermyiiiectBam JIAJI-tecta
OTHOCSITCSI TOCTATOYHO BBICOKAS UyBCTBUTEJHHOCTD,
IPOCTOTA M OTHOCUTETHHO HEGOJIBIIIOE BPEMSI TTPOBe-
JIleHUs aHaim3a. MeToj XapaKTepu3yercs CpaBHU-
TEJbHO HEBBICOKON CTOMMOCTHIO, BOCIPOU3BO/U-
MOCTBIO, YIOOCTBOM mpuMeHeHust. Hepocratkamu
MeTo/la SABJAIOTCS: () HejocTaTouHas creruduy-
HOCTD TIPU aHAJIM3e cofiepsKaHusd b B TakuX MHOTO-
KOMIIOHEHTHBIX PacTBOpaX, KaKk KPOBb U IJIa3Ma, U
(6) HEOOXOAUMOCTD HAIMYHUS CIIEIUATILHOTO 000PY-
JIOBaHU, UYTO 3aTPYHSET €ro UCIOJb30BaHUE B Kaue-
CTBe 3IKCIIPECC-METOJIa B YCJOBUSX CTaloHapa. B
1eJIOM, MeTOJ H0Jiee BCEro TIOIXOAUT JIJIsl OIpesieie-
HUg BO B BOAHBIX PAacTBOpax; €ro MpUMEHEHHE C
IEJIbI0 IMATHOCTUKUA TPAMOTPHIIATEIHHOTO Cercuca
SABJISETCS HEJIOCTATOUHO CHEeN(PUIHDBIM.

PyroGene™. JIpyroii MeTos aHajim3a GakTepu-
AJTIbHOTO HH/IOTOKCUHA B BOJIHBIX CPe/lax OCHOBAH Ha
ucnosbzoBanuu Habopa PyroGene™, pazpabotaHHo-
ro kommnanueir Lonza [29]. CyTb MeToza B TOM, UTO
BMeCTO HaTUBHOM (hopMmbl hakTopa C remocTasa mMe-
YEeXBOCTOB HCIOJIb3YIOT PEKOMOUHAHTHbBIE MOJIEKY-
gl hakropa C (rFC), akTuBupyionmecs 1mnpu CBI3bl-
BaHuu ¢ b3I, uto nmpuBomuT K amuccuu Qiyopec-
IEHTHOTO CUTHaa. MeTo/ gBJSETCS aHAJIOTOM I10-
nyssipaoro JIAJI-tecta, ogHako Gosee crenupuy-
HbIM B OTHOIIEHWU BbIsIBJIeHUs umenHo bI. Uc-
noJsib3oBanre uMeHHo TFC 103BoJIgeT UCKIIOUUTD
JIO3KHOTIOJIOXKUTEIIbHBIC PE3YJIbTATDI, IEPUOINYCCKU
posHukamwlue B JIAJI-recre B ¢BgA3U ¢ HAJIUYUEM B
OUOJIOTHYECKUX JKUJKOCTSIX TIePEKPECTHO-PEaru-
pyomux B TecTe fB-TJIOKaHOB. UyBCTBUTENBHOCTH
merona PyroGene cocrasisier 0,005 E3 /M. K nemo-
CTaTKaM MOKHO OTHECTHU (0Jiee BHICOKYIO CTOUMOCTD,

ment, which makes it difficult to use the test in an
express hospital setting. In general, the method is the
most appropriate one for determining BE in aqueous
solutions; its use for diagnosis of Gram-negative sep-
sis is not sufficiently specific.

PyroGene™. Another method of analysis of
bacterial endotoxin in aqueous media is based on the
PyroGene ™ kit manufactured by Lonza [29]. The
essence of the method is that recombinant molecules
of factor C (rFC) activated at binding to BE are used
instead of the native form of factor C of Limulus he-
mostasis, thus leading to the emission of a fluorescent
signal. This method is analogous to the popular LAL-
test, but it is more specific in identifying BE. The use
of rFC permits to exclude false positive results recur-
ring in the LAL-test due to f-glucans in biological
fluids cross-reacting in the test. The sensitivity of the
PyroGene method is 0.005 EU/ml. Disadvantages
include a higher cost, and the only one manufacturer
and supplier licensed in Russian Federation.

EndoZyme® and EndoLisa®. The EndoZyme®
method is used for the in vitro assay of BE in biologi-
cal, pharmaceutical and other samples; it is also based
on the interaction of BE with rFC [15], resulting in a
fluorescent signal which is detected instrumentally.
The peak sensitivity of the method is 0.005 EU/ml.

The EndoLisa® method is a variation of the En-
doZyme® method; the main difference is in prelimi-
nary accumulation of BE a using recombinant prote-
in of a bacteriophage fixed to a polymer substrate.
Detection is carried out using the enzyme system
that contains rFC.

Both methods allow to avoid false-positive re-
sults due to reactions with -glucans in the LAL test,
and also allow to work with concentrated salt solu-
tions. It is important to note that the EndoLisa ®
method shows a good correlation with other met-
hods (LAL-test) in determining BE; in July, 2016,
the European Pharmacopoeia allowed to use it in cli-
nical practice for the quantitative analysis of bacteri-
al endotoxin [ 31].

Endotoxin Activity Assay — EAA. In 1998, the
first method for assessment of the endotoxin activity
(Endotoxin Activity Assay, EAA) directly in whole
blood was developed for diagnosing Gram-negative
infections [32]. It has become the first and currently
the only quantitative assay of BE in the blood appro-
ved by the United States Food and Drug Admini-
stration (FDA) [33, 34]. The EAA test is based on
the fact that the blood endotoxin binds to anti-endo-
toxin antibodies (monoclonal murine IgM), then the
resulting complex of the antigen (LPS) and antibo-
dies (contains a fragment affine to complement com-
ponents) interacts with the complement factor, and
the entire complex is captured by receptors of the
complement expressed on the surface of neutrophils
in a whole blood sample. In the presence of Zymosan
A (a glucan causing a pronounced reaction of innate
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a Takxke 1MPobJeMy TPUOOPETEHUST HA TEPPUTOPUHN
P® B cBs3u ¢ HAIMYMEM €IMHCTBEHHOTO MTPOU3BO-
JIUTEJIS W TOCTABIIMKA.

EndoZyme® u EndoLisa®. Mertox EndoZyme®
HCTIONIB3YETCA /IS KOJIMYECTBEHHOTO onpesiesieand b
in vitro B GuoNOrMYeCKUX, (hapMaIleBTUYECKUX U JIPY-
rux 06pasIfax, OH TAK)Ke OCHOBBIBAETCSI HA B3aUMOJIEii-
crBuu b3 ¢ rFC [15], 4To npuBOIUT K BO3HUKHOBEHUIO
(haryopectienTHOTO CHUTHANA, KOTOPBIN JICTEKTUPYETCS
MHCTPYMEHTATbHO. MaKkcuMasibHAs 4yBCTBUTEIBHOCTD
Mmetoza coctasisieT (0,005 ED /vt

Metox EndoLisa® ssistetcst BapuaIueii MeToja
EndoZyme®, ocHOBHOe pasjinuue 3aKI0UYaeTcsl B
MIpeIBAapUTEIHHOM KOHIIEHTpUpoBanuu B 1pu 1mo-
MOIIM PeKOMOMHAHTHOTO Gesika Gakreprodara, 3a-
KpPeIJIEeHHOTO Ha MOoJIMMepHOU mojioxke. [leTexTn-
POBaHUE OCYIIECTBIACTCA IPU TTOMOITH (hDEPMEHTHOM
cucrembl, conepskaieit rFC.

O6a aTHX MeTo/a MO3BOJIAIOT U30ekKaTh JIOK-
HOIIOJIOKUTEBHBIX PE3YJIbTATOB, KOTOPbIe OBIBAIOT
u3-3a peakiuit ¢ f-rmoxkanamu B JIAJI-Tecrte, a
TaKKe TMO3BOJISIOT PaboTaTh € KOHIIEHTPUPOBAHHDI-
MU COJIEBBIMHM PAacTBOpaMiu. BaKHO OTMETUTB, UTO
metog EndoLisa® mokasbiBaeT xopolnyio KoppeJis-
muio ¢ aipyrumu metonamu (JIAJI-tect) npu onpese-
Jgennn b3d u ¢ uioma 2016 rona paspenien EBporneii-
CKOIl (hapmakorieeil K MCIOIB30BAHUIO JIJIS aHAIU32
cojiepKaHusT DaKTePUATbHBIX SHIOTOKCHHOB B KJIH-
HUYecKol npakTtuke [31].

Endotoxin Activity Assay — EAA. B 1998 roxy
C IEJIbI0 JIUATHOCTUKU TPAMOTPUIIATETbHON GakTe-
puanbHOil mHMeKIUN ObLT pazpaboTaH METOJT OIpe-
Jeserns aktusHocTH aH0ToKcuHa (Endotoxin Acti-
vity Assay, EAA) HemocpeicTBEHHO B IEJbHON
kpoBu [32]. On sBygeTCd TEPBbIM M HA JAHHBINA MO-
MEHT €[IMHCTBEHHBIM KOJMYECTBEHHBIM AHAJIN30M
b9 B xposwu, yrBep:kaenubiM B CIITA Ynpasienuem
[0 CAaHUTAPHOMY HA/I30PY 34 KAUYeCTBOM IHUIIEBBIX
npoayktoB u MeaukamenToB (FDA) [33, 34]. EAA
TECT OCHOBAH HA TOM, UTO HAXOATUICSA B KDOBY 9H-
JIOTOKCUH CBSI3BIBACTCS € AHTUIHAOTOKCUHOBBIMU
aHTuTesaMn (MOHOKJIOHAJIbHBIN [gM Mbln), nocie
vero obpasoBasimiicst komiieke anturena (JITIC) u
aHTuTesa (Co/epKuT hparMenT, ahuuHBII K KOMITO-
HEHTaM KOMIIJIEMEHTA) B3aMMOZEHCTBYeET ¢ (hakTo-
POM KOMIIJIEMEHTA, U BECh KOMILJIEKC 3aXBaThIBAETCS
perenTopaMu KOMILIIEMEHTA, 9KCITIPECCUPYIOTTUMUCS
HA MMOBEPXHOCTH HEUTPODUIOB B 00pasile MeabHOI
KkpoBU. B nipucyrcTBun 3umMosana A (TJoKaH, BbI3bI-
BAIONIMI BBIPAKEHHYIO PEAKIMIO KJIETOK BPOK/CH-
HOTO MMMYHHUTETA) IPOUCXOJUT <«PECIUPATOPHBIN
B3PBIB» HEUTPOMDUIOB, U BBIIEJSETCS OOJIBIIOE KO-
JINYECTBO BBICOKOPEAKTOTEHHBIX MOJICKYJI-OKNUCITH-
TeJieid, KOTOPBIE IETEKTUPYIOTCS METOIOM JIIOMITHOJI-
3aBUCUMOIT XeMUTTIOMUHECTIeHITH. KosimdecTBeHHOE
oripejiesieHIe cojiepskanns BO ocHOBaHO HA TOM, UTO
WHTEHCUBHOCTD JIIOMUHECIIEHITUN TIPOIIOPIIMOHAIb-
Ha KOJIMYECTBY HHIOTOKCHUHA, MPUCYTCTBYIONIETO B

immunity cells) a «respiratory burst» of neutrophils
occurs, and a large amount of highly reactive oxidant
molecules is released, which are detected by the lu-
minol-dependent chemiluminescence. The BE assay
is based on the fact that the intensity of luminescen-
ce is proportional to the amount of endotoxin pre-
sent in the blood sample. The EBA method helps
identify pathogens based on the presence of their
product (BE) directly in the blood without time-
consuming sample preparation. Only 10 pl of blood is
required for the analysis; the test takes only 30 minu-
tes [33].

The applicability of the method is limited to
whole blood, because it requires the presence of ne-
utrophils. In addition, specialized expensive equip-
ment is required allowing to carry out necessary
processing of the blood, as well as devices for rea-
ding the chemiluminescence signal. The fact that
the analysis should be performed directly in a speci-
fied clinic may be an important limitation of the
method, because only a quick test after blood sam-
pling gives informative, adequate information. Anot-
her significant problem of practical application of
the test in clinic is an ambiguous relationship betwe-
en the LPS content and the EAA test result. A num-
ber of works present data on the inconsistency of re-
sults obtained by the «classic» way for endotoxin
detection: the LAL-test and the EAA [35—37]. The
researchers note that the level of the endotoxin acti-
vity measured by the EAA method may be elevated
not only due to Gram-negative sepsis, but also
Gram-positive, which is also confirmed by the lack
of a direct relationship between the presence of en-
dotoxin and the EAA result [36—38]. At that, intro-
duction of interleukin-8 into the bloodstream leads
to increased activity of endotoxin determined by the
EAA [35]. The molecular concept of the method it-
self does not exactly correspond to the definition of
BE, as indicated by the authors of the work [39].
Therefore, EAA results are currently used rather as
a biomarker of sepsis than as a method of direct de-
tection of BE in patient's blood [38, 40, 41].

Method of activated particles (MAP) Endo-
tox. The method of activated particles was develo-
ped for the detection of BE in blood to diagnose
Gram-negative bacterial infections; at that, this kit
identifies BEs of from different bacteria, which al-
lows to determine the causative type of bacteria. The
analysis is carried out by adding the preliminary pre-
pared biological liquid to polystyrene microspheres
with surface-immobilized monoclonal antibodies
IqG, and 1qG,, [42]. In the presence of BE, the anti-
gen-antibody complex is formed, and the result of
the reaction is monitored visually by the degree of
particle activation, i.e. by the presence of large flakes
and grains, as well as the turbidity of the solution.
The sensitivity of the method is 0.04 EU/ml for LPS
of E. coli and S. typhi.
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CpaBuenue metonos onpenenenus JIIIC.
LPS detection methods.
Method Sensitivity, LPS detection LPS detection Quantitive LPS
EU/ml in aqueous solutions in blood detection
Pyrogen Test on Rabbits — ++ — —
LAL-test
gel-clot LAL-test 0,03 e + +
chromogenic LAL-test 0,005 +++ ++ +++
turbodimetric LAL-test 0,001 +++ ++ +++
Endo-tests
EndoLisa® 0,05 4+ — 4+
EndoZyme® 0,005 +++ — +++
Other tests
PyroGene™ 0,005 +++ — +++
EAA test 0,2 — +++! +++
MAP test 0,04 no data +++ ++

Note. ! — Determination of LPS content by this method is debatable.

