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OO0MeH HYKJIEMHOBBIX KHCJIOT Y 0OJIbHBIX C TSKEJI0H 05K0rOBOM TPaBMOH,
¥ BO3MO’KHOCTH €r0 KOPPEeKIUH

E. N. Bepemaruu!, 1. M. Mutpodanos!, I. 10. Camaros?,
E. 1. Crpenbiiosa?, A. JI. Beiinbepr?, E. A. ITorrep?, C. C. Borauos?

! Hosocubupckuii Tocyzapersennbiii Meauintekuii Yausepcurer Munsapasa Poccun,
Poccust, 630091, r. HoBocu6upcek, Kpacueriii mpocrexr, 1. 52
2 Tocymaperennas Hoocubupcekast Obsacraas Knnnnaeckas 60bHAIIA,
Poccust, 630087, r. HoBocu6upck, yi. Hemuposuya-/lanyenko, 1. 130
3 DepepasbHblil HCCAEAOBATEIbCKII HeHTp MHeTUTYT 1uTosioriu u reretukn Cubupcekoro otaenenns PAH,
Poccus, 630090, . HoBocubupck, 1p. ak. JlaBpenTtbesa, 1. 10

Nucleic Acid Metabolism in Patients with Severe Burn Injury
and the Possibility of Its Correction

Evgeny 1. Vereshchagin', Igor M. Mitrofanov!, Igor Yu. Samatov?, Elena I. Strel'tsova?,
Anna L. Veinberg?, Ekaterina A. Potter?, Sergey S. Bogachov®
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ITesb vccne10BaHus: OLIEHUTD M3MeHeHUs oOMeHa HykenHoBbix kucaot (HK) npu Tsikesnoit 05k0roBoii Tpasme,
1 pa3paboTaTh PEKOMEH/IAIINN TT0 KOPPEKITH ATMMEHTAPHOTO CTATyCa C YYETOM ATHX U3MEHEHNH,

Marepuasi u MeTO/bI. Beex 60abpHbIX (37 maninenToB ¢ Tepmudecknm oxxoroM [I1-I11 cremenu n mutomankio mo-
paxenus 6osiee 40%) pasiesuiy Ha 2 TPYINIbE B rpyIiny 1 Boluuim BeixKkuBIIKe nanenTs (23 uesoseka), rpymiry 11
cocrasunn ymepuire. Murerncusrocts o6mena HK onenuBasy 1o auHaMuKe KOHIEHTPAIIMH MOYEBOI KUCAOTHI
(MK) 1 os1uronyky1eoTi/108 CbIBOPOTKH KPOBH.

PesyabraTel. B ocTpom mepuose 05k0roBoll TpaBMbI XapakTepHO BbIpakeHHOe cHIKeHne MK (menee 100
MKMOJIb/JT), ¢ HOCTENEHHON cTabumsanueil y BbLKUBIIIX. Kpome Toro, 1Uis BBKUBIIMX GOJIBHBIX B OCTPOM HEPUOJIE
XapakTepHo yBeIrdeHne B 2—3 pasa KOHIIEHTPAIMU OJIUTOHYKJIEOTH/IOB CBIBOPOTKU KPOBH MO CPABHEHUIO C HOPMOIA,
1, HAaUMHas ¢ 5 CYTOK, TAaHHbIE M3MEHEHNUST IOCTOBEPHO OTIMYANCH OT TPYTITIBI YMEPIINX MATIMEHTOB. YUUTHIBAS T10-
JiydeHHble laHHble, ypoBeHb MK CbIBOPOTKM KPOBU MOKHO PEKOMEH/IOBATh B KJIMHUUECKON TIPAKTUKE JIJIST OTIEHKH
aJIMMEHTAPHOTO CTaTyca [PU 0KOTOBOIT 00JIE3HM, a TAKKe KaK KPUTEPHH /IS ONPe/IeIeHUs TOKa3aHUI K UCIIOJIb30-
BAHUIO IJTIOTAMUHA Y KPUTUYECKUX OOJIBHBIX. Y OOJIBHBIX ¢ 05K0T0BOI Gostenbio camskernne MK menee 100 MEMOITB /1
paclieHuBaIK Kak abCOJIOTHOE OKa3aHue J1JIs IIPUMeHeH U TipernapaTtos L-riyramuna. Vcroib3oBaHye TI0TaMuHa
Ha GoHe BbIpaKeHHOTO cHUKeHnst MK compoBoskIanoch 10CTOBEPHBIM POCTOM MHTeHcuBHOCTH 0OMeHa HK, 0 uem
CBU/IETEJBCTBOBAMIO KaK YBEJIMIEeHHe YPOBHENH MOUeBO# KHCTOTH (Ha 85% & 10 cyTkaMm mocie Hadasia BBEIEHSI TITI0-
tamna, p<0,01), Tax 1 BoccTaHOBJIEHNE PerapaoHHbIX TIPOTIECCOB.

3akmouenue. Y GOJIbHBIX TSAKEION 0KOrOBON TPaBMOU OTMETHIIN BbIpakeHHOe nuameHeHue Metabosmama HK
B 06enx rpynmnax. Bmecre ¢ Tem, /ISt BBIKUBIIUX MAlMEHTOB ObLIO XapaKTepHO ObICTPOE BOCCTAHOBJIEHHE 0OMeHa
HK. B kagecTBe (hapMaKoJOTHIECKOTO areHTa, 3(hHEKTUBHO yCTPaHSIONETo Aermpeccuio Metabomnama HK mcmosn-
30BaJIU IJIIOTAMUH.

Kmouesvie cnosa: mepmudecKkast mpasma, UHMeHCUBHAA mepanus, mmeﬂmaprlﬁ cmamyc, obmen HYKIEUHOBLLX
Krucaom; O]luZOHyKJleomuabl,' mouesast Kucaiomad, eiomamun

Purpose. To assess changes in nucleic acid (NA) metabolism in severe burn injury and to develop recommenda-
tions for correction of the alimentary status taking into account changes in the NA metabolism.

Materials and methods. All patients (37 patients with II-IIT degree thermal burns and a burn area of more than
40%) were divided into 2 groups: Group I included survivors (23 patients), group II consisted of the deceased. The
intensity of the NA metabolism was assessed based on the dynamics of the of uric acid (UA) and oligonucleotides
serum concentrations.

Results. In the acute period of burn injury, marked decrease in UA levels (less than 100 umol/1), with gradual
stabilization in survivors is typical. In addition, a 2—3-fold increase in the concentration of serum oligonucleotides

Anpec sl KOPPECIOHIEHIIUM: Correspondence to:
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compared to the normal limit is typical for survivors in the acute period, and these changes were significantly different
from the group of deceased patients starting from day 5. Taking into account the data obtained, the level of serum
UA can be recommended in clinical practice for the assessment of alimentary status in burn disease, as well as a cri-
terion for f the prescription of glutamine administration in critically ill patients. In patients with burn disease a de-
crease in the UA level to less than 100 pmol/l was regarded as an absolute indication for the use of L-glutamine
products. The use of glutamine in patients with significant decrease in UA levels was accompanied by a significant
increase in the intensity of NA metabolism, which was demonstrated by both an increase in uric acid levels (by 85%
by day 10 after the start of glutamine administration, P<0.01) and restoration of repair processes.

Conclusion. Therefore, there was a marked alteration of NA metabolism in both groups of patients with severe
burn injury. At the same time, surviving patients are characterized by rapid recovery of NA metabolism. Glutamine
was employed as a pharmacological agent that effectively abrogates the depression of NA metabolism.

Keywords: thermal injury; intensive care; alimentary status; nucleic acid metabolism; oligonucleotides; uric acid;

glutamine
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BBenenue

VHTEeHCUBHOCTD OOMEHA HYKJIEUHOBBIX KUCJIOT
(HK) npu kpuTnyeckux COCTOSTHUAX ABJSETCS BaK-
HbIM (haKTOPOM, Ompejesaionum ux ncxoa. Cunres
dparmentoB HK (HyKI€0THIOB) — 0/ivH U3 HauboJiee
AKTUBHBIX IIPOIECCOB B KJeTKe. BocrmponsBoacTBo
HYKJIEOTUI0B TpeOyeT 3HAYUTETHHOE KOJUYECTBO
MJIACTUYECKUX BEIIECTB, B TOM YHCJI€ AMIUHOKUCJIOT
riyramMuHa u ramnuHa. [lo 3arpatam sHeprum aToT
IpoIlece Takyke OTHOCUTCS K KpaliHe HAIPSIKEHHBIM.
Bwmecre ¢ TeMm, psg «6apbepHbIX» OpraHos (IiedeHb,
KUIIeYHUK, JTMM(DOY3JIbl, CeJIe3eHKa) U KOCTHBIN MO3T
MPU KPUTUYECKUX COCTOSHUAX MOJIKHBI YCUIUBATD
cunre3 HK B necsitku pa3. ImeHHO cKOPOCTb JieieHust
KJIETOK W, CJiefloBaTeJqbHO, cKOpocTh cuHTesa HK
oTIpeiesIieT CKOPOCTh pereHepaniuu u QyHKIIMOHATb-
HbI€ Pe3ePBbI TUX OPTAHOB.

B nacrosuuit MOMEHT CyTIeCTBYIOT MeIMKaMeH-
TO3HBIE CIIOCOOBI U3MEHEHUST UHTEHCUBHOCTH CUHTE3a
u pacnazia HK, ognako jist aphekTHBHOTO UCIO/1b30-
BaHUsI 9TUX TIPENApaToB HEOOXOMUM HAJIEKHBIN CIIO-
cob onenku nnrescupHocT ooMena HK, B iporus-
HOM cillydyae WMX HCHoJb30BaHue Oyner Jmbo
Mas109(PHEKTUBHO, INOO MOKET IIPUBECTU K YXYyIIIe-
HUIO COCTOSIHUS OPTraHN3Ma YeIOBeKa.

Panee 1pe/jioKeHHbIi HaMU C110c00 AUarHOCTH-
ku Hapyuenuii oomena HK 3akiiouaercst B oHOBpe-
MEHHOM OTIpe/ieJIeHNH B CBIBOPOTKE KPOBU JIBYX TIapa-
METPOB — HYKJIEMHOBBIX KMCJIOT CHIBOPOTKH KPOBU
(HKCK) m Mo4eBO# KHCJIOTBI CBIBOPOTKU KPOBU
(MKCK) [1]. HKCK xapaxrepusyiot cekperuio HK.
Bunanue pacnazna xnetok Ha yposenb HKCK, mo-
BUIUMOMY, MUHHUMAJIBHOE, TTOCKOJbKY KJIETOYHBIE
dparmentsr HK ObIcTpO pacnagaoTcst moj geiicTBueM
(hepMEHTOB, WU AJIUMUHUPYIOTCST ¢ OOJIBIION CKOPO-
CTbI0 Yepe3 perentopbi-ipuBpatiuku TLR3 u 9
tunos. [leficTBUTeNbHO, HAlU HcciaenoBaHusg [2]
MOKA3aJId, 4TO Y GOJIBHBIX C TSKEJBIM XUPYPrUYeCKUM
CEeTICUCOM, TIPU KOTOPOM OTMEYAeTCS yCUJICHHBIM
KaTaboJIM3M U YCKOpeHHast riubesib KJIETOK, KOHIIEHT-
panust HKCK MokeT Kak CHUKATbhCs, TaK U TOBbI-
niatbes. bosiee Toro, MHOrOUKC/IeHHBIE TaHHbBIE |3, 4]
CBUJIETEJIBCTBYIOT O TOM, YTO B HOPME KOHIIEHTPAITUSA

Introduction

The intensity of nucleic acid (NA) metabolism
in critical conditions is an important factor determin-
ing the outcome of the critical state. Synthesis of NA
fragments (nucleotide) is one of the most active
processes in the cell. Nucleotide reproduction requires
a significant amount of plastic substances, including
amino acids glutamine and glycine. In terms of energy
costs, this process is also extremely stressful. At the
same time, a number of «barrier» organs (liver, intes-
tines, lymph nodes, spleen) and bone marrow should
increase the synthesis of NA tenfold under critical
conditions. It is the rate of cell division in these or-
gans, and therefore the rate of NA synthesis that de-
termines the rate of regeneration and functional
reserves of these organs.

At present, there are ways to change the inten-
sity of the synthesis and disintegration of NA, but a
reliable way to assess the intensity of NA metabolism
is necessary for the effective use of these drugs, other-
wise their use will be either ineffective or may lead to
deterioration of the disease.

A method for diagnosing NA metabolic disor-
ders proposed previously consists in simultaneous
determination of two parameters in the blood serum:
serum nucleic acids (SNA) and serum uric acid
(SUA) [1]. SNA concentrations characterize the
level of circulating NA liberating from cells. The ef-
fect of cell disintegration on the SNA level appears
to be minimal, since NA cell fragments disintegrate
rapidly under the action of enzymes, or are elimi-
nated at a greater rate through the gatekeeper recep-
tors TLR3 and TLRY. Indeed, our studies [2] have
shown that in patients with severe surgical sepsis, in
which there is increased catabolism and accelerated
cell death, the SNA concentration can both decrease
and increase. Moreover, numerous data [3, 4] indi-
cate that normally the SNA concentration is a con-
stant value, and changes in the SNA concentration
in one direction or another may be accompanied by
pathological changes per se. Therefore, maintaining
a certain SNA level of is an active process. It is ob-
vious that NA in extracellular fluid corresponds, first
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HKCK saBiisieTcst BeIM4nHOI IIOCTOSIHHOI, a U3MeHe-
Hus koutentpaiuu HKCK B Ty nian nnyio ctopony
MOTYT CaMU TI0 cebe COTPOBOKIATHCS TTATOJOTHIECKHU-
M ciiBuramu. Takum 06pa3oM, mojiiepskaHue orpe/ie-
sennoro yposus HKCK siBisiercst ak TuBHBIM TTpoliec-
coM. OueBnno, yro HK Bo BHEKIETOUHOI KUIKOCTU
COOTBETCTBYIOT, B I1€PBYIO 04Yepe/b, UHTEHCUBHOCTU
obmena HK, HO He MHTEHCHBHOCTH THOEITH KJIETOK.

MoueBasi KucjI0Ta CbIBOPOTKU KPOBU XapaKTepH-
3yeT, KaK U3BeCTHO, CKOPOCTb paciiajia HyKJIenHOBBIX
KHCJIOT /10 IIyPUHOBBLIX OCHOBAHMIA U Jlajiee /10 MOY€eBOi
kucaorbl (MK). Omgrako 06bIYHO OlpesieieHue KOH-
nentparmn MKCK ucnionbayercst 17151 IuarnocTuku
MOYEKHCJIOTO InaTe3a WU [OJ[arpbl, IPU 3TOM IIPUHU-
MaloTCs B pacyeT TOJIbKO ITOBbIIIEHHbIE 3HaueHHs. Bme-
CTe C TeM, TIPY KPUTUYECKUX COCTOSTHUAX HAMU OTMeye-
HO pe3koe cHkene MK, cBuzieTesibeTByoliee o ToM,
4TO GOJIBITMHCTBO 0OPA3YIONMXCS TYPUHOBBIX OCHOBA-
HUIT BHOBB uctob3yercst B cunresde HK de novo. Cie-
nosarenbno, MKCK sBiisiercst mapameTpom, 1o KOTo-
POMY TaK;Ke MOXKHO OIEHUTh HHTEHCUBHOCTH 0OMEHA
HK. Boicokue 3nauennss MK cBuzieTesibcTBYIOT O TIpe-
obiamanuu pacnaga HK waz cunTE30M, IMpU 9TOM
3HAYUTEJIbHAS YACTDb IIyPUHOBBIX OCHOBAHMIL Jerpa/iu-
pyert 1o MK. Huzkue 3nauennst MK, naripotus, csujie-
TEJILCTBYIOT O TOM, 4TO nIoTpebrocTh B HK 3HaunTeIbHOo
yBeJInyeHa, moTpeGHOCTh B ITYPUHOBBIX OCHOBAHMSX
1peobJIajiaeT Haji BOSMOYKHOCTBIO UX CHHTE3a, KaK CJIe]I-
CTBUE — pacla/] IIyPUHOBLIX OCHOBAHUH PE3KO CHUKEH.

Taxum 06pasoM, TIPH OJHOBPEMEHHOM OTIpe/Iee-
Huu cpenneii kontentparmu HK u cpeaneit konient-
part MK B cbIBOpOTKE KPOBY MOKHO OLIEHUBATH KaK
nHTeHcuBHOCTH cunTe3a HK, Tak n mHTEHCMBHOCTD
pacnasa HK Bo Bcem opranmname. Ha ocHoBe mosyuen-
HBIX JIAHHBIX ITOSIBJIIETCS BO3MOKHOCTD CBOEBPEMEH-
HOH auarHocTuku u xkoppekuun oomena HK. Panee
GBIJIO TIOKA3aHO, YTO CBOEBPEMEHHAsI IMarHOCTUKA 1
BOCCTaHOBJIeHHE cHUKeHHOTO obmena HK Mmoxker
cTaTh BAKHBIM (haKTOPOM B UCXOJIE JIeUEeH st OOTbHBIX
C ATMMEHTApHOH Hel0CTaTOYHOCTBIO IIPU aXala3uu
um pyOLoBOM cy:KeHun numesona [1].

WurencuBHas Teparnus TAKeJI0H 0:KOT0BOM TpaBs-
MBI OCTaeTcs BaskHelleil nmpodaemoii. Cpasy mocie
BbIBEJIEHNUS U3 11I0KA OTMevaeTcs KpaiiHee HalpsokeHue
MeTabO0IMIeCKUX TIPOIECCOB, CBSI3AaHHBIX B MEPBYIO
ouepesib ¢ BHIPAKEHHBIM KaTabonnamMoM. Meskay TeMm,
KOHTPOJIb &JIMMEHTAPHOTO CTaTyca € MOMOIIBIO 001IIe-
NpUHATBIX Kputepues (ampbymun, unaekc Ketie,
cojiepkanue JUM@OIUTOB) B OCTPOM Iiepuojie He
urdopmatrser. Kpome Toro, oOMeH HyKJIEHHOBBIX
KHUCJIOT IIPU TSKEJION OKOTOBOI TpaBMe He M3y4eH.
CooTBeTCTBEHHO, OTCYTCTBYIOT PEKOMEH/IAIINH 10 KOP-
PEKIMU ATMMEHTAPHOTO CTATYCa C YY4eTOM MeTabon3-
Ma HK kak B ocTpom, Tak 1 1o10cTpoM (CTaIuu CerTu-
YeCKUX OCJIOKHEHUI U UCTOIIeHN ) TePUO/IaX.

Ilenp — onenuts usmenenuns oomena HK mpu
TSKEJION 03KOTOBOIT TPaBMe, U pa3paboTaTh PEKOMEH-
JIaIK 110 KOPPEKINN aTMMEHTAPHOI0 CTaTyca ¢ yue-
TOM 3TUX U3MEHEHUH.

of all, to the intensity of the NA metabolism, but not
to the intensity of cell death.

SUA is known to characterize the rate of disin-
tegration of nucleic acids to purine bases and further
to uric acid (UA). However, usually, the determination
of the SUA concentration is used for the diagnosis of
uric acid diathesis or gout; at that, only the increased
values are taken into account. At the same time, in
critical conditions, we noted a sharp decrease in UA
levels, indicating that most of the purine bases formed
are again used in the NA synthesis de novo. Therefore,
the SUA is a parameter by which the intensity of the
NA metabolism can also be estimated. High UA values
o indicate the predominance of NA disintegration over
synthesis, while a significant part of purine bases de-
grades to UA. Low UA values, on the contrary, indicate
that the need for NA increased significantly, the need
for purine bases prevails over the possibility of their
synthesis, and as a result, the disintegration of purine
bases is sharply reduced.

Therefore, in the case of simultaneous determi-
nation of SNA and SUA, both the intensity of the NA
synthesis, and the intensity of the NA disintegration
in the body can be estimated. On the basis of the data
obtained, it is possible to diagnose and correct the NA
metabolism on a timely basis. As it has been shown
previously, the timely diagnosis and restoration of re-
duced NA metabolism can be an important factor in
the outcome of treatment of patients with alimentary
insufficiency with achalasia or cicatricial narrowing of
the esophagus [1].

Therapy of a severe burn injury remains the most
important problem of intensive care. Immediately
after recovery from shock, there is an extreme tension
of metabolic processes associated primarily with
marked catabolism. Meanwhile, the monitoring of al-
imentary status using generally accepted criteria (al-
bumin, Quetelet index, and lymphocyte count) in the
acute period is not informative. In addition, the nu-
cleic acid metabolism in severe burn injury has not
been studied. Therefore, there are no recommenda-
tions for correction of the alimentary status, taking
into account the NA metabolism in both acute and
subacute (stage of septic complications and exhaus-
tion) periods.

Purpose: to assess changes in NA metabolism in
severe burn injury and to develop recommendations
for correction of the alimentary status taking into ac-
count changes in the NA metabolism.

Materials and Methods

This study was conducted in the burn center of the re-
gional clinical hospital of Novosibirsk (Russia) in
2016—2018. In total, the study included 37 patients of both
sexes aged 15—70 years with severe burn injury: IT-III de-
gree burn with an area of more than 40%, or II-1V degree
burn with an area of more than 20%, or II-1II burn with an
area of more than 20% + burns of the upper respiratory tract;
patients were in the combustiological ICU for more than 3
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Marepuaa u MeTo/1bl

Jlannoe uccienoBanue rnposesu B 2016-2018 rr. Ha
6ase oxorosoro nearpa O6JaCTHON KIMHUYECKOH GOJIb-
ikl HoBocubupcka (P®D). Bceero B wucciemoBanue
BKIOunIN 37 60JIbHBIX 060€ro noJa B Bozpacre 15-70 jer
¢ TsKeJI0i oxxoroBoit TpaBmoil: oxkor 1I-111 crenenn mnio-
mazapio 6osee 40%, nau II-IV cr., mnomanasio 6osee 20%,
unu =111 c1. nomaapio 6osee 20% + 0KOr BePXHUX JIbl-
xaTesbHBIX IyTell, Haxoxusmuxcsa B OPUT oskorosoii
TpaBmbl Oostee 3 cytok. Ipyry 1 cocTaBuim BoiKUBIIHE
6osbHbIe (23 yesmoBeka), [pynmy 11 cocraBuau ymepiiue
(14 uenosek). Vccaenosanue 6b110 0406PEHO PErOHAb-
HBIM 3TUYeCKUM KoMuTeroM OOIacTHOU KJIMHUYECKOIL
6onpaubl HoBocnbupceka.

Kputepusmu UCKITIOUEHUST SIBIISLIUCDH: BO3PACT MEHee
14 u Goutee 70 Jiet, COIYTCTBYIOLIME XPOHUYECKHE 3a001€Ba-
HUSL B CTAJIUM JIEKOMIIEHCALMH, & TAKKe 3a00JI€BaHMUsT, COTIPO-
BOJKIAIONNECA BbIPaKEHHBIMU U3SMEHEHUAMU MeTa6OJII/13Ma
HYKJIEMHOBBIX KHCJIOT, & IMEHHO: OHKOJIOTHYeCKUe 3a00J1e-
BaHUs, Ay TOUMMYHHbIe 3a00ieBaHust U ttogarpa. [loueunas
HEI0CTATOUHOCTD, TPEOYIOIIAst 3aMeCTUTEIbHOI OYeUHO
Tepanum, TakyKe SBISIIACh KPUTEPUEM HCKIIOTEHTI.

VHTeHCcuBHYIO Teparuio TepMuIecKoil TpPaBMBbI B OCT-
PBIi ¥ TIOZOCTPBII IepUO/L OCYIIeCTBIISIN COTJIACHO TPUHSI-
TBIM KJIUHUYECKUM pekoMeHmanusam [5]. Hyrputusuyio
MOJIEP/KKY OCYTIECTBIISLIN COTJIACHO PEKOMEHIAIISIM EB-
porneiickoro Obuectsa Kimnunueckoro [uranus u Mera6o-
sau3ma [6].

KoHTpoJsib GHOXMMHUYECKUX TI0Ka3aTeNleil ChIBOPOTKU
KPOBH, B TOM UHCJI€, YPOBEHb MOUEBOI KUCJIOTDI, OCYIIECTB-
s Ha Gnoxummdeckom ananmusatope «AU-480» («Beckman
Coulters, Besukobpuranvist). YpoBeHb OJIUTOHYKJICOTHIIOB B
CBIBOPOTKE KPOBU olleHuBavIcs 1o Metoxy [lImuzra- Tanray-
3epa. [IpearoaroToBKy 0OpasIoB OCYIECTBIISIIN CJIE/LYFOIM
o6pasom. K 0,4 mur murazmbr kposu gobasisma 11.6 M HCIO,
110 KoHeuHOH KoHIeHTparuu 0,5 M 1 KUTISITHIIN Ha BOASTHOMN
Gaue B teuenue 30 MuH. [UapoIM3aThI OXJIAKIAJIU U TIEHTPU-
dyruposanu 5 mun mpu 12000—14000g. TTocse mpenumnuTa-
I[N OJTUTOHYKJIEOTHIIOB OCYTIECTBIISIIIN CTIEKTPODOTOMETPHS
Ha aymHax BosiH 270 u 290 HM IPOTUB KOHTPOJIHHOTO pac-
teopa 0,5 M HCIO, wucnonbszoBamu crekpodoToMerp
«Genesys 10uv» («Thermo Spectronic», @PT). Coupepskatue
(HT/MJT) HyKJIEHHOBBIX KHCJIOT PACCYMTBIBAIIN 110 (hOpMY.JIe:

C = (Ay70—Ay90)%10,3/0,19,

rae 0,19 — snauenne (Ay;p—Asgy), KOTOPOE UMEET I'UJI-
POJIN3AT HYKJIEMHOBBIX KHUCJIOT, COAepsKanii 1 HT HyKIen-
nosoro (ochopa B 1 mur pacrBopa; 10,3 — cpemnwmit
repecyeTHbIi KoahhUImeHT 171 epecyeTa KoJam4ecTa Hy K-
JIeHOBOTO (hocdhopa Ha KOJTMYECTBO HYKJICMHOBBIX KUCJIOT.

C 1estbio Koppekiu fenpeccru cuaresa HK y wactu
nairenToB (19 desoBek) MCMOB30BATIM PACTBOP TJIIOTA-
MmuHa — (apmakonyrpuenT L-rayramun 0,4 r/Kr/cyTKN
BHYTpPUBEHHO B TeueHue 7—10 gueit. CHIKeHMEe KOHIIEHTPa-
1 MoueBoit kucaorel Hrske 100 Mmxmouts/Jt (T. €. B 2 pasza
HIZKEe HOPMAJIbHBIX 3HAUEHUIT) ObLIO MPUHATO KaK I0Ka3a-
HUe /14 Ha3HaYCHUA IJII0TaMIHa.

IIpoBoaniu 1BYX(hakTOPHBII ANCTIEPCUOHHBIN aHAIN3
noBropHbix u3Mepenuii (Repeated ANOVA), cratuctuyeckyro
06paboTky ¢ ucriosbzoBannem makera STASTISTICA 8.0.

PesyubraTsl 1 00Cy K1€HIE

N3 37 GOJBHBIX TSKEION 0KOTOBOH TpaBMOI
BBUKIIN 23, TIeTaabHOCTh cocTaBuaa 38%. IIpuunHoit

days. Group I consisted of survivors (23 subjects), Group II
consisted of the deceased (14 subjects). The study was ap-
proved by the regional Ethical Committee of the regional
clinical hospital of Novosibirsk.

The exclusion criteria were as follows: age less than 14
and more than 70 years, decompensated comorbidities, as
well as diseases accompanied by pronounced changes in the
metabolism of nucleic acids (cancer, autoimmune diseases
and gout). Patients with renal failure requiring renal re-
placement therapy were also excluded.

Intensive therapy of thermal injury in acute and sub-
acute period was carried out according to accepted clinical
recommendations [5]. Nutritional support was provided ac-
cording to the recommendations of the European Society of
Clinical Nutrition and Metabolism [6].

Monitoring of biochemical parameters of blood serum,
including uric acid level, was carried out using biochemical
analyzer <«AU-480»(«Beckman Coulter», UK). The
oligonucleotides serum level was estimated by the Schmidt-
Thanhauser method. Pre-preparation of samples was carried
out as follows. Add 11.6 M HCIO, to 0.4 ml of blood plasma
up to a final concentration of 0.5 M and boil in a water bath
for 30 min. Cool hydrolysates and centrifuge them for 5 min-
utes at 12000—14000 g. After oligonucleotide precipitation,
spectrophotometry at wavelengths of 270 and 290 nm
against 0.5 M HCIO, reference solution was carried out;
spectrophotometer «Genesys 10 uv»(«Thermo Spectronic»,
Germany) was used. The content (ng/ml) of nucleic acids
was calculated using the following formula:

C = (Aysg—Asgy)¥10.3/0.19,

where 0.19 is the (Ay79—Ayg) value of the hydrolysate
of nucleic acids containing 1 ng of nucleic phosphorus in 1
ml of the solution; 10.3 is the average conversion factor for
conversion of the amount of nucleic phosphorus to the
amount of nucleic acids.

In order to correct the decreased level of NA synthesis
in some patients (19 subjects), a glutamine solution, pharma-
conutrient L-glutamine, was used intravenously at a dose of
0.4 g/kg/day for 7—-10 days. Reduction of uric acid concen-
tration below 100 umol /1 (i.e. 2 times lower than normal val-
ues) was taken as an indication for glutamine administration.

A two-way repeated measures ANOVA (Repeated
ANOVA) was carried out. Statistical processing of dara was
performed using the STATISTICA 8.0 package.

Results and Discussion

23 of 37 patients with severe burn injury sur-
vived; the mortality rate was 38%. Purulent-septic
complications that developed on days 10—28 after
burn injury were the cause of death in all 14 cases. The
mean age of survivors was 49.2+2.9 years; in Group I1,
it was 42.4%3.6 years. Therefore, no significant age dif-
ferences between groups were observed (P>0.167).

The analysis of UA dynamics in the survived pa-
tients (Group I) showed 3 stages of changes in UA
serum concentration (table 1). As a rule, normal UA
values were observed at the first stage (burn shock,
days 1-3). The average UA level was 344.1+32.1 on
the first day (normal limits: 200—415 umol/l for men
and 200—350 umol /1 for women).

At the second stage (days 3—10), there is a signifi-
cant decrease as compared to the normal limits. Although
in some cases there was a decrease below 100 umol /1, the
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Ta6mua 1. Konuenrpamus Mo4€eBOii KHCJIOTBI B CHIBOPOTKE KPOBH Yy 0OJIbHbIX C TSKEJIOM TEPMHUYECKON TPAaBMOIA.
Table 1. Concentration of uric acid in serum of patients with severe thermal trauma.

Study stages Uric acid (pmol/1) P
Group I Group II
n M=*SE n M=+SE
Day 1 21 344.1+£32.1 14 399.2+38.5 0.2825
Day 3 22 222.0+20.2 12 313.5£50.2 0.0544
Day 5 23 165.0+12.0 12 164.1£27.9 0.9706
Day 7 22 146.3£10.1 11 94.7+10.5* 0.0031
Day 10 21 146.1£7.3 12 87.5+7.6* 0.0001
Day 14 19 161.2+£7.9 12 114.8£14.0* 0.0041

Note. * — P<0.05, compared to the reference group. Normal limits: 200-350 pmol/1 for women and 200-415 pmol /1 for men.
Ipumeyvanue. /st taba. 1, 2, puc.: study stages — aransl nccregosanus; day — cyTku; group — rpymma; uric acid — MoueBast ucmora.
* — p<0,05 no cpasuenuto ¢ rpymnoii 1. Hopmanbubie stauenust: 200—350 Mxmosib /o1 — jist skenius; 200—415 MKMOJIb /71 — JUUIs1 MySKUKH.

cMepTH Bo Beex 14 ciryvasx crajiu rHOHHO-cenTnye-
CKHe ocJIoKHeHnd, pazpuBiuecs Ha 10—28-e cyTku ¢
MOMEHTA OKOroBO#M TpaBmbl. Cpennuii Bo3pact
BBUKUBIINX NariueHToB (rpyrmma I) cocraBun 49,2+29
roga, B rpynie II — 42,4+3,6 roga. TakuM o6pasom,
JOCTOBEPHOI BO3PACTHON PA3HUIIBI MEXKTY TPYIIIIAMHU
He ormetuiu (p<0,1671).

[Tpu anamuze nuuamukun MK y BbDKUBITHX
6osbHbIX (rpynmna I) orMerwin 3 arana usMeHeHUI
kontenTpaiuu MK B ceiBopotke kposu (tabur. 1). Ha
nepBoM artare (0KOTOBBIN MIOK, 1-3-u cyTKM), Kak
MPaBUJIO, OTMevYaau HopMmasibHble 3HaveHuss MK.
Konnenrtparnua MK na 1-e cyTku B cpeiieM cocTaBu-
na 344,1+32,1 mxmMob/n1 (HOpMasibHble 3HAYEHUS:
200—415 mrmob /1 1yist Myskan, u 200—350 MKMOJTb /1
JUIST SKEHTITUH ).

Ha BTopom atane (3—10-e cyTkn) ormeTnsin ee
JIOCTOBEPHOE CHUIKEHWE TI0 CPABHEHUIO C HOPMOIA.
XoTs1 B psjie CIy4aeB OTMEYATN CHUKEHUe HIKe
100 MrMoOJTB /1, CpeiHre 3HAaUYeHUs He OMYCKaJINCh
ke 146+7,3 mxmosb/n. Ha Tperbem atame (11-20-e
CYTKH) Y BBKUBIIMX OTMEYAJIN Me/IJIEHHBII POCT KOH-
nentpanun MK B cbIBOPOTKe KPOBH, OTHAKO CPETHUE
3HAUEHUST OCTABAJIUCH B pailoHe HMKHUX 3HAYEHUI
HOPMBI.

B rpymmne II ormewanmu cXoaHyl0 IUHAMUKY
(tabm. 1), oqHako, HaUMHAA ¢ 7-X CYTOK, OTMeYaJi
noctoBepHo 6osee Huskue 3Haverust MK mo cpasHe-
nuto ¢ rpynmoii [ (p<0,01). Kpome Toro, orcyTcTBOBaM
JOCTOBEPHBII POCT KOHIIEHTPAI[II MOYEBOI KUCJIOTHI,
n Ha 20-e cyrtkm konmentparusgs MK cocraBuia
112,1+6,9 (p<<0,001 1o cpaBHenuio ¢ rpynmoii 1).

Namenenns HKCK B rpynmax takxke mMmesn
pasHoHalpaBJeHHbIl Xapakrep (Tabi. 2). IIpu oxo-
roBoM moke (1-3-u cyTKkn) OTMETHIN KOHIIEHTpa-
mnio HKCK B mpenesnax HOpMaJbHbIX 3HAYEHUN
(10-50 ur/mu). Ilocaenyioriee ee yBeandeHue B 2
pasza GbIJIO TUITMYHO /IS BBKUBIITHX, TPUYEM JIaH-
HYI0 JAWHAMUKY OTMETWJIM YXe Ha J-€ CYTKH
(p<0,001). Haubosiee 3HAUNMBbIE PA3IUIHA MEKILY
rpyrmmamu otmevanaun ¢ 10-x cyrok. B wactHocTH,
cofiep;KaHue OJIUTOHYKJIEOTH/IOB B CBIBOPOTKE KPOBH
6osbHBIX rpynIbl I Ha 14-e cyTku ObL10 GoJIbIIE B 2,4
pasa 1o cpaBuenuio ¢ rpynmoit 11 (p<0,0001).

mean values did not fall below 146+7.3 pmol/1. At the
third stage (days 11-20), the survivors showed a slow
increase in serum UA concentration, but the average val-
ues remained near the lower normal limit.

In group II, there is a similar dynamics (table 1),
however, starting from day 7, there are significantly
lower UA values as compared to Group I (P<0.01). In
addition, there was no significant increase in uric acid
concentrations; and on day 20, the UA concentration
was 112.1£6.9 (P<0.001 vs. Group 1).

Changes in SNA in the groups were also multi-
directional (table 2). In the case of burn shock (days
1-3), the SNA values within the normal range
(10-50 ng/ml) were observed. The subsequent 2-fold
increase is typical for survivors; at that, this dynamics
was observed as early as on the 5th day (P<0.001).
The most significant intergroup differences were ob-
served later starting from day 10. Particularly, the
oligonucleotide serum levels in Group I patients on
day 14 was 2.4 times higher (P<0.0001) as compared
to Group II.

Analysis of results demonstrated that in group I
intravenous glutamine was used 1.6 times more often
than in the group of the deceased (53 and 33%, respec-
tively). The use of glutamine was accompanied by a
rapid increase in the UA level by 25-84%. For com-
parison, in the group of patients where glutamine was
not used, the increase in UA levels on day 7 was 18%
(P<0.01) (fig.).

Clinical case

Patient S. was admitted to the intensive care unit
with IT-III degree thermal injury and the affected area of
more than 60%. On the 58th day of burn disease, which cor-
responds to the phase of complications and exhaustion,
rapid rejection of the skin flap was noted after another plas-
tic surgery. The UA serum level was determined; marked de-
crease to 75 umol/l was observed. Low UA level was
considered an absolute indication for intravenous adminis-
tration of L-glutamine at a dose of 0.4 g/day for 7 days. SUA
was 125 mmol/day 5 days later. Another skin plastic was
successful; 7 days later, the patient was transferred from the
ICU in a state of moderate severity. Thus, it was the low
level (75 pmol /1) of uric acid that was the indication for the
use of L-glutamine. In turn, glutamine contributed to the
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Kamangeckas mpakTmuka

TaGmmia 2. Conep:kanne ONMIOHYKJIEOTHIOB B CHIBOPOTKE KPOBH Y GOJBHBIX C TSKEION TEPMUYECKON TPABMOA.
Table 2. Concentration of oligonucleotides in serum of patients with severe thermal trauma.

Study stages Serum oligonucleotides (ng/ml) P
Group I Group 11
n M=SE n M=*SE
Day 1 25 41.00£5.32 12 22.08+4.54 0.0294
Day 3 25 56.80+5.62 12 40.92+7.58 0.1096
Day 5 25 84.92+4.71 12 43.83+8.88* 0.0001
Day 7 25 82.08+5.97 12 60.67£7.75 0.0423
Day 10 25 88.32+4.97 12 43.83+£8.77* 0.0001
Day 14 24 101.50£7.97 1 44.55+7.23* 0.0001

Note. * — P<0.01 compared to group 1. Normal limits: 10—50 ng/ml.

IIpumeuanue. * — p<0,01 1o cpaBuenuto ¢ rpymnmoit 1. Hopmasnbubie 3uauenust 10—-50 Hr/mir.

[Ipu ananm3e pe3ysIbTaTOB OTMETHLIH, UTO B TPYTI-
ne [ mpemapar ruroTaMuHa CIoIb30BaH BHY TPUBEH-
Ho B 1,6 pa3a yaiie B cpaBHEHWU C TPYTITION yMePITUX
(53 u 33% cootBetcTBeHHO). Vcnonb30BaHue TmioTa-
MUHA COTIPOBOKIAIOCH GBICTPBIM YBEINUEHUEM YPOB-
ust MK wa 25—-84%. [lsist cpaBHeHus, B TPYIINe Malu-
€HTOB, TJIe TJII0TAMUH He UCIoJIb30BasH, mpupocT MK
Ha 7-e cyTku coctaBua 18%, (p<0,01) (puc.).

Kannuyeckwuit npumep

Boapnoit C. noctynus B oTesieHne peaHuMaluu ¢
tepmmaeckoit TpaBmoii [1-111 cT., m mromanasio mopasxke-
Hust 6osee 60%. Ha 58-e cyTku 05K0r0BO# 60JI€3HU, 4TO
COOTBETCTBYET (haze OCTOKHEHWI U NCTOILIEHMUSI, TOCTIe
MIPOBEIEHUST OYepPe/IHO TIACTHKN KOXKHOTO JIOCKYTa OT-
MEeTHJIH €ro ObIcTpoe oTTopKeHne. OTnpenesnid KOHIEHT-
parmmio MK B CBIBOPOTKE KpPOBH, OTMETHJN ee
BBIPAKEHHOE CHIKEHNUE /10 75 MKMOJIb/JI. DTO PACIIEHIIN
Kak abCoTIOTHOE TIOKA3aHWe JIUTs Ha3HAUEHUsT Mperapara
L-rmyramuna B nose 0,4 r/cyTKr BHYTPUBEHHO B TeUeHIE
7 nueit. Yxe uepes 5 cyrok xoutnentparus MKCK cocra-
Buta 125 MmrMob/cyTku. OuepenHast KOKHAs MIaCTHKA —
ycrenrta, yepes 7 cytok 6ospHoro nepesenn us OPUT B
COCTOSIHUU CPeIHEN CTemeHn TsKecTh. Takum o6pasom,
VMEHHO HU3Kas KOHIeHTpanus (75 MKMOJIb/JT) MOYEBOi
KHUCJIOTHI SIBUJIACH TIOKA3aHMEM JIJISI MCTIOIb30BAHNUS TIpe-
napara L-rioramMus. B ¢Boto ouepe/ip, TIoTaMiH crnoco6-
cTBOBaJ BoccranoBieHmio o6mena HK, uto nposiBuioch
GBICTPBIM POCTOM KOHI[EHTPAIINH MOYEBON KUCIOTHI B ChI-
BOPOTKE KPOBH, & KINHUYECKH — BOCCTAHOBJIEHUEM IIPO-
1[ECCOB peTapari.

Tsxesast osxoroBasi TpaBMa COTPOBOSKIAETCS BBIPA-
JKEHHBIM n3MeHeHreM MeTaGosmama HK. O6 sTom cBue-
TeJbCTBYIOT OIHOTUITHBIE U3MeHEHNs KOoHIleHTpannii MK
u HK cbiBopoTKEM KpoBU B 06enx rpyiiax. B yactHocTH,
71T OCTPOTO TIEPHO/IA 0KOTOBOI TPaBMBI XapaKTEPHO BBI-
pakeHHOe CHIDKeHHe KoHneHTpannn MK ceiBopoTkm
kposu (meree 100 MKMOJIBb/11), ¢ ee OBICTPOIT cTabuIN3a-
nueil y BbpkuBImX. OUeBUIHO, YTO BBIPAkKeHHOE CHIKE-
ame MK cBgzano c¢ ycumenswsiMm cuaTe3oM HK u
MOBBIIIEHHBIM MTOTPEOICHIEM TyPUHOBBIX OCHOBaHUil. B
yCJIOBUSX TI0OBbIIEHHON norpebHocT B HK, 1, cieposa-
TeJTHHO, MMyPUHOBBIX OCHOBAHUSX, JIUIIb X MaJjas I0Js
TIO/IBEPraeTcs MOCTIeAYIONEMY PACIIEIIEHHIO 10 MOY€EBOii
KHCJIOTBL. BMecTe ¢ TeM, TocToBepHAsT pa3HIIIa MKy KOH-
nentpareii MKCK B rpymime BEDRUBIIIX 1 YMEPIINX CBU-
ZeTeTbCTBYET O BA)KHOCTH ATOTO TTApaMeTpa 7T TPOTHO3a
TeUeHNs ! KOPPEKIINN TePau 0KOroBoil TpaBMbl. Oue-
BUHO, uTO cHIsKeHne MK menee 100 Mxmosb /71 sBsIETCS

— — Without glutamine

iv glutamine
160 -

150+
140 -
130 -
120 -

110+

100 -+

Uric acid serum, pmol/1

T 3 s g BT

Study stages, day

HN3menenus KOHIICHTPaIun MOUY€BOIl KHCJIOTBI CBIBOPOTKHU KPOBH
y GOJIBHBIX C TSKENION 03KOT0BOI 60NE3HbIO IPH BHYTPUBEHHOM
HCII0JIb30BaHUH NIPEnapara

Changes in the uric acid serum concentration in patients with
severe burn disease following the intravenous administration of
L-glutamine.

Note. iv — intravenous.

IIpumevanue. Without/iv glutamine — 6e3/BHyTpUBEHHbIIT TJT10-
TaMUH.

restoration of NA metabolism, which was accompanied by
a rapid increase in the uric acid serum level, and clinically
manifested by the restoration of repair processes.

As has been demonstrated in this study, the severe
burn injury was accompanied by a marked change in the NA
metabolism. It was demonstrated by similar changes in the
concentrations of serum UA and NA in both groups. Specif-
ically, in the acute period of burn injury, the marked decrease
in UA serum levels (less than 100 umol/1), with rapid stabi-
lization in survivors was most common. It is obvious that
the marked decrease in UA levels is associated with en-
hanced NA synthesis and increased consumption of purine
bases. Under conditions of increased demand for NA and,
consequently, purine bases, only a small proportion of them
is subjected to subsequent cleavage to uric acid. At the same
time, the significant difference between the SUA levels in
the group of survivors and deceased patients shows the im-
portance of SUA parameter for the prognosis and managing
the burn injury. It seems likely that the decrease in UA levels
to less than 100 pmol /1is a prognostically unfavorable factor
requiring correction. L-glutamine is one of the drugs restor-
ing reduced NA synthesis and activate NA metabolism [1].
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MPOTHOCTUYECKU HEGJIATONPUSITHBIM (GakTOPOM, Tpedyto-
muM Koppeknuu. OIHIM U3 IPenapaToB, BOCCTAHABIIH-
BaONMX CHUKeHHbI cunTe3 HK 1 aktuBupyiommx o6mMen
HK, aBasietcsa L-rmortamun [1].

Hapsity ¢ KAIHHHYeCKUMI HaOJIOICHUSIMHE, B KOTOPBIX
IUIOTIIOTAMUHEMUsT Y GOJBHBIX B KPUTHYECKUX COCTOS-
HUSIX COUETAIACh C HETATUBHBIM FICXOJIOM, CYIIECTBYIOT 9KC-
NepUMeHTAIbHbIE  HMCCIEOBAHMS,  ITOATBEPIKAAIOINIIE
HETaTUBHBII IIPOTHO3 NTPH JeDUIINTE IIII0TAMIHA, B TIEPBYIO
odepesb, Ha (hoHe MOABICHNUS IMMYHHON CHCTEMBI U 110-
BpeX/IeHUN can3nucToii kutrevnuka [7]. [loatomy: 1) BBeze-
HUEe TJIIOTAMHHA TPH KPUTHYECKUX CHTYalnsX, Kak
IPAaBUJIO, OKA3bIBAET TO3UTUBHBIH a(h(heKT HecMOTpst Ha Hc-
XOJTHOE cojiepsKaHie TTI0TAMIHA B CBIBOPOTKE, 2) MapeHTe-
pasbHOE BBeJIEHNE B OCHOBHOM MMEET IIPENMYIIECTBO 110
cpaBHeHuio ¢ autepanbubiM [8, 9]. Oxnako orcyrcTBHE
CTPOTO ONPEIETEHHBIX TOKA3AHNT /TSI FICIIOJIb30BAHMS TJII0-
TaMUHa SIBJISIeTCS] OCHOBHBIM OTPAHNYEHHEM €T0 IIPUMeHe-
HUS B KIMHIYeCKoH mpakTuke [10].

B psize viceseioBanuii GbI10 TOKA3aHO, YTO OPUEHTH-
POBATHCSI HA KOHIIEHTPAITHIO TJII0TAMITHA B I71a3Me Oe3 yJeTa
cojiepskanus B Tkanax He koppekrno [11-14]. Hopmanbnoe
coziepkaHne TJII0TaMUHA B CBIBOPOTKE KPOBH MOJKET acCo-
IMUPOBATHCS € HU3KUM COZICPIKAHIEM B MBIIIIAX, U Ha060-
pot. BMecte ¢ TeM, HeOGXOANMO YUUTHIBATD, YTO CHHTE3 1
HaKOIIJIEHHE TJII0TAMUHA TIPOMCXOUT B MBIIIEYHON TKaHH,
a HanGoJiee YyBCTBUTEIBHBIME K IC(DUIUTY TTIOTAMITHA STB-
JISTIOTCST KOCTHBIM MO3T, CJIN3UCTAsT KUIEYHUKA, TMMMOW/I-
Has TKanb [15].

Takum 06pa3oM, cojiepskanie rJIioTaMuHa B KPOBH
He MOJKET OBITh MCIOJIb30BAHO KaK MOKa3aHue JJis BBe-
JICHUsT TJIIOTAMIHA Y OOJbHBIX B KPUTHYECKUX COCTOSI-
nuax. O4eBMAHO, YTO HeoOXOAMM OoJsiee HaJeKHBII
KPHUTEPUIi /IS ONpeiesIeHNsT MOKA3aHUIl K NCI0JIb30Ba-
HUIO TJII0TAaMUHA Y GOJIbHBIX B KDUTHYECKUX COCTOSTHUSIX.
OmHUM U3 TaKUX KPUTEPUEB, MTO-BUIUMOMY, SIBJISETCS
MoueBas KUCJIOTA.

[Monydyennble HAMU PE3YJIBTaThl 06 UCTOIB30BAHIN
pacTBopa riIoTaMiHa Ha (hoHEe HU3KNUX KOHI[EHTPAINI Move-
BOM KHMCJIOTHI CBUAETEIBCTBYIOT 00 2(heKTHBHOCTH MPe/-
JIOFKEHHOTO METO/Ia KOPPEKIMHI META00IM3MA HYKJICHHOBBIX
KUCJa0T. /lelicTBUTENbHO, NCIIOJAb30BaHNE TII0TaMUHA BO
BCEX CJIYYasix COIPOBOKIAIOCH POCTOM KOoHIeHTparny MK
B CBIBOPOTKE KPOBH, & KIMHIIECKN 9TO BBIPAsKAIOCH B BOC-
CTQHOBJICHUH PETapal[iOHHbIX IIPOIECCOB. Y psijia MalneH-
TOB UMEHHO OJIar0/[apst CBOEBPEMEHHOMY HCITOJIb30BAHUIO
TJIOTAMIHA YIATOCh PAIUKATIBHO U3MEHUTH CUTYAINIO U
obecrieunTpb GraronpusiTHbiil nexo. Takum o6pazom, MK
MOYKHO PEKOMEH/IOBATh KaK KPUTEPHIl OIEHKH allnMeHTap-
HOTO CTaTyca IPH 03KOTOBOIT OOJIE3HM, & TAKIKE NCITOJIB30-
BaTh JUIS OIpeJeJeHNsT TOKA3aHWN s Ha3HAYeHUs
rmoTtaMnHa. CorylacHO HalleMy aHaJIN3y, CHIKeHHe KOH-
nenrparn MK miske 100 MKMOITB /21 SBJISLIOCH a0COITIOT-
HBIM [IOKAa3aHWEM JUIS WCHOJb30BAHUS TJIIOTAMUHA.
HampoTus, nCHoib30BaHUE TIIOTAMHHA IPH BBICOKHX
sHaueHusx MK (6osee 400 MKMOJIb/JT) MOKET COIIPOBOIK-
JIATHCST HETATUBHBIME TTOCJICACTBUSIMH, OCKOJIbKY MeTabo-
JINU3M IIyPUHOBBIX OCHOBAHHUI /10 MOYEBOIl KUCJIOTHI, KaK
M3BECTHO, COIIPOBOXK/AETCA reHepalueil akTuBHbIX hopm
KHCJIOPOJIA.

Ananns namenenuniit HKCK raxske nossosser cue-
JIaTh HECKOJIBKO BBIBOJIOB. BO-11€PBBIX, B IEPHOJI IIIOKA CO-
nep:xxanne HKCK cumkaercs mo cpaBHeHNTO ¢ HOPMOH,
YTO CTABUT 110/] COMHEHNE HEKPO/aIONTOTHYECKYIO NTPH-
POJY OJTUTOHYKJIEOTH/IOB B CBIBOPOTKE KPOBU. JTU JIaH-

Along with clinical observations, where hypogluta-
minemia in critically ill patients was associated with a neg-
ative outcome, there are experimental studies confirming the
negative prognosis in the case of glutamine deficiency, in the
first place, due to suppression of the immune system and
damage of the intestinal mucosa [7]. Therefore, (1) gluta-
mine administration in critical illness, as a rule, has a positive
effect despite the baseline serum glutamine content, and (2)
parenteral administration mainly has an advantage over the
enteral one [8, 9]. However, the absence of strictly defined
indications for the use of glutamine is the main limitation of
its use in clinical practice [10].

A number of studies have shown that it is not correct
to consider the glutamine plasma concentration with no
focus on its tissue content [12—14]. Normal serum glutamine
levels may be associated with low muscle levels, and vice
versa. At the same time, it should be taken into account that
glutamine synthesis and accumulation occurs in muscle tis-
sue, and bone marrow, intestinal mucosa, lymphoid tissue
belong to tissues most sensitive to glutamine deficiency [15].

Therefore, the blood glutamine level cannot be used as
an indication for administration of glutamine in critically ill
patients. More reliable criteria are needed to determine the
indications for glutamine administration in critically ill pa-
tients. Presumably, the UA might serve as one such criterion.

The results obtained from the use of glutamine solution
when the concentrations of UA is low demonstrate the effec-
tiveness of the proposed method of correction of altered nu-
cleic acid metabolism. Indeed, the use of glutamine in all
cases was accompanied by an increase in the SUA levels, and
clinically it was expressed in the way that may be considered
as a result of a restoration of repair processes. In a number of
patients, the timely use of glutamine resulted in radical
changes of the situation toward favorable outcome. Thus, UA
can be recommended as a criterion for assessing the alimen-
tary status in burn disease, as well as it may be used to deter-
mine the indications for glutamine administration.
According to our analysis, a decrease in the UA acid below
100 umol/1 was an absolute indication for administration of
glutamine. On the contrary, the use of glutamine at high UA
values (more than 400 pmol/l) may be associated with neg-
ative consequences, since the metabolic conversion of purine
bases to UA is known to be accompanied by the generation
of reactive oxygen species.

Analysis of changes in the SNA levels also leads to sev-
eral conclusions. First, during the period of shock, the SNA
content decreases in comparison with the normal limits, which
dispute the necrotic/apoptotic nature of oligonucleotides in
the blood serum. From our point of view, these data favors the
concept of active secretion of oligonucleotides into the extra-
cellular space, and active maintenance of their level in the
blood. Second, support of a high level of SNA (2-fold above
the normal limits) appears to be a factor that influences the
survival. This is confirmed by a significant increase in the SNA
level by 2—3-fold in the acute period in patients of Group I as
compared to the normal limits and Group II.

Conclusion

Therefore, there was a marked alteration of NA
metabolism in both groups of patients with severe burn
injury. At the same time, surviving patients are char-
acterized by rapid recovery of NA metabolism. Gluta-
mine was employed as a pharmacological agent that
effectively abrogates the depression of NA metabolism.
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Kamangeckas mpakTmuka

HbIe CBU/IETEABCTBYIOT B [IOJIB3Y KOHIENIII 00 aKTHBHOT
CeKpeIun OJINTOHYKJIEOTHZOB BO BHEKJIETOUHOE IPO-
CTPAHCTBO, U aKTHBHOM IO//IEP’KAHNN MX OIPeIeIeHHON
KOHIICHTPAINH B CBIBOPOTKE KPOBU. BO-BTOPBIX, mO/1EP-
skanue Boicokoit kortenrparu HKCK (B 2 u 6osiee pasa
IpeBBINIAONIEH HOPMAJbHBIC 3HAYCHUS ), TI0-BUINMOMY,
sBasietcss (pakTopoM, BAMSIONUM Ha BbikuBanue. 06
9TOM CBHJIETEIBCTBYET focToBepHOE yBeanuenne HKCK
B 2—3 pasa B OCTPOM IIE€PHO/IE 0KOTOBOI TPABMbI y HAI1-
€HTOB TPyNIsl | Kak 1Mo cpaBHEHUIO C HOPMOH, TaK ¥ IO
cpasuenuio ¢ rpynmnoi I1.
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3akaoueHue

Takum 06pa3oM, P TAKEIOH 0KOTOBOI TPaBMe
OTMEUEHO BhIpaKeHHOE n3MeHeHe Metabosmama HK
B 00€UX TPYIIax: Y BBIKUBIIMX W YMEPIIUX HaI[HeH-
TOB. BMecTe ¢ TeM, /TSl BBUKMBINNX TTAIIMEHTOB Xapak-
TepHO GbicTpoe BocctaHoBeHrne oOMera HK. B kaue-
cTBe (apMaKkoIOrudeckoro areHTa, 3(hdeKTUuBHO
ycrpaHstoniero aemnpeccuio Merabonausma HK, 6bun
MCTIOJIb30BAH TJIIOTAMUH.
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Clinical Practice

Ileperpyska sKHAKOCTbIO KaK NMPEIUKTOP JETATbHOTO HCX0/1a
y IeTeii B KPUTUYECKOM COCTOSTHUU

1. B. IIpomertnoii, 0. C. Anekcanaposuy, K. B. ITiennucuos

Canxr-ITerepOyprexkuii rocyiapCTBEHHbII e IMaTPHIeCKIi MeAUIIMHCKII yHuBepcuter Munsapasa Poccu,
Poccusg, 194100, r. Canxr-TlerepOypr, yur. JInToBckas, . 2

Fluid Overload as a Predictor of Lethal Outcome in Critically-Ill Children
Dmitry V. Prometnoi, Yury S. Aleksandrovich, Konstantin V. Pshenisnov

State Pediatric Medical University, Ministry of Health of Russia,
2 Litovskaya Str, 194100 Saint-Petersburg, Russia

WudysnoHHas Tepanust iBJsSeTCs BaKHBIM 9JIEMEHTOM KOPPEKIINN KPUTHYECKUX COCTOSTHUI, IPH 9TOM Kpaiite
BaKHO HE TOJIbKO YCTPAHUTH I'MITOBOJIEMUIO, HO U IIPEJIOTBPATUTD MEPETPY3KY JKUKOCTBIO.

Ienpb ucceaoBaHus — BbIIBUTD IIPEAUKTOPDI JIETATBHOIO UCX0a, 00YCIOBICHHbIE 0COOEHHOCTSIMU UH(PY3UOH-
HOH Tepanuu u KUIKOCTHOTO Oajlanca y eTell B KpUTHYECKIX COCTOSTHUSIX.

Marepuais u MeToabl. B nccienoBanme Briounsin 96 mannenToB, HaxouBmmxcs B nepnarpudecknx OPUT.
Cpennuii Bozpact aeteit coctasui 0,7 (0,2—2) roga. B 3aBucuMocT 0T ncxoia Beex MAIMEHTOB Pa3/ieniiu Ha JBe
rpyubt: I — «Boizgoposienues, 11 — «Jleranbhbiii ucxony. Ouerniu 00beM nHGY3UOHHON Tepariiu, 00beM 11aTo-
JIOTHYECKUX MOTEePh 1 THAPOGATAHC.

PesyabraTel. B 1-e cyTku jeuennss ocCHOBHBIMU (PaKTOPAMHU, YBEJTUINBAIOIINMI BEPOSITHOCTD JIETATHHOTO HC-
X0/1a, ObLJIN [OKA3aTeJH, CBSI3aHHbIE ¢ 00bEMOM BBOJMMON KUIKOCTH, B JaJIbHEHIIEM JIETAIbHOCTD ObLIA aCCOIUK-
poBaHa ¢ MOKa3aTesIMU, OTPAKAIONIMMU 00bEM BbIAETEHHOI sKuaKocTH. OGbeM BblAeIeHHON KuaKocTn Menee 20%
OT BBEJEHHOTO 00beMa, YBEJINYNBaJ PUCK JIETAIBHOTO 1cxoaa B 12 pas, yseanuenue ob6bemMa moTepb KUIAKOCTH 10
80% oT BBeIEHHOTO, CIIOCOOCTBOBAJIO 3HAYNTETBHOMY CHIKEHHUIO PUCKA CMEPTH MAl[MEeHTa.

3axmouenue. [10710KUTEIBHBII JKUIKOCTHOI Gamanc Ha (hore yMeHbIIeHHsT 00beMa BbIICTEHHO KUTKOCTH B~
JISIETCS1 OCHOBHBIM (DaKTOPOM PHCKA JIETATIBHOTO UCXO/IA Y JIETEI.

Knioueevte crnosa: ungysuonias mepanus, 601eMUMECKULL CMAMYC, ZUNEPEOSEMUSL, NEPEZPY3KA HCUOKOCTIBIO, 10~
mepu HeUOKOCmu, Ucxo0

Infusion therapy is the main element of treatment of critical illness; at that, it is critical not only to eliminate
hypovolemia, but also to prevent fluid overload.

The purpose of the study was to identify predictors of a lethal outcome due to the peculiarities of infusion ther-
apy and fluid balance in critically-ill children.

Materials and methods. The study included 96 children admitted to the pediatric ICU. The average age of the
children was 0.7 (0.2—2) years. Depending on the outcome, all patients were divided into two groups: I — «Recov-
ery», Il — «Lethal outcome». The daily volume of administered fluid, the volume of infusion therapy, the volume of
pathological losses and fluid balance were estimated.

Results. On the first day of therapy, parameters related to the volume of administered fluid were main factors
that increased the probability of a lethal outcome; then mortality was associated with parameters related to the vol-
ume of discharged fluid. The volume of discharged fluid less than 20% of the administered volume increased the risk
of a lethal outcome by 12-fold; the increase in the volume of fluid loss to 80% of the administered one contributed
to a significant reduction in the risk of children's death.

Conclusion. Positive fluid balance due to reduced volume of the discharged liquid is a major risk factor of a
lethal outcome in children.

Keywords: infusion therapy; volemic status; hypervolemia; fluid overload; fluid loss; outcome
DOI:10.15360/1813-9779-2019-1-12-26

Bsenenue Introduction

MHpysnoHHAs Tepamus SBJseTCs 00513aTelb- Infusion therapy is an obligatory element of the
HBIM 2JIEMEHTOM MHTEHCUBHOI KOPpEKInU Kputhde- | intensive therapy of critical conditions in children.
CKUX cocTostHUIA y ieteit. OHako, HeemoTpst Ha 1o, uto | However, although close attention is paid to calcula-
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Kanangeckas mpakTuka

B IeJINATPUUYECKOIT ITPAKTHKE pacueTy oObemMa nHdy-
3UN yjeseTcd IpUCTaJbHOe BHUMAHUE, [AJIeKO He
BCET/Ia UCTIOJIB3YIOTCS JIUIIH PEKOMEH/[yeMble 0O BEMBbI
CYTOYHOU MOTPEOHOCTH B JKUAKOCTU, OYEHb YaCTO
OTCYTCTBYET KOPPEKIIUS CYTOUHOTO 0OBEMA JKUTKOCTH
B IIpoIlecce JIeYeHUs ¢ Y4eTOM MHAUBU/YJIbHBIX 0CO-
GEHHOCTEN KOHKPETHOTO MAIMEHTA, YTO TIPUBOAUT K
neperpysKe JKUIKOCTbIO, TUIIepru/ipaTaliii U porpec-
CUPOBAHUIO MOJIMOPTaHHON HeocTaTouHocT [1-5].
Y zeteil, MOCTYNAIOIINX 110 9KCTPEHHBIM [TOKa3a-
HUAM, pacyeT UH(pY3MOHHON Tepaluu MPOBOAUTCS
HCXO/ISI M3 TPEX COCTABJISIONINX: CYTOYHON OTPEGHO-
CTH B )KMJIKOCTH, HAIMYUEM UCXO/IHOM JleruipaTaiuu
U TEKYIIUX [1aTOJIOTUYeCKUX ToTepb. Kpome Toro, npu
IIPOBE/ICHUM [TPOTHBOIIOKOBBIX MEPOIIPUATHH U cep-
JIEYHO-JIETOYHON peaHUMAIU, BBOASTCS OOJIOCH
sugkoctu B o0beme 10—20 mii/kr B Tederue 15—20
MUHYT, U TAKUX OOJII0COB MOKET ObITh HECKOJIBKO [6].
Taxum 06pazoM, 06beM KUIAKOCTH, BBOIMMON B
nepBbie HU TpeObIBaHus pehGeHKa B OTIEICHUN pea-
HUMAIUM ¥ WHTEHCUBHOW Teparuu, MOXKET ObITh
Kkpaiine BesinK. [unepBosemus gasigercs Gaxkropom,
HeGJIaroMPUATHO BIMSIONMM Ha (OyHKI[MOHUPOBAHNE
LIeHTPaJIbHON HEepBHOM, PecIUPaTOPHOM, CepAedHO-
COCYIUCTOM, PEHAJIBLHOM CUCTEM U IIPUBOJIUT K TIOBbI-
reHunio 3a6ojieBaeMoCT 1 Jietasibioctu [7—10].
B nacrosiiiiee BpeMst MeeTcsl MHOTO T1y6inKa-
IMii, TOCBSIIEHHBIX MPOOJIEMe MePErpy3Ku KU/I-
KOCTBIO [TAIIMEHTOB B KPUTUYECKUX COCTOSHUAX, O/[HA-
KO, HCCJel0BaHus, IIOCBSIIEHHbIE BBISBJIEHUIO
[PEeUKTOPOB MEPETPY3KU U BO3MOXKHBIX [IPUYMH ee
BO3HUKHOBEHUS, €JIMHUYHDI, YTO U BUJIOCH OCHOBA-
HUEM JIJIS1 IPOBe/IeHIST HACTOSIIIEro UCCIe/[0BaHMS.
[enp uccnaenoBanus — BBIABUTH IIPEUKTOPBI
JIETAJIBHOTO UCXO0/1a, 00YCJIOBIEHHBIE 0COOEHHOCTSIMIU
UH(Y3UOHHON Tepanuy U JKUAKOCTHOrO HGajaHca y
JieTell B KPUTUYECKUX COCTOSHUSX.

MaTepI/IaJI N METO/1bl

BBITOJIHIIIN PETPOCIIEKTHBHOE 00CEPBAIIMOHHOE HC-
cJIe/IOBaHMe 10 THITY: CJIydail — KOHTPOJIb.

Kputepun BKJIIOUEHHS B HCCJIEJ0BAHNE: TTAI[UEHTEI,
HYJK/IABIIECS B OKA3aHNU PeaHMMAIMOHHOI TTOMOIIHN B
BO3pacre oT 7 /iHeii /10 18 siet, HaxouBIIMeCs Ha JIeYeHUN B
MEAMIMHCKUX Opranusanusx PocToBckoil obmactu B me-
puoz ¢ 2005 1o 2016 rr. Kpurepuut HCKIIOYEHUS: TAITIMEHTDI
¢ HEU3JIEYUMbIMU 3200JI€BAHUSIMU ¥ TOPOKAME PA3BUTHSI
(TAIeHThl MAJINATHBHOTO TPOMUIIST); HOBOPOKIEHHbIE
JIeTH B BO3pacTe /10 7 JHEI.

Wcroynnky qanHbIX. MeuImHCKIe KapThl CTAIo-
HapHoro 606HOTO (hopma 003 /y). VI3ydrim MeTuInHCKY 10
noxymenTaruio 710-u maruenToB. Kpurepusm BKIIOYeHUST
yIOBJIEeTBOPSIN 96 MAIMEHTOB, MEMITMHCKIE KapThl KOTO-
PBIX COJZIEPKAIH IOCTATOUHYIO NH(MOPMAIINIO JUUIST OTIEHKH
JKUIKOCTHOTO GasiaHca.

Xapakrepuctuka ucciaemayembix rpymin (tabm. 1).
CpeziHuii BO3pacT BKJIIOYEHHBIX B NCCJIEZIOBAHIE TAIMEHTOB
cocrasua 0,7 (0,2—2) roma, mpu 9TOM MpeodIagaIi Majb-
quku (60,9%). B 3aBucHMOCTH OT MCX0/1a BCEX MAIMEHOB
pasnemym Ha iBe rpynmsl | rpynma (n=61) — «Bwizgopos-
gennes, I rpynma (n=35) — «Jletanbblii ncxozy. Obras

tions of the infusion volume in pediatric practice, the
recommended amount of daily fluid requirements are
not always applied; very often, there is no adjustment
of the daily volume of fluid during treatment accord-
ing to individual characteristics of a particular patient,
which leads to fluid overload, overhydration and pro-
gression of multiple organ failure [1-5].

In children admitted for emergency indications,
the calculation of infusion therapy is carried out on
the basis of three components: daily fluid requirement,
baseline dehydration, and current pathological losses.
In addition, fluid boluses are introduced at a dose of
10-20 ml/kg for 15—20 minutes during anti-shock
management and cardiopulmonary resuscitation; and
there may be several boluses [6]

Therefore, the volume of fluid administered dur-
ing the first days of the child's stay in the intensive care
unit can be extremely large. Hypervolemia is a factor
that adversely affects the functioning of the central
nervous, respiratory, cardiovascular, and renal systems
and leads to increased morbidity and mortality [7—10].

Currently, there are many publications dis-
cussing the problem of fluid overload in critically-ill
patients; however, studies aimed at identification of
predictors of the fluid overload and its possible causes
are few; therefore, this study was performed.

The purpose of the study was to identify predic-
tors of the lethal outcome due to the peculiarities of in-
fusion therapy and fluid balance in critically-ill

children.
Materials and Methods

Study design: a retrospective, observational study;
type of the study: case-control.

Eligibility criteria. Inclusion criteria: patients at the
age of 7 days to 18 years requiring intensive care, who were
treated in healthcare institutions of the Rostov Territory
from 2005 to 2016. Exclusion criteria: patients with incur-
able diseases and malformations (palliative patients); new-
born children under the age of 7 days.

Data sources: Medical in-patients’ records (form
003/y). Medical records of 710 patients were studied. 96 pa-
tients whose medical records contained sufficient informa-
tion to assess the liquid balance were eligible for the study.

Characteristics of groups of children. The study in-
cluded 96 patients, whose average age was 0.7 (0.2—2) years;
at that, boys prevailed (60.9%). Depending on the outcome,
all patients were divided into two groups: Group I (n=61) —
«Recovery», Group II (n=35) — «Lethal outcome». General
characteristics of patients are presented in table. 1. The av-
erage age of infants was 0.5 (0.2—1) years in the first group
and 1 (0.3—4) year in the second group; there were no statis-
tically significant inter-group differences (P=0.078).

One observation corresponded to one day of the ICU
stay. The total number of observations was 271 in group I
and 78 in group II. The analysis was performed within five
days after admission to the hospital.

The severity of the condition was determined accord-
ing to the classification used in the clinical practice in Rus-
sia: satisfactory, moderate, severe, and grave [11]. Data from
medical records during the initial examination of the patient
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Ta6imua 1. XapakTeprcTuKa Nai{eHToB.
Table 1. Characteristics of patients.

Parameters Values of parameters in groups, abs. (%) OR 95% CI
Group I, n=61 Group II, n=35
Male sex 36 (59.0) 23 (65.7)
Nosology:
Diseases of the nervous system 1(1.6) 7 (20.0) 15.0 2.6-1279
Infectious diseases 8 (13.1) 15 (42.9) 5.0 2.1-13.5
Other* 3(4.9) 3(8.6) 1.8 0.4-9.5
Injuries, poisoning and some other consequences of external causes 8 (13.1) 6(17.1) 1.4 0.5-4.3
Certain conditions originating in the perinatal period 10 (16.4) 1(2.9) 0.2 0.0-1.2
Diseases of the respiratory system 31 (50.8) 3(8.6) 0.1 0.0-0.3
Leading syndrome:
Other** 2(3.3) 8(22.9) 88  26-29
Cerebral insufficiency 8 (13.1) 16 (45.7) 5.6 2.8-11.3
Cardiovascular failure 11 (18.0) 8(22.9) 1.4 0.7-2.7
Respiratory failure 40 (65.6) 3(8.6) 0.1 0,0-0,1
Level of consciousness, points:
3-9 3(4.9) 16 (45.7) 163  6.1-437
1014 (6.6 2(5.7) 09 0328
15 54 (88.5) 16 (45.7) 0.1 0,1-0,2
Drug sedation 0(0.0) 1(2.9) — —
Severity of the condition:
Grave 0(0.0) 15 (42.9) — —
Severe 61(100.0) 15 (42.9) - -
Moderate 0(0.0) 5(14.3) — —

Note. * — total endocrine diseases and metabolic disorders, diseases of the digestive system, signs and abnormalities, not classified else-
where; ** — total hemorrhagic syndrome, intestinal paresis, pain syndrome.

IIpumeuanue. /[ tabsr. 1-6: Parameters — nokaszarenu. [ljist taba. 1-5: Values of ... in groups — 3uadenue ... B rpymnmnax. /s tabu. 1,
5-7: OR — ommbka mancos; CI — nosepurenbnbiii nHTEpBaT; Male — Myskckoit mor; Nosology — nozonorus; Diseases of the nervous
system — GoJsie3nu HepBHOU cuctembr; Infectious diseases — unbexunonnsie 3a6onesanus; Other — npoune; Injuries, poisoning and
some other consequences of external causes — TpaBMbI, OTPaBIEHNS I HEKOTOPbIE IPYTHE MOCIEACTBIS BO3/IEHCTBIS BHEITHUX TTPUYIH;
Certain conditions originating in the perinatal period — oTxenpHbBIE COCTOSIHNS, BO3HUKAIOINE B TTEPIHATATBHOM Tepnoze; Diseases of
the respiratory system — GoJtesnn opranos asixanust; Leading syndrome — Beayuuii cungpom; Cerebral insufficiency — nepebpasnbias
HenocratourocThb; Cardiovascular failure — cepmeuno-cocymucrast HemocratouHocTh; Respiratory failure — gprxaresnpaast HemocTaTou-
HocTh; Level of consciousness — yposeHb co3HaHus; points — Gamnos; Drug sedation — meankamenTosHas cemanus; Severity of the
condition — tsikecth cocrosinus; Grave/Severe/Moderate — kpaiiHe-TsiKe0€, TSKEN0E, CPEHE-TSKEN0e.* — CyMMapHO O0JIe3HU IH-
TOKPUHHOIT CHCTEMBI U HApyIIeH st 0OMeHa BeIecTB, GOTE3HI OPraHOB MUIIEBAPEHNST, TPU3HAKN 1 OTKIOHEHHS], He KIacCHDUIIpo-

BaHHBIN B APYTUX PyOpUKax; ** — cyMMapHO reMOpparudeckuii CHHAPOM, lape3 KUIIeYHnKa, GOIeBOI CHHAPOM.

XapaKTepUCTUKA AIlMeHTOB TpeacTaBiena B Tabr. 1. Cpex-
Hui Bo3pact zereit B 1-it rpymme cocrasu 0,5 (0,2—1) mer,
aBo 2-it — 1 (0,3—4) rox, cTaTUCTUYECKN 3HAYNMBIE PA3JIn-
yus MeXk Ly rpynmamu otcytetBoBaiu (p=0,078).

OzHO HAOJMIOEHNE COOTBETCTBOBAIO OJHUM CYTKaM
npeGbisanust B OPUT. CymMmapHOe KOJMYeCTBO HaboeHu i
B [ rpymme coctaBuiio — 271, Bo BTopoit — 78. AHau3 mpoBo-
JIAJTH B TeYE€HHE 5-1 CYTOK TIOCJIE TIOCTYTIJIEHUST B CTAI[OHAP.

TsikecTb COCTOSTHUST ONPEEIISIIA COTIIACHO MCTIOJTb-
3yeMOi1 B OTEUECTBEHHON KJIMHUYECKON MPaKTUKe rpajia-
UK YIOBJIETBOPUTENBHOE, CPEHE-TSIKEN0e, TSKeJI0e n
kpaitae-Tsoresoe [11]. MictounnkoM 1aHHBIX O TSPKECTH CO-
CTOSIHUS, BEJLYTIIEM CHH/IPOME M HO30JIOTUH SIBUJIACh NH(DOP-
Malusl, yKazaHHasi B MEIMIIMHCKOI KapTe TPU MePBUYHOM
ocmotpe marmenTta BpadoM B OPUT. Maccy Tesra manmenTa
OIEHUBAJIM JIUIITh OJHOKPATHO HEIOCPEICTBEHHO TPU TI0-
crymienuu B OPUT.

Cpemn narmenTos | rpynmer (Beisgoposienne» ) mpe-
00JTaialivt IeTH ¢ OCTPOH JIBIXaTEeTBHOM HEOCTATOUHOCTHIO
(6osee 50%), a Bo 11 («JIeTasbHblii HCX0» ) — UH(DEKIMOH-
Hble 3a00seBatus (IPEUMYIECTBEHHO reHepaI30BaHHas
BUPYCHO-OakTepuaibHast MHGEKIs ).

