R, ISSN 2658-4433 (Print)
? ISSN 2782-2974 (Online)

A 4, FEDERAL RESEARCH AND CLINICAL CENTER
®HKII PP OF INTENSIVE CARE MEDICINE AND REHABILITOLOGY

—) -R-S-P-E-N-

KNNHNYecKoe

NUTaHNe N MeTabosN3M
Tom2 - Bbinyck 2

Clinical nutrition and
P metabolism

%} R -)) Volume 2 - Issue 2

| \ )“r’ 8

2021

ECO®NECTOR ’3 https://journals.eco—vector.com/2658—4433
P :



YYPEOUTENU

« OTBHY «®epnepanbHbiit
Hay4YHO-KIIMHUYECKMIA LLEHTD
peaHMMaTosnorum U peabunmutonorumy

+ 000 «3ko-Bektop»

WU30ATEJIb

000 «3ko-BekTop»

Appec: 191186, r. CankT-[etepbypr,
Antexapckwit nepeynok, A. 3, nutepa A,
nometteHne 1H

E-mail: info@eco-vector.com

WEB: https://eco-vector.com

PEKJIAMA

OTaen peknambl

Ten.: +7 (495) 308 83 89
E-mail: adv@eco-vector.com

PELAKLUA

3aB. pepakumein

EneHa AHppeesHa ®unvnnosa
E-mail: cnm@eco-vector.com
Ten: +7 (965) 012 70 72

noanucKA

MoanucKa Ha nevaTHylo Bepcuio
yepes MHTEpHET:

+ www.journals.eco-vector.com
« www.akc.ru

« www.pressa-rf.ru

OPEN ACCESS

B aneKTpoHHOM BMaE XypHan
pacnpocTpaHsieTcs becnnatHo —
B PEXMME HEME[JIEHHOr0
OTKPLITOrO 0CTYNa

WHOEKCALUA

« PVHL

« Google Scholar

« Ulrich’s International Periodicals Directory
» WorldCat

OPUTMHAN-MAKET

MOArOTOB/IEH B M3aTeNbCTBe «3K0-BeKTopy.
JlntepartypHbiii pepaxTop: M.H. LowuHa
Koppektop: M.H. LLlowuHa

Bépctka: EA. TpyxmaHosa

© 000 «3Ko-Bektop», 2021

ISSN 2658-4433 (Print)
ISSN 2782-2974 (Online)

KnuHunyeckoe

nUTaHWe U MeTabonusm

Tom 2 | Boinyck 2 | 2021

EXXEKBAPTAJIbHbIA PELIEH3UPYEMbIA HAYYHbIN

MEJULUHCKUN XKYPHAN

W3paetca nop arupoi HaumoHanbHoM accouumaumm
OpraHusaLMii KNIMHWUYECKOro NUTaHus U MeTabonusma

[naBHbIV pepakTop

Csupupos Cepreit Buktoposuy, 1.M.H., npodeccop (Mocksa, Poccus)

ORCID: 0000-0002-9976-8903

3amecTUTeNM rNaBHOrO pepaKrTopa

I'peuko Anppeit BauecnaBoBuu, a.M.H., npodeccop (Mocksa, Poccus)

ORCID: 0000-0003-3318-796X

TytenbsH Buktop Anekcanaposuy, A.M.H., npodeccop (Mocksa, Poccus)

ORCID: 0000-0002-4164-8992

HukuTiok [iMuTpumii Bopucosuy, o.M.H., npodeccop (Mocksa, Poccus)

ORCID: 0000-0002-4968-4517

Lllectonanos Anekcanap Edumosuy, o.M.H., npodeccop (Mocksa, Poccus)

ORCID: 0000-0002-5278-7058

OTBEeTCTBEHHbIW CeKpeTapb

Kpbino Kupunn Hpbesuy, A.M.H., aoueHT (Mockea, Poccus)

ORCID: 0000-0002-1807-7546

PepakunoHHas Konnerus

Metposa M.B., a.MH., noueHT (Mocka, Poccus)
ORCID: 0000-0003-4272-0957

Epnynesa H0.B., a.M.H., npodeccop (Mocksa, Poccis)
ORCID: 0000-0002-8018-3366

06yxoea 0.A., kM.H. (Mockea, Poccus)

ORCID: 0000-0003-0197-7721

Maceynuk U.H., A.MH. npodeccop (Mocksa, Poccys)
ORCID: 0000-0002-8121-4160

PenakumoHHbIN coBeT

AnexcaHposuy H0.C., A.MH., npodeccop
(Cank-Tetepbypr, Poccus)

ORCID: 0000-0002-2131-4813

Aukacos E.E., 1.M.H., npodeccop (Mockga, Poceus)
ORCID: 0000-0001-9964-5199

Bytpos A.B., n.MH., npodeccop (Mockea, Poccusi)
ORCID: 0000-0003-4462-1530

T'y6aiigynnun P.P., LM H., poueHT (Mocksa, Poceus)
ORCID: 0000-0003-1582-4152

Kysosnes A.H., o.M H., foueHt (Mockea, Poccust)
ORCID: 0000-0002-5930-0118

JlekmaHoB A.Y., .M., npodeccop (Mocksa, Poccus)
ORCID: 0000-0003-0798-1625

Jlenpepman W.H., A.MH. npodeccop
(Cank-Tetepbypr, Poccus)

ORCID: 0000-0001-8519-7145

Jlydr B.M., f.MH., npoceccop (CankT-Metepbypr, Poccus)
ORCID: 0000-0001-5996-825X

Hukutud W.T., .M H., npodeccop (Mocksa, Poccus)
ORCID: 0000-0003-1699-0881

Monoga T.C., 1.6.H. npodeccop (Mockaa, Poccus)
ORCID: 0000-0003-2693-0823

Cabupos [.M., n.MH., npodeccop (TaluKkeHT, Y3bexmcTaH)
ORCID: 0000-0002-0460-5440

Crapoay6oBa A.B., 1M.H., noueHT (MockBa, Poccis)
ORCID: 0000-0001-9262-9233

LsetkoB [.C., k.M.H. (MockBa, Poccus)

ORCID: 0000-0003-1905-8627

Jo6owesckuii M.A., .MH., foueHT (Apocnasns, Poccus)
ORCID: 0000-0002-7460-9519

Moroxxesa A.B., a.M.H., npodeccop (Mocksa, Poccus)
ORCID: 0000-0003-3983-0522

Poik A.A., kM.H. (Mocksa, Poceus)

ORCID: 0000-0002-3968-3713

CaBun W.A., n.MH., foueHT (Mocksa, Poccus)

ORCID: 0000-0003-2594-5441

Yy6aposa A.U., .M H., npodeccop (Mocksa, Poccus)
ORCID: 0000-0001-8831-6242

LLlapadetaunos A.C., .M., npodeccop (Mocksa, Poccus)
ORCID: 0000-0001-6061-0095

Xopowunos W.E., f.MH., npodeccop
(CanwT-Metepbypr, Poccus)

ORCID: 0000-0002-4126-0947

Singer Pierre, npocdeccop (Tenb-AsuB, M3paunns)
ORCID: 0000-0003-0779-9321

Klek Stanislaw, npoceccop (Kpakos, Monblua)
ORCID: 0000-0002-7887-3464

Meier Remy, npodeccop (bybeHnopd, LLseriuapus)
ORCID: 0000-0002-9714-8700

Pichard Claude, npoceccop (*ehesa, LLiseiuapus)
ORCID: 0000-0003-4978-6385

Sohotka Lubos, npodeccop (Mpara, Yexus)

ORCID: 0000-0002-0372-5790

Pefjiakunsa He HeceT OTBETCTBEHHOCTV 3a COfiePXKaHWE PeKNaMHbIX MaTepuasnos.
TouKa 3peHusi aBTOPOB MOXET He COBMafaTh C MHeHWeM pefakumu. K nybankaumm
NPUHUMAIOTCA TONKO CTaTbW, MOATOTOBIEHHbIE B COOTBETCTBIVW C MpaBunamMm A
aBTOPOB. Hanpasnsis CTaTblo B peAaKLMio, aBTOPbI MPUHUMAIOT YCI0BIS AOroBOpa
ny6nnuHoit odeptel. C NpaBunamu fs aBTOPOB W JOrOBOPOM Ny6AMYHOI 0hepTsl
MOXHO 03HaKOMUTbCA Ha caitTe: https://journals.eco-vector.com/2658-4433/.
/ lMonHoe WM YacTW4Hoe BOCTIPOM3BELEHME MATEpUanoB, OMybIMKOBAHHbIX
B )KypHane, JOMYCKaeTcs TOMbKO C MMCbMEHHOr0 paspelleHus W3fatens —

OQKO®@BEKTOP

u3faTenbcTea «3IKo-BekTopy.



FOUNDERS

« Federal Research and Clinical Center
for Resuscitation and Rehabilitation

« Eco-Vector

PUBLISHER

Eco-Vector

Address: 3 liter A, TH,

Aptekarsky pereulok, 191186,

Saint Petersburg, Russian Federation
E-mail: info@eco-vector.com

WEB: https://eco-vector.com

ADVERTISE

Adv. department

Phone: +7 (495) 308 83 89
E-mail: adv@eco-vector.com

EDITORIAL

Executive editor

Elena A. Philippova

E-mail: cnm@eco-vector.com
Phone: +7 (965) 012 70 72

SUBSCRIPTION
For print version:
www.journals.eco-vector.com

PUBLICATION ETHICS
Journal's ethic policies are based on:
- ICMJE

- COPE

- ORE

- CSE

- EASE

OPEN ACCESS
Immediate Open Access is mandatory
for all published articles

INDEXATION

+ Russian Science Citation Index

+ Google Scholar

« Ulrich’s International Periodicals Directory
« WorldCat

TYPESET

compleate in Eco-Vector
Copyeditor: M.N. Shoshina
Proofreader: M.N. Shoshina
Layout editor: EA. Trukhtanova

© Eco-Vector, 2021

ISSN 2658-4433 (Print)
ISSN 2782-2974 (Online)

Clinical

nutrition and metabolism

Volume 2 | Issue 2 | 2021

QUARTERLY PEER-REVIEW MEDICAL JOURNAL

Published under the supervision of National Association
Organizations of Clinical Nutrition and Metabolism (RSPEN)

EDITOR-IN-CHIEF

Sergey V. Sviridov, MD, Dr. Sci. (Med.) (Moscow, Russia)

ORCID: 0000-0002-9976-8903
DEPUTY EDITORS-IN-CHIEF

Andrey V. Grechko, MD, Professor, Dr. Sci. (Med.) (Moscow, Russia)

ORCID: 0000-0003-3318-796X

Victor A. Tutelyan, MD, Professor, Dr. Sci. (Med.) (Moscow, Russia)

ORCID: 0000-0002-4164-8992

Dmitriy B. Nikityuk, MD, Professor, Dr. Sci. (Med.) (Moscow, Russia)

ORCID: 0000-0002-4968-4517

Alexander E. Shestopalov, MD, Professor, Dr. Sci. (Med) (Moscow, Russia)

ORCID: 0000-0002-5278-7058
RESPONSIBLE SECRETARY

Kirill Y. Krylov, MD, Assistant professor, Dr. Sci. (Med) (Moscow, Russia)

ORCID: 0000-0002-1807-7546
EDITORIAL BOARD

M.V. Petrova, MD, Assistant professor, Dr. Sci. (Med) (Moscow, Russia)
ORCID: 0000-0003-4272-0957

Y.V. Erpuleva, MD, Professor, Dr. Sci. (Med) (Moscow, Russia)
ORCID: 0000-0002-8018-3366

P.A. Lyuboshevskii, MD, Assistant professor, Dr. Sci. (Med)
(Yaroslavl, Russia)

ORCID: 0000-0002-7460-9519

0.A. Obukhova, MD, Cand. Sci. (Med) (Moscow, Russia)

ORCID: 0000-0003-0197-7721

EDITORIAL COUNCIL

E.Y. Achkasov, MD, Professor, Dr. Sci. (Med) (Moscow, Russia)
ORCID: 0000-0001-9964-5199

Y.S. Aleksandrovich, MD, Professor, Dr. Sci. (Med)

(Saint Petersburg, Russia)

ORCID: 0000-0002-2131-4813

A.V. Butrov, MD, Professor, Dr. Sci. (Med) (Moscow, Russia)
ORCID: 0000-0003-4462-1530

A.l. Chubarova, MD, Professor, Dr. Sci. (Bio) (Moscow, Russia)
ORCID: 0000-0001-8831-6242

R.R. Gubaydullin, MD, Assistant professor, Dr. Sci. (Med)
(Moscow, Russia)

ORCID: 0000-0003-1582-4152

S. Klek, MD, PhD, Professor (Krakow, Poland)

ORCID: 0000-0002-7887-3464

I.E. Khoroshilov, MD, Professor, Dr. Sci. (Med)

(Saint Petersburg, Russia)

ORCID: 0000-0002-4126-0947

AN. Kuzovlev, MD, Assistant professor, Dr. Sci. (Med)
(Moscow, Russia)