ITpumevanue. Method — mertog; sensitivity — uyscrButenprocts; EU/ml — EQ/mu; LPS detection in aqueous solutions — onpene-
aenue JITIC B Bopubix pactsopax; LPS detection in blood — onpenenenue JITIC B kposu; quantitive LPS detection — kosmuecTBeH-
Hoe onpeaenenue JIIIC. Pyrogen test on — rabbits- nuporentnocts (Ha kposmkax); LAL-test — JIAJI-tect; gel-clot -resib-tpom6 Tecr;
chromogenic LAL-test — xpomorennsiii JIAJI-tec; turbodimetric LAL-test — Typ6oanmerpuuecknii JIAJI-Tect; Endo-tests — Endo-
tecto; EAA test — EAA tect; MAP test — MAY tect; Other tests — apyrue tectsi; no data — HeT JaHHBIX. ' — SBJIAETCA AUCKYyTa-
GesTbHOI BO3MOKHOCTH ompeseserus comgep:xkanust JIIIC manHbIM METOZOM.

obpasie kposu. EAA MeTOJ 1103BOJISIET OIIPeLe/IsaTh
MATOTEHHBI 110 HAJIMYUIO UX MpoaykTa — B3I Hero-
CPEJICTBEHHO B KPOBU 63 TPY0EMKOH T1POOOIIOTo-
ToBKU. /Ly ipoBe/ienns ananusa goctatouro 10 v
KpoBH, TecT 3aHuMaet Bcero 30 munyt [33].
[TpuMeHNMOCTH METO/Ia OTPAHUYNBAETCS 11€JTh-
HOU KPOBbIO, TAK KaK HEOOXOMMO HAJIUUUE HEUTPO-
¢dbusoB. Kpome Toro, 1ist €ro BBITIOJHEHUST HEOOX0-
JIMO CIIETUAIU3UPOBAHHOE JIOPOTOCTOsIIee 000Py-
JIOBAHUE, MO3BOJISIIOIIEE TPOBOIUTD HEOOXOIUMYIO
006paboTKy KPOBH, a TaKKe MPUOOPBI JJisI CUUTHIBA-
HUS XeMUIJIIOMUHECIIEHTHOTO cuTHama. CyliecTBeH-
HBIM OTPAHMYCHUEM METOJA MOXKET SBJATHCS U He-
00XOINMOCTD MTPOBEIECHIST AHAIM3a HEMIOCPEICTBEH-
HO B JIAaHHOI KJIMHWKE, TOCKOJIBKY TOJBKO OBICTPOE
OITpeJiesIEHIE TIOCJIE B3sITHsI 0OPA3II0B KPOBH Y MAIH-
eHTa JaeT UH(GOPMATUBHBIE, a/ICKBATHLIC CBEICHMUS.
Jlpyroii 3HAYMMOU TPOOIEMOiT TIPAKTUIECKOTO MPH-
MEHEHUS TeCTa B KIMHUKE SBJISETCS HEOTHO3ZHAUHAS
cBg3b Mexay copepskanuem JIIIC m pesynbratom
EAA recra. B psizie paboT IpUBOJISITCS IaHHbBIE O He-
COOTBETCTBUM PE3YJIHTATOB, TOJYUYCHHBIX <«KJACCH-
YECKMM» CIIOCOOOM JIETEKTUPOBAHUS IHIOTOKCUHORB
— JIAJI-tectom u EAA [35—37]. UccnenoBaresu oT-
MEYaloT, YTO YPOBEHb aKTUBHOCTD dHIOTOKCUHA, U3-
MepeHHbII MeTogoM EAA, MoKeT OBITh MOBBIIIEH HE
TOJIBKO TIPU TPAMOTPHUIIATETHHOM CETICUCe, HO U TIPU
IPaMIOJIOKUTETTHHOM, YTO IOTTOJHUTETHHO MTOITBEP-
JKJIAET OTCYTCTBUE MPSIMOM CBA3U MEKIY HAIMIMEM
aHIOTOKCHHA U pe3dyabTatoM EAA [36—38]. Ilpu
3TOM BBe/IEHUE B KPOBb MHTEPJIECUKUHA-8 TIPUBOAUT
K YBEJWYEHUIO aKTUBHOCTU 3HIOTOKCHUHA, OIpe/e-
asiemoii 1o metoxy EAA [35]. Cama mosexyJsipaast
KOHIIETITUS METO/Ia He BIIOJIHE COOTBETCTBYET OIpe-
nenernio BD, Ha YTO yKasblBalOT aBTOPbI PabOTHI
[39]. [Toatomy pesyabratel EAA B HacTosIIEE BpEeMs

Comparison of the methods. The main advan-
tages and disadvantages of the methods for BE de-
tection in different media are presented in Table 1.
Chromogenic and turbodimetric LAL-test (and its
analogues) are the most useful tests for BE determi-
nation in aqueous solutions which allow to carry the
analysis quickly enough with appropriate quality
without time-consuming sample preparation; they
also demonstrate a better sensitivity. The LAL-test
may be also used to determine the BE in the blood
and other biological fluids, but there are problems
with sample preparation and reproducibility due to
glucans and other molecules impeding the detection
whose blood levels vary considerably. EAA and
MAP-Endotox are optimal to meet the challenges of
clinical diagnosis. Although the EAA remains a pro-
mising candidate biomarker indicating the presence
of a bacterial infection including sepsis, it cannot di-
rectly determine the concentration of LPS of Gram-
negative bacteria. MAP-Endotox is a semi-quantita-
tive method with advantages of simplicity and quic-
kness in detecting the BE. Therefore, there is cur-
rently no universal test eligible to meet the challen-
ges of detecting BE. The BE detection in the blood
as a diagnostic criterion of septic complications of
critical states is still ambiguous.

This work was financially supported by the
Ministry of Education and Science of the Russian
Federation (Grant agreement No. 14.577.21.0165
as of 28.10.2015 within the framework of the Fede-
ral Target Program «Research and Development
in the Fields of High Priority in Development of
the Scientific-Technological Complex of Russia in
2014—20205 ).
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HCTIOJIb3YIOT CKOpee B KauecTBe GHOMapKepa Cercu-
ca, yeM Kak MeTo[ TIPsSIMOTO orlipeneienus B B
kpoBu naiuenTos [38, 40, 41].

Meron aktusuposanubix yactu (MAY) Endo-
tox. MeTo/1 ak THBHPYEMBIX YacTHI[ OBbLT pa3paboTan
I ompezieienust cojepskanust b3 B KpoBu Jis 1u-
ATHOCTUKHU TPAMOTPUIIATEIHHBIX OaKTEePUAIbHBIX
uHGbEKIHIL, TPU 9TOM B HAGOP BXOJAT JIUATHOCTHKY-
MBI JUUIsT oTpejiesieHust B pasHbIX GakTepwuii, 4To
MO3BOJISIET BBISIBUTH BO30YyUTENst. AHAIN3 TIPOBO-
JSIT TyTeM TPUOABJICHUS MPEIBAPUTENHHO MOJTO-
TOBJIEHHOU OGUOJIOTHYECKO KUIKOCTH K MUKPOChe-
paM IMOJIMCTUPOJIA, HA TOBEPXHOCTH KOTOPHIX UMMO-
OUJIM30BaHbI MOHOKJIOHA/IbHBIE aHTHTENna 1qGy u
1qG,, [42]. TTpu Hasmuuu B 06pasyercst KOMILIEKC
«AQHTHUTEJIO-AaHTUTEH», U PE3YJIbTAT PEAKIIUU KOHTPO-
JIUPYETCSI BUBYAJIIbHO IO CTEIeHU AKTHBUPOBAHUS
YACTHII, T.€. 10 HAJUIUIO KPYITHBIX XJIONbEB 1 3ePeH,
a Tak)Ke 110 NMOMYTHEHWIO pacTBopa. UyBCTBUTEJID-
Hoctb Meroza cocrtasysger 0,04 E9/mn pa JIIIC
E.coli u S.typhi.

CpaBHenne MeTo10B. OCHOBHBIE JIOCTOMHCTBA
U HeJOCTaTKU METONOB olpenesenns bD B pa3Hbix
cpenax mpejicTaBiieHbl B Tabsmuie. Jlyist orpeeneHst
B3 B BomHBIX pacTBOpax Hanbosee yaobeH XpoMo-
reHHbI 1 TypOoanMerpudeckuii JIAJI-rect, a TakKe,
€ro aHaJoru, KOTOPbIE MO3BOJISTIOT MPOBOJAUTD aHa-
JIU3 JIOCTATOYHO OBICTPO, KOJIMYECTBEHHO U O€3 Tpy-
JIOEMKOU 1TPOGOIIOAIOTOBKH, a TaKsKe, 00J1a1aloT JIyd-
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nieil 4yBCTBUTENbHOCTBIO. [l onpeziesienuss bD B
KPOBHU U JIPYTUX OMOJOTHYECKUX JKUAKOCTSIX TAKIKe
MOKHO TipuMensTh JIAJI-TecT, 0JlHAKO BO3HUKAIOT
TPYAHOCTH € MPOOOMOATOTOBKONU M BOCIIPOU3BO/IH-
MOCTBIO PE3yJIbTATOB M3-32 MEMIAIONINX OIpeese-
HUIO TJIIOKAHOB M JIPYTUX MOJIEKYJI, COZIEPKaHUE KO-
TOPBIX B KPOBY MAIMEHTOB 3HAYUTEJIBLHO BapbUPYET.
s permenus 3a7ad4 KIWHUYECKOW AMATHOCTUKNA
ONTUMAJIbHBIMU SABJISTIOTCS TecThl EAA u MAY-En-
dotox. TlepBblit U3 HUX, XOTSI U SIBJSIETCS EPCIIEK-
TUBHBIM OHOMapKepoOM Hajnuusi GaKTepHajbHOU
nHpeKIMY, BKIOYAd CEICUC, HEe TTO3BOJIICT HaIps-
Myto ompenensarb copepxanue JIIIC rpamorpuia-
tenbHbIX OGakrepuit. MAY-Endotox siBiistercst moury-
KOJIMYECTBEHHBIM METOJIOM, HO OH MUMEET CBOM IIpe-
MMYTIECTBA BBU/LY TIPOCTOTBI U CKOPOCTH OIIpe/iesie-
Hust B, Takum 00pa3oM, Ha JHaHHBIN MOMEHT HeT
YHUBEPCAJIBLHOTO TECTa, MPUTOIHOTO [IJIs PEIleHUS
3agau gerexkTupoBanusg B, OcobeHHO HeoHO3HAY-
HO TIOKa OTIpeiesieHue cofiepskanns b B KpoBU Kak
JIMATHOCTUYECKOTO KPUTEPUS CEIMTHYECKUX OCIOXK-
HEHUH KPUTUYECKNUX COCTOSTHUM.
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Pas3pabOoTKH MO MPHOPUTETHHIM HANPABICHHUSIM Pa3-
BHTHUSI HAYYHO-TEXHOJOTHYECKOro komiuiekca Poc-
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Hayuno-npaktuueckuii sxypHaua «O01ast peaHMaToJIOT s>,
Bxoasuuii B nepeuenb BAK PD, B Scopus u apyrue 6asbl JaHHBbIX,
IIpe/iHa3HAYeH [T Bpadyeil aHeCTe3M0I0TOB-PEaHIMATOIOTOB 1 HAYYHBIX COTPY/THUKOB.

TemaTuka sKypHasia: natoretes, KJIMHNKA, ANATHOCTHKA, JIedenne, MpodUIakTHKA U ITaTOJI0THYecKas aHaTo-
MUS KPUTHYECKNUX, TEPMUHAIBHBIX W MTOCTPEAHNMAIIMOHHBIX COCTOSTHWH; OKa3aHue TOTOCIUTATBHON TOMOIIN TP
KPUTHYECKUX COCTOSTHUSIX; 00yUYeHne HACeNeH s U MEAUIMHCKOTO MepCOHANa TPHeMaM OKa3aHUs HEOTIOKHOIM
HOMOIIU TIPU KPUTHUYECKUX COCTOSIHUSX; ontuMusanust paborst OPUT; ropupnueckue U aTu4ecKre BONPOCHI B

obJjactu AHECTE3NOJIOTUN-PEAHUMATOJIOTNH.

Aynuropust: JieueOHbIE YUPEKIEHUS; BbICIINe YueOHble 3aBeJeHUs] MEAUIIUHCKOTO TPOMUIISE; MEUIIUHCKUE
YUPEKIEHUS! TOCJEUIIIIOMHOT0 obpasoBanusi, DeepaiibHble U PErMOHAIBHBIE OPraHbl YIIPABJIEHUs 3[[PABOOXPa-
HEHUEM, MEJIUTINHCKIE HAYYHO-UCCJE0BATENbCKIE HHCTUTYThI; MEAUTIUHCKIE GUOIHOTEKH.
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Sepsis-Associated Encephalopathy (Review)
Natalia B. Beloborodova, Irina V. Ostrova
V. A Negovsky Research Institute of General Reanimatology,

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

PesysibTaThl MEXK/LyHAPOHBIX UCCJIEIOBAHNI YKAZBIBAIOT HA €KETO/IHBIN POCT YACTOTHI M AKTYAJTbHOCTU CETICH-
ca B peaHMMAILMOHHBIX oTeseHusaX. OHUM 13 HanboJiee PAHHUX [IPU3HAKOB, & TAK/KE YACTHIM OCJIOKHEHUEM Cell-
cuca siBJjseTcs TucyHKINSA MO3ra WIN Tak Has3biBaeMmas cercuc-accorunposannas aunedanonatus (SAE). /lo
70% GOJIbHBIX € CEIICHCOM UMEIOT cUMITOMbI 3HIedanonatuu |1, 2]. Ocoboe HGecrioKOHCTBO BbI3bIBAET (haKT Ipsi-
Moit cBsiaut SAE ¢ TIOBBIIIEHHON JIETAIBHOCTBIO, & CPE/I BHIKUBIIIKX TIOCIE cericuca OoJee TTOJOBIUHBI IMEIOT JJTH-
TeJIbHBIE KOTHUTHBHbIE PACCTPONCTBA, HAPYIIEHUS TTAMSITH U KOHI[EHTpaIiy BHuMauust [3—5]. Jluarnocruka aunc-
(YHKI[MM MO3Ta [IPH CEIICKCE YaCTO 3aTPy/AHEHA U3-3a OTCYTCTBUS creln(uueckux OMOMapKepoB, a TAKKE B CBI3U
C YACTHIM IIPUMEHEHUEM CeJaTUBHBIX [IPENapaTtoB y KpuTuueckux 6ouabHbiX. KinHuueckue nposisienus: SAE pas-
HOOGPa3HbI, MOTYT BAPbUPOBATH OT MPOCTOTO HEOMOTAHUS U HEJOCTATKA KOHIIEHTPAIIMY BHUMAHMSI J10 TJ1yOOKOI
KOMBbI. B utreparype 06cyKiaatoTest mpeiiosiaraeMble MeXaHu3Mbl (GOPMUPOBAHUST U PA3BUTHSI CEIITUYECKON DHITe-
danonarum, Takne Kak OKMCIUTENbHBII CTPECC, BOCIATEHIE, MUTOXOHIPUAIbHAS U 9HAOTENUANbHAS TUCHYHK-
I¥s], YBeJINYeHne MTPOHUIIAEMOCTH TeMaTodHIedaIndecKoro bapbepa, HapyIIeHsi MAKPO- U MUKPOIIUPKY IS,
M3MeHEeHHe HEHPOTPAHCMUCCHM, aKTUBAIMS MUKporinnd. OTCyTCTBHE YeTKHUX JIAHHBIX W €/IMHOT0 MHEHUS O TIPO-
ucxoxaeHun n Mexanuamax SAE B HacTosiiee BpeMsi He MO3BOJISIET TPOTHO3MPOBATH €€ Pa3BUTHE U MTPOBOIUTD
CllelualibHy0 Teparuio. B 0630pe 06CyKIAI0TCs COBPEMEHHbIE MPEACTABIECHMS O IPUUMHAX PA3BUTUSL CEIITIYE-
CKOM aHIIe(DATONATHI, METOJIAX TUATHOCTHKH, PACCMOTPEHBI OCHOBHbIE KIUHUYECKUE TIPOSIBJIEHNST, KJIIOYeBbIe Me-
JIMATOPBI, TTATOGU3NOIOTNYECKHe MexaHu3Mbl. [Ipe/iojkeHa ruore3a o poJin apOMaTnueCKuX MUKPOOHBIX MeTa-
60mmToB (AMM) (heHOMBHON ¥ WHAOJBHOM MPUPOABI — MPOAYKTOB GaKTEpHaIbHOI 6GUoIerpagaini THPO3UHA 1
tpunrohaHa — B pa3BUTUN AUCHYHKIINN MO3Ta, HAMEUEHbI HATIPABJIEHUS TOMCKOBBIX MCCIE0BAHUI, OTKPBIBAIO-
II1€ TIePCIEeKTUBDI B JIMATHOCTUKE M HOBBIE MOJIXO/IbI B jleueHnn SAE.