B rpy1iie ymepiinx maiueHToB npeodaajaiu 1eT ¢
MopaykeHUEeM TIEHTPATBHOI HEPBHOI CUCTEMBI, KOTOPOE SIB-
JISLTIOCh OCHOBHOW TIPUYMHON Pa3BUTUST KPUTHUECKOTO CO-
crosuust (16 uenosex (45,7%) vs 8 gemoBek (13,1%);
p=0,004).

by the doctor in the ICU was the source of data on the sever-
ity of the condition, the leading syndrome and nosology. Pa-
tient's body weight was evaluated only once upon admission
to the ICU.

Infants with acute respiratory failure (more than 50%)
prevailed among patients of group I («Recovery»), and in-
fectious diseases (mainly, generalized viral and bacterial in-
fection) prevailed in group II («Lethal Outcome»).

In the group of deceased patients, infants with central
nervous system damage prevailed, which was the main cause
of the critical illness (16 patients (45.7%) vs 8 patients
(13.1%); P=0.004).

The number of patients with respiratory failure in the
group of the deceased was only 3 (8.6%); while among the
survivors, it was 40 (65.6%); at that, differences were statis-
tically significant (P<0.0001).

All infants among the deceased patients required in-
vasive mechanical ventilation (100%); while in the group of
survivors, it was carried out only in 18 children (18%); the
differences between the groups were statistically significant
(P=0.000).

We used the need for inotropic support as a criterion
for decompensated heart failure, which was applied in 18
(29.5%) patients in the group of survivors and in 28 (79.2%)
patients (P=0.003) in the group of deceased.

In the «Recovery» group, the level of consciousness of
54 (88.5%) patients was 15 (according to the Glasgow scale)
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Y10 TAIMEHTOB C /IBIXaTeTbHOI HeIOCTaTOUHOCTHIO
B TPYIIIE YMEPIIUX COCTABHUJIO BCETO JIMIIb 3 YeJOBEKa
(8,6%), B TO BpeMsT Kak Cpe/Ii BBIKUBINNX OHA MMEJTa MECTO
y 40-a yesioBek (65,6%), npu 9TOM pasiinunst ObLIM CTATH-
ctudeckn 3HaunMbIME (p=0,000).

Bce netn cpean ymMepIux MaieHToB HYKIAJINCH B
MHBA3MBHON UCKyccTBeHHOM BenTusiinu Jgerkux (100%),
B TO BpeM:I KaK B IPYIIIIE BBDKUBIIHIX €€ TIPOBOMIIN JINIIb
18 nersim (18%), pasmiuust MLy TPyIIIaMU SIBUJIUCH CTa-
tuctndecku 3HaunMbIMu (p=0,000).

[Ipu nekomnencrposannoii cepednoil HeoCcTaTou-
HOCTH MICIIOJTB30BAJIN HHOTPOITHYIO TTOJZIEPIKKY, KOTOPYIO B
rpynrne BbDKUBIMNX npuMensuin 18 (29,5%) mersiM, a B
rpynie ymepinx — 28 (79,2%) marmenrtam (p=0,003).

B rpymme «Bosnoposiennes y 54 (88,5%) nereit npu
noctymsiennn B OPUT yposens cosnanus 11o mkase Iimasro
coorBercTBoBas 15 Gasmam. B rpyrie «JletanbHblii nexoms»
OIeHKY 1O TiKasie kKoM [nasro, pasuyio 15 6asiam, peru-
crpupoBasu jinib y 16 (45,7%) narmentos. Kpome Toro, y
16 (45,7%) mannenToB ypoBeHb CO3HAHMUS COOTBETCTBOBAJ
ero TsiKesioMy Hapyuernio (3—9 6anios).

B 1-it rpynne namnuentoB cocTosiHue BCeX JeTei
OBIJIO TSKEJIBIM, B TO BpeMst Kak B rpyrme «JletanbHbrii
UCXO» TsiKesoe coctostue Ob1o y 15 (42,9%) u kpaiine-
Tskrenoe y 15 (42,9%) meteit; cocTostHIe OCTANbHBIX TTAIH-
€HTOB 3TOH TPYIIIBI COOTBETCTBOBAJIO CPEAHEN CTeleHn
Tskeetn — 5 (14,3%).

B nccsieioBanmm NCHOB30BAIH CIIE/TYIOIINE TTOKA3ATEII:
«CYTOUHBIIT 0GBEM JKHIKOCTHY — CyMMa 00beMa HH(Y3UOHHOM
TEPAITIH U SHTEPATLHOTO 00beMa; «00beM nH(bY3HOHHON Tepa-
> — 00BEM JKUJIKOCTH, BBEJICHHBIIT BHYTPUBEHHO; «IHTE-
paIbHBIE  00beM» —  00BEM  KUJKOCTH, BBEICHHBII
DHTEPAIBHBIM TTyTeM; <O00BEM BBIICTICHHON JKUJIKOCTHY —
00BEM, BBIZICTIEHHBIN € IYPE30M, CTYJIOM, PBOTOH, 10 CTOMAaM,
JPEHaKaM, MOBSA3KAM W T.IL; <OTHOIIEHHEe 00beMa HHpY3UOoH-
HOII Teparmu K 00beMy BBEIICHHOI JKHIKOCTI, %, «OTHOIICHHE
00beMa BBIJIEJICHHOI K 00beMY BBEICHHOMN SKUIKOCTH, %.

CyToumyio GU3HONOTHIECKYIO TIOTPEGHOCTD B 5KUJIKO-
CTH PACCUUTBIBAIIN, UCXO/IST N3 UMEIOIINXCST MEKIYHAPOJI-
HBIX 1 OTEYECTBEHHBIX PEKOMEHJIAININ: JIeTH MepBOTO
Mecana xu3an noaydann 140 mi/xr [12], netn mepBoro
roza skusnn — 96 mu/xr/cyTku [13].

Y zereii crapiiie Tofia CyTOYHYIO MOTPEGHOCTD B KU
KOCTH B MJI/KT/CyTKI PacCUnThIBAIN 110 hopmyre Basumaun:
100 — 3 Xn, T71e n — Bozpact Brozax |1, 2, 14]. /L1 comoctasu-
MOCTH, KOJIMYECTBEHHBIE TOKA3ATEIH TIPUBOJIAIN B MJI/KT /4.

IIpwu orerke 0ObeMa BbIJICTCHHON JKUJIKOCTH YUHUThI-
BAJIM €CTECTBEHHBIE U TTATOJIOTHUECKIE TOTEPH JKUIKOCTH.
K ecTecTBEHHBIM TIOTEPSIM OTHOCHJIM CYTOYHBINH 0OBEM /-
ypesa U CTyJa, a K HaTOJOTHUYECKUM MOTEPSIM — TTOTEPH
SKUJIKOCTH TIPH IMapee, MOJIYPUH, OT/eJIsieMoe T10 JKeJry-
JOYHOMY 30H/IY U IPEHAKAM, a TaKKe OTEPH SKUIKOCTH Ha
(dore n36BITOUHOI epCIpanu.

[Teperpysky >KUIKOCTH €KeHEBHO PACCUNTHIBAIH TI0
dbopmyJie Goldstein:

06beM 06em
BBEJleHHOH — BbIBEJEHHOH
Meperpyska HHKOCTH KHJKOCTH
HHAKOCTBIO — Macca Tena
npu nocrymienuu 8 OPUT

*100%

Hammane neperpysxku oTMevasin py BeJTMIIHE TTOKa-
sarenss >10% [15].

Jrtuyeckas akcneprusa. [Iposesenne ncciegoBanms
01106peHo penreHreM Jtudeckoro komurera DTBOY BO

at admission to the ICU. In the «Lethal outcome» group, 15
points according to the Glasgow coma scale, were registered
only in 16 (45.7%) patients. Besides, in 16 (45.7%) patients,
the level of consciousness was severely impaired (3—9 points).

In the first group, the condition of all patients was
severe; while in the «Lethal outcome» group, severe con-
dition was in 15 (42.9%) patients and grave condition was
in 15 (42.9%) patients; the condition of the remaining pa-
tients in this group (5 (14.3%)) was moderate.

The following parameters were used in the study:
«daily fluid volume» is the total volume of infusion therapy
and enteral volume; «the volume of infusion therapy» is the
volume of fluid infused intravenously; «enteral volume» is
the volume of fluid introduced by enteral administration;
«volume of the discharged liquid» is the amount that is elim-
inated with urine, feces, vomit, stoma, drains, bandages, etc.;
«the ratio of the volume of infusion therapy to the volume
of administered fluid», %, «the ratio of the volume of dis-
charged fluid to the volume of administered fluid», %.

The daily physiological liquid requirements were calcu-
lated based on the available international and national recom-
mendations: one-month-old infants received 140 ml/kg [12],
infants under one year of age received 96 ml/kg/day [13].

The daily fluid requirement in children over one year
expressed as ml/kg/day was calculated by the Wallace for-
mula: 100 — 3 X n, where n stands for the age in years [1, 2,
14]. For comparability purposes, quantitative values are pre-
sented as ml/kg/h.

Natural and pathological fluid losses were taken into
account when assessing the volume of the discharged fluid.
The natural losses included the daily volume of urine output
and stool; and the pathological losses consisted of the fluid
loss in diarrhea, polyuria, discharge through the gastric
probe and drainage, as well as the loss of fluid due to exces-
sive perspiration.

Fluid overload was calculated daily using Goldstein's
formula:

Volume Volume
of administered — of discharged
Fluid fluid fluid
= 0
overload Body weight at admission x100%
to the ICU

The overload was diagnosed, if the parameter was
>10% [15].

Ethical expert evaluation. The study was approved
by the Ethics Committee of the St. Petersburg State Pedi-
atric Medical University under the Ministry of Health of
Russia.

Statistical analysis. Statistical packages SPSS 23.0
(IBM, USA) and Statistica 12.0 (StatSoft Inc., USA) were
used. The sample size was not pre-calculated. The nature of
the distribution performed using the Shapiro-Wilk criterion
demonstrated a distribution different from the normal one,
and therefore, the description of quantitative characteristics
was performed as Me [25; 75]. The comparison of the mean
values of quantitative variables of independent samples was
performed using the Mann-Whitney U-test, and the com-
parison of qualitative variables was carried out using the y?
test or the Fisher's exact test for the number of observations
of <5 in one of cells of the four-field table.

The list of variables that could be confounders (un-
avoidable factors) was determined randomly. Confounders
significant for the outcome were selected by their classica-
tion using the «nearest neighbors» algorithm.
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«Cankr-IleTepOyprckuil rocy1apcTBEHHBIN HeaTpuye-
CKWI MeINTIMHCKNH YHUBepcuTeT» MuH3apasa Poccnn.

Craructuyeckuii anaau3. Vlcrosnb3oBaian craTucTu-
yeckne maketsl SPSS 23.0 (IBM, CIIIA) u Statistica 12.0
(StatSoft Inc., CIIIA). Pazmep BbIOOPKH MPeBAPUTEIBHO
He PAacCUMTHIBAIN. XapaKkTep pacrpeieseHusi, BbITOJIHEH-
Hblii ipu oMot kputepus Ilanupo-Yusxka, BorsiBua ot-
JINYHOE OT HOPMAJBbHOTO PACIPEIeJICHUSI, B CBSI3U C UEM,
OTMCaHKe KOJTMYECTBEHHBIX TPU3HAKOB BITTOJHUIN B hOp-
Mate Meauana (25-it; 75-it nepuentiin). CpaBHeHue cpeji-
HUX 3HAUEHUI KOJTMYECTBEHHBIX IEPEMEHHbBIX HE3aBUCHMBbIX
BBIOOPOK BBITIOMHIIN ¢ ToMotbio U-kputepust Marmma-
YuTHM, KAYECTBEHHBIX — C TOMOIIBIO KPUTEPUST )y UK TOU-
Horo kputepus Duiepa 1pu yrc/e HAGTIOAECHIH B OHOI
U3 SIYEEK YETHIPEXIIOIbHOM TabuIbl <5.

Ilepeuennb nepeMeHHBIX, KOTOPbIE MOTJIU ObITH KOHMa-
yuzepamu (HeyCTpaHUMBIMEU (aKTOpamu), OIpeneTuIn
caydailHbIM 06pa3oM. BbijiesieHue 3HAaUMMBIX JIJIsI HCXOJa
KOH(DAYH/ICPOB BBIITOJIHUJIN ITyTeM UX KJIacCUMUKAIIMY Me-
TOLOM «OJIKAIINX cocenelis.

Acconmanyio neperpysku sKUIKOCTBIO € JIETaJIbHBIM
MCXOJIOM OIIEHHJIN TIPU TIOMOII MHOTOBXOIOBOT'O JIOTUCTH-
YEeCKOT0 PerpecCUOHHOTO aHA/IN3a BKJIIOYEHUEM B MOJICJIb
3HAYMMBIX KOH(AYH/ICPOB U BBIYUCJICHUS OTHOIIEHHS TIaH-
coB OR (Odds Ratio) u 95% moseputenbtoro unrepsaia CI
(Confidence Interval). AkryasbHOCTH MHOTO(DAKTOPHOI MO-
JIEJTU TIPOBEPUIIN OAHOMDAKTOPHOI, 6€3 BKIIOUEeH s KOH(DayH-
JIepOB. 3HAYMMOCTb aCCOIUAINH TTI0Ka3aTes el KUJAKOCTHON
HArpy3KHU C NCXO/I0M OLEHUJIN Iy TeM OIHO(DAKTOPHOTO JIOTH-
CTUYECKOTO PErpecCUOHHOr0 aHaan3a. OTHOIIEHHE IAaHCOB
npezacrasuiu B hopmare OR [95%CI]. Paznuuust canranu
cTaTUCTUYeCKH 3HauMMbIMu 11put p<0,05.

Pe3ybrarhl 1 00Cy:KIeHHE

YCTaHOBUIIH, YTO CYTOUHBIH 0OBEM JKUIKOCTH Y
neTeit 06erX TPYII B TIEPBBIE TISATh CYTOK TPEOBIBAHUS
B OPUT cocrasun 127,2 MJ1/KT/CyTKH, 4TO COCTABUIO
114,5% ot pacuyeTHON (PU3UOIOTNYECKON TTOTPeOHO-
cru. B epsbie cyTku nipebbiarust 8 OPUT ckopocth
uH(y3un coctapiisiia 4,2 u 4,7 mi/Kr/4qac B 1-i u 2-ii
TPYIIEe COOTBETCTBEHHO, MPU 9TOM CTATUCTUYECCKU
3HAYMMBbIE PA3JINIMs MEKIY TPYIIIaMU OTCYTCTBOBA-
au (p=0,06). Boaburyio yacTh KUIKOCTH BBOIUJIN
mapeHTepasbHBIM TyTeM. B rpymnme «Jletanbublin
HCXOI» CYTOUHBII 00beM MHQY3UH O 3HAUUTETHHO
BBIIIIE, UeM B IpyTiTie « BIziopoBieHnes, 4To SIBUIOCH
cTaTuCTUIecKu 3HauuMbIM (4,6 vs 3,2 mu/Kr/49ac,
p=0,01). DHTEpaIbHLIH TyTh BBEACHUS KUIKOCTU B
TpyIIIe ManueHToB <«JleTaabHbI UCXO» B MEPBbIE
CYTKH JieueHUsT He NCITOTh30BAJIN.

3acry:XKuBaeT BHUMAHUS W TO, YTO B TPYTIIIE
«JleTambHBIN UCXO/» YiKe B MEPBbIe CYTKH MpeObiBa-
auga 8 OPUT umesn MecTo MOJIOKATEIBHBINA BOTHBII
Gasmarc: 00BEM BBIIETECHHON JKUIKOCTH COCTABUJI
sk 72,7% oT BBEZEHHOTO 00beMa, 4TO OBIIIO CTaTH-
CTUYECKH 3HAUNMO C TIOKA3aTeISIMU TPYTITHI « BBi310-
pOBJIEHNE>, T/le YKa3aHHOE COOTHOIIEHNEe COCTABUIIO
90,4% (Tabu. 2).

B TeueHMe TOCAEAYIONMX CYTOK MPeObIBAHUS B
OPUT y manmenTtoB rpymnisl «JleTambHbIH Mcxoq»
npeobajiall BHYTPUBEHHBIH My Th BBEACHUS KUKO-
CTH: Ha BTOPbIE U TPETHU CYTKHU JIOJIS JKUITKOCTH, BBE-

Association of fluid overload with the lethal outcome
was estimated by means of multiple logistic regression analy-
sis by including significant confounders in the model and cal-
culating the odds ratio OR and the 95% confidence interval
CI. The relevance of the multi-factor model was checked by
the one-factor one without the inclusion of confounders. The
significance of the association of fluid load parameters with
the outcome was evaluated by a single-factor logistic regres-
sion analysis. The odds ratio is presented as OR [95%CI]. The
differences were considered statistically significant at P<0.05.

Results and Discussion

It was found that the daily volume of fluid in in-
fants of both groups was 127.2 ml/kg/day during the
first five days of the ICU stay; it was equal to 114.5%
of the estimated physiological need. On the first day of
ICU stay, the infusion rate was 4.2 and 4.7 ml/kg/hour
in the first and second groups, respectively, with no sta-
tistically significant differences between the groups
(P=0.06). The greatest volume of the fluid was intro-
duced parenterally. In the «Lethal outcome» group, the
daily infusion volume was significantly higher than in
the «Recovery» group, which was statistically signifi-
cant (4.6 vs 3.2 ml/kg/hour, P=0.01). Enteral route of
fluid administration in the «Lethal outcome» group
was not used on the first day of treatment.

It is also noteworthy that there was a positive
water balance in the «Lethal outcome» group on the
first day of the ICU stay: the volume of the discharged
liquid was only 72.7% of the administered volume,
which was statistically significant with the parameters
of the «Recovery» group, where the specified ratio was
90.4% (table. 2).

During the subsequent days of the ICU stay, in-
travenous administration of the liquid was the main
route in patients of the «Lethal Outcome» group: on
the second and third days, the proportion of liquid ad-
ministered parenterally was 73.1 (61.3-99.3)% and
72.4 (58.7-100.0)% compared to 59.9 (43.0-87.5)%
and 55.9 (43.3-84.4)% in the «Recovery» group
(P=0.027 and P=0.045, respectively).

In patients of the «Lethal outcome» group, there
was a stable tendency to fluid retention, as demon-
strated by the parameter «ratio of the discharged to
the volume of introduced fluid», which was signifi-
cantly lower in the «Lethal Outcome» group as com-
pared to the «Recovery» group: on the third day, it
was 54.5 (21.2-68.9)% vs. 94.6 (88.9-100.0)%
(P=0.000); on the fifth day, it was 60.2 (50.3-75.0)%
vs. 93.6 (85.9-97.7)% (P=0.001), respectively.

In addition, it was found that the hourly urine
output rate was significantly lower in infants of the
second group; at that, statistically significant differ-
ences were characteristic from the first day of the
ICU stay (table 3). Hourly urine output in the
«Lethal outcome»group, was within the range from
1.3 to 2 ml/kg/h starting from the first day of life as
compared to the «Recovery» group, where the urine
output rate ranged from 3.3 to 4.2 ml/kg/h during
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JIeHHOII TTapeHTepayibHo coctasuia 73,1 (61,3-99,3)%,
nu 724 (58,7-100,0)% mno cpaBhenuio ¢ 59,9
(43,0-87,5)% u 55,9 (43,3-84,4)% B rpyrine «Boizmno-
posiierne» (p=0,027 u p=0,045 cOOTBETCTBEHHO).

Y manuenTtoB rpymmbl <«JleTampHbIll uCXOI»
OTMeYaJIN YCTOMYMBYIO TEHIEHIUIO K 33IEPIKKe JKUJI-
KOCTH, O YeM CBUJIETEIBCTBOBAJ [T0KA3aTENb «OTHOIIIE-
HU€e BBbIJIEJIEHHON K 00beMy BBEIEHHOU JKUAKOCTU»,
KOTOPBI CPEAN YMEPIIUX OBLIT CTATUCTHYECKH 3HAUH-
MO HUJKe, [0 CPABHEHUIO ¢ TpynIoil «Beisgoposie-
HUe»: Ha TpeTbu cyTku 54,5 (21,2-68,9)% 110 cpaBHe-
Hio ¢ 94,6 (88,9-100,0)% (p=0,000); Ha 1s1TBIE CYTKM —
60,2 (50,3-75,0)% 1o cpasHenuio ¢ 93,6 (85,9-97,7)%
(p=0,001) cooTBeTcTBEHHO.

Kpome atoro, ycTaHOBUJIH, YTO [10YACOBOIT TEMIT
mypesa ObLI CYIECTBEHHO HYDKE Y JleTell BTOpOi
TPYIIIIBI, IPUYEM CTATUCTUYECKU 3HAUNMBIE PABIUYHUST
ObLIIM XapaKTePHbI, HAYMHAS C TIEPBBIX CYTOK MPeObI-
parust 8 OPUT (tabu. 3). IloyacoBoil anypes rpyIibl
«JletasbHblit ©CXO/1», HAUMHAS C IEPBBIX CYTOK JKU3HHU,
HaxousIcd B AuanasoHe ot 1,3 1o 2 ma/kr/4 B otyiu-
qiie OT IPyIIbl «Bei3nmoposienues, Tie TeMil 1uypesa
B IepBble-1sAThie cyTKu npedbiBanus B OPUT kooe-
6ascs or 3,3 10 4,2 mu/kr/4. Hesibsst He oTMeTUTh U
TO, YTO KOPUIODP CPeIHMX II0Ka3aTeseil auypesa B
rpyiire «JleTaabHbIil UCXO/» COOTBETCTBOBAJ HIKHEI
rpaHuile HOPMbI BO3PACTHBIX ITOKA3aTe el

YcraHoBWIIM, UTO YHCJIO TTAIIMEHTOB, MMEBITUX
MATOJIOTMYECKHE MOTEPH, OBLIO 3HAYUTEIHHO BHIIIE B
rpyine «JleTaspHblil ICX0/1» U COCTABJISAJIO B IEPBbIE
cytku npebsiBanusa B OPUT 42,9%, uerBeprbie —
62,5% u msreie — 80,0% 110 cpaBHenuio ¢ 24,2, 25,5 u
19,1% cootBercTBeHHO B rpyIiiie «Boizgoposienies
(tab. 4). MeXIrpyIloBble pasinyusd B yKasaHHbIE
cytku npebpiBanus B OPUT 6bLau cTaTHCTUYECKU
snaunmbiMu (p<<0,05). [IpencraBiieHnble 1aHHbIE CBU-
JIeTeJIbCTBYIOT, UTO YHCJIO TIAIINEHTOB, UMEBIINX T1ATO-
JIOTHYECKUE TI0Tepu B Tpyiiie «JleTanbHblil ncxomn»
YBEJIMYUBAJIIOCH C YBEJTMYEHUEM [[JTUTEIbHOCTH TIPe-
6piBatng B OPUT, mpudyeM 9T0 IPOUCXOAMIIO 3a CUET
YBEJIMYEeHUsT YUCJIA JIeTell ¢ MaTOJOrnYeCKIMHU 10Te-
PSIMU uepe3 JKeTyAO0UYHO-KUIIEeYHbIN TpakT: 37,1% B
niepsbie cyTku 1 80% — B nsAThie. B Tabu. 5 npejcra-
BUJIM XapaKTEePUCTUKY JKUAKOCTHOTO OajaHca 1 ero
BJIUSTHUE HA UCXO/L.

YcraHoBUIM, YTO B IEPBBIE CYTKU IOTEPH,
cocrasistionnue meree 20% or o6beMa BBeIEHHOM
JKUKOCTU, CTATUCTUYECKH 3HAYMMO YBEJIUYUBAIU
puck JertanbHoro ucxoja B 12 pas. B To xe Bpems,
BEeJIMYIHA YKA3aHHOTO MoKasaresis bosee 80% 3Hauu-
MO CHUKQJIA BEPOSITHOCTD JIETATBHOTO UCXO/A.

C MOMOIIIBIO PErPECCHOHHOTO AHAIN3A BISIBILIN
TMIOKA3aTeJI BOJIEMUYECKOT'0 CTaTyCa MAI[MeHTa, ACCOINH-
POBAHHBIE C BEICOKOIT BEPOSITHOCTBIO JIETAIBHOTO ICXO/A
(1ab1. 6), K KOTOPBIM OTHOCSTCS «CYTOUHbIIA 0ObeM K-
KOCTU», «00beM UHDY3UOHHON Teparim», <101 HHQY-
3UOHHOM TEPATIUI», «/I0JIS1 TIOTEPh» U «O0BEM TIOTEPH>.

B mepBble CyTKH TPOBeIE€HUsT WHTEHCUBHOI
Tepary 3HAYNMbIMI (PAKTOPAMU, YBEJTUIUBAIOIINMUI

days 1-5 of the ICU stay. It should be noted that the
window of average values of the urine output in the
«Lethal outcome» group corresponded to the lower
normal limit of age-specific parameters.

It was found that the number of patients with
pathological losses was significantly higher in the
«Lethal outcome» group and was equal to 42.9% on
the first day of the ICU stay; on fourth day, it was
62.5% and and 80.0% on the fifth as compared to
24.2%, 25.5% and 19.1% in the «Recovery» group, re-
spectively (table 4). Intergroup differences on the
specified day of the ICU stay were statistically signif-
icant (P<0.05). The presented data show that the
number of patients who had pathological losses in the
«Lethal outcome» group increased with the increase
in the duration of the ICU stay; and this was due to
an increase in the number of infants with pathological
losses through the gastrointestinal tract: 37.1% on the
first day and 80% on the fifth day. Table 5 presents
characteristics of liquid balance and its influence on
the outcome.

It was found that the loss of less than 20% of the
volume of administered fluid on the first day signifi-
cantly increased the risk of death by 12-fold. At the
same time, the value of this parameter of more than 80%
significantly reduced the risk of the lethal outcome.

Regression analysis demonstrated parameters of
patient's volemic status associated with a high proba-
bility of a lethal outcome (table 6), which included
«daily volume of fluid», «volume of infusion therapy»,
«percentage of infusion therapy», «percentage of
losses» and «volume of losses».

On the first day of intensive care, parameters re-
lated to the volume of administered fluid («volume of
infusion therapy», «volume of fluid» and «percentage
of infusion therapy») became significant factors that
increased the probability of a lethal outcome.

On the second-fifth day of the intensive care the
significant factors included parameters associated
with the discharge of fluid: «Volume of losses» and
«Percentage of losses». The increase in the latter pa-
rameter reduced the risk of the lethal outcome.

It is found that of all the confounders presented
in the table 1 the most significant impact on the prob-
ability of a lethal outcome was caused by the follow-
ing: leading syndrome (leading system, dysfunction of
which determined the severity of the condition), the
type of the healthcare institution and the level of con-
sciousness (fig. 1). Analysis of the association of fluid
overload with the lethal outcome was performed with
and without taking into account significant con-
founders (table 7).

Calculations performed without taking into ac-
count confounders showed that the total fluid over-
load within the first five days and on the first day of
the ICU stay significantly increased the risk of a
lethal outcome: 2.84 (1.07-7.54) and 3.38 (1.42 and
8.04), respectively. In contrast, a model that takes
into account significant confounders showed that
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TaGJmua 6. ITokazaresnu >KUIKOCTHOTO 6aJ1cha, ABJIAIONUECA d)aKTOpaMPI PHUCKa JIETAJIbHOT'O UCXO0/4a Y JieTei, rocnu-

TaJIU3UPOBAHHBIX IO IKCTPEHHBIM IIOKAa3aHUSAM.

Table 6. Parameters of fluid balance, which are risk factors for a lethal outcome in children hospitalized for emergency

indications.

Parameters at the study stages Regression OR 95% CI P
coefficient min max

Total

Volume of infusion therapy, ml/kg/h 0.21 1.24 1.1 1.39 0.000

Daily volume of liquid, ml/kg/h 0.1 1.1 1.03 1.19 0.001

The ratio of infusion therapy to the volume of administered fluid, % 0.03 1.03 1.02 1.040 0.000

The ratio of losses to the volume of administered fluid, % -0.03 0.97 0.97 0.980 0.000

Loss volume, ml/kg/h -0.37 0.69 0.6 0.810 0.000

Day 1

Volume of infusion therapy, ml/kg/h 0.3 1.4 1.1 1.7 0.000

Daily volume of liquid, ml/kg/h 0.23 1.26 1.05 1.61 0.000

The ratio of infusion therapy to the volume of administered fluid, % 0.03 1.03 1 1.05 0.016

Day 2

Loss volume, ml/kg/h -0.78 0.46 0.29 0.73 0.000

The ratio of losses to the volume of administered fluid, % -0.04 0.96 0.94 0.99 0.000

Day 3

The ratio of losses to the volume of administered fluid, % -0.08 0.92 0.88 0.97 0.000

Day 4

The ratio of losses to the volume of administered fluid, % -1.59 0.2 0.07 0.59 0.000

Day 5

Loss volume, ml/kg/h -1.12 0.32 0.14 0.78 0.001

The ratio of losses to the volume of administered fluid, % 0.06 0.94 0.9 0.99 0.003

IIpumeuanue. Regression coefficient — koadunment perpeccun; Total — Beero; Loss volume — o6beM notepb.

Ta6amua 7. Accouyanysi neperpysku 00beMoM € JIeTaIbHbIM HCXOI0M.
Table 7. Association of volume overload with a lethal outcome.

Study stages Recovery Lethal outcome Confounders - Confounders +

n Abs. (%) n Abs. (%) _ OR 95% CI OR 95% CI

min max min  max

Day 1 62 20 (32.3) 35 21 (60.0) 3.38 1.42 8.04 2.49 0.67  9.25
Day 2 58 21(36.2) 17 9(529) 0.73 0.29 184 221 035 1405
Day 3 53 10 (18.9) 13 8 (61.5) 1.63 0.57 1.75 39.47 1.24 1253.27
Day 4 51 17 (33.3) 8 4(50.0) 0.36 0.11 1.20 0.07 0.0002 19.57
Day 5 46 13(283) 3 1(333) 0.12 0.01 097 6.99 - =
Y 65 38 (58.5) 35 28 (80.0) 2.84 1.07 7.54 3.25 0.67 1581

IIpumeuanue. Recovery — Beizoposienie; lethal outcome — serasnpmbiit mcxom; confounders — kondayHeps.

BEPOSITHOCTb JIETAIBHOTO UCXOJIA, SIBUJINCH TIOKA3aTe-
JIM, CBSI3aHHBIE € OOBEMOM BBOAUMO SKUIKOCTH
«O06beM nHpy3noHHOI Tepanuny», «O6beM KUAKO-
ctu» u «Jlons nudysnoHHol Tepanuns.

Bo BTOpHBIe-TIAThIE CYTKI MHTEHCUBHOI T€PATTUT
3HAUNMBIMU (DAKTOPaMU OBIIN TIOKA3ATEIH, CBS3aH-
HbIE C BbIAeAeHNEM KUAKOCTH: «O6beM MoTeph» 1
«[lons norepb». YBesndyeHue NocaeHUX TToKa3aTesei
YMEHBIIAJIO MIAHC HACTYTJICHHS JIETAThHOTO UCXO/IA.

Berasuiu, uto u3 Bcex KOHGAYHIEPOB, TIPe/-
cTaBJeHHBIX B TabJr. 1, Hanbosiee 3HAYMMOE BIIVISTHUE
Ha BEPOSTHOCTh PA3BUTHUSI JIETATBHOTO UCXO/IA OKA3bI-
BaJW CJEAYIONIMe: BeIyNUN CUHAPOM (BemyInast
cucrema, TMChYHKITIS KOTOPOI OIpeiesisijia TsKeCTh
COCTOSTHMSI ), YPOBEHb MEIUITMHCKOW OPraHu3aIny 1
CTelleHb yTHeTeHUs co3HaHus (puc.). AHaIN3 acco-
IIUAIMY TIEPETPY3KH JKUAKOCTHIO C JIETATBHBIM HCXO0-
JIOM BBITIOJTHWIIN ¢ U 6e3 ydera 3HAUNMbIX KOH(payH-
nepos (tabir. 7).

Pacuetsi, BoimosiHeHHbIe 6e3 yueTa KoHpaymHje-
POB, TIOKA3aJIH, YTO CYMMapHast IieperpysKa KUIKOCThIO
B TIEPBBIE TIATh CYTOK ¥ B MEPBble CYTKU JI€UEHUST B

fluid overload on the third day of the ICU stay had a
significant impact on the increase in the risk of death:
39.47 (1.24-1253.27).

It confirms the phase nature of the influence of
volemic status factors on the lethal outcome in infants
requiring emergency medical care: in the first day, fac-
tors related to the volume of the volemic load; from
the second to fifth day, factors related to fluid reten-
tion (reduction of its excretion).

The findings permit to conclude that all children
included in the study, regardless of the outcome of the
disease, had fluid overload, starting from the first day
of therapy; at that, the daily fluid intake exceeded the
estimated physiological needs by 14.5%. A decrease in
the volume of discharged fluid in relation to the ad-
ministered fluid, which was most typical for the de-
ceased patients, was the main factor leading to fluid
overload. Therefore, it is fluid overload caused by its
retention that is associated with a high risk of a lethal
outcome, both on the first day of the ICU stay and
during the next five days, which corresponds to the
data obtained in other studies [17—19]. It is intriguing
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IIpocTpancTBeHHAS MOZIEJb 3HAYMMbBIX KOH(AYHIEPOB, aCCONMUPOBAHHDIX C JIETAJIBHBIM HCXO0M.
Spatial pattern of important confounders associated with a lethal outcome.

yeqoBusix OPUT craructudecku 3HAYMMO yBEJIUINBA-
Jia manc jietaabHoro uexona: 2,84 (1,07-7,54) u 3,38
(1,42-8,04) coorBercTBeHHO. B OT/IMUuMEe OT 3TOTO,
MOJIeJIb, YYHTBHIBAIONIAs 3HAYMMBIE KOHDayHIEPhI
[0Ka3a/ia, YTO 3HAYMMOE BJIUSIHUE HA yBeJUYeHue
IIAHCA JIETAJIBHOTO NCXO0/IA OKA3bIBAET IIEPETPY3KA MU
KOCTBIO Ha TpeTbu cyTku npebpiBanus B OPUT —
39,47 (1,24-1253,27).

W3noxenHoe CBUAETENbCTBYET O (Ha30BOM
XapakTepe BJIUSHUST (PAaKTOPOB BOJIEMUYECKOTO CTATY-
Ca Ha JIETAJIBHBII UCXOJT Y IeTel, HY KIAIOIINXCS B 9KC-
TPEHHOI MeJIUIINHCKOI TIOMOIIU: B TIEPBbIE CYTKU —
(bakTOpPOB, CBSI3aHHBIX C OOBEMOM BOJIEMHUYECKON
HATPY3KH, BO BTOPbIe-IISIThIe CYTKH — (DaKTOPOB, CB-
3aHHBIX C 3a/IEPKKOI KUAKOCTH (YMEHBIIEHUEM €e
BbBIBE/ICHUS ).

Ha ocHoBanum 1o/y4eHHBIX PE3YJBTATOB
MOYKHO YTBEPIKIATb, YTO Y BCEX NAIUEHTOB, BKIIOUEH-
HBIX B UCCJIE/OBaHUE, HE3AaBUCUMO OT MCX0/a 3aboie-
BaHUsI, UMeJIa MECTO TIeperpysKa KUKOCTbIO, HAY M-
Hasl C MEPBBIX CYTOK TEPANUM, IIPU ITOM CYTOUHAS
JOTAaIUST JKUIKOCTHU IIPEBBIIIAJIA PACUETHBIE TOKa3aTe-
s husuosiornyeckoit morpebroctn Ha 14,5%. OcHos-
HbIM (AKTOPOM, PUBOAIIIUM K TIeperpy3Ke >Ku-
KOCTbIO, ObLIO CHIIKeHHe 00beMa BbIIeJTeHHON
JKUIKOCTU 110 OTHOIIEHWIO K BBENEHHOH, KOTOPast
6bls1a HarboJIee XapaKTePHa /s yMEPIIUX TAIllueHTOB.
Takum 06pa3oM, UMEHHO TMEPErpy3Ka SKUAKOCTHIO,
06yCJIOBJIEHHAsT €€ 3ajePIKKON, acCOIUUPYETCs C
BbICOKUM PUCKOM JIETAJIBHOTO MCXO/Ia, KaK B IIE€PBbIE
cytku npebpiBanusa B OPUT, rak u B nociienyiomine
ST CYTOK, YTO ITOJIHOCTHIO COITOCTABUMO C TAHHBIMU
npyrux uccnenosanuii [17-19]. Uarepecno u To, uyto
covyeTaHue TIepPerpy3Ku JKUIKOCTBIO C IPYTHUMHU
HEYCTPAHUMBIMU (DaKTOpaMU, TAKUMU KaK YPOBEHb
MEIUINHCKON OpTraHu3aluu, B KOTOPOIl HAXOAUTCS
pebEHOK, BEAYIUIA CUHAPOM W CTEMEHb YTHETECHUS

that the combination of fluid overload with other un-
avoidable factors, such as the type of the healthcare
institution where the infant stays, the leading syn-
drome and the degree of consciousness impairment
leads to a significant increase in the risks of death by
the third day of treatment in the ICU. This result
demonstrates a significant impact of both the severity
of patient's condition and the features of the organi-
zation of medical care, which can also cause death, on
the outcome.

Special attention should be paid to the fact that
the volume of fluid administered during the day re-
mained almost unchanged at all stages of treatment,
even with a decrease in the hourly urine output rate
and the presence of a positive fluid balance. However,
the phase model of infusion therapy (ROSE) is widely
recommended in the worldwide practice, which in-
cludes four stages: R —resuscitation; O — optimiza-
tion; S — stabilization, and E — evacuation.

The proposed model of the infusion program pro-
vides for a decrease in the volume of fluid at the stage
of stabilization of the patient's condition and elimina-
tion of hyperhydration [20—22].

We also found the phase significance of volemic
status parameters affecting the risk of a lethal outcome.
On the first day, the risk of a lethal outcome increases
significantly with the volume of administered fluid,;
from the second to fifth day, positive hydrobalance and
the volume of losses, the increase of which significantly
reduces the risk of death, are important factors.

The results are comparable with those of other
authors who conducted studies in adult patients. In-
fusion therapy carried out within the first hours and
days of critical condition helps to fill the vascular bed,
increases cardiac output and systemic blood pressure,
thus improvng the prognosis. At the same time, infu-
sion solutions, regardless of the qualitative composi-
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CO3HAHWS, TIPUBOAMJIO K 3HAUUMOMY YBEJIMYEHUIO
PHCKOB JIETAJILHOTO MCXO0/Ia K TPETbUM CYTKaM Jieue-
nug B OPUT, 4To cBUzieTeIbCTBYET O 3HAYUTENbHOM
BJIVSTHUM HA MCXOJl KAK TSIKECTH COCTOSTHUST MAIMEHTA,
TaK U OCOOEHHOCTEW OpraHU3allUk MEeJAUIUHCKON
MOMOIIM, KOTOPAsi TaKyKe MOXKET CTaTh MPUYUHOI
JIETAJIBHOTO MCXO/IA.

Oco60r0 BHUMAHMS 3aCTYKUBAET TO, YTO 00BEM
JKUIKOCTHU, BBOJIUIMOII B TeUEHUE CYTOK, IIPAKTUYECKI
He MEeHsLJICS] HA BCeX ITAllax JIeUeHs, JasKe [IPU YCII0-
BUU CHUIKEHUST T0YaCOBOTO TEMIIA Iy Pe3a U HAJINY ST
HOJIOKUTENbHOTO Gamanca kuakoctu. OnHako, B
MEPOBOI [TPAKTUKE B HACTOSIIIIEE BPEMST IIIUPOKO PEKO-
MeH/IyeTcsi IpuMeHeHne Ga3oBoii Mojes I HHPY3MOH-
Hoii tepanun (ROSE), koropas Brioyaer B cebs
yerbIpe cTaginn: R — resuscitation (peanumariust); O —
optimization (onTumusanus); S — stabilization, (cra-
Oummsaiua) u E — evacuation (9Bakyarus).

[Ipenoskernast Moziesb UHGY3MOHHOI TPOrPaM-
MBI [IPELyCMATPUBAET YMEHbIIEeHe 00heMa BOAUMOI
JKUJIKOCTH Ha dTarle CTabMIN3aiiuu COCTOSHUS GOJIb-
HOTO U ycTpanenus runepruzpariiuu [20-22].

Hamu taxke BbisgBieHa ¢dazoBas 3HAYUMOCTh
NoKa3aTeJeil BOJIEMIYECKOTO CTATyCa, BIAUSIIONNX Ha
HACTYILJIeHUE JIeTAJTbHOrO MCXoja. B mepBbie cyTKu
PUCK JIETAJBHOIO MCXO/Ia 3HAYMMO BO3PACTaJ C yBe-
JyeHreM oObeMa BBOJMMOM SKUIKOCTH, BO BTOPbIe-
ISAThIE — TAKUMHU (DAKTOPAMU CTAHOBUJIUCH MOJIOMKH-
TEJBHBIN THApoGaNanc 1 06beM MOTEPh, YBEINYEHUE
KOTODPBIX CTATUCTHYECKH 3HAYMMO YMEHBINAJO IAHC
JIETAJIBHOTO MCXO/IA.

[Tosryyentnble pe3yibTaThl COMIOCTABUMBI C JaH-
HBIMU VCCJAEOBAHUHN JAPYTHX ABTOPOB, KOTOPBIE ObLIH
IPOBeJIEHbI Y B3POCJbIX ManueHTos. Mudysunonnas
Tepars, IPOBOMMAST B TIEPBBIE YaChI M CyTKI KPUTHU-
Y4ECKOTO COCTOSTHUS, CIOCOOCTBYET 3aMOJHEHUTO COCY -
JIMCTOTO PYCJa, MOBBIMIAET CEPACYHBIA BBHIOPOC U
CUCTEMHOE apTepPUAJIbHOE JAaBJIeHNe, YTO YIYUIIaeT
nporuo3. B To e Bpemst, mH(py31OHHBIE PACTBOPHI BHE
3aBUCUMOCTH OT KAY€CTBEHHOTO COCTABA, CIIOCOOHBI
MOKHUJATh COCYAMCTOE DPYCJIO U TIepeMelaTbhCs B
UHTEPCTUIHATBHOE TIPOCTPAHCTBO, YTO CIIOCOOCTBYET
Pa3BUTHIO CUHPOMa T106ATBHOTO MOBBIIEHUS COCY-
mcroii nporunaemoctu (GIPS — Global Increased
Permeability Syndrome) u moaukoMmnapTMeHT-CUH-
JPOMa, KOTOPBIE MOBBIIMIAIOT BEPOATHOCTH HeHIaro-
MPUATHBIX UCXOJI0B [23].

Pacripenesnenve BBeeHHON JKUIKOCTU MEXKIY
BHYTPH- U BHECOCY/IMICTBIM ITPOCTPAHCTBOM SIBJISIETCST
CJIOKHO TIPE/ICKa3yeMbIM IPOIECCOM U BO MHOTOM
3aBUCUT OT COCTOsiHUS aHpoTenus. McciemnoBanue
pacrpeiesIeHust KUAKOCTH Y 37I0POBBIX I00POBOJIBIIER
MOKa3aJ0, 4T0 85% BBEJIEHHBIX KPUCTAILIIOU/IOB TIepe-
pacIpeiesisiioTcsl BO BHECOCYUCTOE MIPOCTPAHCTBO
yepe3 4 yaca oT Havasia BBejlenus [24]. Y nanuenTos
B KPUTHYECKOM COCTOSIHUU, UMEIOLTUM TIOBPEKIEH-
HBIIT aHAO0TEeNMUiT Yepe3 90 MUHYT BO BHYTPHUCOCYIH-
CTOM ITPOCTPAHCTBE OCTABATIOCH TOJIBKO 3% OT BBEJIEH-
Horo o6bema [25].

tion, are able to leave the bloodstream and move into
the interstitial space, which contributes to the devel-
opment of GIPS (Global Increased Permeability Syn-
drome) and polycompartment syndrome, which
increases the risk of adverse outcomes [23].

The distribution of the administered fluid be-
tween the intravascular and extravascular space is a
process that is difficult to predict and it largely depends
on the state of the endothelium. The study of fluid dis-
tribution in healthy volunteers showed that 85% of the
introduced crystalloids are redistributed into the ex-
travascular space within 4 hours from the start of ad-
ministration [24]. In critically-ill patients with
damaged endothelium, only 5% of the injected volume
remained in the intravascular space in 90 minutes [25].

Cordemans C et al. (2012) demonstrated that
the peak of vascular permeability in adult patients is
observed on days 3—7 after the onset of the critical
state [26]. Kuzkov V. V. et al. (2015) believe that this
period should be a point for revision of the infusion
therapy tactics; however, our results suggest that re-
strictive strategy of infusion therapy in infants should
be used from the second day of treatment, since such
parameters as «volume of infusion therapy», «daily
volume of fluid» and «the ratio of infusion therapy to
the volume of introduced fluid» significantly in-
creased the risk of death only on the first day [22]. Ac-
cording to the results of the VASST study, positive
hydrobalance is an independent unfavorable predictor
of a lethal outcome both within the first twelve hours
and by the fourth day from the beginning of therapy
in adults [27].

Not only the volume of infusion therapy, but also
patient's initial clinical status along with the leading
syndrome had a significant impact on the outcome.

It is also very important that the combination of
two or more life-threatening syndromes significantly
increases the risk of death. Among children who had a
combination of respiratory and cerebral insufficiency,
the number of patients with lethal outcomes was sig-
nificantly higher (28%) than among infants with acute
respiratory failure due to lung disease (2%) or cerebral
insufficiency (3%). This is confirmed by the fact that
50.7% of infants from the «Lethal outcome» group at
the time of admission to the ICU had impaired con-
sciousness with 15 points according to the Glasgow
coma scale; at the same time, in the «Recovery» group,
clear consciousness was in 88.5% of patients. Similar
results were obtained in the FEAST study, which
demonstrated a statistically significant effect of com-
bined pathology on the lethal outcome [28].

It should also be noted that slight hyperhydra-
tion in infants of both groups did not have a significant
impact on the outcome of the disease. At the same
time, decrease in the hourly rate of urine output, de-
crease in the volume of losses and positive hydrobal-
ance are the most significant predictors of the adverse
outcome of the disease, which indicates the leading
role of acute kidney damage in the tanatogenesis of
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Cordemans C. et al. (2012) poneMoHCTpHpOBaIHy,
YTO Y B3POCJIBIX MAIUEHTOB ITUK COCYAUCTON IIPOHUITAE-
MOCTH IIPUXOJIUTCS HA 3—7 CYTKU OT MOMEHTA PAa3BUTUST
kputndeckoro cocrosinust [26]. Kysekos B. B. ¢ coasr.
(2015) cumrTaioT, YTO yKa3aHHbII CPOK JI0JIKEH SIBJISITh-
Cs1 TOUKOI TIepecMOTpa TAKTUKKU UHMY3UOHHON Tepa-
MUY, OIHAKO, [TOJyYeHHbIe HAMY Pe3yJIBTaThl CBUIE-
TEJbCTBYIOT O TOM, YTO Yy J€Tell PeCTPUKTUBHAS
crparerust UHGY3MOHHOW TePANNH J0JIKHA HCIIOJIb30-
BaThCsl HAYMHAS CO BTOPBIX CYTOK JIEUEHUST, ITOCKOJIBKY
Takue MoKasaTesu Kak «o0beM WH(Y3HMOHHOI Tepa-
[AN», «CYTOUHBII 0OBEM SKUKOCTH> U «OTHOLICHUE
uHbY3MOHHON Tepariu K 00beMy BBEICHHON JKI/IKO-
CTU», CTATUCTMYECKU 3HAUYUMO YBEJIUYUBAJK IIAHC
JIETAJTBHOTO UCXOJIa TOJbKO B 1iepBblie cyTku [22]. Tlo
pesyabratam ucciegoBanusg VASST nosnoxuTeabHbli
TUAPOGATIAHC SBJISIETCS HE3aBUCHMBIM HeOJIaronpu-
SITHBIM ITPEIKTOPOM JIETAJIBHOTO UCXO/IA, KAK B TIEPBbIE
JIBEHA/IIIATh YaCOB, TAK ¥ K Y€TBEPTHIM CyTKaM OT Haya-
Jla Teparuu y B3pocJibix [27].

3HauMMOe BJIUSTHUE HA UCXOJ OKA3bIBAJI HE TOJIb-
KO 00beM MH(GY3UOHHOU Teparuu, HO ¥ UCXOIHBII
KJIMHUYECKUI CTATYC MAI[EHTOB C YYETOM BeIYIIETO
CUH/IPOMA.

Kpaiine BaxHO U TO, UTO IIPU COUETAHUU ABYX
u 6GoJsiee yTrpoOKAOIUX KU3HU CUHIPOMOB PHUCK
JIETAJIBHOTO UCXO/IA CYIECTBEHHO YBEJIUYNBAETCSI.
Cpenu pnereif, y KOTOPBIX OTMEYajH COYETAHUE
JBIXATENBHON U 1epebpanbHOil He0CTATOYHOCTH,
YKCJIO0 MAIMEHTOB € JIETAJbHBIM UCX0A0M OBLIO CTa-
TUCTUYECKU 3HAUYUMO Bbilie (28%), yeM y nereit
TOJIBKO C OCTPOI1 IbIXaTeJIbHOI HE0CTaTOUHOCTHIO,
00y CJIOBIIEHHOW TIOBPesKIeHnEM JierkuX (2%) uin
1epebpasbHOil HeJOCTaTOUHOCTHIO (3%). ITO moj-
TBepxKaaercs u teM, uto y 50,7% meTeit U3 TPyIIIbI
JIETAJIBHOTO HUCXOJa HA MOMEHT IOCTYILJIEHUS B
OPUT umesno mecto yrueteHue CO3HAHUA € OI[EH-
KOIi 1o 1kase kom [asro menee 15 6ainos, B TO
BpeMs Kak B rpynne <«BwizmopoBienue» scHoe
cosHaHue 661710 y 88,5% manueHToB. AHAJOTMYHbIE
pe3yabrTaThl OBLIM MOJYYEHBI U B UCCIEAOBAHUY
FEAST, xoTtopoe BbISIBUJIO CTATUCTUYECKU 3HAYU-
MOe€ BJIUSTHUE COUYETAHHOI MaTOJOTUM HA HACTYILIe-
HUe JieTaJTbHOTO ucxoza [28].

Heob6XonMo Takke OTMETUTb, YTO UMEIOIIAACS
y ZeTeit 0benx TPy He3HaYNTeIbHast TUIeprujipaTa-
I[UsI He OKa3aJia CYIIeCTBEHHOIO BJIUSHIS HA UCXO]
3aboJieBanist. B ToXe BpeMst, CHIKEHHE OYacOBOTO
TEeMIIa JInype3a, yMeHbIleHue 06beMa oTeph U moJIo-
JKUTETbHBII THAPOOATAHC SIBJASAIOTCS HanboJIee 3HaYK-
MBIMU TIPEAUKTOPAMHU HEOJATOMPUATHOTO HCXO/a
3ab0JIeBaHUsI, YTO CBUIETEIBCTBYET O BEAyIel posin
OCTPOTO TIOBPEXK/IEHS TIOYEK B TAHATOr€He3e KPUTH-
YECKUX COCTOSIHUH y JieTeil, 0COOEHHO TEePBBIX JIeT
skusnu [29].

Taxum 06pasoM, rumneprugpaTaius Hanboee
olacHa y MalueHToB ¢ 0CTPOil 1iepebpatbHOl U cep-
JIEYHON HEJOCTATOUHOCTDHIO, 0COOEHHO TIPH YMeHbIIie-
HUM 06beMa TTOTEPh Y HAIMYKHU TTIOJIOKUTELHOTO TH/I-

critical conditions in infants, especially in the first
years of life [29].

Therefore, hyperhydration is most dangerous in
patients with acute cerebral and heart failure, espe-
cially when the volume of losses is reduced and the pos-
itive hydrobalance is present with underlying acute
secondary kidney injury. This conclusion is confirmed
by the fact that the «Daily volume of fluid» parameter
was an independent predictor of a lethal outcome.

If in children with acute central nervous system
damage, the need for careful monitoring of the volume
of administered fluid and prevention of hyperhydration
has been well-known for a long time, then in patients
with acute renal damage as a part of the general critical
state, the tactics of infusion therapy and hemodynamic
support are still poorly understood and require further
research. It seems to us that the concept of four-phase
model of infusion therapy, which provides correction of
hypovolemia and hypoperfusion in the early stages of
the disease with the subsequent prevention of hyperhy-
dration with the progression of the pathological process
is most relevant for patients with the threat of kidney
damage against the background of the main disease. Al-
though all children in ICU had the fluid overload, it was
hypoperfusion and ischemic kidney damage in the early
stages of the disease that caused the development of
acute renal damage and hyperhydration in the later
stages of the disease. Therefore, it can be assumed that
kidney damage plays the key role in the development of
hyperhydration in critically-ill children, which requires
timely and purposeful prevention of this complication.

The use of infusion antihypoxants in the struc-
ture of liquid therapy is a promising method of pre-
venting acute renal damage; their pharmacological
action is based on the prevention and correction of
reperfusion paradoxes and prevention of damage to
mitochondria, which contribute to the progression of
multiple organ failure syndrome [30].

Therefore, it should be noted that not only the
quantitative but also the qualitative composition of
infusion solutions should be taken into account when
planning a program of volemic support. The use of in-
fusion antihypoxant solutions based on succinate,
which have volemic, hepatoprotective and diuretic ef-
fect, is promising; at that, their daily dose does not ex-
ceed 10 ml/kg, which is especially important in
patients at a high risk of hyperhydration.

A number of studies have shown that the use of
succinate solutions, in particular «Reamberin», con-
tributes to normalization of body temperature and hy-
perglycemia; it is a method of prevention of
perioperative hypothermia and it promotes an earlier
recovery of consciousness after surgery, which is also
true for critically ill patients [31-34].

Conclusion

The daily intake of fluid by critically ill children,
regardless of the outcome, exceeded the estimated
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pobanarca Ha (pOHE OCTPOTO MOBPESKICHUS TTOUYEK BTO-
PUYHOTO TreHe3a. JTO NOATBEPXKAAETCS U TEM, 4TO
nokasatesb « CyTOuHbIil 06beM KUIKOCTH» ABUJICS
HE3aBUCHMbIM IIPEIUKTOPOM JIETAIIBHOTO UCXOJIA.

Ecnm y meteil ¢ ocTpbIM IOpakeHUEM IEHT-
pabHON HEPBHOU CHUCTEMBI HEOOXOAUMOCTD TIIA-
TEJbHOTO MOHUTOPUHTA 06beMa BBOJAUMON JKUIKO-
CTU ¥ IPOMUIAKTIKA TUIIEPTUIPATAIUY YiKe TaBHO
XOPOIIIO U3BECTHA, TO Y AIIEHTOB C OCTPHIM II0Yey-
HBIM [TOBPEKIEHUEM B CTPYKTYPe OCHOBHOTO KPUTH-
YeCKOr0 COCTOSTHUS TAKTUKA UH(DY3UOHHOIT Teparnu
U TeMOAMHAMUYECKON MONIEPKKU elle MaJjo
usydeHa u Tpebyer qanpHeinmx uccaegopannii. Kak
HaM TIPEJCTABJSIETCS, UMEHHO IJisl TAI[UEHTOB C
yIPO30il TOBPEXKIeHUs I0YeK Ha (oHe TedyeHus
OCHOBHOTO 3a60JieBaHUst, HANbOOJIee aKTyaabHa KOH-
nenius 4eTbipexdazoBoil Monxean MHOY3UOHHOI
Tepanuu, KOTOpasi IPeLyCMaTPUBAET KOPPEKIIUIO
TUIIOBOJIEMUHM U TUTIONEPdY3UHN HA PAHHUX CTAAMIX
3abosieBanusi € TOCJeAyIoeid MPoGUIAKTUKON
TUIIEPTUPATALUY TIPU IPOIPECCUPOBAHUU MATOJIO-
ruyeckoro mpoiecca. Hecmorps Ha To, 4TO Y BCex
nereit, Haxozsuxcst B OPUT, BuisiBuiiu neperpysky
00beMOM, UMEHHO rUToNepdy3ust U UIIEMUIECKOE
MOBPEX/EHUE TIOYEK Ha PAHHUX CTaAuAX 3a00JeBa-
HUS CTAJTH IPUYMHON PA3BUTHUSI OCTPOTO MOYEUYHOTO
MOBPEKAECHUSA U THIIEPrIApaTanuy Ha 6ojee mos/-
HUX cTausax 3aboseBanus. exons us aToro, MOKHO
HPEJNOJIOKUTh, YTO KJIIOUEBYIO POJb B PA3BUTUU
TUIIEPIUIPATAIINY Y eTell B KpUTUIECKOM COCTOS-
HUU UTPAaeT MMEHHO MOBPEKIeHUE MTO0YeK, YTO Tpe-
GyeT CBOEBPEMEHHOM 1 TieJIeHAPaBIeHHON mpodu-
JIAKTUKU JIAHHOTO OCJIOKHEHUS.

[lepcrieKTUBHBIM METOIOM TTPOPUIAKTUKI OCT-
POTro [MOYEYHOTO MOBPEKIEHUS SIBJISIETCS IIPUMEHEHUEe
B CTPYKTYpE JKUIKOCTHOI TePariuu pacTBOPOB UH(Y-
3UMOHHBIX AHTUTUIIOKCAHTOB, OCHOBOI (hapMaKoJIOTH-
YeCKOTO JIENCTBIS KOTOPBIX SIBJISIETCS TPOMUTAKTHKA
U KOppeKIusi perepdy3nOHHbIX MapaioKCOB, MPE]-
OTBpallleHle TOBPEKIEHUs] MUTOXOHAPUI, KOTOPbIe
CIOcOOCTBYIOT MTPOTPECCUPOBAHUIO CHH/IPOMA MOJTHOP-
ranHoi Hegocrarounoctu [30].

B a10M KOHTEKCTE 11€71eC006PAZHO OTMETUTD, YTO
HE TOJbKO KOJIMYECTBEHHBIH, HO M KayeCTBEHHBIIT
coctaB MH(MDY3UOHHBIX PACTBOPOB HEOOXOAUMO YUH-
TBIBATh IIPU COCTABJIEHUY TIPOTPAMMBI BOJIEMUYECKOI
nozepKku. [lepcrnexkTHBHBIM ITPeICTABIISIETCS TIPH-
MeHEHIEe PACTBOPOB HH(Y3MOHHBIX AHTUTUIIOKCAHTOB
HA OCHOBE CYKI[MHATA, KOTOPbIE 00JIaIal0T BOJIeMUYe-
CKUM, TelaToIPOTEKTOPHBIM U IUYPETUYECKIM
acdexToM, TP ITOM UX CYyTOUHAS /1032 He TIPEBBIIIA-
er 10 MJI/Kr, 4TO 0COOEHHO BasKHO Y MallME€HTOB C
BBICOKUM PUCKOM I'MITE€PTH/PATAIIHH.

B pstie paboT GbIIO MOKA3aHO, YTO TPUMEHEHE
PacTBOPOB CYKI[MHATA, B 4acTHOCTH «Peambepunas
croco6CTBYET HOPMAJIU3AI[MK TEMIIEPATypPhl TEJa,
TUTIEPIIINKEMUN, SIBJISIETCSI METOIOM MTPOMUIAKTUKY
[EePUOTIEPAIIMOHHON TUIIOTEPMUU U CIIOCOOCTBYET
GoJiee paHHEMY BOCCTAHOBJIEHHUIO CO3HAHUS TOCJE

physiological needs by 14.5%, however, it did not have
a significant impact on the outcome in the presence of
physiological hydrobalance.

The ratio between the volumes of discharged and
administered fluid was the main factor of volemic sta-
tus reflecting the high probability of a lethal outcome.

Reduction of the volume of discharged fluid to
twenty percent or less of the daily intake increased the
likelihood of a lethal outcome by 12-fold.

In children with acute cerebral insufficiency, in-
fusion therapy equal to the volume of estimated daily
fluid demand is associated with a high probability of a
lethal outcome, so it is necessary to focus on age-re-
lated parameters of average blood pressure against the
background of maintaining zero water balance.

The risk of death increases significantly with a
combination of fluid overload with other adverse fac-
tors, which include the peculiarities of the disease in a
certain patient and features of the medical care pro-
vided.
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flict of interests.

Sponsor support: The study had no sponsorship.

OTIePAINH, YTO TAKIKe CIIPABEJIUBO JIJIsI TTAIUEHTOB B
KpUTHYEeCKOM coctostanu [31-34].

3akjaoyeHue

Cyrounas oTaiust ;KUJKOCTH y JIeTell B KpUTH-
YECKOM COCTOSTHUH, HE3aBUCUMO OT UCXO/IA, TPEBBIIIA-
JIa pacyeTHble [oKasaTen (GU3HOJOrUYECKON OTped-
Hoctu Ha 14,5%, o[HaKO, 9TO He OKa3bIBAJO
3HAUMMOTO BJIMSTHUST HA UCXO/L IPU HAnunu hpusno-
JIOTUYECKOro ruapodaianca.

OcHOBHBIM (PaKTOPOM BOJIEMUUYECKOTO CTATYCA,
OTPAXKAIONIUM BBICOKYIO BEPOSTHOCTH JIETAJIBHOTO
nucxona, ObLIO OTHOHIeHHEe 00beMa BbIAEJEHHON K
00beMy BBEIEHHOI JKIIKOCTH.

VMmenblienue o0beMa BbIIeJIeHHON KUAKOCTH 10
JIBA/IIIATU U MeHee MPOIIEHTOB OT CYyTOYHOU JloTaiuu
VBEJIMYMBAJIO BEPOSITHOCTb PA3BUTHS JIETAJIBHOTO
MCXO/Ia B JIBEHAIIATH Pa3.

VY nmeteii ¢ ocTpoil 1epeGpabHOI HEZOCTaTOu-
HOCTBIO MH(bY3UOHHAS TepaIusl B 00beMe PacueTHbIX
HOKa3aTelell CyTOUHOM IOTPEOHOCTH B KMAKOCTH acco-
IIUUPYETCST C BBICOKOH BEPOSITHOCTBIO JIETATBHOTO NCXO-
11, IIOSTOMY HEOOXOIMMO OPUEHTUPOBATHCSI HA BO3PACT-
HBbI€E TT0KA3ATEJTN CPETHETO aPTEPUATTBHOTO JIABIEHUST HA
(hoHe moepKaHIsl HYJIEBOIO BOAHOrO OajaHca.

Puck serampHOTO MCXO/a CYIIECTBEHHO YBe-
JINYUBAETCS TIPU COUYETAHUN [T€PETPY3KU JKUIKOCTH C
APYTUMU HeOIaronpusaTHhIMU (haKTOpaMu, K KOTOPhIM
OTHOCATCS 0COOEHHOCTH TeUeHUsT 3a00/1eBaHI Y KOH-
KPETHOTO MalieHTa U 0COOEHHOCTH OKa3aHMs MeJ-
I[IMHCKOI TTOMOIIH.

KoHu}paukt uHTEpPECOB: OTCYTCTBYET.

CnoHcopckasi mojiepskka: OTCyTCTBYeT.
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CpaBHuTe/IbHAS OIIEHKA COBPEMEHHBIX UHTAJISIIUOHHBIX AaHECTETHKOB
IIPU KaPOTUTHOU IHJAPTEPIKTOMUH
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Comparative Evaluation of Modern Inhalation Anesthetics
in Carotid Endarterectomy

Vladimir A. Aliev!?, Andrei G. Yavorovskii', Andrei A. Shaposhnikov!,
Irakli Zh. Loriya'?, Maria S. Vetsheva'

1. M. Sechenov First Moscow State Medical University, Ministry of Health of Russia,
8 Trubetskaya Str., Bldg. 2, 119991 Moscow, Russia
2 GMS Clinic and Hospitals,
45 Kalanchevskaya Str., 129090 Moscow, Russia

Iess paGoTHI — CpaBHUTENBHAS OI[EHKA BOZMOKHOCTH OBICTPON aKTHBU3AINH TOKUIIBIX MTAIIUEHTOB TIOCIE Ka-
POTUAHOI HAAPTEPIKTOMUI, BHIIIOJHEHHOW B YCJIOBHSIX aHECTE3UU Ha OCHOBE ceBodropana 6o nechiiopana.

Marepuainst u Mmetoasl. O6¢cmenosanu 67 mMalueHToB B BO3pacTe OT 75-u 10 89-1 JieT, pasjieJIeHHbIX Ha JBe
rpymibl. B 1-if Tpyrimne s moiepskanus aHecTe3un IIPUMEHSIIIN TIpenapart gecdoriopan, Bo 2-if — ceBodIriopaH.

Pesyabrarsr. Bpewmsi 10 skeTy6armu Tpaxen, BO3MOKHOCTH CIEJIATh TIIOTOK BOJIBI, CAMOCTOSITENILHO yIePIKHU-
BaThCsI B OJIOKEHMHU CHUIst ObLIIO 3HAYMTENHHO MEHBIIIE B TPYIIIIE fechropaHa.

3axmoueHue. AHecTe3us ¢ UCTIOIb30BaHNeM fechiriopana obeciieanBaet 6oJiee OBICTPOE B CPABHEHHH C CEBOD-

JIIOpaHOM HpO6y>KI[eHI/Ie 1 aKTUBU3aAWIO ITOKUJIBIX ITAIlMEHTOB I10CJIE KapOTI/II[HOﬁ IH/IAPTEPIKTOMUMU, YTO ITO3BOJIAET
B OoJIbIIel cTelenn OCYHIECTBJIATD ITPOTOKOJI YCKOPEHHOI'O BbI3JIOPOBJICHUA. KpOMe TOro, aHecTre3unsa Ha OCHOBeE
[[eC(bJHOpaHa 06J1a11aeT OTJIMYHOI YIIPpaBJIAEMOCTbIO, MEHBIIUM OTPUIIATEJTbHbIM BJIMSHUEM Ha TEMOIUHAMUKY (B KO-

punope koutenTparuu 10 1,3 MAK).

Kantouesvte cnosa: kapomuonas sH0apmepIKmomust; KOZHUMUBHAS, (PYHKUUSL; AMEPOCKIEPO3; COHHAS. ApMepusL;
Ce80IIOPaH; NPoZPAMMA YCKOPEHH020 8bI300posIeHUs; fast track

The purpose of the study was to compare the possibility of rapid activation of elderly patients after carotid en-
darterectomy performed under sevoflurane- or desflurane-based anesthesia.

Materials and methods. 67 patients aged 75 to 89 years divided into two groups were examined. To maintain
anesthesia, desflurane was used in the 1st group and sevoflurane was employed in the 2nd group.

Results. Patients from the group receiving desflurane, experienced decreased ability to take a sip of water and
to hold oneself in a sitting position, and were characterized by decreased time before the tracheal extubation.

Conclusion. Desflurane-based anesthesia provided faster awakening and activation of elderly patients after
carotid endarterectomy than the anesthesia with sevoflurane, which allowed to implement the fast-track recovery
protocol. In addition, the desflurane-based anesthesia provided excellent manageability and less negative impact on
the hemodynamics (within the drug concentration range of up to 1.3 MAC).

Keywords: carotid endarterectomy; cognitive function; atherosclerosis; carotid artery; sevoflurane; accelerated re-

covery program; fast track
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BBeneunne

[To onpentetenio BecemupHoit opranusaium 3/pa-
Booxpanenus (BO3) umoau, mocrurmve Bo3pacra
cBbIle 65 JIeT, CYNTAIOTCS MOKUABIMU. 110 JIAHHBIM
BO3, nonyistiys moskUIIbIx JIojield yBeJTnInBaeTCst CO

Introduction

According to the World Health Organization
(WHO), people over the age of 65 are considered the
elderly. According to WHO, the elderly population is
increasing at a rate of 2.5 % per year, while the total
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CKOPOCTHIO 2,5% B TOJI, TOT/IA KaK 00IIast MOMYJISIIIHSI
moneit — na 1,7%. B pesyJisrate, B 1ocje/inee aecsaTu-
JieTre TIOILYJIAIMS TOKUIIBIX JIIo/Iel B Pa3BUTBIX CTpa-
Hax cOCTaBJIsAeT 0K0JI0 18,3%, a B pa3BUBAIOIINXCS CTPa-
Hax OK0JI0 7,5% OT 0011ei uncaeHHocTy Hacesnenst [1].

[l BbIlIe 1IepeyrcieHHON KaTeropuu IalueH-
TOB XapaKTepHO CHUKeHne (DYHKIIMOHAIBLHBIX pe3ep-
BOB, HAJINYKE TSKEBIX COMYTCTBYIONNX 3a00JIeBaHuil
U KaK CJIe[ICTBUE — BBICOKME PUCKU T10CJICOIIEPAIINOH-
HBIX OCJIOKHEHUI U JIeTaTbHOCTH [2].

3a nocjenHee BpeMsi KOJUYECTBO Ollepaluii y
GOJIBHBIX TTOKMJIOTO BO3PACTA, B TOM YKCJIE, U OTepa-
Ui TI0 TIOBOJLY aTePOCKJIEPOTHYECKOTO TTOPaKeHUs
COHHBIX apTePHUil 3HAUYNUTENBHO YBEJUIUIOCH [3—3]
ITO CBA3aHO, TIPEXK/IE BCETO, C JOCTUKEHUSAMU B 110]1-
X0/laX U TEeXHUKe aHeCcTe3WH, 3alIUTbl TOJOBHOTO
MO3ra, a TaKKe TOr0TOBKe OOJIBHOTO K Oneparuu i
MoCJIe0NePAIIMOHHOM BejieHnu [6].

O/HUM 13 TaKKUX [TO/IXO0/I0B, C 11€JIbI0 CHUKEHUS
[EePUOIIEPAIIMOHHBIX OCJI0KHEHUH SBJISAETCS UCIIONb-
30BaHUe [IPOTPAMMBbl YCKOPEHHOTO BBI3/I0POBJIECHUS
naruentoB (ITYB) [7—13]. Baxkubim asiemeHTOM 11pO-
tokosa ITYB (Fast track) asiaserca ontumusanus
aHECTEe3MONOTHYeCKOTO  obecnieyenust. Jlus aTux
1eJsieii 1esecoo6pasHo TPUMEHEHUE aHECTETUKOB
KOPOTKOTO JIEHCTBUS, U B YaCTHOCTH TaJIOTE€HCO/IEP-
JKAIIUX AaHeCTETUKOB, TAKNX Kak ceBodJIiopat u gecd-
JopaH. Beibop aTux npenaparos jis JaHHbIX Olepa-
TUBHBIX BMEIIATEIbCTB OOYCIOBJIEH, C OIHOI
CTOPOHBI, UX (PAPMOKOKUHETUKON U (hapMaKkouHa-
MUKOH, ¢ IPYyroil — MPOTEKTUBHBIM JeICTBUEM Ha
roJIoBHOM Mo3r [ 14].

B cBA3u ¢ 9TUM 1eNbI0 PaboOTHI  SIBJISIETCS
CpPaBHUTEJLHASA OIIEHKA BO3MOXKHOCTH GBICTPON aKTH-
BU3AIMK TIOJKUJIBIX OOJBHBIX TMOCTE KapoTHIHOI
9H/IAPTEPIKTOMUHU B YCJIOBUAX aHeCTe3UHN Ha OCHOBE
ceBoduropana 6o gecdiopana.

MaTepI/IaJI U METO/1bl

B npocriekTHBHOE PaHIOMU3UPOBAHHOE MCCIIEI0BA-
HUe BKTIOYN/Ir 67 MarueHTos B Bo3pacte oT 75 10 85 jet. B
3aBHCUMOCTH OT BH/IA AHECTE3NH MAIMEHTOB Pa3/IeUIN Ha
JIBe TPYTIIBL. PaHIOMM3AIIIO OCYIIECTBIIS/IN HAKAHYHE OTTe-
paruu MeTo/IOM CJIeNbIX KOHBepTOB. B 1-if rpymme (n=33)
JUIsT 0GECTIeYeHIsT aHeCTE3NH UCTIOIb30BAJIN TIPENapar ce-
BodtiopaH, Bo 2-it rpymre (n=34) — necdhmopan. [lamu-
eHTbl 00enx Trpyln ObLIM CONOCTaBUMbBI 10 00bEMY
olieparny, TNTeJbHOCTH TIepesKaThs COHHO apTepuy, Xa-
PaKTepy M CTEIEHU BBIPAKEHHOCTH COITYTCTBYIOIIEH MaTo-
gorun.  KimHWYeckyo  XapaKkTepHCTUKY — IAIEeHTOB
npejcraBuiy B tabur. 1.

KpurepusiMu BKITIOUEHNS B NCCIEOBAHNE CITY KUJIH:
HaJIMYie aTepOCKIEPOTHYECKOTO CTEHO3a O/IHON Il 00enX
COHHBIX apTepuit 270%; Haamane 0JHOCTOPOHHEI HJIH /IBY-
CTOPOHHE! reMOIMHAMUYECKH 3HAYMMON AaTOJOTNIeCKON
W3BUTOCTH BHyTpeHHel conHoli aptepun (BCA), oxkiriosns
BCA ¢ ofnoil cTopoHbl €3 reMOJIMHAMUYECKH 3HAYNMOTO
TIOpPasKeHUsT ApTEPUIT ¢ KOHTPAJIATEPATBHOI CTOPOHBI.

Kputepnn wnCKIIOUEHNs: HEIABHO I€PEeHECEeHHBII
uneMuIeckuii MHCYJbT (1 MecsIr), 1eKOMITEHCUPOBAHHBIN
caxapubiii iuaber (CJI), meKoMIieHCHPOBaHHAsA XPOHUYE-

population of people is increasing by 1.7 %. As a result,
over the last decade, the population of the elderly is
about 18.3% in developed countries and about 7.5% of
the total population in developing countries [1].

The above category of patients is characterized
by a decrease in functional reserves, the presence of se-
vere comorbidities and, as a result, a high risks of post-
operative complications and mortality [2].

Over recent years, the number of surgeries in eld-
erly patients, including interventions for atheroscle-
rotic lesions of the carotid arteries, has increased
significantly [3—5]. This is mainly due to advances in
approaches and techniques of anesthesia, brain protec-
tion, as well as patient's preparation for surgery and
postoperative management [6]

The use of the fast-track recovery (FTR) proto-
col is one of these approaches applied to reduce peri-
operative complications [7—13]. Optimization of the
anesthetic support is an important element of the FTR
protocol. Short-acting anesthetics, in particular, halo-
gen-containing anesthetics such as sevoflurane and
desflurane, should be used for these purposes. The
choice of these drugs for these surgical interventions
is based, on the one hand, on their pharmacokinetics
and pharmacodynamics, and, on the other hand, to
their protective effect on the brain [14].

Therefore, the purpose of the study was to com-
pare the possibility of rapid activation of elderly pa-
tients after carotid endarterectomy performed under
sevoflurane or desflurane-based anesthesia.

Materials and Methods

A prospective, randomized trial included 67 patients
aged 75 to 85 years. Depending on the type of anesthesia,
the patients were divided into two groups. Randomization
was performed before the surgery by sealed technique ran-
domization. In the 1% group (n=33), sevoflurane was used
for maintenance of anesthesia, and in the 2" group (n=34),
desflurane was applied. Patients of both groups were com-
parable in terms of the scope of the surgery, duration of
carotid artery clamping, and nature and severity of comor-
bidities. Clinical characteristics of patients are presented in
table 1.

Inclusion criteria were as follows: atherosclerotic
stenosis of one or both carotid arteries >70%; unilateral or
bilateral hemodynamically significant pathological tortuos-
ity of the internal carotid artery (ICA), ICA occlusion at
one side without hemodynamically significant arterial le-
sions at the contralateral side.

Exclusion criteria: recent ischemic stroke (1 month),
decompensated diabetes mellitus (DM), decompensated
chronic obstructive pulmonary disease (COPD), chronic
heart failure (CHF) of more than the III functional class ac-
cording to the NYHA classification.

The study was approved by the institutional Ethics
Committee of the I. M. Sechenov First Medical Moscow
University.