ORCID: 0000-0002-5930-0118

A.U. Lekmanov, MD, Professor, Dr. Sci. (Med) (Moscow, Russia)
ORCID: 0000-0003-0798-1625

I.N. Leyderman, MD, Professor, Dr. Sci. (Med)

(Saint Petersburg, Russia)

ORCID: 0000-0001-8519-7145

1.N. Pasechnik, MD, Professor, Dr. Sci. (Med) (Moscow, Russia)
ORCID: 0000-0002-8121-4160

D.M. Sabirov, MD, Professor, Dr. Sci. (Med) (Tashkent, Uzbekistan)
ORCID: 0000-0002-0460-5440

A.V. Starodubova, MD, Assistant professor, Dr. Sci. (Med)
(Moscow, Russia)

ORCID: 0000-0001-9262-9233

D.S. Tsvetkov, MD, Cand. Sci. (Med) (Moscow, Russia)

ORCID: 0000-0003-1905-8627

V.M. Luft, MD, Professor, Dr. Sci. (Med) (Saint Petersburg, Russia)
ORCID: 0000-0001-5996-825X

R. Meier, MD, PhD, Professor (Bubendorf, Switzerland)
ORCID: 0000-0002-9714-8700

1.G. Nikitin, MD, Professar, Dr. Sci. (Med) (Moscow, Russia)
ORCID: 0000-0003-1699-0881

C. Pichard, MD, PhD, Professor (Geneva, Switzerland)
ORCID: 0000-0003-4978-6385

A.V. Pogozheva, MD, Professor, Dr. Sci. (Med) (Moscow, Russia)
ORCID: 0000-0003-3983-0522

T.S. Popova, Professor, Dr. Sci. (Biol) (Moscow, Russia)
ORCID: 0000-0003-2693-0823

A.A. Ryk, MD, Cand. Sci. (Med) (Moscow, Russia)

ORCID: 0000-0002-3968-3713

I.A. Savin, MD, Assistant professor, Dr. Sci. (Med)
(Moscow, Russia)

ORCID: 0000-0003-2594-5441

P. Singer, MD, Professor (Tel Aviv, Israel)

ORCID: 0000-0003-0779-9321

K.K. Sharafetdinov, MD, Professor, Dr. Sci. (Med)
(Moscow, Russia)

ORCID: 0000-0001-6061-0095

L. Sobotka, MD, PhD, Professor (Prague, Czech Republic)
ORCID: 0000-0002-0372-5790

The editors are not responsible for the content of advertising materials. The point
of view of the authors may not coincide with the opinion of the editors. Only
articles prepared in accordance with the guidelines are accepted for publication.
By sending the article to the editor, the authors accept the terms of the public

found on the website: https://journals.eco-vector.com/2658-4433/. Full or partial

/ offer agreement. The guidelines for authors and the public offer agreement can be

reproduction of materials published in the journal is allowed only with the written

ECOeVECTOR

permission of the publisher — the Eco-Vector publishing house.



COAEPXXAHUE

OPUTMHANTbHBIE UCCIEQOBAHKUA

H.b. Kosaneposa, [.B. PyqkuH, I.[1. [lnomHukos

BnusiHWe paHHero nepopanbHOro NUTaHMs Ha HYTPUTMBHBIN CTaTyC NaLMeHTOB
nocne cybToTanbHOM 330arakKTOMUM C 04HOMOMEHTHOM NJACTUKOW NULLEBOSA
YKENYL04HOW TPYOKOMN: paHLOMU3NPOBAHHOE OAHOLIEHTPOBOE UCCIBHOBAHME . . .« o v v v e e eee et e et e e e e e een e 51

0b30Pbl

10.11. Opnos, C.B. Csupudos, E.H. Kakyns
MaTodu3mnonornyeckune acneKTbl KUCIOPOAA, MMNOKCUM U CBODOJHOPAAMKABLHOMO OKUCIIEHUS
MPU KPUTUHECKUX COCTORHUX . . o v v v e et e et e et e e et e e e e e e e e e e e e e e e et e e e et e e e e e ne e e 66

[.B. Huxonaes, C.I1. llensikanuHa
BrouMneaaHcHbI aHanu3 cocTaBa Tesla YenoBeKa: MeAMLMHCKOE MPUMEHEHNE, TEPMUHOMOMUSA . . ... ovvveve e 80

W.B. Kobenekosa, M.M. Kopocmenesa, M.C. Kobesbkosa

Ponb BbICOKODENKOBLIX CMeLManu3npoBaHHbIX MULLEBbLIX MPOAYKTOB B MOBbILIEHUM afaNTaLUOHHOI0
MOTEHLMAMA CTIOPTCMEHOB . .« v e ettt et e e et e ettt e et e e e e e e e e e et e e e e e e e e e e et e it e ae e 92

PEOAKLWOHHASA CTATbA

E.N. Crobenes, M.H. ace4yHux
lepronepaumoHHaa MHAY3MOHHAA TEPAMMS . ..ottt et ettt ettt et e et e et e et e et e et e e e e eaaeens 100



CONTENTS

ORIGINAL STUDY ARTICLES

Natalia B. Kovalerova, Dmitry V. Ruchkin, Georgy P. Plotnikov
The effect of early oral feeding after subtotal esophagectomy with immediate esophageal

reconstruction on patients’ nutritional status: randomized single-center study ............. ... ... .l 51
REVIEWS

Yurii P. Orlov, Sergey V. Sviridov, Evgeny N. Kakulya

Pathophysiological aspects of oxygen, hypoxia and free radical oxidation in critical conditions ..................... 66

Dmitry V. Nikolaev, Svetlana P. Shchelykalina
Bioimpedance analysis of human body composition: medical applications, terminology ........................... 80

Irina V. Kobelkova, Margarita M. Korosteleva, Maria S. Kobelkova
The role of high-protein specialized food in increasing the adaptive athletes' potencial ........................... 92

EDITORIALS

Evgeny I. Skobelev, Igor N. Pasechnik
Perioperative infusion therapy . .. ...t 100



OPUTVIHATTBHBIE MCCTTE JOBAHIA Tom 2, N2 2. 2021 KnuHM4eckoe nuTaHme v MeTabonmam
51

DOI: https://doi.org/10.17816/clinutr81628

BausaHue paHHero nepopanbHOro NUTaHUSA
Ha HYTPUTUBHbIW CTaTyC NaLUeHTOB

nocne cybrotanbHoi 3zodparaKroMuu

C OAHOMOMEHTHOM NNACTUKOM NnuLLeBOAA
YKeNIYyA04YHOM TPYOKOM: paHAO0MU3UPOBaAHHOE
OAHOLLEHTPOBOE Mcciefo0BaHue

H.b. Koaneposa, [.B. Pyukun, I'.I1. [InoTHMKoB

HauvoHanbHbI MeJMLMHCKUA UCCNe0BaTeNbCKUiA LIEHTP Xupyprim uMenu A.B. BuwwHesckoro, Mocksa, Poceuitckas ®epepauvs

AHHOTAUNA

06ocHosaHue. [JaBHo [oKa3aHa Mofib3a paHHero Hayana nepopanbHoOro NUTaHWsa B NOCAeonepaLyMoHHOM Nepruoje, ofHa-
KO B XMPYPruM NULLEBOAA BCE eLIE 0TAAIOT NPeAnoyTeHne ApyruM crnocobaM HYyTPUTUBHOM MOLAEPHKM Nocie 330darakTo-
MWW C OAHOMOMEHTHOM NNACTUKOM JKenyao4HO TPyOKOM.

Llente uccnedoearus — cpaBHUTL 3DGEKTUBHOCTb, 6€30MaCHOCTb M HYTPUTMBHBIN CTaTyC NaUMEHTOB MoCsie CyOTOTaNbHO
330()araKTOMUW 1 0HOMOMEHTHOI NIACTUKM NULLEBOAA KeNyA04HOW TPYBKOI Npu Havane NepopanbHOro W MoSIHOro NapeH-
TepasbHOro NUTaHWsA B paHHEM MOCNE0NepaLyoHHOM Nepuose.

Mamepuaner u mMemodsl. [poBefeHO MPOCNEKTUBHOE PaHAOMWU3WPOBaHHOE OAHOLEHTPOBOE WccnefoBaHue. BceM
naumeHtaMm (n=60) BbINOMHWAM 330(arsKTOMUI0 C OJHOMOMEHTHOM MNACTUKOM 3KenypaouHoW Tpybkoi. [o onepauuw
n B 1; 3; 6-i nocneonepauMoHHble JHWA OCYLLECTBASNM OLEHKY Pe3ynbTaToB JIeYeHUs!, YacToTbl U XapaKTepa OCNOMHEHWH,
a TaKKe aHTPOMOMETPUYECKMX U NabopaTopHbIX NMOKa3aTesiel HYTPUTMBHOIO CcTaTyca.

Pesynbmamel. B vccnepnoBaHue BKIOYMM NaUMEHTOB 663 BLICOKOrO pUCKa pasBUTUS HYTPUTMBHON HeLOCTaTO4YHOCTM.
BonbHbIX pasmennnu Ha fLBe rpynmbl: NaLMeHTbl 0CHOBHOM rpynnbl (n=30) nonyyanu paHHee (c Nepsoro nocieonepaumoH-
HOro JHS) NepopanbHOe NUTaHWe; NauMeHTbl KOHTPONALHOM (n1=30) — KIacCUYecKylo CXeMy HYTPUTUBHOW MOLAEPKKM (noni-
HOe MapeHTepasibHoe NMUTaHWe B TeYeHWe 4 nocreonepauMoHHbIX AHel). B ocHoBHoI rpynne oTMeyeHbl AOCTOBEpHO bonee
paHHee OTX0K[eHue ra3oB (2 aHa npoTus 4 B rpynne KoHTpons, p=0,000042) n nosenexue ctyna (3 oHs npotvB 5 B rpynne
KoHTpons, p=0,000004) nocne onepauuy, a TaKKe TEHAEHUMSA K CHUXKEHWUIO ASIMTENIbHOCTM NOCNeonepaLy oHHON rocnuTanm-
3aumm (8 nHeit npotus 9 B rpynne KoHTpons, p=0,13). PaHHee nepopanbHoe NuUTaHWe He BAMANO Ha vactoTy (46,6 npoTus
53,3% B rpynne KoHTpons, p=0,66) 1 xapakTep nocieonepaLmnoHHbIX 0CIOXHeHWNA. Mpyu aHann3e noKkasaTenei HyTPUTUBHOMO
cTaTyca 0TMEeYeHO BAMSHWE Hayana paHHero nepopanbHOro MUTaHMs Ha KOHLEHTPaLUMio npeanbbyMuHa B CbIBOPOTKE KPOBM,
YPOBEHb KOTOPOM AOCTOBEPHO CHKANCA Ha 3-# nocneonepaumoHHbiid AeHb (0,17 npotus 0,2 B rpynne KoHTpons, p=0,03)
B CBSA3M C HEBO3MOXHOCTbH) BOCMOJIHEHWS CYTOYHOM HOPMbI Kanopuii B NepBble AHU Mocne onepaunu. Ha 6-i nocneonepa-
LIMOHHBIV IeHb KOHLEHTpaLums npeansbyMuHa bbina conoctaBuMon B obenx rpynnax. [pyrux AOCTOBEPHbIX OTMYUNA MeXIy
rpynnamu He bbino.

3aknoyenHue. PaHHee nepopanbHoe NUTaHWe noce 330(arakTOMUK € 0GHOMOMEHTHO NNACTUKON JKesy[0uHOM TpybKoi
be3onacHo, T.K. He yBEIMUMBAET YACTOTY HECOCTOSATENBHOCTM aHaCTOMO3a M APYrUX OCMOXHEHWIA. [1pu OLeHKe HYTPUTUBHOMO
cTaTyca 0TMEYEeHO CHUKEHWe YPOBHA NpeanbbyMuHa Ha 3-1 nocrieonepauMoHHbIA AeHb NPY Hayane paHHero nepopanbHoro
MUTaHMS.

KnioueBble cnoBa: 330arakToMus; NnacTuKa NuLLeBoAa; HYTPUTMBHASA NOLAEPIKKA; paHHee nepopasnbHoe NUTaHue; YCKo-
peHHas peabunutaums.

Kak uutnposatb

Kosaneposa H.b., Pyukun [1.B., MnotHukos T.M1. BnnsHue paHHero nepopanbHOr0 MWUTAHUA Ha HYTPUTMBHBIA CTaTyC MaLMEHTOB nocne cybToTanbHow
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The effect of early oral feeding after subtotal
esophagectomy with immediate esophageal
reconstruction on patients’ nutritional status:
randomized single-center study

Natalia B. Kovalerova, Dmitry V. Ruchkin, Georgy P. Plotnikov

A.V. Vishnevsky National Medical Research Center of Surgery, Moscow, Russian Federation

ABSTRACT

BACKGROUND: The efficiency of early oral feeding in the postoperative period is well known. Though doctors still prefer
other types of nutritional support after esophagectomy with immediate gastric tube reconstruction in the esophagus surgery.