Kumouesvie crosa: cencuc; mose; denupuil; snuedaronamusi; buomaprepul

International studies demonstrate an annual increase in the frequency and impact of sepsis in intensive care
units (ICU). Cerebral dysfunction, or so-called sepsis-associated encephalopathy (SAE), is one of the earliest signs
of sepsis, as well as its common complication. Up to 70% of patients with sepsis have symptoms of encephalopathy
[1, 2]. A direct link between the SAE and an increased mortality rate is a major concern; more than a half of sepsis
survivors experience continuous memory and concentration impairment [3—5]. Diagnosis of the cerebral dysfunc-
tion in sepsis is often difficult because of lack of specific biomarkers and frequent prescription of sedatives to criti-
cally ill patients. Clinical manifestations of SAE are diverse, may vary from simple malaise and lack of concentra-
tion to deep coma. The literature discusses probable mechanisms of formation and development of septic encepha-
lopathy, such as oxidative stress, inflammation, mitochondrial and endothelial dysfunction, increased permeability
of the blood-brain barrier, impairment of macro- and microcirculation, changes in neirotransmission, activation of
microglia. The lack of clear data and consensus about the etiology and mechanisms of SAE at present does not per-
mit predicting its development and prescribing a specific therapy. The review discusses current understanding of
the causes of septic encephalopathy, methods of diagnosis, the main clinical manifestations, key mediators, and pa-
thophysiological mechanisms. A hypothesis is proposed that poses a contribution of aromatic microbial metaboli-
tes (AMM) of phenol and indole nature (products of bacterial biodegradation of tyrosine and tryptophan) to the
development of brain dysfunction. The fields of exploratory studies, which might open perspectives in the diagno-
sis, as well as new approaches in the treatment of SAE are outlined.
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BBenenne

B XXI Beke B peaHUMAIIMOHHBIX OTIACICHUSIX,
OCHAIIEHHBIX MHOTOKOMIIOHEHTHBIM MOHUTOPUHTOM,
B YCJIOBUSIX MCHOJIb30BAHUS MOTIIHBIX TPOTHBOMUK-
POGHBIX MPENapaToB U BBICOKOTEXHOJIOTHUHBIX OpTa-
HO3aMeMIAIoNUX TeXHOJIOTUH, BeAyllell TPUINHON
JetanbHOCTH OGOJIBHBIX ocTaercst cercuc [6—8].
OptuM 13 HauboJiee YacThIX U PO3HBIX OCJIOKHE-
HUI MIPU CeTICHCce ABJSETCS CENCUC-aCCOIMUPOBAH-
Has suiedanonarus (SAE), Takke nmenyemas cer-
TUUYECKON 3dHIle(haonaTHel, Cerncuc-uHIyIupoBaH-
HOU sHIledasonarreil n Cencuc-acConMUpPOBAHHBIM
nemupueM [9, 10]. SAE — ato muddysnoe miu myib-
trudoKaabHOe Hapylienne (GYHKINUI TOJTOBHOTO
MO3Ta, pa3BuBawlIieecs: y 60JbHbIX ¢ UH(MEKIHEN, CO-
MTPOBOKIAIOTIEECS CUCTEMHBIM BOCTIAJIUTETHHBIM OT-
BETOM, HO 0e3 KJIMHUYECKUX /WU JTabopaTOPHBIX
JI0OKa3aTeJbCTB MPAMOTO MH(MUITMPOBAHUS MO3Ta
[11]. Knunuyeckoe 3HaUeHUE HAPYIIIEHUS CO3HAHUS
KaKk paHHee MPOSBJICHUE CENTUYECKOTO COCTOSHUS
TPyZAHO nepeolieHuTh. He ciyvaiiHo, corjacHo 1o-
cJIeTHEMY MEKIyHAPOJTHOMY KOHCEHCYCY OIpejiesie-
HUA CeTcuca U cenTtudeckoro moka (Sepsis-3), aTot
CUMIITOM BBe/leH B COCTaB HOBOW KJIMHUYECKON
mikabl gSOFA B uncse oHOTO U3 TpexX BaKHEHIITUX
KPUTEPUEB CEIcuca, HAPALY C apTepPUATbHON THUIIO-
TeHaueil u taxurHoe [12]. Hecmotps Ha oTcyTcTBHE
TOYHBIX OOIIETPUHITHIX KIMHUYECKUX UM OHOJIO-
TMYECKUX MapKEPOB MMOBPEXKACHUS MO3Ta, TUCHYHK-
1M MO3Ta, CBSI3aHHAS C CEIICUCOM, TTPU3HAHA KaK OC-
HOBHAs MPUYMHA JICIUPUS UM JIPYTUX W3MEHEHUI
MEHTAJILHOTO CTaTyca y OOIbHBIX B KPUTHUECKOM CO-
crostauu |2]. KirroueBast posib Mo3ra mpu cericuce 06-
YCJIOBJICHA TE€M, UTO C OJTHOW CTOPOHBI, OH SIBJISETCS
MUIIEHBIO JIJIsT BO3JEHCTBIST GaKTEPUANBHBIX U BOC-
AU TEJNbHBIX (PaKTOPOB, & C IPYTOl CTOPOHBI PETY-
JIpyeT UMMYHHYT0 cuctemy [13].

K coxanenuto, mpobieme SAE yuensiercs: He-
JIOCTATOYHO BHUMaHUS. MeXKIy TeM, 110 Pa3HbIM JIaH-
HBIM, 10 70% OOJIBHBIX € CEIICUCOM UMEIOT CUMIITO-
Mbl sHIIedanonaTun [1]. [Ipum aTOM BBISABISEMOCTD
SAE BO MHOTOM 3aBUCHUT OT METO/IOB OIleHKU (DYHK-
uu Mosra. Hampumep, MCIOJb30BAHUE 3JIEKTPO-
aunedanorpapun (II[) 3HAUNTETHHO MOBBINIACT
JIMATHOCTUPOBAHME 3TOTO cocTosiHuA [ 14].

CMepTHOCTD Cpeid CEeNTHYECKUX OOJbHBIX
mpsIMO CBsi3aHa ¢ BeipaskeHHocTbio SAE [1, 15], mo-
3TOMY OUY€Hb BaXHO KaK MOKHO PaHbIlE BBISIBUTDH
MPU3HAKU HOPKEHUST MO3Ta. Y OOJIbHBIX B KPUTIUE-
CKOM COCTOSTHUM Pa3HOTO reHe3a HauboJiee PAaHHUM
npogBieareM SAE sBisgerTcsa HapynieHUe CO3HAHUSA
[15], 4TO MOJKHO CIIYy’KUTh OCHOBAHUEM JIJIST TOUCKA
HMCTOYHUKA WHQEKIUU W HaYala COOTBETCTBYIONIEH
Tepanuy. B Hacrosiee BpeMs He CYIIECTBYET YeT-
KUX J1abopaTopHbIX Kpurepues st SAE. 1o MoryT
OBITH M3MEHEHUST HJIEKTPOIHIIE(ATOTPAMMBI 1 COMA-
TOCEHCOPHBIX BBI3BAHHBIX TTOTEHIIMAJIOB, yBeJHYe-

Introduction

In the 215t century, sepsis remains the leading
cause of mortality in intensive care units (ICU)
equipped with multi-component monitoring, despite
the use of potent antimicrobial agents and hi-tech
organ-replacement technologies [6—8]. Sepsis-asso-
ciated encephalopathy (SAE), also known as septic
encephalopathy, sepsis-induced encephalopathy and
sepsis-associated delirium is one of the most frequent
and severe complications of sepsis [9, 10]. SAE is dif-
fuse or multifocal brain dysfunction developing in
patients with infection associated with a systemic in-
flammatory response, but without clinical and /or la-
boratory evidence of a direct brain infection [11].
The clinical significance of the loss of consciousness
as an early manifestation of septic condition cannot
be overestimated. It is not a mere coincidence that
according to the latest international consensus on
the definition of sepsis and septic shock (Sepsis-3),
this symptom is introduced into a new clinical scale
qSOFA as one of three most important criteria for
sepsis, along with arterial hypotension and tachyp-
nea [12]. Despite the lack of precise, widely accepted
clinical or biological markers of brain damage, the
sepsis-associated brain dysfunction is recognized as
the major cause of delirium or other changes in the
mental status in critically ill patients [2]. The key
role of the brain in sepsis is due to the fact that, on
the one hand, it is a target for the effects of bacterial
and inflammatory factors and, on the other hand, re-
gulates the immune system [13].

Unfortunately, insufficient attention is paid to
the SAE problem. Meanwhile, according to various
estimates, up to 70% of patients with sepsis have
symptoms of encephalopathy [1]. At that, detection
SAE depends largely on methods for assessing brain
functions. For example, the use of electroencepha-
lography (EEG) significantly improves the diagnosis
of this condition [14].

The mortality rate in septic patients is directly re-
lated to the severity of SAE [1, 15], so it is very impor-
tant to identify early signs of brain lesions. In patients
with critical illness of various etiology, impairment of
consciousness is the earliest manifestation of SAE [15],
which should serve the basis to search for the source of
infection and the initiation of an appropriate therapy.
There are currently no clear laboratory criteria for SAE.
They may include abnormalities in the electroencepha-
logram and somatosensory evoked potentials, increased
serum concentrations of some biomarkers (in particular,
NSE, S-1003 protein), structural disorders detected
using neuroimaging methods. But none of these met-
hods is specific. SAE remains a «diagnosis by exclusions»
and can be diagnosed only when other causes (infectio-
us, metabolic and toxic) are ruled out [2].

Despite the fact, SAE is considered a reversible
state, cognitive disorders, such as impaired memory,
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HUEe CBIBOPOTOUHOI KOHIIEHTPAIIUU HEKOTOPBIX OUO-
mapkepoB (B uwactHoctu, NSE, Gemox S-10085),
CTPYKTYPHbIE HAPYIIIEHUSI, BbISIBJISIEMbIE C TOMOTI[HIO
MeTOZIOB HelipoBuadyanusaiuu. Ho HU ouH U3 2TUX
MeTO/IOB He sBJisieTcs crieniuduunbiM. SAE ocraercs
JIMarHO30M MCKJIIOUEHUST U MOKET OBITh [HATHOCTH-
POBaH TOJIBKO TIOCJIE TOTO, KAK IPYTrUe TPUINHbI (UH-
(heKImoHHbIE, METAOOJUIECKHE U TOKCUUYECKUE)
OyIyT UCKJIIOUYEHBI [2].

Hecmorpst Ha 10, uT0 310 SAE cumuraercst oGpa-
TUMBIM COCTOSIHUEM, ¥ OGOJIbHBIX, MEPEHECIINX Cell-
cuc, auTeabHo (boJee To/1a) COXPAHSIIOTCST KOTHM-
TUBHbBIE PACCTPOICTBA, TAKNE KAK HAPYIIEHUS TTaMsi-
TH, BHUMaHUsI U KoHIleHTpaiuu [3, 5]. D1oT dakrt
JlaeT cepbe3Hoe ocHoBaHue cunurtatbh SAE BaxHOI co-
[[UAJIbHOI TIPOOJIEMOI.

Takum o6pazom, mpodiema uccienoBatnust SAE
MIPE/ICTABIISACTCS YPE3BBIYANHO aKTyaabHOU. OHaKO
JIMArHOCTUKA, MEXAaHU3Mbl BOSHUKHOBEHMUS, & TAKIKE
MOJXO/IbI K JIEYEHUIO ITOTO COCTOSIHUS IO CHUX TIOP
OCTAIOTCST HESICHBIMIL

JuarHoctuka centuyeckoil sHiedaaonaTHm.
OcHOBHOIT TIPO6JIEMOIT B HACTOSIIIIEE BPEMST OCTAETCSI
HEBO3MOXKHOCTb MPABUJIBHO UAEHTU(MUIINPOBATH
npusHaku SAE. CBsi3aHO 9TO ¢ TeM, YTO GOJIBIITIH-
CTBO TIAIUEHTOB OT/EJIEHUN WHTEHCUBHOW Teparnu
HAXO/ISATCSI B COCTOSIHUU MeIUKAMEHTO3HOU cefa-
I[UH, YTO HE TO3BOJISIET OOHAPYKUTH Y HUX HapyIiie-
Hust PyHKIWIT ToJ0BHOTO Mo3ra [1]. Y takux 60Jib-
HBIX CJIOJKHO TIPOU3BECTHU OIIEHKY KOTHUTUBHOU JIUC-
(byHKITMY HA OCHOBAHUM KIMHWYECKUX, ATEKTPODOU-
3UOJIOTHYECKUX 1 OUOXUMHUUYECKUX JIAHHBIX. TeM He
MeHee, Ui guarHocTuku SAE B KIMHUKe HCIIOJIb-
3ytor caepyioniue mkaab: The Confusion Assesment
Method for the Intensive Care Medicine (CAM-
ICU), Adaption to the Intensive Care Environment,
Intensive Care Delirium Screening Checklist
(ICDSC), mkansr koM, takue kak FOUR (Full
Outline of UnResponsiveness) win GCS (Glasgo
Coma Scale) [10, 15, 16]. OxHako Bce T IIKAJIbI
OLIEHUBAIOTCSI KAaK HEJIO0CTATOYHO UYBCTBUTEJbHbIE
nis BersiBsieHust SAE [2, 10].

[ oty gYeHus TOMoJTHUTEIbHON HHMOPMaITIT
0 MEHTAJIbHOM CTAaTyCe TAIUeHTa UCIIOIb3YIOT METO/
asnekrpoantiedanorpadun. IIpeumyIinecTBo TaHHOTO
METOJIa COCTOUT B TOM, YTO KCCJIENOBAHUS MOKHO
IPOBOJUTL Yy OOJBHBIX, TMOJYJAIIMX CeIaTHBHBIE
nperapathbl. [lokazano, 4To HapyIeHust, BbISIBJISIEMbIE
Ha AT, koppenaupyior ¢ Tskectbio SAE [17, 18].

B nuarnoctuke SAE Takke UCIONB3YIOTCS Me-
TOJIbI HEMPOBU3YATM3AINH, TAKHE KAK KOMIIBIOTEP-
nHasg Tomorpadusg (KT) rosoBHOro Mosra u MarauT-
HO-pe3oHancHag Tomorpadus (MPT). /lug Boisgsie-
HUSI CTPYKTYPHBIX MOBPEKIEHUN TOJOBHOTO MO3Ta
Haunbostee yacto npumensiercss KT mosra us-3a mpo-
cToThl U yno6cTBa ucnosab3oBanusa. Oxnako MPT
FOJIOBHOTO MO3Ta [T03BOJISIET TIOJIYYUTD CYIIECTBEHHO
6ouibiiie MHGOPMAIIUU, B TOM YUCJE, O TEPBUYHBIX

attention and concentration, persist for a long period
of time (more than a year) in patients with a history
of sepsis [3, 5]. This fact provides serious reasons to
consider SAE an important social problem.

Therefore, the problem of SAE studies seems
extremely urgent. However, the diagnosis, mecha-
nisms of development, and approaches to treatment
of this condition still remain unclear.

Diagnosis of septic encephalopathy. The ina-
bility to correctly identify signs of SAE remains the
main problem at present. This is due to the fact that
the majority of intensive care patients are under drug
sedation that does not allow to detect brain dysfunc-
tions [1]. In such patients, it is difficult to assess the
cognitive dysfunction based on clinical, electrophy-
siological and biochemical data. However, the follo-
wing scales are used for the diagnosis of SAE in the
clinic: The Confusion Assesment Method for the In-
tensive Care Medicine (CAM-ICU), Adaption to the
Intensive Care Environment, Intensive Care Deli-
rium Screening Checklist (ICDSC), coma scales,
such as FOUR (Full Outline of UnResponsiveness)
or GCS (Glasgo Coma Scale) [10, 15, 16]. However,
all of these scales are considered insufficiently sensiti-
ve for detection of SAE [2, 10].

Electroencephalography is used to obtain addi-
tional information about patient's mental status. The
advantage of this method is that you may carry out
the test in patients receiving sedation. It has been de-
monstrated that abnormalities detected by EEG cor-
relate with the severity of the SAE [17, 18].

Neuroimaging techniques such as computed to-
mography (CT) and magnetic resonance imaging
(MRI) are also used in the diagnosis of SAE. To iden-
tify the structural damage of the brain, brain CT ima-
ging is used most often due to the simplicity and ease
of use of the procedure. However, the brain MRI per-
mits to obtain significantly more information, inclu-
ding the primary mechanisms of sepsis associated
with a brain injury (e.g., cytotoxic or vasogenic
edema) or with the development of delayed encepha-
lopathy. MRI helps identify brain infarction, leukoen-
cephalopathy, vascular edema. However, these symp-
toms are not specific to SAE [19]. In a preliminary
study, using this method, Sharshar(2007) found that
white matter impairment was typical for sepsis-indu-
ced brain dysfunction [20].

It has been demonstrated that the MRI along
with the EEG and the evoked potential method are
very important for predicting coma [21]. In addition,
new generation imaging techniques such as magnetic
resonance spectroscopy, diffusion tensor imaging,
positron emission computed tomography, as well as
experimental methods of image processing are being
developed. These tools provide new opportunities
for the early detection of SAE and pathophysiologi-
cal processes determining it. The state-of-the-art ac-
hivements in this field are discussed in detail in
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MEXaHU3MaX CETCHCa, CBA3AaHHBIX C TPABMOI T'OJIOB-
HOTO Mo3ra (HarpumMep, IIMTOTOKCUYECKUI UJIN Ba30-
TEeHHBIN OTEK), WJIN C Pa3BUTHEM OTAJ€eHHOU JHIIE-
danonarun. C omortibio MPT MOKHO BBISIBUTD UH-
(bapkT Mosra, melikoaHIiehasoNnaTUIo, COCYAUCTHIN
orek. OHAKO ATU TPU3HAKN HE SBJSIOTCS CIICIH-
wunbivm g SAE [19]. B npeasaputesbHOM HC-
ciepoBanuy Sharshar (2007) ¢ nmoMoubio JaHHOTO
MeToj1a ObLIO YCTAHOBJIEHO, UTO JIJIST CETICHC-H/TY [TH-
POBaHHO IUCHYHKITMN MO3Ta XapaKTePHBI TOBPEXK-
nenuns 6esoro Bertectsa [20].

[Tokazano, uyto merox MPT, napsiny ¢ 93T u
METOJIOM BBI3BAHHBIX IOTEHIINAJIOB, OYCHb BaKCH
11 iporao3upoBanus kombl [21]. Kpome Toro, pas-
pabaThIBAIOTCST METO/IBI BU3YAJIU3AIIUN HOBOTO MTOKO-
JIEHUS, TaKue KaK MarHUTHO-PE30HAHCHAS CIIEKTPO-
ckonud, nuddysnonnas TeH3opHas Tomorpadusd,
MO3UTPOHHO-dIMUCCUOHHAS KOMITBIOTEPHAS TOMOTPa-
(bust, a TAKIKE METO/IBI HKCIIEPUMEHTAIHLHOI 06paboT-
KU U300paKeHUil. ITH MHCTPYMEHTBI IPEIOCTAB-
JIATOT HOBBIE BO3MOXKHOCTH JIJIS PAHHETO BBISBJICHUS
SAE u obGycaaBiuBaiomux ee maTohu3nogornie-
ckux mporieccoB. [locmennue MOCTHXKEHUS B 3TOU
obiactu MOAPOOHO paccMaTpPUBAIOTCS B 0030pe
Stubbs (2013) [22]. ABTOpamMu MPEIOKEHBI CIIOCO-
ObI UCTIO0JIb30BAHUST HOBBIX TEXHOJIOTUIN BU3yaJn3a-
1AW JIJIST yJIydIieHus: guarnoctuku SAE.