Propofol at a dose of 0.5-2 mg/kg and 200 pg of fen-
tanyl (bolus administration) were used for induction in the
first group of patients. Tracheal intubation was performed
under muscle relaxation with nimbex at a dose of 0.02 mg/kg.
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Ta6iuua 1. IIpegonepanuonnas XxapaKkTepucTUKa GOJIbHbIX.

Table 1. Preoperative characteristics of patients.

Parameters Values of the parameters in groups
Group 1 (n=33) Sevoflurane Group 2 (n=34) Desflurane

Males, 7 (%) 20 (60.6) 24 (70.6)

Age, years 79.4+6 79.3+5.5

ICA stenosis >70 % 33(100%) 34 (100%)
BWI>35, 7 (%) 7(21.12) 8(235)

Diabetes mellitus, 7 (%) 8(24.2) 7 (20.5)

A history of ML 7 (%) 10 (30.3) 9(26.53)

Note. BWI — body weight index; MI — myocardial infarction. The data are presented as Me [25; 75] or the number of patients (per-

centage) in the group.

IIpumeuanue. /L5t tabu. 1-5: parameters — nokazaresu; values of ... in groups — sHadenns B rpymmax; males — mMyskunn; age, years —
Bospact, Jjiet; ICA stenosis — crernos BCA; BWI — ungexce maceni tesa, diabetes mellitus — caxapubiii anaber; a history of MI — undapkr
MUOKap/a B anamuese. /lanibie ykazanbl B Buge Me [25; 75] wau uncsio 601bHBIX (TIPOIEHT) B TPYIIIE.

ckast obcrpykTuBHas 6osie3Hb gerkux (XOBJI), xpoHuye-
ckast cepiednast negocratoanoctsb (XCH) Goee 11T DK 1o
kiaaccuduraruu NYHA.

HUccemenoBanne 0106pEHO JTOKATHHBIM DTHIECKUM KO-
murtetoM 1-ro MI'MY nm. . M. Ceuenosa.

[TepBoii rpyririe MaMeHTOB € MeJIbI0 NHAYKIUU TTPH-
mensiin mporodo B 1o3e 0,5—-2 mr/kr, herranua — 200
MKT 60110CHO. THTY6AINIO Tpaxer IPOBOANIN B YCJIOBHIX
Muopenakcanyn aumbexcom B gose 0,02 mr/kr. [Tognepaxa-
HUs aHecTe3uu B 1-011 TPyIIIe JOCTUTAJN TTYTEeM UHTAJISTINN
ceBomopana B konteaTpanuu 7o 1,3 MAK, co ckopocTbio
TIOTOKA CBeskero Tasa 4 /MuH, deHTanunga (2 MKT/KT/4).
MBILIEUHYIO PETaKCALUIO TOAAEPKUBAIN OOTIOCHBIM BBe-
neHueM atpakypus Oecusiata HumGekca (0,02 Mr/Kr).

Bo BTOpOIi rpyTine 1715t MHIYKITMKA TPUMEHSIITH TIPOTIO-
doxn B nose 0,5-2 mr/kr, pentanma — 200 mxr 6osmocHo. -
TyOaIMio Tpaxeu MPOBOAUIN B YCJIOBUAX MUOPETAKCAIIUN
numbekcom B ose 0,02 mr/kr. [Togaep:Kanus aHeCTe3nn 10-
CTUTAJIM ITyTeM UHTAJISIINN JlecIIIopaHa B KOHIIEHTPAIMN 110
1,3 MAK, co ckopocTbio IoToKa 4 J1/MuH, nH}y3uei heHTa-
HIa (2 MKT/KT/49). MBIIIeunyio pesakcaiiio Mo/IepKu-
Baut GoocHbIM BBesieHreM HumOekca (0,02 mr/Kr).

B o6eux rpymnmax ucKycCTBEHHYO BEHTUJISIIIUIO JIer-
xkux (MBJI) mpoBogmam B pexnMe HOPMOBEHTHUJIISITNU
(6 mu/xr uneambHoit Maccewt Terma) ¢ IIIKB + 5 cm H,O.
O1eHrBaIM KUCTIOTHO-OCHOBHOE COCTOSTHIE 1 Ia30BbIii CO-
cTaB KpoBHU (TPOEKPATHO: TIOC/IE MHTYOALIUHY, 10 TIepeKaThsI
COHHOM apTepny, mocJie mycka KpoBoToka mo BCA).

B orneparmonHoii BceM manueHTaM IpOU3BOIUIIN Ka-
TETEPU3AINIO TIEHTPATBHON BEHBI HA UTICUIATEPAJILHOM CTO-
pOHE W  KaTeTepusaluio JydeBOil — apTepum, st
MOHHUTOPWHTA HWHBAa3UBHOTO apTEPUAIBHOTO aBJIEHUS
(uAl). [lns obecriederust ajeKBaTHON nepdysur roJaoB-
HOTO MO3Ta BCEM TAIUeHTaM Ha TIePUOJL TIepeKaTs COHHOM
apTepun cpemHee apTepuanbroe gasiaenne (CpA/l) moanep-
JKIBAJN Ha YpoBHE 85-95 MM PT. cT. [Teper OCHOBHBIM aTa-
[IOM Ollepallui OLEHUBAIM <«PEAKIHUI0 Ha NpobHOoe
repexaTiie COHHOI apTepuiy, YUUThIBAS AUHAMUKY TTOKa-
3aresieil nepeOpaIbHON OKCUMETPUE U TPAHCKPAHUATbHON
nomseporpadun cpeaHeit Mosrosoit aprepun (CMA). Ilpu
CHUKEHUH M0Ka3aTe s 1epeOpasbHOil OKCUMETPUU HIKE
60% 1T yMEHDBIIEHS TOTTIEPOTPAhUIECKITX CKOPOCTHBIX
rokasaresieil KpoBoToka Oosiee yem Ha 50 % cosmaBaiu
VIIPaBJISIEMYI0 THIIEPTEH3UIO € TIOBTOPHOIT OIIEHKOIT TTOKa3a-
Tesel. /[y moamep;KaHUS CUCTEMHOM TeMOAMHAMUKN BO
BpeMs OCHOBHOT'O 9Talla OTIePAINU UCTIOIb30BAIM CUMITATO-
MUMEeTHYECKYIO TOJ/IEPKKY HOpaZpeHAIIHOM B 7103e 70£20
Hr/kr/muH. [ny6uny anecresnu otennBaau no BIS wn-
JeKCy ¥ TofiepkBaan Ha yposae 50—60 er.

Maintenance of anesthesia in the 1% group was achieved by
inhalation of sevoflurane at a concentration of up to 1.3
MAC, at a flow rate of fresh gas of 4 1/min and fentanyl
(2 pg/kg/h). Muscle relaxation was supported by bolus ad-
ministration of cisatracurium besylate nimbex (0.02 mg/kg).

Propofol at a dose of 0.5-2 mg/kg and 200 pg of fen-
tanyl (bolus administration) were used for induction in the
second group of patients. Tracheal intubation was performed
under muscle relaxation with nimbex at a dose of 0.02 mg/kg.
Maintenance of anesthesia was achieved by inhalation of des-
flurane at a concentration of up to 1.3 MAC, at a flow rate of
fresh gas of 4 1 /min and fentanyl infusion (2 pg/kg/h). Mus-
cle relaxation was supported by bolus administration of nim-
bex (0.02 mg/kg).

In both groups, mechanical lung ventilation (MV)
was performed in the normoventilation mode (6 ml/kg ideal
body weight) with PEEP of +5 cm H,O. The acid-base state
and gas composition of blood were assessed (thrice: after in-
tubation, before clamping of the carotid artery, and after the
start of the blood flow through the ICA).

In the operating room, all patients underwent
catheterization of the central vein on the ipsilateral side and
catheterization of the radial artery to monitor the invasive
blood pressure (iBP). To ensure adequate cerebral perfusion,
mean blood pressure (mBP) was maintained at 85-95 mm
Hg in all patients over the period of carotid artery clamping.
The reaction to the trial compression of the carotid artery
was evaluated prior to the main stage of the surgery, taking
into account the dynamics of cerebral oximetry and tran-
scranial dopplerography of the middle cerebral artery
(MCA). When cerebral oximetry decreased below 60% or
Doppler blood flow velocity parameters decreased by more
than 50%, a controlled hypertension was induced with re-
assessment of the parameters. To maintain systemic hemo-
dynamics during the main stage of the surgery,
sympathomimetic noradrenaline support at a dose of 70+20
ng/kg/min was used. The depth of anesthesia was assessed
by the BIS index and was maintained at 50—60 units.

The duration of carotid artery clamping and the du-
ration of the surgery were assessed in each patient.

At the end of the surgery, namely, at the beginning of
skin suturing, the anesthetic supply was discontinued, the
air supply was started at a rate of 8 1/min. Different time in-
tervals were estimated before tracheal extubation, namely:
(1) the time of recovery of spontaneous breathing, (2) time
to spontaneous opening of eyes, (3) the time of ability to per-
form elementary commands, (4) time to tracheal extubation.

The following parameters were evaluated immediately
after tracheal extubation, carried out in compliance with
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Ta6amua 2. Moguduuuposannas [lkana Anbapera.
Table 2. Modified Aldrete Score.

Parameters Parameter values
Activity Able to move all extremities on command 2
Able to move 2 extremities on command 1
Unable to move extremities on command 0
Respiration Able to breathe deeply and has a good cough reflex 2
Dyspnea 1
Apnea 0
Blood pressure Within 20 % of the baseline 2
Within 20-49% of the baseline 1
Within 50 % and more of the baseline 0
Consciousness Clear 2
Arousable on calling 1
Not responding 0
SpO, >92% 2
>90% on the background of oxygen insufflation 1
<90% on the background of oxygen insufflation 0

ITpumeuanue. [[ns taba. 2, 4: activity — akTHBHOCTB; respiration — apixanue; blood pressure — aprepuasnbHoe AaBaeHue; conscious-
ness — cosHanue; able to move ... extremities on command — aBuKeHMe KOHeYHOCTAMU 110 KoMan/e; all — Bcemu; unable to move —
orcyrerBue aBuskenust; able to breathe deeply and has a good cough reflex — riry6okoe apixanune, Xopoumii kaureBoii peduekc; dys-
pnea — o/bIIKa; apnea — anuod; within ... of the baseline — B npenenax ... ot nexoanoro; and more — u Gosee; clear — sicuoe; arousable
on calling — npoby:xneHue B oTBeT Ha cTuMyJI; not responding — cosHanue yruereno; on the background of oxygen insufflation —

Ha domne nncyOGAIIUN KICTIOPOIA.

Y Ka)kaoro manmeHTa OIeHUBAJIN JITTUTETBHOCTD TIe-
pesKaThsl COHHOM apTepuy U AJTUTETbHOCTD OTIEPAITHL.

B koHIIe oneparyn, a IMEHHO — B Hadasle HAJIOKEHHST
KOKHBIX IIBOB, IPEKPAIIAJIH TTOady aHECTEeTHKA, HAUMHAIH
Tofiauy BO3/IyXa co CKopocThio 8 j1/muH. [lepen axcTybarmeit
Tpaxen OIEHUBAIN PA3JNYHble BDEMEHHbIe MHTEPBATBI, a
nMeHHO: (1) BpeMsI BOCCTAHOBJIEHHS CAMOCTOS TETBHOTO JTbI-
xaHus, (2) BpeMsI CHOHTAaHHOTO OTKPBIBAHUSA I71a3, (3) Bpems
TTOSIBJIEHUST  BO3MOJKHOCTH  BBITIOTHUTH ~ 9JIeMEHTapHbIE
KOMaHIBI, (4) BpeMsT 710 9KCTYOAIII TPAXeH.

Cpasy mocJie aKkcTyOaInu Tpaxer, MPOBEAEHHO TPy
cobITOIeHIH OOIIETPUHSTHIX TIPABUII, OTleHuBaH: (1) Bpemst
OTBETOB Ha dJIeMeHTapHbIe BOIIPOCH! (nMsl, (haMuims, Bo3-
pacr), (2) crocoGHOCTD cIe/IaTh TI0TOK BOJIbI 6e3 TIoIepXu-
BaHUA, a Takxke (3) pesyJbraThl TecTa TIOBTOPHOTO
Berautanus mdpet 7 13 100 (100-7=93, 93-7=86, 86—-7=79
u T. ). C 11e7p10 KOHTPOJIST NCXOAHON KOTHUTUBHOM (hyHK-
IIUH, HAKaHyHe OIePAIIH IIPOBO/INIIN aHAJIOTUYHBIH TECT.

[Tpu nepeBoie U3 ONEPAIFIOHHOIT B OT/IETIEHIE PeaHN-
Malliy BCeM TAIFIeHTaM [TPOBO/IMJIN OIIEHKY CTEIeHH aKTH-
BU3AINH TT0 MOIMBHUITIPOBAHHOM TIKasre Asbapera (Tabr. 2).

Kpowme Toro, IpH OCTYTITIEHNN B OT/IeJIeHIe PeaHnMa-
1y 1 uHTeHcuBHOM Tepanuu (OPUT) onenusaiu crnoco6-
HOCTb ITAIleHTa HaXOIUTCSI B CUISTIEM MOJIOXKEHNH B TeUEHNe
1 MuHyTBI 6€3 omoInu nepconaa. [Ipu HeycrermHom TecTu-
POBAHHH TIOBTOPHYIO TIOIIBITKY ITPOBOANIIN KasK/ble 15 MUHYT
1o yerientoro Boinosnenns tecta. B OPUT s onenku cre-
TIEHU OCTATOYHON cezaruy mpuMersan mkary RAAS. Ore-
HUBAJIN Takske BpeMs Haxoskaenus B OPUT.

Crartuctinyeckyio 06paGoTKy JaHHBIX TPOBOIIIN B
mporpamme SPSS for Mac v23 (IBM, CIIIA). KosmmuecTBen-
Hble 3HAYEHNUsT BeIpakaiu B Buje meauan (Me) n 25-75%
mporerTueit [25; 75]. HopMaabHOCTD pacTpe/iesieHusT Be-
JITYHH TIPOBepPsIH 1Tpy oMot Tecta Kosmoroposa—Cwmup-
HoBa. [l nccsieoBaHus B3aNMOCBSI3H KOTMIECTBEHHBIX
rokasareseil pacCUYUTHIBAIN KOI(DDUIIEHT KOPPETAIIH
Crnpmena. /locTOBEPHOCTD P3Nl BeTNYNH POBEPSIIII
npu omotu U-kputepust Manua—YutHu (cpaBHeHNS TI0-
TIApPHO HEe3aBUCUMBIX TPYII JAaHHBIX), Z-score BHIkokcoHa
(CpaBHEHMS CBSI3aHHBIX TPYIII JAHHBIX ). Pasnmans canrann
CTaTHCTHYeCKU 3HAUNMbIMU TpH p<0,05.

generally accepted rules: (1) time to answer basic questions
(first name, last name, age), (2) ability to take a sipof water
without choking, and (3) results of the repeated subtraction
test of 7 from 100 (100-7=93, 93-7=86, 86—-7=79 etc). A
similar test was performed before the surgery, in order to
monitor the initial cognitive function.

When patients were transferred from the operating
room to the intensive care unit, the degree of activation of
all patients was evaluated based on the modified Aldrete
score (table 2).

Besides, when a patient was admitted to the intensive
care unit (ICU), their ability to sit for 1 minute without
staff's assistance was evaluated. If the test failed, it was re-
peated every 15 minutes until the test was successful. RAAS
scale was used in the ICU to assess the degree of residual se-
dation. The ICU stay duration was also evaluated.

Statistical data processing was performed using the
SPSS for Mac v23 software (IBM, USA). Quantitative val-
ues were expressed as median (Me) and 25-75% percentiles
[25; 75]. The normality of the distribution of values was
tested using the Kolmogorov—Smirnov test. Spearman'’s rank
correlation coefficient was calculated to study the relation-
ship between quantitative parameters. The significance of
differences were checked using Mann—Whitney U-test
(comparison of pairs of independent data groups), Wilcoxon
z-score (comparison of related groups of data). Differences
were considered statistically significant at P<0.05.

Results and Discussion

The duration of the surgery in both groups and
the time of cross-clamping of the carotid artery were
not significantly different; their values comprized
97+15 and 28+11 min (desflurane group), and 9317
and 30+11 min (sevoflurane group), respectively. All
surgeries were performed without arterial bypass by
the same surgical team.

There was no statistical difference between the
groups in dose and duration of sympathomimetic sup-
port (U-test, P=0.071).
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Ta6amua 3. CkopocTtb npolysKkaeHus I0cae npeKkpanlenus anecresuu, Me [25; 75].
Table 3. The rate of awakening after cessation of anesthesia, Me [25; 75].

Parameters

Values of the parameters in groups P

Group 1 (n=33) Sevoflurane

Group 2 (n=34) Desflurane

Spontaneous breathing recovery time, sec 320 [310; 340] 264.5 |244; 276.5] 0.001
Eye opening time on command, sec 654 1637.5; 676.5] 322.5[313.5; 340.5] 0.001
Time of execution elementary commands, sec 830 [789.5; 862.5] 443.5 [430; 460.5] 0.001
Time of tracheal extubation, sec. 973 1952; 980] 541.5[530; 571.25] 0.001
Episodes to desaturation to 90% after tracheal extubation, n 5 1

TCU stay, minutes 360 [345; 378] 210 [200; 220] 0.001

IIpumeuanue. Spontaneous breathing recovery time, sec — BpeMst BOCCTAHOBJIEHUS CIIOHTAHHOTO JIbIXAHUSI, CEK; eye opening time on
command — BpeMst OTKpbIBaHMsI TJ1a3 10 KoMaHe; time of execution elementary commands — BpeMst BbITTOTHEHHUST 3IEMEHTAPHBIX KO-
manz; time of tracheal extubation — Bpems axcryGaunn Tpaxen; episodes to desaturation to/after tracheal extubation — stmzonsr ne-
caTypauuu /10/1oce 3Kcry6au14m tpaxen; ICU stay, minutes — naxoxxaenne B OPUT, munyTsr.

Pe3ybrarhl 1 00Cy:KAeHHE

JlnuTenbHOCTD omepaluii B 06enx rpymninax u
BpeMsI MepeKaThsi COHHOW apTepuyl CTaTUCTUYECKU
3HAUMMO He pasjimyajiachk: B rpytie aeciypana —
97£15 n 28411 munyr, a B rpyiie ceBodypana —
93+17 u 30+11 munyT. Bee onepariin BbITOHSLIN 6e3
HaJIO)KEHUS apTepuaIbHOTO NIYHTA, OTHON U TOMU JKe
oreparnoHHON OpUragoil.

CrarucTiueckoil pa3HUIIbl MEXIY IPyIIamMu B
J103€ ¥ JJIUTEJTBHOCTH CUMIIATOMUMETHYECKON TI0/I-
nepakku e 6b110 (U-kpurepuit p=0,071).

[Tokazarenu, XapaKTepUayIolue CTemeHb aKTH-
BU3AIMK TTAIMEHTOB [IPEACTaBUIIN B Ta0JI. 3.

B 11es10M, CKOPOCTh BOCCTAHOBJIEHUS PEAKITHII,
XapaKTepPU3yONINX AKTUBU3AIINIO MAIIMEHTOB B IPYIIIe
necurropana, 6ba GeicTpee. Mbl TTOJIyYHIIH JOCTOBEP-
HOE pasjinyue 0 TaKUM TOKA3aTeNsM, KaK BpeMs
OTKpbIBaHM ry1a3 1o komanze (322,5 [313,5; 340,5]
nportus 654 [637,5; 676,5] cek p=0,001), Bpemst BbIT10J1-
HeHMsT TpocThix KoMaus (443,5 [430; 460,5] mporus
830 [789,5; 862,5] cek p=0,001), Bpemst akcTyOaruu
tpaxen (541,5[530; 571,25] mpotus 973 [952; 980] cex
p=0,001). [Ipu BBITTOTHEHUN TeCTa C TIIOTKOM BOJIBI
(puc. 1, a) 30 marenToB (95%) B rpyie gecdiriopana
CIIPaBUJIKCH C 3aj1aueil 6e3 MOMepXUBaHKs B TeUEHIEe
nepsbix 100 cexyH 1 oc/ie 9KCTyOAInu Tpaxeu, Ha TOT
JKe MOMEHT BPEMEHHM B TPYIITe ceBOMIIIOPaHa C TECTOM
crpaBustoch sntrb 10 marenTos (32 %).

Y 5-u nanueHTOB B rpyie ceBodJriopana u 1-ro
OJTHOTO TIAIMEHTA B TPyTITe Jechiopana moce mepe-
KJIQ[IbIBAHUS € OTEPANMOHHOTO CTOJIA Ha KaTaJKy
otrMeuasn caydau gecarypanuu 10 90%, cBs3aHHbIE C
0CTAaTOYHBIM cefaTUBHBIM addextom. Ocobo crrenyer
OTMETHUTH, UTO Bce 6 ciydaes jgecarypaiuu ObLIN Y
6OJIBHBIX ¢ U30bITOUHON Maccoil Teia (MIMT>35), uto
CBSI3aHO, C OJIHOUM CTOPOHBI, C CAMUM OKMPEHUEM, a C
IPYroit — ¢ 0coGeHHOCTSAME (hapMAKOAMHAMUKY aHe-
cTeTuKoB. KoOJMYecTBO MAIMEHTOB ¢ M30BITOYHON
Maccoil Tesia B 06eux rpyimnax ObLI0 MPaKTHYECKU
OIMHAKOBO — 7 B rpyme ceBoduriopana (22%), 8 B
rpyte geciopana (24,5%).

Pesyusrarbt Tecta Ha Borurtanue us 100 npeacra-
BusIM Ha prC. 1, b. OTieHKY ITPOBOIUIIN C YYETOM HCXO/I-
HBIX JIAHHBIX 10 KAKJAOMY TarenTy. Kak BumHO us rpa-
(buka, mepuoy Bpemern B TpyTIIie geciriopana, Koria

Parameters characterizing the degree of patients'
activation are presented in table 3.

In general, the rate of recovery of reactions char-
acterizing patients' activation was faster in the desflu-
rane group. data demonstrated a significant difference
in such parameters as the time of opening the eyes on
command (322.5 [313.5; 340.5] vs 654 [637.5; 676.5]
sec, P=0.001), execution of simple commands (443.5
[430; 460.5] vs 830 [789.5; 862.5] sec, P=0.001), time
to trachea extubation (541.5 [530; 571.25] vs 973
[952;980] sec, P=0.001). During the water swallowing
test, 30 patients (95%) in the desflurane group coped
with the task without choking for the first 100 seconds
after tracheal extubation; at the same time, only 10 pa-
tients (32%) coped with the test in the sevoflurane
group (fig. 1, a).

In five patients of the sevoflurane group and one
patient of the desflurane group, cases of desaturation
to 90% associated with residual sedative effect were
noted after transferring a patient from the operating
table to the gurney. It should be especially noted that
all 6 cases of desaturation were observed in patients
with overweight (BWI>35), which is associated, on
the one hand, with obesity itself, and on the other
hand, with peculiarities of the pharmacodynamics of
anesthetics. The number of overweight patients in
both groups was almost the same: 7 patients in the
sevoflurane group (22%) and 8 patients in the desflu-
rane group (24.5%).

The results of the test «for subtraction from
100» are presented in fig. 1, b. The evaluation was car-
ried out taking into account baseline data for each pa-
tient. As can be seen from the plot, the period of time
in the desflurane group, when all patients were able to
cope with this task, was 4 minutes, and in the sevoflu-
rane group, the same period was 10 minutes. The test
was considered successful, if the patient repeated his
initial result in the last correct answer.

Results of the integrated assessment on the Al-
drete score are presented in fig. 1, ¢ and table 4.

According to the results of the Aldrete scoring
in the desflurane group, patients had more stable
blood pressure values, as well as more accurate and
more conscious execution of commands. The statisti-
cal evaluation showed a significant difference between
the groups (P=0.002).
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Fig. 1. Tests results.

Note. a — water swallowing test. The findings are presented as median (bold line) and 25 and 75 quartiles (tabs). Mann—Whitney test,
P=0.001. b — results of the «subtraction from 100» test. ¢ — aldrete scoring in groups. The findings are presented as median (bold line)
and 25 and 75 quartiles (tabs). Mann—Whitney test, P=0.002. d — verticalization test, min. The findings are presented as median (bold
line) and 25 and 75 quartiles (tabs); circles stand for outliers. Mann—Whitney test, P=0.001. ¢ — distribution of scores according to the
RAAS scale by the 2! hour after the surgery. The findings are presented as median (bold line) and 25 and 75 quartiles (tabs); circles stand
for outliers. Mann—Whitney test, P=0.001.

IIpumeuanue. a — TecT ¢ TIIOTKOM BO/IbI. JlaHHbIe TIpe/icTaBIeHbl Kak Mefinana (KupHast Jurust) 1 25 1 75 kBapriin (ycor). Kpurepuii
Manna—Yurnu, p=0,001. b — pesyssrarsl Tecta Ha Berantanue u3 100. Patient number — uncsio narmentos; time of «subtraction from
100> test, min — Bpems BbITIOJIHEHsE TecTa «BbrunTanue u3 100>, MUH. ¢ — OlleHKa IKaIbl AJbIpeTa B TPyInax, 6auibl. [[aHHbIe Tpe-
cTaBJIeHbl Kak Menana (GKupHast Juust) u 25 u 75 ksapruiu (yeor). Kpurepuit Manua—Yuriu, p=0,002. d — tect BepTHKAIM3AIN, MUH.
Jlanuble TpeiCcTaBIeHbl Kak Meanana (KUpHast JIUHUA) U 25 1 75 kBapTuim (yCbl), KPY/KKaMy [PECTABICHBI BBIMAAIONIE 3HAYCHNSI,
kputepuii Manna—Yuruu, p=0,001. ¢ — pacupenesnenne 6aimios 1o mkaie RAAS ko 2-y yacy nocsie onepaiuu. JIaHHbIe TIPEACTABICHBI
Kak MeZirana (KUpHast JINHUS ), 3Be3/I0UKAMI IIPEICTaBIeHbI BBITIAaloNue 3Hadens, kpurepuit Manua—Yutuan, p=0,001.

BCe IAllMeHThl CMOIJIM CIIPABUTLCS € 9TOH 3azaueii, The time from tracheal extubation till transfer to
cocTaBusI 4 MUHYTBL, a B rpyIne cesodmopana anano- | the ICU did not differ significantly in both groups. In
rudHbli nepuoz coctasua 10 munyt. Tect cunranca | group 1, where sevoflurane was used, this period was
YCIEIHbIM, €CJIU TIAlKeHT IOBTOPSI CBOM McxoaHbiid | 165 minutes, and in group 2 (desflurane), it was
Pe3yJIBTaT 10 TMOCeIHEMY TPABUIBHOMY OTBETY. 1945 minutes (P=0.07).
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Ta6amua 4. Cpeauuii 6aj o Kaa10My MPU3HAKY IIKaJbI AJbApeTa.
Table 4. Average score for each sign in the Aldrete score.

Parameters Values of the parameters in groups

Group 1 (n=33) Sevoflurane Group 2 (n=34) Desflurane
Activity 1.8 2
Respiration 2 2
Blood pressure 1.85 1.65
Consciousness 1.5 2
Total 9.15 9.65

TaGauna 5. Pe3yJbraTsl yCHENHOTO BHIIOJIHEHNUS TECTA BepTHKaIu3anuu, 7 (%).
Table 5. Results of a successful verticalization test, n (%).

Parameters Values of the parameters in groups

Group 1 (n=33) Sevoflurane Group 2 (n=34) Desflurane

Upon admission to the ICU 11(33,3) 15 (44)
15 min 19 (57,5) 25(73,52)
60 min 24(72,7) 34 (100)
120 min 33 (100)

Ipumeuyanne. Upon admission to the ICU — npu nocrymnenun 8 OPUT.

PesysibraTel MHTETPATBHOI OIEHKH IO TITKAJIE
Aubapera npezcTasienbl B Tabu. 4 u Ha puc. 1, c.

[To pesyssratam nrkassr Asbipera B TpyTine jec-
JopaHa y MaIl[MeHTOB OTMedanu Gosiee CTaGUIbHBIE
ndper AJl, a Takske GoJiee 4eTKOE U OCO3HAHHOE BBITOJI-
HeHue KoManz. [ Ipu craTncTinyeckoit oreHKe oy I
JIOCTOBEpHYTO pasuuity mexy rpymmamu (p=0,002).

Bpemst ot akcrtybaru Tpaxenm 10 TIEPEBOia B
OPUT B 0benx rpyimax cTaTUCTHYECKU 3HAYMMO He
pasnmuaznock. B rpymme 1, rie ucrorb3oBany ceBodIio-
paH, 3TOT neproji coctaBuit 16£5 mutyT, a B rpyrie 2 ¢
ucrosb3oBanueM jgecdmopana — 19£5 munyT (p=0,07).

Cpasy mocJe nepeBozia MalUeHTa B OTIeJIeHNe
PEAHUMATINH TIPOBOJIMJIA TECT HA COCOOHOCTH HAXO-
JIATHCST B CUJISTYEM TTOJIOKeHNN Ge3 TOCTOPOHHEH TOMO-
1y (TecT BepTUKanusaiuu, Tab. 5, puc. 1, d) B rederne
Kak MUHUMYM | MUHYTBI. [1py BOSHIKHOBEHUH HETIPH-
SITHBIX OIIYIIEHNT, TOJIOBOKPY KEHISI TECT TPEKPATIATT
Y TIPOBOJIAJIY TIOBTOPHYIO TOTIBITKY Yepe3 15 MuHyT.

Tax B 1-i1 rpymie y:ke B TedeHUe TTEPBOTO yaca
BCE TAIUEHThI CMOTJIN HAXOIUTHCS B CUSTYEM TI0JIO-
skeHrn Ge3 TIOMOIIH TTepCoHaa, a Bo 2-i rpyrime Bee
UCTBITyeMble CMOTJIM BBITIOJHUTH 9TOT TECT JIUIIIb
depes 2 yaca 1mocJie 9KCTyOAINT TPaxen.

[l7151 OlleHKM CTeneHu aKTUBU3AIMHU M YPOBHS
OCTATOYHOU CeIal[Ny B OTAEIEHUN PEAHUMAIIIH TPO-
BOAIMJIN OlleHKY To mkajse RAAS xaxkmpiii yac or
MoMeHTa 1octyiuienus (tabi. 6, puc. 1, e). B nepsbie
3 yaca B rpyriie gecIiopana 1mo JaHHOM TITKaJIe maru-
eHTBI OB IOCTOBEPHO GOJIee AKTUBHBI, YEM B TPYIIITE
cesodiopana, p=0,001.

Takum 00pasoM, Bo 2-ii TPyIIIE YKe K TPeTheMy
94acy OT MOMEHTa SKCTYOAIUU TPaxew BCE MalUeHThI
umenu 0 6amn o mkane RAAS, a B 1-ii rpynme —
JIATITB K 7 9acy.

BoaMoskHOCTB TTepeBozia TMaIeHToB B TPOhUIIb-
HOE OT/IeJICHHE OI[CHUBAIH 110 TAHHBIM 0GBEKTUBHOTO
OCMOTpPA U OTCYTCTBHIO HEBPOJIOTHYECKUX, FeMOINHA-
MHYECKUX, IbIXaTeTbHBIX HapyieHuil. Cpesree BpeMst
npebpiBanus nanredToB B OPUT B rpymime mecdurio-

Immediately after the patient's transfer to the in-
tensive care unit, the ability to sit without assistance
(verticalization test) for at least 1 minute was tested.
If discomfort and dizziness occurred, the test was dis-
continued and then repeated in 15 minutes (table 5,
fig. 1, d).

For example, in the 15 group, all patients were
able to be in a sitting position without staff's assis-
tance over the 1st hour; and in the 2" group, all sub-
jects were able to perform this test only in 2 hours
after tracheal extubation.

To assess the degree of activation and the level
of residual sedation in the intensive care unit, the
RAAS scoring was assessed every hour from the mo-
ment of admission. Within the first 3 hours, according
to this scale, patients in the desflurane group were sig-
nificantly more active than in the sevoflurane group,
P—0.001 (table 6, fig. 1, ¢)

Therefore, in group 2, all patients had 0 points
on the RAAS scale by the third hour after tracheal ex-
tubation, and in group 1, only by the 7 hour.

The possibility of patients' transfer to the spe-
cialized unit was assessed according to objective ex-
amination and absence of neurological, hemodynamic,
and respiratory disorders. The average time of the
ICU in the desfluran group was 3.5+0.4 hours, which
is significantly less than in the sevofluran group
(7.0£0.5 hours, P=0.001).

At present, the problem of patients' activation,
and especially the elderly, remains extremely urgent.
Various methods of anesthesia (based on propofol,
sevoflurane, and regional anesthetic techniques) are
used for early activation [15—19]. This study proposes
the use of desflurane-based anesthesia to achieve early
activation. Our choice is based on the features of phar-
macokinetics and pharmacodynamics of the anesthet-
ics applied, on the one hand; and on the other hand, it
is based on the data of metanalysis of the use of halo-
gen-containing anesthetics including desflurane
[15-17]. It should be emphasized that the use of these
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Ta6amua 6. Ouenka nanuentos no mkane RAAS, n (%).

Table 6. Evaluation of patients using the RAAS scale, n (%).

RAAS Time, hours
Score 1 2 3 6 7
Sevo Des Sevo Des Sevo Des Sevo Des Sevo Des
-2 10 (30.3) 1(2.9) 5(15)
-1 16 (48) 5(14.7) 21 (63) 3(8.8) 21 (63) 309
0 6 (18) 25 (73.5) 7(21) 30 (88) 12 (36) 34 (100) 30 (90) 33 (100)
+1 1(4) 3(8.8) 1(2.9)
+2

Note. For table 6 and fig. 1: Sevo — Sevoflurane, Group 1; Des — Desflurane, Group 2.
IIpumeyanue. Score — Gajur; time, hours — Bpems, yacol. /st Tabir. 6 u puc.: Sevo — cesoduiiopa, rpyiia 1; Des — gecdaiopan, rpyima 2.

pana coctaBuio 3,5+0,4 yaca, 4T 1OCTOBEPHO MEHBIIIE,
ueM B rpytire ceBoduriopana — 7,0+0,5 gaca, p=0,001.

Ha ceropusiiuuii ieHb mpodieMa aKTHBU3AIHS
MAIUEHTOB, U B 0OCOOEHHOCTH MOKIJIBIX, OCTACTCA KPaii-
He akTyasTbHOIL. C 11e/bI0 paHHel aKTHBU3AIIUT HCIIOJb-
3YIOTCsI pa3/InyHble METO/IbI aHecTe3un (Ha OCHOBE TIPO-
nocdosa, ceBodopaHa, peruoHapHble METOJIUKH )
[15—19]. B manHOM uccae0OBaHUN 7SI TOCTUKEHUST
paHHeil aKTUBU3AIMK TIPETIATaeTCsT UCIOJIb30BAHNE
aHecTe3un Ha ocHOBe jiecmopana. Hari BoIGop ocHO-
BaH C OJJHON CTOPOHBI OCOOEHHOCTAMHU (hapMaKOKUHE-
TUKHU 1 (DAPMAKOANHAMUKHU MCIOJIb3YeMOTO aHEeCTETH-
Ka, a C JIpyroii CTOPOHBI OCHOBAH HA TAHHBIX
METaHAJIN30B [TPUMEHEHHS TaTOTeHCOAePKAIINX aHe-
CTETHKOB B TOM 4mcJIe u iecuriopana [15—17]. Crenyer
MOYEePKHYTh, YTO UCIOJIb30BAHIE ITUX IIPEIIAPATOB
BECbMa TEPCHEKTUBHO B OTHOUICHUH O0ECTIeYeHMst
MHTPAOIIEPAIIMOHHON 3aIUThl (PYHKIUN TOJIOBHOTO
MO3Ta OT UIIEMHUN 33 CYET MEXAaHU3MOB (DapMaKOJIOTH-
4yecKoro npexkonauimonuposanus [20, 21].

B mamem uccie[oBaHuM OIEHUBAIN BO3MOJK-
HOCTh PaHHEN aKTUBU3AIUU TIOKUJIBIX IAIEHTOB
HOCJIe OTIEPAIH KAPOTUHOM SHIAPTEPIKTOMUHM ITPO-
BeJIEHHON B YCJIOBUSIX aHECTE3MH HA OCHOBE CeBODIIIO-
pana u fecdJropana. Pe3ysrarsl, mosydeHHble B 1aH-
HOIT  paboTe, COTMOCTaBUMBI €  AHAJOTHYHBIMU
HCCIIE/IOBAHUSAME 3apyOesKHbIN aBTOPOB: TaK BpeMst
OTKPBIBAHVS [J1a3 1 BPEMsI IKCTYOAIINY TPaXer KOppe-
JIUPYET C TAHHBIMU, TIOJYYEHHBIMU B UCCJIEIOBAHUSIX
Dupont [22, 23], a umenno: «Cpeziee Bpemsi, yepe3
KOTOPOE TAI[MeHThl OTKPBIBAJIN TJIa3a, COCTABUJIO 7,2
MUH TIPU UCTIOJb30BaHuN jiecriopana, 13,7 mun npu
ncnoJib3oBanuu ceBodrypana u 14,3 MUH 1Ipu UCIIOJIb-
3oBanuu n3zodiypana (p<0,0001 pis rpyrirsl, moJTy-
yaBIIeil mpernapar aecIopan 1Mo CPaBHEHUIO C ABYMsI
ApyruMu rpynnamu)». CpejiHee BpeMst aKCTyOaruu
Tpaxeu coctaBuio 8,9 mut 1o cpasuenuio ¢ 18,0 u 16,2
muH, cootBerctsento p=0,0001 B padore Fanelli [24].

OmuuM U3 TEeCTOB paHHell aKTUBU3AIINH,
UCIIOJIb3YEMBIM B MCCJIEIOBAHUSIX, SIBJISIETCS TECT C
[JIOTKOM BOjibl. B HalleM wucciieoBanuu BpeMst
BBIMIOJTHEHUS TecTa ObLI0 MUHUMAJIbHO B TPYTIIE
necuriopana, 4To TaksKe ObIIIO TTOATBEPIKAEHO B pabo-
te McKay [25] (puc. 2).

OHUM U3 BOKHBIX PE3YJIBTATOB BBIMOJIHEHHOM
paboThl ABUIOCH TO, U4TO Gaarogapst 6ojee paHHeil
AKTUBU3AIUK TAIMEHTOB B IpyIie mecdiypana,

W [C] Suprane, n=31 [ Sevoflurane, n=33
120 -
*=* 100% * 100%
(31/31) (31/31)
100 1 81.8%
(27/33)
80 1
48.5%
60 1 (16/33)
40 A
20 1
0
2 minutes after the respond 6 minutes after the respond
to the command appeared to the command appeared

Puc. 2. ITanueHTs!, KOTOPbIE MOTYT IJIOTATh 0€3 KaIUIs HJIH CJII0-
Horeuenus (%).

Fig. 2. Patients who can swallow without cough and salivation (%).
Note. * — P<0.05 vs. sevoflurane; ** — P<0.001 vs. sevoflurane.
IIpumeuanne. Minutes after the respond to the command appeared —
MUHYTBI TI0CJI€ TIOSIBJICHUS Peakiuu Ha KoMau/bl. * — p<0,05 mo
cpaBHenwuio ¢ ceBodypanom; ** — p<0,001 mo cpaBHeHUIO C ce-
BoIrypanom.

drugs is very promising in terms of providing intraop-
erative protection of brain functions from ischemia
due to the pharmacological preconditioning mecha-
nisms [20, 21].

In our study, we evaluated the possibility of early
activation of elderly patients after carotid endarterec-
tomy performed under anesthesia based on sevoflurane
and desflurane. Results obtained in this study are com-
parable with similar studies of international authors:
for example, the time of eye opening and time of tra-
cheal extubation correlate with data obtained in stud-
ies by Dupont [22, 23], namely: «Emergence time for
eye opening was 7.2 (4.8) min for desflurane, 13.7 (8.6)
min for sevoflurane and 14.3 (11.0) min for isoflurane
(P<0.0001 for the desflurane group vs. the other two)».
The average time of tracheal extubation was 8.9 min-
utes compared to 18.0 and 16.2 minutes, respectively,
(P=0.0001, Fanelli [24]).

The water swallowing test is one of the early ac-
tivation tests used in studies. In our study, the test ex-
ecution time was minimal in the desflurane group,
which was also confirmed by McKay [25] (fig. 2).

One of the important results of the performed
study was that the time of the ICU stay was reduced
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Bpems Haxoxaenuss B OPUT 6b110 cHUKEHO B 2 pasa
10 CPaBHEHUIO C TPYIIIOH ceBodrypana. ITO Ype3BhI-
YaflHO BaXXHO JJsI TPOMUIAKTUKU Pa3TUTHBIX
MOCJIEOTIEPAITMOHHBIX OCTOXXHEHUH 1, B YaCTHOCTH,
KOTHUTUBHBIX HAPYIIEHWI W PA3BUTHS AeJTUPUO3-
HBIX COCTOSTHUH, 4TO MOATBEpIKAacTCs B paboTax
Heavner [26], Juvin [23, 27], De Hert [28-30].

OcobeHHoe 3HAYeHUE PaHHSAS aKTHBU3AIMS
UMeEET Y TIOJKUIIBIX TIAIIMEHTOB ¢ M30BITOYHON MacCoii
tena (MUMT>35), KOTOPBIX B HallleM HCCJeI0BaHue
6bL10 14 yenoBek. YunuThiBasd U30bITOYHBIN BEC, Y JaH-
HBIX TAIMEHTOB 60Jiee BBICOKUE PUCKU Pa3BUTHS
MOCJIEOTIEPAITMOHHBIX OCJIOKHEHMI, TAKIX KaK BHYT-
pubOIbHUYHAS THEBMOHMSI, TPOMOO3 IJIyOOKUX BEH,
sambosueckue ocaoxkuenust. [Ipenmytectsa gecd-
JIIOPAHOBOI aHECTE3UH y ATOU KaTeropuu OOJbHBIX
3aKJII04YaoTCss B OoJiee paHHEM BOCCTAHOBJICHUM
cozHanust, GoJsee GBLICTPOiT BOBMOKHOCTH BEPTHKAIU-
3aIl1H, a TAaK)Ke OTCYTCTBUEM CeaTUBHOTO achdeKTa B
paHHeM IMOCJIeoepalnoHHOM Tepuose. B cBsasu ¢
HEeGOJIBIITNM KOJTMYECTBOM TAKHX MAIUEHTOB B HAIIEM
MCCJIETOBAHNY MBI HE MOJKEM TIPUBECTU CTATUCTHYE-
CKUX JIAHHBIX, HO YeTKasl MOJIOKUTETbHAST TeHIEHITUST
B 9TOM OTHOIIIEHUU NIPH NechIyPaHOBOI aHeCTe3nn
MPOCJEKUBAETCS. DTU OPUEHTUPOBOYHBIE ITAHHBIE
coryacyiorcsa ¢ wuccaenoBanmeM Strum [31], De
Baerdemaeker [32], La Colla [33], Juvin [23, 27].

B He3aBUCHMOCTH OT I'PYTITBI MAIUEHTOB HAU-
GoJibllice  BHUMAHWME WHTPAOTIECPAIIMOHHO Y/ICJISAIIH
MOJIIEP’KAHNIO a/IeKBATHON Mepdy3uny TOJIOBHOTO
Mo3Ta (CTabUIBHOCTH TEMOJMHAMUKH, JIOTITLIEPOTPa-
dbusg, nepebdpanbaas okcumerpus). CTabUIbHOCTH
TeMOJIMHAMUKH JIJIsI TIOKUJIBIX OOJIBHBIX C PACIIPO-
CTPaHEHHBIM ATEPOCKIIEPO30M OYEHB BAKHA, TOCKOJIb-
Ky ajiekBaTHasl rmepdysus TOJTOBHOTO MO3Ta HA BCEX
aTarax orepannu, i B TOM YHCJIe U BO BPeMsI TTepesKa-
THSI COHHO¥T apTEPUN CITOCOOCTBYET CHUKEHUTO PUCKA
Pa3BUTHS HEBPOJIOTUYECKNX OCJIOKHEHUH [34], KOoTO-
pBI€ B CBOIO OYe€PEZb BO MHOTOM JIMMHUTHUPYIOT BO3-
MOJKHOCTb HaYaJia paHHEel aKTUBU3AIIUNY TTAIUEHTA.

B nannoMm mcciieloBaHUM TIPY MCIIOTH30BAHIT
aHecTeTHKOB B KoHIleHTpaiusax 10 1 MAK B o6enx
TPYIIIAX MBI HE BBISBUJIM BBIPAKEHHBIX T€MOJMHAMU-
yecKkuX Hapymenuit. OfIHAKO cjieflyeT OTMETUTD, UYTO
IIPY MTOBBITIEHUY KOHIIEHTPAIIH B/IBIXaeMOTO aHecTe-
tnka 1o 1,3 MAK, 6osee ctabuiabHble reMOUHAMU-
YecKue ToKaszaTeau ObLIN B TPYIITIE, T/Ie UCIOTb30-
Basicst ceBodopan. /151 KOPPEKIUU THIIOTEH3UN
UCTIOJB30BAN HOPAAPEHATUH B HEGOJBIINX 032X
(50-150 ur/kr/mun). Yactora 1 IpuMeHEHHBIE 03B
CUMITATOMUMETHKOB B 06EHX IPYINAaX 3HAYNMO He
oranyanach (85% B rpynie ceBoduiopana, 80% B
rpyrrie jecgJiopaHa).

CuetyeT mMomyepKHYTh, YTO TaKUe IMpernaparsl
Kak siecarypan u ceBodrypan 06eCIeunBaiOT reMo-
IMHAMUYECKYIO cTabuibHocTh [28—30, 35, 36].

[lecatyparnuio y marueHToB TI0CJIe aHECTE3UH
BO BPeM:I TIePEKTAIBIBAHII Yallle BCTPEYaIn B IPYIIIe
ceBohIIIOpata, a UMEHHO Y MAIIMEHTOB ¢ MOPOUIHBIM

by 2-fold compared to the sevoflurane group due to
the earlier activation of patients in the desflurane
group. This is extremely important for prevention of
various postoperative complications and, in particu-
lar, cognitive impairment and the development of
delirious conditions, as confirmed in the works of
Heavner [26], Juvin [23, 27], De Hert [28-30].

The early activation is of particular importance
in elderly patients with overweight (BW1>35); in our
study, there were 14 such patients. Taking into ac-
count the overweight, these patients were at a higher
risk of postoperative complications, such as nosoco-
mial pneumonia, deep vein thrombosis, and embolic
complications. The advantages of desflurane anesthe-
sia in this category of patients include earlier recovery
of consciousness, faster possibility of verticalization,
as well as the absence of sedative effect in the early
postoperative period. Due to the small number of such
patients in our study, we can not provide statistical
data, but a clear positive trend with desflurane-based
anesthesia can be seen. These approximate data are
consistent with studies of Strum [31], De Baerde-
maeker [32], La Colla [33], Juvin [23, 27].

Regardless of the group of patients, the greatest
attention was paid to the maintenance of adequate
cerebral perfusion (hemodynamic stability, dopplerog-
raphy, cerebral oximetry). Hemodynamic stability is
very important for elderly patients with advanced ath-
erosclerosis, since adequate cerebral perfusion at all
stages of surgery, including carotid artery clamping,
helps to reduce the risk of neurological complications
[34], which in turn largely limit the possibility of early
patient's activation.

In this study, we did not observe any significant
hemodynamic disorders when using anesthetics at
concentrations up to 1 MAC in both groups. However,
it should be noted that with an increase in the concen-
tration of the inhaled anesthetic up to 1.3 MAC, more
stable hemodynamic parameters were in the sevoflu-
rane group. Small doses of norepinephrine were used
to correct hypotension (50—150 ng/kg/min). The fre-
quency of dosing and doses of sympathomimetics in
both groups did not differ significantly (85% in the
sevoflurane group, 80 % in the desflurane group)

It should be emphasized that such drugs as des-
flurane and sevoflurane provide hemodynamic sta-
bility [28-30, 35, 36].

Desaturation in patients after anesthesia and
during shifting was more common in the sevoflurane
group, namely in patients with morbid obesity. Appar-
ently, this is due to its greater lipophilicity compared
to desflurane. In the desflurane group, there was only
one case of desaturation in a patient with BWI>35.
Similar results were obtained in studies of Strum [31]
and Juvin [23, 26].

The modified Aldrete scale allows to perform in-
tegral assessment of patients based on the known clin-
ical signs during their transfer from the operating
room. When assessing patients using this scale, the
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oxupenvieM. [1o BUANMOMY, 3TO CBA3aHO € €ro H0JIb-
1reit, ueM y jiecchiriopana, munoguibHOCThIO. B rpytme
necuriopata 6T TOBLKO OJIMH CJYYail ecaTyparum
y narenTta ¢ UMT>35. Cxoibie pe3ysIsraThl Oy -
YeHbl B uccaenoBanugx Strum|[32], Juvin [23, 26].

MomudurmpoBanHas mkana Abapere MO3BOJISIET
MIPOU3BECTU MHTETPATBHYTO OI[EHKY COCTOSTHUST TIAIFEH-
TOB ITPU TIEPEBOJIC M3 OTIEPAIIMOHHON 1O OOIIEH3BECT-
HBIM KJIMHUYeCKIM TTpr3Hakam. [Ipu orienke nanueHToB
TI0 HTOI TITKaJIE KOJTMYECTBO OaJIJIOB B IPyTIIe Aechmypa-
Ha 6b1T0 GOITBIIIE, YEM B TPYIINE CeBO(IIypaHa.

[Tpu onenke nmanuenToB 1o mkanxe RAAS cre-
IyeT OTMETHUTB, UTO B TPyIIIie feciopaHa marneHTsl
GbICTpee «BO3BPAIIAIOTCSA» K HMCXOAHOMY YPOBHIO
GOJIPOBCTBOBAHNS, YeM B TpyTITie ceBodriopana. ITo
MO3BOJISIET TIPOBOIUTD H0Jiee YBEPEHHYTO U OCO3HAH-
HYIO CAMUM NAI[MEeHTOM aKTUBH3AIUIO, YTO CAMO 110
cebe SABIACTCS MOJOKUTETBHBIM IMOIHOHATBHBIM
akTopom.

3akjaoyeHue

Amnecresust ¢ ucnosib3oBanueM jechiopana ooe-
crieurBaet GoJiee ObICTPOE B CpaBHEHUH ¢ ceBOdIIypa-
HOM MTPOOYIKICHNE W AKTUBU3AIMIO TIOKUIIBIX MAIlU-
€HTOB II0CJIe KapOTHUIHOHM 9HAAPTEPIKTOMHUH, YTO
MO3BOJISIET B GOJIBIIIEH CTENEH OCYIECTBIATH TPOTO-
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number of points in the desflurane group was higher
than that in the sevoflurane group.

When assessing patients using the RAAS scale,
it should be noted that in the desflurane group, pa-
tients return to the baseline level of wakefulness faster
than in the sevoflurane group. This allows to perform
a more confident and conscious patient's activation,
which itself is a positive emotional factor.

Conclusion

Desflurane-based anesthesia provides faster
awakening and activation of elderly patients after
carotid endarterectomy than the sevoflurane-based
one, which allows to implement the fast-track recov-
ery protocol to a greater extent. In addition, the des-
flurane-based anesthesia within the concentration
range of up to 1.3 MAC is characterized by excellent
manageability and less negative impact on the hemo-
dynamics.

KOJI yCKOPEHHOTO BbI3ZIopoBIeHus. Kpome Toro, ame-
cTe3us Ha OCHOBe Jieciiopana 00JIaaeT OTIMIHON
YHpaBaAE€MOCTbIO, MEHBIINM OTPUIATEJIbHBIM BJINA-
HUEM Ha TeMOANHAMUKY (B KOPUIOPE KOHIIEHTPAIIHN
1o 1,3 MAK).
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Iesp uccaenoBaHus. YCTAHOBUTH BO3MOKHOCTD MCIIOJIb30BAHUS TTACCUBHON aKyCTHUECKON TEPMOMETPUHU JIJISE
u3MepeHust TIIyOUHHOI TeMIIepaTyPbl y4aCTKOB TeJla YeI0BEKa.

Marepuassl 1 MeTo/Ibl. TeIIoBoe akyCTHYeCKOE M3JIyYeHNe U3MEPSJIM MHOTOKAHAIBHBIM aKyCcToTepMorpahom
¢ noporoBoit 4yBcTBUTEAbHOCTBIO 0,3°C 11pu Bpemenn nnterpupoBanus 10 c. [l nuamMepeHus moBepXHOCTHON TeM-
HepaTypbl UCHOJIB30BAJIN TOPTATUBHBII KOMITBIOTEPHBII MH(MPaKkpacHbiit TepMorpad ¢ uyBcrBuTeabHOCTbIO 0,1°C.

Pesynbrarel ucciaenoBanusi. Vi3MepeHust TEIJIOBOTO aKyCTHYECKOTO M3JIyYE€HUST [IPABOTO I0APeOEPbst UCIIBITYe-
MOTO [IPOBEJIU, YTOOBI OJIYYUTh HHTErPAJIBHYIO TEMIIEPATYPY MEYEHH IOC/Ie TIPUeMa UCTIBITYeMbIM caxapa. OiHo-
BPEMCHHO TIPOBOJMJIM U3MEPEHUS KOHIIEHTPALMU TJIIOKO3bl B KPOBH. B TeueHue 1mosyTopa 4acoB cojep:KaHue
[JIIOKO3BI BBIPOCJIO OT 4 /10 8 MMOJIb/JI, ITOCJIE Yero Hayaslo cHizKaThes. C 3a/1epKKOi B T10J14aca 1mocJie yBeJnIeHus
KOHIICHTPAIIMK TJIIOKO3bl U3MeEpsieMasi akyCTOsSIPKOCTHAsE TeMIiepaTypa yBesnuuiach Ha 2°C. MojesbHblii pacyer
MOKAa3aJI, YTO TeMIIepaTypa IeYeH! TIPU 3TOM yBesnuuiach ¢ 37 g0 38°C.

Sakmouenue. [lokazann, 4To NACCUBHYIO aKyCTUYECKYIO TEPMOMETPHIO MOKHO MCIIOJIBb30BATD JI/ISE UBMEPEHUS
rryOMHHOI TeMIIepaTypbl yYaCTKOB Tesia uesaoBeka. [Ipeio;KeHHbIN MeTO/l MOJKET ObITh BOCTPEOOBAH B MEMI[THE
KPUTUYECKUX COCTOSTHUI.

Knroueswie crosa: meniogoe aKycmuueckoe usiyvuenue; 2]1]/6uHHaﬂ memnepamypa, N06ePXHOCMHASL MeMnepa -
mypa; memnepamypa neuenu, ypasneHue menﬂonpoeoanocmu C Yyuemom Kpoeomoxa

The purpose of the study. To determine whether it is possible to use passive acoustic thermometry to measure
the core temperature of human body regions.

Materials and methods. Thermal acoustic radiation was measured by a multichannel acoustic thermograph with
a threshold sensitivity of 0.3°C at an integration time of 10 s. A portable computer infrared thermograph with a sen-
sitivity of 0.1°C was used to measure the superficial temperature.

Results. Measurements of thermal acoustic radiation of the right hypochondrium of the study subject were car-
ried out to obtain an integral temperature of the liver after intake of sugar. At the same time, blood glucose concen-
trations were measured. The glucose level increased from 4 to 8 mmol/l within an hour and a half; then it began to
decline. The acoustic radiation temperature increased by 2°C with a half an hour delay after the increase in the glu-
cose level. Model calculation showed that the liver temperature increased from 37 to 38°C.
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Experimental Studies

Conclusion. It was shown that passive acoustic thermometry can be used to measure the core temperature of
different regions of the human body. The proposed method may be useful in the emergency medicine.

Keywords: thermal acoustic radiation; core temperature; superficial temperature; liver temperature; heat conduction

equation taking into account blood flow
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BBeneunne

[Ipn KPUTHUYECKUX COCTOSHUSX OPraHU3Ma,
CBI3aHHBIX C TUIEpP- W TUNOTEPMUEN, BAKHO C
norpeurHoctbio 0koo 0,5°C ocyuiecTBuTh 6€3601€3-
HEHHbIe, HeMHBA3UBHbBIC U3MEPEHUS TIIYOUHHON TeM-
neparypsi [ 1]. Hapumep, B pabore [2], rue pacecMor-
peHbl BO3MOJKHBIE MPUMEHEHUST TePANeBTUIECKOI
TUTIOTEPMUU B PEAHUMATOJIOTHH, B TPEHOBAHUSX K
TEXHOJIOTUU TIPOBENEHUs TUIIOTEPMHUH YKa3aHa
HEOOXOMMOCTb KOHTPOJISI TEMIIEPATYPBI «TEILIOBOTO
sapa» Teja yesnoseka. B pabore [3], nocssieHHOM
HCCIIEI0BAHMIO JIMXOPAJIKY TIPH PojiaX ¢ 06e3601Ba-
HUEM, I3MePEHUs TeMIIePaTyPhl TeJia TPOBOIUIIN 10
06e300IMBaHNS, KaK/IbIH yac rocye 06e300J1nBaHus
U B T€UYEHNUE Yaca MOocJe POIOB.

Pasnuma Mexay teMmMmnepaTypoil BHYTPEHHHX
OPTaHOB U TIOBEPXHOCTHIO KOKU MOKET COCTABJISATH /10
5—10°C [4], uTo omnpe/iesisieT 3a/1auy U3MePEHIS UMEH-
HO TJIyOMHHOI, a He TMOBEPXHOCTHOW TEMITEPATYPhI
tesa. Marauropesonancuasi (MP) tepmomerpus B
Gy/IyIIeM MO3BOJIUT PEIIUTD ATY 3a1a4uy [5] B KIMHU-
yecKkux ycuoBusx. B o6zope [6] obobimaores gocTu-
xKeHust B obiact MP-TepMoMeTpuu, MPUBOJSATCS
IpaKTHYECKHe cooOpaKeHs, 00CyKaaTcs npobJie-
MBI, OTPAaHIMYNBAIOIINE TOYHOCTh M3MEPEHUS TeMIIe-
partypsl in vivo, TPOCTPAHCTBEHHOE U BPEMEHHOE pas-
pemenre Merona. OpHako 3TOT MeTox Tpebyer
Opororo 060py0BaHs, OOYYEHHOTO MepCoHa A 1
CIIEINAIBHO ITO/ITOTOBJIEHHBIX TOMeTeHuil. [loaTomy
HAJIMYKE AJTETEPHATHBHBIX 6€3001€3HEHHBIX METO/IOB
KpaifHe akTyaJbHO, 0COOEHHO B YCIOBUAX AehUIIATA
BPEMEHH, KOTla HEeOOXOAMMO OICHUTH COCTOSTHUE
naruenTa. /[yt uaMepeHust TIyOUHHON TeMepaTyphl
TeJla YeIoBeKa MpelaraioT NCIT0Ib30BaTh TACCUBHYIO
aKyCTUYECKYIO0 TEPMOMETPUIO, (PU3NIECKON OCHOBOM
KOTOPOIT SIBJISIETCSI PETHCTPAIUst COOCTBEHHOTO Tell-
JIOBOTO aKyCTUYECKOTO U3JIydeHust opranusma [7, 8].

B MenuinitHe 1711 MI3MeEpPEHST TEMITEPATYPBI TeJla
UCIIOJIB3YETCsI PETUCTPAIHST €r0 COGCTBEHHOTO HJIEK-
TPOMArHUTHOTO M3JIy4eHUsT B MHGPAKPACHOM JIHarna-
3one (MK tepmomerpust). OpHako 9TOT METOJ, B
OTJINYME OT aKyCTUYECKOH TepMOMETPUHU, [aeT
uHMGOPMAIHIO He 0 IIyGHHHON TeMIiepaType, a 0 TeM-
neparype OBepXHOCTU Tesa. PacueTsl MOKa3bIBAIOT
[9], uTo akycToTepMOMETpHUS MO3BOJISIET U3MEPUTH
TeMIIeparypy Ha TIyOUHe BIUIOTH 110 3—8 ¢M, B 00beMe
okoso 1 cm® ¢ morpemHocteio 0,5-1°C 3a Bpems
HOpsiIKa O/IHOW MUHYTHI. B stuteparype mnpencrasiie-
HBI 9KCIIEPUMEHTAJIbHBIE PE3YJIBTaThl AKyCTOTEPMO-
METPUYECKUX UCCIEIOBAHUI HA MOJIETBHBIX OOBEKTaX
pazauynoit nipupoasl [10—-12]. B uccrenosanusx,

Introduction

Since critical illness associates with hyper — and
hypothermia, it is important to carry out painless,
non-invasive measurements of the core temperature
at an accuracy of 0.5°C [1]. For example, in a paper [2],
where possible application of therapeutic hypothermia
in the intensive care were considered, the require-
ments for the hypothermia technique indicated the
need to monitor the temperature of the thermal core
of the human body. In another study the discussing
fever in childbirth with anesthesia, body temperature
measurements were carried out before anesthesia,
every hour after anesthesia and for an hour after de-
livery [3].

The difference between the visceral temperature
and the skin surface can be up to 5-10°C [4], which re-
quires measurements of the core temperature, but not
the superficial one. Magnetic resonance (MR) ther-
mometry might allow to solve this problem in the future
in a clinical setting [5]. A review [6] has summarized
achievements in the field of MR thermometry, provided
practical considerations, discussed the problems that
limit the accuracy of temperature measurement iz vivo,
as well as spatial and temporal resolution of the method.
However, this method requires expensive equipment,
trained personnel and specifically prepared facilities.
Therefore, the availability of alternative painless meth-
ods is urgently needed, especially due to the shortage
of time when it is necessary to diagnose patient's con-
dition. Passive acoustic thermometry is proposed to
measure the core body temperature; the physical basis
of this technique is the registration of the body's own
thermal acoustic radiation [7, 8].

Registration of body's own electromagnetic radi-
ation in the infrared range (IR thermometry) is used
to measure the body temperature in medicine. How-
ever, unlike acoustic thermometry this method pro-
vides information not on the core temperature, but on
the temperature of the body surface. Calculations [9]
have demonstrated that acoustic thermometry allows
to measure the temperature at a depth of up to 3—8 cm,
in a volume of about 1 ¢m?® accurate within 0.5-1°C
within about one minute. Various publications de-
scribed experimental results of acoustic thermometric
studies with model objects of different nature [10—12].
Clinical studies assessed changes in blood flow and
heat production in the gastrocnemius muscle [13] and
forearm [14].

We will present clinical examples of application
of the acoustic thermometry. Measurements of the
core brain temperature were carried out in patients
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BKCHGPTAMQHTHABHHG MCCACAOBAHMA

[POBEIEHHBIX HA UCIIBITYEMbIX, U3y4all U3MeHEeHIe
KPOBOTOKA ¥ TEIUIONPOAYKIIMK B HMKPOHOXKHOI
mbriie [13] v npearieuse [14].

OTMeTUM KJIMHUYECKUE TIPUMePBI UCII0Ih30Ba-
HUST aKyCTOTEPMOMETPHH. Bbliiu IIpoBeieHbl H3Mepe-
HUSI TJTyOMHHOI TeMIiepaTypbl MO3Ta TAI[MEeHTOB pea-
Humarnontoro otjesnenus HUUW neiipoxupypruu um.
ak. H. H. Bypzenko, y KOTOpbIX 4aCTUYHO OTCYTCTBO-
Basin koctu yeperna [ 15]. B IIKB PAH B Teuenue mpo-
eIy Pl JIa3ePHOI TUIIEPTEPMUIH IIUTOBUIHOM XKeJie-
36 ObLI  MPOBENEH  aKyCTOTEPMOMETPUUECKUIT
MOHUTOPUHT pe3yJibTaToB Harpesa [16].

Ecin anansupoBaTh u3MepeHust TeMIepaTypbl
nedeH, IpoBejieHHbIe 6e3 cnosb3osanyst MP-tepmo-
METPHH, TO MOKHO yKa3aTh ABe paboThL. B pabore [17]
¢ iomotpio MK-Trepmomerpun y UCIIBITYEMbBIX U3Me-
psiTach TeMIIEPATypa KOKHU B 00JIACTH TIEYEHH TT0CTIe
npueMa rJIioKo3bl. [1pr aToM HUKaKMX 3HAYNMBIX U3Me-
HEHUI TeMIIepaTypbl IOBEPXHOCTHU Tela He ObIIO 3ape-
TUCTPUPOBAHO, YTO ABTOPBI CBS3BIBAIOT C PACCEUBAHM-
eM TeI1a. JTOT Pe3yJIbTaT YKa3bIBAET HA BAJKHOCTb
U3MepeHVst UMEHHO TTyOUHHON TemMmepaTypsl Tesa. B
pabote [18] ucbiTyeMble IPUHUMAIN TIIOKO3Y, A/
U3MEPEeHUI UCII0Ih30BAIACH PAOTEPMOrpads, 1aT-
KK Pa3MeIIIICh Ha TIOBepXHOCTH Tesia. Brio 3ape-
TUCTPUPOBAHO HEKOTOPOE MOBBIIIIEHIE TEMITEPATYPBL.

[lenp uccaenoBaHMsi — YCTAHOBUTH BO3MOJK-
HOCTb HCII0JIb30BAHUSI ITACCUBHO aKYCTHYECKOI Tep-
MOMETPUH JIJisl U3MePeHUs TJIyOUHHOM TeMIiepaTypbl
YUYACTKOB TeJIa YeJI0BeKa.

MaTepI/IaJI H METO/1bl

TemroBoe akycTHUECKOe M3TydeHNEe U3MEPSIIIT MHO-
TOKaHAJTbHBIM aKycToTepMorpadom [ 19], paspaboTaHHbIM B
Wucruryre npuknaanoit dusnkn PAH, Huxauit Hosropon
(mostoca pomyckamnust 1,6—2,5 MTT, moporoBast 9yBCTBU-
TeJbHOCTh TP BpeMeHu uuTerpuposanusg 10 ¢ — 0,3°C,
IMaMeTp IaTankoB 8 MM). JlJIs1 aKyCTHYeCKOTO coTracoBa-
HUST MEXK/Ly TeJIOM U JaTYMKOM Ha KOXKY HAHOCHWJIM CTaH-
naptabil Tenb amsa Y 3W. llpuammaemsble patuymkamu
AKYCTHYECKUE CUTHAIBI TTPE0OPA30BBIBAIICH B AJIEKTPpUYE-
CKUe, YCUIUBAJINCH, TIPOXOIUIH Yepe3 KBAJAPATUIHBIIH Jie-
TekTOp W ycpemHsinch B TedeHume 30 mc. C BBIXOZA
akycrorepmorpada CUTHaJIBI MOAABATNCh HA 14-11 pas3psiz-
Hblil MHOroKaHanbHbiii AIIT E14-140 (3AO «L-Card»,
Mocxksa, Poccust) ¢ wactotoii auckperusarun 1 k11t Ha ogma
KaHaJl W [OCTyIadu B KoMmmbiorep. PaspaGoranuas mpo-
rpaMMa IIPOBO/IIJIA IaTbHelIee ycpelHeHNE TaHHbIX.

J171s1 I3MepeHnsT TOBePXHOCTHOI TeMIIepaTyphl Tesa
YeJI0BEKA HCIIONb30BATH MOPTATUBHBIN KOMIIBIOTEPHBII
tepmorpac UPTUC-2000 (OO0 «Uptucy, Mocksa, Poc-
cust) ¢ ayBctBUTenbHOCTRIO 0,1°C, perncTprupoBaBImmii Ter-
JIOBOE 9JIEKTPOMATHUTHOE U3JTyYeHNE B ANATIA30HE 3—5 MKM.

V3mepenust KOHIIEHTPAIIUH TJIIOKO3BbI B KPOBU TIPOBO-
i riiokomeTpoM «Contour TS» (Bayer, [epmanmst), koto-
PBIIf peruCTpupyeT ypoBeHb TToK03bI B quamazone 0,6—-33,3
MMoJIb/J1. [TorpentHocTs M3MepeHust He IIpeBbIIIaia 3%.

[l ommcaHusl M3MeHeHUs TeMieparypsl T B opra-
HU3Me YesIoBeKa NCIOIb30BATH YPaBHEHUE TEILITOTPOBO/I-
HOCTH C ydeToM KpoBoToka [20]. B ommomeprom 1o
MIPOCTPAHCTBY CJIydae YpaBHEHUE 3aMChIBACTCS B BUJIE:

with partial lack of skull bones in the intensive care
unit of the N. N. Burdenko Research Institute of Neu-
rosurgery [15]. Acoustic thermometric monitoring of
heating results was performed during the laser hyper-
thermia of the thyroid gland in the Central Clinical
Hospital of the Russian Academy of Sciences [16].

We can name two works that analyze measure-
ments of the liver temperature conducted without the
MR-thermometry. In [17], the skin temperature in the
liver area after administration of glucose using IR
thermometry was measured. At the same time, no sig-
nificant changes in the temperature of the body sur-
face associated with heat diffusion were recorded. This
result stresses the importance of measuring the core
body temperature. In [18], subjects took glucose; ra-
diothermography was used for measurements, and
sensors were placed on the body surface. Some in-
crease in temperature was registered.

Materials and Methods

Thermal acoustic radiation was measured by a multi-
channel acoustic thermograph [19] developed at the Institute
of Applied Physics under the Russian Academy of Sciences,
Nizhny Novgorod (bandwidth: 1.6-2.5 MHz, threshold sen-
sitivity at integration time of 10 s: 0.3°C, sensor diameter: 8
mm). Sonographic gel was applied onto the skin for acoustic
coupling between the body and the sensor. The acoustic sig-
nals received by the sensors were converted into electrical sig-
nals, amplified, passed through a quadratic detector and
averaged over 30 ms. Signals were transferred from the output
of the acoustic thermograph to 14-bit multichannel ADC E14-
140 (JSC «L-Card», Moscow, Russia) at a sampling rate of 1
kHz per channel and entered the computer. A specifically de-
veloped software conducted further calculations of the data.

A portable computer thermograph IRTIS-2000 (Irtis
LLC, Moscow, Russia) with a sensitivity of 0.1°C was used to
measure the superficial body temperature, which recorded
thermal electromagnetic radiation within the range of 3—5 pm.

Measurements of blood glucose concentration were
carried out with «Contour TS» glucose meter (Bayer, Ger-
many), which recorded glucose levels within the range of
0.6-33.3 mmol/I. The measurement error did not exceed 3%.

A heat conduction equation with adjustment to the
blood flow was used to describe the changes in the body tem-
perature T'[20]. In the one-dimensional case, the equation
is written as follows:

2
anaE = aza T"axz +n(T _Tdepfh] +Q, (1)

where ¢ — time, x — a coordinate directed deep into
the body, a® — coefficient of thermal conductivity, 5 — coef-
ficient determining the specific blood flow, T,,,;,=37°C —
temperature of blood flowing from the thermal core of the
body, Q — source of heat depending on changes in the me-
tabolism level [20].

The boundary conditions were determined by the su-
perficial body temperature T (¢, x = 0) =T,,; and the core
temperature T (¢, x = ) = T,.,. The use of infinity as a
boundary condition is due to the fact that the thermal
acoustic radiation coming from the deep areas of the body
fades almost completely.

The baseline temperature distribution was determined
by the equation
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2
anaE = aza T"axz +n(T _Tdepfh] +0Q, (1)

rjie t — BPeMst, X — KOODJIMHATA, HATIPABJIEHHAs BIJTyOb
opranusma, @’ — K0a(hHUIMeHT TeMIepaTypornpoBOIHOCTH,
7 — K02 OUIMEHT, OlpefesAonil yAeIbHbIN KPOBOTOK,
T yepin=37°C — Temmeparypa KpOBH, NPUTEKAIOMIEN U3 TEILIO-
BOTO s/[pa OpraHnama, Q — UCTOUHHK TeIa, 3aBUCSIIHN OT
usMeHeHust ypoBHs MeTabosmsma [20].

I'parnyHbIE YCIOBUS ONPENENAIN TEMIIEPaTypoil Mo-
sepxnoctu Testa T (4, x = 0) =T, 1 tryGuHHO# TeMTepaTy-
poit T (¢, x = ) = T, VicnonbsoBanye GeCKOHEUHOCTH B
Ka4yecTBe TPAHUYHOTO YCJIOBUS CBSI3AHO C TeM, UTO TEIJIOBOE
AKYCTHYECKOE U3JTyUIeHue, Uyliee U3 TIyOHHHbIX obracTeit
OpTaHM3Ma, TPAKTUYECKH IOTHOCTBIO 3aTyXaeT.

HavasnpHoe pacrmipesiesieHre TeMIlepaTypsl OIpejie-
JISTTH BBIpQKEHUEM

T(t = 0,%) = Turro eXp( =%/ 3) + Tyepun [1 —exp( =% )1, (2)

rae Ty, — TeMIepaTypa HOBEPXHOCTH 10 HAHECECHUST
Ha Hee refqist, a d=a,//7 — XapaKTepHBII MTPOCTPaHCTBEHHBIH
rapaMeTp TeMIIEPaTypPHOro paciipe/iesieHus. ITo paciipeie-
JieHue siBJisieTcst pelienueM ypasaenus (1) B craiimoHapHoM
caydae 6e3 JONOJHUTENbHBIX UCTOYHUKOB Tetia Q=0. Pe-
menue ypasuenus (1) npu 3alaHHbIX HAYAIbHBIX ¥ TPAHNY-
HBIX YCJIOBUAX IIPOBO/INIIN YUCTIEHHO.

B akycrorepmomeTpuu nusmMepsaeMoil BeJIMYUHOM S1B-
JISIETCS aKYCTOSIPKOCTHAS TeMIleparypa. ITO MHTerpajbHast
XapaKTepUCTHKA, paBHAd TeMIIepaType aKyCTHYeCKOro yep-
HOTO TeJIa, CO3/IAI0IIET0 TAKYIO JKe MJIOTHOCTb [TOTOKA Tell-
JIOBOTO aKyCTHYECKOrO M3JIy4eHMs, KaK U MCCJeyeMblil
00beKT. AKYCTOSIDKOCTHASI TEMIIEPATYPA OIIPEIEISIETCS] BbI-
paxenuiem [21]:

Ta(t) = [ yT(t, x)exp(-yx)dx, (3)

rae ¥ — K03(UIneHT MorJIoIeHus yiabTpa3Byka (1o
VHTEHCUBHOCTH). B TaHHOIT Moziesn ripe/iiiosiaraeTcst, 9To ue-
cienyeMasi cpeia (MsITKYe TKaHH OPTaHN3Ma) aKyCTHYeCKN
OIHOPOZIHA, M K03(hOUIIMEHT TOTJIONIEHNsT He 3aBUCHT OT
TemIiepatypsl. Periernie ypasaenust (3) MOIyJaIi YUCTEHHO.

Craructudeckyio 06paboTKy 9KCIEPUMEHTATBHBIX
JaHHBIX MPOBOJAMIN B Tporpamme Excel, mcrmosab3oBanu
TaKeT «AHAJIN3 TAHHBIX».

Pe3yibrarhl 1 00CyKAEHHE

B skcnepumenTe cTaBuJM 3a/jady U3MEPUTD
M3MEHEHMe TeMIlepaTypbl IeYeHU UCIBITYEeMOro 32
cuet nmpuema 200 M caxapuoro cuporna (KOHIEHT-
parnus caxapa cocrasisiia 30 v va 100 mu Bozbr).
WcnpiTyemplil HaX0AuJICs B JieskauyeM MOJTOKEHUU.
[Ipexsapurenpuoe Y3 mokazano, 4To ne4eHb y
HCIBITYEMOTO PACIIOJIOKeHA Ha TayOnuHe oT 3 cM.
JlaTuuk ycTaHaBIMBAIN Y HUKHETO MPAaBOTO pebpa
W 32 CUET CAABJIMBAHNS OPIONIMHBI HAITPABJISIU O]
pebpo B cTOpoHy HYIKHEH poau nedenu. Hapsany ¢
M3MEHEHUSIMU aKyCTOAPKOCTHON TeMIepaTypbl
MPOBOJMJIM 3aMePbl KOHIIEHTPAIIMU TJIIOKO3Bl B
kposu. Ha puc. 1 mpencraBiensl pe3yabTaThbl 9KCIIe-
PUMEHTOB, KOT/Ia UCITBITYEMblii TPUHUMAJ U He MTPH-
HuMas caxap. Ecan ucnbiTyemblii He TpUHUMAI
caxap, To U3MepsieMasl akyCTOSIPKOCTHAs TeMIiepa-
Typa CHUWKaJach O CKOPOCTHIO MPUOIUZUTENBHO
1,5°C/4ac, 4T0 OBLIO CBA3AHO € OXJIaKACHUEM IPH-

T(t = 0,%) = Turro exp =%/ 3) + Tyepun [1 —exp( =% )1, (2)

where Ty,,;) — the superficial temperature before the
gel application, and d=a,/v7 — a characteristic spatial pa-
rameter of the temperature distribution. This distribution is
the solution of equation (1) in the stationary case without
additional heat sources Q=0. The solution of equation (1)
under given initial and boundary conditions was numeri-
cally performed.