AIMS: To compare the efficacy, safety and nutritional status of patients after esophagectomy with gastric tube reconstruction
while beginning of oral and full parenteral nutrition in the early postoperative period.

MATERIALS AND METHODS: We've conducted prospective single-center randomized study. Subtotal esophagectomy with
immediate gastric tube reconstruction was performed to 60 patients. In the postoperative period we evaluated the results
of treatment, the frequency and severity of complications, anthropometric and laboratory indicators of the nutritional status
before the operation on the first, third and sixth postoperative days.

RESULTS: Patients without high risk of malnutrition were randomly divided in 2 groups: main group (n=30) starting
early oral feeding on the first postoperative day and control group (n=30) that remained nil by mouth and got parenteral
feeding within 4 postoperative days. The patients of early oral feeding group had statistically significant earlier gas discharge
(2 vs 4 postoperative days, p=0.000042) and stool appearance (3 vs 5 postoperative days, p=0.000004). There was a tendency
towards a decrease in the duration of postoperative hospitalization in early oral feeding group (8 vs 9 postoperative days,
p=0.13). Early oral feeding did not affect on frequency (46.6% vs 53.3%, p=0.66) and character of postoperative complications.
After evaluation of the parameters of nutritional status we found statistically significant decrease of prealbumin level on the
third postoperative day in early oral feeding group (0.17 vs 0.2, p=0.03) of due to inability to compensate daily calorie needs in
the first days after the operation. On the sixth postoperative day prealbumin became the same in both groups. There were no
other significant differences between the groups.

CONCLUSIONS: Early oral feeding after esophagectomy with immediate gastric tube reconstruction is safe. Early oral
feeding doesn’t increase the frequency of anastomotic insufficiency and other complications. The decrease of prealbumin on
the third postoperative day was noted in early oral feeding group while evaluating nutritional status.

Keywords: esophagectomy; esophagoplasty; nutrition support; early oral feeding; enhanced recovery after surgery.
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BACKGROUND

Dysphagia is the main symptom of oesophageal
diseases. Of patients with complaints of swallowing
difficulties at the initial visit to a doctor, 25% have
nutritional deficiency [1]. Dysphagia induces solid food
intake restriction up to the complete impossibility of
oral intake of nutrients. A radical method of treating
oesophageal disorders includes subtotal esophagectomy
with immediate gastric tube reconstruction. This technically
complex surgery with a high risk of complications is
performed in patients with stage IV cardiac achalasia,
extended cicatricial stricture and oesophageal cancer. The
Society for Enhanced Recovery After Surgery (ERAS) and
the European Society for Clinical Nutrition and Metabolism
(ESPEN) [2] recommended the need for preoperative
assessment of nutritional status, nutritional deficiency
corrections before surgery and the early onset of enteral
nutrition in the postoperative period. Literature indicates
a decreased incidence of postoperative complications in
the course of correction and further maintenance of the
nutritional status within the normal range [2].

Methods for preoperative nutritional deficiency treatment
are described in detail both in the global [3] and Russian
literature [1]. Special attitude is paid to enteral nutrient
administrations [4], and parenteral nutrition (PN) is auxiliary
even in patients with complete dysphagia [5]. In the
postoperative period, this category of patients is at risk of
developing or aggravating nutritional deficiency; however, the
methods of nutritional support provision after surgery remain
a matter of debate.

Oesophageal surgery is traditionally prescribed with
complete PN in the postoperative period to prevent
anastomotic leakage [6]; however, nowadays enteral
nutrition is recognised as safe and economically more
profitable compared to PN [7]. Enteral nutrition maintains
the viability of enterocytes, improves gastrointestinal
motility and maintains the intestinal barrier, which reduces
the incidence of postoperative complications [8] and the
number of hospital postoperative days (POD) [9]. Several
ways are available to conduct postoperative enteral
nutrition, namely oral, tube (through a nasojejunal tube
or jejunostomy), and in most cases after esophagectomy,
tube nutrition is recommended [3]. However, when using
a nasojejunal tube, 13%-38% of patients experience its
displacement or obstruction, as well as intestinal content
microaspiration [10]. Soft tissue inflammation at the
jejunostomy tube insertion area, parastomal fluid leakage,
tube transposition and malabsorption are registered in
44.4% of cases in patients after jejunostomy imposition [11].
Additionally, the jejunostomy tube causes acute intestinal
obstruction in 7% of patients due to complete intestinal
obstruction [12].

The problem of early oral nutrition (EON) in patients
after esophagectomy remains controversial. Currently,
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the literature provides isolated works on EON studies that
showed positive results [13-17]; however, none of the works
has assessed the nutritional status of patients with EON.

Four groups of methods are used to assess the patient’s
nutritional status, namely somatometric (anthropometric),
laboratory, functional and clinical [18].

Anthropometric methods assess the nutritional status
including body weight, height, body mass index (kg/m2),
shoulder circumference at the middle third level and actual
body weight deviation from the recommended and initial
value before the disease. Additional indicators for nutritional
deficiency diagnostics include the skin-fat fold thickness
above the triceps, the shoulder muscle circumference, total
fat content and body lean mass, which assesses the somatic
protein pool.

Laboratory methods for assessing nutritional status
clarify the degree of nutritional deficiency and assess the
body’s protein supply and assess the visceral pool of protein,
which is closely related to the state of protein-synthetic
function of the liver, haematopoietic organs and immunity.
Therefore, the absolute count of lymphocytes is determined,
as well as the concentration of total protein, albumin,
transferrin, prealbumin, retinol-binding protein, cholesterol
and triglycerides in the blood [19].

Albumin is a protein that is synthesised in the liver, with
a half-life of 20 days. With insufficient protein intake in the
body, a pronounced albumin synthesis rate decreases with
a simultaneously increased decay, as well as redistribution
from the interstitial space into the blood plasma. Thus, the
change of the albumin level over time is insufficiently reliable
for a quick assessment of nutritional therapy adequacy [20].
However, hypoalbuminemia indicates prolonged protein
starvation and is an unfavourable prognostic sign of the
disease course [21].

Transferrin is a serum B-globulin with a half-life of
8 days, is synthesised in the liver and transports iron in
the blood. The extravascular transferrin pool is negligible
and the half-life is shorter than that of albumin. Its
decreased concentration in the blood serum reveals
earlier changes in the protein status; however, with iron
deficiency anaemia, a compensatory increase in the blood
concentration of transferrin occurs even under protein
deficiency conditions [22].

Prealbumin (transthyretin) is synthesised in the liver
and participates in the transport of thyroxine and retinol,
with a half-life of 2 days. It circulates in the blood in strong
complexes with retinol-binding protein. Prealbumin prevents
the release of retinol-binding protein from the bloodstream
and is responsible for the transfer of retinol into tissues [23].

Cholesterol and triglyceride determination in the blood
serum assesses the intensity of lipolysis in the body [24]. The
presence of hypertriglyceridemia and hypercholesterolemia
indicates active lipolysis under energy deficiency conditions.
With a severe nutritional deficiency, hypocholesterolemia
may occur.
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An absolute count of lymphocytes is a rather simple
and informative indicator that assesses the severity of the
nutritional deficiency, as the state of the immune system
can be characterised by its count. Immunosuppression
correlates with the degree of protein and visceral protein
pool deficiencies.

Functional assessment methods include metabolic
monitoring with the determination of the patient’s current
energy expenditures.

The screening protocols were developed for the clinical
assessment of the degree of nutritional deficiency, namely
Nutrition Risk Screening 2002 (NRS-2002), Malnutrition
Universal Screening Tool, European Society for Medical
Oncology 2008 and others. The NRS-2002 scale is currently
generally accepted for assessing nutritional status and is
recommended for the Federation of Anaesthesiologists
and Reanimatologists, ESPEN and the American Society for
Parenteral and Enteral Nutrition.

Safety evaluation of the most physiological method of
postoperative nutrient delivery and its effect on the nutritional
status of patients is an urgent subject, which is under-analysed.

The study aimed to compare the efficacy, safety and
nutritional status of patients after subtotal esophagectomy
and immediate oesophageal reconstruction using a gastric
tube at the beginning of oral and total PN in the early
postoperative period.

MATERIALS AND METHODS
Study design

A prospective, experimental, randomised, controlled and
single-centre study was performed. Patients were distributed
into two groups, namely the main group (n=30) where the
EON protocol was used, and the control group (n=30) with
complete PN within 4 POD.

Inclusion criteria

The study included patients with malignant oesophageal
tumours, oesophageal cicatricial strictures and stage IV

Fig. 1.
isoperistaltic gastric tube reconstruction: @ — before surgery,
b — after surgery.

Surgery scheme: esophagectomy with immediate
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cardiac achalasia, with a history of transthoracic or transhiatal
esophagectomy with immediate posterior mediastinal
reconstruction using an isoperistaltic gastric tube. Patients
were operated on by the same surgeon with standardised
anaesthetic management.

Study conditions

The study was performed at the A.V. Vishnevsky National
Medical Research Center for Surgery of the Ministry of
Health of Russia. Controlled follow-up of each patient was
performed on the eve of the surgery, on PODs 1, 3 and 6.

Study duration

The study was performed from January 2016 to
March 2021. Patients were monitored throughout the entire
perioperative period, from the hospital admission, on the eve
of the surgery, and until hospital discharge.

Description of the medical intervention

Before a hospitalisation, patients were examined by a
multidisciplinary team of doctors, and individual preoperative
plans were drawn up.

Food intake was stopped 6 h before the surgery, and
the patient drank 200 ml of a high-carbohydrate drink
2 h before anaesthesia induction, excluding patients
with a high risk of aspiration (cardiac achalasia and high
oesophageal stricture). Premedication and mechanical
bowel preparations were not prescribed. Purpose-
oriented infusion therapy, protective lung ventilation and
warming of the patient were intraoperatively performed.
Thromboembolic complications, postoperative nausea
and vomiting and multimodal analgesia preventions were
performed during the entire perioperative period.

Figure 1 presents the surgical scheme. After the cervical
esophagogastric anastomosis formation, the operating
surgeon decided the possibility of EON for patients based
on satisfactory viability of the oesophageal stump and the
graft and the absence of technical errors in the anastomosis
formation. With a positive decision, the patients were
randomised into groups using an online random number
generator. At the end of the surgery, the trachea was
immediately extubated.

Figure 2 presents the protocol of postoperative nutritional
support for patients in the main and control groups. Patients
of the EON group on POD 1 were allowed to drink water,
and sipping with balanced cocktails at the rate of 10 kcal/kg
was permitted on POD 2. On POD 3, the energy value of the
sipping was increased to 20 kcal/kg, and patients switched
to mashed food intake on POD 4. PN with official mixtures
of 30 kcal/kg was prescribed to patients in the control group
from POD 1 to POD 4. Patients began to drink water on
POD 5, started sipping at 10 kcal/kg on POD 6, and the intake
was prescribed with mashed food on POD 7. Perioperative
transfusion of albumin and fresh frozen plasma was not
performed.
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Main group
e N
« Per os at 500 ml of water
1 « Infusion at 30 ml/kg in 500 ml of drainage loss
POD volume
. J
e

N
« Per os in 1000 ml of water + sipping at 10 kcal/kg

2 « Infusion at 30 ml/kg in 1000 ml with
POD compensation of the drainage loss volume

« Repeated radiography of the cervical junction
3 and graft with oral administration of a water-
soluble contrast
POD R -
« Per os in unlimited water + sipping
at 20 kcal/kg

o Pevzner diet Table 1a
POD

POD with oral administration of barium suspension

 \__/ \

.
5 [- Radiography of the graft and anastomosis

6 [- Patient discharge is possible ]
POD

Vol 2 (2) 2021

Clinical nutrition and metabolism

Control group

4 N
« Infusion at 30 ml/kg with compensation
1-4 of the drainage loss volume
POD « Parenteral nutrition at 30 kcal/kg
- J
: . o
« Radiography of the cervical junction and graft
5 with oral administration of a water-soluble
POD contrast
« Per os in 500 ml of water
L Infusion at 30 ml/kg in 500 ml )
4 2\
6 « Per os in 1000 ml of water + sipping at 10 kcal/kg
« Infusion at 30 ml/kg in 1000 ml
Pop ) | * Infusiona ml/kg in m )
4 N
« Radiography of the graft and anastomosis
7 with oral administration of barium suspension
POD « Pevzner diet Table 1a
S J
8 [- Patient discharge is possible ]
POD

Fig. 2. The protocol of postoperative nutritional support for patients of the main and control groups.

Note. POD: postoperative day.

In the EON group, Nutridrink and Nutricomp Drink Plus
were used for nutritional support with a ratio of proteins,
fats and carbohydrates of 5.9 g/100 ml, 5.8 g/100 ml and
18.4 g/100 ml and 6 g/100 ml, 5 g/100 ml and 20 g/100 ml,
respectively. Patients in the control group received drugs
Oliclinomel N7-1000E, Nutriflex 48/150 lipid and Nutriflex
70/180 lipid with a ratio of proteins, fats and carbohydrates
of 4 g/100 ml, 4 g/100 ml and 16 g/100 ml; 3.8 g/100 ml,
4 9/100 ml and 12 g/100 ml; and 5.6 g/100 ml, 4 g/100 ml
and 14.4 g/100 ml, respectively, for nutritional support.