[l MOHMTOPWHTA MO3TOBOTO KPOBOTOKA HC-
MOJIB3YIOT TPaHCKpaHuasibuyio Doppler conorpa-
uio [21]. Hapytienust cocyiucToin ayToperyJisium,
ocobeHHO Ha paHHUX cTajusx SAE, yKas3blBalOT Ha
TO, YTO TeMOJIMHAMUYECKUE U3MEHEHUS UTPAIOT CY-
MIECTBEHHYIO POJIb B ee Teuenuu [23, 24]. Buio ycra-
HOBJIEHO [25], 4TO paHHUE [IPOSIBJIEHIIS CENITUYECKOI
aHIIeaNIONATUN TI0 TUITY TUIIOAKTUBHOTO JIEJUPUS
COYETAIOTCS ¢ BBIPAYKEHHBIMU HAPYIICHUAMU T[CHT-
paJbHOU peryJisiiuu remonHaMuky. IIpu atom Han-
GoJiee SIPKIIE PA3INnyrst OJYYEHDI B TapaMeTpax, Xa-
PAKTEPUIYIONUX IMYJIbCAUI0 TepruheprIuecKux co-
cynoB. OmHaKo JAOMNIIEPOBCKas coHorpadus He
MOJKET CJIYKUTHh €IUHCTBCHHBIM JMArHOCTUYCCKUM
nHcTpyMeHTOM SAE, T.K. B HEKOTOPBIX CJydasx y
60sibHbBIX ¢ pusHakamu SAE usmeHenuil nepdysuun
Mo3ra He OOHapy:RuBaioT |23, 24].

Eime oHUM IMAarHOCTUYECKUM MHCTPYMEHTOM
MOJKET CJIYKUTh BbISIBJIEHNE KAYCCTBEHHBIX U KOJIH-
YeCTBEHHBIX U3MEHEHUN crelmuIecKuX BEIeCTB B
TKaHW WU KPOBHU, YTO MOXKET YJYUIIUTh IIPOTHO3M-
pOBaHue, IOMOYB IIPU BIOOPE TEPAIIHH, & TAKKE CII0-
cobcTByeT paspaboTKe HOAXOAAIINX HAYYHBIX MOJIE-
JIedt I u3ydeHuns: MexaHuaMoB OoJsiesti. B kauectse
MEPCIIEKTUBHBIX MapKEPOB CENTUYECKOTO Ipoliecca
pacematpuBatot 6esok S-1008, HelipoH-crernubnye-
ckyio eHosazy (NSE), MpokaTbIIUTOHUH, MHTEPJICi-
kuH-6 u gp. Mexay teM, paGoThl 110 HCCJIE[0BAHIIO
JIMarHOCTUYECKOU 3HAYMMOCTH OnoMapkepoB SAE
eIMHUYHBI, B HUX 0C000€ BHUMAHUE YIEJSIETCS

6enky S1008 u NSE [19, 26, 27].

Stubbs' review (2013) [22]. The authors proposed
ways to use new imaging technologies to improve di-
agnosis of SAE.

Transcranial Doppler Sonography is used for
monitoring of the cerebral blood flow [21]. The im-
pairment of vascular autoregulation, especially at the
early stages of SAE, indicate that hemodynamic
changes mostly contribute to its course [23, 24]. Tt
was found [25] that early manifestations of septic en-
cephalopathy in the form of hypoactive delirium
were commonly associated with severe impairment
of the central hemodynamic regulation. At that, the
most striking differences were observed between the
parameters characterizing the peripheral vascular
pulsation. However, the Doppler sonography may
not be the only diagnostic tool for SAE, because in
some cases, in patients with signs of brain perfusion
changes, SAE has not been observed [23, 24].

Identification of qualitative and quantitative
changes of specific substances in the blood or tissue
may serve as another diagnostic tool, which can im-
prove prediction, help in choosing therapy, and also
contributes to the development of appropriate scien-
tific models to study disease mechanisms. S-1008
protein, neuron-specific enolase (NSE), procalcito-
nin, interleukin-6, etc. are considered promising
markers of the septic process. Meanwhile, studies of
diagnostic significance of biomarkers SAE are not
numerous, and special attention is paid to S1008 pro-
tein and NSE [19, 26, 27].

S100 is a group acidic calcium-binding proteins
some of them unique for the nervous tissue. Most
S100 proteins (up to 85—90% of the total content in
the nervous tissue) are concentrated in astrocytes,
10—15% of proteins are located in neurons, the mini-
mum number of proteins is found in oligodendrocy-
tes. S100 proteins are considered to be one of the key
molecular components of complex intracellular sy-
stems providing functional homeostasis of the brain
cells. They are synthesized by glial cells and then
transported to neurons thus affecting metabolic pro-
cesses and specific reception of neurotransmitters,
changing the level of the specific binding of dopami-
ne, serotonin, GABA, and norepinephrine with re-
ceptors. Experiments have confirmed the involve-
ment of S100 group proteins in the regulation of ne-
uron process oriented growth. Normally, the BBB is
impermeable to S1008, so elevated levels of this pro-
tein in the serum is a marker of neuronal tissue and
BBB damage. However, the precise mechanism by
which S100p is released is still unknown [26].

Nonspecific enolase has been currently recogni-
zed one of the most specific markers of neuronal dama-
ge. NSE (2-phospho-D-glycerate-hydroliase) is an in-
tracellular glycolytic enzyme of the CNS, which has a
molecular weight of 78 kDa; it is found in neurons, ne-
uroendocrine cells of the nervous system, as well as in
erythrocytes and platelets. NSE yy-isomer is the only
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S100 — aTo Tpymna YHUKATBHBIX /11 HEPBHOM
TKaHU KHUCJBIX KaJbIUU-CBSA3BIBAOIINX OEJIKOB.
BospimmaerBo G6enkos S100 (0 85—90% ot obiiero
COZIeP;KaHUS B HEPBHOW TKAaHU) COCPEIOTOYEHBI B
acrporurax, 10—15% pacrnosokensl B HeiipoHax, Mu-
HUMAJbHOE WX KOJUYECTBO OMPEAETSETCS B OJUTO-
nenzporntax. besiku S100 paccmaTpuBaioTes B Kave-
CTBE OJIHOTO U3 Y3JOBBIX MOJICKYJISIPHBIX KOMITOHECH-
TOB CJIOJKHBIX BHYTPUKJIETOYHBIX CUCTEM, OOECIedn-
BaOMUX (DYHKIIMOHAIBHBIN TOMEOCTA3 KIETOK MO3Ta.
OHM CUHTE3UPYIOTCS TJIUAJBHBIMA KJICTKAMH, a
3aTeM TPAHCIIOPTUPYIOTCS B HEHPOHBI, OKA3bIBAIOT
BJIMSTHUE HA TTPOIIECCHl 0OMEHa U crieluhnuecKoil pe-
e HelPOMEZINaTOPOB, U3MEHSIOT YPOBEHbD CIie-
1uduyeckoro cBA3bIBaHUA JA0(MaMUHA, CEPOTOHNHA,
F'AMK, HopanmpeHanHa ¢ perenTopaMu. JKCIEpu-
MEHTAJIBHO JI0Ka3aHo yuactue 6ekoB rpymst S100 B
PETYJIAIMK TPOIECCOB HAIPABJIECHHOTO POCTA OTPO-
CTKOB HelipoHOB. B Hopme I'DB nemponutaem s
S100p, 103TOMY TIOBBIINIIEHHBII YPOBEHD 3TOTO OEJIKa
B CBIBOPOTKE KPOBU SABJISICTCS MAaPKEPOM TOBPESK/IC-
Hus HeliponasbHol TKanu u [IB. OpHako TOUYHbBIN
MEeXaHU3M, C TIOMOIIBIO KOTOPOro Beigessiercss S1008,
JI0 CUX T10p HeusBecTeH [26].

B Hacrostitiee BpeMst OfHUM U3 HauOoJee Crieru-
(braHBIX MapKEpPOB MOBPEXK/ICHIS HEHPOHOB, ITPU3HAHA
HelipoHcnennduyeckas enonasa. NSE (2-dbocho-D-
[JIATEPAT-THPOJINA3a) — BHYTPUKJICTOUHbINA TJIMKOJIN-
tdeckuii hepment [IHC, KoTopblii nMeeT MOJIeKyJIsip-
Hy10 Maccy 78k/la BbIsSIBIIgETCS B HEHPOHAX, HEHPOSHIO-
KPUHHBIX KJIETKAX HEPBHOI CHUCTEMBI, & TAK/KE B 9PUTPO-
UTax u TpomMOoIUTax. EIMHCTBEHHBIM U3BECTHBIM B Ha-
crosiiiiee BpeMst 00IIIM MapKepoM Beex g epeHIpo-
BaHHBIX HEPOHOB sBJisieTcs yy-usomep NSE, oH oTHO-
CUTCA K BHYTPHUKJIECTOYHBIM HH3UMAM IICHTPATbHOM
HEPBHOI CHUCTeMBI. B ncceJoBaHIX TOKa3aHa BO3MOSK-
HOCTH TIPUMEHEHUS TTOKa3aTesIsl 9H3UMHON aKTUBHOCTU
NSE kak KJIMHUKO-JIMAarHOCTUYECKOTO KPUTEPUS LISt
OIICHKU CTENEHN TIOBPEXK/ICHUS HEHPOHOB TOJIOBHOTO
MO3Ta TIPY UIIEMUYECKUX U TeMOPPArnyeCKuX WHCYJIb-
TaX, SIIJIENCUM, TPABMATHIECKON OOJIE3HU TOJIOBHOTO
MO3Ta U JIPYTHUX JIECTPYKTUBHBIX 3a00JIEBAHNIT TIEHTPaJIb-
HOU HEPBHOIT cuctembl [28].

B psizie paboT OBLIO MOKa3aHO TTOBbIIIEHNE YPOB-
Hs1 NSE u S1008 y 60sbabix ¢ SAE [19, 27, 29, 30].
IGDEKTUBHOCTD M YYBCTBUTEIBLHOCTDH CBIBOPOTOYHO-
ro S1008 B muarnoctuposannu SAE gocrarouHo Bbi-
coku. Oxnaxo, kak S10083, tak u NSE neznocrarouno
cneruuunbl st Boienenuss SAE cpenu apyrux
BUJIOB 9HIIe(DATIONATU, TOCKOJbKY TOBBIIIEHHbBIN
YPOBEHD 9TUX OEJIKOB OTPAYKAET TOJBKO TATOIOTHYE-
CKUe TIPOIecChl B MO3re, a He ux npupouy [29]. Ocra-
€TCsT CIOPHBIM BOTIPOC 0 KoppeJsatuu yposist S1008 ¢
TSZKECTBIO CENTHYecKOoi antedanonatum [26].

B kauectBe Ouomaprepos SAE paccmarpu-
Batorcst u apyrue Oesku. Tak, Tomasi (2017) Gbiun
MIPOBE/ZICH CPABHUTEIBHBIN AHATU3 COAEPKAHUS B
KpPOBHU y OOJIBHBIX pasHbIX rpyin (¢ uH(pEKIHel, ¢

currently known common marker for all differentiated
neurons, it is one of intracellular enzymes of the cent-
ral nervous system. Studies confirmed the possibility
of the use of the NSE enzyme activity parameter as a
clinical diagnostic criterion for assessing the extent of
the damage to the cerebral neurons due to ischemic
and hemorrhagic strokes, epilepsy, traumatic diseases
of the brain and other destructive diseases of the cent-
ral nervous system [28].

A number of studes demonstrated increased
levels of NSE and S1008 in patients with SAE [19,
27, 29, 30]. The efficiency and sensitivity of serum
S1008 in diagnosing SAE are high enough. Howe-
ver, both S1008 and NSE are not specific enough to
highlight SAE among other encephalopathies be-
cause elevated levels of these proteins reflect patho-
logical processes in the brain only, but not their na-
ture [29]. A correlation between the S1005 level
and the severity of septic encephalopathy remains
debatable [26].

Other proteins are also considered as SAE bio-
markers. For example, Tomasi (2017) carried out a
comparative analysis of the content of biomarkers of
inflammation, endothelial activation, coagulation,
and brain dysfunction in the blood of patients of dif-
ferent groups (with infection, or delirium, or SAE)
[31]. Tt turned out that patients with SAE demon-
strated elevated levels of BDNF (brain-derivedneu-
rotrophic factor), VCAM-1 (Vascular cell adhesion
molecules), ICAM-1 (intercellular adhesion molecu-
le), PDGF (platelet-derived growth factor) as com-
pared to a group of patients with noninfectional de-
lirium. A relationship between elevated levels of C-
reactive protein, S1004, and cortisol and sepsis-asso-
ciated delirium was found [23].

The BDNF protein may be of great importance
in the development of SAE. For example, it has been
demonstrated that impaired brain function in experi-
mental sepsis is accompanied by decreased level of
the BDNF expression in the hippocampus and pre-
frontal cortex [32—34]. In critically ill patients with
sepsis, lower plasma levels of BDNF in sepsis were
associated with mortality. At that, survivors presen-
ted a correlation between BDNF levels and the deve-
lopment of delirium, as well as between BDNF levels
and the time of recovering from coma [35].

Therefore, the search for specific SAE markers
remain one of the main tasks for future researches.

Clinical symptoms of sepsis-associated en-
cephalopathy. The main signs of encephalopathy in-
clude impairment of consciousness, the deteriora-
tion of cognitive functions, personality changes, re-
duced concentration, and depression [1, 15]. Accor-
ding to various sources, clinical symptoms of SAE
are identified in 8—70% of patients diagnosed with
sepsis [2] and include distraction, confusion, over-
stimulation, which may further lead to stupor and
coma. The first symptoms, such as fatigue, loss of ap-
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nempueM, ¢ SAE) 6nomMapkepoB BOCITAJIEHUST, AKTH-
BAIlUU 3HHJIOTEIUS, KOATYJIAIMUN U AUCHYHKIUU
mosra [31]. Okazanocs, uto y 60bHBIX ¢ SAE GbLix
noBbitieH yposenb BDNF (M03roBoii HelipoTpodu-
yeckuit pakrop), VCAM-1 (MosIeKyJIbl aire3un co-
cynuctoro augotenus), ICAM-1 (MOeKyJIbl MeX-
kiaerounoit axresun), PDGF (tpomOboiiutapHbiit
(baxTop pocra) B cpaBHEHUHM € TPYIIION TAIIMEHTOB C
nepreM HenHGBEKITMOHHOTO TeHesa. OOHapyskeHa
B3aMMOCBS3b MEXKJy MOBBIIICHHBIM ypoBHeM C-pe-
akTuBHOTO Gesika, S10043, a Takske KOpPTH30JA C CeTl-
CHUC-aCCOIMUPOBAHHBIM JlempueM [23].

Benox BDNF MoxkeT nMeTh BaskHOe 3HAUeHHE
npu pazsutun SAE. Tak, ObLIO MOKAa3aHO, YTO HAPY-
nieHus (yHKIUU MO3ra TPHU JKCIIEPUMEHTAIBbHOM
CeTICHCe COTTPOBOKAAIOTCS CHUKEHUEM YPOBHS 9KC-
npeccun BDNF B rumnmoxamiie u npedpoHTaIbHON
Kope [32—34]. ¥V GOJIbHBIX C CENCUCOM, HAXOSATINX-
Cs1 B KDUTHYECKOM COCTOSTHUH, O0OJIee HU3KIE YPOBHU
BDNF B 1asme KpoBU IIPU CeTicuce ObLIN CBSI3aHbI
C JIeTalbHOCTBIO. TIpH 5TOM Y BBIKUBIIUX GOJILHBIX
BBIsIBJIEHA KoppeJsstiust Mexay ypoBHeM BDNF n
pa3BUTHEM JICJUPUA, a TaKKe MEXKIY YPOBHEM
BDNF u cpoxom Bbixoa u3 kombi [33].

Takum 06pa3oM, MOUCK CIENU(DUIHBIX MapKe-
poB SAE ocraercst OHON U3 IJIaBHBIX 3a1a4 Oyiy-
MI1X UCCJIEOBAHUI.