The acoustobrightness temperature is the parameter
to be measured by the acoustic thermometry. This is an in-
tegral characteristic equal to the temperature of the acoustic
black body, which creates the same density of the thermal
acoustic radiation flow as the object under test. The acous-
tobrightness temperature is determined using the following
equation [21]:

Ta(t) = fom yT(t, x)exp(—yx)dx, (3)
where y — ultrasound absorption coefficient (by in-
tensity). In this model, it is assumed that the medium under
study (soft tissues of the body) is acoustically homogeneous,
and the absorption coefficient does not depend on tempera-
ture. The solution of equation (3) was obtained numerically.
Statistical processing of experimental data was carried
out in the Excel software, using the «Data Analysis» package.

Results and Discussion

In the experiment, the task was to measure
changes in liver temperature due to intake of 200 ml of
a sugar syrup (sugar concentration was 30 g per 100 ml
of water). The subject was in a recumbent position. Pre-
liminary sonography showed that subject's liver is lo-
cated at a depth of 3 cm. The sensor was placed at the
lower right rib and was directed under the ribs to the
lower lobe of the liver by compression of the peritoneum.
Measurement of the blood glucose level were carried out
along with measurements of changes in the acousto-
brightness temperature. Fig. 1 presents the results of ex-
periments when the subject took and did not take sugar.
If the subject did not take sugar, the measured acousto-
brightness temperature was reduced at a rate of approx-
imately 1.5°C/hour, which was due to the cooling of the
near-surface tissues due to application of the sono-
graphic gel onto the skin. The temperature of the gel ap-
plied onto the body surface measured throughout the
experiment by the IR thermograph was 26.5+0.1°C. The
decrease in the acoustobrightness temperature with a
stable body surface temperature shows that the acous-
tobrightness temperature is the integral body tempera-
ture, to which both the near-surface and deep areas
contribute (in accordance with equation (3)).

If the subject took the syrup, the measured acous-
tobrightness temperature also decreased for about one
and a half hours after sugar intake. Then, from the 85t
to 115" minutes, the acoustobrightness temperature
increased by 2.0+0.3°C. The difference between tem-
peratures from the 85 to 115" minutes in the cases
when the sugar has been and has not been taken is sta-
tistically significant (significance level <0.01).

The glucose level was 4.1-4.4 mmol/] before
sugar intake. The blood glucose level did not change
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31{CH€pTAMeHTaAbHIﬂe MCCACAOBAHMA

MOBEPXHOCTHBIX TKAHEH 32 CUET HAHECEHUS HA KOXKY
resis qug Y 3U. Vamepsiemast B TedeHue BCEro K-
nepumenta MK Tepmorpacdom Temmeparypa res,
HAHECEHHOr0 Ha IIOBEPXHOCTh TeJja, COCTaBJISIIA
26,5%0,1°C. CHmKkeHHe aKyCTOSIPKOCTHO# TeMIepa-
TYpPBl B TO BPeMs, KaK TeMIIepaTypa MOBePXHOCTHU
TeJla 0CTaBaJaCh HEM3MEHHOI, TTOKAa3bIBAET, UTO (B
corjracuu ¢ BeIpaxkeHueM (3)) aKyCTOSIPKOCTHAs
TeMIIepaTypa sBJeTCsI MHTErPaJbHOI TeMIeparTy-
poii Tena, B KOTOPYIO BHOCSIT BKJIAJ U IIPUIOBEPX-
HOCTHBIE, U TITyOUHHBIE YYACTKH.

Ecin wcrnibITyeMblii s cUpoIL, To u3MepsieMast
AKYCTOSIPKOCTHAS TEMIIepaTypa CHUIKAIACH TOYHO TaK
JKe B TedeHre MPUOIU3UTENBHO TIOJIYTOPA YacoB TI0CIE
npuema caxapa. ITocsie gero ¢ 85-ii mo 115-10 MUHYTBI
AKYCTOSIPKOCTHAsI TeMIlepaTypa YBeJIUYMJIACh Ha
2,0£0,3°C. OTiune akyCTOSPKOCTHBIX TEMIIEPATY] C
85-i1 o 115-10 MUHYTBI B CJIy4asiX, KOT/ia caxap Mpu-
HUMAJIM U He IPUHUMAJIH, SBJISETCS CTATUCTUYECKH
3HauMMbIM (ypoBeHb 3Haunmoctu <0,01).

[lo mpuema caxapa KOHIIEHTPAIIMsS TJIIOKO3bI
cocrasJisna 4,1-4,4 mymoib/1. B reuenne npubausu-
TeJIbHO TI0JIy4Yaca ColeprKaHie III0KO3bl B KPOBU He
MEHSJIOCh U OCTaBAJIOCh HA YPOBHE 4,3—4,4 MMOJTb /J1.
[Tocne mpuema caxapa, 3a Bpemsi okoso 80 MWH.,
cojlepKaHue TJII0KO3bl BBIPOCJIO /10 8,2 MMOJIb/J U
HAYaJIO0 CHUKATHCS. YBEJIMYEHUE aKyCTOSIPKOCTHOI
TeMITepaTyphl MPOU3O0ILIO ¢ 33/1ep>kKoi B 20—30 Mun
10 CPABHEHUIO C YBEJUYEHUEM COIEPIKAHUS [TIOKO3bI
B KPOBU. ITO MOKET OBITH CBSI3aHO C YBEJUYECHUEM
TeMIIepaTyphl [eYeHN IIPU YCBOEHUU TJII0KO3bI. [lo
BeJIMYMHE 33/IePIKKU MEXK/y BPEMEHeM, KOT/Ia Cofiep-
JKaHUe TJIOKO3bI B KPOBU [OCTUTJIO MAKCUMYyMa, U
BpEMeHEeM, KOr/la aKyCTOSIPKOCTHAsl TeMIlepaTypa
MeYyeHn CTajla MaKCHMAaJbHOM, MOXHO KOCBEHHO
cyauthb 06 ypoBHe MeTaboJIM3Ma UCITBITYEMOTO.

IKCIEePUMEHTAJIbHO MOJTyYeHHbIe BPEMEeHHbBIE
U3MEHEeHUs aKyCTOSIPKOCTHON TeMIIEPaTyPBI alllIPOK-
CUMUPOBAJHM TEOPETUYECKUMU KPUBBIMU. AKYCTO-
SIPKOCTHYIO TEMIEPATYPY PACCUNUTBHIBAIU MUCXOS U3
WHTETPaJbHOTO BbIpaskeHus (3) mpu koadduiimente
norJomeHust yiasrpassyka y=0,025 1/mm [21]. Bpe-
MEHHYIO 3aBUCHUMOCTD TeMriepaTypsl 1 (Z, x) paccuu-
THIBAJIN U3 ypaBHeHUs (1) Tpy 3HAUEHWSX TTapaMeT-
pos a?=0,12 mm?/c [19], #=10* 1/c [4, 20], uTo
HECKOJIbKO HUKe Y/IeJTbHOTO KPOBOTOKA B CKEJIETHBIX
mbinnax, 1 Q=0. I'pannunble ycaoBUSA ONPeEessin
carenytormum obpasom: T (¢, 0)=26,5°C (Temmeparypa
rejii Ha ToBepxHocTu Tenma) m T (¢, ©0)=37°C.
Hauvasbnoe paciipesiesierivie TeMIiepaTypbl Opeeisi-
Ju BbipaxkeHueMm (2) npu yKe MCIOJIb30BAHHBIX
3HayeHuAX napamerpos a’ u n u 1upu Ty,,=34°C
(TeMIepaTypa MOBEPXHOCTH 0 HaHeCEeHUs Ha Hee
resnst). TeopeTmueckast BpeMeHHas 3aBUCUMOCTbD aKy-
CTOSIPKOCTHOI TeMIIepaTyphl B cJIydyae, KOTr/a malu-
eHT He IPUHIMAJ caxap, okaszana Ha puc. 2. Ecim
HaIeHT IPUHUMAT caxap, TO KPOBOTOK # ¥ JIOTIOJ-
HUTEJbHBIN NCTOYHUK Teria Q) 331aBaji CIeAYIONH-
MU BBIPAKEHUSMU:
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Puc. 1. 9xcriepumeHTaIbHBIC JaHHBIE: BpEMEHHbIe 3aBHCHMOCTH
KOHIIEHTPALUH [JII0OKO3bI M aKyCTOSIPKOCTHOH TeMIepaTypbl
(Bpems ycpennenus 30 ¢) B cryyae mpueMa U HelmpueMa caxapa.
Fig. 1. Experimental data: time dependence of glucose con-
centration and acoustobrightness temperature (averaging
time 30 s) with and without intake of sugar.

Note. Sugar intake is carried out at zero point in time. In order not
to overload the image, measurement errors are shown at the end of
each curve.

IIpumeuanue. IIpuem caxapa ocyliecTB/eH B HYJIEBOII MOMEHT
BpemeHit. YToObI He 3arpOMOIKIATD PUCYHOK, MTOTPEITHOCTH H3Me-
PpeHMIT TTOKa3aHbl B KOHITE Kaskaoii kpupoil. s puc. 1, 2: Acousto-
brightness — axycrosipkocTHass; time, min — BpeMsi, MUH.
glucometer readings, mmol/l — mnokaszatesu TIIOKOMETPA,
MMOJIB/J1; temperature without/with sugar — Temmneparypa 6e3/c
caxapom; glucose concentration — KOHIIEHTPAIUST TJIIOKOSBI.

and remained at 4.3 to 4.4 mmol/l for about half an
hour. Glucose levels increased to 8.2 mmol/] after
sugar intake for about 80 minutes and began to de-
cline. The increase in the acoustobrightness tempera-
ture occurred with a 20—30 min delay in comparison
with the increase of the blood glucose level. This may
be due to an increase in liver temperature during glu-
cose uptake. Indirect conclusions on the level of pa-
tient's metabolism can be drawn based on the delay
between the time when the blood glucose reached its
maximum and the time when the acoustobrightness
temperature of the liver reached its maximum.
Temporal changes in the acoustobrightness tem-
perature obtained in the experiment were approxi-
mated by theoretical curves. Acoustobrightness
temperature is calculated based on the integral expres-
sion (3) with the ultrasound absorption coefficient
y=0,025 1/mm [21]. The time dependence of tempera-
ture T (¢, x) was calculated using equation (1) with
a’=0.12 mm?/s [19],y=10"1/s[4, 20], which is slightly
lower than the specific blood flow in skeletal muscles,
and Q=0. The boundary conditions were determined as
follows: T (¢, 0)=26,5°C (gel temperature on the body
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0K/c

B [ 1w0*1/c I
- T 1,5%107% K/

t < 85 MHUH HAK t > 100 MUH (4)
5x107% 1/¢’ !

n 85 mMun = ¢t < 100 MuH

e BpeMeHHble mapaMerpbl 85 u 100 MuH BbIOH-
paJIi KCXO/IsT U3 AKCIIEPUMEHTATLHBIX TAHHBIX. 3HAUe-
HUE yIeTbHOTO KPOBOTOKA YBEJUYUIOCH B TISITh Pas.
[IpuBenem st cpaBHEHUS OIEHKH, TTOJydYeHHBIE B
pabore [14]: ipu paGore Guiiernica KPOBOTOK BbIpacTall
B 10 pas, u B paGote [22]: nmpu paboTe MBIIII] IPE-
IJIeUbst KPOBOTOK yBeJMunBajics B 7,5 pas. B pabore
[14] Tak:ke olleHeHO yBeaWYEHWE TETIONPOAYKITUHT
pu pabote Mbli npeaiedbs Q=4,3X104 K/c. Otu
BEJIMYMHBI OJIM3KU K IIPEICTaBICHHBIM B BHIDAKECHUN
(4). CpaBHeHMEe U3MEPEHHBIX I TEOPETUYECKUX 3aBU-
CUMOCTEH TIOKa3bIBaET, YTO MCI0JAb3yeMasi B pabore
MOJIEJIb B I[€JIOM OTMCBIBAET HKCIEPUMEHTAbHBIE
naHHble (puc. 2).

Ha pwuc. 3 npeacraBuim BoccTaHOBJIEHHBIE TTPO-
(puam TemmiepaTypsl B mporiecce namepennii. [lepso-
HavaJbHBIN TPO(UIIb OTIpeiesisseTCs] TOBEPXHOCTHON
temneparypoii 34°C, rnybunHoil temneparypoii 37°C
1 XapakTepHbIM mapamerpoM d=34 mwm. CorsiacHo
MOJIEJIbHBIM MIPEACTABICHUSIM, HAME OBLIO TIPHHSITO,
YTO HavaJbHas TeMIlepaTypa TeYeHU COCTaBJSET
37°C. Hanecenmne Ha MOBEPXHOCTD TeJIa TeJIsl CHIU3WIIO
MMOBEPXHOCTHYIO TeMIepatypy 10 26,5°C, Ho He uzme-
HUJIO TIyOuHHYI0 Temieparypy. CorjlacHoO Moiesu,
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Puc. 3. Paccuutaunbie npoduiid TeMiepatypsl B pa3Hbie MO-
MEHTbI BpEMEHHU: HAYaJIbHBII — 10 HAHECEHHS] TeJisl Ha KOKY, pe-
aKIMsI HA IPUEM caxapa, B KOHIe IKCIIEPUMEHTa.

Fig. 3. Calculated temperature profiles at different time points:
initial — before application of the gel onto the skin, reaction to
sugar intake, at the end of the experiment.

Note. Application of the gel onto the skin reduced the surface tem-
perature to 26.5°C, but did not change the core temperature.
IIpumevanue. HaHeceHne Ha KOKY T€Jist CHUBUIIO OBEPXHOCTHY IO
Temreparypy 10 26,5°C, Ho He U3MEHUJI0 TIIYOUHHYIO TeMIIepaTypy.
Depth from the surface, mm — rry6una ot moBepxHocTH, MM; initial
temperature profile — HauambHBIT TPOGUIL TEMIEPATYPHI; Te-
sponse to sugar intake — peakis Ha pueM caxapa; temperature
profile at the end of the experiment — npoduib Temneparypbi B
KOHIIE 9KCIIEPUMEHTA.

surface) and T (¢, ©)=37°C. The Initial temperature
distribution was determined using formula (2) for the
already used values of parameters > and # and with
T,,70=34°C (surface temperature before gel applica-
tion). The theoretical time dependence of the acousto-
brightness temperature without sugar administration
is demonstrated in fig. 2. If the patient took sugar, then
blood flow # and an additional source of heat Q were
determined by the following expressions:

= [ 107" 1/s o 0K/s t < 85minort > 100 min (%)
7= I5x10- 1/s’ 1,5x107* K/s’ 85min<t < 100min °

where time parameters 85 and 100 min were cho-
sen based on experimental data. The value of specific
blood flow increased by five-fold. We present data ob-
tained in [14] for comparison: when the bicep was
working, the blood flow increased by 10-fold; and in
[22]: when the muscles of the forearm were working,
the blood flow increased by 7.5-fold. In [14], the in-
crease in heat production during the work of forearm
muscles was also estimated Q=4,3X10* K/s. These
values are close to those presented in formula (4).
Comparison of the measured and theoretical depen-
dences shows that the model used in the study as a
whole describes the experimental data (fig. 2).

Fig. 3 presents restored temperature profiles dur-
ing measurements. The initial profile is determined by
a superficial temperature of 34°C, a core temperature
of 37°C and a characteristic parameter d=34 mm. Ac-
cording to model concepts, we have assumed that the
initial temperature of the liver was 37°C. Application

@ Experiment without sugar
Experiment with sugar

Calculation without sugar
Calculation with sugar

Acoustobrightness temperature, °C

32| . . .
-20 0 20 40 60 80 100 120 140
Time, min

Puc. 2. JkcnepuMeHTaIbHbIE U PACYETHBIE BPEMEHHbIE 3aBUCH-
MOCTH aKyCTOSIDKOCTHOM TeMIIepaTyphbl B cly4Yae HelpuemMa u
npuema caxapa.

Fig. 2. Experimental and estimated time dependences of the
acoustobrightness temperature in cases when sugar was or was
not taken.

Ipumevanue. Experiment — axcniepument; without/with sugar —
6e3/c caxapow; calculation — pacuer.
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31{CH€pTAMeHTaAbHIﬂe MCCACAOBAHMA

MoCJIe HaHeCeHUs TeJis 30Ha, T7le TeMITepaTypa paBHa
37°C, caBuraercs BriayOb opranusma. TemieparypHoe
pacripesieJieHrie CTPEMUTCSI K CTAIlMOHADHOMY U
JOCTUTAET €ro MPUOIU3UTETHHO Yepes 2 yaca moce
HaHeceHus Tessl Ha Koy, CUTyaIust MeHsieTcs Ipu
npueMe caXxapa — M3-3a TOSIBJICHIS JOTIOJTHUTETbHBIX
HCTOYHWMKOB Teria TIyOuHHast TeMreparypa (Temrie-
parypa TedeHr) COrJIacHO MCIOJb3yeMoil B pabore
mozesin osbimaercd Ha 1°C o 38°C.

3akiaoyeHue

B pa6ore sKcriepuMeHTaTIbHO MOKA3aJIH, YTO T1ac-
CUBHYIO aKyCTHYECKYI0 TEePMOMETPHUIO MOKHO
UCIIOJIb30BATH JIJIsl U3MEPEHUsT TIyOUHHON TeMIiepa-
TYpbI YYaCTKOB TeJia uesoBeka. Vamepuin mMeHsio-
IIYIOCST BO BpDEMEHU TeMIlepaTypy nedenu. Ilpu sTom
U3MEHEHUs TEMIIEPATYPbl TI€YeHU OBLIN BHI3BAHbI
IpUEMOM UCITBITYeMbIM caxapa. [1o Bpemenu 3anepx-
KI MEXIYy MaKCUMYMOM COJEPXKaHUsI TJIIOKO3bI B
KPOBU U MaKCHMYMOM W3MEPEHHOU TeMIepPaTyphl
MOKHO KOCBEHHO CyAUTH 06 ypoBHE MeTabojau3ma
UCIIBITYEMOTO.

Baarogapuoctu. Pabora momgep:xana <«IIpo-
€KTOM TOBBIIIEHsT KOHKYPEHTOCTIOCOOHOCTH BELYITIIX
POCCHUIICKIX YHUBEPCUTETOB CPEIU BEYIIIUX MUPOBBIX
Hay4HO-00pa3oBaTeIbHBIX LeHTPoB» (5-100), yacTuy-
HO B pamkax loczamanus MHCTUTYTa TPUKIAIHOIM
usukn PAH Ne 0035-2014-0008, a takske mojiep:xa-
na PO®U, rpant Ne 18-29-02052 mk.

baarogapum npod. A. M. Uepusiia 3a 1m10/10-
TBOPHOE 06CysKIeHNE PaOOThL.
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of the gel onto the surface of the body reduced the su-
perficial temperature to 26.5°C, but did not change the
core temperature. According to the model, after appli-
cation of the gel, the area where the temperature is
37°C moves deep into the body. The temperature dis-
tribution tends to be stationary and reaches it approx-
imately 2 hours after application of the gel onto the
skin. The situation changes when a patient takes
sugar: the core temperature (liver temperature) in-
creases by 1°C to 38°C due to the additional heat
source, according to the model used in the study.

Conclusion

The study demonstrated that passive acoustic
thermometry can be used to measure the core temper-
ature of various human body regions. We measured the
liver temperature changing with time. At that, changes
in liver temperature were caused by sugar intake by a
study subject. Indirect conclusion on the patient's me-
tabolism level may be drawn based on the delay be-
tween the peak glucose level and the peak temperature.
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Monitoring of the Blood Plasma Redox Potential During Plasma Quarantining

(Preliminary Report)

Irina V. Goroncharovskaya, Valeriy B. Khvatov, Anatoliy K. Evseev,
Aslan K. Shabanov, Mark M. Goldin, Sergey S. Petrikov

N.V. Sklifosovsky Research Institute of Emergency Medicine,
3 Bolshaya Sukharevskaya Square, 129090 Moscow, Russia

Ienp uccaenoBaHus: BISIBICHNE 3HAUNMBIX U3MEHEHWH 2JIEKTPOXUMIUECKUX CBONCTB T1J1a3MbI KPOBHU B TIPO-
1ecce KapaHTUHU3AIWH U TIIa3Mbl KPOBU JOHOPOB TIPU B3aMMO/IEICTBUN ¢ KADAaHTUHU30BAHHOH TIJIa3MO i vitro
ISl OTIEHKU BIMSIHUST TPAHCHY3UH B MOJIETTBHOM 9KCIIEPUMEHTE.

Marepuasst u MeToabl. [[nazmy kposu 20-1 IIPAKTUUECKH 3710POBBIX JOHOPOB-A00POBOJIBIEB KAPAHTUHUZHPO-
Basu B Tedenne 6-n mecsres npu -40°C. Morntopusr penoxc-notentinana (PII) kapanTHHN30BaHHOH NITA3MBI OCY -
IIECTBJISLIN HETIOCPEACTBEHHO B JIeHb 3abopa 6e3 3aMopakuBanus obpasiia, Ha 1, 3, 7, 14 -e cyTku, a 3aTeM 110
noctskennu 1, 1,5, 2, 3, 4, 5, 6-u mecses xpanenust. [Lnazmy KpoBu 15-U IPAKTUYECKHU 3/I0POBBIX JOHOPOB-106p0O-
BOJIBIIEB CMETUBAHNN B cCOOTHOTIEeHNT 1:1 ¢ Ty1a3Moil KpoBU, KapaHTUHU30BAHHON B TeUueHMe 6 MeCSIIEB in vitro 1
n3mepsan PII cmecn. Vsmepenns PII mpoBoanin Ha MIaTHHOBOM MUKPOATIEKTPOJIE.

Pesyabsratel. OGHAPYKUIIH, UTO B IIPOLecce KapaHTUHU3anuu pu reMieparype -40°C PII nutasmbt kposu B 70%
cJlydaeB cMeraeTcs B 06J1acTh 6oJiee TIoJI0KUTeIbHBIX 3HaUeHuiL. Jlokazain in vitro, uto obaBieHNUe K I1a3Me TIPaK-
TUYECKH 3I0POBBIX JIOHOPOB-A06POBOJIBLIEB KAPAHTMHU30BAHHOI 111a3Mbl B 13 13 15 ciryuaes (87%) Takike IpUBO-
JIAJIO K CMEIEeHnIo Besmanibl PIT KoHeyHoi cMecn B 061aCTh TTOIOKUTEIBHBIX 3HAYCHWI.

3akmouenne. C momorsio namepenrst PII kapaHTHHI30BaHHOI MTa3Mbl KPOBU OOHAPY /KU 3HAYNMbIE T3MEHE-
HUSI, KOTOPBIE CBU/IETEJILCTBYIOT O TIPOTEKAHUN B ILJTa3Me MTPEUMYIIECTBEHHO OKUCIUTENBHBIX MTPOIIECCOB. YUUTHIBAS
JTaHHbIE O TOM, UTO 3HaYnMoe cMmerrenne PII B masme KpoBr B 061aCTH TTOMOKUTETHHBIX 3HAYEHIIT aCCOITMIPOBAHO C
VXYAIEHUEM COCTOSTHUS TIAITEHTA, CAETATN BHIBOJ O HEOOXOMNMOCTH TIPOBEICHS IOTTIOMHUTETBHBIX KIMHITIECKITX
MCCJIEIOBAHU 110 TIPUMEHEHUIO KaPAHTUHU30BAHHOM TJTa3MbI C BBICOKUMH TIOJIOKUTETbHBIMU BeinarHamu PII.

Kmoueevie cnosa: pedokc-nomenyuai; naasma kposu; Kapanmunu3auust; aamuHoewlil I1eKmpood; mpancoysust;
oKucienue

The purpose of the study: to identify significant changes in the electrochemical properties of quarantine-stored
blood plasma and of donor blood plasma during its in vitro mixing with quarantined plasma in order to assess the
effect of transfusion of quarantine-stored plasma on recipient plasma in a model experiment.

Materials and methods. Blood plasma of 20 clinically healthy volunteer donors was quarantined for 6 months at -40°C.
Monitoring of the redox potential (RP) of the quarantined plasma was carried out directly on the day of sampling without
freezing the sample, and then on days 1, 3, 7 and 14, as well as after 1, 1.5, 2, 3, 4, 5 and 6 months of storage of frozen samples.
Each of 15 blood plasma samples donated by clinically healthy volunteers was mixed in vitro with blood plasma quarantined
for 6 months at a ratio 1:1, and the RP of the mixture was measured by a platinum microelectrode technique.

Results. It was found that during the storage of quarantined samples at a temperature of -40°C, the blood RP
shifted to more positive values in 70% of cases. Addition of the quarantined plasma to the plasma of practically
healthy volunteer donors also led to a shift in the final mixture RP to positive values in 13 of 15 cases (87%).

Conclusion. Significant changes in RP values have been found when measuring the RP of the quarantined blood
plasma, demonstrating predominantly oxidative processes in the plasma. Since significant shift of RP in blood plasma
to the positive values has been associated with the deterioration of the patient's state, we concluded that further
clinical studies on the use of quarantined plasma with high positive RP values are warranted.

Keywords: redox potential; blood plasma; quarantine; platinum electrode; transfusion; oxidation
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BBenenue

B mactosiiiiee Bpemst B KIMHUYECKON MTPAKTUKE
7S JIedeH U TTallieHTOB ¢ MAaCCUBHOM KpoBoIioTepeit
MIUPOKO MCIIOJIB3YIOT TPAHCHY3UIO TI1a3Mbl KPOBU.
Toabko B 2014 roxy B Poccun ObLIO 3ar0TOBJIEHO
JIOHOPCKO¥ 11a3Mbl 0k0Ji0 1 muts, siutpos [1]. [Tlnazma
N7t TpaHcy3un MoBEPraeTcs KapaHTUHU3AIUN B
teuenue 6 mecsiies pu tremieparype -40°C. [Tpunsito
CYUTATDh, YTO yKa3aHHBIE YCJIOBUSI XpaHeHUsT obec-
MEeYNBAIOT COXPAHHOCTH €€ CBOICTB, KOTOPBIE KOHTPO-
JIIPYIOT KOMILJIEKCOM JIaDOPaTOPHBIX METOLO0B [2—5].

O/Hako, HECMOTPS HA CJIOKHBI MHOTOTAITHBII
AHAJIN3 TIA3MBI JI0 U TIOCJIE TEPUOJIa KAaPAHTUHU3AIINN,
KIIMHUIUCTaM M3BECTHO, YTO BEPOATHOCTD PA3BUTUA
OCJIOXKHEHUN y TIAIMEHTa TOC]e TPAHCHY3UH MIa3MBbl
BCE JKe CyIIecTBYeT. B mccienoBaHusaX MPUBeIeHbI
MIPUMEPBI TAKUX OCJIOKHEHUI TTOCIe TPAHC(Y3UH TLIa3-
MbI, KaK MTHTOKCUKaIlnN HesICHOU 9TUOJIOTNU, HETEeMO-
JIUTHYECKIE PEAKIINH, CENICHIC, OCTPOE TOCTTPaHCcdY-
3uoHHoe ToBpexaenue Jerkux [3]. Ilockosbky
MPUYMHBI OCJOKHEHUN TPU TpaHcPy3un IIa3Mbl
JaCTO OCTAIOTCA HEACHBIMU, ITONCK AOIIOJTHUTE/IbHbBIX
TapaMeTpOB ONEHKH! ITPUTOAHOCTH I1JIa3Mbl IJIA TPAaHC-
(bysuu siBIISIETCST AKTYATTHHBIM.

B nocsiesitvie ropl poIoJKAET AKTHBHO PA3BH-
BaTbCSl DJIEKTPOXUMUYECKUIT METON H3MEePeHust
penoxkc-norernuana (PIT) B 6uosornyeckux cpejiax,
MPUMEHSIEMBI JIJIs1 OIEHKU COCTOSIHUS MAI[HEHTOB C
Pa3IMIHbIMU 3360JI€B3HI/IHMI/I 1 IPOTHO3MPOBAHUA X
ucxoza. I[Tepseie paboTsl 1o uamepennio PII B 61osio-
I'MYECKUX cpeax ObLIN IpoBeeHbl enle B 20-X rogax
XX Beka [ 6], omrako meton mamepenns PIT mocrosnno
cosepiercTByercs. Tak, Oblia paspaboTana METOIMKA
HPeBAPUTETHHON 00PAOOTKI U3MEPSIIOIIETO SJIEKTPO-
JIa HETIOCPE/ICTBEHHO MePe/l KAKIBIM U3MEPEHNEM B
Guosoruueckoii cpese [7]. crob3oBaHue aToii MeTo-
JIMKU TTO3BOJINJIO 3HAYUTEJIbHO ITOBBICUTH TOYHOCTD U
BOCITPOM3BO/INMOCTD Pe3yJIbTaTOB U3MEepPEHUT.

Bemunuuna PII oTpaskaeT cooTHOIIEHNE MEXLY
Ipo- n aHTHOKCH[[aHTHOfI AKTUBHOCTAMU BELIECTB B
cucreme. HeCMOTpH Ha TO, UTO 3TOT MapaMeTp ABJAECT-
csa HecrenuduueckM, OH HeceT WH(MOPMAIUIO O
COCTOAHUN OKNCJJINUTEJIbHO-BOCCTAHOBUTEJIIBHOTO
Gasmarca OMOJIOTUYECKUX CHCTEM, UYTO ITO3BOJISIET
UCIIOJIb30BATh €T0 B KAYECTBe AMATHOCTUYECKOTO U
MPOTHOCTUYECKOTO KPUTEPHST IPU JIEIEHUH IITUPOKOTO
psizta 3aboneBanuii. B wacraoctu, usmepenust PII, B
TOM YMCJIE €O MOHUTOPUHT, YCIIETITHO 3aPEKOMEH/10~
Bauiu celst JIUIST AUATHOCTUKU OCJIOKHEHWIT Y TIal[ieH-
TOB TIOCJIe TPAHCIJIAHTAIIUU TleueHn u nouku [8, 9],
6osnbHBIX ¢ HeliporpaBmoii [10—12], remopparuye-
ckuM 1mokoMm [13], couerannoit TtpaBmoin [14],
6omesupio Ilapkutcona [15], cocrositHueM Tmocie
nncysbra [16], oxxoros [17], a Takke /Ui OllEHKU
PE3YJIBTATOB HEKOTOPDLIX aKTUBHBIX METO/I0B JIEYEHU I,
Harpumep, runepbapuueckoil oxcurenaiuu [18],
mazmacdepesa [19]. Oxnako uccieroBanums Mo MOHU-
topunry PII xpansmeiicss mmasmbl U BIUSHUIO ee

Introduction

At present, plasma transfusion is widely used in
clinical practice to treat patients with massive blood
loss. In 2014 alone, about 1 million liters of donor
plasma were procured in Russia [1]. Plasma for trans-
fusion is quarantined for 6 months at a temperature of
-40°C. It is believed that these storage conditions en-
sure the safety of its properties, which are monitored
by a number of laboratory methods [2—5].

However, despite a complex multi-stage analy-
sis of plasma before and after the quarantine period,
clinicians know that complications after a plasma
transfusion still may develop. The studies give exam-
ples of such complications after plasma transfusion
as poisoning of unknown etiology, nonhemolytic re-
actions, sepsis, transfusion-related acute lung injury
[3]. Since causes of complications after plasma trans-
fusion are often unclear, the search for additional pa-
rameters to assess the suitability of plasma for
transfusion is still urgent.

The electrochemical method of measuring the
redox potential (RP) in biological media used to assess
the condition of patients with various diseases and
predict their outcome has been developing actively
over recent years. The first work on the RP measure-
ment in biological media was carried out back in the
1920s [6], but the RP measurement is constantly
being improved. For example, a method of pretreat-
ment of the measuring electrode directly before each
measurement in a biological media was developed [7].
The employment of this technique in clinical studies
has significantly improved the accuracy and repro-
ducibility of measurements.

The RP value reflects the ratio between pro —
and antioxidant activity of substances in the system.
Although this parameter is non-specific, it provides an
information on the state of the redox balance of bio-
logical systems, which allows it to be used as a diag-
nostic and prognostic criterion when considering
approaches to treatment of a wide range of diseases. In
particular, RP measurements, including its monitor-
ing, have been successfully used in the diagnosis of
complications in patients after liver and kidney trans-
plantation [8, 9], patients with neurotrauma [10—12],
hemorrhagic shock [13], multiple trauma [ 14], Parkin-
son’s disease [15], condition after stroke [16] and
burns [17], as well as for the evaluation of the results
of some active methods of treatment, for example, hy-
perbaric oxygen therapy [18] and plasmapheresis [19].
However, there are no data on the monitoring of the
stored plasma RP and the effect of its transfusion on
recipient’s plasma RP.

In general, the RP value of the sum of system
redox reactions may be calculated using the Nernst
equation [20]:

RP=E0+RT/HF ln (Zaox)/(zared)

where, RP — redox potential, V; E, — standard

electrode potential, V; R — universal gas constant,
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tpancdysun Ha Besmunny PII mrazmbr kpoBu peru-
MUEHTA B JINTEPATYPE OTCYTCTBYIOT.

B o61em coyuae Besmunna PIT cymmbl okncim-
TEJIbHO-BOCCTAHOBUTEJILHBIX PEAKIIUI CUCTEMbI MOXKET
ObITh PaccUYMTaHAa ¢ TOMOLIbIO ypaBHeHust Heprcra [20]:

PII=E +RT/nF In (Xa,,)/(Zarq)

rae, PII — penoxkc norennuan, B; E; — crangapt-
HBII JIeKTPOAHbBIN noTennmal, B; R — ynusepcasb-
Hag razoBad nocrosgHuad, 8,31 /Ix/(monbeK); T —
temreparypa, K; n — gucio anexrponos; F — uncio
Dapagnes, 96485,35 Ko monn; Ya, 1 Y a4 — cymma
AKTUBHOCTEI TIPO- M AHTUOKCHUAHTOB B CUCTEME.

B opranuame MOKHO BBIZIEJTUTh HECKOJIBKO OKUC-
JINTEIBHO-BOCCTAHOBUTEIBHBIX CUCTEM, HATIPUMED,
CyJIbMOTUIPUIbHbBIE CUCTEMBI (I[UCTENH, IIIyTATUOH ),
reMOTJIOOMH-OKCUTEMOTIOONH, TeMOTJIOOUH-MeTre-
MOTJIOOUH, HUTOXpOoM [6].

Cornacno IlIumnosy B. H. [21], PII npunazamne-
JKUT OIIPeIeJISTIONIasi POJib B IePEKJIIOUEeHNN CTPYK-
TYPHBIX [IPOIIECCOB peopranusanuu Tkanu. [lormnma-
Hue Biausuusi PII Ha mporeccsl, mpoTekaionue B
KJIETKE, KAK CTPYKTYPHOIl eMHUIIE OPraHU3Ma, JaeT
BO3MOKHOCTD YTJIyOUTh MOHUMAHUE [TPUPOJIHI MHOTHUX
JKU3HEHHO BAJKHBIX IIPOIIECCOB, IIPOTEKAIONIMX Ha
YPOBHE OPraHu3Ma.

OKuCIUTETBHBIE ITPOIIECCHI CMEIAIOT BETMYIHY
PII B 0671aCTh MOJIOKUTENBHBIX 3HAYEHUIH, TOT/IA KAK
IIPOIIECCHI BOCCTAHOBJIEHUSI — B OTPUIIATEIBHYTO, UTO
MbI 1 HAOJIIOIAJI paHee, TIPU YBEJIMYEHUN COEPIKa-
HUSI B CBIBOPOTKE KPOBH, COOTBETCTBEHHO, IIPOOKCH-
JIAHTOB MJIK aHTUOKcuaanToB [22]. UccaenoBanus
BesinunH PIT nta3zMer nareHToB ¢ YeperrHo-MO3roBoi
TpaBmoii [23] rmokasasu, 4TO BbICOKUE MOJIOKUTEh-
Hble BesnunHbl PII cooTBeTcTBOBANM HANIMYUIO Y
HAIMeHTa COCTOSIHUST OKUCIUTEIBHOTO CTPeCCa.

I[Tesb paboThl — BBIABJICHNE 3HAYUMBIX U3MEHE-
HUI 2JIeKTPOXUMUYECKUX CBOIICTB I1JIa3Mbl KDOBU B
IpoIlecce KAPAHTUHHU3AINHY U [17Ia3Mbl KPOBU JIOHOPOB
[IPU B3aUMOJIENICTBUY C KAPAHTUHI30BAHHOIM [171a3MOi
in vitro I ONEHKY BIAUSHUS TPaHCPY3UN B MOJIEb-
HOM 9KCIIEDUMEHTE.

MaTepI/IaJI N METO/1bl

WccenenoBanne 271eKTPOXMMUYECKUX CBOICTB IJIA3MbI
kposu ipoBoauau B HVUW CII nm. H. B. Ckiudocosckoro
(Mocksa). O6¢cnenoBaiu 35 06pasioB IJIa3Mbl KPOBU TIPAK-
THYECKU 3/I0POBBIX JIOHOPOB-ZI00POBOJIBIIEB, 3aTOTOBJIEHHOMN
Ha koncepsante [[DT. U3 obuiero uncmaa 20 o6pasios He-
[OCPE/ICTBEHHO TI0cJie 3a60pa ATMKBOTHPOBAIU Ha 12 1pob
1o 4,5 MJl B KpUOIPOOUPKM e€MKOCTbIo 5 Mu. O6pasiibl
NJTa3Mbl XPAHUJIM B YCJIOBUSX, IPUHSATHIX /TSI XPaHEHUS
na3Mbl ipu KapanTtuausanun (-40°C), B revenne 6 mecsi-
1eB. [TepBoe nsmepenue PII myia3mpl KpOBU IIPOBOJIVIIN He-
[OCPEZICTBEHHO B JIeHb 3a00pa (e3 3aMopakuBaHust 0Opasiia.
Xpansiimuecs: o6pasipl ucciaenosanu Ha 1, 3, 7, 14-e cyTku
u no poctkennu 1, 1,5, 2, 3, 4, 5, 6-u MecA1es, 11 4ero
POOUPKY ¢ POOOIT PA3MOPAIKUBAIIH, COTJIACHO YCIIOBUSIM,
OINMCAHHBIM B [3], a 3aTeM MPOM3BOIUIN N3MEPEHNE Be-
smranbl PIT pasMoposkeHHOro 0Opasiia miasMbl KpOBU MPH
temreparype 25°C.

8.31 J/(mol*K); T — temperature, K; n — number of
electrons; F — Faraday constant, 96485.35 K*mol;
Ya, and Ya,q — the sum of activities of pro — and an-
tioxidants in the system.

Several most studied redox systems in the body
include sulthydryl systems (cysteine, glutathione), he-
moglobin-oxyhemoglobin, hemoglobin-methemoglo-
bin, cytochrome [6].

According to Shilov [21], RP plays a decisive
role in switching of the structural processes of tissue
reorganization. Understanding of the effect of RP on
the processes occurring in a cell as a structural body
unit makes it possible to clarify the nature of many
vital processes occurring in the body.

Oxidative processes shift the RP value to posi-
tive values, while the recovery processes shift it to the
negative ones, as we observed earlier with an increase
in the content of pro-oxidants or antioxidants in the
blood serum, respectively [22]. Studies of plasma RP
values in patients with a traumatic brain injury [23]
showed that high positive RP values corresponded to
the oxidative stress.

The purpose of this study was to identify signif-
icant changes in the electrochemical properties of
blood fresh-frozen plasma samples during its quaran-
tine storage and of donor blood plasma during its in
vitro mixing with quarantined plasma in order to as-
sess the effect of transfusion in a model experiment.

Materials and Methods

Electrochemical properties of blood plasma were stud-
ied at the N.V. Sklifosovsky Research Institute of Emer-
gency Medicine (Moscow). 35 plasma samples donated by
clinically healthy volunteers and procured in the CFG were
studied. 20 samples were aliquoted to 12 samples of 4.5 ml
each in 5 ml cryotubes immediately after sampling. Plasma
samples were stored under conditions accepted for plasma
storage during quarantine (-40°C) for 6 months. The first
RP measurement of blood plasma was performed directly on
the day of sampling without freezing the sample. The stored
samples were examined on day 1, 3, 7, 14 and after 1, 1.5, 2,
3,4, 5, and 6 months; for this purpose, the test tube with a
sample was thawed according to the conditions described in
[3], and then the RP of the thawed blood plasma sample was
measured at a temperature of 25°C.

The remaining 15 samples were quarantined for 6
months and prepared for the transfusion. The samples were
mixed in vitro with blood plasma from almost healthy vol-
unteers at a ratio of 1:1, for the prediction of a possible effect
of plasma transfusion on the properties of fresh plasma.
Blood plasma for the model experiment was obtained from
whole blood collected by venipuncture into vacuum tubes
with lithium heparin as a preservative. The ratio in the mix-
ture was chosen based on the required transfusion volume
in massive blood loss.

In addition, the RBC suspension in the form of packed
red cells stored for 7 days at room temperature was exam-
ined in order to detect changes in RP in the suspension dur-
ing cell degradation.

Blood plasma RP was measured on a platinum micro-
electrode with an area of 3.3+102 cm?, and a silver chloride
electrode (3 M KCI) was used as a reference electrode. Po-

GENERAL REANIMATOLOGY, 2019, 15; 1

www.reanimatology.com



50

DOI:10.15360,/1813-9779-2019-1-47-53

Experimental Studies

|

Ocrasiimecst 15 06pasIoB IIa3Mbl 140
KPOBU SIBJISLINCH  KapPaHTUHU30BAHHON 0 | « The mminiesum and masimm valuc "
TITA3MO KPOBH (CPOK KAPAHTHHU3AIN — === Deaor 206
6 Mecs1IeB), TIO/ITOTOBIEHHOM JIJIST TPAHC- 100 | = - Donor Ne19 E
(ysun nanuentam. Vccereayembie 06- : e
pasipl  CMEMIMBAIM N 0itro B B0 ',"'
cootHomennn 1:1 ¢ mma3moil KpoBm s 1 F.
MPAKTHYECKH 3[0POBBIX JIOHOPOB-06PO- z = e
BOJIBLIEB, [IJIs1 TIPOIHO3MPOBAHUS BO3- g0 | T e g R b -4 F-"
MO’KHOTO BITVSTHHST TPAHC(HY3UH T1a3MBbl = | - |
Ha CBOWCTBA cBexeil miasmbl. [lmasmy '
KPOBH JI/IST MOJIEJTBHOTO 9KCIIEPUMEHTA ol — N, — ’
MOJTYYaJI U3 TIeJbHOI KPOBH, 3a0paH- o e x
HOM IIyTeM BEHOITYHKIINHU B BAKYYMHbIE 2 o e x
IPOGUPKHU € KOHCEPBAHTOM TeNapHHOM ah 000 e - s
sutust. COOTHOIIEHHE B CMECH BbI- % " i "
OpaHo U3 pacuera HeoOXOAUMOIO -60 x

N 0 1 3 7 14 30 45 60 90 120 150 180

obbema TpaHcdysuu Mpu MacCUBHOI Davs
KPOBOIIOTEPE.

JlomosHUTENbHO — 06CIeI0BATH
CYCIIEH3UIO 9PUTPOIIUTOB B BUJIE OPUT-
POIUTAPHOIN Macchl IPU XPaHEHNU B
TeyeHNe 7-U CYTOK MPU KOMHATHOM
TeMIlepaType ¢ IeJIbI0 BBISIBJICHUS N3-
menennti PII B cycriensun mipu gerpa-
JAITIH KJIETOK.

Namepenwne PII mmasmer kpoBu
MIPOBOJMJIN HA TJIATHHOBOM MHUKPO-
aJieKTposie Tiomaapio 3,3¢102 cm?,
xuopuacepebpsitbiii aexTpoa (3 M KCl) ucnosnbszosanu B
KkadecTBe anexTpozaa cpasHenus. [lorernmoctar [PC-Com-
pact (3AO «Kponacs, Poccust) ncnosb3osasnu 77151 usmepe-
nng sesmunnbl PII u 3anmcu 3aBucumoctn nsmenenust PII
oT BpeMeHH. [lepex Kask[bIM M3MepeHUEM IJIATHHOBBII
DJIEKTPO]L IOJIBEPTAIHU MTPEABAPUTENBHOI 06pabOTKE 10 OPH-
TUHATBHON MeToMKe [7].

Craructudeckyio 06paboTKy 9KCIEPUMEHTATBHBIX
TAHHBIX TIPOBOJWJIN C HCIOJIb30BAHUEM IPOTPAMMHOTO
obecmeuenms Statistica 6.0 (StatSoft). /las orenku mocTo-
BEPHOCTH PasImuuil usMenenns sesnanasl PII mocie cme-
HIEHUST ¢ KapaHTUHU30BAHHOW IIJIA3MOI HCIIOJIb30BAJH
U-xputepnit Manna—Yutau. CtaTucTudeckn 3HAUNMBIMU
cunrasnu pazyanaus npu p<0,05.

Pe3yibrarhl 1 00CyKA€HHE

Pesynsrarst monutopunra PII nma3mbl kpoBu B
mpolecce KapaHTUHU3AIUY TIPe/ICTaBUIIN Ha puc. 1.

Kak Buzno na puc. 1, Besmuuna PII mmasmbpr
KPOBH Ilepe/l XpaHEeHHeM HaXO/IMJIach B Ipe/ieiaX oT
-12 MB go +53 MB. Ormerum, 4TO TOJIy4YeHHBIE
BEJIMYMHBI 3aMETHO OTJIMYAIOTCS OT OIPEIEJIEHHOTO
HaMM paHee finanasona BesnynH PII 115 npaktudecku
3710poBbIX Jofeit (ot -56 no -11 MB) [8]. /lannoe
HaOJIofeHIe MOKET ObITh 00YCJIOBIEHO Pa3IndiieM
KOHCEPBAHTOB, HCII0JIb3yEeMbIX [P 3aTOTOBKE I1JIa3MBbl.
K xoHn11y cpoka kapaHTHHU3a1UK T171a3Mbl (6 MecsIieB)
pesimunnbl PIT Haxomauaucs B tnanasone ot -13 mB 1o
+101 MB. 13 20-u uccienoBaHHbIx 00Pas1oB ILJIa3MbI
KpoBu B 70% cirydaeB HaGJIIO[aJIi CMETIEHUE B 00IaCTh
GoJiee TOJIOKUTEIbHBIX BeInuuH (B cpeaHeM Ha 23,2
MB), B 25% ciyyaeB — cmelienre B 00mactb Gosiee
OTpUIIATENbHBIX BeJTMUnH (B cpesiHeM Ha -13,8 MB) u B
5% ciryyaeB — n3MeHeHU He 3a(DUKCUPOBAIH.

Puc. 1. I3amenenue PII mia3mel KpoBH BO BpeMsI ee XpaHEHHSI.

Fig. 1. Alterations of the blood plasma RP during storage.

Note. Data are presented as RP mean=o. Selected examples of the changes in blood plasma
RP measurements: donor Ne6, donor Ne9, donor Ne19.

Ipumevanue. /{151 puc. 1-3: RP, mV — PII, MB. [lna puc. 1, 2: days — nuu. /lanubie mpes-
crassienbl B Buge PIlcp+o; the minimum and maximum value — MuHuManbHOE M MaKCH-
MasibHOe 3HaYeHune. BeiGopounbie ipuMepsl quHaMukn uameperst PIT mia3Mbl KpoBu:
nonop Ne6, mornop Ne9, morop Ne19.

tentiostat [IPC-Compact (Kronas, Russia) was used to meas-
ure the RP value and record the time dependence of RP
changes. Before each measurement, the platinum electrode
was pretreated according to the original procedure [7].

Statistical processing of experimental data was per-
formed using Statistica 6.0 software (StatSoft). To assess the
significance of differences in the change in RP after mixing
with the quarantined plasma, the Mann—Whitney U-test
was used. Differences were considered as statistically signif-
icant at P<0.05.

Results and Discussion

Results of blood plasma RP monitoring during
quarantine are presented on fig. 1.

As seen in fig. 1, the blood plasma RP value be-
fore storage was within the range of -12 mV to + 53
mV. We should note that the obtained values differ
significantly from the previously defined range of RP
values for clinically healthy volunteers (from -56 to
-11 mV) [8]. This may be explained by the difference
in preservatives used in plasma procurement. By the
end of the plasma quarantine period (6 months), RP
values were within the range from -13 mV to +101 mV.
In 70% of the 20 studied blood plasma samples, there was
a shift to more positive values (on average by 23.2 mV);
in 25% of cases, there was a shift to more negative val-
ues (on average by 13.8 mV); and in 5% of cases, no
changes were recorded.

During the first 14 days, significant multidirec-
tional fluctuations in plasma RP values were observed
(fig. 1, dotted lines). Starting from the 2" month of
storage, changes in these values became predomi-
nantly unidirectional and shifted to more positive val-
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BKCHGPMMQHTHALHHG MCCACAOBAHMA

B reuenue nepBwix 14-u cyTOK OTMETUIIN 3HAYH-
TeJIbHbIEe pa3HOHAIPABJIEHHbIE KOJeOaHUA BEJIUYMH
PII nmmasmer kpoBu (puc. 1, MyHKTUPHBIE JTUHUM).
Hauunas co 2-ro Mecsiia XpaHeHusi, U3MEHEHUsI yKa-
3aHHBIX BEJUYUH CTAHOBUJIUCH MPEUMYIIECTBEHHO
OJIHOHATIPABJIECHHBIMU U CABUTAJIKMCH B 06J1aCTh GoJiee
MOJIOKUTETbHBIX 3HaUeHnii. MakcuMasbHas pa3Huiia
Mexay Benmunaamu P11 B Hauasie n KOHIE XpaHeHUsT
cocrasuiia 57 MB. D10 HabJ0IeHIIe CBUIETENbCTBYET
O TIPOTEKAHUH B IIJIa3Me B IIPOIecce KapaHTUHU3AIINH
MTPEUMYIIIECTBEHHO OKMCINUTETHHBIX TIPOIIECCOB.

[IpeanoIoKuIn, 4To HabII0aeMblil aHOMAIBHO
BBICOKUT JIMaIia30H TMOJIOKUTENbHBIX Beanunn PII
IJIa3Mbl KPOBHU IOCJIE KaPAaHTUHU3AIMKI MOKET ObITh
CBd3aH C OKHUCJIEHUEeM He TOJLKO OeJIKOB ILIa3MbI
KPOBH, HO 1 OCTATOYHBIX KOJINYECTB (POPMEHHBIX 3JIe-
MEHTOB, U3HAYAJIBHO COJIEPIKABIINXCS B JIOHOPCKOIA
1a3Me KpoBH (HaIrpuMep, B BUIE pa3pyleHHbIX KJle-
TOYHBIX MeMOpaH).

ITO TPEATIOTOKEHUE KOCBEHHO MOTBEPKIAIOT
naHuble 00 usMeperusx PII cycrieHsuu apuTpoLuTOB.
[Tokazasnu, 4TO IPU XpaHEHUN CYCTIEH3UN HPUTPOIIU-
TOB B TeueHUe 7-U CYyTOK ITPU KOMHATHOM TeMIiepary-
pe, Beanuunbl PII cMmemaoTcess B MOJTOKUTETHHYTO
obmacTh (puc. 2), To ecTh HAOIIOIAEMbBIE CMEIEHMS
CBUJIETETTBCTBYIOT O TPOTEKAHUU OKHCJIUTENbHBIX
MTPOIECCOB.

ConoctaBnenune BennuwH PII miasmber kpoBu
HoCJIe KapaHTUHU3auK ¢ 00acThbio Bemand PIT mas-
MBI KPOBU MPAKTUYECKHU 3/IOPOBBIX JIIOJIEH TTOKA3aI0,
YTO TepeJUBaHie OKWCJIEHHOW TIIa3Mbl TIAllUeHTY
MOJKET TpuBecTH K caBuram Besnuw PII mmaszmbr
KPOBH IAIIMeHTa B 00J1aCTh TOJOKUTEIbHBIX 3HAYCHUIA.

OrneHKy BaMSIHUS TpaHCHY3UNU KapaHTUHU30-
BanHO# na3mbl Ha PII nima3mbr kpoBW perunmenTa,
MIPOBEJIN i Vitr0 TIPU CMEIUBAHUN B COOTHOTIEHUN
1:1 paHHOIl IIA3MBI KPOBHU ¢ oOpasiaMy ILJIa3Mbl
KPOBU ITPaKTUYECKH 3JI0POBbIX 100POBOJIBIIEB.

Junarpammy PII kapanTWHMU30BaHHOW TIJIA3MbI
KPOBH, JIOHOPCKOI TIJTa3Mbl KDOBY U X CMECH TIPUBE-
JIA Ha puUC. 3.

Besmyuner PII mrazmbl kpoBU TOHOPOB B 11€J10M
HAXOAUJINCh B OOBIYHBIX IS 3/I0POBBIX JIIOZEH TIpeie-
Jax ot -53 MB 10 +13 MB, B T0 ke BpeMmst BeJTMYHbI
PII kapaHTUHU30BAHHOM MJIA3MbI KPOBU HAXOAMJINCh
B ipezieniax ot -10 MB 1o +93 MB. Tlocie cmerenms
IJIa3Mbl KPOBU JIOHOPOB ¢ 06pas3iiaMyl KapaHTUHI30-
BaHHOI 11a3Mbl KpoBu Besmyunbl PIT cmecn B 13 u3
15 ciy4aeB JOCTOBEPHO CMENIAICH B TIOJIOKUTEIb-
HYIO 00J1aCTh 3HAYEHUH OTHOCHTEIBHO HOHOPCKOMI
miazmbl kpoBu (p=0,000493). Pasznuna 3navenuii
nocturasia 43 mB.

[Tocae Tpanciianranun medenu [24, 25] u
mouku [26] B cirydyae ocsi0KHEHUH MTOCTTPAHCIIIIAHTA-
IIMOHHOTO TIEPUO/IA, BBIPAKATONIUXCS B TUCHYHKITNN
TPAHCIJIAHTATA, B TOM YHCJIe KPU3a OTTOPIKEHMUSI, MBI
Habmoganu cMmenienye Beaunurtbl PII miasmbl Kposu
naiuenTa 6oJiee ueM Ha 25 MB Kak B [10JI0/KUTEJIbHYIO,
TaK M B OTPHUIIATEIbHYIO 00/IaCTH IOTEHIIMAIOB. YKa-
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Puc. 2. U3menenne PII cycrieH3uu 3puTpOILMTOB NIPU XPaHEHHH
NpU KOMHATHOI Temmeparype.

Fig. 2. Changes in the RBC suspension RP during storage at a
room temperature.

ues. The maximum difference between RP values at
the beginning and end of storage was 57 mV. This ob-
servation indicates mainly oxidative processes occur-
ring in plasma during quarantine.

It was suggested that the abnormally high range
of positive RP values of blood plasma after quarantine
may be associated with the oxidation of not only
plasma proteins, but also the residual amounts of
blood corpuscles/microparticles originally contained
in donor blood plasma (for example, in the form of de-
stroyed cell membranes or exosomes).

This assumption is indirectly confirmed by data
on RP measurements of RBC suspension. It was
shown that during storage of the RBC suspension for
7 days at a room temperature, the RP values shifted
to the positive values (fig. 2), that is, the observed shift
indicated oxidative processes.

Comparison of RP values of blood plasma after
quarantine with RP values of blood plasma of practi-
cally healthy volunteers showed that transfusion of ox-
idized plasma to the patient’s one could lead to shifts of
RP values of patient's blood plasma to positive values.

The effect of transfusion of quarantined plasma
on the RP of the recipient's blood plasma was assessed
in vitro when this blood plasma was mixed with blood
plasma samples of clinically healthy volunteers at a
ratio of 1:1. The diagram of RP of quarantined blood
plasma, donor blood plasma and their mixtures are
presented in fig. 3.

In general, the RP values of donor blood plasma
were within the usual range for healthy people from -
53mV to + 13 mV, while the RP values of quarantined
blood plasma were within the range from -10 mV to
+93 mV. After mixing the donor blood plasma with
samples of the quarantined plasma, there was a statis-
tically significant shift in the final mixture RP to pos-
itive values in 13 of 15 cases (P=0.000493). The
difference of values has reached 43 mV.

After liver [24, 25] and kidney transplantation
[26], in the case of posttransplant complications in the
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Puc. 3. Inarpamma cmemenust PII nia3mMbpr KpoBH JOHOPOB NPH
TpaHcdy3uH IUIa3MbI TOCJIE KaPaHTUHUSALMH in Vilro.

Fig. 3. Diagram of shift of the donor blood plasma RP at in vitro
plasma transfusion after quarantine.

Note. 1 — donor plasma; 2 — plasma quarantined for 6 months;
3 — a mixture of donor plasma and quarantined plasma, 1:1. Sig-
nificance of differences between 1 and 3, P=0.000493.
IIpumeuanue. 1 — riazma JJOHOPOB; 2 — IJIa3Ma, KAPAHTHHU30BAH-
Hast B TedeHue 6-1 MeCSIEB; 3 — CMECh T1J1a3Mbl IOHOPOB U KapaH-
Tuan3oBanHoN mia3mbl 1:1. [JoctoBepnocts paszauuuit 1 m 3,
»=0,000493.

3aHHYIO BEJIMYUHY BHIOPAJIH B KAUECTBE MPOTHOCTHYE-
CKOTO KPUTEPHSl BBICOKOW BEPOATHOCTU DPA3BUTHSA
OCJIOKHEHUH Y UCCIeTOBAHHBIX TPYIII ITAIIMEHTOB.
Takum 06pasoM, MOKHO TIPEATONOKUTD, 4TO
Tpancdy3nd KapaHTUHU30BAHHOM T1J1a3Mbl C BBICOKH-
MU TI0JI0KUTeIbHBbIMU BesimunHamu PII mmeet Bbico-
KU PUCK BO3HUKHOBEHUS OTBETHON PEaKIIMU opra-
HU3MA, HAITPUMEP, Pa3BUTHS OKUCIUTETBHOTO CTpecca
WJTM BOCHAJIUTEIbHBIX TIPOIIECCOB. B ¢BA3M ¢ aTHM, /17151
OIICHKU BJIMSAHUS TIapaMeTPOB TpaHC)Y3MOHHOM
cpelbl HA OPraHM3M PENUITUEHTa, BeCbMa BaKHBIM
siBJIsieTcst Gosiee oPOOHOE UCCIIEIOBAHIE TTAIIMEHTOR
710 U TI0CJIe TIPOIEeLyPbl TpaHC(hY3UHN € BKIIOYEHUEM
JIOTIOJTHUTETbHBIX KIMHUYECKUX JIaHHbIX.

3akjaoyeHue

Monutopunr Besinuut PII myia3mbl KpoBU 10HO-
POB B IIpoliecce ee KapaHTUHU3AIMY TP TeMIepaType
-40°C nosBosns 06HapyKUTh, 4T0 B 70% ciyuaeB
uMmeno mecto cMeienue BeanuuHbl PII mmasmb
KPOBH B 06J1aCTh G0JIee TOJIOKUTETbHBIX 3HAUCHUH.
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form of a graft dysfunction, including rejection crisis,
we observed a shift in the RP value of patient's blood
plasma by more than 25 mV to both positive and neg-
ative potential areas. This value was chosen as a prog-
nostic criterion for the high probability of
complications in the studied groups of patients.

Therefore, it can be assumed that the transfu-
sions of quarantined plasma with high positive RP val-
ues possess high risk of causing a body response, for
example, the developing the oxidative stress or inflam-
matory reactions. In this regard, to assess the effect of
transfusion media parameters on the recipient's body,
more detailed studies of plasma RP before and after
the transfusion procedure with the inclusion of addi-
tional clinical data are warrented.

Conclusion

Monitoring of the donor blood plasma RP values
during quarantine at a temperature of -40°C demon-
strated that in 70% of cases there was a shift in blood
plasma RP values to more positive values. The in vitro
addition of the quarantined plasma to the plasma of
clinically healthy volunteer donors also led to a shift
in the final mixture RP to positive values in 87% of
cases.

Taking into account the data that the significant
shift of RP in blood plasma to the positive values is as-
sociated with the deterioration of the patient's state,
we concluded that it is necessary to conduct further
clinical studies on the use of quarantined plasma with
high positive values of RP.

JloGaBienue K 1jiasMe IPakTUYeCKU 30POBbIX JOHO-
POB—00POBOJIbIEB KapaHTUHU30BAHHOI 11J1a3Mbl B
87% cirydaeB Takske TIPUBOAMIIO K CMETIIEHHUTO BEJTIUH-
HbI PEJOKC-TIOTEHIMAIa KOHEYHOH cMecH B 00J1acTh
60J1e€ TTIOJIOKUTENBHBIX 3HAYEHUH i1 Vitr0.

YuurtsiBast JaHHBIE O TOM, UTO 3HAYMMOE CMe-
mienrie PIT B riasme KpoBu B 00J1aCTh OJOKUTENb-
HBIX 3HAYEHWN acCOMUUPOBAHO C YXYyAIEHUEM
COCTOSTHMSA TAIINEHTa, CAEIaIN BBIBOJ, O HEOOXO1H-
MOCTU TIPOBEJE€HUS JOMOJHUTEJTbHBIX KINHUYE-
CKUX UCCJE0OBAHUHN 11O MPUMEHEHNIO KapaHTUHU-
30BaHHOM I1JIa3MbI C BBICOKMMHU ITOJIOKUTETbHBIMUI
BeanuunHamu PII.
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ITess ucceroBanmst — ONpPeeNuTb aHTUOAKTEPUAIBHDIE U AHTUMUKOTHYECKITE CBOICTBA TOJYYEHHBIX IPAHY-
JIMPOBAHHBIX YIJIEPOIHBIX COPOEHTOB.

Marepuan u MeTobl. B KauecTBe MCXOAHOTO MaTepuaja NCIOIb30BaJM Yriaepoanbiii copbent BHUNTY-1,
KOTOPBII MOIUGMUIIMPOBAIN MOJNBUHUIITUPPOJUIOHOM, OJUTOMEPAMU MOJIOUHOM U TJINKOJIeBOI KucioT. [Ipo-
BeJIEHbI CTEHIOBbIE MUKPOOUOJIOTHYECKITE UCCIIEOBAHNUSI TI0 OIIPE/IEIEHINI0 aHTUOAKTEPUAIBHOI 1 AHTUMUKOTHU -
YeCKOil aKTUBHOCTU 3TUX IPAHYJIMPOBAHHBIX YTJIEPOAHBIX reMocopOeHTOB. AHTHOAKTEpUAIbHBIE CBOICTBA
cOpOEHTOB UCCJIEOBAIIH 110 OTHOIIEHHIO K TATOTEHHBIM U YCJIOBHO MTATOTeHHBIM MUKpOOpranusmam: Staphylococ-
cus aureus, Pseudomonas aeroginosa, Klebsiella pneumoniae, Escherichia coli, Streptococcus agalactiae, a Takxe K
ux cmecaMm: cMech Ne 1 — Staphylococcus aureus n Escherichia coli; cmech Ne 2 — Staphylococcus aureus w
Pseudomonas aeruginosa.

Pesyasratol. [Tokasasm, uto Mmoanduimposantbie o6pasibl BHUUTY-1, npossisiim 6oJiee BbIPAKEHHYIO TI0
CPaBHEHMUIO C KCXOIHBIM COPOEHTOM AaHTHOAKTEPUATIbHYIO U AHTUMUKOTUYECKYIO AKTUBHOCTD 10 OTHOLIEHUTO K GOJIb-
MINHCTBY MCCJIEI0OBAHHBIX MIKPOOPTaHI3MOB.

3axmoueHue. BoisiBiieHHble aHTUMUKPOOHBIE, IETOKCUIIUPYIOTIIE CBOUCTBA MOAUMUIIMPOBAHHBIX COPOEHTOB
SIBJISTIOTCSI JIOTIOJTHUTEIbHBIM 0O00CHOBAHMEM JIJIsI VX MCIIOJIb30BAHUST B KOMILJIEKCHOU TePAIU aKyIIePCKO-THHEKO-
JIOTHYECKOIT U XUPYPrudecKoi matoioruu. Pazpaborantbie yriepoHble COPOEHTBI SIBIISTIOTCS TIEPCIEKTUBHBIMI Ma-
TepHAIAMU JIJIsT MEJIMI[UHBI, TAK KaK PACIIUPSIIOT BO3MOKHOCTU COPOIMOHHOI TEPAIUU B KIMHUYECKOU MTPAKTHKE.

Kantouesvte cnosa: modugurxayusi; yziepooHoie copoeHmol; AHMUMUKPOOHASL PESUCTNEHITHOCTI; AHMUMUKOMUYE -
CKasl Pe3UCMeEeHMHOCMY

The purpose is to study antibacterial and antimycotic properties of produced granular carbon sorbents.

Material and methods. A VNIITU-1 carbon sorbent was used as a starting material, which was modified with
polyvinylpyrrolidone and lactic and glycolic acids oligomers. Microbiological bench tests were carried out to deter-
mine the antibacterial and antimycotic activity of these granulated carbon hemosorbents. Antibacterial properties
of sorbents were studied in relation to pathogenic and conditionally pathogenic microorganisms: Staphylococcus au-
reus, Pseudomonas aeroginosa, Klebsiella pneumonia, Escherichia coli, Streptococcus agalactiae as well as their mixtures:
mixture No. 1 — §. aureus and E. coli; mixture No. 2 — S. aureus and P. aeruginosa.

Results. Presented data demonstrate that the modified VNIITU-1 exhibits significant antibacterial and antimy-
cotic activity against most of the studied microorganisms compared to original sorbent.
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Conclusion. Modified sorbents as antimicrobial and detoxifying drugs may further be employed in treatment
of obstetrical-gynecological and surgical diseases. The carbon sorbents are promising materials for medicine, as they
expand the potential of sorption therapy in clinical practice.
Keywords: modification; carbon sorbents; antimicrobial resistance; antimycotic resistance
DOI:10.15360/1813-9779-2019-1-54-69
BBenenue Introduction

B nocaennee pecsatunerne 8 Poccuu u 3a pybe-
JKOM GOJIBIIIOE BHUMAHUE Y/ICJAETCS U3YICHUIO MeXa-
HU3MOB (DOPMUPOBAHUST KPUTUIECKUX COCTOSTHUIN —
TEX COCTOSTHUH, MPU KOTOPHIX BO3HUKAET HEOOXOIU-
MOCTb KOPpeKIUuu MYHKIUN WU Ja’Ke 3aMEHbI UX B
obuieii cucreme MHTEHCUBHOrO Jieuenus [1, 2]. Ipu
TaKUX KPUTHUYECKUX COCTOSHUSX, KaK CEICHC, TIepu-
TOHUT, TTAHKPEOHEKPO3, TIOJIUTPABMA, IIIOK PA3TUIHOI
HTHOJIOTUY HABJTIOIAeTCsT OOTIUPHBIT KOMILIEKC THITO-
BBIX TTATOJIOTUYECKUX MTPOIECCOB: THITOKCH, UTIIEMHUS,
TUIT09Pro3, SHAOTOKCEMUS, AIN/103, OKCHIATUBHBII
CTpecc, KaTbIIUEBBIN U KUCJTOPOIHBII TAPaTOKC U JIp.,
KOTOpPBIE, €CTM X HE KOPPUTHPOBATH, B KOHEUHOM
UTOTE HEPEIKO TIPUBOJSAT K JIeTaJbHOMY ncxoiy [3—5].
Cpenu 9THX TUIIOBBIX MATOJOTHYECKUX IPOIECCOB
0co60r0 BHUMAHUS 3aCTYKUBACT IHAOTOKCEMUST U
dbopMupoBaHre Pe3UCTEHTHOCTH  BO3OyAUTENEl
UHMEKITMOHHBIX OCJIOKHEHWIT K aHTHOAKTEPUATHHBIM
1 aHTUMUKOTHYECKUM cOeInHeHusIM [6—8].

B ciryuae, xorzia TpagiMIiMOHHbIE METObBI KYTIN-
POBaHUST SHAOTOKCEMUU U MH(DEKIIN TIEPECTAIOT OBITH
9 dEKTUBHBIMU, IPUOETAIOT K 9KCTPAKOPIIOPAIbHOI
reMoKkoppekiuu 1 apdepertroi Tepanun. /s neTok-
CHKAIIMK OPraHnu3Ma MCHOJIb3YIOT Pa3indHbie coph-
IIMOHHBIE METOIBI: TEMOCOPOITHIO, SHTEPOCOPOITHIO 1
ANTUIMKAIIHOHHYIO COPOIINIO, OCHOBAHHbBIE Ha CITOCOO-
HOCTU MTOPHCTHIX MATEPUAIIOB M3BJIEKATh TOKCUYECKUE
BEIIeCcTBA U3 GHONIOTHYECKUX SKUIKOCTEH OpraHu3Ma.
B cBs3u ¢ aTMIM HayYHbIEe TOUCKOBBIE UCCJIEOBAHUS 110
pa3paboTKe HOBBIX MATEPUAJIOB U METOJOB JICUCHUST
3a60JIeBaHNil, BBI3BAHHBIX TTATOTEHHBIMUA MUKPOOPTa-
HU3MaMU, TIPE/ICTABJISIOTCS aKTYaTbHBIMHU.

OueBUIHO, YTO NEPCIIEKTUBHBIM METOIOM Jieye-
HUST UHOEKIIMOHHOI TTATOJOTUY MOKET CTaTh coph-
IMOHHAS Teparus C UCIOJb30BAHUEM MaTEPHAJOB,
KOTOpBIe HE30TACHBI [IJIsi OPTAHU3Ma U HE COJePIKAT
AHTUOUOTUKOB WMJIM aHTUMUKOTUKOB. COpOEHTHI
MHAKTUBUPYIOT TATOT€HHblE MHUKPOOPTaHU3MBI U
BBIBOZIT U3 OPTAaHM3Ma MAIMEHTA TIPOJYKThI UX JKU3-
He/lesITeTIbHOCTH, a TaKKe MPOAYKThI HAPYIIEHHOTO
MeTaboIIM3Ma U TOKCUYHBIE COCIMHEHST, TOTyYCHHBIE
13 BHelTHel cpejibl [8]. B peannManinoHHOM TpakTHKe
METOJI FeMOCOPOIINHU UCTIOJIB3YIOT C HENbIO CHUKEHSI
KOHI[EHTPAIMH ayTOAHTUTEJ, aHOMAJBHBIX OEJIKOB,
KPOBSTHBIX TTUTMEHTOB, HODMAaJU3AIUKU PeoJIornye-
CKHUX CBOHMCTB KPOBU | T. 1. [9].

Ha craguu 3aposkieHust U pa3BUTHSA TeMOCOPO-
I[UH UCTIOJIb30BAIN (DUIIBTPBI, [TOJIyIaeMble 13 KaMEH-
HOTO YTJISI U MAaTEPHAJIOB OPTAHUYECKOTO ITPONCXOXK-
NeHUs: IPEBECUHBI, JIUTHUHA, (DPYKTOBBIX KOCTOYEK,

In Russia and worldwide, much attention has been
paid to the study of mechanisms of development of crit-
ical illness over the last decade, i. e. those conditions,
which require correction of functions or even their re-
placement in the general intensive care system [1, 2].
Such critical illnessess as sepsis, peritonitis, pancre-
onecrosis, multiple trauma, shock of various etiologies,
are characterized by complex pathological processes that
include hypoxia, ischemia, hypothyroidism, endotox-
emia, acidosis, oxidative stress, calcium and oxygen dis-
turbances, etc., which if not corrected commonly lead to
alethal outcome [3—5]. Endotoxemia and the formation
of resistance of infectious pathogens, complicated the
critical illness, to antibacterial and antimycotic com-
pounds deserve special attention [6—8].

When traditional methods of management of en-
dotoxemia and infection are ineffective, extracorporeal
hemocorrection and efferent therapy is employed. Var-
ious sorption methods are used for detoxification in-
cluding hemosorption, enterosorption and application
sorption based on the ability of porous materials to ex-
tract toxic substances from biological fluids of the
body. In this regard, studies on the development of new
materials and methods of treatment of diseases caused
by pathogenic microorganisms seem urgently needed.

It is obvious that sorption therapy using materi-
als that are safe for the body and do not contain an-
tibiotics or antimycotics can be a promising method
of treatment of infectious diseases. Sorbents inactivate
pathogenic microorganisms and remove their waste
products, as well as products of impaired metabolism
and toxic compounds penetrated from the external en-
vironment from the patient's body [8]. In the Inten-
sive Care Unit (ICU), the hemosorption technique is
used to reduce the concentration of autoantibodies,
abnormal proteins, blood pigments, and to normalize
the rheological properties of blood, etc. [9].

At the early stages of hemosorption develop-
ment, sorbents were obtained from coal and organic
materials: wood, lignin, fruit seeds, nut shells, peat,
sapropel. However, they contain a large amount of
dust, have the ability to «sinter» in columns, contain
a large number of minerals and organic compounds,
which are often toxic, especially compounds of wood-
chemical resins. The modified sorbents are character-
ized by high mechanical strength, chemical resistance,
homogeneous granulometric composition, and do not
have excessively high sorption activity, which leads to
the removal of not only toxins from the blood, but also
vital substances [10—12].
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CKOPJIyIIBl 0pexoB, Topda, carpored. OqHako oHu
coziepKaT HOJIBIIOE KOJTUYECTBO MBLIH, 00JIaIaI0T CIIO-
COOHOCTBIO «CIIEKAThCS» B KOJOHKAX, COAEPKAT B
GOJTBIIOM KOJIMYECTBE MUHEPAJIbHBIE BEIIECTBA 1 OPra-
HUYECKHe COeJIMHEHUs, 3a4acTyIO SABJLIONINECS TOK-
CUYHBIMH, 0COOEHHO COEJAUHEHUsSI JIECOXUMUYECKIX
cMou1. MoauduimpoBatubie COPOEHTHI OTIUYATOTCS
BBICOKOI MeXaHMYeCKOH MPOYHOCTHIO, XUMUYECKON
CTOWKOCTBIO, OJHOPOJIHBIM T'PAaHyJIOMETPUYECKUM
COCTaBOM, He 00JIA/IAI0T YPE3MEPHO BBICOKOI copO-
IIMOHHOM aKTUBHOCTDIO, IPUBOJIAIIEH K yIAJTeHUIO U3
KPOBU HE TOJBKO TOKCHHOB, HO ¥ ’KU3HEHHO HEOOXO0-
numbix BetecTs [10—-12].