On average, the ratio of nutrients in mixtures was
5.95 g/100 ml (5.9-6) of proteins, 5.4 g/100 ml (5-5.8) of fats
19.2 g/100 ml (18.4-20) of carbohydrates for the EON group,
whereas 4.5 g/100 ml (3.8-5.6), 4 g/100 ml and 14.1 g/100 ml,
respectively, in the control group [12-16]. Thus, the groups did
not significantly differ in the composition of nutrients used for
nutritional support of drugs and can be comparable.

Study outcomes

The main study outcomes. Safety intervention parameters,
namely duration of hospitalisation, the term of gas discharge
and the recovery of bowel movements, the assessment of the
nature of complications and their severity according to the
Clavien-Dindo classification of surgical complications [25],
and the Esophagectomy Complications Consensus Group
(ECCG) [26], were used in the study.
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Additional study outcomes. The study evaluated
anthropometric (body weight, kg; thickness of the skin-fat
fold above the triceps, mm) and laboratory (albumin, g/l;
prealbumin, g/l; transferrin, g/l; blood serum iron, pmol/l;
cholesterol, mmol/l; triglycerides, mmol/l; C-reactive protein,
mg/l; and lymphocytes, 10°/1) indicators of the nutritional
status of patients.

The functional activity assessment of patients was
performed before the surgery, on PODs 3 and 6 using a
6-min walk test (the patient’s task was to walk the maximum
distance in 6 min at his own pace).

Subgroup analysis

Inclusion criteria include the consent of the operating
surgeon to EON, based on a visual assessment of the viability
of the graft and oesophageal stump and the absence of
technical errors in the anastomosis formation; low risk of
nutritional deficiency in the postoperative period.

The following are the exclusion criteria of the study:

« the severity of the patient’s condition and postoperative
complications that prevent X-ray control of the cervical
anastomosis on POD 1;

« aspiration detected on POD 1 during X-ray control of
esophagogastric anastomosis;

« impossibility of the patient to fulfil all the doctor’s
recommendations due to the initial cognitive impairment;
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« presence of nutritional deficiency (<3 points on the
NRS-2002 scale). Based on the type of nutritional support
in the postoperative period, patients were divided into
two groups:

1) Group 1 (main (n=30) with EON starting from POD 1;

2) Group 2 (control (n=30) with PN starting from POD 1 and
oral nutrition started on POD 5.

Patients were intraoperatively randomised into
groups using a random number generator after cervical
esophagogastric anastomosis formation.

Outcome registration methods

The researcher filled in individual registration cards, and
entered the preoperative study parameters and the patient’s
scores on the NRS-2002 scale in them, as well as the
postoperative results of tests, radiography, and the 6-min
walk test on PODs 1, 3 and 6. These cards recorded the
duration of hospitalisation and postoperative complications.

Ethical considerations

The study was approved by the local ethical committee
of the A.V. Vishnevsky National Medical Research Center
for Surgery of the Ministry of Health of Russia (protocol
No. 001-2019 dated January 25, 2019).

Statistical analysis

Principles for calculating the sample size. The sample
size was not pre-calculated.

Statistical data analysis methods. Statistical data
analysis was performed using Statistica software (data
analysis software system), version 6 StatSoft, Inc. 2001, and
Microsoft Office Excel 2010. The Shapiro-Wilk test was used
to determine the normal distribution. The obtained data with
abnormal distribution were presented as a median and 25th
and 75th percentile (Me [25; 75]) for statistical analysis. The
Mann-Whitney test and Pearson’s chi-square test were used
to analysing nonparametric data. The Student’s t-test was
used to analyse the parametric data. The indicators at which
the criterion value corresponded to p-values of <0.05 were
considered statistically significant.

RESULTS

Subjects (participants) of the study

The study included 60 patients who are distributed into
2 groups (30 patients in the main group of EON and 30 patients
in the control group). Postoperative management of patients
in both groups was performed according to the traditional
protocol of accelerated rehabilitation, adopted in the hospital.
The group characteristics are presented in Table 1.

No statistically significant differences were found between
the groups. The group gender compositions did not differ and
43% of women in the main and 40% in the control group
corresponded to the epidemiology of oesophageal diseases.
The physical examination revealed that most patients had

Vol 2 (2) 2021

00l https://daiorg/10.17816/clinutr81628

Clinical nutrition and metabolism

grades II-Ill on the American Society of Anesthesiologists
scale. Most of the surgeries were performed for cardiac
achalasia in the EON group, and the main cause of
intervention was oesophageal malignant neoplasm in the
PN group; however, no significant difference was revealed
between the groups (p=0.43).

Weight deficit was established in 13% of patients in both
groups. Additionally, 37% of the study group and 43.3% of the
control group were overweight. A moderate risk of nutritional
deficiency was noted in 23.3% of patients in the EON group,
whereas in 16.7% of the control group. Patients with a high
risk of nutritional deficiency were excluded from the study.
Most patients underwent a transhiatal esophagectomy.
The transthoracic approach was chosen for oncological
reasons or in surgical complications during the oesophageal
mobilisation.

Main research findings

The efficiency of EON was assessed by the resumption of
gas discharge, the emergence of bowel movements and the
duration of hospitalisation (Table 2).

Enteral nutrition in the EON group provided a significantly
earlier recovery of intestinal motility in the form of gas
discharge (2 [2; 3] versus 4 [3; 6] in the control group,
p=0.000042) and the emergence of bowel movements
(3 [2; 4] versus 5 [4; 7] in the control group, p=0.000004).

Postoperative complications occurred in 14 (46.7%)
patients of the EON group, whereas 16 (53.3%) in the
PN group. One postoperative complication was determined
in 13 (33.3%) patients in the EON group and 15 (50%) in the
control group. Each group had one (3.3%) patient with a
combination of two types of complications. The severity of
postoperative complications was assessed according to the
Clavien-Dindo classification (Table 3).

All  developed complications were attributed to
complications of grades Il and llla. Thus, medical treatment
or minimal surgical intervention (puncture treatment of
hydrothorax and pneumothorax) was required as a solution.
These complications had minimal impact on the course
of the postoperative period. No statistically significant
difference was found between the incidence of postoperative
complications in the main and control groups.

Postoperative complications were classified according
to the international complication system of the 2015 ECCG
consensus group (Table 4).

Pulmonary complications after surgery were the most
common and were registered in 12 (40%) patients of the
EON group, including hydrothorax in 10 (33.3%) patients and
pneumothorax in 2 (6.7%) patients. Pulmonary complications
in the form of hydrothorax were noted in 13 (43.3%) patients
in the PN group. All pulmonary complications required
puncture treatment in the postoperative period.

Cardiac complications in the form of a hypertensive
crisis were recorded in 1 (3.3%) patient in the EON
group. Postoperative atrial fibrillation, which requires
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Table 1. Characteristics of patients in the main and control groups

EON group PN group
Parameter assessed n (%) n (%) p
Number of patients, n 30 30
Male 17 (57) 18 (60)
Gender 0.82
Female 13 (43) 12 (40)
Age, years 49 [45; 59] 55 [49; 65] 0.1
| 4(13.3) 3(10)
ASA grade, class I 17 (56.7) 17 (56.7) 0.72
Il 9 (30) 10 (33.3)
Benign stricture 9 (30) 8 (26.7)
Indication Achalasia 12 (40) 9 30) 0.43
for surgery
Malignant tumour 9 (30) 13 (43.3)
<18.5 4(13.3) 4(13.4)
BMI, kg/m? 18.5-25 15 (50) 13 (43.3) 0.53
>25 11(36.7) 13 (43.3)
0 12 (40) 10 (33.3)
NRS-2002, score 1 11 (36.7) 15 (50) 0.94
2 7(23.3) 5(16.7)
Transthoracic EE 11 (36.7) 12 (40)
Surgical approach ) 0.82
Transhiatal EE 19 (63.3) 18 (60)

Note. EON: early oral nutrition; PN: parenteral nutrition; BMI: body mass index; EE: esophagectomy; ASA (American Society
of Anesthesiologists): the scale of the American Society of Anesthesiologists; NRS-2002: Nutrition Risk Screening 2002.

pharmacological cardioversion with subsequent sinus
rhythm restoration within 12 h, was detected in 2 (6.67%)
patients in the control group.

The main group recorded 2 (6.7%) complications in the
gastrointestinal tract organs, namely anastomotic leakage
(1, 3.3%) and postoperative intestinal paresis (1, 3.3%).
The cervical anastomosis leakage occurred on POD 6 in
presence of a hypertensive crisis, accompanied by profuse
repeated vomiting. Oesophageal X-ray examination with
a water-soluble contrast (PODs 1 and 3) and with barium
(POD 5) revealed a consistent anastomosis in the patient.
With complete PN, the salivary fistula closed and the patient
was discharged on POD 27. Postoperative intestinal paresis
accompanied by dynamic intestinal obstruction developed
in 1 (3.3%) patient. On the eve of the surgery, the patient
underwent mechanical preparation of the large intestine
with macrogol (Fortrans) due to the high probability of its
use for oesophageal plastic surgery. On POD 3, the patient
complained of bloating and abdominal pain, without audible
bowel sounds. A plain abdominal X-ray revealed gas levels
in the colon. In the conservative treatment, bowel sounds
appeared at POD 4, and gases started to discharge. Bowel
movements emerged on POD 6.

00l https://daiorg/10.17816/clinutr81628

The control group had gastrointestinal tract organ
complications in 1 (3.3%) patient. The esophagogastric
anastomosis leakage with a delimited flow was recorded
during the repeated oesophageal X-ray with oral
administration of a water-soluble contrast on POD 5. Over
time, the amount of the flow did not increase, and the contents
of the cavity were independently evacuated within 5 min. The
patient was discharged from the hospital on POD 15.

Neurological complications were registered in 1 (3.3%)
patient of the control group in the form of a transient
ischaemic attack. The patient developed right hemiparesis
on POD 5. Neurological symptoms independently regressed
within 20 min. In the main group, neurological complications
were not recorded.

Assessment of the frequency, nature and severity
of postoperative complications did not reveal significant
differences between the EON and PN groups. The type of
nutritional support in the postoperative period did not affect
the number and nature of postoperative complications.

Additional research findings

Nutritional status was assessed before surgery,
on PODs 1, 3 and 6. Bodyweight changes in both groups
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Parameter assessed Sgb:z%r;o;g] MPeN[g;?l;pS] p
Number of patients, n 30 30
Gas discharge 21(2; 3] 413; 6] 0.000042
Emergence of bowel movements 312; 4] 51[4; 7] 0.000004
Number of PODs 817,91 918; 9] 0.13

Note. EON: early oral nutrition; PN: parenteral nutrition; POD: postoperative day.

Table 3. Evaluation of the frequency and severity of postoperative complications according to the Clavien-Dindo classification

Parameter assessed EO: (g(;y:c):up P': %:/:;' P p

Number of patients, n 30 30
Total number of patients with complications 14 (46.7) 16 (53.3) 0.66

Grade | - -

Grade Il 3(10) 4(13.4) 0.69
Postoperative Grade llla 12 (40) 13 (43.3) 0.8
complications Grade lllb - -

Grade IV - -

Grade V - -

Note. EON: early oral nutrition; PN: parenteral nutrition.
Table 4. Evaluation of the nature of postoperative complications by ECCG scale
Parameter assessed Eo: g/:?uP P': %;: )u P p

Number of patients, n 30 30
Total number of patients with complications 14 (46.7) 16 (53.3) 0.66
Pulmonary complications: 12 (40) 13 (43.3) 0.8
« hydrothorax (puncture) 10 (33) 13 (43.3) 0.51
« pneumothorax 2(6.7) - 0.66
« atelectasis - -
* pneumonia - -
Cardiac complications 1(3.3) 2 (6.67) 0.57
GIT complications 2(6.7) 1(3.3) 0.57
Urological complications - -
Thromboembolic complications - -
Neurological complications - 1(3.3) 0.82

Infectious complications
Other

Note. EON: early oral nutrition; PN: parenteral nutrition; GIT: gastrointestinal tract.
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synchronously occurred and did not significantly differ. On
POD 1, increased body weight was noted due to a positive
water balance attained during the surgery. On PODs 3
and 6, the body weight decreased gradually due to fluid
redistribution in the internal environment of the body and
excess extracellular fluid removal.

Moreover, the thickness measurement of the skin-fat
fold above the triceps did not reveal a significant
difference between the groups. On POD 1, the thickness
of the skin-fat fold above the triceps increased due to the
developing tissue oedema associated with intraoperative
positive water balance. On PODs 3 and 6, it synchronously
decreased with bodyweight as excess fluid was removed
from the body.

Laboratory indicators of nutritional status, which are used
to assess protein metabolism, are presented in Table 5.