KinHuyeckne cUMITOMBI CEIICHC-aCCOLHUPO-
BaHHOI1 9Hneamonatun. OCHOBHBIMU MTPU3HAKAMEU
aHIIe(aNIONATUN ABJISAIOTCS HAPYIIEHUS CO3HAHMUS,
yXyAIlleHne KOTHUTUBHON (DYHKIUHU, JIMYHOCTHBIE
M3MEHEHUS, CHUKEHUE KOHIICHTPAIUM BHUMAHUS,
nenpeccus [1, 15]. Kinunnueckue cummnrombr SAE
BBISIBJISIIOTCST TIO Pa3HBIM JaHHBIM Y 8—70% marmen-
TOB C JIMArHOCTUPOBAHHBIM CercucoM [2] U BKJIIO-
YalT B cebst PACCESTHHOCTD, CIIyTAHHOCTD CO3HAHWS,
nepeBo30y KAEHIE, YTO MOKET B JAIbHEHIIIEM TTPU-
BECTH K CTYTOPY U KoMe. [lepBbie cuMIITOMBI, TaKkue
Kak cJ1ab0CTh, OTCYTCTBHE AIETUTA, HEIOMOTaHUE U
neUUT KOHIEHTPAIUN BHUMAHUS, OOBIYHO IO-
SABJIAIOTCA HA PAaHHEH CTa/lny CErcuca, 4acTo J10 Ipo-
ABJICHUST JIPYyTUX Opranubix Hapymenuit [1]. Ha
HO3/(HUX 9Tarax y 60JbHbIX HabrogaTces boJee Ts-
JKeJIble PAcCTPOCTBA, TaKKe Kak JeJTUPUI 1 CUIIbHOE
Bo3Oyxkaenue [1, 15]. HapyiueHue co3HaHUS B
(bopme upeaMepHOIl COHIMBOCTH, CTYTIOPA UM KOMBI
yaiie pa3BUBACTCS TIPU TIOJUOPTaHHON uchyHKINN
u centuyeckoM Tmoke. [losBienue mesupus ¢ oct-
PBIM HapyIIEHUEM CO3HAHUS CBSI3BIBAIOT ¢ HEOIAro-
HPUSATHBIM POTHO30M, KOTOPBIA BKJIIOYAET OoJiee
BBICOKUI PHUCK JIETAJBHOTO HUCXOMA, JJTUTETbHBbIE
CPOKM  TOCHUTAJIM3AIMUN, [OCTEONepPaAIMOHHBIE
ocNokHeHUs. YeM MOJbIe COXpPaHSIeTCS IeTUpUi,
TeM BBIIIE BEPOSITHOCTD JIJIUTEIBHBIX KOTHUTHBHBIX
PACCTPOICTB Y BELKUBIINX OOJIBHBIX [36].

BakHO HOMHUTH, YTO JEJUPHIL MOKET ObITh
BBI3BAH PAa3HBIMU TATOJOTMYECKUMU COCTOSIHUSMHU,
HANpUMeP, TAKUME KakK abcIiece Mo3ra, aHIedasorna-

petite, malaise and poor concentration are usually
detected at the early stage of sepsis, often prior to
other organ impairments [1]. At the later stages, pa-
tients presented more severe disorders, such as deli-
rium and severe excitation [1, 15]. Impairment of
consciousness in the form of excessive drowsiness,
stupor or coma often develops in multiple organ fai-
lure and septic shock. Development of delirium with
acute impairment of consciousness is associated
with unfavorable prognosis, which involves a higher
risk of death, prolonged hospital stay, and postope-
rative complications. The longer delirium persists,
the higher is the probability of long-term cognitive
disorders in survivors [36].

It is important to remember that delirium may
be caused by different pathological conditions, such
as brain abscess, encephalopathy, meningitis, encep-
halitis, stroke, alcohol or drug intoxication, noncon-
vulsive status epilepticus and some others [37].The-
refore, when evaluating a patient with sepsis and de-
lirium, the priority task should be to rule out the
main disease of the central nervous system that can
lead to delirium.

Study of SAE in experimental models of sep-
sis. The following experimental models of sepsis are
commonly accepted:

¢ induction of endotoxemia after intravenous
or intraperitoneal injection of lipopolysaccharide
(LPS),

 parenteral inoculation of bacteria,

* CLP — cecal ligation and puncture.

The most simple method is induction of endoto-
xemia. Bacterial endotoxins, lipopolysaccharides,
which are structural components of cell walls of gram-
negative bacteria, introduced intravenously or intrape-
ritoneally, cause symptoms of sepsis, mainly in the vas-
cular system, which affects the nervous system. After
induction of endotoxemia, concentration of proinflam-
matory cytokines increases, that allows to control
body dysfunctions depending on the dose of LPS [1].
The disadvantage of this method is the difference in
concentrations of endotoxin, which fundamentally dif-
fer in humans and different species of animals, for
example, the human lethal dose of lipopolysaccharide
is several orders lower than that in rats.

Introduction of cultures of living bacteria
into the animal body is another method of mode-
ling of sepsis. The disadvantage of this method is
that the bacteria must be introduced in large doses,
because the greatest portion of them is removed by
the immune system; in addition, there are individu-
al reactions to certain pathogens. On the other
hand, one of the advantages of the method is the
ability to induce specific pathogen infection in a
specific organ, such as the lungs (inhalation) or the
kidneys (injections) [38].

At present, the CLP model is the standard
model for studying sepsis, septic shock and SAE. In
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TUS, MCHUHTUT, UHCYJIbT, dHIIE(HATAT, aTKOTOJbHASA
WJIN JIEKAaPCTBEHHAS WHTOKCUKAINS, HEKOHBYIbCHUB-
HBII status epilepticus u nHexoropsie apyrue [37].
[ToaTomy TIpu OTIEHKE MAIUEHTA C CETICUCOM U JIeJIN-
pueM IepBOOYEPEHOI 3ajaueill JMOJKHO ObITh KC-
KioueHre ocHosHoro sabosesanus ITHC, koTopoe
MOKET 00YCJIOBUTD JIEJTUPHIA.

N3ayuenue SAE Ha 3KCIIepUMEHTATIBHBIX MO/Ie-
asx cerncuca. OOMIENPU3HAHHBIMU KCIIEPUMEHTAb-
HBIMU MOJICJISIMU CETICHCA SABJIIOTCS CIICTYIOTTHE:

* WHIYKINS 9HIOTOKCEMUW MPU BHYTPHUBEH-
HOM WJIA BPYTPUOPIOIINHHOM BBEJIEHUU JITIOMOJIH-
caxapuza (LPS),

* TIapeHTepaJbHOE BBeleHUE (MHOKYJIAINS)
Gakrepuii,

e TIepeBsA3Kka U 1epdopanusd CJAEToNn KUITKA
(CLP — cecal ligation and puncture).

Haubosiee mpocroii MeToj; — 9T0 MHAYKI[US DH-
JoToKceMUH. BakrepuasibHble 9HIOTOKCUHBI — JIU-
MOTIOTMCAXAPU/IBI, SABJILIONINECS CTPYKTYPHBIM KOM-
MMOHEHTOM KJIETOYHOW CTEHKH TPAMOTPUIIATETHHBIX
GakTepuii, BBeJleHHbIE BHYTPUBEHHO WJIH BHYTPH-
OPIOIIMHHO, BBI3BIBAIOT CUMIITOMBI CEIICUCA, TJIaB-
HBIM 00pPa3oM, B COCYAMCTOI cucTeme, KOTOpast
BJIMSET HAa HepBHYIO cucteMy. llocie nHayKmm sH-
JIOTOKCEMUU KOHIICHTPAIUSA TTPOBOCHAIUTENbHBIX
IIUTOKUHOB BO3PACTAET, YTO MO3BOJISIET KOHTPOJIUPO-
BaTh HapymieHus: (GYHKIUI OPraHu3Ma B 3aBUCHMO-
ctu ot 103l LPS [1]. Hemocrarkom gannoro meroza
SABJIAETCS PA3JNdne B KOHIIEHTPAIMSAX 9HIOTOKCHUHA,
KOTOpBbIE TPUHIMITNAJIBHO PA3JIN’atoTcd y Jofei u
Pa3HbBIX BU/IOB JKMBOTHBIX, TaK HATIPUMED, Y YesIOBe-
Ka JieTaJabHbIEe JI03bI JIUTIOTIOIMCAXaPH/Ia HA HECKOITh-
KO TIOPSIZTKOB HUKE, YEM Y KPBIC.

JlpyrumM MeTOZIOM MOJICTUPOBAHUS CEITTUYECKO-
TO COCTOSTHUS SBJISIETCS BBEIEHUE KYJBTYD SKUBBIX
Gakrepuil B OpPraHW3M SKUBOTHOTO. HemocTaTkom
JIAHHOTO METOJIA SIBJISIETCSI TO, UTO OAKTEPUU JTOJIKHBI
OBITHb BBEJICHBI B OOJIBIINX /103aX, TAK KAK 3HAUUTEJIb-
Hasl UX Y4acTh y/laJsieTcss IMMYHHOM CUCTeMOIt; KpoMe
TOTO, CYIIECTBYEeT WHAMBUAYAJIbHAS PEAKIUS Opra-
HU3Ma Ha omnpejesneHHbie Bo3Oyautemn. C apyroit
CTOPOHDI, OJTHUM U3 TIPEUMYIIECTB METOIA SIBJIAETCS
BO3MOKHOCTb WHYIIMPOBATH MH(MEKIINIO KOHKPET-
HBIM [TATOTEHOM B OIIPE/IeJIEHHOM OpraHe, Harpumep,
JieTKUX (MHTAJISANNN ) W TToukax (MHbeKimmn) [38].

B nacTogiee BpeMs cTaHAAPTHOU MOJETBHIO HC-
CJIEIOBAHMS CETICUCa, CEITUYecKoro 1moka n SAE, aB-
sistercst mojiesib CLP. B 210l MeTo/IMKe CIIeryio KUKy
MIEPEBA3BIBAIOT, & 3aTEM ITPOKAJIBIBAIOT, TEM CAMBIM BbI-
3bIBasi Pa3BUTUE TEPUTOHUTA M OOECTIEYMBAST MOCTO-
SIHHOE JIOTIOJTHUTETbHOE HH(DUIIMPOBaHUe OaKTEPUSIMU
u3 npocsera kuiku. CLP poctatouHo Xoporio Boc-
HPOU3BOIUT TEMOJNHAMUYECKHE W MeTabOINYecKre
usMenenus1, Habstotaembie mpu cericuce 1 SAE [39] u,
10 CYIIECTBY, UMUTHUPYET MX Pa3BUTHUE Y JIO/IEH.

MHorouncieHHbIe CCIeIOBAaHUS HATIPABJIECHBI
Ha U3y4YeHWE B KCIIEPUMEHTE U B KJIMHUKE TIOTCHITH-

this technique, the cecum is ligated and then punctu-
red, thereby causing development of peritonitis and
ensuring constant additional infection with bacteria
from the gut lumen. The CLP reproduces the hemo-
dynamic and metabolic changes observed in sepsis
and SAE [39]well enough and essentially simulates
their development in humans.

Numerous studies are aimed at studying poten-
tial correction of impairments developed in the cent-
ral nervous system in sepsis in the experimental and
clinical setting. The main effects of medicinal pro-
ducts and procedures on the severity of pathological
changes in the brain are summarized in Table.

Pathophysiology of septic encephalopathy.
SAE was described several decades ago, but this
phenomenon started relatively recently. Cognitive
disorders, impairment of learning conduct, and emo-
tional disorders were found in various models of sep-
sis in mice and rats using a series of behavioral tests
(elevated plus maze, Morris water navigation task,
etc.) [40—43]. Sepsis resulted in cognitive disorders,
increased loss of pyramidal neurons of the hippo-
campus, activation of microglia (traumatic brain inj-
ury + CLP, Day 14), animal's weight loss and increa-
sed posttraumatic mortality [44]. Even 3 months
after sepsis (intraperitoneal administration of LPS),
rats experienced memory loss and decreased lear-
ning activity [45].

Few neuropathological studies indicate that
the white matter and the hippocampus are dama-
ged most in SAE [20, 46] that is generally consi-
stent with the clinical picture of delirium. During
morphological studies on models of experimental
sepsis, severe brain damage, especially of the hip-
pocampus, cortex, and the cerebellum was demon-
strated [44, 45]. For example, the death of neurons
by using a neuronal marker NeuN was determined
in the prefrontal cortex and the hippocampus (fi-
elds CA1 and CA2) in rats 24 hours after admini-
stration of bacterial LPS [47]. Signs of severe ne-
uronal degeneration, hyperchromic, wrinkled, pyk-
notic and electron-dense neurons were found in the
brain of septic mice using optic and electronic mic-
roscopy [48]. Ischemic damages, mainly in the nuc-
lei of the autonomic nervous system, are among the
most frequent changes of the brain. Perivascular
edema and swelling of astrocyte pedicles may be
also observed. Neurons have wrinkled nuclei and
damaged cell membranes [49]. There are signs of
multifocal necrotizirng leukoencephalopathy [50].
Histopathological and apoptotic changes in pyrami-
dal neurons of the hippocampus and Purkinje cells
in the cerebellum of mice in the CLP model of sepsis
using different histological methods of staining and
the TUNEL method [51, 52].

There is still no clarity in understanding the
causes of formation and development of septic en-
cephalopathy. Putative mechanisms include mi-
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aJIbHBIX BO3MOJKHOCTEH KOppeKIUu HapylleHu,
paspuBatomuxca B IITHC mpu cerncuce. OcHOBHBIE
adeKTbl BANIHUSA JIEKAPCTBEHHBIX TIPENApaToB U
MPOIe/lyp Ha BBIPAKEHHOCTD TATOJIOTMYECKUX U3Me-
HEHUI B MO3Te CyMMUPOBAHbI B TaOJIHUILE.

ITatodusuonorus cenrtuyeckoii suiedanona-
tui. SAE Obuia omnmcaHa HECKOJIBKO JIeCATUIICTUN
Ha3a/l, OJTHAKO UCCIEA0BAHMS 3TOr0 (heHOMEeHa Hava-
JINCh CPAaBHUTEJIBHO HemaBHO. Ha pasimmuHbix Moje-
JISIX CETICUCA Y MBIIIE ¥ KPBIC € TTOMOIIBIO Psi/ia TIOBe-
JIEHYECKUX TECTOB (TIPUIIOAHSATHII KPecTOOOPA3HbIN
JIAOUPUHT, BOAHBIN Jabupunt Moppuca u Jp.) BbI-
SBJICHBI KOTHUTUBHBIC PACCTPOICTBA, HAPYIICHUS UC-
CJIEZIOBATEBCKOTO TOBEIEHUS, SMOITMOHAIBHOTO CO-
crosiiug [40—43]. Cencrc mpuBOANII K KOTHUTHBHBIM
HAPYIIEHUSM, TTOBBIIIEHHOW TUOETH MUPAMUTHBIX
HEHPOHOB THIIOKAMIIA, AKTUBAIIMU MUKPOTJINU
(tpaBma mosra + CLP, 14-e cyTkn), X motepe Beca 5Ku-
BOTHBIX U YBEJIMUYCHUIO TTOCTPABMATUYECKON CMEpT-
HoCcTH [44]. [laske cirycTst 3 Mecslia mocJie epeHeceH-
HoTO cerncuca (BHyTpubpronnHHoe BBesietue JITIC) y
KPbIC OOHAPYKUBAIK AeDUIIUT TAMSITH U CHUKEHUE
UCCJIEZIOBATENLCKON aKTUBHOCTHU [45].