B pesyJsibraTe TeOpEeTUYECKUX, ONBITHBIX U OIIBIT-
HO-TIPOMBIIIJIEHHBIX —HccjefoBannii  Vucruryrom
npobsem nepepaborku yriaesogoposos CO PAH B
TBOpPUECKOM cojipyskecTBe ¢ MHcTuTyTOM (husuye-
ckoit xumnn PAH m OmMckum rocymapcTBEHHBIM
MEJUIUHCKUM YHUBEPCUTETOM ObLIH pazpaboTaHbl
(busuko-xuMmuyeckue OCHOBBI CUHTE3a HOBBIX YIJe-
POIHBIX COPOEHTOB, BKJIIOYAS TEXHOJIOTHIO TTHPOJIUTH-
YeCKOro yIVIOTHEHUS TPaHyJl TEXHUYECKOT0 YIiepoja
B TOPM30OHTAJIbHOM BpallaloleMcsl pPeakTope ¢
noBMKHBIM cioeM [13]. Ilo aToit HOBO¥ TexHOJIOTHY
GBI CO3/IaH TEJIbINA KJIACC MOPUCTBIX TPAHYINPOBAH-
HBIX YTJIEPO/-YIJIEPOIHBIX MaTEPUAJIOB PA3JINYHOTO
Ha3HaueHUs, pazpaboTaHa YHUKAIbHAs, He MMeloTast
MHUPOBBIX aHAJIOTOB OIBITHO-IIPOMBIIIIEHHAS TEXHO-
JIOTHS TIOJTy4eH NS HOBBIX YIJIEPO/I-YTJIEPOHBIX MaTe-
pHAJIOB, B TOM 4YMCJIe MEIMIMHCKOTO Ha3HAUYeHMUS,
OCHOBaHHAs Ha CUHTE3€ C UCIIOJIb30BAHUEM JIBYX Pa3-
JIMYHBIX CTPYKTYPHBIX MoArduKanuii rpadhutononob-
HBIX MaTepuajoB: HAHOAMCIIEPCHOTO YIJepojia u
HU3KO-TeMIlepaTypHoro nupoyriepoga. Oxasanocs,
YTO HOBBIE TIOPUCTbIE MATEPUAJIBI TUPOJIUTUUECKOM
PUPO/IbI 3HAYUTEIBHO ITPEBOCXOAAT TPAAUIIMOHHDIE
AKTUBHbIE YIJIM 110 MEXaHMYECKOW, TEPMUYECKON U
XUMUYECKOH CTOHKOCTH, COZepKaT MeHbIlle MUHe-
paNbHBIX MpuUMeceii, 06Iaal0T MPEUMYIIECTBEHHO
ME30II0PUCTON CTPYKTYPOii, OTJINYAIOTCS HU3KUM
cozepskanuneM 30Jb1 (opsiaka 0,15%) u cepor (0,3%),
YTO CPa3y peniajio 3aady JOCTUKEHHS TIOUTH IT0THO-
rO OTCYTCTBUS MUHEPaTbHbIX TipuMeceii [12, 13]. B
YaCTHOCTHU, CTEHIOBbIE UCIIBITAHUS 110JIy4€HHOTO I'pa-
HYJIMPOBAHHOTO yriiepoaHoro remocopbernta BHI-
TY-1 1103BOINIIN YCTAHOBUTD, YTO OH OOJIAAET BBICO-
KO XUMHUYeCKOI YuCTOTOM (Ccoziep:kaHue yriaepoa He
Mmenee 99,5%), IPAKTHUYECKU MTOJHBIM OTCYTCTBUEM
IBLJIM HAa MTOBEPXHOCTU U B 110PAX, BLICOKOW IIPOY-
HOCTBIO TpanyJi ccheprudeckoit popmbl, ME30TIOPUCTOM
CTPYKTYPOIi ¢ Tipeobiiagarorium pasmepom rop 50—60 mm,
BBICOKOH a/IcOPOIIMOHHOI AKTMBHOCTBIO 10 OTHOIIIE-
HUIO K BellleCTBaM Pa3JIM4HON IIPUPOIbI, B TOM YHCJIE
1 TOKCHHAM HU3KOM U CpeHell MOJIEKYIPHOM Macchl,
006J1a/1aeT BBICOKOI CTOMKOCTHIO K CTEPUIU3AINU, HE
tokcuuen [13]. Meauiunckoe usaenne <lemocopOeHT
YIJIEPOHBIH B (PU3MOJIOTMYECKOM PACTBOPE CTEPUIIb-
bt BHUUTY-1» nomyun mmpokoe pacipocTpaHe-
nue B Poccuiickoit Menepanuu u crpanax CHT ¢

As a result of theoretical, experimental and ex-
perimental-industrial research by the Institute of Hy-
drocarbon Processing, Siberean Branch of the Russian
Academy of Sciences in cooperation with the Institute
of Physical Chemistry and Omsk State Medical Uni-
versity, physical and chemical bases for the synthesis
of new carbon sorbents were developed. The new tech-
nology included pyrolytic compaction of carbon gran-
ules in a horizontal rotating reactor with a movable
layer [13]. According to technology, a whole class of
porous granular carbon-carbon materials for various
purposes was created; a unique experimental indus-
trial technology for producing new carbon-carbon ma-
terials for medical use based on the synthesis using
two different structural modifications of graphite-like
materials, nanodispersed carbon and low-temperature
pyrocarbon, was developed. It turned out that the new
porous materials of pyrolytic nature significantly ex-
ceeded the traditional active coals in mechanical, ther-
mal and chemical resistance, contained less mineral
impurities, possessed a predominantly mesoporous
structure, exhibited low ash (about 0.15%) and sulfur
(0.3%) contents. New features almost solved the prob-
lem goal of achieving complete absence of mineral im-
purities [12, 13]. In particular, bench tests of the
obtained VNIITU-1 granulated carbon hemosorbent
has revealed that it has a high chemical purity (carbon
content not less than 99,5%), almost complete lack of
dust on the surface and in the pores, high strength of
spherical granules, mesoporous structure with a pre-
dominant pore size of 50—60 nm, high adsorption ac-
tivity towards substances of different nature,
including toxins of low and medium molecular weight.
In addition, new sorbent was highly resistant to ster-
ilization and was non-toxic [13]. The medical product
«Sterile hemosorbent carbon in the saline VNITTU-1»
was widely used in the Russian Federation and CIS
countries with high quality assessment and was
awarded by the Gold medal of the First International
Exhibition of Innovations (Moscow, All-Russian Ex-
hibition Center, February, 2001).

The VNIITU-1carbon sorbent served as a raw
material for creation of carbon sorbents for medical
purposes [12]. Based on the sorbent, we have created
modified sorbents with specific action for various pur-
poses of sorption therapy: selective extraction of
proinflammatory cytokines from blood plasma; reduc-
tion of the viral load (in hepatitis B); antibacterial and
antifungicidal action by chemical modification of their
carbon surface with fixation of nitrogen- and oxygen-
containing modifiers [13].

In order to arm the sorbents with specific prop-
erties and provide targeted actions against toxic sub-
stances, gram-positive and gram-negative bacteria, we
used various methods of modifying the surface of the
VNIITU-1 mesoporous granular carbon hemosorbent
(TU 9398-002-71069834-2004, registration certifi-
cate No. FSR 2008/03492 dated 25.09.2012): oxida-
tion, fluoridation, functionalization by polymers of
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BBICOKOI1 OI[EHKOH KayecTBa 1 GBI yI0CTOEH 30JI0TOi
Mmenasu [lepBoro MexyHapoaHOrO CaJloHa UHHOBA-
it (MockBa, Becepoccuiickuii BBICTABOUHBIN 1IEHT,
despainb, 2001 1.).

VlcxomHbIM MAaTePHAJIOM JIJIST CO3AHUS YTJIePOJI-
HBIX COPOEHTOB MEUIIUHCKOTO HA3HAYCHWS CJIY KU
yriepoaubiii copoent BHUMTY-1 [12]. Ha ero ocHo-
BE HAMH CO3JaHbl MOAUDUIIMPOBAHHBIE COPOEHTHI
crennuIecKoro JAeicTBUs JJisd Pa3JUYHbIX IeJeil
COPOIMOHHOIT Tepanu: H3GUPATETLHOTO U3BJICYEHIST
[POBOCIIATTUTENbHBIX IIUTOKUHOB U3 IIJIA3Mbl KPOBH;
CHUJKeHUs BUPYCHOU Harpysku (mpu rematurte B);
AHTUOAKTEPUAIBHOTO U aHTU(MYHTUIIUIAHOTO JIeii-
CTBUSI TIyT€M XMUMHYECKOTO MOAMMPUIIMPOBAHUS UX
YTJIEPOIHOI MTOBEPXHOCTH C 3aKPEIJIeHUeM a30T- U
KUCJIOpo/Ico/iepkaiux Moaudukaropos [13].

C nesibio mpugaus copbeHTaM CrienupuIecKux
CBOIICTB U 11eJIeHANPABIEHHOTO eUCTBUS 110 OTHOIIIE-
HUIO K TOKCUYHBIM BEIECTBAM, IPAMITOJIOKUTETBHBIM 1
IPAMOTPHIATEBHBIM GAKTEPUSIM MbI UCTIOTB30BAJIH
pasmyHbIe Coco6bl MOAUDHUIMPOBAHIS TOBEPXHOCTH
Me30II0PHUCTOTO MPAHYJIMPOBAHHOTO YTIEPOHOTO FEMO-
copbernra BHUUTY-1 (TY 9398-002-71069834-2004,
peructpainonnoe ynoctopeperue Ne OCP 2008 /03492
ot 25.09.2012 r.): okucenue, (hropupoBarue, (pyHKIHO-
HAJIM3AIMS [T0TMMePAMU AMIHOKUCJIOT U THPOKCUKIUC-
JIOT, IMMOOMJIM3AIINS aMUHOKUCIOT 1 T. 1. [ 15].

Mopudukariuio noBepXHOCTH YIJIEPOIHOTO COP-
GeHTa C 1eTI0 YBeJIMYeH st COPOIUOHHON aKTHBHOCTH
U CEJIEKTUBHOCTU MbI OCYIIECTBJISIN PA3JIMUHbIMU
BEIIECTBAMU: AMHUHOKAIIPOHOBOI KUCJIOTOI, YeloBe-
YECKUM CBIBOPOTOUHBIM ATbOYMUHOM, TOJTUBUHWII-
HMUPPOJIUIOHOM, OJTUTOMEPAMU MOJIOYHOI U TJIKOJIe-
Boil kucyothl. [list MomuduKanuu MOBEPXHOCTH
IPaHyJINPOBAHHOIO yIiiepogHoro copbenra BHU-
TY-1 ucnonb3oBain aMUHOKANPOHOBYIO KUCJOTY
npousBogctBa OOO «Ilonmucunres» (puc. 1, a)
HWcceneposanue TeKeTypbl 06pasiioB copbeHTa mpoBo-
JMIA aICOPOIMOHHBIM METOIOM TI0 HU3KOTEMIIepa-
TYpHOU ajacopbimu-aecopObiun azota Ha 06bEMHOIT
CTaTUYeCcKOl BaKyyMHOU yctaHoBKe Sorptomatic-1900
(Carlo Erba).

Ha camnmMkax, mosy4eHHbIX METOIOM PACTPOBOI
9JIEKTPOHHON MUKPOCKOIIUH, OTYETIINBO BUIHA MOPDO-
JIOTUST UCXOTHOTO YTJIEPOIHOTrO Matepuasa (puc. 2, a):
COPOEHT OTIIMYAETCS IOCTATOUHO CJOKHON CTPYKTYPOii
— BEepXHUE CJIOU YIJIEPOIHOI MOBEPXHOCTH UMEIOT
U3JIOMBI, TPEIUHBI, TPOHNU3AHBI KAHAIAMHU U BIIAJNHA-
Mu. J{MCHepcoHHBIN aHATN3 Pa3Mepa YriIepPOIHBIX
rpaHyJl MOKa3aJl, 4ToO UX CPEAHUIN Pa3Mep COCTABJISIET
~0,60 mm. XapakTepHo, 4TO 1ocjie MOAU(PUITNPOBAHUS
YTJIEPOIHOIL TTOBEPXHOCTH (POPMA U PA3BMEPDI TPAHYJI
copbeHTa He OTJIMYAIOTCSA OT UCXOAHOTO 00pasiia 1
umeloT moutu ceprdeckyio opmy (puc. 2, b).

[l MouUIIMPOBaHUS Y€JIOBEYECKOTO ChIBO-
POTOYHOTO anbOyMHUHA B KOHIeHTpauun 20 Mr/Mi,
[PUTOTOBJIEHHOTO Ha arieraTHoM Oydepe, UCIOIb30-
By 25% BOJHBIN pacTBOP riayTapaibaeruia. MHky-
GaIUIo B PACTBOPE IIIYTAPOBOTO AJIbJIETH/IA OCYIIECTB-

amino acids and hydroxy acids, immobilization of
amino acids, etc. [15].

We modified the surface of the carbon sorbent to
increase their sorption activity and selectivity using
different substances including aminocaproic acid,
human serum albumin, polyvinylpyrrolidone, lactic
and glycolic acid oligomers. To modify the surface of
the VNIITU-1 granulated carbon sorbent,
aminocaproic acid manufctured by LLC «Polysynthe-
sis» (fig. 1, a) was used. The texture of the sorbent
samples was studied by adsorption method using low-
temperature adsorption-desorption of nitrogen in the
volumetric static vacuum unit Sorptomatic-1900
(Carlo Erba).

The images obtained by scanning electron mi-
croscopy clearly show the morphology of the raw car-
bon material (fig. 2, a, b): the sorbent has a rather
complex structure; the upper layers of the carbon sur-
face have fractures and cracks penetrated by channels
and depressions. Dispersion analysis of the size of carbon
granules showed that their average size was ~0.60 mm.
It is noteworthy that after the modification of the car-
bon surface, the shape and size of the sorbent granules
do not differ from the initial sample and have an al-
most spherical shape (fig. 2, b).

A 25% aqueous solution of glutaraldehyde was
used to modify human serum albumin at a concentra-
tion of 20 mg/ml prepared on an acetate buffer. Incu-
bation in the glutaraldehyde solution was carried out
for 2 hours, then a fluorocarbon hemosorbent with
amino groups was kept with polyalbumin for 16—24
hours and washed with the saline. The presence of im-
mobilized protein (polyalbumin) on the surface of car-
bon sorbent was confirmed by spectrophotometric
analysis, high-resolution transmission electron mi-
croscopy, and atomic force spectroscopy. The synthesis
scheme is shown in fig. 1, b.

The relief and surface morphology of the carbon
hemosorbent samples were studied by scanning elec-
tron microscopy using electron microscope JSM-6460
LV (JEOL,Japan). The method of studying the relief
and morphology of the surface includes application of
a gold film 10—15 nm thick onto the sample.

6—10 granules of the sorbent were studied. Their
microphotographs with different magnification are
presented in fig. 2, ¢, d. As it can be seen, the shape and
size of the granules of fluorocarbon sorbents do not
differ from the initial sample and have an almost
spherical shape; the relief and surface morphology be-
fore and after fluoridation almost has not changed.

N-vinylpyrrolidone («Merck», Germany) and
the initiator of radical polymerization of azobisisobu-
tyronitrile («Merck», Germany) were also used to
modify the surface of the carbon sorbent. Impregna-
tion of carbon sorbent granules was carried out with
0.2—-1.0% solution of the initiator in N-vinylpyrroli-
done at pH 7.0-7.5, residual pressure of 15-20 mm
Hg, and the ratio of hemosorbent : initiator solution
in N-vinylpyrrolidone of 1 : 1.4—2.0 for 15—30 minutes
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Original sorbent (VNIITU-1)
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N-vinylpyrrolidone
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Azobisisobutyronitrile

F

Biospecific carbon sorbent
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C
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Pentafluorophenol ether

D

Carrier:
Mesoporous carbon sorbent

carbon sorbent

Puc. 1. Cxembl MogudUKaIMK yTI€POAHOTO cOpOenTa.
Fig. 1. Carbon sorbent modification schemes.

Ipumeyanue. a — Original (VNIITU-1)/Modified sorbent — ucxoansiiit (BHUNTY-1)/Moxuduimposatiiblii copbenT; aminocaproic acid —
amuHOKanponosast kucsora. b — dicyclohexylcarbodiimide — pukiorexkcukapbommmmu pentafluorophenol — nenradropdenosn; pentaflu-
orophenol ether — nierradropderonossiii ahup; polyalbumin — mommans6ymus; biospecific carbon sorbent — 6uocnenudmaecknii yroiepoasbiit
copbenr. ¢ — Modifier: N-vinylpyrrolidone — momudukarop: N-Busnimuppoiios; initiator: azobisisobutyronitrile — unutmarop: asobucuso-
Oy THPOHUTPHUIT; carrier: mesoporous carbon sorbent — HocuTesb: ME30HOPUCTHIN yrepoHbiii copoenT; polymer-modified carbon sorbent — mo-

JIMMepMOZI(DHUIIMPOBAHHBIN YITIEPO/HbII COPOEHT.

JIAJIW B TeyeHUe 2 4acoB, 3aTeM (hTOPYTJIEPOIHBIN
reMOCOPOEHT € aMUHOTPYTIAMU BBIIEPKUBAIU C
noJmMaab0yMuHOM B Teuenne 16—24 yacos 1 OTMbIBa-
u (pU3NOTOTUYECKUM PACTBOPOM XJIOPUIA HATPHSI.
Hannuve Ha TOBEPXHOCTH YTIEPOAHOTO copOeHTa
UMMOOMIN30BaHHOrO Geska (moananbOyMuHa) o-
TBEPKAAIN (DUBUKO-XUMUYECKIIMHU METOIAMU: CIIEK-
TPOOTOMETPUYECKUM aHAIN30M, TPOCBEYNBAIOTIEH
2JIEKTPOHHOI MUKPOCKOIHEI BBICOKOTO Pa3peleHus,
aTOMHO-CHJIOBOH criekTpockonuei. Cxemy cuHTe3a
npeacTaBuiv Ha puc. 1, b.

Penved m Mopdosornio mosepxuHocTu ucce-
IYeMBIX  00pPasioB  yTJIEPOAHOTO TreMocopOeHTa
U3YyYaJd METOJIOM PACTPOBOI 3JIEKTPOHHON MUKPO-

(fig. 1, b). Then the temperature was raised to
65—75°C and kept for 0.5—8 hours in an inert atmos-
phere [15]. The relief and surface morphology of the
carbon hemosorbent samples were studied by scan-
ning electron microscopy using electron microscope
JSM-6460 LV, JEOL (Japan).

The method of preparation of sorbents for the
study included vacuum deposition of a gold film,
10—15 nm thick, onto a sample. Six-ten granules of the
sorbent were studied. Fig. 2, a, e presents micropho-
tographs of the raw material, a sample of granulated
carbon sorbent (CS) and a modified polyvinylpyrroli-
done sorbent (CS-PVP). Data on the type of the poly-
mer film distribution on the surface of the particles of
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d e

e N T e

a — carbon sorbent original (VNIITU-1);

b — carbon sorbent VNIITU-1 modified with 20% aminocaproic acid solution;
¢ — molded carbon sorbent VNIITU-1 (CS-M);

d — carbon sorbent VNIITU-1 modified by albumin (CS-M-PA);

¢ — carbon sorbent VNIITU-1 modified by polyvinylpyrrolidone (CS-PVP).

Puc. 2. drekTpoHHO-MUKpPOCKonuyeckue (ororpadun rpaHyJ1 U yriaepoaHOil MOBEPXHOCTH HCXOHOTO (a) U MOAu(UIMPOBAHHBIX
(b—e) copGenToB.

Fig. 2. Electron microscope images of granules and carbon surface of original () and modified (b—e) sorbents.

IIpumeuanue. Carbon sorbent (CS) — yruepoaubiii copbenr (YC); original (VNIITU-1) — uexomusiit (BHUUTY-1); modified with 20%
aminocaproic acid solution — Mogudunmposantbiii 20% pacTBOpoM aMuHOKapoHoBoi kucaoTsl; molded (CS-M) — dopmosarnbiii (YC-D);
modified by albumin (CS-M-PA) — moaudunmposanubiii ansoymutom (YC-D-T1A); modified by polyvinylpyrrolidone (CS-PVP) — mozu-

urmposanmbrit nosmBuHMIITIIPppOIAoHoM (YC-TIBIT).

CKOIIUU C UCTIOJIb30BAHIEM 3JIEKTPOHHOTO MUKPOCKO-
na JSM-6460 LV, JEOL (Anonus). Metoauka uccoe-
noBanusi perbeda U MOPHOJIOTHE TOBEPXHOCTH
3aKJII0YACTCST B HAHECEHUH Ha 06paser] 30JI0TOi TIeH-
ku tosmuuoit 10—15 um.

Wccenegosaimi mo 6—10 rpanys o6pasiioB aToro
copbenTa. Kak BugHo Ha puc. 2, ¢, d, hopma u pasmep
rparys (hTOPYrIEPOIHBIX COPOEHTOB HE OTINYAIOTCS
OT MCXOJIHOTO 06pasIia  UMEIOT MOUTH C(hepIIecKyIo
dbopmy, penved m Mopdosiorus MTOBEPXHOCTU /10 U
nocyie GpTOPUPOBAHUS TTPAKTUIECKU HE M3MEHSIOTCSI.

[t MopmpuIIMpOBaHNST TOBEPXHOCTHU YTJIEPOI-
HOTO cOPOEHTA UCMTOTB30BAN TaKKe N-BUHUITHPPO-
munon («Merck», Tepmanust) 1 MHILIMATOP paglKaib-
HO¥T MOJIMMEpU3aIiy IUHUTPUIT a300UCH30MACISTHOT
kucyorel (IMHN3) («Merck», Tepmanmus). ITpormr-
Ky TpaHyJ YIJIEepPOAHOTO COpPOEHTA TPOBOIAUIIM
0,2—1,0% pactBopoM nHuUIMaTOPa B N-BUHUIIIHPPO-
swziode ipu pH 7,0—7,5, octarouriom gassernu 15—20 Mmm
PT. CT. ¥ COOTHOIIEHUN TEMOCOPOEHT : PACTBOP MHU-
nuaropa B N-sununmmpposugone 1 : 1,4—2,0 B Teve-
aue 15-30 munyt (puc. 1, b). 3atem temueparypy
nogHuMan 10 65—75°C 1 BbIIEP/KUBAJIN B TEUCHHUE
0,5-8 yacos B urepTHOIT armMocdepe [15]. Mopdoo-
THIO U pesibed) TIOBEPXHOCTH MCCIAETYEMBIX 00Pa3IioB
YTAEPOIHOTO COPOEHTA MCCIEN0BATM METOIOM pac-
TPOBOII 3JIEKTPOHHOIT MUKPOCKOIINH C UCTIOJIb30BAHN-
€M 2JIeKTPOHHOTO MuKpockota JSM-6460LV, JEOL.

Mertopuka OJATOTOBKY K HCCJIEIOBAHUIO COPOEH-
TOB 3aKJII0YAIACH B BAKYYMHOM HAITBLICHUH Ha 0OPa3e]
30710TOM TWIeHkn TosmuHoi 10—15 um. Mccnenoanu

modified carbon sorbent samples were obtained using
scanning electron microscopy (microscope JSM-
6460LV, JEOL) [15, 16]. «Depositions» in the form of
finely dispersed polymer particles of various shapes
were visible on the entire surface of the modified car-
bon granules. It demonstrates that the polymerization
of vinylpyrrolidone (VP) mainly occurs within the sur-
face defects, including cracks and channels, with the
formation of a local polymer coating (fig. 2, e).

The use of infrared spectroscopy allowed to
deepen the understanding of the vinylpyrrolidone
(VP) polymerization process on the surface of the
granular carbon sorbent when comparing the spectra
of the VP monomer, a solution of commercial
polyvinylpyrrolidone (PVP) and carbon granular sor-
bent before and after modification [15]. This study al-
lowed to control the VP polymerization process on the
carbon sorbent, whereis the study of polymer migra-
tion from the modified sample after contact with aque-
ous solutions allowed to assess the «prolongation» of
the effect of the resulting drug.

As it is known, the concept of «prolonged-action
drug» is used to develop drugs that provide a longer pe-
riod of therapeutic action of the active (pharmaceutical)
substance contained in them as compared to conven-
tional drugs with the same substance. The prolonged-
action drug should release the dose of the active
(pharmaceutical) substance continuously for a certain
period of time, thus maintaining a constant optimal level
of this substance in the body and eliminating excessive
increase and decrease in its concentration. In this case,
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110 6-10 rpany.1 o6pasios copbenTa. Ha pucynke 2 a, e
HpeCTaBUIN MUKPOhOTOrpacduu HCXOHOTO MaTepUa-
Ja — obpasiia rpaHyJIMPOBAHHOTO YTJIEPOIHOTO COP-
6erra (YC) u MoaupUIMPOBAHHOIO IOJUBUHAJIIND-
posmponom copbenra (YC-IIBII). C nomomupio
PacTpoBOIi AJIEKTPOHHON MUKPOCKONUU (MUKPOCKOI
JSM-6460LV, JEOL) OblLiau IIOJIydYeHbl CBEAEHUS O
XapakTepe pacipe/ieleHus] MOJUMEPHON MJIEHKH Ha
MOBEPXHOCTH YACTHI] MOAUDUIIMPOBAHHBIX 0OPA3IOB
yraepogHoro copbenra [15, 16]. B uactnocTy, Ha Beeit
MOBEPXHOCTH MOANGDUIIMPOBAHHOI YTI€POIHON TPAHY-
JIbl BUJTHBI «HATIBLIIEHUST> B BUJIE MEJIKO TUCITIEPCHBIX
HOJIMMEPHBIX YaCcTUI] padnooOpastoii hopmbl. BuHo,
yTo rnojuMepusanust BuHuianmupposuaona (BIT), B
OCHOBHOM, ITPOUCXOAUT B ZepeKTax MOBEPXHOCTH, B
TOM YHCJI€ TETISIX, KaHAIaX, ¢ 00pa30BaHUEM JIOKAJIb-
HOTO TIOJIUMEPHOTO TIOKPBITHUS (PUC. 2, €).

[Ipumenenne MHOPAKPACHON CHEKTPOCKOIINU
MO3BOJIUJIO YIJIYOUTh MPEACTABICHUS O Mpolecce
noruMepusanuu  BuHwianuppoaugona (BII) na
MOBEPXHOCTU I'PAHYJIMPOBAHHOTO YTJIEPOIHOTO COP-
GeHTa Mpu COTMOCTAaBJIEHUU CTIEKTPOB MoHOoMepa BIT,
pacTBopa KOMMEPYECKOTO TTOJTUBUHUIITHPPOIUIOHA
(TIBII) u yriepoaHoro rpaHy IpOBAaHHOIO COpOEHTA
JI0 U 1tocsie MoauduinpoBanus [15], 4To 1mo3BoJisieT
KOHTDPOJIMPOBATh Ipoiecc noaumepusarnuu BIT wa
YIJIEPOAHOM COPOEHTE, a U3ydYeH e MUTPAIUH TTOJIU-
Mepa ¢ MOAU(pUIIUPOBAHHOTO 06pasiia MpKU KOHTAKTe
C BOZIHBIMU PACTBOPAMU — OIIEHUTD «IIPOJIOHTHPOBAH-
HOCTb» JIEUCTBUSI TIOJTy4aeMOTO TIPerapara.

Kaxk nsBecTHo, moHsITHE <IIPENIAPAT IPOJIOHTHPO-
BaHHOTO JIEUCTBUSI> IPUMEHSIETCSI JIJIsT XaPAKTEPUCTH -
KU TaKKX MPernapaTos, KOTopbie obecriednBaioT Gosiee
JUTUTEJIbHBIN TIePUOJI TEPAIEBTUYECKOTO [eiiCTBUS
3aKJIIOYEHHOTO B HUX AKTUBHOTO (JIEKAPCTBEHHOTO)
BEIECTBA [0 CPABHEHUIO ¢ OOBIYHBIMU TIPEMAPATAMU C
TeM ke BellecTBOM. [Ipemapar nposioHrupoBaHHOrO
NEUCTBYsSI JIOJIKEH BBICBOOOKAATD [[03Y aKTHBHOTO
(JIeKapCTBEHHOTO) BEIeCTBA HENPEPBIBHO B TEUEHIE
OMPE/IETIEHHOTO MIePHO/Ia, COXPaHsIsl, TAKUM 00pPa3oM,
MOCTOSIHHBIIN OITUMAJIbHBIN YPOBEHD 9TOTO BEIECTBA
B OpraHu3Me M YCTPaHsisd U3JIUIIHEE MOBbIIIEHIE U
NOHUJKEHNEe ero KOHIleHTpanuu. B manHoMm ciyuae,
HaHeCeHHBIN MOANMUKATOP TTOIU-N-BUHUIITAPPOIIH-
JIOH BBICTYTIAET B KAueCTBE OUOJOTHYECKU aKTUBHOTO
KOMIIOHEHTA, MUTPUPYIOIIETO € YIJIEPOHOTO COPOEHTA
B TE€UEHIE MIePBOTO Yaca MOCJe KOHTAKTA C HUM.

[lesb uccie0Banus — ONPENEeUTh aHTHOAKTe-
pHUaJIbHbIE U AHTUMUKOTHYECKIE CBOIICTBA TOJIYYeH-
HBIX TPAHYJIUPOBAHHBIX YTJIEPOAHBIX COPOEHTOB.

MaTepI/IaJI U METO/1bl

AntnbakTepuaibHble CBOUCTBA COPOEHTOB MCCIEI0-
BaJIH 110 OTHOIIEHHIO K [TATOTEHHBIM 1 YCJIOBHO MATOTEHHBIM
MUKpoopranusmam: Staphylococcus aureus, Pseudomonas
aeroginosa, Klebsiella pneumoniae, Escherichia coli, Strepto-
coccus agalactiae a Takke K ux cmecsiM: cmech Ne 1 — Staphy-
lococcus aureus v Escherichia coli; cmech Ne 2 — Staphylococcus
aureus v Pseudomonas aeruginosa. Kysrypbl — 3T0 KINHU-

the applied poly-N-vinylpyrrolidone modifier acts as a
biologically active ingredient migrating from the carbon
sorbent within the first hour after contact with it.

The purpose is to study antibacterial and an-
timycotic properties of produced granular carbon
sorbents.

Materials and Methods

Antibacterial properties of sorbents were studied in
relation to pathogenic and conditionally pathogenic mi-
croorganisms: Staphylococcus aureus, Pseudomonas aerogi-
nosa, Klebsiella pneumonia, Escherichia coli, Streptococcus
agalactiae as well as their mixtures: mixture No. 1 — S. au-
reus and E. coli; mixture No. 2 — S. aureus and P. aeruginosa.
Cultures are the clinical strains isolated from wounds of the
patients who were in hospitals of Omsk. Identification of
bacteria was carried out on test systems produced by PLIVA
(Lachema Diagnostica, Czech Republic) using <MICROBE
Automaton» software. Microorganisms were tested for sen-
sitivity to modern antibiotics with disks with antibiotics
(Becton Dickinson, USA).

Dilutions and the number of seeded material were se-
lected empirically so that colonies that grew on the Petri
dish could be counted. Inoculations of working dilutions of
cultures under test served as reference samples. The concen-
tration of microbial cells was determined using device for
studying the turbidity of suspensions Densi-La-Meter
(PLIVA-Lachema, Italy). The studied mixtures of cultures
under test were prepared by mixing equal volumes of pre-
pared working concentrations of microbial cells with stirring
on a vortex shaker. The bacteria were sorbed from the saline
solution with a concentration of microbial cells of 3X10?
colony-forming units per 1 ml of the test sample (CFU /ml).
0.5 ml of the sorbent was introduced into an Eppendorf tube;
1 ml of microbial suspension was added; the mixture was
shaken to remove air bubbles and kept in a thermostat for 1,
3, 6 and 24 hours. All work was carried out in laminar box
BOV-001-AMS.

After the specified contact time of the sorbent with the
pathogenic microflora, 100 pl of the supernatant liquid was
taken; it was inoculated on sterile agar plates in Petri dishes
with the GMF-agar nutrient medium (JSC NITSF, St. Pe-
tersburg), placed in CO, incubator 15AS (Japan) for 24+2
hours, and incubated at 37+1°C. When counting the colonies
that grew on a Petri dish, only those dishes, where more than
300 isolated colonies had grown were taken into account. If
more than 300 colonies grew, the following was written in
the protocol: «<>3x102 CFU/ml». If colonies on the dish
could not be counted, the following was written in the pro-
tocol: «conluent growth». If the number of colonies was com-
parable and greater than the reference one, then the following
was written in the protocol: «comparable to the reference
sample» or <higher than that in the reference sample».

Results and Discussion

The results of the study of antibacterial proper-
ties of carbon sorbents against Gram-positive test mi-
croorganisms are presented in table 1 and fig. 3. In the
images, Petri dishes are arranged accordning to the as-
cending time of contact of the sorbent with patho-
genic microflora after control inoculation (marked as
«reference sample»).
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YecKUe MITAMMBbI, BbIJIEICHHbIE U3 PaH OOJbHBIX, HAXO/MB-
muxcs B kauHnkax I. Omcka. Viaentudukaimio 6akrepuii
MPOBOAMJIM  HA TecT-cucreMax TpomsBozpctBa PLIVA
(Lachema Diagnostica, Yexust) B KOMITBIOTEPHON TIPOTpaMMe
«MUKPOBDB Asromars. [IpenBapurepbHo TeCT-MUKpPOOpTa-
HI3MBI OBLJIN MCCJIEI0BAHBI HA YyBCTBUTEIBHOCTD K COBPE-
MEHHBIM ~ aHTUOHOTHKAM — (JIMCKM ¢ aHTUOUOTHKAMU
kommnanuu Becton Dickinsonand Company USA, npoussoz-
crBo Ireland, Benex, Limited).

OTBITHBIM TTyTEM MOAOUPAIIN TAKUE PA3BEICHUS U KO-
JIMYECTBO 3aCEBAEMOTO MaTepuasa, 4ToObl BBIPOCIINE HA
varke [leTpu kKosoHUN MOKHO ObLITO cocunTarh. KonTpo-
JIEM CJIYZKUJIH TTOCEBBI PabOUYMX Pa3BeleHUl UCIIBITYEMbBIX
KyJibTyp. KoHIIeHTpamio MUKPOOHBIX KJIETOK OTIPeIeIsLIi
Ha IpHOOPe /TSI NCCIIeIOBAHNSI MyTHOCTH cycrieHsuid Densi-
La-Meter (PLIVA-Lachema, Wanus). Mccienyembie cmecu
UCIBITYEMbIX KYJIBTYDP FOTOBUJIU CMEITIEHUEM PaBHBIX 00be-
MOB [PUTOTOBJIEHHBIX PAOOYNX KOHI[EHTPAIN MUKPOOHBIX
KJIETOK C TMepeMeInBaHueM Ha BOPTEKC-BCTPSIXUBATEIIE.
Bakrepun copbuposai 13 GU3MOJOrHIECKOro pacTBOpa ¢
KOHIIEHTpanneil MUKpoOHBIX Ki1eTok 3X10° komonneobpa-
sytonux exunutl B 1 mur nceaemayemoit mpoost (KOE /M), B
npobupKy THIa JrneHaopd BHOCUIN COPOEHT B KOJIHYe-
crBe 0,5 M1, 106aBsn 1 M1 MUKPOGHOI B3BECH, BCTPSIX-
BaJIN [T YIAJIEHUST TTy3bIPHKOB BO3/IyXa 1 BBIIEPKIBAIM B
Tepmocrate B Tedenue 1, 3, 6 u 24 gac. Bee paboThi mpoBo-
aun B lamuHapaom 6okce BOB-001-AMC.

ITo ucreyennn 3aJaHHOTO BPeMEHH KOHTAKTa COP-
GenTa ¢ maroreHHoN MUKPOGIOPOoii 0TOUpPAIN HaJ0CA0U-
Hyl0O JKUAKOCTH B o6beme 100 MK, 3aceBanm Ha
CTepUJIbHBIE arapoBble MJIacCTHHBI yamek Iletpu ¢ mura-
tesbHON cpenoit — TM@-arap (3A0 HUID, Cankr-Ile-
TepOypr) u nomemanun ux B CO,-unkybarop 15AC
(SInonus) Ha 24+2 yac. 1 MHKYOUPOBAIU IIPK TEMIIEpPAType
37+£1°C. Ilpu moacyeTe KOJOHWH, BBIPOCIINX Ha YalIKe
[TeTpu, yIUTHIBATN TOJIBKO Te YAIIKH, HA KOTOPBIX BBI-
pociio 6osiee 300 u30MpPOBaHHBIX KOJOHMIA. Ecaiu Bbipac-
tanmo 6osee 300 KOJTOHWIH, TO B TMPOTOKOJE OTMEUATH
«>3X10? KOE/mu». Eciint iojicueT KOJOHUI Ha YaliKax
OKa3bIBAJICSI HEBO3MOJKHBIM, TO B MPOTOKOJIE OTMEYAJIN
«cmBHOH pocT». Ecimn konmaecTBO KostoHuil ObLI0 COMO-
CTaBUMO U GOJIbIIIE IO CPABHEHUIO ¢ KOHTPOJIEM, TO B IIPO-
TOKOJIE OTMEYAJH «COMOCTABUM C KOHTPOJIEM» UJIH <BBIIIIE,
YeM B KOHTPOJIE>.

Pe3ysbTarhl H 00CyKA€EHHE

Pesyibrarsl ucce[0BaHust aHTHOAKTEPUATBHBIX
CBOMCTB yIJIEPOJHBIX COPOEHTOB IO OTHOIIEHUIO K
IPaMIIOJIOKUTENbHBIM TECT-MUKPOOPTAHU3MAM MTPE/I-
craBusu B Tabu. 1 u Ha puc. 3.

It has been found that both samples of carbon
granular sorbent CS (VNIITU-1) and CS-PVP (VNI-
ITU-1 modified by polyvinylpyrrolidone) demon-
strate the antibacterial activity against Gram-positive
bacteria, but they differ depending on the time of con-
tact. In particular, the CS sample exhibited an anti-
bacterial effect against S. aureus within 3 hours after
contact, and the CS-PVP sample demonstrated it
within 6 hours. Growth of S. aureus test microorgan-
isms is completely suppressed 24 hours after their con-
tact with the CS-PVP sample. Carbon sorbents
demonstrated sufficiently high antibacterial activity
against S. agalactiae: the CS sample suppressed the
growth of test microorganisms within 3 hours after the
contact, and the CS-PVP sample did the same within
1 hour (fig. 3).

Thus, microbiological bench studies found that
granular carbon sorbent VNIITU-1 exhibited antibac-
terial activity against Gram-positive microorganisms.
The presence of poly-N-vinylpyrrolidone in the struc-
ture of the modifier increased the antibacterial prop-
erties. Poly-N-vinylpyrrolidone solutions reduced the
toxicity of E. coli and Proteus, and also induced agglu-
tination of microbial cells [17, 18]. The CS sample
demonstrates antibacterial properties against Gram-
negative bacteria P. aeruginosa, K. pneumonia, E. coli
(fig. 4) within 24 hours.

The study of antibacterial properties of the CS
sample against the mixture of test microorganisms
demonstrated the following:

— after the contact of CS with a mixture of cul-
tures (E. coli and S. aureus), there was a gradual
decrease in the growth of colonies of Gram-positive
bacteria S. aureus (in 6 hours after the contact);

— after the contact of CS-PVP with a mixture
of cultures (P. aeruginosa and S. aureus), therewas a
slight decrease in the growth of colonies of P. aerogi-
nosa (in 6 hours after the contact);

— poor growth of pathogenic microflora for mix-
tures of cultures No. 1 and No. 2 in 24 hours after the
contact was noticed.

At the same time, the sample of granulated sor-
bent CS-PVP showed a pronounced antibacterial ac-
tivity against Gram-negative microflora: there was no
growth of colonies of the test organisms E. coli 6 hours
after contact, and the growth of K. pneumonia and

Taﬁjmu,a 1. AHTI/I6aKTepI/IaJIbH])Ie CcBoOiicTBa YIJI€poaHbIX COp6eHTOB 110 OTHOIIEHUIO K I'PaMIIOJIOKUTEJIbHBIM TECT-MUK-

poOpraHusMam.

Table 1. Antibacterial properties of the carbon sorbents against gram-positive test microorganisms.

Samples Staphylococcus aureus Streptococcus agalactiae
Contact time, hours
1h 3h 6h 24h 1h 3h 6h 24h
Reference 103 103
CS 103 3x10? 3x10? 2x10? 10° 20 20 20
CS-PVP 10° 10° 3x10? 0 10 0 0 0

Note. For tabl. 1, fig. 3, 4: CS — carbon sorbent VNIITU-1; CS-PVP — VNIITU-1 modified by polyvinylpyrrolidone.

IIpumeuanue. Sorbent samples — o6pasibl copbenTa; contact time — Bpemst konrtaxra. s tabor. 1, puc. 3, 4: CS — YC, yriepoaubiii
copbent BHUUTY-1; CS-PVP — YC-IIBII, BHUNTY-1, MoanduImpoBaHHbiil HOJIUBAHIITTHPPoarIoHOM. [{is taba. 1, puc. 3, 4, 7,

8: reference — konrTposn; samples — o6pasiwr; hours (h) — vacos.
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Reference
sample 24 h

®

CS

Reference
sample 24 h

¥

Reference
sample 24 h

a — Staphylococcus aureus

CS-PVP

Reference
sample 24 h

Puc. 3. Pe3yabrarsl HCCAE0BAHUS AHTHOAKTEPUAIBHBIX CBONCTB YIJIEPOJHBIX COPGEHTOB 10 OTHOIIEHHIO K TPAMIIOJIOKUTEIHHBIM

T€CT-MUKPOOPraHu3dMaM.

Fig. 3. Results of investigation of antibacterial properties of the carbon sorbents against to Gram-positive test microorganisms.

Ha cunmkax vamkm Iletpu pacriosioskeHsr 1o
BPEMEHHU KOHTaKTa cOpOEeHTa ¢ TaTOreHHOW MUKPO-
J10poii 1ocsie KOHTPOJIBHOTO TToceBa (0603HAUEH KAK
<KOHTPOJIb ).

BoistBusin, uto o6a 06pasifa yriepoaHoro rpamy-
saposantoro copbenta YC (BHUUTY-1) u YC-TIBIT
(BHUNTY-1, mogudummpoBanublii osm-N-BUHNII-
MUPPOJIUAOHOM) TIPOSIBISAIOT aHTHOAKTEPUATBHYIO
AKTUBHOCTD B OTHOTIICHUHU IPAMITOTIOKUTEILHBIX OaK-
Tepuii, HO B 3aBUCUMOCTH OT BPEMEHHM KOHTAaKTa
oHa pasaudaercsd. B wactHocTtH, o6pasen YC okasbi-
BaJI aHTHGAKTEPUATbHOE JIEHCTBYE O OTHONICHUIO
K S. aureus ysxe yepe3 3 4aca 11ocJie KOHTaKTa, a 00paserl
YC-IIBII — crrycrs 6 vacos. Uepes 24 yaca rmocJie KOH-

P. aeruginosa stopped as early as 3 hours after the
contact (fig. 4).

Therefore, the efficacy of the modified CS-PVP
sample against Gram-negative microorganisms can be
presented as follows: K. pneumonia > S. aeruginosa >
E. coli. The enhancement of antibacterial properties of
the modified sorbent CS-PVP can be explained by in-
troduction of polyvinylpyrrolidone into its composi-
tion, which increases its antibacterial properties by
5-15% [17, 18]. The antibacterial properties of the
modified sorbent CS-PVP against Gram-positive and
Gram-negative bacteria can be explained by their in-
teraction with polymerized N-vinylpyrrolidone. Anti-
bacterial properties of PVP depend on its structure
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Reference
sample 24 h

Reference
sample 24 h

Reference
sample 24 h

a — Klebsiella pneumonia

sample 24 h

b — Escherichia coli

¢ — Pseudomonas aeruginosa

Reference
sample 24 h

Reference

Reference
le24 h

CS-PVP

CS-PVP

Puc. 4. Pe3yJIbTaTbl HCCJIeJ0OBaHUA aHTl/I6aKTepl/IaJIbH]:lX CBOICTB YIII€EPpOOHBIX COPGCHTOB 0 OTHOIIEHHUIO K TPaMOTPHUIIATE/IbHBIM TECT-

MHKpOOpraHnu3Mam.

Fig. 4. Results of the study of antibacterial properties of the carbon sorbents against Gram-negative test microorganisms.

takTa obpasita YC-IIBII ¢ TecT-MUKPOOpraHu3MaMu
S. aureus TIOTHOCTBIO TIOJIABJIATICS UX pocT. B oTHorre-
nun S. agalactiae yrnepoyabie COPOEHTHI TTPOSIBIISLIN
JIOCTATOYHO BBICOKYIO aHTHOAKTEPUATbHYIO aKTHB-
HOCTB: o6paser] YC mojaBJisii POCT TeCT-MUKPOOpTra-
HU3MOB I10 UCTEUEHUH 3-X YACOB MOCJTe KOHTAKTA, a
o6paser; YC-TIBII — mo ucreuenun 1 yaca (puc. 3).
TaxkuMm 06pa3zoM, CTEHIOBBIMI MUKPOOHOJIOTITYE-
CKUMU UCCJIE0OBAHUSIMU YCTAHOBUJIN, YTO TPAHYJIIH-
poBaHHBIN yraepoaubiii copbent BHUNTY-1 o6aa-

and presence of the lactam ring in the structure: the
main interaction of bacterial cells occurs with the ni-
trogen atom of pyrrolidone PVP cycles (fig. 5). Due
to the presence of a hydrophobic polymer chain and
hydrophilic carbonyl groups in the PVP structure, it
is possible to bind physically bacterial cells to the
polymer matrix (adhesion). The binding may also be
due to the Coulomb interaction of a negatively
charged cell membrane and a positively charged pro-
tonated nitrogen atom in the polymer macromolecule.
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naet aHTHGAKTEePUATIbHOM AKTUBHOCTBIO B OTHOIIECHU Y
IPaMIIOJIOKUTENbHBIX MUKPOOpPranusmos. [IpucyT-
CTBUE B CTPYKType MoaudukaTopa moju-N-BUHUTI-
MUPPOJIUIOHA TTOBBIIAET AaHTHOAKTEPUATIbHBIE CBOM-
ctBa.  PactBopbl  moJin-N-BUHUIIMPPOIUAOHA
CHIZKAIOT TOKCUYHOCTH KUIIEYHON NAJIOYKHU U TIPOTes],
a TaK’Ke OKA3bIBAIOT aArrJIIOTHHUPYIOIIee AelCTBIE Ha
MuKpobHble kieTku [17, 18]. B orHomeHun rpaMor-
puLaTeIbHbIX OakTepuii P. acruginosa, K. pneumoniae,
E. coli o6pasen; YC npossisaia anTubakTepuasbHble
cBolicTBa uepes 24 yaca (puc. 4).

[lpu  uccaegmoBanuu  aHTUOGAKTEPUATBHBIX
CBOWCTB 06Pa3IOB COPOEHTOB MO OTHOIIEHHIO K CMECH
TeCT-MHKPOOPTaHU3MOB YCTAHOBUJIU CJIEYIOIIee:

— IIpU KOHTAaKTe cO cMecbhio Kyabryp YC
(Escherichia coli n Staphylococcus aureus) nabonaer-
Cs1 IOCTETIeHHOE CHUKEHNE POCTA KOJIOHUI TPaMIIOJIO-
KUTENbHBIX Gaxrtepuit Staphylococcus aureus (110
ucTeyeHnu 6 4acoB OC/Ie KOHTAKTA);

— IIpu KOHTaKTe co cMechio Kyabryp YC-TIBII
(Pseudomonas aeruginosa u Staphylococcus aureus)
OTMEYaeTCs HeOOIBIIOE CHUKEHUE POCTA KOJIOHUI JITIst
P.aeroginosa (110 ucredernu 6 4acoB 11ocJjie KOHTAKTA);

— <CKYIHBIIl POCT» MATOreHHOW MUKDPOGDJIOPHI
1t emeceit KysibTyp Nel u Ne2 1o ucreuennu 24 yacos
MOCJI€ KOHTAKTA.

Bmecte ¢ Tem, obpaser rpaHyIuPOBAHHOTO COP-
6enTa YC-IIBII 1posiBJIsi BRIPaKeHHYIO aHTHOAKTEPH-
AJIbHYI0 aKTHBHOCTb 110 OTHOIIEHUIO K TPAMOTPHIIATE b~
HOI MukpodJiope: poct kosonuii E. coli orcyTcTBoBa
o ucTedeHUu 6 4acoB IMOCJe KOHTAKTA, & POCT
K. pneumoniae n P. aeruginosa npexparauccs yxe 1o
HCTeYeHNH 3-X YacOB 1ocJie KOHTaKTa (puc. 4).

AP dexkTuBHOCTD MOAUBHUIIPOBAHHOTO 06pasiia
YC-TIBII no orHolIeHNWI0O K T'PaMOTPUTIATETbHBIM
MUKPOOPraHU3MaM MOKHO PACIIPENIEIUTh B CIIEIYIO-
meM psay: K. pneumonia > S. aeruginosa > E. coli.
[TosblneHe aHTUOAKTEPUATBHBIX CBOHCTB MOIU(Y-
nuposanuoro copbenta YC-TIBII M0oxHO 00bACHUTD
BBeJIEHIEM B €r0 COCTaB IOJUBUHUJIMUPPOIUIOHA,
KOTOPBIN Ha 5—15% ycuauBaer ero anTubGaKTepuaib-
Hble cBoiicTsa [17, 18]. AHTuGaKTEpUAIbHbIE CBOMICTBA
Mozuduimposantoro copberra YC-ITBII o otHo1me-
HUIO K TPAMIIOJIOKUTETbHBIM U TPAMOTPULIATETBHBIM
GaKTEPUSIM MOJKHO OOBSICHUTD UX B3AUMOJICHCTBIEM C
HOJIMMEPU30BAHHBIM N-BHHUJITUPPOIUIOHOM. AHTH-
Gakrepuasbhble cBoiictBa IIBII o6ycioBieHbl ero
CTPOEHUEM U HAJTMYUEM B CTPYKTYpPE JIAKTAMHOTO
KOJIBIIa: OCHOBHOE B3aUMOJICHCTBIE HaKTePUATBHBIX
KJIETOK ITPOMCXO/IUT C aTOMOM a30Ta IPPOJIUIOHOBBIX
mukyoB [IBIT (puc. 5). baiarogapst HaImauio ruipo-
(hobHOIT oIMMepHOI 1ern 1 TuAPOGUIbHBIX Kapho-
HUJIbHBIX rpynn B ctpykrype [IBIT Bodmokno dhusu-
4eCKoe CBS3bIBaHME OaKTEPUANBHBIX KJIETOK C
nosimMepHo# Matputiei (aaresus ). CBg3biBanue, BO3-
MOJKHO, 0OYCJIOBJIEHO TaK/Ke KYJOHOBCKUM B3auMO-
NEUCTBUEM OTPUIATEIHHO 3aPSKEHHO MeMOpaHbl
KJIETKU ¥ TOJIOJKUTENBHO 3aPSIKEHHBIM ITPOTOHIPO-
BaHHBIM aTOMOM a30Ta B MAKPOMOJIEKYJIE ITOJIUMEPA.

B-lactam antibiotics
with bactericidal action

._ﬁ_E'Z_}.

Poly-N-vinylpyrrolidone

HC——CH

N

78N\

Bond in the B-lactam
ring is exposed
to hydrolysis
by B-lactamases

Cephalosporins

Puc. 5. Mosekyibl aHTUGHOTHKOB U 10JU-N-BUHHIIUPPOJIH-
JI0HA.

Fig. 5. Molecules of antibiotics and poly-N-vinylpyrrolidone.
Note. Lactam rings are highlighted.

IIpumeyanue. JlakramHbie KOJIbla BbiieseHbl. 3-lactam antibiotics
with bactericidal action — -nakramubie anTuGnoTHKE GaKTEPH-
nuaHOoro fAeiictBust; penicillins — nenwnummes; cephalosporins —
nedanocnoputsr; poly-N-vinylpyrrolidone — nosm-N-susausmnup-
posuzion; bond in the -lactam ring is exposed to hydrolysis by -
lactamases — cBsA3b B B-JAKTAMHOM KOJIbIE, MOJABEPracMast
IUJPOJINBY B-TTaKTaMa3aMu.

The therapeutic effect of poly-N-vinylpyrroli-
done is based on its antibacterial properties: the ability
to bind toxins entering or produced in the body and
to remove them from the body. A similar structure of
PVP and -lactam antibiotics is an interesting fact
(fig. 5).

According to the corresponding classification,
polyvinylpyrrolidone belongs to y-lactams. It can be
assumed that the polymer-modified carbon sorbent
CS-PVP acts like 8-lactam antibiotics against path-
ogenic microflora and demonstrates bactericidal
properties.

It is now known that bacteria gradually develop
resistance to S-lactam antibiotics due to the synthesis
and action of lactamases. Unlike $-lactam antibiotics,
y-lactam ring in PVP is less accessible for «attacks» of
lactamases, and the number of such centers in the
polymer is much higher than the concentration of en-
zymes produced by bacteria. The selected synthesis
conditions allowed to obtain a sorbent of prolonged
action. Over time, the polymer migrates (desorbs)
from the sorbent in the form of polymer chains after
the contact with the biological environment and be-
comes capable to interact with bacterial cells (fig. 6).

The antibacterial properties of the modified CS-
PVP sample are compared with the effect of modern
antibiotics: according to its action, the polymer-mod-
ified sample CS-PVP serves not only as a good alter-
native to antibiotics, but also has a noticeable
advantage over them.
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Tepanestuueckutii achdexT rmosm-N-BuHUITTUPPO-
JIMJIOHA OCHOBAH Ha €ro aHTUGAKTEPUATbHBIX CBOM-
CTBaX: CMIOCOGHOCT CBA3BIBATH TOKCUHBI, IOCTYITAIONHE
Wu 06pasyIoNnecss B OpraHusMe, U BBIBOJUTD MX U3
oprauusma. VnrepecHbiM (DaKTOM SIBJISIETCSI CXOXKee
crpoenue ITBII u 3-naktaMHbIX aHTUOUOTUKOB (PHC. 5).

[To cooTBercTBYIOMIEH KIaccuUKAIIN MOJTUBH-
HUJITTUPPOJIUIOH OTHOCUTCS K y-JTaKTamMmaM. MOXKHO
[PE/IIOJI0KUTh, YTO MOJUMEPMOAUPUIINPOBAHHBII
yriepomubiii copbent YC-TIBII B oTHOIIEHUN TTATO-
reHHOH MUKPOMJIOPHI AeiicTBYeT 1M0A00HO S-1aKTaM-
HBIM aHTHOMOTUKAM U TIPOSIBJISIET OaKTEePUIIHIHBIE
cBoiicTBa.

B macrosiee BpeMst U3BECTHO, UTO K B-aKTaM-
HBIM aHTHOMOTHKAM OAKTEPHUH MOCTENEHHO BHIPabaThI-
BAlOT YCTOMYMBOCTH 3 CYET CHTE3A U JICHCTBUS JIaK-
tamas. B orimume OT [S-JaKTaMHBIX aHTHOMOTUKOB,
y-nmaktamHoe kombilo B IIBIT menee pocrtymuo s
«aTak» JlaKTaMas, U KOJWYECTBO TAKUX IIEHTPOB B
MoJIMepe 3HAUNTETHHO TTPEBBINAET KOHIIEHTPAIIIIO
(dhepmeHTOB, BbIpabaTbiBaeMbIx OGakTepusimu. Ilojo-
GpaHHbIE YCIIOBUSI CUHTE3a TIO3BOJIAJIN TTOJYIUTh COP-
GEHT TIPOJIOHTUPOBAHHOTO JeiicTBus. C TeueHeM Bpe-
MEHH MOJTUMED TIPH KOHTAKTe ¢ GUOJIOTMIECKOU CPeoit
MUTpHUpYyeT (secopoupyercst) ¢ copbeHTa B BUJIE MTOJIH-
MEPHBIX Ilelieil U crocoOeH B JaHHO# (hopme K B3anMo-
JEeHUCTBUIO ¢ GaKTepraJbHbIMU KJIeTKaMu (puc. 6).

Antubakrepuanbibie CBOICTBA MOAUMDUIIUPO-
Banuoro oopasua YC-IIBII conocrasiiensl ¢ aeiicTBu-
€M COBDEMEHHBIX aHTHOHOTHUKOB: M0 CBOEMY JIeil-
CTBUIO  TOJMMEPMOAUGBUIIMPOBAHHBII  0Opasell
YC-IIBII city:kuT He TOTBKO XOPOTIeH albTepHATHBOM
AHTUOMOTHKAM, HO 1 00J1a/IaeT 3aMETHBIM [TPEUMYIIle-
CTBOM Tiepeji HUMHU.

Ha ocnoBanum pesy.ib-

Based on the results of the research, the possibil-
ity of enhancement of the antibacterial properties of
granular carbon sorbents against pathogenic and con-
ditionally pathogenic microflora has been demon-
strated. The modification of the carbon sorbent with
PVP resulted in a polymer-modified sample with pro-
longed antibacterial properties against a wide range of
microorganisms (E. coli, S. aureus, P. aeruginosae) and
against a mixture of cultures. The effect of the modified
sample CS-PVP against bacteria P. aeruginosae is es-
pecially significant, because studied antibiotics proved
to be ineffective against their growth. The obtained
test results has shown that the modified sorbents pos-
sess significant biospecific properties and belong to
promising materials for sorption therapy. Data show
that the sorbent modified by glycolic acid oligomer
(CS-GA sample) has an antibacterial effect against
Gram-positive and Gram-negative monocultures and
their mixtures at a contact time of at least 3 hours.

In addition, the granulated carbon sorbent mod-
ified with glycolic acid also demonstrates antimycotic
properties against pathogenic yeast-like fungi Candida
albicans and Candida krusei at a contact time of at
least 1 and 3 hours, respectively (fig. 7).

Samples of the carbon sorbent modified by lactic
acid oligomer (sample CS-LA), exhibit moderate an-
tibacterial activity against the following microorgan-
isms: S. aureus, Staphylococcus epidermidis,
Staphylococcus pyogenes, S. agalactiae, Escherichia
Jfaecalis, P. aeruginosa, K. pneumoniae, E. coli. They
possess a potent antimycotic effect on the cultures of
yeast-like fungi C. albicans (sensitive at a contact time
of at least 1 hour). It has been found that the studied
samples of the modified sorbent exhibit significant an-

TATOB TIPOBE/ICHHBIX UCCIIEO0-
BaHMIA TOKa3aHa BO3MOKHOCTD
TOBBIIIEHNST aHTUOAKTEPHATb-
HBIX CBOIICTB rPaHyJINPOBAH-
HBIX YTJIEPOMHBIX COPOEHTOB
M0 OTHOIEHWIO K TTaTOTEH-
HOH U yCJIOBHO 1IaTOr€HHON
mukpodope. Moauduka-
I[UST YTJIEPOIHOTO copOeHTa
[IBII mo3BosgeT mOTydInTh
MOJIMMEPMOAUPUITUPOBAH-
HbII1 06pasel, 00J1a1a0 it
aHTUOAKTEPHATbHBIMU CBOI-
CTBaMHU TIPOJIOHTUPOBAHHOTO
IENICTBUS 110 OTHOIIEHUIO K
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with the protein membrane of Staphylococcus
(suppression of colony growth,

death of Staphylococci)
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IIMPOKOMY CIIEKTPY MHUKPO-
opranusmos (E. coli, S. aureus,

. HU3MaMH.
P. aeruginosae) m x cmecn

Puc. 6. Cxema B3aumozeiicTBust Moan(pHIIPOBAHHOTO COPOEHTA € MATOTEHHBIMH MHKPOOPra-

KyJssTyp. OcoGeHHO MoKa3za-
TeJIbHBIM SIBJISIETCSI JIEMCTBUE
MOAU(DUILIPOBAHHOIO 00pa3-
ma YC-IIBII B orHormenun
Gaxrepuii P. aeruginosae, st
HOZABJIEHUS POCTA KOTOPbIX

Fig 6. Scheme of interaction between the modified sorbent and pathogenic microorganisms.
IIpumeuanue. Modified sorbent — moxudunmposanmbiii copbent; colonies of Staphylococci — xo-
Jsonnu craduiokokka; functional groups — dyHkImonatbHbie rpymnbl; migration of a modifier from
the surface of the carbon carrier (in biological media) — murpaims Mmoaudukaropa ¢ IOBEPXHOCTH
yraIepoAHoTo HocuTedst (B Gruosornyeckux cpeaax); formation of complexes of the modifier with
the protein membrane of Staphylococcus (suppression of colony growth, death of Staphylococci) —
06pasoBaHne KOMILIEKCOB MOIU(BUKATOPA € 6ETKOBOI 000J04KO0l cTaduIoKOKKa ([0IaBIEHNE Pas-
MHOKEHUS KOJOHUH, Tn6esib cTaI0KOKKOB).
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L2 ] Candida albicans
- i

Candida albicans

Reference sample

Candidua krusei

Puc. 7. Pe3yJbraThl OLIeHKH aHTHMHKOTHYECKHX CBONCTB YIJIEPOHOr0 copOeHTa, MoAN(DHUIIMPOBAHHOTO OJIMTOMEPOM ITIMKOJIEBOI KHC-

notel (o6pasen YC-TK).

Fig. 7. Results of evaluation of the antimycotic properties of a carbon sorbent modified by glycolic acid oligomer (CS-GA sample).

BCe HCCIIelyeMble aHTHOMOTHKI OKa3aJnch He ahdek-
TuBHBL [lorydentble pe3yIbTaThl NCTIBITAHUI TTOKA3AIIH,
94TO MOAMMUIUPOBAHHBIE CBOPOEHTBI 06JIa/IAI0T BBIPa-
JKEHHBIMHU GHOCTICIIN(DUYCCKUMI CBOMCTBAMI ¥ SIBJISTIOT-
CsI IEPCTIEKTUBHBIMU MaTEPUATIAMU JIJIsT COPOIIMOHHO
Tepanuu. Pe3ysbraThl Micc/ieI0BaHUT MO3BOJISTIOT YTBEP-
JKJIATh, YTO COPOEHT, MOM(UIIPOBAHHBII OJIMTOMEPOM
rymKosieBoii kucsorsl (obpasen; YC-TK), obiazaer anTu-
GaKTepPUATILHBIM JICHCTBUEM TI0 OTHOIIEHHIO K TPAMITO-
JIO;KUTETBHBIM 1 TPAMOTPHUIIATETTBHBIM MOHOKYJIBTYPaM
U UX CMeCSIM ITPU BPEMEH! KOHTAKTA He MeHee 3 4acoB.

Kpome Toro, rpanysMpoBaHHBIN yTIepPOIHBII
copbenT, MOAUMUINPOBAHHbII IINKOJIEBOI KICJIO-
TOI1, MPOSIBJISIET TaKKe M aHTUMHUKOTHYECKUE CBOII-
CTBa MO OTHOTIEHUIO K TIATOTEHHBIM JIPOJKIKETON00-
ubM rpubam Candida albicans n Candida krusei ipn
BpeMeHU KOHTaKTa He MeHee 1-T0 U 3-X 4acoB COOT-
BeTCTBEHHO (puc. 7).

O6pastibl yriaepoaHoro copbeHTa, MoaupuImpo-
BAHHOTO OJINTOMEPOM MOJIOUHOU KHCJIOTHI (0Opaserr
YC-MK), nposiBAsIioT yMepeHHO BhIPAKEHHYTO aHTHU -
GaKTepUaIbHYIO aKTHBHOCTH 10 OTHOTICHUTO K MUK-
poopranusmam S. aureus, Staphylococcus epidermidis,
Staphylococcus pyogenes, S. agalactiae, Escherichia
Jfaecalis, P. aeruginosa, K. pneumoniae, E. coli. Oun
00JIA/IATOT CUJTBHO BHIPAKEHHBIM AHTUMIKOTHYECKUM
JeliCTBUEM I10 OTHOIIEHUIO K KYJIBTYPaM JIPOKIKEIO-
no6ubIX 1pu6oB C. albicans (4yBCTBUTENbHbI IIPH BPe-
MEHU KOHTaKTa He MeHee 1 yaca). YcTaHOBUIIH, YTO
HccIIeyeMbie 00pasiisl MOANGUITUPOBAHHOTO COPHEH-
Ta 06JIAJIAT0T BHIPAKEHHBIMU AaHTUMUKPOOHBIMI CBOIA-
CTBAMHM O OTHOMICHWIO K GaKTepUaIbHO-TPUOKOBOIT
accoranuu Kyasryp S. aureus + C. albicans (ipu Bpe-
MEHM KOHTaKTa He MeHee 1 4.).

BeisiBriin taxike, 4To obpaser, MoaupuIpo-
BAHHBIM COMOJUMEPOM TIJIMKOJIEBOW M MOJIOUHOM
kucyor (obpasen; YC-I'K-MK), npossisger antubak-
TePUAJIbHYTO0 AKTUBHOCTD 110 OTHOIIEHUIO K TATOT€H-
HBIM MOHOKYJIBTYpaM S. aureus, P. aeruginosa, E. coli,
K. pneumoniae n nx cmecsim. Kpome Toro, ycranosu-
JI, 4TO MOAUMDUIUPOBAHHBIN COPOEHT aKTUBEH TI0

timicrobial properties against bacterial-fungal associ-
ation of S. aureus + C. albicans cultures (at the contact
time of at least 1 hour).

It has been also found that the sample modified
by a glycolic and lactic acid copolymer (CS-GA-LA
sample) demonstrates antibacterial activity against
pathogenic monocultures of S. aureus, P. aeruginosa,
E. coli, K. pneumoniae and their mixtures. In addition,
it was found that the modified sorbent retained activ-
ity against antibiotic-resistant Gram-negative bacte-
ria Acinetobacter calcoaceticus and against yeast-like
C. krusei fungi. The antibacterial and antimycotic ef-
fect of this sample was observed after the first hour of
contact with microorganisms (fig. 8).

The high antibacterial and antimycotic properties
of the modified carbon sorbent samples are explained
by the acid-base properties of the applied hydroxy acid
oligomer: after the contact of the oligomer with the bi-
ological medium, pH decreases. Data indicate that a
gradual migration of deposited GA, LA, and GLA
oligomers in the form of mono-, di — and trimers (hy-
drolysis of hydroxy acid esters) occurs during the in-
teraction of modified sorbents with the saline. Local
<«acidification» of the medium is a detrimental factor for
the life of pathogenic microorganisms [18]. Features of
the applied modifiers and polymer compounds formed
by them represent the hypothetical mechanisms of
biospecific action of the developed materials.

It is known that glycolic and lactic acids are ca-
pable to penetrate through the cell membrane of the
bacterial cell and change its acid-base balance due to
their hydrophilic properties and small size [9, 10, 18].
The thinner the membrane of the bacterial cell, the
more sensitive it is to the pH changes. Published data
consider several possible processes that occur in a bac-
terial cell when acid molecules penetrate it, which can
lead to destruction and death of a cell of pathogenic
microorganisms. Impairment of the acid-base balance
of the cell internal environment due to a pH drop leads
to «acid stress» or «oxidative stress». The vital activ-
ity of a cell is reduced due to the energy loss, which is
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Acinetobacter calcoaceticus
Reference sample

1 h after the contact
with the CS-GA-LA sample

1 h after the contact
with the CS-GA-LA sample

24 h after the contact
with the CS sample

Mixture of S. aureus
and P. aeruginosa
Reference sample

Puc. 8. Pe3yabraThl OlIEHKH aHTHOAKTEPUAIbHBIX CBOICTB YIIE€POJHOIO COPOEHTa, MOAUMUIUPOBAHHOTO COMOJIMMEPOM TUPOKCH-
kuciaor (oopasen YC-TK-MK), no oTHOLIEHHIO K TpPaMOTpuULiaTebHol 6aktepuu Acinetobacter calcoaceticus (a, b), u k cmecu Gak-
TepUaNbHBIX KyJAbTYD Staphylococcus aureus, Pseudomonas aeruginosa (c—e).

Fig. 8. Results of evaluation of antibacterial properties of carbon sorbent modified by hydroxy acids copolymer (CS-GA-LA sample)
against Gram-negative bacterium Acinetobacter calcoaceticus (a, b), as well as against the mixture of bacterial cultures Staphylo-
coccus aureus, Pseudomonas aeruginosa (c—e).

IIpumeuanue. Mixture of — cmecn; ... h after the contact with the CS/CS-GA-LA sample — nocie ... yacoB KOHTakTa ¢ 006pa3iom

YC/YC-ITMT.

OTHOLIEHUIO K aHTUOMOTHUKOPE3UCTEHTHOI IPaMOT-
puLaTebHOi bakTepun Acinetobacter calcoaceticus n
B OTHOIIEHUH APOAKKEN0oN00HbIX rpruboB poza C. kru-
sei. AnTubGakTepuasbHOE U AHTUMUKOTUYECKOE e~
CTBHE JaHHOTO oOpasia oTMedanu yxke mocjie 1-ro
yaca KOHTaKTa ¢ MUKpoopraHnuaMamu (puc. 8).
Bricokue anTuGaKkrepuabHble U aHTUMUKOTHU-
YyecKHue CBOMCTBA MOAM(UIMPOBAHHBIX 00Pa3IOB
YIJIEPOAHOrO COpOeHTa OOBACHAIOTCA KUCIOTHO-
OCHOBHBIMU CBOWCTBAMU HAaHECEHHOTO OJIMTOMEPA
TUAPOKCUKUCIIOTHL: TIPH KOHTAKTE OJIMromMepa ¢ 6uo-
Jlornueckoit cpesioii camkaercs pH, ato cBuzerens-
CTBYIOT O TOM, UTO TIPU B3aMMOJIEHCTBUN MOIUDUIIH-
POBAaHHBIX COPOEHTOB ¢ (PUBNOJOTHIECKIM PACTBOPOM
MIPOUCXOJIUT TIOCTENEHHAsT MUTPAIUs HAaHECEHHbBIX
ommromepoB 'K, MK u TMK B Buzie Mmono-, in- u Tpu-
MePOB (THIPOJN3 CJOKHBIX 3(PUPOB THAPOKCUKIC-
got). ITpoucxoauT JOKaIbHOE «3aKUCIECHUES> CPEIBI,
YTO ABJSAETCS IyOUTENbHBIM (DAKTOPOM IS JKU3He-
JIeITETbHOCTHU TTaTOTeHHBIX MUKPOOpranu3aMoB [18].
IIpeamnonaraeMbie MeXaHU3MbI GHOCHENN(DUIECKOTO
neicTBUs paspaboTaHHBIX MATEPUAJIOB 3aK/II0YAI0TCS
B OCOOEHHOCTSX HaHECEHHBIX MOAUDUKATOPOB U
06pasyeMbIX UMH TIOJUMEPHBIX COeIMHEHHIA.

spent on restoration of the pH of its internal environ-
ment or normalization of the functioning of the inter-
nal electronic transport chain. In the first case, the
energy of the cell is expended for (a) removal of their
own acids produced as a result of its vital activity to
the environment and (b) synthesis of metabolites with
the basic groups. In the case of the «oxidative stress»,
cell energy is spent on the formation of free radicals to
restore cellular mechanisms (metabolism of oxidative
reactions, electronic transport system).

Data on the sensitivity of pathogenic and con-
ditionally pathogenic microflora and fungi C. albicans
to sorbents using the agar-diffusion test are shown in
table 2. From table 2 it is evident that the granulated
VNIITU-1 demonstrates lower antibacterial and an-
tifungal properties compared to modified sorbents.

Conclusion

Modified sorbents as antimicrobial and detoxi-
fying drugs may further be employed in treatment of
obstetrical-gynecological and surgical diseases. The
carbon sorbents are promising materials for medicine,
as they expand the potential of sorption therapy in
clinical practice.
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TaGmmia 2. ARTHOaKTEpHATbHBIE H ATAMUKOTHYECKHE CBOMCTBA IPaHy IMPOBAHHBIX COPOEHTOR.
Table 2. Antibacterial and antimycotic properties of granulated sorbents.

Culture under test

Granulated sorbents

VNIITU-1 VNIITU-1-LA VNIITU-1-GA VNIITU-1-LGA

S. aureus * D T EE
S. epidermidis * o FEE P
S. pyogenes * w5k FEE R
S. agalactiae * ok e Py
E. faecalis * o FEE P
Ps. aeruginosa * ok D o

K. pneumoniae * e S o

E. coli * o wF P

C. albicans B A FERE FEEE

Note. Diameter of the zone of microbe growth inhibition of (area of the sorbent's action): * — <10 mm; ** — 10 to 15 mm; *** — 15 to

20 mm; **** — >20 mm.

IIpumeuanue. Culture under test — uccaeayemas kysnrypa; granulated — rpanyauposannbie; VNIITU-1 — BHUNUTY-1; VNIITU-1-
LA —BHUUTY-1-MK; VNIITU-1-GA — BHUUTY-1-TK; VNIITU-1-LGA — BHNUUTY-1-MI'K. /I[nameTp 30HbI TTOIaBJI€HUS POCTA
MUKPOOOB (30Ha aeiicTBus copbenta): * — menee 10 Mmm; ** — o1 10 10 15 Mm; *** — o1 15 10 20 Mmm; **** — Gosree 20 Mm.

V3BecTHO, YTO IIUKOJIEBAST 1 MOJIOUHAST KICJIO-
TBI, 6aIarogaps THAPOPUILHBIM CBOTCTBAM 1 HEHOb-
IIOMY pPa3Mepy, CIIOCOOHBI TTPOHUKATH Y€Pe3 KIETOU-
HyI0O MeMGpaHy GaKTepuaIbHOM KJIETKW U M3MEHSTh
ee KICJI0THO-0CHOBHOM Gastatc [9, 10, 18]. Yem TomHb-
e MeMGpaHa GaKTepUATbHO KJIETKU, TEM OHA Yy B-
cTBUTENbHEe K 3MeHeHnsM pH. B mureparype pac-
CMaTPHUBAIOTCS] HECKOJBKO BO3MOJKHBIX MTPOIIECCOB,
MPOTEKAIONNX B GHaKTePUATbHON KJIETKE TIPU MPO-
HUKHOBEHUU B Hee MOJIEKYJ KUCIIOT, KOTOPbIE MOTYT
MIPUBECTH K PA3PYIICHUIO ¥ THOETU KJIETKU MaTOTeH-
HBIX MUKpPOOpranmsMoB. Hapyiienue KucJIoTHO-
OCHOBHOTO Oajianca BHYTPEHHEN CPeibl KJIETKU 3a
CUET Pe3KOTo CHWKeHus pH mpuBoanT K BO3HUKHO-
BEHUIO «KHCJIOTHOTO CTPECCA» UJIU «OKCUAATUBHOTO
cTpeccar. JKusHenesaTeTbHOCTh KIETKU CHUKAETCS
3a CYeT TIOTepU 9HEPTUHU, KOTOPAs 3aTPAUYNBAETCS HA
BoccTaHoByieHue pH ee BHyTpeHHe cpeibl U HOP-
MaJIM3aIuio GYHKIIMOHUPOBAHUS BHYTPEHHEH 2J1eK-
TPOHHOM TpaHCTOPTHOU Ienu. B mepBoM ciydae,
DHEPTHs KIeTKU 3aTPAuYMBAETCS: Ha TIPOIleCC yaae-
HIUST BO BHEIITHIOIO CPEY COOCTBEHHBIX KUCJIOT, TIPO-
IOYIUPYEMBIX B Pe3yJIbTaTe JKI3HEeAeITeNbHOCTH; Ha
cuHTe3 MeTaBGoJUTOB C OCHOBHBIMM TpyrmaMu. B
CIy4yae «OKCUIATUBHOTO CTPeCcca» 9HEePrusl KJIETKH
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UyBCTBUTENBHOCTh MATOT€HHOW ¥ YCJIOBHO-
naroreHHoit Mukpodopsl, rpubos C. albicans 110
OTHOIIECHUIO K COPOEHTAM, OTIPEIEJICHHYTO arap-1ud-
(by3HBIM METOIOM, TTpeIcTaBUIN B Ta0JI. 2. Kak BuaHo
u3 Tabn. 2, MoamdUKalUM TPAHYIUPOBAHHOTO
BHUUWTY-1 npogaBisioT 3HAYUTEIbHO OOJIee BbIPa-
JKEHHYIO TI0 CPABHEHUIO C MCXOHBIM COPOEHTOM aHTH-
GaKTEpPUATBHYIO AKTUBHOCT.

3akjaoyeHue

BoisiBIeHHBIE aHTUMUKPOOHBIE, IETOKCUIIUPYIO-
mye CBOMCTBA MOAUMDUIMPOBAHHBIX COPOEHTOB
ABJISIOTCSA  JIONOJHUTENbHBIM OOOCHOBAHUEM UX
WCITI0JIb30BAHUS B KOMILJIEKCHOH TEPAIuy aKyIepPCcKo-
TMHEKOJIOTUYECKOUM U XUPYPTUYECKOH MaToJIOTUH.