The albumin concentration before surgery in the EON
and PN groups was within the reference values. On POD 1,
a decrease in this indicator below normal values was
registered in both groups due to intraoperative blood loss.
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On PODs 3 and 6, the albumin level tended to increase both
in the EON and PN group, without a significant difference
between the albumin concentrations in both groups.

Serum transferrin level synchronously changed with the
albumin level and was within the normal range before the
surgery in both groups. A decreased transferrin level was
noted due to the intraoperative blood loss on POD 1. By
PODs 3 and 6, a gradual increase in this protein in the blood
serum was registered but without statistically significant
differences either before the surgery or in PODs 1, 3 and 6.

The level of free iron in the blood serum synchronously
changed with the transferrin level. Before the surgery, it was
within the normal range and decreased by almost 2 times
due to intraoperative blood loss on POD 1. The iron level
insignificantly changed on POD 3 and tended to increase
on POD 6; however, these values corresponded to the iron
deficiency state. No significant difference was found between
the serum iron levels in both groups.

The blood serum prealbumin level before surgery and on
POD 1 in patients of both groups did not significantly differ,

Table 5. Laboratory methods for evaluating nutritional status: protein metabolism

EON group PN group
Parameter assessed Me [25; 75] Me [25: 75] p

Number of patients, n 30 30

Before surgery 42 [40; 44] 40.5 [39; 43] 0.21

POD 1 31129; 33] 30 [29; 33] 0.33
Albumin, g/l

POD 3 33.5[32; 35] 32.5[31; 34] 0.12

POD 6 35 [34; 37] 34.5 [33; 37] 0.42

Before surgery 2.75[2.01; 3.01] 2.31[2.04; 2.7] 0.35

POD 1 1.9 [1.65; 2.19] 1.74 [1.43; 2.13] 0.36
Transferrin, g/l

POD 3 1.86 [1.65; 2.19] 1.76 [1.55; 2.01] 0.31

POD 6 2.07 [1.81; 2.35] 1.89 [1.7; 2.18] 0.16

Before surgery 12.4 [8.9; 16.1] 12.25[9.2; 18.1] 0.51

_ POD 1 5.8[3.1;8.2] 4.912.7; 6.8] 0.42

Blood serum iron, pmol/l

POD 3 5.9 [4.1; 8.5] 5.65 [4.5; 8.0] 0.79

POD 6 715.7;9.3] 6.55[5.2; 9.1] 0.54

Before surgery 0.29[0.22; 0.39] 0.3[0.21; 0.41] 0.87

POD 1 0.18 [0.14; 0.23] 0.2 [0.17; 0.34] 0.09
Prealbumin, g/l

POD 3 0.17 [0.13; 0.21] 0.2 [0.16; 0.34] 0.03

POD 6 0.25[0.19; 0.34] 0.2310.18; 0.3] 0.7

Before surgery 4.512.5;7.3] 4.55 [3; 7] 0.51

POD 1 94.5[78; 108] 103 [76; 134] 0.54
CRP, mg/l

POD 3 52 [38; 80.1] 71.5 [40; 86] 0.43

POD 6 30 [23; 35] 32.5 [24; 45] 0.47

Note. EON: early oral nutrition; PN: parenteral nutrition; CRP: C-reactive protein.
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as, before the surgery, it was within the normal range,
and it decreased on POD 1. However, it was significantly
lower in the EON group than in the traditional PN group
on POD 3. The difference between the groups levelled
off on POD 6.

The blood plasma level of C-reactive protein was
measured to assess the overall level of the systemic
inflammatory response and was within the reference values
before the surgery. On POD 1, its twenty-fold increase was
noted and tended to decrease towards its gradual on PODs 3
and 6; however, without normal indicator restoration. No
significant differences were found between the groups in the
C-reactive protein levels.

Laboratory assessment results of the nutritional status,
which assess lipid metabolism and immunity level, are
presented in Table 6.

The serum cholesterol level before surgery in both
groups was within the reference values. On POD 1, its
decrease was noted, and a gradual increase in the level of
cholesterol was registered in PODs 3 and 6; however, no
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significant difference was found between the groups before
the surgery, on PODs 1, 3 and 6.

The triglyceride concentration in blood plasma before
surgery in the main group was within normal values.
A decreased level of triglycerides in both groups was noted on
POD 1, the concentration increased and became higher than the
initial one on POD 3, and a further increased indicator on POD 6.
No significant difference was determined between the groups.

The absolute lymphocyte count as an indicator of the
immune status of patients in both groups did not have a
statistical difference since it was at the lower limit of the
norm before the surgery, reduced even greater on POD 1,
and no significant changes over time in the absolute count of
lymphocytes in the EON group on PODs 3 and 6. The count
of lymphocytes increased in the control group on POD 3
and became equal to those in the EON group. Additionally,
changes over time were not noted on POD 6.

A 6-min walk test was performed to assess the efficiency
of early rehabilitation and activation of patients after surgery
(Table 7).

Table 6. Laboratory methods for evaluating nutritional status: lipid metabolism, immunity

EON group PN group
Parameter assessed Me [25; 75] Me [25; 75] p

Number of patients, n 30 30

Before surgery 4.65 [4.32; 5.32] 4.89 [4.37; 5.56] 0.3

POD 1 3.14[2.93; 3.67] 3.35 [2.76; 4.06] 0.62
Cholesterol, mmol/L

POD 3 3.48 [3.32; 3.92] 3.79 [3.06; 4.31] 0.64

POD 6 4.26 [4.04; 4.65] 412 [3.54; 4.87] 0.43

Before surgery 1.16 [1.11; 1.48] 1.17 [0;98; 1.34] 0.53

POD 1 1.02 [0.88; 1.14] 0.98 [0.78; 1.09] 0.23
Triglycerides, mmol/L

POD 3 1.33[1.17; 1.41] 1.34 [1.17; 1.83] 0.63

POD 6 1.45 [1.26; 1.78] 1.54 [1.28; 1.85] 0.56

Before surgery 1.84 [1.45; 2.09] 1.77 [1.12; 2.24] 0.58

POD 1 1.46 [0.96; 2.1] 1.31[0.88; 2.09] 0.87
Lymphocytes, 107/L

POD 3 1.41[1.07; 1.85] 1.5 [1.06; 2.09] 0.75

POD 6 1.45 [1.06; 1.84] 1.45[1.22; 2.01] 0.73

Note. EON: early oral nutrition; PN: parenteral nutrition.
Table 7. Results of the 6-minute walk test
EON group PN group
Parameter assessed Me [25: 75] Me [25: 75] p

Number of patients, n 30 30

Before surgery 550 [480; 610] 505 [460; 580] 0.16
6-minute walk test, m POD 3 345 [280; 390] 300 [250; 350] 0.17

POD 6 450 [410; 480] 380 [330; 410] 0.0002
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Initially, the indicators of the functional activity of both
groups did not significantly differ. The results of the 6-min
walk test in patients of both groups on POD 3 were worse
than the initial ones; however, the difference between
the groups remained insignificant and patients who
received the EON significantly tolerated physical activity
better on POD 6.

Adverse events

No adverse events were registered. The incidence
of postoperative complications in both groups did not
significantly differ.

DISCUSSION

Summary of the main research finding

EON after subtotal esophagectomy with immediate
isoperistaltic gastric tube reconstruction is safe because it
does not increase the incidence of anastomotic leakage and
other complications. An early start of oral nutrition contributes
to a significantly earlier gas discharge, the emergence of
bowel movements and the restoration of physical activity in
patients.

Discussion of the main research results

The introduction of EON in minimally invasive surgery
has demonstrated its safety, without increasing the number
of postoperative complications [13-17], which was also
confirmed by our research.

According to various sources, complications after
esophagectomy are detected in 20.5%-63.5% of cases [27].
The most common are pulmonary complications, particularly,
pneumonia, which is registered in 22.6%-30.7% of cases
[27, 28]. Our results revealed the overall percentage of
complications in the EON group and the control group as
46.7% and 53.3%, respectively. Pulmonary complications
were noted in 40% of patients in the EON group and 43.3%
in the PN group; however, their treatment required only a
single pleural cavity puncture. Postoperative pneumonia did
not occur in our study.

The second most frequent complication after
esophagectomy is the esophagogastric anastomosis leakage,
which is registered in 19.7% of cases [29]. Anastomotic
leakage was detected in 3.1% of patients in our study.

Cardiac complications are noted in 13.5% of patients after
esophagectomy [29] and are the third most common, wherein
3.3% of cases in the EON group and 6.67% in the control
group but without statistical insignificance (p=0.57).

Postoperative mortality after esophagectomy with
simultaneous plastic surgery ranges from 0% to 5.4% when
performing surgery due to benign oesophageal diseases [30],
and up to 7.8% in patients with cancer [31, 32]. Our study did
not register lethal cases.
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Anthropometric indicator assessment of nutritional status
did not reveal significant differences between both groups.
Laboratory parameter assessment of protein metabolism
registered synchronous changes in the levels of albumin,
transferrin and prealbumin. Before the surgery, they were
within the reference values, and a sharp decrease in the
blood plasma protein level was noted on POD 1. Their
number gradually increased on PODs 3 and 6 but did
not reach the initial values. Prealbumin has the shortest
half-life; therefore, its concentration best reveals the efficiency
of nutritional support. Its level significantly decreased
on POD 3 in the EON group due to the impossibility of
replenishing the daily calorie intake in the first days after the
surgery. The albumin level was comparable in both groups
on POD 6. No other significant differences were established
between the groups. Evaluation of laboratory parameters of
fat metabolism and the absolute count of lymphocytes also
did not show significant differences in both groups.

Research limitations

When planning and conducting the study, the sample
size was not calculated to achieve the required statistical
power of the results. Therefore, the sample of participants
obtained during the study cannot be considered sufficiently
representative and does not extrapolate the results obtained
and their interpretation to the general population of similar
patients beyond the study.

CONCLUSION

EON in patients with a history of esophagectomy is
safe and effective. The inclusion of EON in the concept of
perioperative maintenance of esophagectomy, along with
other principles of accelerated rehabilitation does not increase
the incidence of postoperative complications; however, it
improves the quality of recovery, enhances patient’s comfort
and avoids specific complications associated with complete
PN and enteral nutrition through a nasojejunal tube or
jejunostomy. However, its use in routine work is advisable
as a component of the perioperative maintenance protocol in
specialised hospitals.
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"8T0¢M3MOHOI'W-IECKME dCneKTbl Kucnopopa,
TMNOKCUU U CBOGOAHOP&AMKaHbHOFO OKUCJIeHUA
NMPpU KPUTUYECKUX COCTOAHUAX

10.1. Opnos!, C.B. Ceupunos?, E.H. Kakyns!

! OMCKViA rocynapCTBeHHbIN MeaMUMHCKWIA yHuBepcuTeT, OMCK, Poccuitckas ®epepaums
2 POCCHIACKMI HaLMOHabHbIA MCCIe0BaTeNbCKUA MEANLIMHCKMIA YHuBepcuTeT umenn H.N. Miuporosa, Mocksa, Poccuiickas Qepepauns

AHHOTAUNA

Kucnopop sBNsieTc 0CHOBHBIM PerynsTopoM MeTabosinyeckux NpoLeccoB B OpraHM3Me He TOJIbKO B KOHTEKCTe HopMalib-
HOM W3NONOTWW, HO U NP Pa3BUTUM PA3IUYHBIX KPUTUYECKMX COCTOSHUN.