HemHorounciennble HelponaTogorniyeckue
UCCIeIOBAaHUSI CBUJIETENILCTBYIOT O TOM, uTO T1ipu SAE
B HarOOJIbIIel CTEIeHN OBPEKAAIOTCs Oesioe Belile-
cTBO ¥ rurmokam |20, 46], 4To B 11eJ10M coracyercs
¢ KJIMHWYECKON KapTUHOU aenupus. B xome mopdo-
JIOTHYECKUX MCCIIE/IOBAHNI HA MOJIEJIIX OKCIIEPUMEH-
TAJILHOTO Celcuca OOHAPYKEHO CYIIECTBEHHOE T0-
BPEK/IEHHE TOJIOBHOTO MO3ra, OCOOEHHO — THIIIO-
KaMIia, KOpbI MO3Ta, MO3KeuKa [44, 45]. Tax, BoisiBIIE-
Ha rubejib HEUPOHOB (C MOMOIIBIO HEHPOHAILHOIO
mapkepa NeuN) B npedpoHTaIbHOM KOpe M TUIIIO-
kamrie (mosig CA1 u CA2) y kpwic yepe3 24 yaca
nocJie BBesterust GakrepuasibHoro JITIC [47]. B mosre
CENTUYECKUX MBIIIEH ¢ TOMOIIbIO CBETOBOU U 3JIeK-
TPOHHOU MHUKPOCKOIIY OOHAPY/KEHbI TIPU3HAKU BbI-
pakeHHO! HeHPOHANBLHOM /lereHepaliii, TUIepxXpoM-
HbIe, CMOPIICHHbIC, TUKHOTUYHbBIC WU 3JICKTPOHHO-
toTHbIe Heitpowbl [48]. Cpeu HanboJiee YacThIX U3-
MEHEHUI MO3Ta BCTPEUYAIOTCA UIIEMUYECKUE TTOBPEK-
JIcHUd, TPEUMYIIECTBEHHO, B SpaX aBTOHOMHOW
HEepBHOU cucreMbl. Takike MoKeT HaOIIOAAThCS T1e-
PHUBACKYJSIPHBIN OTEK, HAOyXaHUE HOKEK aCTPOIH-
TOB. HelipoHbl NMEIOT CMOpIIIEHHbIE SI/Ipa U TTOBPEXK-
JIEHHbIe KJeTouHble MeMOpatbl [49]. Habuomgaores
MPU3HAKK MYJbTH(HOKATIBHON HEKPOTU3UPYIOIIEid
seiikosntedanonaruu [50]. C mOMOIIBIO pa3HbIX TH-
CTOJIOTUYECKUX METO/IOB OKPACKH, a TaKkKe MEeTO/a
TUNEL na6sofany rucTonaToJorn4eckKue u arorl-
TOTUYECKUE U3MEHEHUS TUPAMUIHBIX HEHPOHOB TUII-
nokamIiia u kjetok IlypknHbe Mo3zkeuka Mbllieil Ha
mogenu ¢ CLP [51, 52].

[lo cux TOp HET SACHOCTH B MOHUMAHUN TTPUYTH
(hopmupoBanus 1 pa3BUTHS CENTUYECKOI dHITEDATO-
natun. [Ipezmnonaraembie MeXaHU3MbI BKITIOYAIOT MU-
TOXOHJIPUATTBHYIO U 3HAOTEJIUATBHYIO AUCHYHKITHIO,

tochondrial and endothelial dysfunction, changes
in the permeability of the blood-brain barrier
(BBB), impairment of the macro- and micro-cir-
culation, oxidative stress, inflammation, neuro-
transmission impairment, decreased cholinergic
innervation of neurons in the cortex [45], activa-
tion of microglia [4, 47, 48, 53], changes in the
level of neurotransmitters [54], and amino acids
etc [55]. Development of mitochondrial dysfunc-
tion is associated with increased production of cy-
tokines, reactive oxygen species (ROS) and NO in
sepsis that leads to impairment of oxidative phosp-
horylation processes and decreased ATP synthesis
[56]. On the other hand, the reverse causation can-
not be excluded, when mitochondrial dysfunction
is a primary cause in the chain of further impair-
ments of metabolism [57].

BBB dysfunction. A physiological barrier bet-
ween the blood and central nervous system (i.e.
BBB) performs vital functions in the body: regula-
tes the microenvironment in the nervous system,
blood flow in the capillaries of the brain, protects
against harmful substances circulating in the blood,
maintains homeostasis in the brain. BBB is formed
by endothelial cells of the cerebral capillaries asso-
ciated with close contacts, as well as pericytes and
astrocyte processes. The BBB permeability may be
increased by overexpression of inducible nitric
oxide synthase and NADPH-oxidase [48, 50]. The
authors think that the loss of integrity of BBB oc-
curs due to effect of peroxynitrite, which in turn is
formed by the reaction of superoxide (produced
with the involvement of NADPH-oxidase) with NO
[48]. The penetration of a number of substances
through BBB occurs due to increased pinocytosis
[58] despite retained tight contacts between by the
endothelial cells. Increased permeability of the BBB
causes water imbalance in the brain, resulting in pe-
rivascular edema, destruction of astrocytes [49] and
secondary damage to nervous tissue [20]. This leads
to reduced diffusion through the walls of microves-
sels, reduced consumption of oxygen and nutrients,
as well as impairment of the mechanisms of removal
of harmful metabolites [49]. For example, it has been
demonstrated that the cerebral blood flow in rats
decreased following the injection of bacterial LPS,
leading to a decreased glucose consumption in ne-
ocortex [47]. Hypoxia-ischemia-induced alterations
in the nervous tissue represent common patterns of
various brain diseases, although their occurrence in
patients with SAE is not specific. Nevertheless, im-
pairment of microcirculation in the brain that occur
with the progression of sepsis significantly contribu-
tes to the pathogenesis of SAE. For instance, the fai-
lure of mechanisms of autoregulation of cerebral cir-
culation results in brain tissue hypoperfusion, thus
leading to degeneration of neurons caused by hypo-
xia/ischemia that is associated with the activation
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M3MEHEHUS MPOHUIIAEMOCTH TeMaTO3HIe(haTNIeCKO-
ro Gaposepa (T'IB), HapylIeHNsT MAKPO- U MUKPOIIUP-
KyJISIIIUW, OKUCJUTEIBHBIN CTpece, BOCIAJIeHUe, Ha-
pyllieHre Heliporepeauu, CHIKEHUE XOJINHAPrIye-
CKOII MHHEPBAIMK HEHPOHOB KOPBI [45], aKTUBAIIIO
Mukporiu |4, 47, 48, 53], uamenenust ypoBHsi Heii-
pomeatopos [54], amunokucaor [55] u ap. Passu-
THE MUTOXOH/IPUAJIBLHON MUC(HYHKIIUU CBS3BIBAIOT C
TTOBBINIEHHOW TPOAYKIIUEH IUTOKUHOB, aKTHUBHBIX
bopm xucropopa (ROS) u NO mpu cencuce, uto
MPUBOJNUT K HAPYIICHUIO TIPOIIECCOB OKUCIUTEIBHO-
ro (ochopuanpoBaHUS U CHUKEHUIO BBIPAOOTKH
ATO® [56]. C apyroil CTOPOHbBI, HEJIB3ST UCKIIIOUUTD
00paTHY0 TPUYUHHO-CJIEACTBEHHYIO CBsI3b, KOTJIA
MUChYHKIIMS MUTOXOHIPUI TIEPBUYHA B IIEMIOYKE
JNIbHENIIUX HApyIeHuit [J7].

Hapymenue ¢yuxunun I'9db. Dusunonoruye-
CKUiT Gapbep MeXIy KPOBEHOCHOW U IEHTPAIbHOI
HEPBHOI cucTeMoil (Wau TeMaToaHIledanrndecKnii
Gapbep — I'DB) BbIOJHSIET KpaliHe BaskHbIe (DyHK-
UM B OPraHU3MeE: PEryJaupyeT MUKPOCPELY B HEPB-
HOIi cucTeMe, TOK KPOBH B KallMJLIAPaX MO3Ta, 3ally-
1[aeT OT BPEAHBIX BEIIECTB, IUPKYJIUPYIONUX B
KpPOBH, OOeCIeunBaeT MOJJIEPKAHIEe TOMEOCTasa
Mozra. [9B 00pasyioT sHI0TeHAIbHBIE KIETKH Ka-
MUJJISPOB TOJIOBHOTO MO3Ta, CBSI3aHHBIE TIOTHBIMU
KOHTAKTaMHU,  TAKKe IEPUITUTHI U OTPOCTKH ACTPOTIH-
ToB. K yBenmmuenuio mponutiaemoct I'9b moxer
HMPUBOAUTD U30BITOUHAST 9KCIIPECCUST MHLYITHOETHHOI
cuHTasbl okcuzaa azota 1 NADPH-okcumassr [48, 50].
[To MHeHuU10 aBTOPOB, noTEp4 1esocTHocTH Db mpo-
UCXOJIUT TTOJT IECTBUEM TICPOKCUHUTPUTA, KOTOPLIH B
CBOIO 04epe/ib 00pasyercst B pe3ysibTaTe PEAKIUu Cy-
nepokcuzia (o6pasymwortrerocst ¢ ydactuem NADPH-
okcunaspl) ¢ NO [48]. IIpoHUKHOBEHWIO psijia Be-
tectB yepes ['B crioco6eTBYeT yCuIeHre mpoIeccoB
MUHOINUTO32 [ 58], HECMOTPsI Ha COXPAaHEHUE ILIIOTHBIX
KOHTAKTOB MEXK/Y SHIOTEJIUATbHBIME KaeTkamu. [1o-
BBITIICHUE TTPOHUIIAEMOCTH TeMaTO3HIehaTnIeCKOTO
Gapbepa BBI3BIBAET HAPYIIIEHHE BOIHOTO PABHOBECHSI
B MO3T€, B pe3yJibTare Yero pa3BuBaeTCA MePUBACKY-
JIAPHBIN OTEK, pa3pylieHue acTpoiutos [49], u BTO-
pUYHOE TIOBpEXKieHUe HepBHOI Tkanu [20]. ITo npu-
BOJIUT K CHIZKEHUIO n(hdy3nn yepes3 CTeHK MUKPO-
COCY/IOB, YMEHBIIEHUIO MOTPEOJIEHUST KUCIOPOIa U
MUTATETBHBIX BEIIECTB, a TAKKe HAPYIICHUIO MeXa-
HU3MOB y/IaJleHusI BPeAHbIX MeTabomToB [49]. Tak,
OBLIIO TIOKA3aHO, YTO Y KPBIC C BBEJIEHHEM OaKTepHaib-
Horo JIIIC cHuzKazics MO3TOBOM KPOBOTOK, UTO TPH-
BOJIUJIO K YMEHBIIEHUIO TTOTPeOIEH s TJIFOKO3bI B He-
okoptekce [47]. ['nmokcnuecku-uineMnyeckue n3me-
HEHUsI HEPBHOW TKAHW SABJISIOTCS 001l 4epToi /st
MHOTUX 3a00JIEBaHUN TOJOBHOTO MO3Ta, WX MOsIBJIe-
nue y naiueHToB ¢ SAE He sBiisiercs crieniuuaHbIM.
Tem He MeHee, HapylleHUS MHUKPOIUPKYJIAIUU B
MO3Te, KOTOPbIe HAOJIOAI0TCS TIPH TIPOTPECCHPOBa-
HUU CETICHCA, MOTYT UTPATh PEIIAIOIILYIO POJIb B TTIATO-
rerese SAE. Tak, mosioMka MEXaHU3MOB ayTOPETYJIsI-

of genes responsible for the production of proinflam-
matory (TNFe, IL-143, NOS) mediators |59, 60].

Changes in neurotransmission. It is believed
that inflammation and metabolic disturbances alter
the neurotransmission in the brain causing mental
disorders in sepsis. This applies to p-adrenergic,
cholinergic, and GABAergic systems, central regu-
lation of muscarinic cholinergic receptors, cortico-
tropin-releasing factor, adrenocorticotropic hormo-
ne, vasopressin synthesis, monoaminergic, glutama-
tergic, and neurotropic systems [2, 9, 45]. Reduced
consumption of glucose in some brain areas which
are parts of serotoninergic and noradrenergic sy-
stems is related to changes in the neurotransmitter
concentrations [61]. There has been no clear under-
standing of the contribution of specific neurotrans-
mitters in sepsis and SAE to date. It is believed that
in the case of increased blood levels of aromatic
amino acids they may play the role of «false» neuro-
transmitters resulting in lower concentrations of
some neurotransmitters (norepinephrine, dopami-
ne, serotonin) in the brain [2]. In a number of disea-
ses and conditions, reduced serum serotonin levels
(the so-called «syndrome of serotonin deficiency»)
is considered as unfavorable pattern that may be
compensated by parenteral administration of sero-
tonin adipinate [62]. At the same time, it is known
that major deposites of serotonin in the human
body are deposited in the enterochromaffin cells of
the gastrointestinal tract, where it is adsorbed by
platelet and enters the bloodstream, whereas sero-
tonin injected intravenously does not cross the
BBB. Literature data about the origin, changes in
the levels of neurotransmitters in CSF, blood, brain
tissue, and attempts of their correction are often
contradictory, require detailed analysis and discus-
sion in a separate review.

Brain-derived neurotrophic factor (BDNF).
Studies carried out over recent years have demon-
strated that the brain-derived neurotrophic factor
(BDNF) is important for SAE development. It has
become recognized that BDNF significantly contri-
butes to the learning and memory processes and also
in the pathogenesis of various neuropsychiatric di-
seases. [35, 63, 64]. The experimental studies demon-
strated that the impaired brain function in sepsis
(Wistar rats, CLP) in the form of memory and lear-
ning impairment, accompanied by decreased level of
the BDNF expression in the hippocampus and pre-
frontal cortex [32, 33]. Decreased BDNF level in the
hippocampus was also found in another experimental
sepsis that employed injection of bacterial lipopoly-
saccharide [34]. Tt was also shown, [63] that mode-
ling of neonatal bacterial infection by injection of
Escherichia coli to newborn rats led to severe memory
impairment in adult animals, accompanied by chan-
ges in the BDNTF expression in CA3 and CA1 of the
hippocampus. It has been found that the exposure
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[ MO3TOBOTO KPOBOOOPAIEHUST IPUBOJIUT K THIIO-
nepysun Tkanelt Mo3ra u, Kak CJAeCTBHE, K JereHe-
paiuu HelPOHOB, BbI3BAHHOW THIIOKCHEH/uieMuer,
YTO CBSI3BIBAIOT C AKTUBAIIMCH TEHOB, OTBETCTBEHHBIX
3a npoxaykimio nposoctanutenbubix (TNFe, 11L-15,
NOS] mexuaropos [59, 60].

N3menenue Heliporpancmuccuu. Ilonararoor,
YTO BOCIHAJIEHHE U MeTabOIMIeCKUe HapyIIeHUs U3-
MEHSIOT HEHPOTPAHCMUCCHIO B TOJIOBHOM MO3TE, UYTO
MOJKET SIBJIATHCS OJHON U3 IPUYUH MEHTAJIbHBIX Ha-
pyIIeHUl pu cercuce. ITO Kacaercs [-aapeHepru-
4eckoi, xonuHaprudeckor, TAMK-apruueckuoii cu-
CTeM, IEHTPAJIbHON PETYIAINNNU MYCKapUHOBBIX XO-
JINHEPTUYECKUX PEIEeNITOPOB, KOPTUKOTPOTTMH-PUIIH-
3UHT (haKTOpa, AJAPEHOKOPTUKOTPOITHOTO TOPMOHA,
CUHTE3a Ba30IPECCHA, MOHOAMUHEPTUYECKOH, TJIy-
TaMaTepruyeckoil u HelipoTpoduueckoil cucrem |2,
9, 45]. C uameHennemM KOHIIEHTPAIUN HeUPOTPAHC-
MHUTTEPOB CBSI3BIBAIOT YMEHDIIEHHE MOTPeOJICHISI
[JIFOKO3bI B HEKOTOPBIX 00JIACTSX TOJIOBHOTO MO3Ta,
KOTOPBbIE OTHOCSTCSI K CEPOTOHMHIPTUYECKONW U HO-
pazpeaprudeckoii cucremam [61]. Ha ceropnamnnmii
JICHb HEeT YETKUX MPEJCTABJICHUN O POJU KOHKPET-
HBIX HelpoTpancmMutTepoB 1pu cericuce u SAE. Cy-
NIeCTBYeT MHEHUE, YTO POJib <«JIOKHBIX» HeEHpo-
TPAHCMUTTEPOB MOTYT UTPATh apOMATHYCCKUE aMHU-
HOKHUCJIOTBI TIPU TIOBBIIIEHUN WX YPOBHS B KPOBH,
YTO MPUBOJIUT K CHUKEHUIO KOHIIEHTPAIIUI B MO3Te
HEKOTOPBIX HEHPOTPAHCMUTTEPOB (HOPAIPEHAINHA,
nodamuta, ceporonnna) [2]. Ipu psiae 3aboseBa-
HUIl ¥ COCTOSIHUN IIPUHSATO CUYUTATh HEOIAromnpu-
SATHBIM TIPU3HAKOM CHUKEHHE CBIBOPOTOYHOTO YPOB-
Hs CEPOTOHUHA (TaK Ha3blBaeMbINl CH/IPOM CEpOTO-
HUHOBOI HEJIOCTATOYHOCTH ), UTO TIPEJIAraeTCs KOM-
MIEHCUPOBATH AaPEHTEPAIbHBIM BBE/ICHUEM TTIperiapa-
Ta cepoToHMHA aaunmHara [62] B To ke Bpems us-
BECTHO, YTO OCHOBHBIC 3aMachl CEPOTOHWHA B Opra-
HU3ME YeJIOBEKa JICTOHUPOBAHBI B 3HTEpoXpoMad-
(buHHBIX KJIEeTKAX KEJYNIOUYHO-KUIIEYHOTO TPaKTa,
OTKy/Ia OH aJICOPOUPYETCsT TPOMOOIIUTAME U TIOCTY-
MaeT B KPOBEHOCHOE PYCJIO, TOTJAa KaK CEPOTOHUH,
BBE/ICHHBINT BHYTPUBEHHO, HE TPOXOAUT yepe3 ['Ib.
[laHHbIE TUTEPATYPBI O TPOUCXOKICHIH, U3MEHEHUU
YPOBHEH HeWpPOTPAaHCMUTTEPOB B KPOBH, JUKBOPE,
TKaHW MO3Ta, U TOMBITKAX WX KOPPEKINU HEPEIKO
MPOTUBOPEUUBDI, TPEOYIOT JIETATBHOTO aHAlINu3a U
00CyKIEHUs B OTIEIBbHOM 0030pe.