PaspaboTanibie yriepoiHbie copOeHThI, 001a-
JAIOIIIe BBIPAsKEHHBIM aHTUMUKPOOHBIM 1 aHTUDYH-
TUIU/IHBIM JIEHCTBUEM, SBJISIOTCS EPCIEKTUBHBIMU
MarepuagaMu JIJIsi MEJIUIIMHBI, TaK KaK PACIIUPSIOT
BO3MOKHOCTH COPOLIMOHHON Tepaliy B KINHUIECKON
MPaKTHKE.
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IIporHocTryeckasi 3HaYUMOCTh U TEPATIEBTHYECKHUIT MOTEHIHA
MO03roBoro Heliporpoduueckro ¢pakropa BDNF
NpH NOBPEK/IEHUH rOJIOBHOTO Mo3ra (0030p)
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Prognostic Value and Therapeutic Potential of Brain-Derived Neurotrophic
Factor (BDNF) in Brain Injuries (Review)
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Heiiporpodutbt — 310 GeJiKi, Urparoliue BaKHYO POJib B (DYHKIIMOHUPOBAHUY HEDBHOU CHCTEMBI, DETYJIUPYSI KJle-
TOUHYIO TIpoJHeparuio, 1ruddOepPEeHIIPOBKY, TIPOLECCH BBLKUBAHYS U rUOe N HEHPOHOB, YYacTBYsI B MEXaHU3MaX Heill-
POHAJIBbHOIA TacTuyHOCTH. Mo03roBoii Heitporpoduueckuii hakrop (Brain-Derived Neurotrophic Factor — BDNF) —
ojtuH U3 HanboJiee OXapaKTePU30BAHHBIX [IPEICTABUTEEN ceMelicTBa HEIPOTPO(DUHOB, KOTOPOMY B MOCJIEHUE TOIBI
yesseTcs MpucTaabHoe BHUMaHKe. ETo cCYMTAIOT OZIHUM 13 KJIIOUEBBIX MEINATOPOB BbIKMBAHUS U BOCCTAHOBJICHUS
HelpoHOB, a cHuskenue cogepskanusa BDNF gapisercs o01mmM MexaHu3MOM, JIeKAIM B OCHOBE Pa3BUTHS Pa3JINYHbIX
HelipojereneparuBHbIX 3a60JeBanuii. B 0630pe paccMoTpenbl usmenenust copep:xkanuss BDNF npu noBpexieruu
MO3ra, BBI3BAHHOM MIIEMUEH 1 TPABMOIA, IEPCIIEKTUBbI €TI0 NCIIOIB30BAHNS B KIMHUKE B KAUueCTBEe MapKepa HapyICHUS
yHKIMiT MO3Ta,  TaKKe BO3MOKHOCTH €rO IPUMEHEHUS /IS JICYCHUST TIOCTUIIEMUYECKIX 9HIIehaIOTIATHIA.

Kntoueewvte crosa: BDNE; neiipompouivl; 20106101 M032; umemust; uepenno-moszosas mpasma (YMT); neiipo-
npomexyus

Neurotrophins are proteins that play an important role in the nervous system functioning by regulating cell pro-
liferation, differentiation, processes of neuronal survival and death, and by participating in the mechanisms of neu-
ronal plasticity. The brain-derived neurotrophic factor (BDNF) is one of the most well-described representatives of
the neurotrophin family, which has received close attention over recent years. It is considered one of the key medi-
ators of neuronal survival and recovery, and a drop of the BDNF level is considered a common mechanism underlying
the development of various neurodegenerative diseases. The review discusses changes in BDNF levels in ischemic
and traumatic brain damage, the prospects of its use in the clinical practice as a marker of brain dysfunction, as well
as the possibility of its use for the treatment of post-ischemic encephalopathies.

Keywords: BDNF; neurotrophins; brain; ischemia; traumatic brain injury (TBI); neuroprotection
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BBenenue

TTonck GuoMapKepoB HOBPEXKIEHUsI HEHPOHOB, a
TaksKe pa3paboTKa HOBBIX CIIOCOOOB KOPPEKITHH [TOCTH-
IEMUYeCKUX HAPYIeHnuit (hyHKITMI MO3ra SIBJISIIOTCS
MIPUOPUTETHBIMU HATIPABIEHUSAMI COBPEMEHHO HAYKU
[1-3]. duist paspaboTku maTOreHeTHYeCK 0GOCHOBAH-
HBIX TIOIXOZIOB K MPO(MIIAKTHKE U KOPPEKITUHU TTOCTTH-
MOKCUYECKUX HIe(aTonaTiii He0OXO0IUMO UCCIIEN0-
BaTb 3aKOHOMEPHOCTH MpoIllecca  TOBPEKICHUS
HEWPOHOB, a TAKIKE BBISIBJISITH (DAKTOPBI, CIIOCOOCTBYO-
1€ TIO/JIEPSKAHUIO UX YCTOMUNBOCTH K UIIEMUH.

Introduction

The search for biomarkers of neuronal damage,
as well as the development of new methods of cor-
rection of post-ischemic brain dysfunctions are the
priorities of modern science [1-3]. In order to de-
velop pathogenetically justified approaches to the
prevention and correction of post-hypoxic en-
cephalopathies, it is necessary to investigate the pat-
terns of neuronal damage, as well as to identify
factors that contribute to the maintenance of their
resistance to ischemia.
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K anioreHHbIM HEHPOIIPOTEKTUBHBIM (haKTOpam
OTHOCAT HEeHPOTPOMUHDBL. ITO YHUKAIbHOE CeMeii-
CTBO TOJIUIIENITUAHBIX POCTOBBIX (PaKTOPOB, KOTOPbIE
UIPAIOT BAXKHYIO POJIb B (DYHKIIMOHUPOBAHUU HEPB-
HOHMl CHCTEeMBbl, Yy4acTBYs B IIpolleccax pPa3BUTHA,
BBIKUBAHUS U TUOETN HEHPOHOB, 8 TAKIKE B MEXaHW3-
Max HelfpoHaIbHOH ITacTuaHocTu. OIMH U3 TTIaBHBIX
IpejicTaBUTeJIel 9TOrO ceMeiicTBa — MO3TOBOH Heii-
porpoduyeckuii ¢pakrop (Brain-Derived Neu-
rotrophic Factor — BDNF) — cuuraerca oguum us
KJIIOYEBBIX MEIUATOPOB BbIKUBAHMS U BOCCTAHOBJIE-
Hus HellpoHoB [4—6].

BDNF skcnpeccupyercst B pazBuBaioniemMcs 1
3peJsioM Mo3re MiekonuTaonmx. OH CUHTe3upyeTcs
He TOJIBKO B HEMPOHAX, HO U B TPOMOOIIUTAX, ACTPOTIU-
Tax, KJeTKaX MUKPOTJINH, H/IOTeJHs, ileuenu [4, 7].
BDNF yuactByer B mporeccax 00ydeHusi U HaMsITH,
crocobeTByYst pocTy 1 AuddepeHIMpoBKe HOBBIX Hell-
poHoB u cunarcoB [8—10], peryaupyer HeiiporeHes
[11, 12]. Takske OH CTUMYJTUPYET PEreHEPAIIUIO ¥ POCT
MTOBPEK/IEHHBIX HEPBHBIX BOJIOKOH [4 ]. Bbliia BbIsiBIIe-
Ha BaxkHad postb BDNF B BoccranoBiennn dynkimii
MO3Tra [IPU PA3JINYHbIX [TATOJOTHYECKUX COCTOSTHUAX
[6, 13—15]. [larmbie uTEPATyPhl CBUAETETBCTBYIOT O
ToM, uTo cHmkeHue cojepskanuss BDNF accorumpo-
BAHO C Pa3BUTHEM PA3JIMYHBIX HelipoJiereHepaTuBHbIX
3aboseBanuii [ 16, 17]. Bmecre ¢ TeMm, 1oBbIIIEHE €10
COJIepIKaH¥st B TOJIOBHOM MO3Te CIIOCOOCTBYET BOCCTa-
HOBJIEHUIO HapylieHHbIX GyHkmi [17, 18].

[TpuBenennbie (hakThbl al0T OCHOBaHUE I10JA-
rath, uTo BDNF MokeT cy>kKUTh 1epCcreKTUBHBIM
MapkepoMm sniedanonatuu y GOJbHBIX B KPUTHYE-
CKOM COCTOSIHUH, & TaKKe — MMeTb CYIeCTBEHHOEe
IIPOrHOCTUYECKOE 3HAYEeHUE B KIMHUKE.

B Hacrostiiiem 0630pe pacCMOTPEHbI U3MEHEH WS
conepskanuss BDNF nipu unitemun Mo3ra, nepcrekTu-
BbI €I'0 UCII0JIb30BAHNA B KJIMHUKE B KauecTBe MapKe-
pa IOBPEXKIEHUSA MO3Ta, a TaKyKe ero TepaneBTuye-
CKMIl NOTEeHIMAJ U1 JieYeHUsI TTOCTUIIEeMUYeCKUX
HEBPOJIOTMYECKUX PACCTPONCTB.

¥Ypogenn skcnpeccuu BDNF
B IOCTHIIIEMHUYECKOM Tleproie

Vmertorest laHHble Kak 00 YBeJUYEeHUH, TaK 1 00
yMeHbllleHuu ypoBH: skcnpeccun BDNF B Mosre B
MOCTUIIEMUYECKOM TIepHO/IE.

B psizte paboT oTMeueHo MOBBIIIEHUE CoflepKa-
Hust BDNF B Mo3sre nocse uilieMun: B THIITIOKaMIIe
yepe3 12—24 4 nocjie §-MUHYTHON OCTAaHOBKY CEP/IIIA
Y KPbIC, BbI3BaHHOI achukcueii [19], B runmokamiie u
gyepHOil cyGeTanmu yepes 1 Heseso mocse hokasb-
HOI nepebpaiphoi umemuun [20, 21]. ¥V kpeic ¢ umre-
MUel TmepefHero Mo3sra (JIByCTOPOHHSS OKKJIIO3US
COHHBIX apTepuil M 1ocjenyiomnad 8-MUHYTHas
CHCTEMHAs TUTIOTEH3MsT) GBIJIO TAKIKE BBISIBJICHO YCHU-
Jienne akcripeccun reia BDNF B runmokamiie u kope
rosioBHoro Moara [22]. OuaroBast utiemMusi (MUKPO-
HMOOJIUS COCY/IOB TOJIOBHOTO MO3Ta) Y KPbIC BbI3bIBa-

Neurotrophins are considered endogenous neu-
roprotective factors. This is a unique family of
polypeptide growth factors that significantly con-
tribute to the functioning of the nervous system by
participating in neuronal development, survival and
death, as well as in the mechanisms of neuronal plas-
ticity. Brain-derived neurotrophic factor (BDNF),
one of the main representatives of this family, is con-
sidered one of the key mediators of neuronal survival
and recovery [4—6].

BDNF is expressed in the developing and mature
mammalian brain. It is synthesized not only in neurons,
but also in platelets, astrocytes, microglial, endothelial
and liver cells [4, 7]. BDNF participates in learning and
memory processes promoting growth and differentia-
tion of new neurons and synapses [8—10] and regulates
neurogenesis [11, 12]. It also stimulates regeneration
and growth of damaged nerve fibers [4]. The important
role of BDNF in restoring brain functions in various
pathological conditions was demonstrated [6, 13—15].
Literary data indicate that the decrease in BDNF level
is associated with the development of various neurode-
generative diseases [16, 17]. At the same time, in-
creased level of BDNF in brain contributes to the
restoration of impaired functions [17, 18].

These facts has provided reason to believe that
BDNF serves as a promising marker of encephalopa-
thy in critically ill patients, as well as possesses signif-
icant prognostic value for the clinical practice.

This review discusses changes in BDNF levels in
brain ischemia, the prospects of its use in the clinical
practice as a marker of brain damage, as well as its
therapeutic potential for the treatment of post-is-
chemic neurological disorders.

The level of BDNF expression
in the post-ischemic period

There are data on both increased and decreased
levels of BDNF expression in the brain in the post-is-
chemic period.

A number of studies showed an increase in
BDNF in the brain after ischemia: in hippocampus,
12—24 h after 8-minute cardiac arrest in rats caused
by asphyxia [19]; in hippocampus and substantia
nigra, 1 week after focal cerebral ischemia [20, 21]. In
rats with forebrain ischemia (bilateral occlusion of
carotid arteries and subsequent 8-minute systemic hy-
potension), an increase in BDNF gene expression in
the hippocampus and cerebral cortex was also found
[22]. Focal ischemia (cerebral vascular microem-
bolism) in rats caused an increase in BDNF expression
in both hemispheres; at that, a more pronounced and
prolonged BDNF expression was noticed in the af-
fected hemisphere. There was no correlation between
the BDNF level and the severity of neuronal damage.
There was an increase in BDNF immunoreactivity in
neurons and ependymal cells of the pia mater (4 h and
24 h later) in the contralateral hemisphereln the ipsi-
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Jia nosblinenye axcrpeccun BDNF B o6oux mosyiia-
pusix, 6oJiee BBIpaKEHHOE ¥ TIPOAOJIKUTENbHOE B
HopakeHHOM mosymapuu. Ilpu atom He O6BLIO
BBISIBJIEHO KOPpeJsu Mexxy copepskanriem BDNF
U TSKECTBIO TOBPeXKAeHns HelipoHoB. B koHTpasaTe-
PJIBHOM TOJIyIIAPUU  HAOJIONATIOCH YBEJTHYEHIE
BDNF nmmyHOpeakTMBHOCTH B HEPOHAX U ITI€H/U-
MaJIbHBIX KJIETKAX MATKON MO3roBOi 0607104k (depes
49 u 24 4), a B uncusatepasbHOM (MTOPaKEHHOM )
MOJIYIAPUM — He TOJIbKO B HeHpOHaX 1 a1eHINUMOIIH-
Tax, HO U B KJIETKaX MUKpOrInu (depes 24 1), sHjore-
JIMATBbHBIX KJIeTKaX aprepuos (uepe3 4 4 u 24 u).
Opnnako uepes 8 nueit BDNF ummyHopeakTuBHOCTD B
HellpoHaX CYIIeCTBEHHO CHUXKAJIACD, IPU 9TOM PE3KO
BO3pacrasd B KJIeTKaxX acTpoiuTapHoi riuu [23]. 3To
MOJKET CBU/IETEJbCTBOBATH O TOM, YTO OCHOBHBIM
ncrounukom BDNF na nosaneit crajum wHCybra
ABJIgeTCA aKTUBUPOBaHHAs acTporud. [losbienne
yucaa BDNF-no3uTuBHbIX KieTok B cioe | Heokop-
Tekca GblI0 0GHAPYIKEHO Yepes 8 jHell mocie oHo-
CTOPOHHEH OKKJIIO3UU CpelHeil MO3TOBOW apTepuu
(OCMA) y xpoic [7]. Ananus rmokasaJi, 4To OCHOBHOI
BKJIAJ] B IOBbINIeHne ypoBHs akcipeccun BDNF na
JIAHHOM dTale BHOCAT KJIETKU MUKPOTJINU.

C apyroii cTOpoHbI, MHOXKECTBO MCCJIEIOBAHUI
CBUJIETEJIBCTBYET O CHIKEHMHM YPOBHSI 9KCIIPECCUU
BDNF B nocrumemuueckom nepuosie. Tak, OCMA y
KPBIC M MblIllell BbI3blBaJa YMEHbIIEHUE 9KCIIPECCUn
BDNF 8 runmokamie (1osie CA1) [24—28], kope [25,
28, 29] u mosxkeuke [25]. MUKPOSMOOIUA MOSIOBBIX
apTepuii y KPbIC TaKyKe IPUBOANIIA K CHUKEHUIO YPOBHS
akcnpeccun BDNF B uricusiatepasbHoM mosymapuu
Mmo3ra [30]. Bo MHOTHX ciTydasix CHUXKEHME COePsKaHusT
BDNF corpoBoskaercst HelipoHaIbHO JiereHepaluein
[26, 29]. Ha moniesin 10-MUHYTHOI OCTAHOBKH CEPJIIIA y
KpbIC (BHYTPUTOPAKAIbHOE IepeskaTue COCYUCTOTO
Iy4yKa Cepiila) Takske GbIIO BBIABIECHO YMEHbBIIECHUE
ypoBus akcripeccurt BDNF B nomyssiiuax nupamu-
HBIX HEHPOHOB IUIIIIOKaMIIa 1 KJ1eTok Ilypkutbe Mo3-
skeuka [31]. IIpu aToM HaOII0AIOCHh CHIKEHME O0IIei
[UIOTHOCTU HEHPOHOB. BaskHO oTMETHTD, 4TO rubesu
MOJIBEPTaJINCh TOJIBKO HEIKCIIPECCUPYIONIe U CJa-
6ookcnpeccupyomue BDNF kierku. Iloayuennbie
Ppe3yJIbTaThl CBUAETENbCTBYIOT O HAJTMYUU B3aMOCBSI3U
Meky cHrkenueM akcripeccun BDNF u noctpeanu-
MaIMOHHOI TOeJIbIo HEPOHOB.

B uesnoMm, ussoxkeHHble Bblllle JaHHBIE AAIOT
OCHOBaHUE 110JIaraTh, YTO ypoBeHb aKciipeccut BDNF
B HellpoHax ABJseTcs OAHUM U3 (aKTOPOB, Cylile-
CTBEHHO [TOBBIIIAIONINX UX YCTOWYMBOCTD K UITIEMUH-
peniepdysumn.

HeobX01uMo OTMETUTD, YTO XapaKTep M3MeHe-
Hus akcrpeccun BDNE a rtakke BbIpaskeHHOCTb
HOBPEXKIEHUS HEMPOHOB MOKET BAPbUPOBATDH B 3aBU-
CUMOCTHU OT BO3pacTa U I10JI0BON IPUHAJIEKHOCTH.
Tax, y B3pOCJIBIX TIECUAHOK, TEPEHECIIUX d-MUHYTHYIO
UIIEMUTO MO3Ta, THOEIb MUPAMUIHBIX HEHPOHOB B THII-
nokamnaabHoM 1osie CA1 mpoucxoauiia yxxe yepes 4
JTHST, 2 Y MOJIOZIBIX MbIIIIEl — TOJIbKO yepe3 7 jiHeii [32].

lateral (affected) hemisphere, BDNF protein overex-
pression was found not only in neurons and ependi-
mocytes, but also in microglial cells (in 24 h) and
endothelial cells of arterioles (in 4 h and 24 h). How-
ever, 8 days later, BDNF immunoreactivity in neurons
decreased significantly; at that it increased sharply in
astrocytic glial cells [23]. This data indicate that acti-
vated astroglia is the main source of BDNF in the late
stage of stroke. Increased count of BDNF-positive
cells in a layer I of the neocortex was detected 8 days
after unilateral middle cerebral artery occlusion
(MCAO) in rats [7]. The analysis showed that the
main contribution to the increase in the level of BDNF
expression at this stage is made by microglial cells.

On the other hand, various studies show a de-
crease in the level of BDNF expression in the post-
ischemic period. For example, MCAO in rats and
mice caused a decrease in BDNF expression in the
hippocampus (CA1 field) [24—28], cortex [25, 28,
29], and cerebellum [25]. Cerebral artery microem-
bolism in rats also led to a decrease in BDNF levels
in the ipsilateral cerebral hemisphere [30]. In many
cases, BDNF level reduction is accompanied by neu-
ronal degeneration [26, 29]. The model of 10-minute
cardiac arrest in rats (intrathoracic clamping of vas-
cular fascicle) also demonstrated a decrease in BDNF
expression level in populations of hippocampal py-
ramidal neurons and cerebellar Purkinje cells [31].
At that, there was a decrease in the total density of
neurons. It is important to note that only non-ex-
pressing and weakly expressing BDNF cells were
killed. The findings indicate a relationship between
the decrease in BDNF expression and post-resusci-
tation neuronal death.

In general, the above data suggest that the level
of BDNF expression in neurons is one of the factors
that significantly increases their resistance to is-
chemia-reperfusion.

It should be noted that the nature of changes in
the BDNF expression, as well as the severity of neu-
ronal damage can vary depending on age and gender.
For example, the death of pyramidal neurons in the
hippocampal CA1 field of adult gerbils that under-
went 5-minute brain ischemia occurred in 4 days, and
in young mice only in 7 days [32]. At the same time,
in adult gerbils, immunoreactivity to BDNF in the
CA1 field 4 and 7 days after ischemia-reperfusion was
significantly lower compared to the reference group,
and in young gerbils there was an increase in BDNF
immunoreactivity 4 days later, and a decrease by day
7. Thus, the death of neurons occurred with underly-
ing drop of the BDNF level. It has been demonstrated
that post-resuscitation shifts in the level of BDNF ex-
pression and the processes of neuronal death in the
Purkinje cell population in male rats develop earlier
than in females (on the 4" and 7™ days, respectively)
after cardiac arrest of the same duration [31]. At the
same time, unlike males, in the population of hip-
pocampal pyramidal cells in females, there were no
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[Tpu aTOM y B3pOCJBIX TTECYAHOK UMMYHODPEAKTUB-
Hocth kK BDNF B nosie CA1 uepes 4 u 7 pueit nocie
uiemMur-perepdysnun Oblia 3aMETHO CHUXKEHA 110
CPABHEHUIO C KOHTPOJIEM, & Y MOJIOJBIX IECYAHOK
yepe3 4 cytok mnpoucxoauio tosbiieane BDNF
UMMYHOPEAKTUBHOCTH, & K 7 CYyTKAM — CHUJKEHUE.
Taxkum 06pazom, THGENb HEHPOHOB MPOUCXOAUIA HA
(one ymenniienusi conepskanusg BDNE Ilokasano,
YTO [10CJI€ OCTAHOBKHU CEP/IIa OMMHAKOBOI JIJTUTEIbHO-
CTH ITOCTPEAHUMAIOHHbBIE CIBUTU YPOBHS 9KCIIPEC-
cut BDNF 1 riporteccnl ribesin HeHpOHOB B IIOILYJIst-
1un Kiaetok [Iypkunbe y caMIioB KpbIC pa3BUBAIOTCS
paHblile, 4YeM y caMoOK (Ha 4-e u 7-e CyTKU, COOTBET-
ctBeHHO) [31]. IIpu aTOM, B IOy JISAIINM TUPAMU/IHBIX
KJIETOK TUIITIOKAMIIA Y CAMOK, B OTJINYHE OT CAMIIOB, He
nipoucxoznsio uamenennii BDNF-ummyHnopeakTuBHO-
CTH, U TIPOIIECC THOEIIM HEWPOHOB HE Pa3BUBAJICS.

Mexanuamsl neiictsusa BDNF

BDNF onocpenyet cBoe MOJIOKUTENbHOE JIeii-
CTBME 4epe3 TPOIIOMUO3MHKUHA3HBLIN pPelentTop —
TrkB [10, 12], B3auMozeiicTBIE ¢ KOTOPBIM 3aIlyCKaeT
KacKa/[bl BHYTPUKJIETOYHBIX CUTHAJIBHBIX MOJIEKY.JI,
HAIPaBJICHHBIX Ha MPoJinQepalnio, BbKUBaHUE Heli-
POHOB U TIOJI/IepsKaHe HOPMAJIbHOM CHHANITHYECKOM
wiacTuanoct: kackan Ras/MAPK (6e1ok capkombl
KPBICBI/MUTOTEH-aKTUBUPYEeMasl TPOTENHKUHA3A),
PI3K/Akt (pocharrama-nnosuTon-3-Kkutasa,/ mpore-
nukunaza) u PLC-y1 /PKC (dbochonunaza C-y1/mpo-
tenakuHasa C) [10, 33] (puc.). CyiecTByeT HeCKOJIb-
KO TIpe/IIoJIaraeMbIX ITyTel 3aluTHOTO eWCTBUS
BDNF: 1) antrnanonToTHyecKuii — 3a CUET IMOBBIIIIE-
HUS ypoBH akcnpeccuu Bel-2 u cHuskeHus copepxa-
HUSI BHY TPUKJIETOYHOTO Kasbiiust |34, 35]; 2) nporu-
BOBOCTIAJIUTEIbHBIN — 3a cYeT cyrnpeccuu dhakTopa
Hekpoasa omyxoan (TNF-a), moBwimenns skcnpec-
cun naTepeiikuna-10 [4]; 3) 3ammTa oT OKCUIATHUB-
noro mnoBpexaenus [JHK 3a cuer crumysisiinuu
BbIpaboTKK sHpoHyKiIeasbi APE1 — xiouyeBoro
depmenta penaparuu [JHK [36]; 5) yayurienue
pereHepanuu HEHUPOHOB, CIPayTUHTA AKCOHOB,
cUHaITOreHe3a u anruorenesa [ 1, 37, 38].

IIpornoctnyeckas 3naunmocts BDNF

B MHOTOUHCIEHHBIX HCCJIE0BAHMSIX OBLIO TIOKA-
3aHo, uTo cojiep;kanne BDNF cuuskeno npu pasiany-
HBIX PACCTPOMCTBAX IIEHTPATbHON HEPBHOW CUCTEMBI,
BKJItOuast 6osie3tb [TapkuHCOHa, 60JIe3Hb AJtbiireiiMepa
U IpyTue HelipojiereHeparuBHbie 3a00seBanus |16, 17].
Bwmecte ¢ Tem, moBbimienue coxaep:xxanng BDNF B
TOJIOBHOM MO3T€ CIIOCOOCTBYET BOCCTAHOBJIEHUIO HAPY-
nreHHbIX dyHKmi [13].

JuiiedasionaTusi — J0BOJBHO YACTOE OCJIOXKHE-
Hie Yy GOJIbHBIX B KPUTHUECKUX COCTOsTHUsAX. Hanbo-
Jiee TPO3HbBIE ee MPOSABJICHUS — KOMa U JeJUPUil —
COCTOSHMS, CBSI3aHHBIE C TOBBINEHHON JICTATbHOCTHIO
y Takux OOJbHBIX. VHCTPYMEHTAJbHBIE METO/IbI
HCCTIeIOBAaHUI HE BCET/Ia MO3BOJIIIOT CBOEBPEMEHHO

changes in BDNF immunoreactivity, and the process
of neuronal death did not develop.

Mechanisms of action of BDNF

BDNF mediates its positive action through a
tropomyosin receptor kinase called TrkB [6], binding
to which triggers cascades of intracellular signaling
molecules aimed to the neuronal proliferation, sur-
vival and the maintenance of normal synaptic plastic-
ity: Ras/MAPK  cascade (rat  sarcoma
protein/mitogen-activated protein kinase),
PI3K/Akt (phosphatidyl inositol-3-kinase/protein
kinase) and PLC-y1/PKC (C-y1 phospholipase/pro-
tein kinase C) [10, 33] (fig.). There are a few possible
mechanisms of BDNF protective action: 1) antiapop-
totic: by improving regulation of the Bel-2 level and
reducing the intracellular calcium level [34, 35]; 2)
anti-inflammatory: due to suppression of the tumor
necrosis factor (TNF-a), increase of the interleukin-
10 expression [4]; 3) protection from oxidative DNA
damage by stimulating production of endonuclease
APE1, a key enzyme of DNA repair [36]; 5) improve-
ment of neuronal regeneration, axon sprouting,
synaptogenesis and angiogenesis [1, 37, 38].

Prognostic value of BDNF

Numerous studies have shown that the BDNF
level is reduced in various disorders of the central nerv-
ous system, including Parkinson's disease, Alzheimer's
disease and other neurodegenerative diseases [16, 17].
At the same time, an increase in its brain level con-
tributes to the restoration of impaired functions [17, 18].

Encephalopathy is a fairly common complication
in critically ill patients. Coma and delirium are the
most dangerous its manifestations that are associated
with increased mortality rates in such patients. Instru-
mental tests do not always allow timely diagnosis of
delirium. Immunocytochemical methods for detecting
qualitative and quantitative changes in neuron-spe-
cific proteins in biological fluids (blood, cerebrospinal
fluid) can help in this [39]. High sensitivity, accuracy
and small amounts of material required for the study
are important advantages of this method in compari-
son with other diagnostic methods, as well as the pos-
sibility of earlier detection of diagnostically significant
changes in the level of markers of brain tissue damage
[40]. The use of this method can improve prognosis
and help to choose the therapy. The search for specific
biomarkers of brain dysfunctions remains one of the
main tasks of experimental and clinical studies.

It is believed that a high BDNF level is necessary
for the brain to restore lost functions, while the inabil-
ity to maintain an adequate amount of this protein is
associated with impaired brain function and, possibly,
with increased mortality [39]. A number of studies
confirm this assumption. For example, in a pilot study
by Ritter et al. (2012), there was a decrease in plasma
BDNF level in dead patients admitted to the intensive
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Fig. Signal cascades triggered by BDNF and its TrkB receptor.

Note. Ras — small GTPase; Raf — MEK kinase; MEK — kinase o the mitogen-activated protein kinase; MAPK/ERK — mitogen-activated
protein kinase; CREB — cyclic AMP-dependent transcription factor; PI3K — phosphatidylinositol-3-kinase; PKB/Akt — protein kinase;
inositol triphosphate (IP3) and diacylglycerol (DAG). The binding of neurotrophin (or its mimetic) to the extracellular domain of the
TrkB receptor leads to its dimerization and autophosphorylation of tyrosine residues of the cytoplasmic domain, which become binding
sites to adaptor proteins. Ras-MAPK and PI3K-PKB pathways are activated through them. PKB inhibits apoptosis by inhibiting pro-
apoptotic protein Bad. Phospholipase C-y (PLC-y) is also activated resulting in increased intracellular Ca?* levels and activation of
CA'/calmodulin-dependent protein kinase (CAMK) and protein kinase C (PKC). Each of these signaling pathways regulates gene tran-
scription (CREB). As a result, the synthesis of BDNF and synapsin I (a protein involved in the formation of synaptic vesicles) increases.
IIpumevanue. Ras — mamag ['TMaza; Raf — kunaza MEK; MEK — kunasa muroren-akrusupyemoii nporentkunassl; MAPK/ERK —
muroren-akrusupyemas nporertkniasza; CREB — nAM®-3aBucnmbiii tpanckpurimontsiii paxrop; PI3K — docharuammnnosuros-3-
kunasa; PKB/Akt — nporennknnasa B; unosurosnrpudocdar (IP3) u auarmiriunepun (DAG). CessbiBatue Heiiporpoduta (1im ero
MIMETHKA) ¢ BHEKIETOUHBIM IoMeHOM Trk B-perienrtopa MpUBOANT K €0 IMMEpPH3aIii 1 ayToGochOpUINPOBAHIIO THPOSHHOBBIX OCTATKOB
[MUTOINIA3MATUYECKOTO JIOMEHA, KOTOPbIE CTAHOBATCS MECTAMU CBSI3BIBAHUS C a/IaNITEPHBIMU OeTKaMu., depes HUX MPOMCXOUT aKTHBAIIS
Ras-MAPK u PI3K-PKB myreit. PKB unrubupyer anontos, uHrubupyst npoanonrtudeckuii 6esox Bad. Takke aktusupyercs hocdom-
maza C-y (PLC-y), 4TO NprBOAUT K TIOBBIIIEHNUIO BHYTPUKIETOUHOTO ypoBHst Ca’" u k akruBaiuu Ca’/KaabMO/IyIMH-3aBUCUMON 1TpOTe-
nuknHassl (CAMK) n nporennkunasst C (PKC). Kax/plit n3 aTux curHasipHbIX myteii peryaupyer reanyio tpanckpurimio (CREB). B
pesyusrare nosbimaercst cuites BDNF u cunarncuna [ (6e10K, yuacTByoIMil B 06pa3oBaHU CHHATITUYECKIX BESUKYI ).

JIMaTHOCTUPOBATh AeJupuil. B aToM MOryT TIOMOYb
UMMYHOIIUTOXMMUYECKIIE METO/IbI BBISIBJIEHUST Kaue-
CTBEHHBIX U KOJHMYECTBEHHBIX N3MEHEHU HEIPOH-
crieruduIecknx 6eIKOB B GHOTOTHYECKIX KUTAKOCTSIX
(KpoBb, 11epedpocnHaIbHasd KUAKOCTh) [39]. Bak-
HOE ITPEUMYIIECTBO TAHHOTO METOJIA TI0 CPABHEHHIO C
IPYTUMU METOJAMU TMATHOCTUKHM — BbICOKAs YyB-
CTBUTEJIBHOCTD, TOUHOCTD 1 MaJIble KOJTNYeCTBA MaTe-
puasa, HeoOGXOIMMOTO JIJIs UCCIACOBAHMUS, a TaKKe
BO3MOJKHOCTB 60JI€E PAHHETO BBISIBJICHUS IHArHOCTH-
YeCKN 3HAUYMMBIX WM3MEHEHWiIl YPOBHSI MapKepoB
noBpexaenns Tkann mosra [40]. Vcnomb3oBanue
ATOTO METO/la MOXKET YJIYUIINTh TPOrHO3UPOBAHIIE,

care unit in a critical state, while in survivors, the con-
tent of this protein remained elevated [39]. In patients
with closed craniocerebral trauma, an increase in
serum BDNF levels correlated with a decrease in the
severity of anxiety and improvement of cognitive
functions [41]. Dysregulatory cognitive disorders in
acute and delayed periods after mild and moderate
TBI were associated with low quantitative serum
BDNF levels [42]. There were positive changes in the
scale of frontal dysfunction after treatment with Cere-
brolysin, which was accompanied by an increase in the
serum BDNF level. It is believed that BDNF serum
concentration below 300 pg/ml in the acute period of
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OMOYb T BbIOOpe Teparuu. [Touck creruduyueckx
GuoMapKepoB HAPYHIEHUH (hYHKI[HIT MO3ra 0CTaeTcst
OJTHO¥I M3 IJIABHBIX 33/1a4 9KCIIEPUMEHTATBHBIX U KJIH-
HUYECKUX MCCIIeIOBAHUII.

Cy1iecTByeT MHEHHE, YTO BBICOKOE COJlepIKaHue
BDNF Heo6x01M0 MO3TY J1JIst BOCCTaHOBJICHUST yTpa-
YEeHHBIX (DYHKIUIH, IPH 9TOM HECTIOCOOHOCTD MOIIEP-
JKUBATh aJIEKBATHOE KOJIMYECTBO 3TOT0 OEJIKA CBsI3aHa
c HapylieHneM (yHKIIMU MO3Tra 1, BO3MOKHO, C [TOBbI-
menHoit JetanbHocTbio [39]. Lenstit psa uccienosa-
HUI TIOATBEPIKAAET ITO MpPeNIoJoxKeHue. Tak, B
NUJIOTHOM MccienoBanuu Ritter et al. (2012) 6b110
BbIsIBJIeHO cHMKeHue cojepskanuss BDNF B muazme
KPOBHU Y YMEPIIUX OOJIbHBIX, TOCTYITUBIIUX B OT/IEI€e-
HUe PeaHnMAIUU B KPUTHYECKOM COCTOSIHUU, B TO
BpeMsl KaK y BBUKUBIIHMX COJEPXKAHUE ITOTO OesKa
ocTaBasioch TMoBbIIeHHBIM [39]. ¥V mnamuentoB c
3aKPBITOIl YEPEITHO-MO3TOBOIl TPABMOII MIOBBIIIEHUE
konitenrpaiiun BDNF B cbiBopoTKe KpoBU KOppeJiu-
POBAJIO C YMEHbIIEHNEM BBIPAKEHHOCTU TPEBOTU U
yJydlieHrneM KOHTHUTUBHbBIX dyHKkiui [41]. Korau-
THUBHbIE HAPYIIEHUs AU3PEryJISTOPHOrO TUIA B OCT-
poMm u oTsasienHoM nepuojax nocjae UYMT serkoit u
Cpe/HEil CTENeHN TSKECTU ObLIM COMPSIKEHBI ¢ HI3-
KMM KoJindecTBeHHBIM cojiep:kanueM BDNF B cbiBo-
potke kposu [42]. TTociie sederust nepebpoIM3NHOM
HAOJI0/[a/1aCh TIOJIOKUTETbHASA JAUHAMUKA TI0 MIKAJIE
JIOOHOI IUCHYHKIIUH, YTO COTPOBOKAATOCH OBBITIE-
HueM coziepxkanust BDNF B ceiBopoTke kpoBu. [Toma-
TraoT, YTO B OCTPOM MepHoJie yinba roJIOBHOTO MO3Ta
konitenrpaiust BDNF B ceiBopotke kposu Huzke 300
IIK/MJI CJIYKUT TIPEMKTOPOM Pa3BUTHUSI JEIIPECCUN B
otnasenHoM repuojie. A copepskanue BDNF Britire
600 11K/MJT MOKET PacileHNBAThCS KaK BBICOKUH pea-
OGUIINTAIIMOHHBIN TOTEHIIUAI B OTHOIIEHUY KOTHUTHB-
Horo gyukinmonunposanwus [43]. Huskoe conepskanuve
BDNF B m1a3ame KpoBuU CBS3BIBAIOT C MOBBIIIEHHON
JIETAILHOCTBIO  Cpefin GOJIBHBIX B  KPUTHYECKOM
cocrostnnu [41], TakKe KaK 1 ¢ BBICOKUM PUCKOM BHe-
3aITHOTO MHCYJIbTA Y MOKUJIBIX Jito/iel [44]. Bbir mpo-
Be/leH MeTa-aHAJIM3 JIJIST OIIEHKU KOPPEJIIIII MEXK LY
conepskanueM riepudepudeckoro BDNF u pazsurnem
MOCTUIIEMUYECKO nenpeccun [45]. PesymibrarTer
MCCJIEIOBAHNS TIOKA3AJIH, UTO IIPEPACIIOTI0KEHHOCTD
K Pa3BUTUIO IOCTUIIEMUYECKOII JIETIPECCUN CBsI3aHA C
HU3KUMU KOHIleHTpanusamMu ceiBoporounoro BDNF
HA PAHHUX CTA/IUSIX UHCYJIBTA.

B kpynnom ucciegoanuu Stanne et al. (2016)
OBbLJIO YCTAHOBJIEHO, UTO GOJBHBIE C UIIEMUYECKOM
MHCYJIBTOM UMEIOT 3HAYUTETHHO O0Jiee HU3KUE KOH-
nentpaiu BDNF B chiBopoTKe KPOBH, UeM B KOHT-
pouie [46]. ABTOpBI He BBIIBUIIN B3AUMOCBI3M MEK/LY
conepskanrieM BDNF u 3-mecsunbim nexomom. Ojiaa-
KO HaIMeHTbI ¢ CaMbIMU HU3KUMU 3HaueHussMyu BDNF
MMEJTU TTOBBIIIEHHBIIT PUCK HEGIATOTIPUATHOTO UCXO-
1a Kak B 2-JIeTHEM, Tak U B 7-JIeTHEM HAOII0/ICHIH.

B npocnekTHBHOM MYJIBTUIIEHTPOBOM UCCJIE0-
sanuu Korley et al. (2016) 6bL1a ipogeMoOHCTPpUPOBa-
HA IUaTHOCTUYECKAst ¥ IIPOTHOCTUYECKAS 3HAUNMOCTb

brain injury is a predictor of depression in the delayed
period. BDNF levels of above 600 pg/ml can be con-
sidered a high rehabilitation potential for cognitive
functioning [43]. Low plasma BDNF levels are asso-
ciated with increased mortality in critically-ill pa-
tients [41], as well as with a high risk of sudden stroke
in the elderly [44]. A meta-analysis was performed to
assess the correlation between the level of peripheral
BDNF and the development of post-ischemic depres-
sion [45]. Study findings showed that the predisposi-
tion to the development of post-ischemic depression
is associated with low serum BDNF levels in the early
stages of stroke.

In a large study by Stanne et al. (2016), it was
found that patients with ischemic stroke have signif-
icantly lower serum BDNF levels than those in the
reference group [46]. The authors found no relation-
ship between BDNF levels and the 3-month outcome.
However, patients with the lowest BDNF values had
an increased risk of an unfavorable outcome in both
2-year and 7-year follow-up.

A prospective multicenter study by Korley et al.
(2016) demonstrated diagnostic and prognostic sig-
nificance of serum BDNF levels in patients with trau-
matic brain injury (TBI) of varying severity. At the
same time, extremely low BDNF levels were observed
in patients with incomplete functional recovery [18].
Low serum BDNF levels were observed in the group
of patients with severe TBI who died within 7 days
after hospitalization. Interestingly, there was an in-
verse correlation with the BDNF level in the cere-
brospinal fluid [2].

However, some authors indicate ineffectiveness
of BDNF as a clinical biomarker of TBI outcomes [47,
48]. For example, a prospective study of 120 patients
with traumatic brain injury demonstrated no signifi-
cant difference in plasma BDNF levels in survivors
and deceased patients, as well as in patients with dif-
ferent types of TBI [47]. Concentrations of glutamate,
lactate, BDNF and GDNF (glial cell-derived neu-
rotrophic factor) in cerebrospinal fluid were assessed
in 20 patients with TBI on admission to the hospital
[48]. It was found that these patients had increased
BDNF levels in the cerebrospinal fluid, but no corre-
lation with the 3-day outcome was demonstrated. At
that, lactate and glutamate levels turned out to be
prognostically significant. In a large study by Hughes
(2018), the study of biomarkers of neurological and
endothelial damage failed to reveal the relationship
between the plasma BDNF concentration in critically
ill patients upon admission to the intensive care unit
and long-term impairment of consciousness [49].

In the study of the prognostic significance of
BDNF, polymorphism of the gene encoding BDNF,
namely, the rs6265 or Val66Met mutation, can play an
important role. In this mutation, guanine (G allele) is
replaced with adenine (A allele) at position 196 of the
BDNEF gene. As a result, there is a substitution of me-
thionine (Met) for valine (Val) at codon 66 of the
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ceiBopoTouHoro BDNF y nanuentos ¢ uepernHo-mMo3-
roBoii TpaBmoil (UMT) pazinuunoii cTerienu TsKecTu.
ITpu sTom kpaiine Huskue 3Hadennss BDNF 6puin
OTMEYeHbI Y MAIMEeHTOB C HeMOJHBIM (DYHKIINOHAIb-
HbIM BocctanoBsienueM [ 18]. TlonmxenHoe conepska-
Hue ceiBopoTouHoro BDNF nabuioganoch B rpyiine
yMepIux 60J1bHbIX ¢ Tsken0it UMT B Teuenue 7 gHei
nocje rocnuranusanuu. VIHTepecHo, 4TO 6blia
BbIsSIBJIEHA O0OpaTHAsA KOPPEJAIMS C COJEPIKAHUEM
BDNF B nepe6pocnutanbHoii skuakoctu [2].

OpHako HEKOTOpble ABTOPBI YKa3bIBAIOT HAa
Heachdexrnsrocth BDNF B kauecTBe KIIMHUYECKOTO
6uomapkepa ucxomga UMT [47, 48]. Tak, B mpocmex-
TUBHOM MccyeoBanun 120 manueHnToB ¢ yeperHo-
MO3TOBO¥ TPaBMOI1 He BBISIBIIEHO 3HAUYNUTEIBHON Pa3-
Hutlbl  cojep:kanusi BDNF B muasme kpoBu
BBUKHBIIMX U yMEPIINUX OOJbHBIX, & TAKKE Y Tal[HeH-
TOB ¢ pazubiMu Bujgiamu UMT [47]. ¥V 20 nanuenTos ¢
UMT npu mocTy1ieHuu B TOCIATAID OIIeHUBAJIN KOH-
nentpanuu rayramara, jgakrata, BDNF u GDNF
(rmanbHeI HEHpoTpodruecKknit GakTop) B CIIUHHO-
M03TOBOI kujakoctu [48]. Okazanoch, 4To y 9TUX
601bHBIX ObLI HOBBIIIEHO copepxkanue BDNF B nuk-
BOpE, OJIHAKO KOPPEJISIIIUY € 3-X JHEBHBIM CXO/[OM He
6b1I0 BBIABIEHO. [IPU 9TOM MTPOrHOCTUYECKY 3HAUH-
MBIM OKA3aJI0Ch COZIEPKAHMe JIAKTaTa U rryTamaTa. B
KkpynHoM uccaegosanun Hughes (2018) mpu usyue-
HIY GUOMAPKEPOB HEBPOJIOTHYECKOTO U SH/I0TETHATb-
HOTO [TOBPESKIEHS He yIAI0Ch BBISIBUTH B3AUMOCBSI3b
mexay konuentpanueil BDNF B masme kpoBu 60J1b-
HBIX B KPUTUYECKOM COCTOSIHUU IIPH MOCTYIIJIEHUU B
OT/IeJIEHNST PEAHNMAITNH U IOJITOBPEMEHHBIM HapyIIle-
HueM co3Hanud [49].

[Ipu u3ydyeHUn MPOrHOCTUYECKON 3HAUUMOCTHU
BDNF Baxnyio poJsib MOKeT UTpaTh TOJUMOP(U3IM
rena, koaupyioiiero BDNFE a umento, myTtarus rs6265
uiu Val66Met. ITpu aToii mytanuu ryaduH (amtens G)
3aMensercst Ha ajiennH (aswresap A) B 196 nosuiuu
rena BDNF B pesyssrate nmpoucxoiuT 3aMmena MeTHO-
nuna (Met) na sanun (Val) B 66 KomoHe MOJIEKYJIbI
JHK proBDNE CorzacHo HEKOTOPBIM HAOIIOIEHUSIM,
Val66Met nomumopdusm umeercsa y 30—50% Joneit
[13, 50]. ITonumopdusm Val66Met cBsasbIBaioT ¢ pas-
JIYUSIMU B aHaTOMUH, (DU3HOJIOTHE U 00yIEeHHUH Y 3710-
POBBIX JIIO/IEl, C PA3HBIM TeYeHUEM HelipojereHepa-
TuBHBIX 3aboseBanuii [13, 50, 51], a Takke c
MOBBINIEHHBIM PUCKOM Pa3BUTHS Jenpeccuu [52].
Hocurenu annenst Met Xyske BBIIIOJHSIIOT TECTBI HA
ATU30NYECKYIO TIAMSATH, Y HUX MEHbIIIE 06BhEM Ceporo
BEIIECTBA TUIIIIOKAMIIA ¥ IPePPOHTAIBHON KOPBI
TOJIOBHOTO MO3ra. Y HocuTeei aiess Val, HanpoTus,
oTMedeHbl GoJIbINe 0OBEMBI CEPOTO BEIECTBA B Mpe-
(bpOHTATIBHOI, 3ATHITIOUHOI KOPE, TPEKJIIHbE, KPIOUKE,
BepxHeil BucoyHOH w3Bmiube [53]. Myraius
Val66Met susier Ha Tpancasamio BDNF MPHK, mpu-
BOJIST K CHUKEHUIO Tpon3Bo/icTBa u cekperiun BDNF
B Heiiponax ITHC [50, 54], uro, B cBOIO oYepenp,
o6ycaBIuBaeT yxyieHne HelpoOHaIbHON MIacThy-
HOCTH ¥ MO’KET OKa3bIBATh HETATUBHOE BO3/IENCTBIE

proBDNF molecule of DNA. According to some ob-
servations, Val66Met polymorphism is found in
30-50% of people [13, 50]. The Val66Met polymor-
phism is associated with differences in anatomy, phys-
iology and training in healthy people, with different
severity of neurodegenerative diseases [13, 50, 51], as
well as with an increased risk of depression [52]. Met
allele carriers show worse test results for episodic
memory, they have less volume of gray matter in the
hippocampus and prefrontal cortex. In contrast, Val
allele carriers had large amounts of gray matter in the
prefrontal and occipital cortex, precuneus, uncinate
gyrus, and superior temporal gyrus [53]. The
Val66Met mutation affects the BDNF mRNA trans-
lation,leading to a decrease in the production and se-
cretion of BDNF in CNS neurons [50, 54], which, in
turn, causes deterioration of neuronal plasticity and
can have a negative impact on the restoration of brain
functions after stroke [13, 16]. According to clinical
observations, in patients with this polymorphism, re-
covery of physical activity and cognitive abilities after
stroke is slower and in a smaller extent [16, 50, 55]. It
has been shown that Val66Met polymorphism may be
important in predicting mortality in ischemic and he-
morrhagic strokes and severe traumatic brain injury.
[56]. The authors suggested that the Val allele of the
BDNF gene is a factor ensuring the survival of patients
with severe organic brain damage. In a recent study
(meta-analysis of 1,287 cases of ischemic stroke and
272 cases of post-stroke depression), it was found that
the GG genotype of BDNF in humans was associated
with a significantly lower risk of ischemic stroke. How-
ever, no relationship between rs6265 polymorphism
and post-stroke depression was found [54].

In general, more thorough studies of BDNF
polymorphism are required to predict the course and
outcome of post-ischemic encephalopathy, as well as
to develop pathogenetically justified prevention and
therapy of neurological disorders.

The above facts indicate that BDNF can serve as
a marker of CNS dysfunctions in patients with brain
damage, and in general, has a significant prognostic
value in clinical practice.

Therapeutic potential of BDNF
in severe brain damage

Exogenous introduction. Neuroprotective effect
of exogenous BDNF was demonstrated in numerous
experiments that employed different models of cere-
bral ischemia [11, 15, 13, 35, 57-61].

For example, intragastric infusion of BDNF after
global cerebral ischemia in rats caused by MCAQ pre-
vented the death of hippocampal CA1 neurons [57]. A
decrease in the necrosis zone after intraventricular in-
fusion of BDNF was shown on the model of photoin-
duced thrombosis of cerebral blood vessels in rats [35].
Intravenous administration of BDNF in the acute
post-ischemic period in rats (MCAO model) resulted
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Ha BOCCTaHOBJIeHUe (QYHKIIMIT MO3Ta TI0CJIe MHCYJIBTa
[13, 16]. CormacHo KIMHUYECKUM HAOGJIOLEHUSIM,
HAIUEHTOB C IAHHBIM TTOJTMMOPGhU3MOM BOCCTAHOBJIE-
HUe PU3NIeCKOil aKTUBHOCTU U KOHTHUTUBHBIX CIIO-
cOOHOCTEIT TI0C/IEe MHCYJIBTA TPOTEKAET MEIJIEHHEe U B
MenbIineM obbeme [16, 50, 55]. Bbuio mokasaHo, 4To
Val66Met nonuMophusM MOKET UMETh BaXKHOE 3HAUe-
HU€ [IPU [TPOTHO3UPOBAHUHU JIETATbHOCTH [TPH UIIIEMU-
YeCKOM U TeMOPPAruyecKOM WHCYJIbTaX U TSKEIOM
YeperHo-MO3ToBON TpaBMe. [56]. ABTOPBI TIPeATIoo-
sk, uto ajensb Val rena BDNF apigercs dakro-
pPOM, 06ecredrBaIONIUM BbIKUBAEMOCTh GOJBHBIX C
TSKEJIBIM  OPraHUYeCKHM TOPa’KeHUEM TOJIOBHOTO
Mo3ra. B nenasuem uccienosanuu (Mera-ananmmns 1287
CJIy4aeB UIIEMITYECKOTO MHCYJIbTA 1 272 CJIydaeB IoCT-
UHCYJIETHOM JIenpeccri ), ObLIo yecTaHoBIeHo, uto GG
resotunt BDNF y sozeii cBg3an co 3HAYUTEIHHO
MEHBIIIUM PUCKOM UIEMUYECKOro HHCYJIbTa. OnHaKOo
CBsI3M Mekay mnojaumopdusmom rs6265 u moctuH-
CYJIBTHOI IENTPECCHY He BhISABJIEHO [54].

B nesiom, Tpebyercs 6oiee TiaresabHoe U3yde-
Hue roaumopdusama BDNF g npornosupoBanms
TeYeHUsT 1 MCXOJa MOCTUIIIEMUYEeCKO dHIedasona-
THUHU, a Takke /Ui pa3pabOTKU IMATOreHeTUYeCKU
060CHOBAHHON TIPOMUIAKTUKI ¥ TEPATUU HEBPOJIO-
TUYEeCKUX PACCTPOUCTB.

Paccmotrpennble hakThl YKa3bIBAIOT HA TO, YTO
BDNF mozkert cy>kuth MapkepoM HapyiieHui pyHkK-
uit [THC y 60JbHBIX ¢ HOBPEKAEHUEM IOJIOBHOTO
MO3Ta, U B I[eJIOM — FIMETh CYI[ECTBEHHOE IPOrHOCTH-
YecKoe 3HAU€eHIe B KIUHUKe.

Tepanestuueckuii noreniuaji BDNF npu
TSI3KeJIOM MOBPesKAeHUH TOJIOBHOTO MO3ra

IK302eHHOE 66¢0eHUe. B MHOTOUNCIIEHHBIX IKCITE-
PUMEHTaX Ha Pa3IMYHBIX MOJICJISIX UIIIEMUN TOJIOBHOTO
MO3Ta GbIJT IPOIEMOHCTPUPOBAH HEHPOTIPOTEKTUBHBII
acddexr axzorennoro BDNF [11, 15, 13, 35, 57—-61].

Tak, BuyrpmwxkenynoukoBasi uudysuss BDNF
nocJie TI00AMBHOI UIIEMUN MO3Ta Y KPBIC, BbI3BaH-
ot OCMA, npezgorspaiiajia riudeib HeipOHOB HOJIs
CA1 runmoxammna [57]. Ha Mozes poTorHIyninpo-
BAHHOTO TPOMO03a KPOBEHOCHBIX COCY/IOB TOJIOBHOTO
MO3Ta y KpbIC OBIJIO OTMEYEHO YMEHBIEHUE 30HbI
HEKpPO3a TIPU BHYTPUIKEJIYAOYKOBOW uHDY3UU
BDNF [35]. Buyrpusennoe sBesetne BDNF B oct-
POM TIOCTUIIEMUYECKOM Iepuojie y Kpbic (MO/eJb
OCMA) npuBONIIO K YMEHbBIITEHNIO 30HbI MH(papKTa
B KOPTUKAJBHOU 1 CyOKOPTUKAIBHON 06JacTAX 1
CHUIKEHUIO HEBPOJOTUYECKOTO ehUIINTa, a TAaKKe K
YMEHBIICHUTO YK CJIa TTPOAOTITOTUYECKUX HEMPOHOB
B 30He nenym6psl [59]. MHTpanasanipHoe BBeICHIE
BDNF uepes 2 vaca nocJsie 9KCIIepUMeEHTAIBHOTO
nucyabra (Mogeb OCMA) y KpbIC TPUBOIUIO K
3aMeTHOMY ToBbIIIeHuto copep:kanuss BDNF B Tka-
HAX Mo3ra. [Ipu 9ToM Takske CHUIKAIOCH YUCIIO aIloTl-
ToTu4ecKkux HeiponoB [61]. BuyTpuBennoe BBeje-
nue BDNF B couetanuu ¢ runorepmueii mpuBOIAIO

in a decrease in the infarction zone in the cortical and
subcortical areas and a decrease in neurological deficit,
as well as a decrease in the number of proapoptotic
neurons in the penumbra area [59]. Intranasal admin-
istration of BDNF 2 hours after the experimental
stroke (MCAO model) in rats resulted in a noticeable
increase in BDNF levels in brain tissues. The number
of apoptotic neurons also decreased [61]. Intravenous
administration of BDNF in combination with hy-
pothermia led to a decrease in the infarction zone in
rats in the post-ischemic period (MCAO model) [58].
Intranasal administration of BDNF and GDNF in
acute hypobaric hypoxia contributed to increased sur-
vival rates of mice, as well as the restoration of motor
activity and preservation of spatial memory in the
post-hypoxic period [62].

Low molecular weight BDNF mimetics. The use of
BDNF as a therapeutic agent is limited by poor pene-
tration of this protein through the blood-brain barrier
(BBB) and into brain tissue, as well as a short period
of biological half-life [63—65].

Development of low molecular weight BDNF
mimetics with high efficiency and improved pharma-
cokinetic properties is one of solutions to this problem
[17, 63, 66]. For example, it was shown that intraperi-
toneal administration of BDNF dipeptide mimetics
(GSB-106 and GSB-214) led to a significant reduc-
tion in the infarction volume and correction of behav-
ioral disorders in rats after temporary focal cerebral
ischemia (MCAO model) [67]. Another BDNF
mimetic, LM22A-4, a TrkB receptor agonist, pre-
vented neuronal degeneration, enhanced neurogenesis
and improved functional recovery in studies on brain
ischemia models in vitro and in vivo [63, 68].

Over recent years, much attention is paid to an-
other TrkB receptor agonist, 7,8-dihydroxyflavone
(7,8 DHF) [69]. It is a natural plant flavonoid that has
a high affinity for the TrkB receptor, is able to pene-
trate the BBB and has a longer half-life as compared
to the BDNF protein [70]. The therapeutic potential
of 7,8 DHF was investigated on different models of
neurodegenerative diseases, including TBI and focal
ischemia [70]. For example, it was shown on the model
of hypoxia-ischemia in mice that intraperitoneal ad-
ministration of 7,8 DHF after hypoxia-ischemia leads
to a decrease in neuronal degeneration (neuronal
death) and astrogliosis in the hippocampus, to im-
proved learning processes, as well as better preserva-
tion of white matter of the brain [71].

Stimulation of endogenous BDNF production. Ac-
cording to many researchers, the neuroprotective ef-
fect of various factors, such as hypothermia,
hyperbaric oxygenation, and ischemic precondition-
ing is mediated by BDNF and its receptor TrkB [19,
24,72, 73]. Therefore, the search for opportunities to
stimulate the production of endogenous BDNF pro-
tein and its receptor is one of the most promising
areas in the development of approaches to brain pro-
tection [15, 16, 74-76].
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K YMEHBIIEHUIO 30HbI MH(APKTa Yy KPBIC B IIOCTHUIIIE-
mudeckoM repuojsie (moznesb OCMA) [58]. UnTpa-
nazaibHoe BBesenne BDNF u GDNF B ycioBusax
OCTPO TUTIO6APUYECKOTT TUTTOKCUHU CTIOCOOCTBOBAJIO
MOBBIIIEHUIO BBIXKMBAEMOCTH MbIIIIEH, a TaKKe BOC-
CTaHOBJIEHUIO JIBUTATEJbHOM aKTUBHOCTHU U COXpaHe-
HUIO IIPOCTPAHCTBEHHOM NaMATH B IIOCTIUIIOKCHYe-
ckoM riepuojie [62].

Husxomonexynsapnovie mumemuxu BDNF. Victionb-
3oBanne BDNF B kauecTBe TepareBTH4ecKoro arenTta
OTPaHMYMBAETCA IJIOXUM ITPOHUKHOBEHUEM 3TOTO
Geka yepes reMaTosHuedamndeckuii Gapbep (I96) u
B TKaHb FOJIOBHOTO MO3Ta, & TaKyKe KOPOTKUM IIepro-
oM OMOIOrMYecKOl oty skusHu [63—65].

OHUM U3 PelteHuii 3Toi POOJIEMBI ABJISETCS
paspaboTKa HUSKOMOJIEKYJIAPHBIX MuMeTuKOB BDNF,
06JTa/IAI0TIMX BBICOKOIT 9((PEKTUBHOCTHIO 1 UMETOTIIX
yaydieHHble (papMaKoKUHeTH4Yeckue cBolictna [17,
63, 66]. Harrpumep, ObLIO [T0Ka3aHO, YTO BHYTPUOPIO-
HIMHHOE BBEAEHUE TUIEeNTHAHBIX MUMeTUKOB BDNF
(GSB-106 u GSB-214) npuBoanIo K 3HAYUTETLHOMY
YMEHBIIEHUIO 06beMa UH(baPKTa 1 KOPPEKITUU HAPY-
HIEHWH [TOBeJIeHUsI KPBIC, IIepeHecInX BPpeMeHHYIO
ouaroByio uniemuio mosra (mogenp OCMA) [67].
[pyroit mumeruxk BDNF — LM22A-4, aronucr
penenropa TrkB, npegoTspaiiasn gereHepaiuio Heii-
POHOB, YCUJIMBAJI Heliporene3 u yJyuinan GyHKIHO-
HAJbHOE BOCCTAHOBJICHUE B UCCIIEJOBAHUAX HA MOJIe-
JIIX UIIeMUU MO3Ta in vitro u in vivo [63, 68].

B nocsiesitie Top1 60IbIIIOE BHUMAHNE Y/IETISAET-
cd ente ogHoMy aronucty TrkB penenropa, 7,8-auruz-
poxcudnasonony (7,8 DHF) [69]. DTo narypanbhblii
pacTuTesbHbIi GIaBOHOU/I, KOTOPBI 00JIa1aeT BBICO-
Koii addunHOCTBIO K penentopy TrkB, criocoben mpo-
HuKaTh yepe3 [IB 1 umeer Gosee AauTeIbHOE BpeMst
HOJIY’KU3HHU 110 cpaBHeHunio ¢ 6eixxom BDNF [70].
Tepanesruueckuii norenman 7,8 DHF 6bu1 uccieno-
BaH HA PA3HBIX MOJIEJISIX HElpojiereHepaTuBHbIX 3a00-
seBannii, Bkiodast YMT u pokasnbryio umemuio [70].
Tak, HampuMmep, Ha MOJEJHU THUIOKCUU-UIIEMUN Y
MBIIIIel OBIIO MOKA3aHO, YTO BHY TPUOPIOIINHHOE BBE-
nenue 7,8 DHF nocse runokcuu-umieMun mpuBOJIAT
K YMEHBIIIEHUIO HEPOHAIBHOI fiereHeparyu (rubesu
HEIPOHOB) M aCTPOIJIN03a B TUIIIIOKAMIIE, K yJIydlle-
HUIO MIPOIECCOB 0OYUYEHUS, a TaKIKe JIydIIeMy COXpa-
HeHuIo Gesloro BemjecTsa Mosra [71].

Cmumynsust evipadomxu sndozennozo BDNF. T1o
MHEHMIO MHOTUX UCCJIe[oBaTesell, HelpoIpOTeKTHB-
HbIH A(pheKT pa3jMYHBIX BO3AENCTBUIL, TAaKUX Kak,
TUNOTEPMUS, TUTIepOapuyecKast OKCUreHAIUs, UITEMHU-
YyecKoe IIPeKOHIMITMOHUPOBAHKE, ONIOCPE/IOBAH UIMEHHO
BDNF u ero penerrropom TrkB [19, 24, 72, 73]. IToaro-
MY OJIHUM 13 HauboJiee MepCIeKTUBHBIX HATIPABIECHUI
npu pa3paboTKe MOAXOA0B K 3alUTe MO3Ta SBJISACTCS
MOKUCK BO3MOYKHOCTEH CTUMYJISIINY BBIPAOOTKU SH/IO-
rerHoro 6eaxa BDNF u ero penenropa [15, 16, 74-76].

Tak, B 9KCIIepUMEHTAIBHBIX MCCIEI0BAHUAX Ha
MOJIEJISIX MIIEMUYECKOTO MHCYJIBTa GO yCTaHOBJIE-
HO, 4TO K yBeJIndeHuio BeipadoTku 6enka BDNF npu-

For example, in experimental studies on models
of ischemic stroke, it was found that microglial trans-
plantation [77], administration of progesterone [78,
79], triiodothyronine [26], some nootropics [29, 30],
lithium therapy [80] leads to an increase in the pro-
duction of BDNF protein.

A large number of works are devoted to the
study of possibilities of using herbal preparations as
modulators of BDNF expression in CNS diseases
[81-83].

The ability to activate the expression of BDNF
in vitro using a new BDNF modulating peptide (Neu-
ropep-1, Neuropep-4) has been demonstrated [84]. A
neuroprotective effect of acupuncture (once a day, 5
days a week, for 4 weeks after HI) was demonstrated
on the model of neonatal hypoxia-ischemia (HI) in
rats, which manifested itself by improved memory and
learning ability. At that, there was an increase in
BDNF and GDNF levels, as well as a decrease in the
processes of apoptosis in the hippocampus [85].

It was found in experimental models of stroke
that physical activity leads to an increase in the level
of BDNF and TrkB receptor expression in the brain
and improve its structural and functional state [8, 9,
13, 86]. In humans, intense exercise caused an increase
in serum BDNF concentrations [87, 88], significantly
affecting molecular and cellular processes, enhancing
neurogenesis and synaptogenesis, thus improving cog-
nitive abilities.

High-frequency repetitive transcranial magnetic
stimulation (rTMS) can be another way to activate
the BDNF and TrkB expression [13, 89]. Clinical
studies have proven the safety and efficacy of nonin-
vasive brain stimulation methods, in particular rTMS,
for the treatment of post-stroke depression and motor
disorders [90, 91]

The above facts may be of great importance for
the optimization of neurorehabilitation programs.

It is known that some neurotrophins can simu-
late the expression of other neurotrophins [92, 93]. In
particular, it was shown that the use of a ciliary neu-
rotrophic factor (CNTF) mimetic in Alzheimer's dis-
ease modeling activates the BDNF expression, which
is associated with the effectiveness of this drug [64].
The ability of the nerve growth factor isolated from
tears to enhance BDNF expression was found recently
[94]. It was found that a neuroprotective effect of fi-
broblast growth factor (FGF2) in ischemia can be par-
tially mediated by BDNF and its receptor TrkB [95].
The infarction zone was significantly larger in mice
with the turned off FGF2 gene, than in normal mice
from the same litter, while the post-ischemic induction
of BDNF and TrkB in the hippocampus was less pro-
nounced.

One of possibilities to stimulate the endogenous
BDNF expression level in the post-resuscitation pe-
riod was found by us earlier in the case of application
of dipeptide mimetic of nerve growth factor GK2
[96]. GK-2 is a NGF 4th loop dimeric dipeptide
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BOJIUT TPAHCIJIAHTAIIUS MUKporuu [77], BBe/leHUe
nporectepona [78, 79], rpuitonruponnna [26], Heko-
TopbIX HOOTpOTIOB [29, 30], uTneBas Tepanus [80].

Boubioe yucsio paboT MocBAINEHO UCCIeN0Ba-
HUIO BO3MOKHOCTEN MCIIOIh30BAHUS PACTUTEIbHBIX
[PernapaToB B KAYeCTBE MOAYJSITOPOB IKCIIPECCHUU
BDNF npu sabosesanmax ITHC [81-83].

[Tokazana BO3MOKHOCTb aKTUBAIIUU IKCIIPECCUU
BDNF in vitro npu ucnonpzoBanuu HOBbIXx BDNF-
Moysimpyionumx rentugoB (Neuropep-1, Neuropep-4)
[84]. Ha monenn neoHatasibHOU TMTIOKCUU-UIIIEMUH
(HI) y xpbic 6bLI IIPOAEMOHCTPUPOBAH HEHPOIIPOTEK-
TUBHBII 9 DEKT aKyTYHKTYPHOTO BO3IeHCTBUS (OAUH
pas B [ieHb, J [IHE B HEZIEIO, B TEUE€HUE 4 HeJleb [10CIe
HI), koTopblit BeIpaskasics B yJIydIleHUH TTAMSITU U CTIO-
cobuoctr k 06yderuio. [Ipu aToM HabIIOAATIOCH TOBBI-
menne yposus akcripeccun BDNF u GDNE a rakke
YMeHbIIIEHHE TIPOIIECCOB aIoNTO3a B TUIoKamIie [85].

Ha akcrepuMeHTaNbHBIX MOJEJSAX WHCYJIBTA
OBIJIO YCTAHOBJIEHO, UTO (PU3MUYECKAsA HATPY3Ka MPU-
BOJIUT K TOBBINIeHUIO YpoBH: aKkcipeccrn BDNF u
perternrropa TrkB B Mogre u yJrydnieHuio ero crpykryp-
HO-(DyHKIIMOHANBHOTO coctostHud [8, 9, 13, 86]. ¥
JIO/lell MHTeHCUBHBIE (U3UYECKUEe YIPAKHEHUS
BbI3bIBAJIN yBesinuenune KouieHTpanuun BDNF B
ceiBOpoTKe KpoBu [87, 88], cyiiecTBeHHO BiMsIsT HA
MOJIEKYJISIDHBIE U KJIETOYHBIE TIPOIIECCHI, YCUIUBAST
HellpOoTeHe3 U CUHAINTOreHEe3, TeM CAMbIM YJIyYIlast
KOTHUTHUBHbBIE CIIOCOOHOCTH.

Enite ogHuM criocoboM akTHBAIMU 9KCIIPECCUT
BDNF u TrkB moskeT GbITh BBICOKOYACTOTHAS TOBTO-
PSIIOIIASICST TPAHCKPAHUAIbHAS MATHUTHAST CTUMYJIS-
s (rTMS) [13, 89]. B kiimnuyecknx uccieioBaHnusx
GblIa JoKa3aHa 6e30MacTHOCTh U 9P HEKTUBHOCTD
METO/[0OB HEMHBA3WBHON CTUMYJISIIUU MO3Ta, B 4acT-
noctH, r'TMS, 111 iederust TOCTUHCYJIBTHOM Jlenpec-
cuu u BUTatenbubix Hapymenuit [90, 91].

[IpuBenennsbie Bbiie GAaKThl MOTYT IIPEICTAB-
JISITh CYIIECTBEHHYIO 3HAYUMOCTb [IJIsT OTITUMU3AIUT
HEHPOPeabMIUTAIIMOHHBIX TIPOTPAMM.

V3BecTHO, YTO OAHM HEHPOTPODUHBI MOTYT
MOJIEJTUPOBATH HKCIPECCUIO APYTHX HEHPOTPODUHOB
[92, 93]. B wacTHOCTH, TIOKA3aHO, YTO TIPUMEHEHUE
MUMETHKA [IUJIHAPHOTO HelpoTpodiyeckoro hakropa
(CNTF) npu mogenupoBanun 60jie3uu Asblreiimepa
aktuupyet skcnpeccuio BDNEF ¢ yem cBasbiBaior
addexTUBHOCTH 9TOTO Ipenapara [64]. Henaso ObL1a
BBISIBJIEHA CIIOCOOHOCTD (haKTOpa POCcTa HEPBOB, BhIJIE-
JIEHHOTO U3 cJie3, yeuausath akcipeccuio BDNF [94].
Beuio ycranoBsieHO, 4TO HEMPOIPOTEKTUBHOE JIeii-
crBue dakropa pocra ¢pubdbpodaacros (FGF2) upu
UILEMUK MOKeT OBbITh YaCTUYHO onocpenoBadio BDNF
u ero perientopom TrkB [95]. ¥V Mbliieii ¢ BBIKIIOYEH-
ubiM renoM FGF2 302 nndapkra 6bljia 3HAYUTENbHO
GoJIbIIIE, YEM Y HOPMAJIBHBIX MBIl U3 TOTO JKe oMe-
Ta, TP 9TOM noctuiieMudeckas nuaykiuss BDNF u
TrkB B runmnokamMiie 6bl1a MeHee BhIPasKeHa.

OpHa 13 BO3MOXKHOCTEH CTUMYJISIIUU YPOBHS
akcnpeccun asngorennoro BDNF B mocrtpeanmma-

mimetic, which was designed and synthesized in the
V. Zakusov Research Institute of Pharmacology. The
ability of GK-2 to reduce the volume of focal brain
damage and reduce neurological deficit was estab-
lished in models of photoinduced thrombosis of cere-
bral blood vessels, as well as unilateral MCAO in rats
[97]. We have obtained direct evidence of the neuro-
protective effect of GK-2 in the post-resuscitation pe-
riod after temporary cardiac arrest in rats. For
example, intraperitoneal administration of GK2 to re-
suscitated animals led to a decrease in the severity of
dystrophic changes and death of neurons in neuronal
populations of hippocampal pyramidal neurons and
cerebellar Purkinje cells that are highly sensitive to
hypoxia, as well as to accelerate the recovery of the
neurological status. It was found that GK2 caused ac-
tivation of BDNF expression in cells not producing
this factor earlier, which apparently contributed to
prevention of their death [96].

Neurotrophin delivery systems to the brain. Par-
tially, the problem of poor BBB permeability for neu-
rotrophins can be solved by creating transport systems
for their delivery to the brain [33, 98—100]. For this
purpose, various transfer systems are developed [4,
33], which will allow to avoid rapid elimination of pro-
tein in the blood due to enzymatic degradation, cap-
ture by the reticuloendothelial system, accumulation
in other tissues, as well as an adverse immune re-
sponse. These can be transfer systems by means of viral
vectors, bone marrow stem cells, synthetic and natural
polymers [33].

Local delivery of neurotrophins to neurons can
be performed by gene and cell therapy [16]. For ex-
ample, intragastric introduction of the viral vector
encoding BDNF in 30 minutes after ischemic stroke
(MCAO model) in gerbils prevented the death of hip-
pocampal pyramidal neurons [101]. Transplantation
of cells that synthesize neurotrophins into the brain
is an alternative to viral delivery systems. Studies
show that transfected BDNF neuronal stem cells
transplanted into the ischemic area of the brain sur-
vive and produce BDNF. Some of them migrate to the
affected area and are able to differentiate into neurons
[102]. It was found that transplantation of BDNF-
modified stem cells into the brain damage zone of rats
exposed to temporary MCAO leads to an increase in
BDNF synthesis in the ipsilateral hemisphere, im-
provement of structural and functional brain recov-
ery, as well as reduction of apoptosis and
enhancement of endogenous neurogenesis [103, 104].
The neuroprotective effect of bone marrow mes-
enchymal stem cells coexpressing BDNF and vascular
endothelial growth factor (VEGF) was demonstrated
on the model of cardiac arrest in rats [38]. For exam-
ple, their introduction into the jugular vein of rats im-
mediately after resuscitation led to a significant
reduction in the number of damaged neurons in the
CAT1 field of the hippocampus and temporal cortex, as
well as to a decrease in neurological deficit.
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[IMOHHOM TIepUOjie ObLIA BISIBJICHA HAMU paHee TIPH
OPUMEHEHUU JUMENTUAHOTO MUMETHKA (haKkTopa
pocta HepsoB ['K2 [96]. TK-2 — 310 numepuslii
aurnenTugaHbii MumeTuk 4-it metsim NGE koTopsiii
ObLI CKOHCTPyUpOBaH M cuHTesupoBan B DITBY
«HUN dapmakonorun um. B. B. 3akycosa». Ha
MojesiAxX (hOTOUMHYIIUPOBAHHOTO TPoMGO3a KpoBe-
HOCHBIX COCY/IOB TOJIOBHOTO MO3Ta, & TAK)KE IIPU OJTHO-
croponHeit mojiesib OCMA y KpbIc ycTaHOBJIEHA CITO-
cobnocts T'K-2  yMmeHbIIaTh 00bEM 0YaroBOro
HOPaKeHUs MO3Ta, CHUKATh HEBPOJIOTHMYECKUil 1edu-
it [97]. Hamu ObLIn 1101y 4€HbI IPSIMbIE JOKA3aTeJIb-
cTBa HellporpoTekTUBHOTO JlelictBust ['K-2 B mocTpea-
HUMAIMOHHOM TIePUOJI€e TIOCJIE BPEMEHHOI OCTAHOBKH
cepana y kpbic. Tak, BHYTPUOPIOMINHHOE BBEJICHUE
'K2 peanmMupoBaHHBIM KUBOTHBIM MPUBOIUIO K
YMEHBIIEHIIO BBIPA)KEHHOCTH ITPOIECCOB AUCTPODU-
YECKOTO M3MEHEHUsT U rubesi HEHPOHOB B BHICOKO-
YYBCTBUTEJIbHBIX K THUIIOKCUU  HEIPOHAIbHBIX
HOIYJISIIIUAX TUPAMUIHBIX HEMPOHOB TUIIIIOKAMIIA 1
kieTkax [lypkuHbe Mo3:keuka, a TakKe YCKOPEHHIO
BOCCTAHOBJIEHUS HEBPOJIOIMYECKOTO cTaTyca. bpuio
ycraHoBseHo, yTo ['K2 BbI3bIBaI aK THBAIIMIO 9KCIIPeC-
cut BDNF B kieTkax, paHee He BbhIpaGaThIBAIOLIIX
3TOT (HaKTOp, UYTO, TMO-BUAUMOMY, CIIOCOOCTBOBAJIO
npesynpexaennio ux rudesm [96].