B nocnepaHue ropbl npobneMa natoreHesa Lesioro psfa 3aboneBaHmMin opraHoB M cUcTeM oboratunack 3HaHMeM MexaHu3-
Ma MOBpPEXAEHNA KNETOYHbIX CTPYKTYP. OCHOBHLIM (haKTOPOM MOBPEXKAEHUA OKa3acs KUCIOPOA — TOT CaMblii KUCNOpOS,
“3-3a Hel0CTaTKa KOTOPOro BO3HMKAET rmbesib KNeToK. BbiACHMNOCH, YTO TaK Ha3biBaeMble aKTMBHblE OPMbl KUCNOPOAA,
MMeloLLMe HecrnapeHHbI 3NeKTpoH, obnapatoT buonormyeckuM 3cddeKToM, KOTOPbIM B 3aBUCHMOCTU OT KOHLEHTpaLMn Mo-
XKET ObITb PerynaTopHbIM UK, HaobopoT, ToKc4eckuM. COOTBETCTBEHHO, NPOBYAMICA MHTEPEC U K COEAMHEHMAM, KOTOpble
B 0DbIYHBIX YCIOBMSIX NPefOTBPaLLaloT TOKCUYECKOoe Ae/CTBME aKTMBHBIX (OPM KUCIOpPOAa, — aHTMOKcuaaHTaM. CerofHs
00LLLeNPM3HaHO, YTO OKUCIITENIBHBINA CTPECC UrPaeT BaXHYI0, C/IM He KIl0UYEBYIO POJib B NaTOreHe3e KPUTUYECKUX COCTOSHUN.
Takum 06pasoM, ¢ 0fIHOI CTOPOHbI, M30bITOYHAs NPOAYKLMSA CBODOHbIX PaAMKaNnoB paccMaTPMBAETCA KaK 0[IHO U3 NposBne-
HWW 3aLLMTHON peaKLMW OpraHu3Ma Ha BO3LEeWCTBME Pa3/MyHbIX (haKTOPOB OKPYXaloLLEN CPefbl U YCOBUIA KU3HeAeATeb-
HOCTU (MHEKLMM, TPaBMbI, TOKCUHbI, MOHM3MPYIOLLLEE U3NTyYeHWe, U3MYECKOe HaMpsKEHWE, NepeoxNaXaeHue, TMNoKcus,
PasnM4HOro BMAa CTPECCHI), C APYrod — MOBbILEHHAA NPOLYKLUMA CBODOAHBLIX pagMKanoB AOCTAaTOMHO OLICTPO NpMBOAMUT
K HeobpaTUMBIM NOBPEXKAEHUSM: Pa3pyLUEHNI0 MeMOpaH 3PUTPOLIMTOB C NOC/eAYHLLMM FeMOJIN30M, NpeBpaLLeHno reMorso-
OuHa B MeTtreMornobuH, nospexaennio [JHK, aeceHcuTM3aUmm peLenTopoB Nia3MaTMyecKux MeMbpaH, MHaKTMBaLMK pas-
JINYHBIX FOPMOHOB U QEPMEHTOB, B TOM Yuce GEpPMEHTOB aHTUPaAUKANbHONM U aHTUNEPEKUCHOM 3aLLKTBI.

lpobnema mcnonb3oBaHWA KMCNOPOLA NPU KPUTMHECKMX COCTOSIHUSIX B HACTOsILLEe BpeMs LUMpOKO obcyaaeTcs B ne-
PUOAMYECKON IUTEPATYPe C aKLLEHTUPOBAHWEM BHUMAHMSA Ha ero KOHLEHTPaLMsAX, MPUMEHSIEMbIX Y NALMEHTOB KaK B onepa-
LMOHHBIX, TaK M B OTAENEHUAX peaHUMaLMn U MHTeHCUBHOM Tepanuu. Kucnopogd, ucnonb3yeMblid B MPOLIECCE MHTEHCUBHOIA
Tepanuu OCTPOM [bIxaTeNlbHOW HeA0CTaTOYHOCTU U TUMOKCUM, AOMKEH UMeTb ONPeAeNEHHbIA A1anas0H 3HaYeHMIA KOHLEH-
Tpaumm. Tokcnyeckue 3hdeKTbl KUCIOPOAa MOryT NPOABAATLCA NpU €ro ANMTENLHOM UCTONb30BaHWM B BLICOKMX KOHLIEHTPa-
UMAX, 4TO 006YCNIOBNMBAET He TOJIbKO ero NpsMOoi TOKCUYeCKU 3 dEeKT Ha NETKKUE, HO M aKTUBALMIO CBOBOHOPAAMKAIBbHOIO
OKMCEHWA U U3DLITOYHOW NPOLYKUMM aKTMBHBIX HOPM KUCIopoaa.

B 0630pe M3noxeHbl COBpEMEHHbIE AaHHble 0 (M3MOOTMYECKO Posu KMCIOPOAa, ero y4actum B npoLeccax Metabo-
nM3Ma Ha GoHe BOCMasIeHns, TMNOKCUM W B YC/IOBUAX aKTMBALMM NPOLLECCOB CBODOLHOPaAMKaNbHOro okucieHus. CoBpeMeH-
HbIl MOAXOA K OKCUreHoTepanuu W NpefcTaBieHHble B 0030pe faHHbIe MCCNeA0BaHMI NPU3LIBAKOT OTHOCUTLCA K KUCIOpoay
KaK K leKapCTBEHHOMY Mpenapary Bo 430exKaHue NpOosABIEHWI ero TOKCUYECKUX 3D dEKTOB.

KnioueBble cnoBa: MeTabonuam; KUCNOPOA,; TMNOKCHUSA; CBO60,U,HOpa,D,VIKaJ'IbHOG OKUCI1eHune.

Kak uutupoBatb
Opnos 0.1, Ceupupos C.B., Kakyns E.H. Matodwm3anonoryeckue acneKTbl KUCIOPOAA, TMNOKCUM W CBOOOAHOPAAMKANBHOrO OKUCTIEHUS! MPK KPUTUYECKMUX
cocTosHusx // KnuHuyeckoe nutaHme 1 Metabonmam. 2021.T. 2, N2 2. C. 66—79. DOI: https://doi.org/10.17816/clinutr88951

Pykonucb nonyyena: 24.11.2021 Pykonucb opo6peHa: 10.12.2021 Ony6nukoBaHa: 28.12.2021

A
3KO®BEKTOP Jvuensmna CC BY-NC-ND 4.0
© KonnexTvie aBTopos, 2021


https://creativecommons.org/licenses/by-nc-nd/4.0/

REVIEWS Vol 2 (2) 2021 Clinical nutrition and metabolism
DOI: https://doi.org/10.17816/clinutr88951

Pathophysiological aspects of oxygen, hypoxia
and free radical oxidation in critical conditions
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! Omsk State Medical University, Omsk, Russian Federation
Z The Russian National Research Medical University named after N.. Pirogov, Moscow, Russian Federation

ABSTRACT

Oxygen is the main regulator of metabolic processes in the body not only in the context of normal physiology, but also in the
development of various critical conditions.

In recent years, the problem of pathogenesis of a number organs' and systems' diseases has been enriched by knowledge
of the mechanism of damage to cellular structures. Oxygen turned out to be the main factor of damage — the very oxygen,
due to the lack of which cell death occurs. It turned out that the so-called reactive oxygen species having an unpaired electron
have a biological effect, which, depending on the concentration, can be regulatory or, conversely, toxic. Accordingly, interest
has also been aroused in compounds that normally prevent the toxic effect of reactive oxygen species — antioxidants. Today
it is generally recognized that oxidative stress plays an important and possibly a key role in the pathogenesis of critical
conditions. Thus, on the one side, excessive production of free radicals is considered as one of the manifestations of the body's
protective reaction to the effects of various environmental factors and living conditions (infections, injuries, toxins, ionizing
radiation, physical stress, hypothermia, hypoxia, various types of stress), on the other — increased production of free radicals
quickly leads to irreversible damage: destruction of the erythrocytes' membranes with subsequent hemolysis, transformation
of hemoglobin into methemoglobin, DNA damage, desensitization of plasma membrane receptors, inactivation of various
hormones and enzymes, including antiradical and antiperoxide protection enzymes.

The problem of using oxygen in critical conditions is currently widely discussed in the periodical literature with an emphasis
on the oxygen concentrations used in patients, both in operating rooms and in intensive care units. Oxygen used in the intensive
care of acute respiratory failure and hypoxia should have a certain concentration range. The toxic effects of oxygen can
occur with its prolonged use in high concentrations, which causes not only its direct toxic effect on the lungs, but also in the
potentiation of the activation of free radical oxidation and excessive production of reactive oxygen species.

The review presents current data on the physiological role of oxygen, its participation in metabolic processes against
the background of inflammation, hypoxia and under conditions of activation of free radical oxidation processes. The recent
approach to oxygen therapy and the research data presented in the review urge to relate to oxygen as a drug in order to avoid
manifestations of its toxic effects.

Keywords: metabolism; oxygen; hypoxia; free radical oxidation.
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BBEAEHUE

MbI He MOXEM NpeACcTaBUTbL CBOHO KW3Hb Be3 Kucopo-
na (Oxygenium, 0,). [lo nosBneHns GoTOCMHTE3NPYHILLIMX
opraHu3MoB atMochepa NpaKTUYECKU ero He COAepKana.
C ux nosiBIEHMEM KMUCNOPOZ CTaN NOBOYHBIM MPOLYKTOM UX
JU3He LeATeNIbHOCTH, U Tenepb, KOraa opraHnu3Mmbl, cnocob-
Hble OKUCNATL OpraHnyeckue coefuHeHns npu nomolum 0,,
MONYYMIM NPEUMYLLLECTBO, Mbl TOBOPUM, YTO KUCNOpOA, —
Halla #w3Hb. 0 HaKo BMeCTe C NPeUMYLLECTBOM KUCNIOPO/,
MPUHEC HOBYI0 ONAcHOCTb AJ1A OpraHu3Ma. MonekynspHbili
KUCNopoa, KOTOpbiM 0bnafaeT BLICOKOWM pPeaKLMOHHOW
CNOCOBHOCTbI0 B OCHOBHOM COCTOSIHWM, cnocobeH obpa-
30BbIBaTb BbICOKOAKTMBHbIE GOpMbI, CocobHble ybuBaTh
JMBYIO KITETKY.

B nocnegnue 10-15 net npobnema natoreHesa 60nb-
woro psaga 3aboneBaHuii opraHoB oboratunacb 3HaHUEM
MeXxaHW3Ma NOBPEXAEHNS KIETOUHBIX CTPYKTYP. OCHOBHBIM
(aKTOpOM NOBPEXAEHNA 0Ka3asCs KUCIOPOA, — TOT CaMblii
KMCNOPOA, U3-3a HeJ0CTaTKa KOTOpPOro BO3HWKaeT rubenb
K/ETOK. BbiicHMIOCh, 4TO TaK Ha3blBaeMble aKTMBHbIE (OPMbI
kucnopoga (AQK), umetoLLme HecnapeHHbIN 3NIEKTPOH, o0bna-
AatoT buonornyeckuM adhdEKTOM, KOTOpbI B 3aBUCUMOCTH
0T KoHueHTpauun ADK MoxeT BbITb perynsaTopHbIM Unu, Ha-
obopoT, TokeudeckuM. CooTBETCTBEHHO, NPOOYAMNICA MHTEpEC
W K COEAMHEHUAIM, KOTOpblE B 0ObIYHBIX YCNOBUSAX MPeAoT-
BpaLLaloT ToKcuyeckoe aelictene AOK, — aHTMOKCUAAHTaM.
CeropHs 06LLenpU3HaHo, YTO OKMCIMTENBHBINA CTPECC UrpaeT
BaXHYI0, €CIIW He KITIOYEBYIO0 POJib B NATOrEHe3e KPUTUYECKMX
cocrosHum [1, 2].

KUCNoPO U CBOBOAHOPAAUKAJIbHOE
OKUCJIEHUE

B npouecce 3BonouuM XM3HM Ha 3eMne BCEM XMWBbIM
CyLLeCTBaM NpULLNOCh UCKaTb NYTW NPUCMOCOONEHUs K LUM-
pokomy (o1 0 ao 35%) AnanasoHy oKkpyxatoluero yposHsi O,.
lMepnoabl OTHOCUTENBHOW TUMEPOKCUM COAEICTBOBANU
He TONMbKO COXpaHeHulo buopa3Hoobpasvs M rMraHTU3Ma,
HO M HECNM U3DLITOK OKUCIMTENBHOMO CTPecca, Yto npeay-
CMaTpUBaso YCUNEHUE aKTUBHOCTM aHTUOKCULAHTHOM 3aLLiu-
Tbl OpraHM3Ma 0T U3BbITOYHOr0 KOJMYECTBA aKTUBHBIX pa-
OVKanoB kucnopoAa [3]. 3To oyeHb BaXkHas AeTanb: TaK,
yBeSINUMBas KOHLEHTPALMIO KUCIIOPOAA NaLMeHTaM, Henb3s
3a0bIBaTh, YTO MPW 3TOM MOBLILLAKTCSA KaK YMCNO CUHTE-
3MPYEMbIX TOKCUYHBIX PafMKanoB, Tak U HaNpsKEHHOCTb
B CUCTEME aHTUOKCMAAHTHOM 3awwmThl. CBOBOAHLIN paayKan,
KaK M3BECTHO, MMEET OIMH HecrapeHHbIA 3IEKTPOH Ha BHELL-
HeM UNn BHyTpeHHel opbuTe, YTO HAfENsET ero BbICOKOM pe-
aKLMOHHOM cnocobHocTbio. 0aHaKo, KpoMe 3Toro, nNofobHbIe
peaKUMn CONpOBOXKAANTCA HaKoMIeHUeM 60MbLLOro KOu-
YecTBa MPOMEXYTOYHBLIX NMPOAYKTOB OKUC/EHMS. [TOCKOMbKY
Mbl JKMBEM B KUCIOPOAHOW cpefe, CBOOOAHbIE paauKanbl
obpa3yloTca B opraHM3Me BCerfa 1 sIBNAOTCA 3anporpamMmu-
POBaHHbLIM 3/IEMEHTOM OIS 3alLMTbl TKaHei OT Kucnopoaa.
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Konuuecto papuKanoB KOHTPONMPYETCA aHTMOKCUAAHTHOM
CMCTEMON, NOA, KOHTpoeM KoTopoit AOK MHULMMPYIOT peak-
LM cB0D6OJHOPAMKANBHOTO OKUCIIEHWA KaK eLLE 0aHY dop-
My 3aLLMTbl OpraHM3Ma OT pa3IMYHOro pofa KCeHOBUOTUKOB
1 6aKTepuanbHbIX areHToB [4].