MoasroBoii  Heliporpoduueckuii  akTop
(BDNF). B wuccienoBaHusixX TOCJHEIHUX J€T yCTa-
HOBJIeHO, uTO 1pu SAE Gosibiioe 3HAUEHHE MOXKET
UMeTh MO3TOBOW HelipoTpoduuecknii  (axTop
(BDNF). UsBectno, yto BDNF wurpaer Baxkuyio
POJIb B TIpoIieccax 0OyUeHUs U TAMSITH 1 TAKKE B Ma-
TOTEHE3€ PA3JINIHBIX HEHPOIICUXUYECKHUX 3a00IeBa-
uuii [35, 63, 64]. B axcriepumenTe 1mokazaHo, 4To Ha-
pymierus (pyHKIIMU Mo3Ta Ipu ceticuce (Kpbickl Bu-
crap, CLP), Boipaxkarotiuecs: B HApYIICHUSAX MaMATH
U CIIOCOOHOCTH K OOYYEHUI0, COMTPOBOKIAIOTCST CHI-

leading to increased expression of proinflammatory
cytokine interleukin 1 beta in the hippocampus
(LPS, social exclusion) or injection of Interleukin 1
beta into the hippocampus area during training leads
to severe memory impairment in experimental ani-
mals [65]. At that, it has been found, that prelimina-
ry introduction of Interleukin 1 beta receptor anta-
gonist prevented memory impairment and reduction
of the BDNF level in the CA3 sector and dentate
gyrus of the hippocampus. The involvement of the
TNF alfa receptor 1 (TNFR1) in the memory impa-
irment in sepsis has been demonstrated (CLP) [66].
It is essential, that no memory impairment in knoc-
kout mice (without TNFR1) is associated with in-
creased BDNF expression. Results were obtained in
the model of clinical death in rats indicating that the
expression of BDNF protein is an important factor to
increase the resistance of neurons to death in the po-
stresuscitative period [67].

Prospects of application of BDNF and other ne-
urotrophic factors for treatment of neurological di-
seases are intensively discussed in the literature. Dif-
ferent strategies to solve the problem of delivery of
neurotrophic factors to the brain are currently being
developed: transfer system using viral vectors, bone
marrow stem cells, synthetic and natural polymers;
synthetic peptide mimetics, etc. 68, 69]. This indica-
tes that the use of BDNF to protect the brain against
the sepsis-induced damage is promising.

The role of bacteria. The involvement of the
microbial factors in the development of SAE is indis-
putable, however, the nature of these factors remains
unknown. The absence of living bacteria in the ce-
rebrospinal fluid and brain tissue indicates that SAE
is not the result of direct infection of the brain by
microorganisms. A number of authors list penetra-
tion of bacterial endotoxins in the central nervous
system [4, 48, 53, 70| due to impairment of the BBB
[4, 10] and damage of the endothelium of cerebral
blood vessels [60, 71]as microbial factors potentially
contributing to the development of SAE. It is belie-
ved that damage of neurons may be caused by increa-
sed synthesis of inflammatory mediators associated
with microbial load, free-radical processes, produc-
tion of nitric oxide, microthrombosis and ischemia
[1, 72, 73]. There is no doubt that brain dysfunction
in SAE is a result of numerous complex factors, when
one factor triggers activation of the others.

The concept of the triggering role of bacteria
is most often limited to bacterial endotoxins, na-
mely to LPS which has a known ability to trigger
the inflammatory response in the body. LPS forms
a complex with a LPS-binding protein (LBP) in
the blood; this complex binds to the membrane
CD14 receptor on neutrophils and
monocytes/macrophages, thus leading to the acti-
vation of the immune system. This type of recepto-
rer was found in microglia cells in the brain [74],
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skeHneM ypoBHs akcnpeccun BDNF B runmokamie n
npedpoHTaTbHON KOpe [32, 33]. YMeHbIIeHrne ypoB-
Hg BDNF B rutnmokamiie BbISIBJIEHO U Ha IPYTOH 9KC-
HePUMEHTATIbHON MOJIENIN CeTicuca — BBejleHe Gak-
TepuajgbHoro Jsmnonosucaxapuaa [34]. Ilokazano
Takke, [63], uTo HeoHaTabHast GaKTepUATbHAS WH-
dbexuus (Bepenue Escherichia coli HOBOPOXKI€HHBIM
KPbICSATAM | TPUBOJUT K BBIPAKEHHBIM HAPYIICHUSM
MAMATU Y B3POCJBIX JKUBOTHBIX, YTO COITPOBOYKIACT-
cs capuramu akcripeccut BDNF 8 CA1 u CA3 rur-
nokamna. CylecTBEeHHO, YTO BO3/ICHCTBUS, MTPUBO-
JISAIIIE K YBEJTMYEHUIO 9KCITPECCUN TPOBOCTIATUTEb-
HOTO IIUTOKWHA UHTepJieiikiHa 1 6eTa B rUIIIIOKaMITe
(LPS, cornnasbrast U30JIsI1111s1) NN BBEJIeHUEe UHTEeP-
Jeiikraa 1 Gera B TUIIIIOKAMIT BO BPEMsT 9KCIIEPUMEH-
TOB 110 OOYUYEHUIO, TPUBOJSIT K BHIPAKEHHBIM Hapy-
mrenusiM mmamsitu [65]. [lpu atom ycranoBieHo, 4to
Mpe/IBAPUTEbHOE BBEIEHNE AaHTAaTOHUCTA PEIETOPa
uHTepJelikiHa 1 6eTa mpeoTBPAIaNo pasBUTHe Ha-
pyieHuit namatu u cHkenue yposast BDNF B cek-
tope CA3 u 3yGuaroii hactiuu rutimokama. [Tokasza-
Ha BoBJevyeHHOCTh penenitopa 1TNF  anbda
(TNFR1] B pazBuTue HapyleHuil maMaT IPU CeIl-
cuce (mojgienib CLP) [66]. CyiecTBeHHO, 4TO OTCYT-
CTBUE HAPYUIEHUN MaMATH Y HOKAyTHBIX MBIIIEH
(6e3 TNFR1) cBA3BIBAIOT C YBEJUYEHUEM HKCIIPEC-
cun BDNFE Ha mozenn kamHuU4Yeckoi cMmeptu y
KPbIC OBLJIU IOJIyYEHBl PE3YJIbTAThI, CBUETEJD-
CTBYIOT O TOM, Y4TO CIIOCOOHOCTD K 3KCIIpeccun Oesika
BDNF gaBagerca BaXHBIM (haKTOPOM, ITOBBIIIAIO-
UM YCTOHYUBOCTD HEHPOHOB K rHben B MOCTpea-
HUMAITMOHHOM Tiepuojie [67].

B sutepatype mmupoKo 006CYKAAIOTCS EPCITEK-
tuBbl ipuMeHernst BDNF u apyrux nefiporpoduue-
CKMX (haKTOPOB JIJIS JIEYEHUS HEBPOJIOTUYECKUX 3a-
GosieBanuii. B Hacrosiiiee BpeMsi pa3pabaThIBAOTCSI
pas3JINYHbIE CTPATETUH JIJIST PELIEHUST TPOOIEMbI 10-
CTaBKU HEMPOTPO(UHOB B MO3T: CUCTEMBI IIEPEHOCA C
MIOMOIIbIO BUPYCHBIX BEKTOPOB, CTBOJIOBBIX KJIETOK
KOCTHOTO MO3Ta, CHHTETHUYECKUX U HATYPAJbHBIX T10-
JINMEPOB; CUHTETUYECKUE TIENTUHBIC MUMETUKHA U
T.0. [68, 69]. 9TO yKasbBaeT Ha TEPCHEKTUBHOCTD
ucnosib3oBanud BDNF a7 3anutsl Mo3Ta Mpu €ro
MOBPEXKIEHNN, BBI3BAHHOM CETICHCOM.

Pous GakTepwmii. Yuactue MUKPOGHOTO (hakTo-
pa B pasButuu SAE OeccriopHO, OJHAKO TIPUPOA
aToro (akTopa ocraercss HeudBecTHOH. OTCyTCTBHE
JKUBBIX OAKTEPUI B JIMKBOPE M TKAHU MO3Ta YKa3bi-
Baetr Ha TO, uTO SAE He sBJIsIeTCS CJIe/ICTBUEM TIPsi-
MOro MH(UIMPOBAHUS MO3ra MUKPOOPTaHU3MaMHU.
K mukpoOHbIM (hakTopaM, MOTEHIHAIBHO HIPA0-
mmM posib B pazsutun SAE, psji aBTOPOB OTHOCAT
MPOHUKHOBEHHE OAKTEPUATIBHBIX SHIOTOKCUHOB B
HEeHTPAJIIbHYIO HepBHYIO cuctemy |4, 48, 53, 70] B
VCJAOBUSAX HapylIeHUus TreMaTosHIedasndeckoro
Gapbepa |4, 10] 1 MOBpeKICHUST SHIOTEIHS COCYIOB
moara [60, 71]. [TosaraioT, 4To K MOBPEKACHUIO HEli-
POHOB MOTYT TIPUBOJIMTH TOBBIIIEHHBIH CUHTE3 BOC-

i.e. receptors can react to the appearance of LPS.
Endothelial and smooth muscle cells do not ex-
press CD14 membrane-bound receptor; however,
they are activated by soluble CD14 receptor circu-
lating in the blood. The LPS-LBP-CD14 complex
stimulates the synthesis of proinflammatory cyto-
kines, such as interleukin 13, Interleukin-6 and
tumor necrosis factor TNFa [77] via Toll-like re-
ceptors 2 and 4 |75, 76], initiates the synthesis and
secretion of other inflammatory factors reactive
oxygen radicals [77], and nitric oxide [78]. The in-
flux of monocytes and neutrophils to inflamed tis-
sues increases, and the inflammatory reaction spre-
ads to adjacent tissues [77]. The serum concentra-
tion of acute phase proteins, such as C-protein, in-
creases, and the complement system mobilization
leads to appearance of C3a and C5a components
[79], which, in turn, increase the production of
proinflammatory cytokines [47, 80]. The coagula-
tion system is activated leading to the dissemina-
ted intravascular coagulation (DIC-syndrome). As
a result, hemodynamic balance is impaired, and
thrombosis of microvessels develops [81, 82].

As it has been mentioned the brain dysfunction
is one of the early symptoms of sepsis, and this illness
often outstrips the classical presentation of generali-
zation of a bacterial infection with the formation of
pyo-inflammatory foci. This fact allows to suspect
that not only structural components of the cell wall
of bacteria (such as LPS), but also molecular micro-
bial metabolites may contribute to the development
of SAE. Products of microbial biotransformation of
aromatic amino acids (phenylalanine, tryptophan,
and tyrosine) are the most interesting study objects.
On one hand, the septic patients with encephalopat-
hy present an excess of aromatic amino acids in the
blood as compared to branched-chain amino acid
[83, 84]. At the same time, in sepsis, the level of aro-
matic microbial metabolites (AMM), in particular,
phenyl carbonic acids in the blood increases signifi-
cantly [86—89]. Previously, it has been shown that
main potential septic pathogens (Staphylococcus and
coagulase-negative staphylococci, Escherichia coli,
Klebsiella, Enterobacter and other anaerobic bacte-
ria) in vitro actively produce aromatic microbial me-
tabolites (AMM), e.g. phenyl carbonic acids [57, 87,
89]. The summary of the above facts suggests that in-
hibition of endogenous metabolism of aromatic
amino acids takes place in sepsis with simultaneous
active involvement of bacteria in their biotransfor-
mation. This hypothesis has been confirmed in rela-
tion of tyrosine metabolites. It has been found that
all patients with sepsis has a dramatically changed
profile of phenyl carbonic acids towards the pred-
ominance of microbial metabolites, such as para-hyd-
roxyphenyllactic (p-HPLA), phenyllactic (PLA),
para-hydroxyphenylacetic (p-HPAA) acid. The le-
vels of these AMM called «sepsis-associated» corre-
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HAJIUTETHHBIX MEIUATOPOB, CBS3AHHBIN C MUKPOO-
HOU HArpy3KOii, CBOOOIHO-PAIMKAIbHbBIE TIPOIECCHI,
MPOJYKIIUS OKCHJ/IA a30Ta, MUKPOTPOMOO3bI U HIlie-
mug [1, 72, 73]. HecomuenHno, auchyHKIUSg MO3ra
npu SAE gBigerca pe3yibTaTOM KOMILJIEKCHOTO
JeficTBUS MHOTUX (haKTOPOB, KOT/IA TOSIBJIEHUE O]l
HOTO (haKTOpa Be/leT K aKTUBAIIUN JIPYTUX.

[IpencraBieHust 0 IMyCKOBOW poJin OakTepuit
Yalie BCero CBOJMUTCS K GaKTepuasbHble dHIOTOKCH-
HaM, a uMeHHo — K JITIC, koTopbiii o6agaer U3BecT-
HOI CIIOCOOHOCTHIO MHUIIUUPOBATH BOCTIATIUTEIBHY O
peakiuio B opranuame. B kposu JITIC obpasyer KoM-
wieke ¢ JITIC-cBsspiBatomum Genkom (LBP), ator
KOMILJIEKC CBSI3BIBAETCS ¢ MEMOPAHHBIM PEIEIITOPOM
CD14 na neliTpodmyiax 1 MOHOIIMTAX,/Makpodarax,
YTO TIPUBOAUT K aKTUBAIIUU UMMYHHOU cUCTeMbl. B
TOJIOBHOM MO3T€ 9TOT THIT pelernTopa ObLI HAW/IEH B
KJIETKAaX MUKPOTJINNU [74], TO ecTb perenTopbl MOTYT
pearupoBath Ha nosiBienue JIIIC. Kuetku snumpore-
JIVIST U TJIAJIKUX MBIIIIT] HE SKCITPECCUPYIOT MEMOPAHO-
cBg3anHbiil perienitop CD14, omHaKko aKTUBUPYIOTCS
pactBopuMbIM perienitopom CD 14, upKyImpyonmm
B kpoBu. Komriekc JITIC-LBP-CD14 uepes Toll-like
petteritopst 2 1 4 |75, 76] cTUMYyIUPYIOT CUHTE3 [1PO-
BOCITAJINTEJLHBIX IIMTOKUHOB, TAKUX KaK WHTEpJeii-
kuH 14, unrepieiikun-6, u hakTop HEKPO3A OMYXOJIH
TNFa [77], vHUTIMUPYET CUHTE3 U CEKPEIUIO IPYTUX
BOCITAJINTEJILHBIX (DAKTOPOB, PEAKTUBHBIX PAIIKATIOB
kucsopoga [77] m okcuma asora [78]. Bospacraer
MIPUTOK MOHOIIUTOB M HEUTPODUIOB K BOCIATIEHHBIM
TKAaHAIM, U BOCHAJIUTEJbHAS PEAKIUS PacIpoCcTpa-
HAeTcs Ha npuiieraiomue Tkanu [77]. KonnenTparus
B CBIBOPOTKE OEJIKOB OCTPOIT (hasbl, TAKUX KK MPOTe-
uH C, yBeJMUUBAETCST, 2 MOOUJTM3AINS CHCTEMBI KOM-
IJIMMEHTA TMPUBOAUT K TOSBJICHUIO KOMIIOHEHTOB
C3a u C5a [79], koTopble, B CBOIO O4Yepellb, MOBbI-
MIAI0T TPOAYKIIUIO TTPOBOCHATIUTETBHBIX ITUTOKUHOB
[47, 80]. AkTuBUpYyeTcs cucTeMa CBEPThIBAHUS, UTO
MPUBOAUT K HUCCEMUHUPOBAHHOMY COCYINCTOMY
ceepreiBanmio (JIBC-cunznpom). B pesysibrare Hapy-
NIaeTCs TeMOIMHAMUYECKOE PABHOBECHE, PA3BUBACT-
cst TpoM603 MuKpococyos |81, 82].