Cucmemot docmasku HeupompopuHos 6 mose.
YacTiaHO PenuTh POOIEMY TI0XO0# TPOHUIIAEMOCTH
I'9b nast HelipoTpoHOB TO3BOJISIET CO3/IAHNE TPAHC-
MOPTHBIX CUCTEM JIJIs UX JIocTaBKy B MO3T [33, 98—100].
Jlist aTOr0 pa3pabaThIBAIOTCS Pa3INYHbIE CHCTEMBI
nepenoca [4, 33], koTopble MO3BOIAT u3bexKaTh
GbICTPOiT BiMMUHAIMHT GesiKa B KPOBH BeJiecTBIE (hep-
MEHTATUBHOI JIeTPAIAINY, 3aXBaTa PETUKYI0IHIOTeE-
JIMAJIBHOI CUCTEMOI, aKKYMYJISAIIMU B IPYTHX TKAHSIX,
a TaKKe HeXKelIaTeJbHOTO MMMYHHOTO OTBeTa. JTO
MOTYT OBITh CHCTEMBI [IEPEHOCA TOCPEICTBOM BUPYC-
HBIX BEKTOPOB, CTBOJIOBBIX KJIETOK KOCTHOTO MO3Ta,
CUHTETUYECKUX U HATYPAJIbHBIX MTOJIMMepOB [33].

JlokasbHyt0 0CTaBKY HEPOTPOMUHOB K HEWpo-
HAM MOJKHO OCYIIECTBUTH C MOMOIIIbIO TEHHO U KJie-
TouHoit Tepanuu [ 16]. Tak, BHyTpHIKeTy/104KOBOE BBE-
JIeHrie BUPYCHOTO BeKTOpa, Kogupyioiiiero BDNE, uepes
30 MuUH TIOCJTe MIIEeMUYEeCKOro HHCYJbTa (MOJIEJb
OCMA) y nmecyaHok IpefoTBpaliazo rubeb mupa-
MUIHBIX HEHPOHOB rurokamna [ 101]. AsnsrepnaTuBoii
BUPYCHBIM CUCTEMaM JIOCTABKH SIBJISIETCS TPAHCILIAH-
TaIlus B MO3T KJIETOK, CHHTE3UPYIOLIIX HeHpoTpodu-
HblL. VccsienoBanust moKasbIBaIOT, YTO TPAHCHUIIPO-
Banuble BDNF HelipoHasbHble CTBOJIOBbIE KJIETKH,
HepecaskeHHble B UIIEMUYECKYI0 00JIACTh TOJIOBHOTO
MO3ra, BbIKUBaioT 1 BeipabareiBaior BDNF. Yactb us
HUX MUTPUPYET B 30HY MOBPEKIECHUSA 1 CIOCOOHA U-
epentuposatbcst B Hetiponsr [102]. Beiio ycranosi-
HO, UTO TPAHCILTAHTAIUS CTBOJIOBBIX KJIETOK, MOIH(H-
nuposanubix BDNFE, B 30HY 11oBpeskjieHust TOJI0BHOTO
MoO3ra KpbicaMm, reperectiiuM Bpemennyio OCMA, nipu-
BO/UT K yBesmuenunio cuate3a BDNF B uricunarepasib-
HOM TIOJTYIIAPUU, YIYIIEHUIO CTPYKTYPHOTO 1 (PYHK-

However, the need to inject stem cells and aden-
oviral particles directly into the brain is a significant
limitation for their use in the clinic [16].

An alternative method of directed and controlled
delivery of neuroprotective molecules is associated with
the use of natural polymers, nanosomes and liposomes
[16, 33, 105]. Creation of chimeric proteins, a so-called
Trojan horse technology, is one non-invasive way to de-
liver neurotrophins, in which non-transportable pep-
tides, such as neutrophins, are conjugated to other
peptides or proteins that carry out their transfer or de-
livery to the brain. Antibodies against transferrin or in-
sulin receptors are such carriers [33]. Transferrin
receptors are expressed in brain endothelial cells, which
are a part of the BBB. The binding of this antibody con-
jugate and neurotrophin to the transferrin receptor
causes receptor-mediated transcytosis via BBB. This
strategy has been successfully used in experimental
stroke models to deliver BDNF to the brain [16]. For ex-
ample, intravenous administration of BDNF conjugate
with a monoclonal antibody against the transferrin re-
ceptor to rats after MCAO led to a significant decrease
in the infarction area and improve functional recovery of
the brain [ 100]. However, the capacity of such a delivery
system is quite low, since each BDNF protein molecule
requires one carrier. Liposomes carrying (encapsulated)
several molecules of neurotrophin or plasmid DNA can
be used to enhance the pharmacological effect. Liposomal
particles consist of polyethylene glycol-conjugated lipids
and are connected with antibodies against transferrin
and insulin receptors, which mediate transcytosis
through BBB and endocytosis into brain cells [105].

An innovative biomaterial-based drug delivery
system in the form of hydrogel has been developed
that can be injected safely into the intrathecal space
for local delivery of brain-derived neurotrophic factor
(BDNF). This method allows to control the duration
of action and dosage of the active substance. The ex-
perimental model of spinal injury in rats demonstrated
the positive effect of BDNF hydrogel on diaphrag-
matic respiration function [106].

Conclusion

A large number of experimental studies of the
neuroprotective potential of BDNF have been con-
ducted over the past two decades. It was found that the
level of BDNF expression is an important factor with
a significant impact on the resistance of neurons to is-
chemia-reperfusion. Exogenous administration of
BDNF improves the functional and structural state of
the brain in the post-ischemic period. BDNF determi-
nation has a prognostic value in the clinical practice
and exhibits a therapeutic potential. Creation of low-
molecular BDNTF mimetics and agonists of its receptor
TrkB, stimulation of the production of endogenous
protein BDNF, and development of ways to improve
the BDNF delivery to the brain are the most promising
approaches to employ BDNF as a therapeutic agent for
the prevention and treatment of encephalopathy.
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IIMOHATIBLHOTO BOCCTAHOBJICHUS MO3Ta, a TAKKe YMEHb-
HIEHUIO aII0IITO3a, YCUJIEHUIO d9HI0TEHHOTO HeliporeHe-
3a [103, 104]. Ha momenu octanoBKuU cepiiia y KPbIC
GBILJIO TIPOJIEMOHCTPUPOBAHO HEHPOTIPOTEKTUBHOE JIEHi-
CTBHE ME3EHXNMAJIbHBIX CTBOJIOBBIX KJIETOK KOCTHOTO
Mo3ra, koakcnpeccupyiomux BDNF u dakrop pocra
anztotesius cocyioB (VEGF) [38]. Tak, ux BBenenue B
APEMHYIO BEeHY KpbICaM Cpagy 110cJie peaHUuMal1K IIPU-
BOJIIMJIO K CYHIECTBEHHOMY YMEHBIIEHUIO YHCJIa
MOBPEXKIEHHbIX HeHPOoHOB B 1tosie CA1 runmokamma u
BHUCOYHOI 30HE KOPbI TOJIOBHOTO MO3T3, & TAKKEe K CHH-
SKEHUIO HEBPOJIOTUYECKOTO euIuTa.

OnHako, HeoOXOMMOCTDb BBEJIEHUS CTBOJIOBBIX
KJIETOK M a/IEHOBUPYCHBIX BEKTOPOB HEIIOCPE/ICTBEH-
HO B MO3T SIBJISIETCS CYIECTBEHHBIM OTpaHUYEeHHEeM
JUIST UX UCTIOJTb30BaHMs B KimHuKe [16].

AJsbrepHaTUBHBIN CIOCO6 HANPaBIEHHONH U
KOHTPOJIMPYEMOI JOCTaBKM HEHPONPOTEKTUBHDIX
MOJIEKYJI CBS3aH € WCIOJb30BaHUEM HATYPaJIbHbIX
MOJIMMEPOB, HaHocoM u JumocoMm [16, 33, 105].
O/HUM 13 HEMHBA3UBHBIX CIIOCOOOB JI0CTaBKY HEli-
POTPOGUHOB ABJISAETCSA CO3AHNE XUMEPHBIX GETKOB
— TaK Ha3blBaeMas T€XHOJIOTHS «TPOSTHCKOTO KOHS»,
[IPU KOTOPOI HETPaHCOpTabebHbIE METTH/IBI, TAKUE
KaK HeHTPO(UHDI, KOHBIOTUPYIOTCS C APYTUMHU I1ell-
THAAMU WJIN OEJKaMU, KOTOPbIe OCYIIECTBISIOT UX
[EePeHOC WK JOCTaBKY B MO3I. TakuUMM IlepeHoCcut-
KaMM SIBJISIOTCS aHTHUTEJIA K pelieritopaM Tpancdep-
puna wian uHcyarHa [33]. Tpancdeppunossie peren-
TOPBI AKCIIPECCUPYIOTCS B 9HIOTEINAIBHBIX KJIETKAX
TOJIOBHOTO MO3ra, KOTopble BXoadT B coctas ['Ob.
Cas3biBaHue KOHbIOTaTa 3TOT0 aHTUTEJIA U HEHPOTPO-
(una c perieitopom Tpancheppuna BbI3bIBAET Peliell-
TOP-0IoCcpeIoBaHHbIN TpaHcuTo3 yepe3 [IB. Takas
crpaTerus Gbla yCIEelHo UCTIOIb30BaHa HA IKCIIEPHU-
MEHTAJIbHBIX MOJIEJIAX UHCYJIBTA [IJIS1 IOCTABKU B MO3T
BDNF [16]. Hanpumep, BHyTpUBEHHOE BBejleHUE
konbiorata BDNF ¢ MoHOKJIOHAIBHBIM aHTUTEJIOM K
pentenitopy Tpancheppuna kpeicam ¢ OCMA mnipuso-
JIUJIO K CYIIeCTBEHHOMY YMEHbIIEeHHIO 30HbI HH(apK-
Ta ¥ yJIydlleHuIo GyHKIIMOHATIbHOTO BOCCTAHOBJIE-
Hust mo3ra [100]. OxHako eMKOCTh TaKOW CUCTEMbI
JIOCTABKHU JIOCTATOYHO HU3Kas, IIOCKOJIBKY IS KaXK-
Jluteparypa

1. Huang L., Applegate P.V., Gatling J.W., Mangus D.B., Zhang ]., Applegate
R.L.2nd. A systematic review of neuroprotective strategies after cardiac
arrest: from bench to bedside (part II-comprehensive protection). Med.
Gas. Res. 2014; 4:10. DOL: 10.1186,/2045-9912-4-10. PMID: 25671079

2. Failla M.D., Conley Y.P.,, Wagner A.K. Brain-derived neurotrophic factor
(BDNF) in traumatic brain injury-related mortality: interrelationships
between genetics and acute systemic and central nervous system BDNF
profiles. Neurorehabil. Neural. Repair. 2016; 30 (1): 83-93. DOL
10.1177/1545968315586465. PMID: 25979196

3. Lorente I.L. Biomarkers associated with the outcome of traumatic brain
injury patients. Brain Sci. 2017; 7 (11): pii: E142. DOI: 10.3390/brain-
sci7110142. PMID: 29076989

4. Chen A.L, Xiong LJ., Tong Y.U., Mao M. The neuroprotective roles of
BDNF in hypoxic ischemic brain injury. Biomed. Rep. 2013; 1 (2): 167—
176. DOI: 10.3892/br.2012.48. PMID: 24648914

5. Gray ].D., Milner TA., McEwen B.S. Dynamic plasticity: the role of gluco-
corticoids, brain-derived neurotrophic factor and other trophic factors. Neu-
roscience. 2013; 239: 214-227. DOI: 10.1016/j.neuroscience.2012.08.034.
PMID: 22922121

6. Kimura A., Namekata K., Guo X., Harada C., Harada T. Neuroprotection,
growth factors and BDNF-TrkB signalling in retinal degeneration. Int. J. Mol.
Sci. 2016; 17 (9): pii: E1584. DOTI: 10.3390/ijms17091584. PMID: 27657046

noii mostekyibl 6enka BDNF tpebyercs ogun mepe-
Hocuuk. Jus  ycusenuss  ¢GhapMaKkoJOruuecKoro
adexTa MOKHO NCIIOJIB30BATH JTUIIOCOMBI, HECYIIIHE
(MHKAIICYJIMPOBAHHO) HECKOJBKO MOJIEKYJ HEelpo-
tpocduna, nian nnazmuausie JJHK. Jlumocommubre
YACTUIIBI COCTOAT U3 TTOJUITUIEHITINKOIb-KOHBIOTH -
POBAHHBIX JIMIIUIOB U COEMHEHDBI C aHTUTEJIAMU K
perienitopaM TpancdeppuHa U MHCYJIUHA, KOTOPBIE
OTIOCPE/YIOT TpaHcIuTo3 Yepe3 ['IB u anponuros B
KJIETKU rojioBHOTO Mo3ra [105].

Hemasro 6bia pazpaboTana WHHOBAITHOHHAS
crcTeMa JI0CTaBKY JIEKapCTB Ha OCHOBE OHoMaTepHa-
JIOB B BUJIE TUPOTEJIst, KOTOPBII MOKHO G€3011acHO
BBOJIUTH B WHTPATEKAJIBHOE TPOCTPAHCTBO IS
aokanbHou foctaBku BDNE. /lanubiii MeTo/1 1103BO-
JideT KOHTPOJIMPOBATH ITPOJOJIKUTEIbHOCTD Jeii-
CTBUS U JIO3UPOBKY JeicTBylomiero Bemjectsa. Ha
AKCIIEPUMEHTATBHON MOJIETH TPABMbI TO3BOHOYHUKA
Y KPbIC OBLIIO TIPOIEMOHCTPUPOBAHO MOJIOKUTETHHOE
neiictue rugporesnsi BDNF na nuadparmanbuyio
dbyuxiuio apixanus [106].

3akiaoueHue

3a mocJieHne 1Ba JecATUIeTHs ObLIO IIPOBe/e-
HO GOJIBIIIOE KOJTMYECTBO 9KCIIEPUMEHTAIbHBIX HCCJIe-
JIOBAaHWI HelpompoTekTUBHOTO noteHnmasa BDNE
YcranoBieno, 4To ypoBeHb 3Kcmpeccuun BDNF
SIBJISIETCST BaXKHBIM (DAKTOPOM, OKa3bIBAIOIIUM CYIIle-
CTBEHHOE BJIMSTHUE HA YCTOWYMBOCTH HEWPOHOB K
nmemun-pernepdysun. Ero sk3orenHoe BBejeHUe
yayuniaet GyHKIIMOHATIBHOE U CTPYKTYPHOE COCTOS-
HHUEe Mo3Ta B mocTtumemudeckoM mepuoge. BDNF
MOJKET UMETDh Ba)KHOE TTPOTHOCTUYECKOE 3HAUCHUE B
KJIMHUKeE, a TaKsKe 00J1a/laeT CyIeCTBEHHbIM TepalieB-
TUYECKUM IoTeHuanoM. Haubosee mepcrnekTHBHbI-
MU HamnpaBJieHusIMU nctosib3oBanusgs BDNF B kaue-
CTBE TepareBTUYeCKOro areHTa /71t TPOPUIaKTUKA U
JiedeHus sHTIehaTIONaTH SBJISETCS CO3/IaHNe HU3KO-
MoJiekyaapHbiX MuMeTnkoB BDNF u aronncTos ero
peuenrtopa TrkB, ctumy isius BbipabOTKI 9HIOIE€H-
Horo 6eixa BDNEF, pazpaGoTka c110co60B yIydIIeHs
nocrask BDNF B rosioBHO# MO3T.

References

1. Huang L., Applegate P.V., Gatling J.W., Mangus D.B., Zhang J., Applegate
R.L.2nd. A systematic review of neuroprotective strategies after cardiac
arrest: from bench to bedside (part II-comprehensive protection). Med.
Gas. Res. 2014; 4: 10. DOI: 10.1186,/2045-9912-4-10. PMID: 25671079

2. Failla M.D., Conley Y.P.,, Wagner A.K. Brain-derived neurotrophic factor
(BDNF) in traumatic brain injury-related mortality: interrelationships
between genetics and acute systemic and central nervous system BDNF
profiles. Neurorehabil. Neural. Repair. 2016; 30 (1): 83-93. DOL
10.1177/1545968315586465. PMID: 25979196

3. Lorente L. Biomarkers associated with the outcome of traumatic brain
injury patients. Brain Sci. 2017; 7 (11): pii: E142. DOT: 10.3390/brain-
sci7110142. PMID: 29076989

4. Chen A.L, Xiong LJ., Tong Y.U., Mao M. The neuroprotective roles of
BDNTF in hypoxic ischemic brain injury. Biomed. Rep. 2013; 1 (2): 167—
176. DOI: 10.3892/br.2012.48. PMID: 24648914

5. GrayJ.D., Milner T.A., McEwen B.S. Dynamic plasticity: the role of gluco-
corticoids, brain-derived neurotrophic factor and other trophic factors. Neu-
roscience. 2013; 239: 214-227. DOI: 10.1016/j.neuroscience.2012.08.034.
PMID: 22922121

6.  Kimura A., Namekata K., Guo X., Harada C., Harada T. Neuroprotection,
growth factors and BDNF-TrkB signalling in retinal degeneration. Int. J. Mol.
Sci. 2016; 17 (9): pii: E1584. DOL: 10.3390/ijms17091584. PMID: 27657046

GENERAL REANIMATOLOGY, 2019, 15; 1

www.reanimatology.com



82

DOI:10.15360,/1813-9779-2019-1-70-86

Reviews

7.

20.

21.

22.

23.

24.

25.

26.

27.

Choi Y., Kang S.G., Kam K.Y. Changes in the BDNF-immunopositive cell
population of neocortical layers T and IT1/11T after focal cerebral ischemia
in rats. Brain Res. 2015; 1605: 76-82. DOI: 10.1016/j.brainres.
2015.02.007. PMID: 25681548

Shih P.C., Yang Y.R., Wang R.Y. Effects of exercise intensity on spatial
memory performance and hippocampal synaptic plasticity in transient
brain ischemic rats. PLoS One. 2013; 8 (10): €78163. DOL: 10.1371 /jour-
nal.pone.0078163. PMID: 24205142

Kim G., Kim E. The effects of antecedent exercise on motor function re-
covery and brain-derived neurotrophic factor expression after focal cere-
bral ischemia in rats. J. Phys. Ther. Sci. 2013; 25 (5): 553-556. DOIL:
10.1589/jpts.25.553. PMID: 24259800

. Hesanos A/l. Pono NGF u BDNF B peryssnuu nestebHOCTH 3peioro

mozra. JKypu. evicw. nepen. desmenvrocmu um. U.ILITasnosa. 2014; 64
(2): 137-146. DOTI: 10.7868/S0044467714020099. PMID: 25713864

. Schabitz W.R., Steigleder T., Cooper-Kuhn C.M., Schwab S., Sommer C.,

Schneider A., Kuhn H.G. Intravenous brain-derived neurotrophic factor
enhances poststroke sensorimotor recovery and stimulates neurogenesis.
Stroke. 2007; 38 (7): 2165-2172. DOI: 10.1161/STROKEAHA.106.
477331. PMID: 17510456

Vilar M., Mira H. Regulation of neurogenesis by neurotrophins during
adulthood: expected and unexpected roles. Front. Neurosci. 2016; 10: 26.
DOTI: 10.3389/fnins.2016.00026. PMID: 26903794

. Berretta A., Tzeng Y.C., Clarkson A.N. Post-stroke recovery: the role of

activity-dependent release of brain-derived neurotrophic factor. Expert.
Rev. Neurother. 2014; 14 (11): 1335-1344. DOI: 10.1586,/14737175.2014.
969242. PMID: 25319267

. Budni ]., Bellettini-Santos T., Mina F., Garcez M.L., Zugno A.I The invol-

vement of BDNF, NGF and GDNF in aging and Alzheimer’s disease.
Aging Dis. 2015; 6 (5): 331-341. DOI: 10.14336/AD.2015.0825. PMID:
26425388

. Lampthaveesarp A., Ferriero D.M., Gonzalez F.F. Growth factors for the

treatment of ischemic brain injury (growth factor treatment). Brain Sci.
2015; 5 (2): 165-177. DOL: 10.3390/brainsci5020165. PMID: 25942688

. Anssymoun P.H., Pomanos b.K., Jlenaxun B.K., Xaun U.B., Bynsmsn H/L.,

Mepxkynos B.A., Muponos A.H. PekoMOGUHAHTHBIIT HEHPOTPOhUIECK it
(baxrop rosioHoro mosra (brain derived nerve factor; BDNF): nanaues
s Mosra? Buonpenapamul. IIpodunaxmuxa, ouaznocmuxa, ievenue.
2014; 2: 22-30.

. Cai ., Hua F., Yuan L., Tang W., Lu J., Yu Sh., Wang X., Hu Y. Potential

therapeutic effects of neurotrophins for acute and chronic neurological
diseases. BioMed Res. Int. 2014; 2014: 601084. DOI: 10.1155/2014/
601084. PMID: 24818146

. Korley FK., Diaz-Arrastia R., Wu A.H., Yue J.K., Manley G.T., Sair H.I., Van

Eyk]., Everett A.D.; TRACK-TBI investigators, Okonkwo D.O., Valadka A.B.,
Gordon W.A., Maas AL, Mukherjee P, Yuh E.L., Lingsma H.F., Puccio A.M.,
Schnyer D.M. Circulating brain-derived neurotrophic factor has diagnostic
and prognostic value in traumatic brain injury. J. Neurotrauma. 2016; 33
(2): 215-225. DOL: 10.1089/neu.2015.3949. PMID: 26159676

. D’Cruz B,J., Fertig K.C., Filiano A,J., Hicks S.D., DeFranco D.B., Callaway

C.W. Hypothermic reperfusion after cardiac arrest augments brain-derived
neurotrophic factor activation. J. Cereb. Blood Flow Metab. 2002; 22 (7):
843-851. DOI: 10.1097 /00004647-200207000-00009. PMID: 12142569
Miyake K., Yamamoto W., Tadokoro M., Takagi N., Sasakawa K., Nitta A.,
Furukawa S., Takeo S. Alterations in hippocampal GAP-43, BDNF, and
L1 following sustained cerebral ischemia. Brain Res. 2002; 935 (1-2): 24-
31.DOI:10.1016/50006-8993(02)02420-4. PMID: 12062469

Uchida H., Yokoyama H., Kimoto H., Kato H., Araki T. Long-term changes
in the ipsilateral substantia nigra after transient focal cerebral ischaemia
in rats. Int. J. Exp. Pathol. 2010; 91 (3): 256-266. DOL: 10.1111/j.1365-
2613.2010.00712.x. PMID: 20353427

Tsukahara T., lihara K., Hashimoto N., Nishijima T., Taniguchi T. Increases
in levels of brain-derived neurotrophic factor mRNA and its promoters
after transient forebrain ischemia in the rat brain. Neurochem. Int. 1998;
33(2):201-207. DOI: 10.1016,/S0197-0186(97)00112-5. PMID: 9761465
Béjot Y., Prigent-Tessier A., Cachia C., Giroud M., Mossiat C., Bertrand N.,
Garnier P, Marie C. Time-dependent contribution of non neuronal cells
to BDNF production after ischemic stroke in rats. Neurochem. Int. 2011;
58 (1):102-111. DOI: 10.1016/j.neuint.2010.10.019. PMID: 21074587
Lee T.H., Yang J.T., Ko Y.S., Kato H., Itoyama Y., Kogure K. Influence of
ischemic preconditioning on levels of nerve growth factor, brain-derived
neurotrophic factor and their high-affinity receptors in hippocampus fol-
lowing forebrain ischemia. Brain Res. 2008; 1187: 1-11. DOLI:
10.1016/j.brainres.2007.09.078. PMID: 18036511

Cmasuancxuii B.B., Teopoeosa T.B., boyuna A.IO., Cxeopyosa B.1., JTum-
6opckasi C.A., Msicoedos H.®., Jlepeynosa JI.B. Cemakc u ero C-komiie-
Boit pparment PGP BimsAioT na sKcmpeccuio reHoB HeiipoTpopuHoOB 1
UX PEIENTOPOB B YCJIOBUSX HETIOIHOM TI06AIbHOM HITEMUI MO3Ta KPBIC.
Monexyasipnas 6uonozus. 2011; 45 (6): 1026-1035. PMID: 22295573
Mokhtari T., Akbari M., Malek F., Kashani I.R., Rastegar T., Noorbakhsh
F, Ghazi-Khansari M., Attari F., Hassanzadeh G. Improvement of memory
and learning by intracerebroventricular microinjection of T3 in rat
model of ischemic brain stroke mediated by upregulation of BDNF and
GDNF in CA1 hippocampal region. Daru. 2017; 25 (1): 4. DOL:
10.1186,/s40199-017-0169-x. PMID: 28202057

Park J.H., Lee T.K., Yan B.C., Shin B.N., Ahn J.H., Kim I.H., Cho J.H., Lee
J.C., Hwang LK., Kim J.D., Hong S., Lee Y,J., Won M.H., Kang I.]. Pretrea-
ted Glehnia littoralis extract prevents neuronal death following transient

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

Choi Y., Kang S.G., Kam K.Y. Changes in the BDNF-immunopositive cell
population of neocortical layers T and TT1/11T after focal cerebral ischemia
in rats. Brain Res. 2015; 1605: 76-82. DOI: 10.1016/j.brainres.2015.
02.007. PMID: 25681548

Shih P.C., Yang Y.R., Wang R.Y. Effects of exercise intensity on spatial
memory performance and hippocampal synaptic plasticity in transient
brain ischemic rats. PLoS One. 2013; 8 (10): €78163. DOL: 10.1371/jour-
nal.pone.0078163. PMID: 24205142

Kim G., Kim E. The effects of antecedent exercise on motor function re-
covery and brain-derived neurotrophic factor expression after focal cere-
bral ischemia in rats. J. Phys. Ther. Sci. 2013; 25 (5): 553-556. DOIL:
10.1589/jpts.25.553. PMID: 24259800

Toanov A.D. The role of NGF and BDNF in mature brain activity regu-
lation. Zhurnal Vysshei Neronoi Deyatelnosti Imeni I.P.Pavlova. 2014; 64
(2): 137-146. DOI: 10.7868,/S0044467714020099. PMID: 25713864.
[In Russ.]

Schibitz W.R., Steigleder T., Cooper-Kuhn C.M., Schwab S., Sommer C.,
Schneider A., Kuhn H.G. Intravenous brain-derived neurotrophic factor
enhances poststroke sensorimotor recovery and stimulates neurogenesis.
Stroke. 2007; 38 (7): 2165-2172. DOI: 10.1161/STROKEAHA.106.
477331. PMID: 17510456

Vilar M., Mira H. Regulation of neurogenesis by neurotrophins during
adulthood: expected and unexpected roles. Front. Neurosci. 2016; 10: 26.
DOLI: 10.3389/fnins.2016.00026. PMID: 26903794

Berretta A., Tzeng Y.C., Clarkson A.N. Post-stroke recovery: the role of
activity-dependent release of brain-derived neurotrophic factor. Expert.
Rev. Neurother. 2014; 14 (11): 1335-1344. DOT: 10.1586,/14737175.2014.
969242. PMID: 25319267

Budni J., Bellettini-Santos T., Mina F., Garcez M.L., Zugno A.I. The invol-
vement of BDNF, NGF and GDNF in aging and Alzheimer’s disease.
Aging Dis. 2015; 6 (5): 331-341. DOI: 10.14336/AD.2015.0825. PMID:
26425388

Larpthaveesarp A., Ferriero D.M., Gonzalez F.F. Growth factors for the
treatment of ischemic brain injury (growth factor treatment). Brain Sci.
2015; 5 (2): 165-177. DOI: 10.3390/brainsci5020165. PMID: 25942688
Alyautdin R.N., Romanov B.K., Lepakhin V.K., Khalin 1.V., Bunyatyan
N.D., Merkulov V.A., Mironov A.N. Recombinant brain derived nerve fac-
tor (BDNF): a panacea for the brain? Biopreparaty. Profilaktika, Diag-
nostika, Lechenie. 2014; 2: 22-30. [In Russ. ]

Cai J., Hua F., Yuan L., Tang W., Lu J., Yu Sh., Wang X., Hu Y. Potential
therapeutic effects of neurotrophins for acute and chronic neurological
diseases. BioMed Res. Int. 2014; 2014: 601084. DOI: 10.1155/2014/
601084. PMID: 24818146

Korley F.K., Diaz-Arrastia R., Wu A.H., Yue J.K., Manley G.T., Sair H.I,
Van Eyk ., Everett A.D.; TRACK-TBI investigators, Okonkwo D.O., Valadka
A.B., Gordon W.A., Maas A.I., Mukherjee P., Yuh E.L., Lingsma H.F., Puccio
A.M., Schnyer D.M. Circulating brain-derived neurotrophic factor has di-
agnostic and prognostic value in traumatic brain injury. J. Neurotrauma.
2016; 33 (2): 215-225. DOI: 10.1089/neu.2015.3949. PMID: 26159676
D’Cruz BJ., Fertig K.C., Filiano AJ., Hicks S.D., DeFranco D.B., Callaway
C.W. Hypothermic reperfusion after cardiac arrest augments brain-derived
neurotrophic factor activation. J. Cereb. Blood Flow Metab. 2002; 22 (7):
843-851. DOI: 10.1097 /00004647-200207000-00009. PMID: 12142569
Miyake K., Yamamoto W., Tadokoro M., Takagi N., Sasakawa K., Nitta A.,
Furukawa S., Takeo S. Alterations in hippocampal GAP-43, BDNF, and
L1 following sustained cerebral ischemia. Brain Res. 2002; 935 (1-2): 24-
31. DOI: 10.1016/50006-8993(02)02420-4. PMID: 12062469

Uchida H., Yokoyama H., Kimoto H., Kato H., Araki T. Long-term changes
in the ipsilateral substantia nigra after transient focal cerebral ischaemia
in rats. Int. J. Exp. Pathol. 2010; 91 (3): 256-266. DOL: 10.1111/j.1365-
2613.2010.00712.x. PMID: 20353427

Tsukahara T, lihara K., Hashimoto N., Nishijima T., Taniguchi T. Increases
in levels of brain-derived neurotrophic factor mRNA and its promoters
after transient forebrain ischemia in the rat brain. Neurochem. Int. 1998;
33(2):201-207. DOI: 10.1016,/S0197-0186(97)00112-5. PMID: 9761465
Béjot Y., Prigent-Tessier A., Cachia C., Giroud M., Mossiat C., Bertrand N.,
Garnier P, Marie C. Time-dependent contribution of non neuronal cells
to BDNF production after ischemic stroke in rats. Neurochem. Int. 2011;
58 (1):102-111. DOI: 10.1016/j.neuint.2010.10.019. PMID: 21074587
Lee T.H., Yang J.T., Ko Y.S., Kato H., Itoyama Y., Kogure K. Influence of
ischemic preconditioning on levels of nerve growth factor, brain-derived
neurotrophic factor and their high-affinity receptors in hippocampus fol-
lowing forebrain ischemia. Brain Res. 2008; 1187: 1-11. DOL:
10.1016/j.brainres.2007.09.078. PMID: 18036511

Stavchansky V.V., Toorogova T.V., Botsina A.Iu., Skvortsova V.1, Limbor-
skaia S.A., Miasoedoo N.F.,, Dergunova L.V. The effect of semax and its C-
end peptide PGP on expression of the neurotrophins and their receptors
in the rat brain during incomplete global ischemia. Mol. Biol. (Mosk.).
2011; 45 (6): 1026-1035. PMID: 22295573, [In Russ.]

Mokhtari T., Akbari M., Malek F., Kashani I.R., Rastegar T., Noorbakhsh
F, Ghazi-Khansari M., Attari F., Hassanzadeh G. Improvement of memory
and learning by intracerebroventricular microinjection of T3 in rat
model of ischemic brain stroke mediated by upregulation of BDNF and
GDNF in CA1 hippocampal region. Daru. 2017; 25 (1): 4. DOL:
10.1186,/340199-017-0169-x. PMID: 28202057

Park J.H., Lee TK., Yan B.C., Shin B.N., Ahn J.H., Kim I.H., Cho J.H., Lee
J.C., Hwang LK., Kim ].D., Hong S., Lee Y,J., Won M.H., Kang I.]. Pretrea-
ted Glehnia littoralis extract prevents neuronal death following transient

www.reanimatology.com

GENERAL REANIMATOLOGY, 2019, 15; 1



DOI:10.15360,/1813-9779-2019-1-70-86

O630pn
|

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

global cerebral ischemia through increases of superoxide dismutase 1 and
brain-derived neurotrophic factor expressions in the gerbil hippocampal
Cornu Ammonis 1 area. Chin. Med. J. (Engl.). 2017; 130 (15): 1796-1803.
DOI: 0.4103/0366-6999.211554. PMID: 28748852

Shu X., Zhang Y., Xu H., Kang K., Cai D. Brain-derived neurotrophic factor
inhibits glucose intolerance after cerebral ischemia. Neural. Regen. Res.
2013; 8 (25): 2370-2378. DOI: 10.3969/j.issn.1673-5374.2013.25.008.
PMID: 25206547

Kynaza E.A., laspunosa C.A., bypasxos C.B., Kowenes B.b. [Iunamuka
9KCIPeccHi Mo3roBoro Heiiporpoduueckoro pakropa (BDNF) B kope
TOJIOBHOTO MO3ra KPBIC M BAMsIHME Ipenapata « CeMake» Ha ero mpojyK-
IO TIPU MOZIEJTMPOBAHIH MIIEMITYECKOTO HHCYIIBTA. Pezuonaphoe kpo-
soobpawenue u mukpoyupryasuus. 2013; 12 (3): 39-46.

Ando T, Takagi N., Takagi K., Kago T., Takeo S. Effects of nefiracetam on
the levels of brain-derived neurotrophic factor and synapsin I mRNA
and protein in the hippocampus of microsphere-embolized rats. Eur. J.
Pharmacol. 2005; 507 (1-3): 49-56. DOI: 10.1016/j.ejphar.2004.11.033.
PMID: 15659294

Aspywenxo M.III., Ocmposa U.B. IlocTpeannMalinoHHble U3MEHEHUS
9KCIIPECCUU MO3ToBOTO HeiipoTpoduueckoro dakropa (BDNF): Bzan-
MOCBSI3b C IiporieccoM rubes eiiponos. O6was peanumamonozus. 2017;
13 (4): 6-21. DOTI: 10.15360,/1813-9779-2017-4-6-21

Yan B.C., Park J.H., Kim S.K., Choi J.H., Lee C.H., Yoo K.Y., Kwon Y.G.,
Kim Y.M., Kim_J.D., Won M.H. Comparison of trophic factors changes in
the hippocampal CA1 region between the young and adult gerbil indu-
ced by transient cerebral ischemia. Cell Mol. Neurobiol. 2012; 32 (8):
1231-1242. DOI: 10.1007 /s10571-012-9848-9. PMID: 22552890

Géral C., Angelova A., Lesieur S. From molecular to nanotechnology stra-
tegies for delivery of neurotrophins: emphasis on brain-derived neurot-
rophic factor (BDNF). Pharmaceutics. 2013; 5 (1): 127-167. DOL:
10.3390/pharmaceutics5010127. PMID: 24300402

LiuZ.,MaD., Feng G., Ma Y., Hu H. Recombinant AAV-mediated expression
of human BDNF protects neurons against cell apoptosis in Abeta-induced
neuronal damage model. J. Huazhong Univ. Sci. Technolog. Med. Sci. 2007; 27
(3):233-236. DOLI: 10.1007 /s11596-007-0304-x. PMID: 17641830
Takeshima Y., Nakamura M., Miyake H., Tamaki R., Inui T., Horiuchi K.,
Wajima D., Nakase H. Neuroprotection with intraventricular brain-de-
rived neurotrophic factor in rat venous occlusion model. Neurosurgery.
2011; 68 (5): 1334-1341. DOI: 10.1227/NEU.0b013e31820c048e.
PMID: 21307800

YangJ.L., Lin Y.T., Chuang P.C., Bohr V.A., Mattson M.P. BDNF and exercise
enhance neuronal DNA repair by stimulating CREB-mediated production
of apurinic/apyrimidinic endonuclease. Neuromolecular Med. 2014; 16 (1):
161-174. DOI: 10.1007 /s12017-013-8270-x. PMID: 24114393

Lu B. BDNF and activity-dependent synaptic modulation. Learn Mem.
2003; 10 (2): 86-98. DOL: 10.1101/1m.54603. PMID: 12663747

Zhou L., Lin Q., Wang P., Yao L., Leong K., Tan Zh., Huang Z. Enhanced
neuroprotective efficacy of bone marrow mesenchymal stem cells co-ove-
rexpressing BDNF and VEGF in a rat model of cardiac arrest-induced
global cerebral ischemia. Cell Death Dis. 2017; 8 (5): €2774. DOL:
10.1038/cddis.2017.184. PMID: 28492549

Ritter C., Miranda A.S., Giombelli V.R., Tomasi C.D., Comim C.M., Teixeira
A.L., Quevedo ]., Dal-Pizzol F. Brain-derived neurotrophic factor plasma
levels are associated with mortality in critically ill patients even in the
absence of brain injury. Crit. Care. 2012; 16 (6): R234. DOL:
10.1186/cc11902. PMID: 23245494

lTonocnas I.C., Iempyxun A.C., Tepenmves A.A., [ynenxos A.b.
Heiiporpodnueckuii haxrop ronosnoro mosra (BDNF) B panneii anar-
HOCTHKE BHYTPIIKEJYJ0YKOBBIX KPOBOUBJINSIHUIN ¥ IEPUBEHTPHKYJISP-
HOIl JIeIKOMAJIAUN Yy HOBOPOXKICHHBIX JieTeil. Bonp. cospem.
neduampuu. 2005; 4 (3): 13—18.

JKusonynos C.A., Camapyes U.H., Mapuenxo A.A., Illyrsmxuna O.B. I1po-
THOCTHYECKOE 3HAYeHIE COZIEPKaHIs B KPOBHU HelipoTpodirdeckoro hak-
topa mosra (BDNF) npu tepanuu HeKOTOPHIX (YHKIHMOHATBHBIX U
OpraHiyecKux 3a00JeBaHNiT HEPBHON CHCTEMBI € IPUMEHEHNEM ajiarl-
tona. JKypn. nespon. ncuxuam. um. C.C. Kopcaxosa. 2012; 112 (4): 37-41.
PMID: 22810739

Kapaxynosa I0.B., Censinuna H.B. Monuropuposanue Heitporpodude-
CKMX (aKTOPOB M KOTHUTHBHBIX (DYHKIIMIA Y TIAIMEHTOB C YEPETHO-MO3-
roBoii TpaBMoil. Kyprn. nespon. ncuxuam. um. C.C.Kopcaxosa. 2017; 117
(10):34-37. DOI: 10.17116 /jnevro201711710134-37. PMID: 29171486
Cenanuna H.B., Kapaxynosa IO.B. Biusinue Mo3roBoro HeiipoTpoduye-
ckoro akTopa Ha peabUIUTAIOHHBIN OTEHIMA 10C/IE YePEITHO-MO3-
roBoii TpaBmbL. Med. arvmanax. 2017; 5: 76-79.

Pikula A., Beiser A.S., Chen T.C., Preis S.R., Vorgias D., DeCarli C., Au R.,
Kelly-Hayes M., Kase C.S., Wolf PA., Vasan R.S., Seshadri S. Serum brain-
derived neurotrophic factor and vascular endothelial growth factor levels
are associated with risk of stroke and vascular brain injury: Framingham
Study. Stroke. 2013; 44 (10): 2768-2775. DOI: 10.1161/STROKEAHA.
113.001447. PMID: 23929745

Xu H.B., Xu Y.H., He Y., Xue F., Wei J., Zhang H., Wu J. Decreased serum
brain-derived neurotrophic factor may indicate the development of post-
stroke depression in patients with acute ischemic stroke: a meta-analysis.
J. Stroke Cerebrovasc. Dis. 2018; 27 (3): 709-715. DOI: 10.1016//j jstroke-
cerebrovasdis.2017.10.003. PMID: 29128330

Stanne T.M., Aberg N.D., Nilsson S., Jood K., Blomstrand C., Andreasson
U., Blennow K., Zetterberg H., Isgaard J., Svensson J., Jern C. Low circula-
ting acute brain-derived neurotrophic factor levels are associated with

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

global cerebral ischemia through increases of superoxide dismutase 1 and
brain-derived neurotrophic factor expressions in the gerbil hippocampal
Cornu Ammonis 1 area. Chin. Med. J. (Engl.). 2017; 130 (15): 1796-1803.
DOL: 0.4103/0366-6999.211554. PMID: 28748852

Shu X., Zhang Y., Xu H., Kang K., Cai D. Brain-derived neurotrophic factor
inhibits glucose intolerance after cerebral ischemia. Neural. Regen. Res.
2013; 8 (25): 2370-2378. DOL: 10.3969/j.issn.1673-5374.2013.25.008.
PMID: 25206547

Kulaga E.A., Gavrilova S.A., Buravkov S.V., Koshelev V.B. Dynamics of
the brain-derived neurotrophic factor (BDNF) expression in the rats ce-
rebral cortex and the effect of the drug «Semax» for BDNF production
after ischemic stroke. Regionarnoe Krovoobrashchenie i Mikrotsirkulyat-
siya. 2013; 12 (3): 39-46. [In Russ.]

Ando T., Takagi N., Takagi K., Kago T., Takeo S. Effects of nefiracetam on
the levels of brain-derived neurotrophic factor and synapsin I mRNA
and protein in the hippocampus of microsphere-embolized rats. Eur. J.
Pharmacol. 2005; 507 (1-3): 49-56. DOL: 10.1016//j.cjphar.2004.11.033.
PMID: 15659294

Avrushchenko M.S., Ostrova 1.V. Postresuscitative changes of Brain-De-
rived Neurotrophic Factor (BDNF) protein expression: association with
neuronal death. Obshchaya Reanimatologiya = General Reanimatology.
2017; 13 (4): 6-21. DOIL: 10.15360,/1813-9779-2017-4-6-21. [In Russ.,
In Engl.]

Yan B.C., Park J.H., Kim S.K., Choi J.H., Lee C.H., Yoo K.Y., Kwon Y.G.,
Kim Y.M., Kim ].D., Won M.H. Comparison of trophic factors changes in
the hippocampal CA1 region between the young and adult gerbil indu-
ced by transient cerebral ischemia. Cell Mol. Neurobiol. 2012; 32 (8):
1231-1242. DOI: 10.1007 /s10571-012-9848-9. PMID: 22552890

Géral C., Angelova A., Lesieur S. From molecular to nanotechnology stra-
tegies for delivery of neurotrophins: emphasis on brain-derived neurot-
rophic factor (BDNF). Pharmaceutics. 2013; 5 (1): 127-167. DOL
10.3390/pharmaceutics5010127. PMID: 24300402

LiuZ.,MaD., Feng G., Ma Y., Hu H. Recombinant AAV-mediated expression
of human BDNF protects neurons against cell apoptosis in Abeta-induced
neuronal damage model. J. Huazhong Univ. Sci. Technolog. Med. Sci. 2007; 27
(3):233-236. DOLI: 10.1007 /s11596-007-0304-x. PMID: 17641830
Takeshima Y., Nakamura M., Miyake H., Tamaki R., Inui T., Horiuchi K.,
Wajima D., Nakase H. Neuroprotection with intraventricular brain-de-
rived neurotrophic factor in rat venous occlusion model. Neurosurgery.
2011; 68 (5): 1334-1341. DOL: 10.1227/NEU.0b013e31820c048e.
PMID: 21307800

Yang]J.L., Lin Y.T., Chuang P.C., Bohr V.A., Mattson M.P. BDNF and exercise
enhance neuronal DNA repair by stimulating CREB-mediated production
of apurinic/apyrimidinic endonuclease. Neuromolecular Med. 2014; 16 (1):
161-174. DOI: 10.1007 /s12017-013-8270-x. PMID: 24114393

Lu B. BDNF and activity-dependent synaptic modulation. Learn Mem.
2003; 10 (2): 86-98. DOI: 10.1101/1m.54603. PMID: 12663747

Zhou L., Lin Q., Wang P., Yao L., Leong K., Tan Zh., Huang Z. Enhanced
neuroprotective efficacy of bone marrow mesenchymal stem cells co-ove-
rexpressing BDNF and VEGF in a rat model of cardiac arrest-induced
global cerebral ischemia. Cell Death Dis. 2017; 8 (5): €2774. DOL:
10.1038/cddis.2017.184. PMID: 28492549

Ritter C., Miranda A.S., Giombelli V.R., Tomasi C.D., Comim C.M., Teixeira
A.L., Quevedo ]., Dal-Pizzol F. Brain-derived neurotrophic factor plasma
levels are associated with mortality in critically ill patients even in the
absence of brain injury. Crit. Care. 2012; 16 (6): R234. DOI:
10.1186,/cc11902. PMID: 23245494

Golosnaya G.S., Petrukhin A.S., Terentyev A.A., Dulenkoov A.B. The brain-
derived neurotrophic factor (BDNF) in early diagnostics of intraven-
tricular hemorrhages and periventricular leukomalacia in neonates.
Voprosy Sovremennoi Pediatrii. 2005; 4 (3): 13—18. [In Russ.]
Zhivolupov S.A., Samartsev IN., Marchenko A.A., Puliatkina O.V. The
prognostic significance of brain-derived neurotrophic factor (BDNF) for
phobic anxiety disorders, vegetative and cognitive impairments during
conservative treatment including adaptol of some functional and organic
diseases of nervous system. Zhurnal Nevrologii i Psikhiatrii Imeni S.S.Ko-
rsakova. 2012; 112 (4): 37-41. PMID: 22810739. [In Russ.]

Karakulova Yu.V., Selyanina N.V. Monitoring of neurotrophic factors and
cognitive function in patients with traumatic brain injury. Zhurnal
Nevrologii i Psikhiatrii Imeni S.S.Korsakova. 2017; 117 (10): 34-37. DOIL:
10.17116/jnevro201711710134-37. PMID: 29171486. [In Russ.|
Selyanina N.V., Karakulova Yu.V. Influence of cerebral neurotrophic fac-
tor on rehabilitational potential after cerebrocranial traumata. Meditsin-
sky Almanakh. 2017; 5: 76-79. [In Russ.]

Pikula A., Beiser A.S., Chen T.C., Preis S.R., Vorgias D., DeCarli C., Au R.,
Kelly-Hayes M., Kase C.S., Wolf P.A., Vasan R.S., Seshadri S. Serum brain-
derived neurotrophic factor and vascular endothelial growth factor levels
are associated with risk of stroke and vascular brain injury: Framingham
Study. Stroke. 2013; 44 (10): 2768-2775. DOI: 10.1161/STROKEAHA.
113.001447. PMID: 23929745

Xu H.B., Xu Y.H., He Y., Xue F.,, Wei J., Zhang H., Wu J. Decreased serum
brain-derived neurotrophic factor may indicate the development of post-
stroke depression in patients with acute ischemic stroke: a meta-analysis.
J. Stroke Cerebrovasc. Dis. 2018; 27 (3): 709-715. DOI: 10.1016/j.jstroke-
cerebrovasdis.2017.10.003. PMID: 29128330

Stanne T.M., Aberg N.D., Nilsson S., Jood K., Blomstrand C., Andreasson
U., Blennow K., Zetterberg H., Isgaard J., Svensson J., Jern C. Low circula-
ting acute brain-derived neurotrophic factor levels are associated with

GENERAL REANIMATOLOGY, 2019, 15; 1

www.reanimatology.com



84

DOI:10.15360,/1813-9779-2019-1-70-86

Reviews

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

poor long-term functional outcome after ischemic stroke. Stroke. 2016;
47 (7): 1943-1945. DOT: 10.1161/STROKEAHA.115.012383. PMID:
27301948

Simon D., Nascimento R.1, Filho E.M., Bencke J., Regner A. Plasma brain-
derived neurotrophic factor levels after severe traumatic brain injury.
Brain Inj. 2016; 30 (1): 23-28. DOI: 10.3109,/02699052.2015.1077993.
PMID: 26555864

Stefani M.A., Modkouvski R., Hansel G., Zimmer E.R., Kopczynski A., Muller
A.P, Strogulski N.R., Rodolphi M.S., Carteri R.K., Schmidt A.P., Oses J.P,
Smith D.H., Portela L.V. Elevated glutamate and lactate predict brain
death after severe head trauma. Ann. Clin. Transl. Neurol. 2017; 4 (6):
392-402. DOI: 10.1002/acn3.416. PMID: 28589166

Hughes C.G., Patel M.B., Brummel N.E., Thompson J.L., McNeil ].B., Pand-
haripande P.P, Jackson J.C., Chandrasekhar R., Ware L.B., Ely EW., Girard
T.D. Relationships between markers of neurologic and endothelial injury
during critical illness and long-term cognitive impairment and disability.
Intensive Care Med. 2018; 44 (3): 345-355. DOI: 10.1007/s00134-018-
5120-1. PMID: 29523900

Kotlega D., Peda B., Zembron-Lacny A., Gotqgb-Janowska M., Nowacki P.
The role of brain-derived neurotrophic factor and its single nucleotide
polymorphisms in stroke patients. Neurol. Neurochir. Pol. 2017; 51 (3):
240-246. DOI: 10.1016/j.pjnns.2017.02.008. PMID: 28291539

Shen T, You Y., Joseph C., Mirzaei M., Klistorner A., Graham S.L., Gupta
V. BDNF polymorphism: a review of its diagnostic and clinical relevance
in neurodegenerative disorders. Aging Dis. 2018; 9 (3): 523-536. DOI:
10.14336/AD.2017.0717. PMID: 29896439

Hempstead B.L. Brain-derived neurotrophic factor: three ligands, many
actions. Trans. Am. Clin. Climatol. Assoc. 2015; 126: 9-19. PMID: 26330656
Aunexcanoposa E.B., FOcynosa M.M., Teneduesa B./I., Corués A.A., Hocukos
B.B., Ilomanos A.A. Knnmdeckoe 1 TPOrHOCTUYECKOE 3HAYEHIE TeHeTH-
YEeCKUX MapKepOB IIPU YeperrHo-Mo3roBoil TpaBme (vacts I11). Bonpocw
netipoxupypeun um. H.H.Bypoenxo. 2014; 78 (3): 53-61. PMID: 25180329
Bao M.H., Zhu S.Z., Gao X.Z., Sun H.S., Feng Z.P. Meta-analysis on the
association between brain-derived neurotrophic factor polymorphism
1rs6265 and ischemic stroke, poststroke depression. J. Stroke Cerebrovasc.
Dis. 2018; 27 (6): 1599-1608. DOI: 10.1016/j.jstrokecerebrovasdis.
2018.01.010. PMID: 29449128

Kim J.M., Stewart R., Park M.S., Kang H,J., Kim S.W., Shin LS., Kim H.R.,
Shin M.G., Cho K.H., Yoon ].S. Associations of BDNF genotype and pro-
moter methylation with acute and long-term stroke outcomes in an East
Asian cohort. PLoS One. 2012; 7 (12): €51280. DOI: 10.1371 /journal.
pone.0051280. PMID: 23240009

ITxnosckuii B.M., Bunvsinos B.B., Qykanos FO.A., Pemennux A.IO., Cxu-
nemposa JIL.A., Koboses I.H., Opnog U.IO., [lempywesckuii A.I., Kyopsuios
A.B., Koxopesa M.E. llosmmopdusm Val66Met BDNF y GosibHBIX ¢ BbI-
COKUM PHUCKOM JIeTaJIbHOCTHU B pC3y]leaTC l/IHCyJIbTa U TSUKEJION ue-
PenHo-Mo3roBoii TpaBmbl. Moaexyaspras meduyuna. 2013; 2: 46-50.
Kiprianova I., Freiman T.M., Desiderato S., Schwab S., Galmbacher R.,
Gillardon F., Spranger M. Brain-derived neurotrophic factor prevents
neuronal death and glial activation after global ischemia in the rat. J.
Neurosci. Res. 1999; 56 (1): 21-27. DOI: 10.1002/(SICI)1097-
4547(19990401)56:1<21::AID-JNR3>3.0.CO;2-Q. PMID: 10213471
Berger C., Schabitz W.R., Wolf M., Mueller H., Sommer C., Schwab S. Hy-
pothermia and brain-derived neurotrophic factor reduce glutamate sy-
nergistically in acute stroke. Exp. Neurol. 2004; 185 (2): 305-312. DOL:
10.1016/j.expneurol.2003.10.008. PMID: 14736512

Schibitz W.R., Sommer C., Zoder W., Kiessling M., Schwaninger M., Schwab
S. Intravenous brain-derived neurotrophic factor reduces infarct size and
counterregulates Bax and Bcl-2 expression after temporary focal cerebral
ischemia. Stroke. 2000; 31 (9): 2212-2217. DOI: 10.1161/01.STR.31.9.
2212. PMID: 10978054

Ferrer I, Krupinski J., Goutan E., Marti E., Ambrosio S., Arenas E. Brain-
derived neurotrophic factor reduces cortical cell death by ischemia after
middle cerebral artery occlusion in the rat. Acta Neuropathol. 2001; 101
(3):229-238. PMID: 11307622
Jiang Y., Wei N., Lu T., Zhu J., Xu G., Liu X. Intranasal brain-derived ne-
urotrophic factor protects brain from ischemic insult via modulating
local inflammation in rats. Neuroscience. 2011; 172: 398-405. DOI:
10.1016/j.neuroscience.2010.10.054. PMID: 21034794

Caxapnosa T.A., Bedynosa M.B., Mumpowuna E.B., Myxuna 1.B. Antn-
TUTIOKCHYECKOE 1 HEHPOIIPOTEKTOPHOE JleiCTBIE HEHPOTPODIIECKIX
dakropos BDNF u GDNF B yc0BHsIX 0CTPOil rumioGapuyeckoii Tuio-
KCuu in vivo. Buomed. paduosnexmponuxa. 2014; 4: 71-72.

Massa S.M., Yang T., Xie Y., Shi J., Bilgen M., Joyce J.N., Nehama D., Ra-
Jjadas J., Longo F.M. Small molecule BDNF mimetics activate TrkB sig-
naling and prevent neuronal degeneration in rodents. /. Clin. Invest. 2010;
120 (5): 1774—1785. DOI: 10.1172/JC141356. PMID: 20407211

Kazim S.F, Igbal K. Neurotrophic factor small-molecule mimetics me-
diated neuroregeneration and synaptic repair: emerging therapeutic mo-
dality for Alzheimer’s disease. Mol. Neurodegener. 2016; 11 (1): 50. DOL:
10.1186/513024-016-0119-y. PMID: 27400746

Khalin I, Alyautdin R., Kocherga G., Bakar M.A. Targeted delivery of
brain-derived neurotrophic factor for the treatment of blindness and de-
afness. Int. J. Nanomedicine. 2015; 10: 3245-3267. DOI: 10.2147 /IJN.
S77480. PMID: 25995632

Povarnina P, Gudasheva T.A., Seredenin S.B. Dimeric dipeptide mimetics
of NGF and BDNF are promising agents for post-stroke therapy. JBiSE.
2018; 11 (5): 100-107. DOL: 10.4236/jbise.2018.115009

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

poor long-term functional outcome after ischemic stroke. Stroke. 2016;
47 (7): 1943-1945. DOI: 10.1161/STROKEAHA.115.012383. PMID:
27301948

Simon D., Nascimento R.1, Filho E.M., Bencke J., Regner A. Plasma brain-
derived neurotrophic factor levels after severe traumatic brain injury.
Brain Inj. 2016; 30 (1): 23-28. DOI: 10.3109,/02699052.2015.1077993.
PMID: 26555864

Stefani M.A., Modkouvski R., Hansel G., Zimmer E.R., Kopczynski A., Muller
A.P, Strogulski N.R., Rodolphi M.S., Carteri R.K., Schmidt A.P., Oses J.P,
Smith D.H., Portela L.V. Elevated glutamate and lactate predict brain
death after severe head trauma. Ann. Clin. Transl. Neurol. 2017; 4 (6):
392-402. DOI: 10.1002/acn3.416. PMID: 28589166

Hughes C.G., Patel M.B., Brummel N.E., Thompson J.L., McNeil ].B., Pand-
haripande P.P, Jackson J.C., Chandrasekhar R., Ware L.B., Ely EW., Girard
T.D. Relationships between markers of neurologic and endothelial injury
during critical illness and long-term cognitive impairment and disability.
Intensive Care Med. 2018; 44 (3): 345-355. DOI: 10.1007/s00134-018-
5120-1. PMID: 29523900

Kotlega D., Peda B., Zembron-Lacny A., Golab-Janowska M., Nowacki P.
The role of brain-derived neurotrophic factor and its single nucleotide
polymorphisms in stroke patients. Neurol. Neurochir. Pol. 2017; 51 (3):
240-246. DOI: 10.1016/j.pjnns.2017.02.008. PMID: 28291539

Shen T, You Y., Joseph C., Mirzaei M., Klistorner A., Graham S.L., Gupta
V. BDNF polymorphism: a review of its diagnostic and clinical relevance
in neurodegenerative disorders. Aging Dis. 2018; 9 (3): 523-536. DOI:
10.14336/AD.2017.0717. PMID: 29896439

Hempstead B.L. Brain-derived neurotrophic factor: three ligands, many
actions. Trans. Am. Clin. Climatol. Assoc. 2015; 126: 9-19. PMID: 26330656
Aleksandrova E.V., Iusupova M.M., Tenedieva V.D., Sychev A.A., Nosikov
V.V., Potapov A.A. Clinical and prognostic significance of genetic markers
in craniocerebral injury (part I11). Zhurnal Voprosy Neirokhirurgii Imeni
N.N.Burdenko. 2014; 78 (3): 53-61. PMID: 25180329. [In Russ.]

Bao M.H., Zhu S.Z., Gao X.Z., Sun H.S., Feng Z.P. Meta-analysis on the
association between brain-derived neurotrophic factor polymorphism
rs6265 and ischemic stroke, poststroke depression. J. Stroke Cerebrovasc.
Dis. 2018; 27 (6): 1599-1608. DOI: 10.1016/j jstrokecerebrovasdis.
2018.01.010. PMID: 29449128

Kim J.M., Stewart R., Park M.S., Kang H,J., Kim S.W., Shin LS., Kim H.R.,
Shin M.G., Cho K.H., Yoon ].S. Associations of BDNF genotype and pro-
moter methylation with acute and long-term stroke outcomes in an East
Asian cohort. PLoS One. 2012; 7 (12): €51280. DOI: 10.1371 /journal.
pone.0051280. PMID: 23240009

Shklovsky V.M., Vilyanoo V.B., Fukalov Yu.A., Remennik A.Yu., Skipetrova
L.A., Kobozev G.N., Orlov I.Yu., Petruschevsky A.G., Kudryashoo A.V.,
Kokoreva M.E. Val66Met BDNF polymorphism in patients with a high
risk of mortality due to stroke and severe traumatic brain injury. Molekul-
yarnaya Meditsina. 2013; 2: 46-50. [In Russ.]

Kiprianova I., Freiman T.M., Desiderato S., Schwab S., Galmbacher R.,
Gillardon F., Spranger M. Brain-derived neurotrophic factor prevents
neuronal death and glial activation after global ischemia in the rat. J.
Neurosci. Res. 1999; 56 (1): 21-27. DOI: 10.1002/(SICI)1097-
4547(19990401)56:1<21::AID-JNR3>3.0.CO;2-Q. PMID: 10213471
Berger C., Schéibitz W.R., Wolf M., Mueller H., Sommer C., Schwab S. Hy-
pothermia and brain-derived neurotrophic factor reduce glutamate sy-
nergistically in acute stroke. Exp. Neurol. 2004; 185 (2): 305-312. DOL:
10.1016/j.expneurol.2003.10.008. PMID: 14736512

Schibitz W.R., Sommer C., Zoder W., Kiessling M., Schwaninger M., Schwab
S. Intravenous brain-derived neurotrophic factor reduces infarct size and
counterregulates Bax and Bcl-2 expression after temporary focal cerebral
ischemia. Stroke. 2000; 31 (9): 2212-2217. DOI: 10.1161/01.STR.31.9.
2212. PMID: 10978054

Ferrer I, Krupinski J., Goutan E., Marti E., Ambrosio S., Arenas E. Brain-
derived neurotrophic factor reduces cortical cell death by ischemia after
middle cerebral artery occlusion in the rat. Acta Neuropathol. 2001; 101
(3):229-238. PMID: 11307622
Jiang Y., Wei N., Lu T., Zhu J., Xu G., Liu X. Intranasal brain-derived ne-
urotrophic factor protects brain from ischemic insult via modulating
local inflammation in rats. Neuroscience. 2011; 172: 398-405. DOI:
10.1016/j.neuroscience.2010.10.054. PMID: 21034794

Sakharnova T.A., Vedunova M.V., Mitroshina E.V., Mukhina I.V. The an-
tihypoxic and neuroprotective action of neurotrophic factors BDNF and
GDNF during acute hypobaric hypoxia in vivo. Biomeditsinskaya Radio-
elektronika. 2014; 4: 71-72. [In Russ.]

Massa S.M., Yang T, Xie Y., Shi J., Bilgen M., Joyce J.N., Nehama D., Ra-
Jjadas J., Longo F.M. Small molecule BDNF mimetics activate TrkB sig-
naling and prevent neuronal degeneration in rodents. /. Clin. Invest. 2010;
120 (5): 1774—1785. DOI: 10.1172/JC141356. PMID: 20407211
Kazim S.F., Igbal K. Neurotrophic factor small-molecule mimetics me-
diated neuroregeneration and synaptic repair: emerging therapeutic mo-
dality for Alzheimer’s disease. Mol. Neurodegener. 2016; 11 (1): 50. DOT:
10.1186/513024-016-0119-y. PMID: 27400746

Khalin I, Alyautdin R., Kocherga G., Bakar M.A. Targeted delivery of
brain-derived neurotrophic factor for the treatment of blindness and de-
afness. Int. J. Nanomedicine. 2015; 10: 3245-3267. DOI: 10.2147 /TJN.
S77480. PMID: 25995632

Povarnina P., Gudasheva T.A., Seredenin S.B. Dimeric dipeptide mimetics
of NGF and BDNF are promising agents for post-stroke therapy. JBiSE.
2018; 11 (5): 100-107. DOI: 10.4236/jbise.2018.115009

www.reanimatology.com

GENERAL REANIMATOLOGY, 2019, 15; 1



DOI:10.15360,/1813-9779-2019-1-70-86

O630pn
|

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Gudasheva T.A., Povarnina P., Logvinoo 1.0., Antipova T.A., Seredenin S.B.
Mimetics of brain-derived neurotrophic factor loops 1 and 4 are active
in a model of ischemic stroke in rats. Drug Des. Devel. Ther. 2016; 10:
3545-3553. DOI: 10.2147/DDDT.S118768. PMID: 27843294

Han J., Pollak ]., Yang T., Siddiqui M.R., Doyle K.P., Taravosh-Lahn K.,
Cekanaviciute E., Han A., Goodman J.Z., Jones B., Jing D., Massa S.M.,
Longo F.M., Buckwalter M.S. Delayed administration of a small molecule
tropomyosin-related kinase B ligand promotes recovery after hypoxic-
ischemic stroke. Stroke. 2012; 43 (7): 1918-1924. DOL
10.1161/STROKEAHA.111.641878. PMID: 22535263

Habtemariam S. The brain-derived neurotrophic factor in neuronal plas-
ticity and neuroregeneration: new pharmacological concepts for old and
new drugs. Neural. Regen. Res. 2018; 13 (6): 983-984. DOL:
10.4103/1673-5374.233438. PMID: 29926822

Romeika J., Wurzelmann M., Sun D. TrkB receptor agonist 7,8-dihydrox-
yflavone and its therapeutic potential for traumatic brain injury. In: Hei-
denreich K. (red.). New therapeutics for traumatic brain injury: prevention
of secondary brain damage and enhancement of repair and regeneration.
2017; 225-234. DOI: 10.1016/B978-0-12-802686-1.00014-6

Uluc K., Kendigelen P, Fidan E., Zhang L., Chanana V., Kintner D., Akture
E., Song C., Ye K., Sun D., Ferrazzano P,, Cengiz P. TrkB receptor agonist 7,
8 dihydroxyflavone triggers profound gender-dependent neuroprotection
in mice after perinatal hypoxia and ischemia. CNS Neurol. Disord. Drug
Targets. 2013; 12 (3): 360-370. DOI: 10.2174,/18715273113129990061.
PMID: 23469848

Kojima D., Nakamura T., Banno M., Umemoto Y., Kinoshita T., Ishida Y.,
Tajima F. Head-out immersion in hot water increases serum BDNF in
healthy males. Int. J. Hyperthermia. 2018; 34 (6): 834-839. DOL:
10.1080,/02656736.2017.1394502. PMID: 29157042

Ostrowski R.P., Graupner G., Titova E., Zhang ., ChiuJ., Dach N., Corleone
D., Tang J., Zhang J.H. The hyperbaric oxygen preconditioning-induced
brain is mediated by a reduction of early apoptosis after transient cere-
bral ischemia. Neurobiol. Dis. 2008; 29 (1): 1-13. DOI: 10.1016/j.nbd.
2007.07.020. PMID: 17822911

Chen X., Wang K. The fate of medications evaluated for ischemic stroke
pharmacotherapy over the period 1995-2015. Acta Pharm. Sin. B. 2016;
6 (6): 522-530. DOI: 10.1016/j.apsb.2016.06.013. PMID: 27818918
Zhao H., Alam A., San C.Y., Eguchi S., Chen Q., Lian Q., Ma D. Molecular
mechanisms of brain-derived neurotrophic factor in neuro-protection:
recent developments. Brain Res. 2017; 1665: 1-21. DOI: 10.1016/j.brain-
res.2017.03.029. PMID: 28396009

Wang J., Zhang S., Ma H., Yang S., Liu Z., Wu X., Wang S., Zhang Y., Liu Y.
Chronic intermittent hypobaric hypoxia pretreatment ameliorates is-
chemia-induced cognitive dysfunction through activation of ERK1/2-
CREB-BDNF pathway in anesthetized mice. Neurochem. Res. 2017; 42
(2):501-512. DOI: 10.1007 /s11064-016-2097-4. PMID: 27822668
Narantuya D., Nagai A., Sheikh A.M., Masuda J., Kobayashi S., Yamaguchi
S., Kim S.U. Human microglia transplanted in rat focal ischemia brain
induce neuroprotection and behavioral improvement. PLoS One. 2010;
5(7): e11746. DOL: 10.1371 /journal.pone.0011746. PMID: 20668522
Ishrat T, Sayeed 1., Atif F., Hua F., Stein D.G. Progesterone is neuropro-
tective against ischemic brain injury through its effects on the PI3K/Akt
signaling pathway Neuroscience. 2012; 210: 442—450. DOL: 10.1016/
j-neuroscience.2012.03.008. PMID: 22450229

Singh M., Su C. Progesterone-induced neuroprotection: factors that may
predict therapeutic efficacy. Brain Res. 2013; 1514: 98-106. DOIL:
10.1016/j.brainres.2013.01.027. PMID: 23340161

Taliyan R., Ramagiri S. Delayed neuroprotection against cerebral is-
chemia reperfusion injury: putative role of BDNF and GSK-3 . J. Recept
Signal Transduct. Res. 2016; 36 (4): 402-410. DOIL: 10.3109/
10799893.2015.1108338. PMID: 26554621

Sangiovanni E., Brivio P, Dell’Agli M., Calabrese F. Botanicals as modu-
lators of neuroplasticity: focus on BDNF. Neural. Plast. 2017; 2017:
5965371. DOI: 10.1155/2017/5965371. PMID: 29464125

Wei H., Sun T, Tian Y., Wang K. Ginkgolide B modulates BDNF expres-
sion in acute ischemic stroke. J. Korean Neurosurg. Soc. 2017; 60 (4): 391-
396. DOI: 10.3340/jkns.2016.1010.018. PMID: 28689387

Park C.H., Kwak Y.S. Analysis of energy restriction and physical activity
on brain function: the role of ketone body and brain-derived neurotrop-
hic factor. J. Exerc. Rehabil. 2017; 13 (4): 378-380. DOT: 10.12965/
jer.1735028.514. PMID: 29114500

Shin M.K., Kim H.G., Kim K.L. A novel brain-derived neurotrophic fac-
tor-modulating peptide attenuates A 1-42-induced neurotoxicity in
vitro. Newrosci. Lett. 2015; 595: 63-68. DOI 10.1016/ j.ne-
ulet.2015.03.070. PMID: 25849526

Zhang Y., Lan R., Wang J., Li X.Y., Zhu D.N., Ma Y.Z., Wu J.T., Liu Z.H.
Acupuncture reduced apoptosis and up-regulated BDNF and GDNF ex-
pression in hippocampus following hypoxia—ischemia in neonatal rats.
. Ethnopharmacol. 2015; 172: 124-132. DOL: 10.1016//j.jep.2015.06.032.
PMID: 26116163

Fahimi A., Baktir M.A., Moghadam S., Mojabi F.S., Sumanth K., McNerney
M.W., Ponnusamy R., Salehi A. Physical exercise induces structural alte-
rations in the hippolcampal astrocytes: exploring the role of BDNF-
TrkB signaling. Brain Struct. Funct. 2017; 222 (4): 1797-1808. DOTI:
10.1007/s00429-016-1308-8. PMID: 27686571
Jeon Y.K., Ha C.H. The effect of exercise intensity on brain derived ne-
urotrophic factor and memory in adolescents. Environ. Health Prev. Med.
2017; 22 (1): 27. DOIL: 10.1186/s12199-017-0643-6. PMID: 29165142
Coelho F.G., Gobbi S., Andreatto C.A., Corazza D.I., Pedroso R.V., Santos-
Galdurdz R.F. Physical exercise modulates peripheral levels of brain-de-

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Gudasheva T.A., Povarnina P., Logvinoo 1.0., Antipova T.A., Seredenin S.B.
Mimetics of brain-derived neurotrophic factor loops 1 and 4 are active
in a model of ischemic stroke in rats. Drug Des. Devel. Ther. 2016; 10:
3545-3553. DOI: 10.2147/DDDT.S118768. PMID: 27843294

Han J., Pollak J., Yang T., Siddiqui M.R., Doyle K.P., Taravosh-Lahn K.,
Cekanaviciute E., Han A., Goodman J.Z., Jones B., Jing D., Massa S.M.,
Longo F.M., Buckwalter M.S. Delayed administration of a small molecule
tropomyosin-related kinase B ligand promotes recovery after hypoxic-
ischemic stroke. Stroke. 2012; 43 (7): 1918-1924. DOL
10.1161/STROKEAHA.111.641878. PMID: 22535263

Habtemariam S. The brain-derived neurotrophic factor in neuronal plas-
ticity and neuroregeneration: new pharmacological concepts for old and
new drugs. Neural. Regen. Res. 2018; 13 (6): 983-984. DOL:
10.4103/1673-5374.233438. PMID: 29926822

Romeika ., Wurzelmann M., Sun D. TrkB receptor agonist 7,8-dihydrox-
yflavone and its therapeutic potential for traumatic brain injury. In: Hei-
denreich K. (red.). New therapeutics for traumatic brain injury: prevention
of secondary brain damage and enhancement of repair and regeneration.
2017; 225-234. DOI: 10.1016,/B978-0-12-802686-1.00014-6

Uluc K., Kendigelen P, Fidan E., Zhang L., Chanana V., Kintner D., Akture
E., Song C., Ye K., Sun D., Ferrazzano P,, Cengiz P. TrkB receptor agonist 7,
8 dihydroxyflavone triggers profound gender-dependent neuroprotection
in mice after perinatal hypoxia and ischemia. CNS Neurol. Disord. Drug
Targets. 2013; 12 (3): 360-370. DOI: 10.2174,/18715273113129990061.
PMID: 23469848

Kojima D., Nakamura T., Banno M., Umemoto Y., Kinoshita T., Ishida Y.,
Tajima F. Head-out immersion in hot water increases serum BDNF in
healthy males. Int. J. Hyperthermia. 2018; 34 (6): 834-839. DOI:
10.1080,/02656736.2017.1394502. PMID: 29157042

Ostrowski R.P., Graupner G., Titova E., Zhang]., ChiuJ., Dach N., Corleone
D., Tang J., Zhang ]J.H. The hyperbaric oxygen preconditioning-induced
brain is mediated by a reduction of early apoptosis after transient cere-
bral ischemia. Neurobiol. Dis. 2008; 29 (1): 1-13. DOI: 10.1016/j.nbd.
2007.07.020. PMID: 17822911

Chen X., Wang K. The fate of medications evaluated for ischemic stroke
pharmacotherapy over the period 1995-2015. Acta Pharm. Sin. B. 2016;
6 (6): 522-530. DOI: 10.1016/j.apsb.2016.06.013. PMID: 27818918
Zhao H., Alam A., San C.Y., Eguchi S., Chen Q., Lian Q., Ma D. Molecular
mechanisms of brain-derived neurotrophic factor in neuro-protection:
recent developments. Brain Res. 2017; 1665: 1-21. DOI: 10.1016/j.brain-
res.2017.03.029. PMID: 28396009

WangJ., Zhang S., Ma H., Yang S., Liu Z., Wu X., Wang S., Zhang Y., Liu Y.
Chronic intermittent hypobaric hypoxia pretreatment ameliorates is-
chemia-induced cognitive dysfunction through activation of ERK1,/2-
CREB-BDNF pathway in anesthetized mice. Neurochem. Res. 2017; 42
(2):501-512. DOIL: 10.1007 /s11064-016-2097-4. PMID: 27822668
Narantuya D., Nagai A., Sheikh A.M., Masuda J., Kobayashi S., Yamaguchi
S., Kim S.U. Human microglia transplanted in rat focal ischemia brain
induce neuroprotection and behavioral improvement. PLoS One. 2010;
5(7):e11746. DOL: 10.1371 /journal.pone.0011746. PMID: 20668522
Ishrat T., Sayeed 1., Atif F.,, Hua F,, Stein D.G. Progesterone is neuropro-
tective against ischemic brain injury through its effects on the PI3K /Akt
signaling pathway Neuroscience. 2012; 210: 442-450. DOT: 10.1016/
j.neuroscience.2012.03.008. PMID: 22450229

Singh M., Su C. Progesterone-induced neuroprotection: factors that may
predict therapeutic efficacy. Brain Res. 2013; 1514: 98-106. DOI:
10.1016/j.brainres.2013.01.027. PMID: 23340161

Taliyan R., Ramagiri S. Delayed neuroprotection against cerebral is-
chemia reperfusion injury: putative role of BDNF and GSK-3 . J. Recept
Signal Transduct. Res. 2016; 36 (4): 402-410. DOIL: 10.3109/
10799893.2015.1108338. PMID: 26554621

Sangiovanni E., Brivio P, Dell’Agli M., Calabrese F. Botanicals as modu-
lators of neuroplasticity: focus on BDNF. Neural. Plast. 2017; 2017:
5965371. DOI: 10.1155/2017/5965371. PMID: 29464125

Wei H., Sun T, Tian Y., Wang K. Ginkgolide B modulates BDNF expres-
sion in acute ischemic stroke. J. Korean Neurosurg. Soc. 2017; 60 (4): 391-
396. DOI: 10.3340/jkns.2016.1010.018. PMID: 28689387

Park C.H., Kwak Y.S. Analysis of energy restriction and physical activity
on brain function: the role of ketone body and brain-derived neurotrop-
hic factor. J. Exerc. Rehabil. 2017; 13 (4): 378-380. DOI: 10.12965/
jer.1735028.514. PMID: 29114500

Shin M.K., Kim H.G., Kim K.L. A novel brain-derived neurotrophic fac-
tor-modulating peptide attenuates A 1-42-induced neurotoxicity in
vitro. Newrosci. Lett. 2015; 595: 63-68. DOI. 10.1016/ j.ne-
ulet.2015.03.070. PMID: 25849526

Zhang Y., Lan R., Wang J., Li X.Y., Zhu D.N., Ma Y.Z., Wu J.T., Liu Z.H.
Acupuncture reduced apoptosis and up-regulated BDNF and GDNF ex-
pression in hippocampus following hypoxia—ischemia in neonatal rats.
. Ethnopharmacol. 2015; 172: 124-132. DOL: 10.1016//j.jep.2015.06.032.
PMID: 26116163