Ho HeT Huuero BeyHOro, W cUCTEMAa aHTMOKCUAAHTHOM
3almThl He ABNsETCA UcKNoYeHneM. CBoBoOAHbIX pafuKanoB
B COCTOSIHUM LEKOMMEHCALMKU CUHTE3MpYeTCs 60bLLoe Kou-
YeCTBO, W HaYMHAETCA TpaHCHOpMaLMs 3aLLMUTHOTO AIEMEH-
Ta B paspyLUMTENbHBIA. [TpOMCXOAUT aKTUBALMA NEPEKUCHOrO
OKMCNEHWSA JIMNWUL0B, YTO NPUBOAMT K XMMUYECKON MOaU(U-
KauuW 1 pa3pyLUeHUo Pa3nuyHbIX BUOMONEKYN U KNETOUHBIX
MeMbpaH. M36biTouHas npopykuma AOK v HapylweHue Hop-
ManbHOro (YHKUMOHMPOBAHWUA aHTUOKCWLAHTHOM 3aLLUThI
Near B 0CHOBE pa3BUTMS OKUCIIMTENBHOrO cTpecca y bonb-
HbIX, HAaXOASALUMXCA B KPUTMYECKOM COCTOSHWM [2], 1 3TOT
(aKT HUKEM YKe He ocnapuBaeTCs.

Takum 06pa3oM, C OAHOI CTOPOHBLI, U3BbITOYHAA Npo-
AyKumMsA cBODOJHBIX PafMKanoB paccMaTpuBaeTCs Kak 0fHO
U3 NPOSIBNEHWI 3aLLMTHOW peaKuuu opraHu3Ma Ha BO3AeW-
CTBME pasnuuHbIX HAKTOPOB OKPYKaloLLel Cpefibl W YCIIoBUIA
HU3HEAEATENbHOCTM (MHEKLMM, TPABMbI, TOKCUHBI, MOHW3M-
pytoLLiee U3Ny4eHne, PU3MYECKOE HanpsKEHWe, NEPeOXIak-
[EeHWe, TMNOKCKS, PasfIMiHOro BUAA CTPECChI), C ApYro —
NOBbILLEHHAA NPOLYKLMA CBODOHBIX pafuKaoB LOCTAaTOYHO
BbICTPO NPUBOAMT K He0bpaTUMBIM MOBPEXAEHUAM: paspy-
LIEHWN0 MeMOpaHbl 3PUTPOLMUTOB C MOCNEAYIOLUM UX re-
MOJIM30M, NpEBPaLLEHUI0 TeMorfobuHa B MeTreMornobuH,
nospexaexnio [IHK, peceHcutmsaumm peuenTopoB nnas-
MaTUYeCKMX MeMbpaH, MHAKTUBALMM PasfiNyHbIX FOPMOHOB
U (epMeHTOB, B TOM uucie GepMeHTOB aHTUpaLUKabHOI
1 aHTUNEPEKMCHOM 3awmTbl [4].

Ceo60HOpaaUKanbHOe OKUCTIEHNE

Mpupopa UeneHanpaBneHHO WUCMOMb3YeT LUTOTOKCUYe-
CKUIA 3P MEKT KUCNOPOAHBIX PajMKanoB AJIA YHUUTOXEHMUS
UYIKEPOAHBIX MUKPOOPraHM3MOB U COOCTBEHHBIX Ae(EKTHBIX
KneToK. TpyaHo nepeouenuts ponib AQK B daroumtose, aH-
TMBNACTOMHON pe3nCTeHTHOCTH, MeTabonmaMe apaxuioHo-
BOW KUCMNOTbI, pereHepaumnn TKaHei u T.4. [4].

BcnoMHuM, uTo Kucnopop, TPaHCMOpTUPYEMBIA 3pUTpO-
LMTaMM K KIIETKaM PasfiyHbIX OpraHoB M TKaHeM, UCMosb-
3yeTcs TONBKO ANS BHYTPEHHEr0 AbIXaHUS WU COMpSKEH-
HOro oKuUcnuTeNnsHoro GocdopunupoBanus. B MuToxoHapusX
Npu NoMoLuM epMEHTOB [bIXaTeNbHOM LIEMy MPoOMCX0auT
4-BaneHTHoe BOCCTaHOBMEHME KuUcnopoja ¢ 0bpasoBaHMeM
BOAbl U BbICBODOMXAEHMEM 3HEprUM, UayLein Ha pedocdo-
punupoBaHue apeHosuHaudocoata (ALD). Yactb Kucno-
poga (okono 5%) caMonpou3BosIbHO BOCCTaHaBIMBAETCS
0[JHO-, ABYX- W TPEX3NEKTPOHHLIM NYTEM, B Pe3yNbTaTe Yero
06pasytoTca peaKTMBHbIE KUCIOPOHbIE pafUKanbl: CynepoK-
CWAHBIA aHWoH-paauKan (02), rapoKeunbHbIA paaukan (OH)
n nepekucb Bopopoaa (H,0,), KoTopble MHULMMPYIOT peak-
LMW NEPEKMCHOr0 OKUCNIEHUS UNMKA0B. 3T0 depMeHTaTUB-
HbIn NyTb reHepauum AQK, npoTeKatoLwmii Bo BCex KieTKax

68



69

REVIEWS

OpraHoB 1 TKaHew. [pn 3TOM 3HAOreHHble HEPMEHTBI aHTU-
OKCWOAHTHOW 3alUMTbl YCMELWHO HeNTPanu3yoT yKa3aHHbIe
COeUHEHUS.

B opraHusme uenoBeka CyLLeCTBYIOT ABa MyTW MCMOSb-
30BaHus 0,: ANA HOpManbHbIX YCNOBUA — OKCMAA3HBIN,
Ha Cy4an MMNOKCMM — OKCUTEHa3HbIN.

OKcuaasHbIn NyTb CBA3aH C OKUC/IEHNEM B MUTOXOHAPU-
AIX 3HepreTMYecKUX CybCTpaToB M peanusyeTcs Npu ydacTuu
LMTOXPOMOKCHa3bI:

0,+ 18 = 0,7 (1)
0,0+ 18 = 0,2 + 2H* > H,0, (2)
20He + 18 + 2H* - 2H,0, + 2H* - H,0 (3)
OH-+ 18 = H,0 [4]

OKcureHasHbIM NyTb, B NPOTUBOMOMOXHOCTb OKCMAA3-
HOMY, MPOTEKAET C BKJIOYEHNEM OJHOIO UM [BYX aTOMOB
Kucnopoza B MosieKyny cybcTpata, YeMy CnocobCTBYIOT OK-
cureHassl. lpy 3TOM NPOMCXOAMT NpsIMOE BOCCTaHOBJIEHWE
KMCNOPOAA OAHUM WNW ABYMS 3NIEKTPOHAMU [0 CYMepoK-
cuaHoro aHuoH-paamkana (02°) u panee ¢ obpasoBaHueM
A0CTaTO4HO TOKCUYHBIX NPOAYKTOB CYNepOKCMAHOI0 aHWOHa
W NepeKucy Boopoaa:

0, > e - 0y > e +2H > H,0, »
e +H* > 0He » e +H* > H,0

B npouecce peakumu (2) ofHOBaNeHTHOE BOCCTAHOBEHUE
H,0, npuBoOAMT K 00pa3oBaHMI0 MMAPOKCUIBLHOMO pafmnKana
(OH) n Boabl. Takum 0bpa3oM, 0bpa3oBaBLLMECs B pe3yfibTaTe
peakuuu pagukanbhble (OH, 0) u HepagukanbHble (H,0,)
MPOAYKTbI MOryT TpaKkToBaThes Kak ADOK. MoneKynsipHbIi xe
KMC/IOpOA, B OT/IMUME OT MPOAYKTOB NPeAbIAYLIMX PeaKumn,
COEPIKMT ABa HecnapeHHbIX 3NeKTpoHa [5].

B Hactoswwee BpeMa u3BecTHbl 6onee 10 depMeHTOB,
NIOKaNM30BaHHbIX B Pa3fIMYHbIX CTPYKTYpaX KIETKM, KOTOpble
MOryT KaTanuanpoBaTb 3T peakumu. Hanbonee pacnpoctpa-
HEHHbIM MPUMEPOM OKCUIeHa3HOro NyTW WCMOJb30BaHUS
Kucnopoja SBNSETCA CUCTEMa MUKPOCOMANbHOIO OKMCe-
HuA, copepawasa umtoxpom P-450. ObpasoBaHue AOQK,
B yacTHocTM 02-, MOXET MPOUCXOAUTb U B MUTOXOHAPUAX,
rae no NyTu crefoBaHWs 3MIEKTPOHOB K LIMTOXPOMOKCMAA3e
MOJET BO3HMKaTb COpOC 0HOr0 3NeKTpoHa [4].

CyLecTByeT HECKONbKO (haKTOpOB, KOTOpbLIE CNOCO6CTBY-
10T MEepEeKIIOYEHNI0 MEXaHU3MOB WCMOJb30BaHWSA KUCNOpO-
Aa C OKCMAA3HOro NyTH Ha OKcUreHasHbli [7]. B opraHuame
Mpu onpegenéHHbIX YCIOBUAX BKITIOYAOTCA MeXaHW3Mbl 3a-
LUMThI, TaK UMM MHAYe CBS3aHHbIE C U3MEHeHUeM notpebne-
HWA KUCNOPOAA, BeAb KaK M3DbITOK, Tak M ero HegoCTaToK
ONacHbl ANA KNETOK. 370 BaXKHO NOHUMaTb NMPY NPOBELEHUN
MHTEHCVBHOM TEpanuu, Koraa CTaHoBUTCA 04eBMAHOM TOHKAS
rpaHb cB06OAHOPaAMKANBLHOTO OKUCTIEHNS.
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Bo-nepBbix, HakonneHue KaTexonamMuHoB (NOAAEPIKM-
BAIOLLMX CMa3M MPeKanunnspoB B Nepuoj, LeHTpanu3aumum
KpoBoobpaLleHus) ¥ NPOLYKTOB MX HEMOJIHOTO OKUCNEHUS
npu noboM cTpecce cnocobCTBYET MHTEHCMBHOMY CUHTE3Y
CYNepoKCMAHOro pagukana, Heobxogumoro Ans yTuau-
3aUMM HeJ00KMCNEHHbIX NpoayKToB. C Apyroi CTOpOHLI,
U30bITOK CyNepoKCUAHOro pafiuKana bnokupyeT KaTexona-
MWHOBbIE PELLENTOPbl U MOTEHLMPYET CUHTE3 MUPOKCUHM-
TpuTa, BeayLlero K Basoaunartauuu [8]. MMeHHo noatomy
AJIA coXpaHeHus nepdy3un TKaHeW NpocTo Heobxoaumo
UCMo/b30BaTh aHTUOKCUAAHTBI Ha (OHE CUHTETUYECKUX
Ba30Mpeccopos.

Bo-BTOpbIX, M3OLITOK BOCCTAHOBMEHHBIX MUPUANHHYKIIE-
otpos (HALLD*), KoTopble SBNAOTCA JOHOPAMU 3/1EKTPOHOB
MpU WULIEMWM, TUMOKCUM U PEOKCUreHaummn, cnocobcTayeT
nepeKsIloYeHNio MeXxaHM3MOB WCMONb30BaHUA KUcnopoa
C OKCMAA3HOro Ha bonee 3KOHOMUYHBIA OKCUreHasHbIA NyTb
[9], Npn 3TOM [aHHbII BapuaHT TaKXKe CBA3aH C U3BbITOYHOM
NpOAYyKLMeli cBOBOAHBIX pasnKanos.

B-TpeTbux, YyBenWYeHWe HanpsKeHUs Kuciopoaa
KaK aKLenTopa 3M1eKTPOHOB MpuW runepbapuyecKoi oKcu-
reHauuv sIBNsieTcsl, HaBepHOe, CaMbIM rPO3HbIM BapUaHTOM
TEYEHUS OKCUreHasHoro NyTW, T.K. B 3TOM C/ly4ae CUHTE3
cB060AHBIX PafuKanoB yBeMYMBAETCA B reOMETPUYECKOIA
nporpeccum (He CNOXKHO NpefcTaBuTb, YTO €C/U B YC/I0BU-
fIX HopMarnbHoro atMocdepHoro Aasnexus B 750 MM pT.cT.
¥ npu abixalum 21% kucnopofoM 5% mcnosb3yeMoro Kuc-
nopojia MAET Ha CMHTE3 pafuMKanos, To Npu 2 atMochepax
1 100% KoHUEHTpaUMM CUHTE3 pafiuKanoB yBenuuuTcs bo-
nee yeM B 5 pas [7].

B-ueTBEPTbIX, MHAKTMBALMA (QEPMEHTHLIX U Hedep-
MEHTHBIX aHTUOKUCIUTENbBHBIX CUCTEM, KOTOpble MCTOLLa-
I0TCA B YCNOBMAX TUMOKCMM WAW TUMEPOKCUU B MEPUOA
penepdysuu, nporpeccupyet 0co06EHHO MPU KPUTUHECKUX
coctosHmax [10, 11].