Kak yske ckazaHo BbIlie, TUCHYHKINS MO3Ta
SABJISETCS OJIHAM M3 PAHHUX CUMIITOMOB CETICHCA, TO
€CTbh 9TO TTATOJIOTUYECKOE COCTOSTHUE YaCTO OlepesKa-
€T KJIACCUIECKY10 KapTUHY reHepan3alin OaKTepu-
anmbHON MHpekImn ¢ hopMUPOBAHNEM THONHO-BOC-
MAJTUTEJNbHBIX 04aroB. ITOT (PaKT MO3BOJISAET 3a110/10-
3pUTh, uTO B pasBuT SAE MoryT ydyactBoBaTh He
TOJIBKO CTPYKTYPHBIE KOMITOHEHTBI KJIETOUHOM CTECH-
ku Gakrepuil (takue Kak LPS), HO 1 HU3KOMOJIEKY-
JIIpHBIE MUKPOOHBIE MeTabosuThl. Hanbosiee mHTE-
PECHBIM OOBEKTOM JUJISI UCCJEOBAHUST SIBJISIFOTCS
HPOJYKTBl MUKPOOHOI OHOTpanchopMaluu apoma-
TUYECKUX aMUHOKHUCJIOT ((heHUJIaTaHHA, TUPO3WHA,
tpuntodana). C OAHON CTOPOHBI, Y CENTUYCCKUX
6OJIbHBIX ¢ 3HIIe(hATONATHE B KPOBU OTMEUYAETCSI
u30BITOK APOMATUYECKUX aMUHOKHUCJIOT 110 CPaBHE-

lated with the severity of patients' condition and the
mortality rate [89—91].

There are various published data on a microbial
metabolite of another amino acid, phenylalanine, the
phenylacetic acid (PAA), which presents in the ce-
rebrospinal fluid and serum of patients with signs of
septic encephalopathy in higher concentration com-
pared to normal values [92]. The toxic effect on the
brain is also associated with the excess of phenylala-
nine [93] or its metabolites [94] in the case of severe
symptoms of encephalopathy in patients with phe-
nylketonuria. A number of other studes demonstra-
ted that a severe brain injury and impairment of the
mental development was observed in patients with
elevated levels of phenyl pyruvic acid, PLA and PAA
inside the body [95].

AMMs listed above have a phenolic nature.
The results of preliminary studies suggest that
AMMs of an indole nature, i.e. tryptophan metaboli-
tes, can also significantly contribute to the develop-
ment of encephalopathy in sepsis, for example, based
on their structural similarity with serotonin. Explo-
ratory research is needed to identify features of the
molecular profile of metabolites in CSF and blood in
patients with SAE compared with encephalopathy of
a different genesis (after trauma, surgery, ischemic
stroke, etc.). At present, preparations for such a com-
parative study are arranged currently in the Federal
Research and Clinical Center for Intensive Care Me-
dicine and Rehabilitology. Comparison of the results
obtained using the most up-to-date technologies in
different groups of patients, primarily, help in shed-
ding light on the actual involvement of bacteria in
the mechanisms of development of encephalopathy
and to identify metabolites as the potential markers
SAE. A scientific research in this field will open new
opportunities and new strategic approaches to trea-
tment of brain dysfunction, in general, and SAE, in
particular.

Therefore, there is a need in improving studies
in the fields that might contribute to improving or
developing novel treatment in patients with acute
impairment of consciousness at the early stage of
sepsis and minimize the consequences of brain dys-
function in sepsis survivors through: 1) clarifying the
molecular mechanisms of development of septic en-
cephalopathy, 2) searching for microbial metabolites
as potential markers and contributors, 3) further de-
velopment of the pathogenetic therapy of SAE (ma-
nagement of microcirculatory disorders, changes in
the permeability of the blood-brain barrier, oxidative
stress, impaired neurotransmission).

HUIO C aMUHOKUCJIOTAME C Pa3BETBJIEHHON IIEIHIO
[55, 83, 84]. B To ke Bpems, mpu cercuce ypoBeHb
apoOMaTUYeCKUX MUKPOOHBIX MeTabouToB (AMM),
B YaCTHOCTH -(heHUNKAPOOHOBBIX KUCJIOT, B KPOBH
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BO3pacTaeT MHOTOKpaTHO [86—89]. Panee nokasano,
YTO OCHOBHbBIE OTEHIHAIBHDIE BO3OYAUTENH CETICH-
ca (30JIOTUCTBIN U KOATyJa30-0TPUIATEJbHBIN CTa-
(OUJIOKOKKU, KUIIIETHAST TTAJI0UKa, KIeOCuesia u Jpy-
rue sHTepoOaKTepuu, aHaspoOHbIe OGakTepuun), in
vitro aKTUBHO TPOLYLIUPYIOT aPOMATUYECKUE MUK-
poGubie MeTabonuThl (AMM), Hatpumep — beHuII-
kapOoHOBbBIE KucsioTh |57, 87, 89]. O600b1eH e MTpU-
BeJIEHHbBIX Bbillle (DaKTOB MO3BOJISIET MPE/ITOTIOKUTD,
YTO IPU CETICHCE TPOUCXOAUT TOPMOKEHUE DHIOTEH-
HOTO MeTabo/iu3Ma apOMATUYECKUX aMUHOKHUCJIOT
[IPU OJTHOBPEMEHHOM aKTUBHOM y4acTuu GakTepuii B
ux Guorpanchopmanuu. Jta TUIOTE3a HAILIA MO
TBEP/K/JEHUE B OTHOIIEHUH MeTabOJUTOB TUPO3MHA.
Y CTaHOBIIEHO, Y4TO Y BCEX OOJIBHBIX € CETICHCOM PE3KO
u3MeHeH npoduiib GeHuIKapOOHOBBIX KUCJIOT B CTO-
POHY peobJIalaHusl TaKUX MUKPOOHBIX MeTaboJIu-
TOB, Kak mapa-ruapokcudenunimonounas (p-
F®OMK), benunnmonounas (DMK), mapa-ruapoxcu-
dennnykcycnas (p-IOYK) kucnorsl. Y poBHu atux
AMM, Ha3BaHHBIX <CENCUC-ACCOIMUPOBAHHBIMUY,
KOPPEUPOBAIHU C TSKECTBIO COCTOSTHUST GOJIBHBIX U
JetanbHOCTBIO [8§9—91].

B nuteparype numerorcst Takike JaHHbBIE O MUK-
poGHOM MeTaboIUuTE JPYroi aMUHOKUCITIOTHL — (he-
HUJIAJIAHUHA, 2 UMEHHO — O (DEHUIIYKCYCHON KUCJIO-
te (DYK), KoTOpbIil B 3HAYUTETBHO HOJIEe BHICOKON
KOHIIEHTPAIUU TIPUCYTCTBYET B I11€PeOPOCIIMHATD-
HOU JKMIKOCTHU U CBIBOPOTKE Y OOJILHBIX € TPU3HAKA-
MU CeNTUYeCKON aHIedANONaTUN IO CPABHEHUIO C
HOPMaJIbHBIMU TIOKa3aresagmu [92]. Takske Tokcnye-
CKOE JIeHICTBUE HA MO3T CBSI3BIBAIOT ¢ U30OBITKOM (he-
HutanmanuHa [93] wim ero merabosmros [94] mpu
BBIPDAKEHHBIX MPOSIBJIEHUAX 3HIledaTonatnu y
6osbHBIX (heHmIKeTOHYpueil. B psiae apyrux pabot
[OKA3aHO, 4YTO TSIKEJ0e IOPa’keHue TOJOBHOTO
MO3ra 1 HapyIlieHre YMCTBEHHOTO Pa3BUTHUS HAOJIIO-
JaJoCh Y OOJIBHBIX C IOBBIIIEHHBIM YPOBHEM BO
BHYTpeHHeil cpejie opraHu3ma (HeHUJINMUuPOBUHO-
rpazuoit, DMK u @YK [93].

[Tepeunciennpie Boiiie AMM nmetoT dhenoss-
HYIO TpUpOy. Pe3yibraThl NpeiBapUTeSbHbIX UC-
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16040E. PMID: 16239619

CJIeIOBaHUI TI03BOJISIIOT TPEATIOI0KUTh, uT0 AMM
WH/IOJIBHOU MTPUPOJIBI, TO €CTh METabOJIUTHI TPHUIITO-
(bana, Takske MOTYT BHOCUTH CyTIIECTBEHHBIN BKJIAJ B
pasBuTHE dHIEhAIONATHN TP CeTIcHce, HATPUMED,
Ha OCHOBaHWU UX CTPYKTYPHOTO CXOJICTBA C CEPOTO-
HUHOM. HeoOXOIMMbI TIOMCKOBbBIE HUCCJEIOBAHUS,
HANpaBJICHHbIE HA BbISIBJICHUE OCOOGEHHOCTEN IPO-
(Uit HUBKOMOJIEKYJISIPHBIX MeTabOJMTOB JIUKBOPA
u kpoBu y 6osbHBIX ¢ SAE 110 cpaBHeHwMIO ¢ aHIeda-
JoniaTuell pyroro reHe3a (I1ocje TpaBMbI, olepa-
U1, UIIIEMUYECKOTO MHCYJIbTA U T.JI.). B HacTosiee
Bpemst B MHKII PP Bezmercst moAroToBka K TakoMy
CpaBHUTEJIBbHOMY HccyenoBanuio. ComocraBienne
pe3yJIbTAaTOB, MOJYYEHHBIX C MIPUMCHEHUEM CaMbIX
COBPEMEHHDIX TEXHOJIOTUI B PA3HBIX IPYIIIAX OOJIb-
HBIX, TOMOTYT, TIPEXK/E BCETO, MPOJIUTH CBET HA pe-
aJIbHOE ydacTre OaKTepuil B MEXaHU3MaX Pa3BUTHSI
sHIle(ATONATHN, U BBIIBUTH METaOGOJUTHI — MOTEH-
nuanabHble Mapkepsbl SAE. HayuHbiii onck B aToM
HAMpaBJICHUM OTKPOET HOBBIE BO3MOXHOCTU U
HOBBIE CTpATETHYECKUe MOJXO/bI B JICYEHUU JIMC-
dbyHkumit Mosra Boobie u SAE — B yacTHOCTH.

3akiaoueHue

Taxum 06pa3oM, IS YIIydIlIeHUsT PE3YJIbTaTOB
JiedeHust GOJIBHBIX ¢ OCTPBIME HAPYIIEHUSIMUA CO3HA-
HUSA HA PAHHEH CTAJIUU CETICUCa, U MUHUMU3AITUH T10-
caieIcTBUE uchYHKIME MO3Ta Y OOJIbHBIX, BHIKUB-
IIUX [OCJIE CETICUCa, HEOOXOMMO COBEPIIEHCTBOBATD
HCCJIEI0BATENBCKYI0 PAadOTy MO CJIEAYIONMM OCHOB-
HBIM HATIPaBJICHUSIM:

1) yrybiieHHOE U3ydeHne MEXaHU3MOB Pa3BH-
THS CENTUYECKOI aHIledaIonaTut Ha MOJIEKYJISP-
HOM YPOBHE;

2) mouCK MUKPOOHBIX METabOJUTOB — IIOTEH-
IUATTBHBIX MAPKEPOB U YYACTHUKOB MTPOIECCa;

3) nmasbHelias pazpaboTKa MaTOreHETHIECKOI
teparun SAE (60pbba ¢ MUKDOIUPKYJIATOPHBIMU
HapyHIEHUSIMH, U3MEHEHUEM TTPOHUIAEMOCTH TeMa-
TosHIIe(DATNTIECKOTO Oapbepa, OKCUIATUBHBIM CTPEC-
COM, HapyIIeHUSIMU HEHPOTPAHCMUCCUN).
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HaIpaBJeHHble B APYroil sKypHAI WIU COOPHUK, He
MIPUHUMATOTCS.

— 3a HekoppekTHOe ohOpMJIeHNE U HEIOCTO-
BEPHOCTh TIPEACTABJISIEMBbIX OUOAMOTpahUIeCKIX
JTAHHBIX aBTOPBI HECYT OTBETCTBEHHOCTH BIIOTH IO
CHSITUSI PYKOTIMCH C TIeYaTH.

— Hapymenue npaBun ohopmiieHUsT PyKOIH-
CU, HECBOEBPEMEHHDII, a TaKKe HeaJleKBaTHBIN OTBET
Ha 3aMeYaHusi PEIEeH3eHTOB U HAYYHBIX PEIaKTOPOB
MPUBOJAT K 33/IeP/KKe TTyOJIUKAIUH [I0 UCITPABIECHIS
YKa3aHHBIX HeA0CTaTKOB. IIpu wurHopmpoBanum 3a-
MEYaHU PEIEH3EHTOB W HAYYHBIX PEAKTOPOB PYKO-
MHACh CHUMAETCST C TATHHERTIIETO PACCMOTPEHUSI.

— Pykonucu OTKJIOHEHHBIX paboT pepakiiueil
He BO3BPAIAIOTC.

Humepecor cmopon: Aemop,/Pedaxuus

Penakiius ocrasisier 3a cOOOH 1PaBO CUNTATH,
YTO ABTOPBI, IPEJOCTABUBIINE PYKOIUCH JJIsT TyOJIH-
Karuu B sKypHa «O011ast peaHUMaTOJIOTHSI», COTJIAC-
HBI C YCJIOBUSIMU MyOJUKAI[UM U OTKJIOHEHUSI PYKO-
MIUCH, a TAKKe C TIPaBUJIaMu ee 0(popMIeHMS.

Pepaxiust ocrasisier 3a co0Oil MPaBO CUMTATH,
YTO aBTOP, OTBETCTBEHHBII 3a TIEPEITUCKY C PeaKITHel,
BBIPAKAET MO3UITHIO BCETO aBTOPCKOTO KOJIJIEKTHBA.

ABTOp mosyyaeTr WHGPOpPMAIMOHHBIE IJIEK-
TPOHHBIE THChMa 000 BCEX ATANaX MPOBIIKEHISI
PYKOIIUCH, BKJIIOYAS YBEJIOMJIEHHE O HECOOTBET-
CTBUM PYKOINHCH NMPOMUTIO KypHATA U MPaBUIaM
0o(hOpMIIEHNUS; TEKCTHI PEIIeH3UIT; PeleHne PeaKoI-
Jieruy 0 myGJUKAIUY WM OTKJIOHEHUU PYKOMUCH;
BEPCTKY OTPEIAKTUPOBAHHOTO BapuaHTa PYKOMUCH
JUIS TIOJTyYEeHUST aBTOPCKOTO JI0TycKa K revyatu. J{o-
[IOJTHUTEABHYIO MH(pOPMaLMIO O IIPOABUIKEHUH PY-
KOTTUCU aBTOP MOXKET TOJYYUTb 1O ajapecy: jo-
urnal _or@mail.ru; www.reanimatology.com.

Tapanmuu Asmopa

[IpenocraBienHas B peflakiiuio PyKOMUCD TTOJI-
HOCTBIO OpUTHHAIbHA. Vcmob30BamHme JIOObIX MaTe-
pHAJIOB JIDYTUX aBTOPOB [IOITYCKAETCSI TOJBKO C UX
paspelieHuss U mpu 00sI3aTeIbHO CChIIKE Ha ITHX
aBTOPOB.

CHmcok aBTOPOB COAEPKUT TOJBKO TeX JINII, KO-
TOPBIE BHECJIH OTILYTUMBIN BKJIQJI B KOHIIETITUIO, TIPO-
€KT, UCIOJIHEHUE WJIU WHTEPIPETAINIO 3asBJICHHON
paboThl, TO €CTh TeX JIUI, KOTOPbIE COOTBETCTBYIOT
KPUTEPUSIM aBTOPCTBA.

Pykomnuchp He COMEPKUT MaTepuasoB, 3aripe-
IIIEHHBIX B OTKPBITON MeYaTH JeUCTBYIONNM 3aKOHO-
nareabcTBOoM Poccun.

Tapanmuu pedaxuuu

JTi06bie pYyKOIMCH, TIOJIy4eHHbIe PeAAKIIMEN I
pereHsnupoBanus, 6GyyT BOCIPUHUMATHCS KaK KOH-
(duneHnmambabie 10KyMeHTBI. OHE He MOTYT OBITh
MOKa3aHbl JIPYTUM JIUIAM 1 00CYK/IEHbBI ¢ HUMH, 34
UCKJTIOYEHHUEM JTHTI, YITOJTHOMOYEHHBIX PEIAKITUEH.

Heornyb6mKoBaHHbBIE MATEPHATIBI, HAXOISIIITHECST
B MIPEJIOCTABJIEHHON CTaThe, He OYAYT UCIIOIb30BAHbI
B COOCTBEHHOM HCCJIEIOBAHUT HAYYHOTO PEAAKTOPA U
peleH3eHToB 6e3 MCbMEHHOTO Pa3pelieHns aBTopa.

PerieHseHT He OyIeT AOMYIIEH K PACCMOTPEHHIO
PYKOITUCH, €CJI UMEET MeCTO KOH(IMKT MHTEPECOB B
€ro KOHKYPEHTHBIX, MTapTHEPCKUX JTHOO APYTHX OTHO-
MIEHUSIX ¢ KeM-JTN00 M3 aBTOPOB, KOMITAHWIT WU Op-
FaHMU3AIH, CBSI3AHHBIX C MATEPHATIOM Ty OJHKATIHH.
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