Fahimi A., Baktir M.A., Moghadam S., Mojabi F.S., Sumanth K., McNerney
M.W., Ponnusamy R., Salehi A. Physical exercise induces structural alte-
rations in the hippolcampal astrocytes: exploring the role of BDNF-
TrkB signaling. Brain Struct. Funct. 2017; 222 (4): 1797-1808. DOTI:
10.1007/s00429-016-1308-8. PMID: 27686571
Jeon Y.K., Ha C.H. The effect of exercise intensity on brain derived ne-
urotrophic factor and memory in adolescents. Environ. Health Prev. Med.
2017;22 (1): 27. DOI: 10.1186/s12199-017-0643-6. PMID: 29165142
Coelho F.G., Gobbi S., Andreatto C.A., Corazza D.I., Pedroso R.V., Santos-
Galdurdz R.F. Physical exercise modulates peripheral levels of brain-de-

GENERAL REANIMATOLOGY, 2019, 15; 1

www.reanimatology.com



DOI:10.15360,/1813-9779-2019-1-70-86

Reviews

rived neurotrophic factor (BDNF): a systematic review of experimental
studies in the elderly. Arch. Gerontol. Geriatr. 2013; 56 (1): 10-15. DOL:
10.1016/j.archger.2012.06.003. PMID: 22749404
89. Luo]., Zheng H., Zhang L., Zhang Q., Li L., Pei Zh., Hu X. High-frequency
repetitive transcranial magnetic stimulation (rTMS) improves functio-
nal recovery by enhancing neurogenesis and activating BDNF /TrkB sig-
naling in ischemic rats. Int. J. Mol. Sci. 2017; 18 (2): pii: E455. DOL:
10.3390/ijms18020455. PMID: 28230741
90. Bucur M., Papagno C. A systematic review of noninvasive brain stimula-
tion for post-stroke depression. J. Affect. Disord. 2018; 238: 69-78. DOIL:
10.1016/j.jad.2018.05.026. PMID: 29860185
91. Yozbatiran N., Alonso-Alonso M., See ]J., Demirtas-Tatlidede A., Luu D.,
Motiwala R.R., Pascual-Leone A., Cramer S.C. Safety and behavioral ef-
fects of high-frequency repetitive transcranial magnetic stimulation in
stroke. Stroke. 2009; 40: 309-312. DOI: 10.1161/STROKEAHA.
108.522144. PMID: 18845801
92. Patz S., Wahle P. Neurotrophins induce short-term and long-term chan-
ges of cortical neurotrophin expression. Eur. J. Neurosci. 2004; 20 (3):
701-708. DOI: 10.1111/j.1460-9568.2004.03519.x. PMID: 15255980
93. Kuo L.T., Groves M,J., Scaravilli F., Sugden D., An S.F. Neurotrophin-3 ad-
ministration alters neurotrophin, neurotrophin receptor and nestin
mRNA expression in rat dorsal root ganglia following axotomy. Neuros-
cience. 2007; 147 (2): 491-507. DOI: 10.1016/j.neuroscience.2007.
04.023. PMID: 17532148
94. Rosso P., De Nicolo S., Carito V., Fiore M., Iannitelli A., Moreno S., Tirassa
P. Ocular nerve growth factor administration modulates brain-derived
neurotrophic factor signaling in prefrontal cortex of healthy and diabetic
rats. CNS Neurosci. Ther. 2017; 23 (3): 198-208. DOI: 10.1111/cns.12661.
DOI: 10.1111 /¢cns.12661. PMID: 28044424
95. Kiprianova I, Schindowski K., Bohlen und Halbach O., Krause S., Dono
R., Schwaninger M., Unsicker K. Enlarged infarct volume and loss of
BDNF mRNA induction following brain ischemia in mice lacking FGF-
2. Exp. Neurol. 2004; 189 (2): 252-260. DOI: 10.1016/j.expneurol.
2004.06.004. PMID: 15380477
96. Aspywenxo M.III., Ocmposa U.B., 3apaceyxuii FO.B., Mopos B.B., Iyoa-
wesa T.A., Cepedenun C.B. Bansinne mumernka hakropa pocta HEPBOB
T'K-2 na moctpeannMannoHyIo aKCIpeccuio neiiporpoddecknx dak-
TopoB. Ilamon. ¢usuon. u sxcnepum. mepanus. 2015; 59 (2): 12-18.
PMID: 26571801
97. Gudasheva T.A., Povarnina P.Yu., Antipova T.A., Seredenin S.B. A novel
dimeric dipeptide mimetic of the nerve growth factor exhibits pharma-
cological effects upon systemic administration and has no side effects ac-
companying the neurotrophin treatment. Neurosci. Med. 2014; 5 (2):
101-108. DOI: 10.4236,/nm.2014.52013
98. Alyautdin R., Khalin I., Nafeeza M.1., Haron M.H., Kuznetsoo D. Nanos-
cale drug delivery systems and the blood-brain barrier. Int. J. Nanomedi-
cine. 2014;9: 795-811. DOI: 10.2147 /IJN.S52236. PMID: 24550672
99. Shi Q., Zhang P., Zhang]., Chen X., Lu H., Tian Y., Parker T.L., Liu Y. Ade-
novirus-mediated brain-derived neurotrophic factor expression regula-
ted by hypoxia response element protects brain from injury of transient
middle cerebral artery occlusion in mice. Neurosci. Lett. 2009; 465 (3):
220-225. DOI: 10.1016/j.neulet.2009.08.049. PMID: 19703519
100. Zhang Y., Pardridge W.M. Blood-brain barrier targeting of BDNF impro-
ves motor function in rats with middle cerebral artery occlusion. Brain
Res. 2006; 1111 (1): 227-229. DOI: 10.1016/j.brainres.2006.07.005.
PMID: 16884698
. Shirakura M., Inoue M., Fujikawa S., Washizawa K., Komaba S., Maeda
M., Watabe K., Yoshikawa Y., Hasegawa M. Postischemic administration
of Sendai virus vector carrying neurotrophic factor genes prevents de-
layed neuronal death in gerbils. Gene Ther. 2004; 11 (9): 784-790. DOT:
10.1038/sj.gt.3302224. PMID: 14961067
102. Zhu J.M., Zhao Y.Y., Chen S.D., Zhang W.H., Lou L., Jin X. Functional re-
covery after transplantation of neural stem cells modified by brain-deri-
ved neurotrophic factor in rats with cerebral ischemia. J. Int. Med. Res.
2011; 39 (2): 488-498. DOI: 10.1177/147323001103900216. PMID:
21672352
103. Kurozumi K., Nakamura K., Tamiya T., Kawano Y., Ishii K., Kobune M.,
Hirai S., Uchida H., Sasaki K., Ito Y., Kato K., Honmou O., Houkin K., Date
L, Hamada H. Mesenchymal stem cells that produce neurotrophic factors
reduce ischemic damage in the rat middle cerebral artery occlusion
model. Mol. Ther. 2005; 11 (1): 96-104. DOI: 10.1016/j.ymthe.2004.
09.020. PMID: 15585410
104. Jeong C.H., Kim S.M., Lim ].Y., Ryu C.H., Jun].A., Jeun S.S. Mesenchymal
stem cells expressing brain-derived neurotrophic factor enhance endo-
genous neurogenesis in an ischemic stroke model. Biomed. Res. Int. 2014;
2014: 129145. DOI: 10.1155/2014,/129145. PMID: 24672780
105. Harris N.M., Ritzel R., Mancini N., Jiang Y., Yi X., ManickamD.S., Banks W.
A., Kabanov A.V., McCullough L.D., Verma R. Nano-particle delivery of
brain derived neurotrophic factor after focal cerebral ischemia reduces tis-
sue injury and enhances behavioral recovery. Pharmacol. Biochem. Behav.
2016; 150-151: 48-56. DOI: 10.1016/j.pbb.2016.09.003. PMID: 27619636
106. Boado R.J., Pardridge W.M. The Trojan horse liposome technology for
nonviral gene transfer across the blood-brain barrier. J. Drug Deliv. 2011;
2011:296151. DOT: 10.1155/2011,/296151. PMID: 22175028
107. Ghosh B., Wang Z., Nong J., Urban M.W., Zhang Z., Trovillion V.A., Wright
M.C., Zhong Y., Lepore A.C. Local BDNF delivery to the injured cervical
spinal cord using an engineered hydrogel enhances diaphragmatic respi-
ratory function. J. Neurosci. 2018; 38 (26): 5982-5995. DOL
10.1523/JNEUROSCI.3084-17.2018. PMID: 29891731

10

g

Iocrynuia 28.08.18

rived neurotrophic factor (BDNF): a systematic review of experimental
studies in the elderly. Arch. Gerontol. Geriatr. 2013; 56 (1): 10-15. DOL:
10.1016/j.archger.2012.06.003. PMID: 22749404
89. Luo]., Zheng H., Zhang L., Zhang Q., Li L., Pei Zh., Hu X. High-frequency
repetitive transcranial magnetic stimulation (rTMS) improves functio-
nal recovery by enhancing neurogenesis and activating BDNF/TrkB sig-
naling in ischemic rats. Int. J. Mol. Sci. 2017; 18 (2): pii: E455. DOI:
10.3390/ijms18020455. PMID: 28230741
90. Bucur M., Papagno C. A systematic review of noninvasive brain stimula-
tion for post-stroke depression. J. Affect. Disord. 2018; 238: 69-78. DOIL:
10.1016/j.jad.2018.05.026. PMID: 29860185
91. Yozbatiran N., Alonso-Alonso M., See ]J., Demirtas-Tatlidede A., Luu D.,
Motiwala R.R., Pascual-Leone A., Cramer S.C. Safety and behavioral ef-
fects of high-frequency repetitive transcranial magnetic stimulation in
stroke. Stroke. 2009; 40: 309-312. DOI: 10.1161/STROKEAHA.
108.522144. PMID: 18845801
92. Patz S., Wahle P. Neurotrophins induce short-term and long-term chan-
ges of cortical neurotrophin expression. Eur. J. Neurosci. 2004; 20 (3):
701-708. DOI: 10.1111/j.1460-9568.2004.03519.x. PMID: 15255980
93. Kuo L.T., Groves M,]., Scaravilli F., Sugden D., An S.F. Neurotrophin-3 ad-
ministration alters neurotrophin, neurotrophin receptor and nestin
mRNA expression in rat dorsal root ganglia following axotomy. Neuros-
cience. 2007; 147 (2): 491-507. DOI: 10.1016/j.neuroscience.2007.
04.023. PMID: 17532148
94. Rosso P, De Nicolo S., Carito V., Fiore M., Iannitelli A., Moreno S., Tirassa
P. Ocular nerve growth factor administration modulates brain-derived
neurotrophic factor signaling in prefrontal cortex of healthy and diabetic
rats. CNS Neurosci. Ther. 2017; 23 (3): 198-208. DOT: 10.1111/cns.12661.
DOI: 10.1111 /cns.12661. PMID: 28044424
95. Kiprianova I, Schindowski K., Bohlen und Halbach O., Krause S., Dono
R., Schwaninger M., Unsicker K. Enlarged infarct volume and loss of
BDNF mRNA induction following brain ischemia in mice lacking FGF-
2. Exp. Neurol. 2004; 189 (2): 252-260. DOI: 10.1016/j.expneurol.
2004.06.004. PMID: 15380477
96. Avrushchenko M.Sh., Ostrova I.V., Zarzhetsky Yu.V., Moroz V.V., Gudas-
heva T.A., Seredenin S.B. Effect of the nerve growth factor mimetic GK-
2 on post-resuscitation expression of neurotrophic factors.
Patologicheskaya Fiziologiya i Eksperimentalnaya Terapiya. 2015; 59 (2):
12-18. PMID: 26571801. [In Russ.]
97. Gudasheva T.A., Povarnina P.Yu., Antipova T.A., Seredenin S.B. A novel
dimeric dipeptide mimetic of the nerve growth factor exhibits pharma-
cological effects upon systemic administration and has no side effects ac-
companying the neurotrophin treatment. Neurosci. Med. 2014; 5 (2):
101-108. DOI: 10.4236/nm.2014.52013
98. Alyautdin R., Khalin I., Nafeeza M.1., Haron M.H., Kuznetsoo D. Nanos-
cale drug delivery systems and the blood-brain barrier. Int. J. Nanomedi-
cine. 2014;9: 795-811. DOI: 10.2147 /IJN.S52236. PMID: 24550672
99. Shi Q., Zhang P., Zhang]., Chen X., Lu H., Tian Y., Parker T.L., Liu Y. Ade-
novirus-mediated brain-derived neurotrophic factor expression regula-
ted by hypoxia response element protects brain from injury of transient
middle cerebral artery occlusion in mice. Neurosci. Lett. 2009; 465 (3):
220-225. DOI: 10.1016/j.neulet.2009.08.049. PMID: 19703519
100. Zhang Y., Pardridge W.M. Blood-brain barrier targeting of BDNF impro-
ves motor function in rats with middle cerebral artery occlusion. Brain
Res. 2006; 1111 (1): 227-229. DOI: 10.1016/j.brainres.2006.07.005.
PMID: 16884698

. Shirakura M., Inoue M., Fujikawa S., Washizawa K., Komaba S., Maeda
M., Watabe K., Yoshikawa Y., Hasegawa M. Postischemic administration
of Sendai virus vector carrying neurotrophic factor genes prevents de-
layed neuronal death in gerbils. Gene Ther. 2004; 11 (9): 784-790. DOL:
10.1038/sj.gt.3302224. PMID: 14961067

102. Zhu J.M., Zhao Y.Y., Chen S.D., Zhang W.H., Lou L., Jin X. Functional re-
covery after transplantation of neural stem cells modified by brain-deri-
ved neurotrophic factor in rats with cerebral ischemia. J. Int. Med. Res.
2011; 39 (2): 488-498. DOI: 10.1177/147323001103900216. PMID:
21672352

103. Kurozumi K., Nakamura K., Tamiya T., Kawano Y., Ishii K., Kobune M.,
Hirai S., Uchida H., Sasaki K., Ito Y., Kato K., Honmou O., Houkin K., Date
1, Hamada H. Mesenchymal stem cells that produce neurotrophic factors
reduce ischemic damage in the rat middle cerebral artery occlusion
model. Mol. Ther. 2005; 11 (1): 96-104. DOI: 10.1016/j.ymthe.2004.
09.020. PMID: 15585410

104. Jeong C.H., Kim S.M., Lim ].Y., Ryu C.H., JunJ.A., Jeun S.S. Mesenchymal
stem cells expressing brain-derived neurotrophic factor enhance endo-
genous neurogenesis in an ischemic stroke model. Biomed. Res. Int. 2014;
2014: 129145. DOT: 10.1155/2014/129145. PMID: 24672780

105. Harris N.M., Ritzel R., Mancini N., Jiang Y., Yi X., ManickamD.S., Banks W.
A., Kabanoov A.V., McCullough L.D., Verma R. Nano-particle delivery of
brain derived neurotrophic factor after focal cerebral ischemia reduces tis-
sue injury and enhances behavioral recovery. Pharmacol. Biochem. Behav.
2016; 150-151: 48-56. DOI: 10.1016,/j.pbb.2016.09.003. PMID: 27619636

106. Boado R,J., Pardridge W.M. The Trojan horse liposome technology for
nonviral gene transfer across the blood-brain barrier. J. Drug Deliv. 2011;
2011:296151. DOT: 10.1155/2011,/296151. PMID: 22175028

107. Ghosh B., Wang Z., Nong J., Urban M.W., Zhang Z., Trovillion V.A., Wright
M.C., Zhong Y., Lepore A.C. Local BDNF delivery to the injured cervical
spinal cord using an engineered hydrogel enhances diaphragmatic respi-
ratory function. J. Newrosci. 2018; 38 (26): 5982-5995. DOL
10.1523/JNEUROSCI.3084-17.2018. PMID: 29891731

10

g

Received 28.08.18

www.reanimatology.com

GENERAL REANIMATOLOGY, 2019, 15; 1



VYkasaTejb aBTOPOB U CTaTei, OIMyOJIHKOBAHHBIX
B ;KypHaje «OQ0mas peannmarosorusi» 3a 2018 rox*®

Index of Authors and Papers Published
in the Journal «General Reanimatology» in 2018*

Abpamosa E. A. 1 (4-11)
Asoees JI. B. 5 (38—49)
Aepywenxo M. I11. 6 (41-50)
Aszos H. A. 1 (40-49)
Axynunun B. A. 5 (38—49)
Anoxun A. B. 6 (4—-11)
Anmonosa B. B. 3 (68—-81)
Apmemxun 9. H. 3 (15-26)

Babaes M. A. 3 (82-103)

Baobxuna A. C. 2 (35-45)

Bapab6anos I1. A. 1 (23-28)

bapanuu A. 1.5 (85-95)
bamouywvipenos b.B. 5 (25-31)
bawuposa A. P. 2 (35—-45)
Benobopodosa H. B. 5 (96-119)
benoyc M. C. 5 (50-57)

benvosa 4. 5 (16—-24)

Bepewur M. 5 (16—24)

becconos U. B. 6 (51-60)

Bupe T. M. 3 (82—-103)

baazoupasos M. JI. 4 (44-51)
bozomonos /I. B. 4 (35—-43)

Boposxosa H. B. 3 (4—-14)

bBouapos P. B. 4 (15-20)

Bospunos I A. 1 (4—11), 1 (40-49), 3 (27-35)
bospunosa JI. B. 1 (40-49), 3 (27-35)
bympos A. B. 1 (50-57)

buxos /. b. 3 (82-103)

Bacumves C. A. 1 (23-28)
Boennos O.B. 1 (4—11)
Bonuxosa E. B. 5 (25-31)
Bocmpuxos B. A. 1 (58—67)
Bowicueuna M. A. 3 (82—103)

lananxuna 1. E. 3 (4—-14)

lanxosa K. 5 (16—24)

lacanos A. M. 3 (4—14)

lepmanos I'. H. 6 (23-27)

Tnywxos C. U. 5 (25-31)

Tonybes A. M. 2 (35—-45), 3 (68—-81),
4 (44-51), 6 (41-50)

Tonybes M. A. 2 (35-45)

Tony6esa H. B. 6 (41-50)

Tonuapyx A. B. 6 (4—-11)

Topbynosa A. B. 5 (38—49)

Topoeyos A. C. 3 (27-35)
Ipebenuuxos 0. A. 2 (60-68)

Ipeuko A. B. 1 (50-57), 2 (4—12), 3 (68-81),
4(21-34)

Tyokosa O. E. 1 (29-39), 2 (46—59)
Typeesa T. A. 6 (61-79)

Jlay A. B. 3 (36—45)
Jay JI. C. 3 (36—45)
Jenma @.5 (16-24)
Jlepeunes K. B. 6 (28—-40)

Jepreuna A. B. 1 (40-49), 3 (27-35)
Jhicw’apax Mynsep /1. O. 6 (4—11)
Josnap 10. H. 1 (12-22)

Jonuu B. 5 (16-24)

/lopoeosuyes B. H. 6 (12—-22)
Jlybposun K. B. 6 (80—94)

Epemenxo A. A. 3 (82—-103)
Kypasenv C. B. 5 (58-84)

Sabenuna T. C. 2 (60—68)

Saiiyes A. 0. 6 (80-94)

3axapuenxo B. E. 3 (68—-81)

36pyesa FO. B. 6 (23-27)

Sunoskun P. A. 2 (60-68), 2 (69-86)

Hsanosa A. A. 5 (25-31)
Unvuncxas O. 11. 2 (69-86)
HUmpou I11. 5 (16-24)

Kasaiion 2K.-M. 3 (46-53)
Kauenxosa E. C. 6 (23-27)

Kupsukos 10. 10. 2 (4-12), 4 (21-34)
Kum O. 1.2 (25-34)

Knowunuxosa E. B. 5 (58—84)

Kosnos A. I1. 1 (29-39), 2 (46-59)
Kosnosa E. K. 1 (29-39), 2 (46-59)
Konecos /1. JI. 2 (4—12), 4 (21-34)
Konmapes C. 1.5 (4—15)

Kopobosa JI. C. 6 (114-125)
Kocyxuna O. 1.6 (23-27)

Kprokos E. B. 3 (15-26)

Kyeaescxasn E.B.6 (61-79)
Kysneyos A. b. 3 (27-35)

Kysneyosa H. K. 5 (58—84)

Kysoenes A. H. 1 (58—67), 1 (68-70),
3(68-81),5(32-37)

Jlasapes B. B. 6 (114—125)
Jlusanos I'. A. 5 (25-31),
Jlozunos A. A. 2 (4—-12), 4 (21-34)
Jooseun A. H. 5 (25-31)

Jlyzoeoii A. B. 2 (60—-68)

Maxapos A. B. 3 (4—14)
Manuenxo E. A. 1 (29-39), 2 (46-59)
Macnos A. A. 2 (25-34)
Maxmymosa I'. P. 1 (50-57)
Menvwenuna A. 11. 2 (25-34)
Muponxos A. b. 6 (95-113)
Muponos A. B. 3 (4—14)
Monuanos /. B. 4 (52—-63)
Mopos B. B.1 (29-39), 2 (46—-39)
Mopos E. B. 3 (15-26)

Moposos A. C. 6 (51-60)
Moxan P. 1 (50-57)

* Iudpa nepea ckobkoii — Ne skypHasia; udpbl B CKOOKAX — CTPAHUIIBI CTATHHU.
* The Number before the Bracket is the Number of the Journal; the Numbers in the Brackets are the Pages of the Paper.

Haxade M. @. .1 (50-57)
Huxugopos I0. B. 5 (4—15)
Huxonvckuii B. O. 3 (27-35)
Huxyaun A. B. 6 (51-60)
Hocanv M. 5 (16—-24)

Osesoe A. M. 2 (60-68)
Oneeun M. A. 5 (4—15)
Ocmpeiikos U. D. 1 (12-22)
Ocmposa U. B. 6 (41-50)
Owopos A. B. 5 (85-95)

Iapgenosa E. B. 6 (28—40)
Haceunux U. H. 5 (4—15)
Haynuxosa M. 5 (16—-24)

Hayunot M. 5 (16-24)

Ileenes A. A. 5 (50—-57)

Ilepenenuya C. A. 2 (13-24), 3 (54—67), 4
(4-14)

Ilemposa M. B. 1 (50-57), 2 (4—12),
3 (68-81),4 (21-34)

THucapes B. M. 2 (69—-86) ,5 (58—-84)
Inemiowrxuna O. FO. 2 (69-86)
ITookonaes B. H. 1 (12-22)
Honynan A. A. 5 (85-95)
Ionomapes Y. H. 3 (4—14)

Ilonosa E. H. 2 (69-86)

ITlomanos A. A. 5 (85-95)

IIpadxan I1. 2 (4-12)

IIpuxodvio A. C. 2(60—68)
Ipsimuxos A. /. 6 (95-113)
Ipsanuxos U. B. 2 (4-12), 4 (21-34)
Iymunyes B. A. 4 (35—43)

Pasuna A. A. 5 (25-31),
Pewemnsix B. 1. 5 (58—-84)
Pewemmnsx T. M. 5 (58—-84)
Pomanosa O.JI. 4 (44-51)
Pybanec M. 4 (21-34)
Pouncros A. 10O. (60—-68)
Poincros U. A. 6 (28—-40)
Psaobuxos /. B. 5 (50—57)

Casunog I1. H. 4 (52—-63)

Casun M. A. 5 (85-95)

Ceem.aos B. A. 6 (80-94)
Cesacmvsanosa E. A. 6 (12—-22)
Cenuyos B. I'. 1 (23-28)

Cepeynosa B. A. 1 (29-39), 2 (46-59)
Cumonos O. B. 6 (95-113)

Cumymuc U. C. 1 (40-49), 3 (27-35)
Crsopuos A. E. 6 (12-22)

Crobenes E. 1.5 (4—15)

Cxpunxun FO. B. (60—-68)

Cmepdosa E. @. 4 (4—14)

Cmewnou U. A. 5 (4—15)

Cmupnos C. B. 3 (4—-14)

Conosvesa H. U. 6 (61-79)

GENERAL REANIMATOLOGY, 2019, 15; 1

www.reanimatology.com

87



88

Cmenanos A. C. 5 (38-49)
Cmenanoe C. C. 5 (38—49)

Cmenanosa H. B. 1 (50-57)

Cmopuau M. H. 1 (50-57)
Cynoyxoe /1. B. 2 (35-45), 4 (35-43),

4 (44-51)

Coiues A. A. 5 (85-95)

Cromxun B. E. 5 (58—84)

Tiopun M. A. 5 (32-37)
Tiopun Y. H. 6 (95-113)

Yaumxuna O. H. (60—-68)
Ywaxoea H. /]. 2 (25-34)

Dedepsxun /. B. 6 (4-11)

Xopowunos C. E.6(51-60)

Tapacosa A. A. 1 (12-22)

Tumawxos /. A. 5 (4—15)

Tumowenxo O. C. 6 (61-79)

Topox I1. 5 (16—24)
Trogpumos A. O. 1 (4—11)

1 (4-11)

1(12-22)

1(23-28)

1(29-39)

1 (40-49)

1 (50-57)

1 (58-67)

1 (68-70)

2 (4-12)

2 (13-24)

2 (25-34)

2 (35-45)

2 (46-59)

2 (60-68)

2 (69-86)

E. A. A6pamosa, O. B. Boennos, I. A. Bospumnos,
A. O. Thogpumos TepeOpasbHas IUPKYJISIUS 1 METa-
GOJI3M Y TIOCTPAIABIIINX C YEPEITHO-MOSTOBON TPABMOM
I0. H. Jlosnap, A. A. Tapacosa, U. @. Ocmpeiixos,
B. H. ITooxonaes Ouenka 5hheKTUBHOCTH JIeUeHNsT
HOBOPOXK/ICHHBIX C IIPEXO/iIIIel nieMueii Muokapza
C. A. Bacunves, B. B. Illunos, I1. A. Bapa6anos,
B. I'. Cenuos, b. b. Ayuniox Octpble OTpaBICHUS
CUHTCTUYCCKUMU HAPKOTUKAMKN

A. M. Yepnouu, E. K. Koanosa, B. B. Mopos, B. A. Cep-
2ynosa, O. E. [yyokosa, A. I1. Kosnos, E. A. Manuenxo
Hestunelinbie jiokajibHbie gedopMmainu MeMOpaH
IPUTPOIUTOB: JIEUCTBIE TOKCUHOB U (hapMIIperia-
patoB (dacTb 2)

A. B. Jlepweuna, I'. A. boapunos, U. C. Cumymuc,
JI. B. bosipunosa, H. A. Azoe Mopdosorndeckue u
MeTaboIMIecKre MoKa3aTeau IPUTPOIUTOB HPU
06paboTKe 030HOM IPUTPOIIUTHON MaCCh

M. B. Ilemposa, A. B. bympos, A. B. Ipeuxo, H. B. Cme-
nanosa, M. @. H. Haxade, M. H. Cmopuaii, P. Moxan,
I'. P. Maxmymosa Biusune nndysun Ha pa3BuTue
[OCJIEOTIEPAIIMOHHON KUIIIEYHON HEJIOCTATOYHOCTH
B. A. Bocmpuxos, A. H. Kysoenes Obuepoctynnas
neUOPUIIAINSA  [PU  BHE3AMHON OCTAaHOBKE
cepana (KpaTkuii 0030p)

A. H. Ky3o61es HalmoHaibHblii COBET 10 peaHnMa-
uu: uroru pa6otet 3a 2004-2017 rr.

0. I0. Kupsiuxos, A. B. Ipeuxo, /1. JI. Konecos, A. A. Jlo-
e2unos, M. B. Ilemposa, U. B. IIpsnuxos, 1. I'. I1en-
xynosa, I1. [padxan OyHKIMOHATBHAST AKTUBHOCTD
ABTOHOMHOII HEPBHON CHCTEMBI IIPU Pa3/INYHBIX
YPOBHSIX CO3HAHMUST Y TTAIIMEHTOB C MOBPEXKICHIEM
FOJIOBHOTO MO3Ta

C. A. ITepenenuya Hapyuienue IunuaHoro oOMeHa y
HOBOPOXICHHBIX B PaHHEM HCOHATAJIbHOM IICPUO/IC
H.JI. Yuwaxoea, O. 1. Kum, A. A. Macnos, A. I1. Menn-
wenuna IKCTPAKOPIIOpajibHasl [ETOKCUKAIUS
npu aGIOMUHAIILHOM CEIICUCE Y OHKOJIOTUYECKUX
6OJIbHBIX

A. C. Babkuna, A. M. Iony6es, /1. B. Cynoyxos, A. P. ba-
wuposa, M. A. Iony6es Kiozarmn: MexaHu3Mbl TOK-
CUYHOCTH 1 IOGOUHBIX ahheKrTOB (0630p)

A. M. Yepnovuu, E. K. Koanosa, B. B. Mopos, B. A. Cep-
aynoea, O. E. [yokoea, E. A. Manuenxo, A. I1. Kosnos
BiinsiHe aHTUOKCH/IAHTA HAa OCHOBE SIHTAPHOM KHUC-
JIOTBI Ha MPEBPAIEHUE METTEMOTIOONHA B OKCHUTe-
MOTJIO0KH in vitro

0. A. Ipebenuuxos, A. M. Ogesos, FO. B. Cxpunkun,
T. C. Ba6enuna, O. H. Yaumxuna, A. B. Jlyzosoi,
A. C. IIpuxoovko, A. FO. Powickos, P. A. 3unoekun Cun-
TETUYECKUIT aHAJIOT JIei-oHKe(hDaMHA TTPEIOTBPAIaeT
Pa3BUTHE HH/IOTEIHATBHON TUCHYHKITUN in itro

P. A. Bunosxun, E. H. ITonosa, O. IO. [Lremiowxuna,
O.I1. Unvuncxkas, B. M. [lucapes, b. B. Yepusik 1lep-
CIIEKTUBbI UCIIOJIb30BaHNA CPEJICTB Ha OCHOBE MU~
TOXOH/[PUAJTBHO-HATIPABJIEHHOTO aHTUOKCUIAHTA
SkQ1 B Tepanuu TPy IHO3AKUBAIOIIIX paH (0630D)

Ioxonaesa 3. U. 6 (28—40)

Yepnescras E. A. 5 (96-119)
Yepneuos B. A. 3 (15-26)

3 (4-14)

3 (15-26)

3(27-35)

3 (36-45)

3 (46-53)

3 (54-67)

3 (68-81)

3(82-103)

4 (4-14)

4 (15-20)

4(21-34)

4(35-43)

4 (44-51)

4(52-63)

Yepnvuu A. M. 1 (29-39), 2 (46-59)
Yepusx b. B. 2 (69—-86)

Ilabanos A. K. 5 (32-37)
Iunos B. B. 1 (23-28)

Hleaxynosa 1. T. 2 (4-12)

Axosnes A. FO. 5 (50-57)
Auxaiiosa M. 5 (16-24)
Apema U. B. 6 (51-60)
Ayuniox b. b. 1 (23-28)

U. E. lananxuna, A. B. Maxapos, A. B. Muponos, C.
B. Cuupnos, H. B. boposxosa, U. H. Ilonomapes, A.
M. lacanos DPphekTnBHOCTD 9HIOCKOIIYECKOIT arl-
IJIMKAIMH PACTBOPA Y€JI0BEYECKOTO KoJutarena [
THUIIA TIPUA JICHCHUN I/IHI‘aJ'IHL[I/IOHHOI‘/JI TpaBMbI

E. B. Mopos, 3. H. Apmemxun, E. B. Kpiokos, B. A.
Yepney06 OCIOKHEHUST CO CTOPOHBI JKEJTYI0OUHO-
KHUIIIEYHOTO TPAKTA TPU aHTUTPOMOOTUYECKOIA Te-
panuun

I'. A. boapunos, 1. C. Cumymuc, B. O. Huxonvcxuil,
A. B. Jleprozuna, JI. B. Bospunosa, A. C. Iopdeyos,
A. Bb. Kysneyos Poub Tparchy3nn 030HNPOBAHHOI
IPUTPOLUTHOI MACCHI B BOCCTAHOBJIEHUN MOPHO-
JIOTMYECKUX U3MEHEHUIT MUOKap/ia IIPU KPOBOIIO-
Tepe (9KCIepUMeHTaIbHOE HCCIe/JOBAHNUE)

A. B. /lay, JI. C. /lay, Onierika kauecTBa OKa3aHUs
ME/IUIIMHCKON MTOMOIIN TIAIMEHTaM ¢ PUCKOM Pas-
BUTUA OCTPOTO IMOYEHYHOTO MOBPEKICHUA

JK.-M. Kasaiion HoBble MeTO/IbI JIeUeHUS IIPU Cell-
CcHCe: MOJIEJIU Ha JKUBOTHBIX «He PaboTatoT» (0630p)
C. A. llepenenuya ITHOTOTUIECKIE U TTATOTEHETH-
YyecKue IepuHaTaabHble (hakTOPbI PA3BUTUS BHYT-
puyTpoOHBIX HMHGEKIUiT y HOBOPOKIECHHBIX
(0630p)

A. M. Tonybes, A. H. Kysoeaes, B. B. Aumonosa,
B. E. 3axapuenxo, M. B. I[lemposa, A. B. Ipeuxo Mo-
JIEKYJISIPHBIE OUOMAPKEPbI IPOTHO3UPOBAHUST HEB-
POJIOTMYECKOT0  MCXOJ@  10CJe  BHE3AIHON
oCcTaHOBKM KpoBooOparerus (0630p)

M. A. Babaes, /1. B. bBoikos, T. M. Bupe, M. A. Bui-
acuzuna, A. A. Epemenxo VUBJI-unnynunpoBannas
nuchynkiumst auadparmsr (0630p)

C. A. Ilepenenuya, E. @. Cuepoosa Inddepenun-
aJIbHasl JIMATHOCTHKA BPOXK/EHHOII ITHEBMOHUN Y
HOBOPOJK/ICHHBIX C HIU3KOW U 9KCTPEMATHHO HUBKOM
Maccoii Tesia (MOphOJIOrIIeCKOe UCCISIOBAHIIE)

P. B. bouapoe Knunndeckoe HaGII0IEHUE CETICHCA
y pC6CHKa C THOPOJAHBIMU MAaroHMUTHBIMU TeJIaM1
10. I0. Kupsiuxos, A. B. Ipeuxo, /1. JI. Konecos, A. A. Jlo-
eunos, M. B. Ilemposa, M. Pybanec, 1. B. Ipsinuxos
MounTopusr 3¢ GeKTHBHOCTH HHTEHCUBHOI Tepa-
UK 1 peabumiTaiin 110 (hyHKIMOHAIBHOI aKTHBHO-
CTHU aBTOHOMHOI HEPBHOI CUCTEMBI Y HAIlUEHTOB €
TOBPEKICHUSIME TOJIOBHOTO MO3Ta

B. A. Iymunuyes, /. B. Bozomonos, /. B. Cynoyxos
Mopddosornueckue MpU3HAKU Pa3JTUUHBIX TEMITOB
HACTYILIEHUS] CMEPTH

0. JI. Ponanosa, /I. B. Cyndyxos, A. M. loay6es,
M. JI. brazoupasos Mopdosorniaeckne n3MeHEHUS
B 3aBHCHUMOCTH OT COJIEP;KAHUS KJIO3ANIHA U €ro
MeTabOIUTOB B JIETKUX U CBIBOPOTKE KPOBU (IKC-
[IEPUMEHTAJIBHOE UCCIIeI0BAHIE)

II. H. Casunos, /. B. Moruanos Bananue runep6a-
PUYECKON OKCUTEHAIMKH Ha KPyrooGopoT Moue-
BUHBI B OPraHnu3me 1mpu ‘{aCTI/ILIHOIL/'I TernaToKTOMUUN
B 9KCIIEPUMEHTE
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5 (4-15)

5 (16-24)

5(25-31)

5(32-37)

5 (38-49)

5(50-57)

5 (58-84)

5(85-95)

5(96-119)

U. A. Cmewnou, 1. H. ITaceunux, E. U. Cxobenes,
. A. Tumawxos, M. A. Onezun, 0. B. Huxughopos,
C. U. Konmapes Ontumusanns nHdy31MOHHOI Te-
parnuu B IJIaHOBO# aGIOMUHAILHON XUPYPrun
II. Topox, @. /lenma, B. Jlonuu, M. Hocanw, I11. Umpau,
A. benvosa, K. lanxosa, M. Ilaynuxosa, M. bepewux,
M. Anxauosa, M. Haynunvt OGbemuast karHorpadust
Kak c11ocob oreHKn a(hheKTUBHOCTH a/lbBEOJISIPHON
BEHTWJISAIIUU B I(JII/IHI/I‘ICCKOﬁ IIPAKTUKE

I A. Jlusanos, A. H. Jloosieun, A. A. Pasuna, C. . Diyui-
xo6, A. A. Msanosa, E. B. Borukosa, b. B. bamout-
pernos BiraronpusTHBII UCXO/ OCTPOTO TAKEJIOTO
OTPABJEHUS METAZIOHOM (KIMHUYECKOE HAOIr0/1e-
Hue)

A. H. Kysoenes, A. K. Illa6anos, U. A. Tiopun luna-
MHUKa KOHIECHTPAIINN NHIAJIAITMOHHOTO TO6p3,MI/I-
IMHA B KPOBY U GPOHX0AIbBEOJIAPHON JaBaKHON
JKUJIKOCTHU 11PN HOSOKOMI/I&J’[bHOﬁ IITHEBMOHNU
(npesBapuTeNIbHOE COOOIIEHNE)

A. C. Cmenamnos, B. A. Axyaunun, C. C. Cmenanos,
/. B. Asdees, A. B. [opGynosa KommyHUKanus Heil-
poros mosisi CA3 rumnmokamMIiia TOJTOBHOTO MO3Ta
GeJIbIX KPBIC [IOCJIE OCTPOI UIIEMUN

A. 10. Axoenes, M. C. benoyc, A. A. Ilesnes, /I. B. Psi-
6uKk08 JKCIEPUMEHTANIbHOE 0O0CHOBAHUE MTPUME-
HEHMS KOJUIOMJHBIX KpOBe3aMeHUuTeseil npu
JKUPOBOH TI100yIeMUN

B. U. Pewemnsix, C. B. 2Kypasenv, H. K. Kysueyosa,
B. M. ITucapes, E. B. Knorunuxosa, B. E. Cromxui,
T. M. Pewemnsix Cucrema reMocTasa B HOpMe 1
[Py TpaHCITaHTauu 1medenu (00630p)

A. U. Bapanuuy, A. A. Cotues, U. A. Casun, A. A. Io-
aynan, A. B. Owopos, A. A. Ilomanos Hapytienus
CHUCTEMbI reMmocrasa y IIAIIMEHTOB B OCTPOM IIe-
puo/ie U30JIMPOBAHHON YePEITHO-MO3TOBOM TPABMbI
(0630p)

E. A. Yepnesckas, H. B. Bero6opodosa Muxpo-
6I/IOTa KHUMICYHUKA ITPU KPUTHYECKUX COCTOAHUAX
(0630p)

6 (4-11)

6 (12-22)

6 (23-27)

6 (28-40)

6 (41-50)

6 (51-60)

6 (61-79)

6 (80-94)

6(95-113)

6 (114-125)

/l. B. @edepsaxun, A. B. Tonuapyx, A. B. Anoxun,
/1. O. /v’ apax Mynsep JlnnamMnka KOTHUTHBHBIX
(i)yHKL[I/II/I 1 IIPOTHUBOBOCITAJIMTCJIBHBIX ITUTOKNHOB
IIPY PA3JIMYHBIX BapuaHTaX aOPTO-KOPOHAPHOTO
I_HyHTI/IpOBaHI/IH

B. H. Jlopozosyes, A. E. Ckeopuyos, E. A. Cesacmuo-
snosa VI3MEHEeHUs CUCTEMHOI reMOIMHAMUKH TIPU
opTocTase y ITaIMEHTOB C JIJIMTEJIbHBIMU Hapymc—
HUSIMU CO3HAHUS

O. U. Kocyxuna, E. C. Kauenxosa, I. H. Iepmanos,
IO. B. 36pyesa SITporeHust B aHECTE3UOIOTO-Pea-
HUMATOJIOTMYECKOH TTPAKTHKE

K. B. Jlepeunes, 3. U. lloxonaesa, 1. A. Pwuickos,
E. B. llapgpenosa TpauciianTalmst aacToB Me3eH-
XMMaJIbHbIX [IPOTEHUTOPHBIX KJIETOK Ceplla st
BACKYJISIPU3AINK MUOKap/ia rocJie nudapkra (aKc-
NIEPUMEHTAJIBHOE UCCIIEI0BAHME)

H. B. Ocmposa, M. III. Aspywenko, A. M. Toryoes,
H. B. Ioay6esa Poab MO3roBoro Heiiporpoduue-
ckoro dakropa BDNF u ero penenropa TrkB B
YCTOHUMBOCTH HEIPOHOB TMIIIIOKAMIIA K MITEMUN-
periepdysun (aKCIepUMEHTAIIbHOE NCCIIEI0BAHIIE)
C. E. Xopowunos, A. B. Huxyaun, . B. becconos,
A. C. Moposos, . B. Apema IbdektuBHOCTD 1 663+
oracHOCTh HOBOTO M3zesust ist JITIC-cenektuBHOI
reMocopOIMH (IKCHEPUMEHTAIBHOE HCCIIEI0OBAHIE )
E. B. Kyeaescxas, T. A. Iypeesa, O. C. Tumowenxo,
H. . Conosvesa Crictema akTuBaTOpa 1J1a3MUHO-
reHa ypOKMHa3HOTO TUIIA B HOPME U IIPU JKU3HEYT-
poskaionux rporeccax (0630p)

A. IO. 3aiiyes, K. B. [Ty6posun, B. A. Ceemunos Ponb
METO/I0B BU3yaiu3aluu st obecredeHus 6es-
OIIACHOCTH TIAllMEHTa B AHECTE3MOJIOTUYECKOI
npakTuke (0630p)

O. B. Cumonos, . H. Tiopun, A. /. IIpsmuxos, A. b. Mu-
ponkos BeIOOp METO/1a AHECTE31U IPU KAPOTU/IHON 9H-
naprepakromunt (0630p)

JI. C. Kopob6osa, B. B. Jlasapee Anecresus npu og-
TAJIBMOJIOTHYECKUX OTlepalusix y aereit (0630p)

ObIMAAd PEAHUMATOJO0OI'UA

Hayuno-npaxkrudeckuii skypHais «O01as peaHuMaToN0T s,
Bxojstuii B nepeueb BAK PD, B Scopus u apyrue 6a3bl 1aHHBIX,
Npe/iHa3HayeH /ISl Bpauyeil aHeCTe310JI0TOB-PEaHNMATOJIOTOB M HAYYHbIX COTPY/IHUKOB.

* nHjieKC 46338 — /U1t MHAMBUYAIbHBIX TOATTMCYUKOB

TemarHKka sKypHaJIa: HaToreHes, KJIMHUKA, THATHOCTHKA, JledeHNe, TPOo(UIaKTHKA 1 aTOJIOTHIeCKast aHATOMHUS
KPUTUYECKUX, TEPMUHAJIBHBIX U TOCTPEAHUMAIMOHHBIX COCTOSIHUIL; OKa3aHWe JOTOCIUTANbHONM TOMOIU TIPU
KPUTUYECKUX COCTOSIHUSX; OOydYeHUe HACEIEHUS] U MEAUIIMHCKOTrO IEPCOHAJA IIPHEMaM OKa3aHUsI HEOTJIOKHON
HOMOIIY TIPU KPUTUYECKUX COCTOSIHUSX; onTuMusaius paborst OPUT; opupnyeckue u sTuyecKue BOIPOCH B
006JIaCTH AHECTE3UOIOTUH-PEAHUMATOIOT U,

Aypmuropust: sieueOHble YIPEKACHsT; BbICITIEe YaeOHble 3aBeIeH s MEUIIMHCKOTO MPOMIIST; MEAUIIHHCKIE
YUPEIKIEHHUSI OCJEUTIIIOMHOTO 06pasoBantist, DeiepasibHble U PErHOHATBHbBIE OPTAHbI YIIPABJICHIIST 3[PABOOXPAHEHUEM,
MEIUIIMHCKUE HAYYHO-UCCIIEI0BATEIbCKIUE HHCTUTYThI; MEAUIIUHCKYE OUGINOTEKH.

MOJNMNUCKA

B s11060M nouToBOoM OT/JICJIEHUH CBA3U 110 KaTaJaory «KHHra-Ceanc»
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BeTtepanbl oTeyeCTBEHHOI
aHeCTe3UO0JIOTUU-PEaHUMaTOJIOTUN

Amvutpuii Braaumuposuy
CAJYUNRKOB
3acayskeHHnbiii Bpau P,
3aciy KeHHbIH nesarenb Hayku PD,
npodeccop,

JIOKTOP MEUIIMHCKUX HAaYK

Jvurpuit Braguvuposnu CagunkoB (12 ceH-
Ts16pst 1950 r. — 10 sguBaps 2019 1) poauiics B 1. Pabo-
yuii KpacHomaprtusanckoro paiiona CapaToBCKOi
obmactu. B 1968 romy om mocTymma ma JedeOHbIIH
(baxympreT CapaToBCKOTO MEUITUHCKOTO WHCTUTYTA,
10 OKOHYaHUK KOTOPOTO TIPOIes 00yYeHUe B KINHK-
YeCcKOl MHTepHAType M0 CETUATBLHOCTH « XUPYPIHST».
[Moce yermenHoro 3aBepiieHust 00yUeHUsT B acTTUPaH-
Type Tipu Kadenpe BoeHHO-TI0J1eBOH xupyprun Capa-
TOBCKOTO MeUITHCKOTO mHCTUTYyTa (CMW) 0H B 1-M
MockoBCcKOM MeAMIMHCKOM MHCTUTyTe uM. M. M.
CeuenoBa (1. MockBa) 3alUTUJI JIUCCEPTAIMIO Ha
temy «HapyieHnust razoo0MeHa U UX KOPPEKIUS B
YCIOBUSX JTUTETBHON OHOJIETOYHON BEHTUJISINN
TTPY OTIEPAITUSX Ha JIETKUX» HAa COUCKAHWe YUeHOI cTe-
MTEeHN KaHAWIaTa MEIUITMHCKIX HAyK TI0 CIIEIUAThHO-
CTH «AHECTE3NOJIOTUS U PEAaHMMATOJIOTUS».

C 1978 roma paboran acCHCTEHTOM, a 3aTeM
JIOTIEHTOM KadeIpbl aHECTE3MOJIOTHH 1 PEAHUMATOJIO-
UM Ha (pakysIsTeTe ycoBepIIeHCTBOBaHMUS Bpauetl. C
1985 roza 3aBezoBa KypCOM aHECTE3MOJIOTHH 1 pea-
HUMATOJIOTUU Ha (haKyJbTeTe yCOBEPIIEHCTBOBAHUS
Bpaueit CMU.

[Tocne ycrentHO# 3aUTHI TOKTOPCKOH AHccep-
taruu «OcTpast IbIXaTeTbHas HEOCTATOYHOCTD TIPH
centudeckoM mmoke» /[, B. CagunkoBy GbLIO IPHUCBOE-
HO 3BaHUe npodeccopa, 1 OH ObLT N30paH Ha JOJIK-
HOCTD 3aBEAYIONIETO Kadepoli CKOPOI MEUITTHCKOM
W aHECTE3MOJIOTO-PEAHNMATIMOHHON TOMOTIH (haKyTh-
TeTa TMOBBIIEHUS KBATUMOUKAIIUN U TPODHEeCCUOHAID-
HOU MOATOTOBKH criennaancToB CapaToBCKOTO MeH-
IIMHCKOTO WHCTUTYTA.

ITpodeccop /1. B. Cagunkos — asTop 6osee 300
HAYYHBIX PabOT, MPU3HAHHBIA YUEHBIH, CO31aBIIMI
HOBOE HaTIpaBJICHIE B AHECTE3UOJIOTHH-PEaHnMaTOJIO-
AU, 3aKJII0valonieecss B U3YUYEHUU TYMOPATHHBIX
MEXaHU3MOB (hOPMUPOBAHUS KPUTHIECKUX COCTOS-
HUI B PA3JIMYHBIX OTPACTSX MEUTIIITHBI — aKyTIEPCTBE
¥ THHEKOJIOTUH, XUPYPIHUH, HEHPOXUPYPTUH, TEPATTHH.
Wcnonb3oBanme TaHHOTO HATIPABICHUS B MEIUTIUHE
MTO3BOJTUJIO TIOZIOUTHU ¢ TPUHITUTTUATHFHO HOBBIX MO3U-

Mtra?-*-"

1

IIUH K TTPOBEZICHUTO KaK MHTEHCUBHOW TE€PATUM, TaK 1
3aMeIEeHNIO JKM3HEHHO BAKHBIX (DYHKITHIT Y OOTHHBIX
YKa3aHHOTO TPOGUIST B TSIKEIOM COCTOSHUHU. Ero
HAYYHBIE TPYbI OTJINYAET IIyOOKUH MHOTOTPAHHBIN
aHA/IN3 KAMHUYECKUX HAGIOeHUIT 1 cTPoroe codJIio-
JleHre aKaJeMUYeCKUX 3aKOHOB BBICIIEH IIKOJIbI,
TYMaHUCTHYECKOE MUPOBO33PEHUE Ha MPOOTIEMBI
60JIe3HM Y BpaueBaHMSL.

3a GOJIBINON BKJIA/] B PA3BUTHE aHECTE3UOJIOTO-
PeaHNMAI[MOHHO CJIy:KOBI, OKa3aHMe BHICOKOKBAJIH-
(putnmpoBaHHOW MEIUITMHCKOI MTOMOIIN HACEJTEHUTO
Caparosckoii obactu npodeccop . B. Cagunkos
Harpak/ieH HaTPYAHBIM 3HAKOM « OTJINIHUKY 37IPaBO-
oxXpaHeHUs». 3a BKJIA B CHUJKEHUE MATEPUHCKON
CMEPTHOCTH B CJIy:KOe pofoBcoMoskenust T. Caparosa
1 06J1acTH eMy MIPUCBOEHO MOYETHOE 3BaHMe «3aciry-
xKenubiil Bpaa PM».

/1. B. CaiuukoB — 3aCIy;KEHHBIN /IeATeh HAyKn
P®, akamemuk PAE, sBstiicst mpesumenTOM Accoriia-
[[UU AaHECTE3NOJIOTOB-PeaHnMaTo10roB CapaToBCKO
obsactu, uieHoM tipaBieruss Deepainn aHeCcTe3no-
JIOTOB-PEAHNMATOJIOTOB Poccu, 4wieHOM mpe3uainyMa
Yuenoro coera CapaTOBCKOTO TOCYAAPCTBEHHOTO
MEUIMHCKOTO YHUBepcuTeTa uM. B. 1. PagymoBcko-
TO. OH BXOJINJI B PEAAKIIMOHHbIE COBETHI BEAYIIUX
xypuasnos PO 1o crienmanbHOCTH «AHECTE3NOIOTHST
U peaHuMaToJiorusi», ¢ 1986 mo 2016 rr. aBsiics rias-
HbIM BHCIITATHBIM CIIECIITNAJIVNCTOM aHECTE3UOJIOTOM-
pearmnmarosiorom CapaToBCKON 00J1aCcTH.

Mamepuan nodzomoeaen Pexkmopamonm,
xoanexkmueamu Capamosckozo ocyoapcmeeniozo
medununckozo ynusepcumema um. B. . Pazymosckozo,
KagpeopolL CKopotl HeOMLONCHOU

U aHecme3suUoL020-PearuMaUOHHOL NOMOUU




Betepanbl oTeueCTBEHHOU
aHeCTe3U0JIOTUU-PEaHUMaTOJIOTUN

Jleonna EpumoBuy
IbITINH
3acay:kennsriii Bpau PD, npodeccop,
JIOKTOP MeTMIIMHCKUX HAYK

Jleonny Epumvosny Hpimun (26 ausaps 1939 r. p.)
pomwicst B . [ly6poso Burebekoii obsact Beopyccokoiit CCP.

B 1966 rozy oH OKOHYMII NeiaTpIIecKuil haKyIsTeT
2-ro MocKkoBCcKoro op/ieHa JIeHnHa rocylapCTBEHHOTO MeJIH-
mmHekoro uaetutyta uMm. H. W. [Tuporosa. Tam ke B 1972 1.
Jleornun EdbumoBIY 3amuTiil IUCCEPTAIMIO HA COUCKAHUE
YUYEHOI CTeleHn KananjaTa Hayk Ha temy «CocrosHue cep-
JICYHOH JIEITEJIbHOCTA B TIOCJIEOTIEPAIIMOHHOM TIepHojie Y
nereii», a B 1992 r. — Ha couckanue y4eHoil CTereHn IOKTopa
HayK — Ha TeMy «BoJIeBoil CHHAPOM B 1OC/ICONEPAIIOHHOM
TIepHoJie y JIeTel».

JI. E. Ipininn siBs1geTcs BBICOKOKBAIM(DUIIMPOBAHHBIM
BPAayoOM aHECTE3UOJIOrOM-PEaHNMATOIOrOM, HelarOrOM U
JiekTopoM, 50 JieT 3aHIMAIOIINMCsT pa3pabOTKON 1 BHEpe-
HUEM B KJIMHUYECKYIO TPAKTHKY COBPEMEHHBIX CIIOCOOOB
AHECTE3UOJIOTUIECKUX OCOOMH, ANATHOCTUKU U JICYEH ST
HEOTJIOKHBIX COCTOSHUH Y /leTeid.

ITox pyxoBoacTBOM U 1pu JinuHOM yuactun Jleonnzaa
Edumosnua:

— paspaboTaHbl HOBbIE TEXHOJOTHU MHTAJISAIIUMOHHON
QHeCTe31H C FICTI0JIb30BAHIEM AaHECTETUKOB 3-T0 TOKOJIECHNUS 1
TIOJTyYeHbI Pa3pelleHus Ha MX IPUMeHEHNE B IETCKUX YUPesK-
nenusix Poceniickoit Mesiepariyu;

— YCOBEPIIEHCTBOBAHBI U BHE/IPEHBI B KIMHUYECKYIO
[PAKTUKY JOCTYIIbI /s PETHOHAPHBIX OJIOKA/] HEPBHBIX CILIE-
TEHUIT Ha OCHOBE METO/Ia 3JIEKTPOCTUMYJIITNH OCTIETHHX;

— W3y4YeH MaToreHe3 W pa3paboTaH ajJTOPUTM JUar-
HOCTHMKH ¥ JIEYEH ST CHHPOMOB TT€PCUCTUPYIOIIEH JIeroy-
HOU TUIIePTeH3NH, MACCUBHON MEKOHUAIBHON acIuparuy,
PeCIMpPaTOPHOrO JIMCCTPEC-CUH/POMA HOBOPOXK/IEHHBIX,
OGPOHXOJIETOYHOI UCTIIA3U Y, (PYHKIIUOHUPYIOIIETO apTepH-
AJTBHOTO IIPOTOKA;

— u3aHbl yueOHble, METOANYECKUE U CIIPABOYHBIE
MaTepuasbl: MoHoTpadus «MHransgimnonnas anecresus B
nexauarpun» (2010), «Pernonapnas anecreaus y jgereit»
(2012), yueGHuK «/leTcKast aHECTE3UOIOTUSL U PEAHUMATO-
gorust» (2001, 2009), «Hannonanbuoe pyKOBOACTBO MO
uHTeHCUBHOM Teparuny» (2009), «HannonanbHoe pykoBoji-
cTBO 10 TokcuKonoruu» (2012), pykoBoactso «Heotmox-
Has TIOMOII[b U UHTEHCUBHAs Teparus B neauarpuns (2014),
PYKOBOJICTBO «AHecTe3us B ieTcKoii npaktuke» (2016), 14
METOANYECKUX MOCOOUIT;

— paspaboTaHbl 4 HOBBIX MEIMIIMHCKUX TEXHOIOTUH,
caemano 4 uzobperenust [Lo pyKOBOICTBOM U TIPU HAYYHOM
KOHCYJIBTHPOBAHUH BBITIOJIHEHO M 3aIUIIeH0 14 KananaaT-
CKUX ¥ 2 TOKTOPCKUX TUCCEPTALINN.

C 2014 1. mox pykosozctsoM JI. E. Ilpinuna u nipu ero
HEIOCPEICTBEHHOM y4YacTHU Pa3padaThiBAIOTCS TIPOTOKOJIBI
JiedeHust HanboJiee paciipocTPaHEHHbIX 3a00JIEBaHII HOBOPOJK-
JIEHHBIX, HAXOISIIIXCSI B TSUKEJIBIX 1 KPUTHIECKIX COCTOSTHUSX,
arpOOMPOBAHBI, A/IATITUPOBAHBI U BHE/[PEHBI B IIPAKTHKY COBPE-
MeHHbBIE PEKUMbI MEXAaHUYECKOW BEHTUJISIIIUN JIETKUX Y HOBO-
POKIEHHBIX C HU3KOU 1 9KCTPEMAJIbHO HU3KOW MAacCOH TeJia.

C 1998 o 2018 rr. JI. E. IpInue npuHAT yyacTue B
00yuenunn Gosiee 1500 Bpaueii, Okazal KOHCYJIBTATUBHYIO U

JiedeBHYT0 TIOMOTITL GoJtee 4,5 ThICSYaM MAIIMeHTOB BCeX BO3-
pacTHbIX Kateropuii mepuoza aerctsa. JI. E. [lprmun ynenser
60JIbIII0E BHIMAHUE YJIYUIIEHUIO KA4eCTBA MPEOIaBaHIISL.
Buaropapst eMy ObLIV U3/IaHBI JIEKIIUHU 110 AHECTE3UOIOTUN
U peaHuMaToJIOTMH C Ipe3eHTaluell uiocTpanuil Ha
obyuaromiem caiite [BOY BITO Poccuiickoro HaimoHa b-
HOTO NCCJIE/IOBATEIBCKOTO MEINITMHCKOTO YHIBEPCUTETA FIM.
H. U. [Tuporosa (I'OY BIIO PHUMY mwm. H. U. [Tuporo-
Ba) Munszipasa Poccru B paMKax JINCTAHIIMOHHOTO U 9JIEK-
TPOHHOTO OOYY€eHUSI.

Ha 6azax xacdeapst JI. E. [[pinus perysisipHO POBOAUT
KJIMHUYeCKHUe KOH(EepeHIUH, SBJISIONMeCs aKTUBHOI yue-
60l 1 crocOGCTBYIONIIE MOBBIIIEHNTO KBATUMUKAIIN Bpa-
4el, yJanuxcs U pero/iaBaTesei.

C 1998 r. llpimun JI. E. mpuHuMaeT akTHBHOE y4yacTHe
B OPraHU3aIlMK €KEeTOHBIX KOHIPECCOB U ChE3/I0B 110 aHe-
CTE3UOJIOTUU M pPeaHuMaTosoruu: <«MeKpernoHajabHbie
HAayYHO-TIPaKTUIeCcKe KoHdepenimms, « Kourpecent Dege-
panuy aHeCTe3MOJIOTOB I PeaHNMaToJI0roB Poccumy, exe-
TOJHBIX KOHTPECCOB U Che3/10B «UesoBeK U JIEKAPCTBOY,
«Konrpecc mepunHaTosioroB», PETYJSIPHO BBICTYIIAET C
JIOKJIAJIAMU 1 [TPE3CHTAIMSAMY Ha aKTYaJIbHbIE TEMBI 110 CIie-
IUATIBHOCTH.

Ipimun JI. E. asigercs yinenom Cosera «Acconmarinmu
JIETCKUX AaHECTE3MO0JIOTOB M PEAHNMAaTOJIOTOB» Poccuu, ure-
HOM MpaBJieHst «MOCKOBCKOTO HAyYHOTO 0OIIECTBA aHeCTe-
3HOJIOTOB ¥ PEAHMMATOJIOTOB», YWIEHOM IIpaBjeHust o0Iie-
poccuiickoil obmectBerHoi opranusanun «Demgepanms
AHECTE3MOJIOTOB U PEAHUMATOJIOTOBY, YJICHOM PE/IKOJIJIETUN
SKYPHAJIOB TIO MTPOMUIIIO «aHECTe3NO0JIOTHI-PeaHIMaTOIO-
TUST» U <MHTEHCUBHAS TEPATTH».

B 1997 rony JI. E. Ilpinun narpaxkaen Menasbio «B
maMsth 850-metust Mocksbr», B 1998 oy npucBoeno 3Ba-
une «3acaysxkenuniii Bpad PD», B8 1999 roxy moyerHoe 3Ba-
Hue «Berepan tpyznar, B 2013 oy HarpakieH Meaasibio
«O1nnunuk 3xpaBooxpanenusi PM», B 2017 roxy menaibio
«Oppnena 3a 3acayru iepes; oredectBom» 11 crenenm.

[To muenuio koser, Jleonnn EhumoBud umeer 3aciry-
JKEHHBII aBTOPUTET U yBasKeHMe B PO eCcCOHAIbHOM KOJI-
JIEKTHUBE, KaK YyTKUH 1 BHUMATEIbHBIH, OT3BIBUNBLIN YeJIo-
BEK BBICOKUX MOPATBHBIX MPUHITUIIOB, TPeGOBATETLHbIN 1
MPUHIMITHATBHBII TeIaror.

Mamepuan nodzomosun B. B. Jlasapes,

00KMOP MEOUUUNHCKUX HAYK, npogdeccop,
3aeedyrowuil Kaghedpoil 0emckoll anecmesuoiozuu
U UHMEHCUBHOL MePanuu,

D110 OI'bOY BO «PHUMY um. H. 1. [Tupozosas
M3 PD, 2. Mockesa, Poccust




IIpaBuia 151 pyCCKOSI3bIYHBIX aBTOPOB KypHaia «O0mas peaHnMaToJI0THsT>

C YY€TOM PEKOMEH/IaIuii POCCUICKO Accolluanuy HayYHbIX pelaktopoB U usnareneii (PAHPI)
u International Committee of Medical Journal Editors (ICMJE) peaakuus 25.09.2018

IIpaBoBbIE M ITHYECKHE ACTIEKTHI Ty GIUKAIAH
pyKoOmHcH

VYenoBus myGaukanuu pyKonucH

— Pykomicu my6mKyioTest pu 06513aTeTHOM CO-
GITIONIEHUT aBTOPOM STUKH U TIPABIT TTYOIMKAIHN (TTO/T-
pobHee Ha caiiTe KypHaaa: www.reanimatology.com).

— Pykomucu my6auKyioTest ¢ cobmofeHneM
HOPM aBTOPCKOTO IIPaBa 1 KOH(MUAEHIINATBHOTO OTHO-
IIEHNST K TTEPCOHATTBHBIM IAHHBIM aBTOPOB.

— Pykoncu my6anKyores GecriiaTHo.

— Pykonucu, IpuHATHIE B KYPHAJ, TTPOXOIST
pelleH3upoBaHNe Ha OPUTHHAIBHOCTB, 3TUYHOCTB,
3HAYNMOCTD, aJ€KBATHOCTh CTATHCTHYECKON o6pa-
GOTKY TAHHBIX HA YCITOBUAX KOH(DHUIEHITHATHHOCTH 32
MCKJTIOYEHVEM BBIABIEHUS (haTbCDITKAIIT TaHHBIX.

— Penkosnerns ocraBiser 3a cob6oi PaBo co-
KpaIaTh U peaKTHPOBATh PYKOIHCH.

TIpUYHHBI CHSITHS C TIEYATH U 33JIEPAKKH Iy OIIn-
KaIlui PYKOIHCH

— Pyxkonucu, He cOOTBETCTBYIONINE MTPOMUITIO
JKypHAaJIa, He TPUHIMAIOTCS.

— Pyxkormucn, paree omy6IMKOBaHHbIE, 4 TAKIKE
HaTpaBJeHHbIE B IPYTOH KyPHAT MU COOPHUK, He
MPUHUMAIOTCS. VICKITIOUeHNe COCTABIISIOT IEPEBO/IBI
Ha PYCCKUI/aHTJIUNCKNH I3bIK OT/IETbHBIX CTaTeH,
UMEIOTIIX GOMBINTOE MPAKTHYECKOE 3HAUCHIE ¥,/ T
MIPEICTABJISIONINX 0COOBI HAYYHBII HHTEPEC, Ompe-
JeJISIEMBIIT aKTYaTbHOCTBIO TEMATHKH, BBICOKIMU MH-
IEeKCOM TIUTUPOBAHWS, 3aIPOCOM MO KJIIOUEBBIM
CJIOBaM.

— 3a HekoppeKkTHOe 0hOopMIEHUE U HE0CTO-
BEPHOCTD TMPE/ICTABIISIEMBIX GHOTHOTPApIIECKUX TaH-
HBIX aBTOPBI HECYT OTBETCTBEHHOCTh BILJIOTH [0
CHSITHST PYKOITUCH C TIEYaTH.

— Hapymrenne nmpasut oopMIIeHUST PYKOTIHICH,
HECBOEBPEMEHHBI, a TaK)Ke HeaJleKBATHBIN OTBET Ha
3aMevyaHus PEIeH3€HTOB U HAYYHBIX PETAaKTOPOB MPHU-
BOJIAT K 3a/IePrKKe MyOIMKAIIUY /IO UCTTPABJIECHS YKa-
3aHHBIX He0CTAaTKOB. [Ipn uTHOpMpoBaHuy 3amMevanuit
PEIeH3eHTOB 1 HAYYHBIX PEIAKTOPOB PYKOITUCh CHUMA-
€TCsI C TATbHENTIIET0 PACCMOTPEHTI.

— Pykomncu oTKIOHEHHBIX paboT pemakiueit
He BO3BPAIIA0TCs.

Murepecst cropon: Asrop/Penakiust

Penaxiiust octaBisieT 3a cOG0M MPpaBo CUNTATD, UTO:

— aBTOPBI, MPEIOCTABUBIINE DPYKOIHCH [JIsT
ny6aukanuu B sKypHat «O06Ias peaHnMaToIoTHs >,
COTJIACHBI C YCJIOBUSIMU TTYOIUKAIIMH U OTKIOHEHVSI
PYKOIIHCH, a TAKIKe C TPaBUIaMU ee 0OPMIIEHUSI.

— aBTOp, OTBETCTBEHHBIN 3a MEPETHCKY C pe-
TaKIyell, BBIpakaeT MO3WIIMIO BCETO aBTOPCKOTO
KOJITTEKTHBA.

Penaxiys v m31aTeIbCTBO HE HECYT OTBETCTBEH-
HOCTU 3a MHEHWs, U3JIOKEHHbIE B MyOIMKANSAX, a
TaK’Ke 32 Co/lep KaHne PeKIaMBbl.

TapanTnu penakmm

JIo6bie PyKOTIHCH, TOJTYYEHHbIEe PEeAAKIIett /11t
pereH3upoBanys, GyIyT BOCIPUHUMATHCS KaK KOH-
dupentmanbabie JOKyMeHT. OHM He MOTYT OBITH MO~
Ka3aHbl JPYTUM JIMIAM W OOCYXKICHBI ¢ HUMH, 3a
VICKJIIOUEHUEM JIUTI, YIIOJTHOMOYEHHBIX PeaKIne.

HeomybmkoBanHbIe MaTepPHATbI, HAXOSATIHECS
B TIPEZIOCTABIEHHON CcTaThe, He GYAyT UCTOTb30BAHbI
B COOCTBEHHOM HCCIIEIOBAHUY HAYYHOTO PEAKTOPA U
PeIeH3eHTOB 6e3 MUCHMEHHOTO Pa3PeleH st aBTOPA.

Pertensent He 6y/eT AOMYIIEH K PACCMOTPEHIIO
PYKOMIUCH, €CJIU UMeeT MeCTO KOH(QIMKT NHTEPECOB B
€r0 KOHKYPEHTHBIX, MapTHEPCKUX JTHO0 APYTHX OTHO-
MIEHUSAX € KeM-JIN00 13 aBTOPOB, KOMIAHUHN TJIH OP-
TaHM3AIMH, CB3aHHBIX C MATEPUAIIOM TTyOJIHKATIHHL.

ABTOPBI UMEIOT TIPABO MOJYYHTD MO 3a1TPOCY MH-
opmanuio B Buzie 91€KTPOHHOTO MUCHMA O MOJTO-
TOBKe, O(QOPMIEHUU W TIPOJBVKEHUH PYKOMUCH:
journal _or@mail.ru; www.reanimatology.com. ABrop,
OTBETCTBEHHBII 32 TIEPETTUCKY C PEAKIIHIEN, TOTyIaeT
0 3JIEKTPOHHOIT TT0UTEe TEKCTHI PEIIEH3UI; peleHne
PEAKOTIETHY O TIYOJINKATIMI W OTKJIOHEHUH PYKO-
MCH ¢ 060CHOBAHWEM MTPUYHHBI; BEPCTKY OTPEIAKTH-
POBAHHOTO BapWaHTa PYKOIHCH [JIST TIOJTYIEHU
ABTOPCKOTO COTJIACUST Ha TYOINKATIHIO.

Tapantuu ABTopa

[IpenocTaBienHast B pelakIUIi0 PYKOMUCH TTOJI-
HOCTBIO OpUTHHAIbHA. Vcmomb30oBamHme J0ObIX MaTe-
pHUAJIOB, 3aNIUINIEHHBIX JHUIIEH3NeH OT HEeCaHKIINO-
HUPOBAHHOTO BOCTIPOM3BE/IEHMS, JOTTYCKAETCS TOJITBKO
C TIMCHMEHHOTO Pa3perieHus mpaBoodiamaress(eil) u
pH 06513aTETBHON CCBIITKE HA ABTOPOB.

Criicok aBTOPOB COEPKUT TOJIBKO TEX JIHII, KO-
TOPBIE BHECJIU ONIYTUMBIH BKJIAJ B KOHIIETIHIO, ITPO-
€KT, UCTIOJTHEHNE WJIM WHTEPIIPETAINIO 3asBIEHHOM
paboThl, TO €CTh TeX JIUI], KOTOPbIE COOTBETCTBYIOT
KPUTEPUSIM aBTOPCTBA.

Pykomuice He comepsKUT MaTepUaIoB, 3alIPEIeH-
HBIX B OTKPBITOH T€YaTH AeiCTBYIONUM 3aKOHO/A-
TesbcTBOM Poccum.

Kondmkr uarepecos cropon: ABrop/Penakius

Kondmukr nntepecon cropon ABtop,/Pemaxins
peraeTcst myTeM TIePeroBOPOB CTOPOH, B CITy4yae Heype-
TyJIMPOBAHHBIX ITyTEM TIEPETOBOPOB Pa3HOTJIACUI — B
COOTBETCTBUU C JEHCTBYIOMIUM 3aKOHOAATEITBCTBOM
PO u MexmyHAPOTHBIME HOPMATHBHO-TIPABOBBIMU
AKTaMU, PETYJIUPYIOMUMHU MYOIUKATIMIO PYKOTHCEl B
HAYYHO-TIPAKTUYECKUX METUITITHCKUX JKyPHAJIaX.

Jlasee cM. Ha caiiTe www.reanimatology.com.




Attention, Dear Authors!

The Obshchaya Reanimatologiya (General Reanimatology) journal announced a contest for the
best paper presented in Russian/English in the following nominations:

— original scientific paper (a report on the results of a logically completed study; about 40 thou-
sand characters; 58 illustrations (figures and /or tables), 25—-40 references;

— review (critical discussion of the research topic; 10 and more pages; font: Times New Roman,
12; interval 1.5; at least five (or more) illustrations (figures and /or tables); 80 or more references;

— clinical observation (a report on the results of a logically completed clinical observation; no
more than 5 pages; font: Times New Roman, 12; interval 1.5; no more than 3 illustrations (figures and /or
tables), 1520 references.

Deadline for submission: July 1 — December 2018.

Stages of the paper assessment:

1. Assessment of the originality, relevance, scope and level of execution of the study, as well as
the significance and quality of presentation at least by three external reviewers.

2. Evaluation of the compliance with the journal policy by the Editorial Board members.

3. 2-year paper citation (Russian Science Citation Index, SCOPUS, WoS).

Names of the winners based on stages T and II of the paper evaluation, as well as the procedure of
payment of awards will be published in Obshchaya Reanimatologiya No. 6,2019

Awards for the winners based on stages I and II of the paper evaluation

35 000 roubles in the «Original Scientific Paper> nomination

25000 roubles in the «Review» nomination

15 000 roubles in the «Clinical Observation» nomination

The winners of the contest based on stage III of the paper evaluation will be announced in an
issue published 2 years after the date of publication of all papers accepted during the contest. Bonus for
the winners: an invitation to publish papers in the Obshchaya Reanimatologiya (General Reanimatology)
journal with a free translation of the manuscript into English /Russian.

For more details, please, write: journal _or@mail.ru

Buumanue, YBakaeMble ABTOPBI!

Kypuan «O61mas peaHuMaToNOTUsT» 0OBIBUI KOHKYPC Ha JIyUIITyto paboTy, TIPeACTaBICHHYIO Ha
PYCCKOM U aHTJIMHCKOM g3bIKax B (hopMaTax:

— OpUIrHHAJbHAsl HayyHas cTaTbd (IIpe/iCTaBJCHME PE3YJbTATOB JIOTMUECKHN 3aBEPIICHHOTO
nccsesioBanus, 0KoJ1o 40 Thic. 3HAKOB, 5—8 WiutocTpanuil (PUCYHKOB 1/1in Tabauir), 25—40 cChLIOK;

—  0630p (kpuTHUECKOe 0600IEHNE UCCIEA0BATEILCKOI TeMbl, 0T 10 cTpaHuIl MAITHHOMUCHOTO
tekcra mpudrom Times New Roman 12, ¢ uarepsaiom 1,5, o1 5 niumioctpaiuii (PUCYHKOB U /UK Tad-
amir), ot 80 cchIIOK;

—  KJMHHYECKOe HaOmoaeHue (pe/ICTaBIeHUe Pe3yIbTaTOB JOTHUECKU 3aBEPIIEHHOTO KIMHY-
4ecKkoTo HabJo/IeH s, He GoJiee 5 CTpaHuIl MAITMHOMICHOTO TekeTa mpudTom Times New Roman 12, ¢
unTepsaioM 1,5, He 6osee 3-x mmocTpanuil (pucyHKoB u/uin tabmi), 15—20 cChLIOK.

Cpoxku mogauu pykomucu: 01 wrosst — 25 gexabps 2018 r.

JTankl ONEHKH Ty OAUKAIHIA:

1. Orlenka He MeHee 3-X BHENIHUX PEIEH3EHTOR M0 OPUTHHAIBLHOCTH, aKTyaIbHOCTH, MaCIITaby
1 YPOBHIO UCIIOJTHEHUS UCCJIEIOBAHUS; COIEPKATEIBHOCTH U KAUeCTBY M3JI0KCHUS.

2. OKclepTHas OlleHKA YJICHOB PEJAKOJJIETUN TI0 COOTBETCTBUIO MTOJIUTUKE KypHATIA.

3. 2-ropmunoe nuTrposanne nyosmkanuu (PUHIL, SCOPUS, WoS).

O6basnenne nobeguteseil Konkypea 1o I u I1 sTamam oneHky myOaMKaLni, a TAKKe O MOPALKe
BBIILJIATHI IpeMuii — B sKypHase «O0uiag peanumaroaorus» Ne 6, 2019

IIpemupoBanune nobeaureneii konkypca o I u Il stanam oueHku myOauKanuii

35 Toic. pyb. — B (hopMare «OpUrHHAIbHAS HAYYHASA CTAThsI>

25 ThIC. py0. — B hopmare «0030p»

15 Thic. py6. — B hopMaTe «KIMHUYECKOE HAOMIOCHIE>

Oo0bsaBaenue nodeauteneii konkypcea 1o Il stany oueHky myGaMKanmMii — B TEKYIIEM HOMEPE
JKypHAJIa [0 UCTEYEHUH 2-X JIeT ¢ MOMEHTa MyOIMKaIiy Beex paboT, IPUHATHIX B KOHKYPC. Bonyc mobe-
JUTENISIM — TIpUTJIalieHne K mybankanuu B xkypHase «O6Ias peaHuMatosiorust» ¢ 6ecriaTHbIM Tiepe-
BOJIOM PYKOIIUCH Ha aHTJIUHCKUH A3DIK.

Bomnpocs! o nposeaenuio koukypca: journal _or@mail.ru




HABCTPEYY MM3HW. PeambepuH’

® DopmMa BbINYCKa:

P e a M 6 e M H Pacteop ans uHdy3uii 1,5 %, B byTeinKax
cTeKknaHHbIX no 200 unn 400 Mn, B
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