B-nATbIX, nNpoucXoAuMT HaKOMJeHWe MeTannoco-
LepHalux KOMMIIEKCOB MEpPEeMEHHONW BaNeHTHOCTU
(T.K. KaKOM-TO MaccuB KIETOK norubaet, yBesMYMBaETCSH
LOCTYMHOCTb KMCNIOPOLA K 0CTaTKaM LIMTOXPOMOB, BEpPHee
K xenesy) [12].

Ponb MoHOB xenesa B aKkTUBaL MK
CBOGOAHOpaAMKaHbHOFO OKUcNeHuA

K HacTosweMy BpeMeHu onucaHbl U apyrue nytu ob-
pasoBahus AQK, nMetowme MecTo npu pa3BUTUM, Ha-
npuMep, BOCManeHus, — 3TO TeHepauusi KUCNOPOAHBIX
PaAMKanoB HelTpoGMIbHBIMU NeKouMTaMu B npoLecce
darounTo3a, peakumu npeBpaLLeHUs KCaHTMHA B rUMo-
KCaHTWH, CMHTE3 NPOCTarnaHAMHOB U NeKOTPUEHOB U PAL
Apyrux. B HopMe HelTpanusaums akTUBHBLIX GOpM KucIo-
pona NpoMCXOANT B BUAE LIENU CTPOro NOC/e0BaTeNbHbIX
peaKumi:

o 0%+ 0 + 2H* - H,0, + 0, (kaTanM3upyeTcs cynepok-
CUAANCMYTa30M);
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e H,0, + Cl= = HCIO + H,0 (obpasosanune runoxnoputa
HCIO katanusupyetcs MuUenonpoKcMaasoii);

« H,0, » 0, + H,0 (pa3noxeHne nepexncy nop, AencTamem
KaTanasbl);

e H,0, + 2GSH — GSSG + 2H,0 (peakums KaTanusupyetcs
MO/ AeiiCTBMEM FNyTaTMOHMEPOKCMAA3bI).

370 TaK HasbiBaeMblii PEpPMEHTHBIW MyTb YCTpPaHEHUS,
WM MHAKTUBALMK, aKTMBHBIX GOpPM Kucnopoaa [4].

OpHaKo, Koraa B CTPOr0 PernaMeHTUpOBaHHYK Mpupo-
[O0I CXeMy ycTpaHeHusi cBobOAHbIX pafuKanos monagaet
cBobofHoe 3Kene3o, mpouecckl cBO60AHOpPaAMKaNbHOro
OKMCNEHNUA BbIXOAAT M3-M0J, KOHTPONS aHTUOKCUAAHTHOM
cucTeMbl. B yKasaHHOM KOHTEKCTe HeobxoayuMo OTMETUTb
(dyHaaMeHTanbHble paboThl akageMuka PAMH 10.A. Bnagu-
MWpOBa U ero LKOSbI. B npouecce nsyyeHns npoucxoxaeHus
M CYLLHOCTM KaK NepBUYHBIX, TaK M BTOPUYHBLIX pafuKasoB
bbina oTMeueHa BaXHasi NaToreHeTMYecKas posib MOHOB CBO-
6oaHoro (HeceasaHHoro Fe?*) xenesa. [lokasaHo, 4To ecim
MepBUYHBIE PafiUKasbl ABMIAKTCA (U3MONIOTMYECKUMM U Bbl-
MOJHAIOT TaKUE KU3HEHHO BaXKHble (YHKLMM, KaK nepe-
HOC 3N1eKTPOHOB B AbiXaTebHOM Lenu (yBuxuHoH), 3awmTta
0T MWUKPOOPraHM3MOoB (CynepoKcua), perynsiums KpoBsHO-
ro AaBneHus (OKCUA asoTa), TO BCe BTOPUYHbIE paguKanbl
OKa3bIBaKT TOJILKO LUTOTOKCMYECKOE AENACTBUE, BO3MOKHO,
3a CYET cBoero 0bpa3oBaHMsA B BUOXMMUYECKUX peaKLmsX
NPV y4aCTUM LMTOTOKCUYHBIX CBODOAHBIX MOHOB JKene3a. 370
MPOMCXOAMT N0 MPUYUHE TOTO, YTO PeakLuu, NpOTEKaloLLMe
B AbIXaTesIbHOW Lienu, OCYLLECTBMIAKTCS B MUTOXOHLAPUSAX
C y4yacTUeM METa/NoCOAEepIKalLMX (B OCHOBHOM Jenesa)
(epmeHTOB (UMTOXPOMBI). [pK MOBPEKAEHUM CTPYKTYPHI
MWUTOXOHZPUM (4aLlle BCEro Npu TMMOKCUU M TUMEPOKCUN)
obpasoBaHue AQK, no MHeHuto H0.A. Bnagumupoea [4], npo-
UCXOLUT B PeaKLMaX:

+ OentoHa (H,0,+ Fe?* - Fe3* + OH+ «OH);
+ Xabepa—Baiica c uoHoM xenesa (Fe3* ++0,” - Fe?" +0,);
+ Ocunoga (Fe?* + HCIO — Fe¥ + Cl- + «QH);

e C rMOpOMepeKncbld NMNUAoB, rae obpasyloTtcsa pa-
[vKansl ruapokeuna v nmnupos (FeZ* + LOOH —
Fe3* + «OH- + LOe).

Kak 13BecTHo, BCe NMPOAYKTbI BbILLIEONMCAHHBIX peak-
LM 06nafaloT paspyLUNTENbHON aKTUBHOCTBIO N0 OTHOLLe-
HUI0 K 6eNIKaM, KUCNOTaM M KeTOYHbIM MeMbpaHaM. VoHbl
Fe3*, yuacTBylolMe B yKa3aHHbIX peakuusx, obnapaior
CBOWCTBOM ObICTPO MEHATb BaNeHTHOCTb B MPUCYTCTBUM
Kucnopoaa M npespaluatecs B Fe?*, KoTopble Takxke 06-
NapaloT LMTOTOKCMYECKMMU CBOWCTBAMM, HO Yxe bonee
BblpaXKeHHbIMK [12].
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KnuHrieckoe nutaHmne v Metabonmam

TakuM 06pa3oM, coBpeMeHHble NPeACcTaBneHus 0 npo-
ueccax cBobOJHOPAAMKANBHOIO OKUCIIEHWUS MO3BOJUIN
KOHCTaTUpOBaTb, YTO TSXKECTb Pa3fIMYHBIX MaTONOMMYECKUX
COCTOSIHMN BCEraa 3aBMCUT NWMOO OT BbIPAXEHHOCTM 3a-
LUMTHBIX MEXaHU3MOB YCTPAHEHWSA TOKCMYHBIX PafMKanoB,
nnbo oT cTeneHn AUChYHKLUMM UK [eKOMNeHcaumm aHTu-
OKCMAAHTHOM cucTeMbl. OCHOBHas MPUYMHA NATONOMUYECKUX
MpoLeccoB B 4Ye/IOBEYECKOM OpraHW3Me, Bbi3bIBalOLLUX
NpexaeBpeMeHHOe CTapeHWe W pasBUTUE MHOMMX bones-
Hell, — W3DbITOYHOE HaKOM/IEHWe B OPraHU3Me KUCI0pPOS-
HbIX CBOOOAHBIX pafiKano., T.e. OKCMAAHTHBIN cTpecc [12].
3a CYET BpeoHOro BO3AEWCTBUS CBODOAHBLIX pajMKanos
MOBPEKAOTCA CTEHKM COCYLOB, MeMbpaHbl, OKUCNAKTCSA
nmnugbl. CeroaHsa obLenpu3HaHo, Y4To KOHLEHTpauus CBo-
DoAHbIX pafMKanoB BO3PAcTaeT TOMbKO 33 CYET CHUMKEHUS
€CTeCTBEHHOW aHTMOKCMAAHTHOM CUCTEMbI YenoBeKa [12],
4To 00YCNOBNEHO CNELYIOLMM MHEHWEM: ECNU YesoBeK
KWCIIOPOJ,03aBUCUM, TO TSECTb MOBPEMXAEHUS KIETHKM,
B CBOI0 04epefnpb, byneT 3aBUCETb OT MHTEHCMBHOCTU KMUC-
nopoaHoro obecneyeHWs U COCTOSIHUA 3HEPreTUYECKOro
noTeHuMana KneTku. B faHHOM criyyae MOXHO roBopwTh
0 Heobx04MMOCTW UCMONb30BaHMSA aHTUOKCUMAAHTHOW Npo-
TEKUMMW, aHaNorM4HO KaKk W 0 NtoboM BUAe NpoTe3vpoBa-
HUA yTpaueHHon dyHKuuu. bonee Toro, yctpaHenue Abl-
XaTeNnbHOW W CepAevyHO-COCYAMCTON HeAoCTaTO4HOCTH,
COMPSXEHHOE € HE0OX0AMMOCTbH) MCMO/b30BaHUA BBICOKUX
KOHLIEHTPALMI KUCIIOPOAA, U YBESIMYEHNE UHTEHCUMBHOCTH
KPOBOTOKa B nepuof, penepdysuu JOMKHBI NPOBOAUTLCA
Ha GoHe aHTMOKCKAaHTHoW Tepanuu [13]. Ha cerogHsALwHWiA
OeHb 3TO JOMKHO CTaTb aKCMOMOW, B MPOTUBHOM Cnydyae
OyneT NpoucxofuTb HeynpaBnseMas aKTUBaUMS CUHTE3a
pa3pyLUMTENbHBIX PafUKanoB KUCIOPOAa, NMPUPOAHas CyTb
KOTOpPbIX — 3aLUuTa KNETKYU.

AHTMOKCMAAHTHaA 3alUMTa

WcTopuyeckn cnoxunoch TaK, 4To XM3Hb Ha 3eMne
3apofunach B YCNOBUSX IKCTPEMATIbHON UMOKCUK. 3eMns
chopMupoBanacb NpUMepHO 4,6 MNpA, NeT Hasag, U caMble
paHHWe GOpMbl XW3HU, N0 OLHOW U3 TEOpWiA, NOSABUIUCH
BCKOpe nocse nepuofa Taxenon 6oMbapanpoBKy nnaHeTbl
MeTeopuTamu 4 Mnpg neT HasaAd. B To Bpems atMocde-
pa cocTosAna U3 raso., BbIAENAIOWMXCA U3 3EMHOI KOpbI,
B MepByl0 04YepeAb a30Ta, YINEKUCNOro rasa, BOASHOIO
napa 1 sogopoAa. [ns NpUMWUTUBHBIX aHaspobHbIX Npo-
KapuoT, KOTopble CHa4ana Hacensanu 3eMni, faxe cnepbl
Kucnopopa bbinu BbICOKOTOKCUYHBIMU. Yepe3 dhoToxuMmye-
CKOe yfaaneHue napoB BoAbl, BbICBOBOXAEHME Kuciopoaa
¥ BOAOPOLA, a 3aTEM C MOMOLLbI0 GOTOCUHTE3a LMaHobaK-
TepUi KOHLEHTpauus Kucnopoaa B atMochepe nogHsnach
eLLE BbILLIE, M BCE OpraHWU3Mbl ObIM BbIHYXAEHbI NPUCTO-
cabnuBatbcs, YTobbl OrpaguTh cebs 0T ero paspylumTeNb-
Ho¥A cunbl [14].

B atux cutyaumsx u nposenset cebs BTOpas cucteMa
nHaktuBaumn AOK — HedepMeHTaTUBHas, KoTopas BKIIlo-
yaeT 601bLLI0E KONMYECTBO Pa3IMHHBIX XMMUYECKWX BELLLECTB:

70
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BOCCTaHOB/IEHHbIW rnyTaTUoH, BUTaMuH C, ButamuH E. bonb-
Woe 3HAYEHWE MMEKT MOYeBas KUC/IOTA, aMMHOKMCNOTA
TaypuH U ocobeHHo benky, copepallme MOHbI METanoB
C NepeMeHHON BaJIeHTHOCTbI0, — TpaHc(heppuH, NakTodep-
PUH, heppuTHH, LiepynonnasmuH. CBa3biBas MOHbI MeTansoB
(MckmioumTenbHo Fed* un FeZ*), Takue Benku CyLLecTBeHHO
CHWKQIOT BEPOATHOCTb MPOTEKAHWS pafyKanreHepupyoLLmX
peaKuuii. No MHeHU0 BONBLUMHCTBA UCCeA0BaTENEN, CyLLe-
CTBYIOLLAA B OpraHU3Me CUCTEMA aHTUOKCUAAHTHON 3aLLUTHI
MOJeT ObITb NpefcTaBNeHa B BUAE TPEX ypoBHel [4, 12].

[epBblit ypoBEHb 3alLMTHI NpeycMaTpUBaeT yCTpaHeHHe
noteHumanbHo onacHelx AOK — cynepoKcuiHoro aHuoH-
pafuKana v nepexkncu BOAOPOJA C Y4acTMEM CYNepoKcua-
AMCMyTa3bl M KaTanasbl, NpeAoTBpaLLas TakuM 0bpa3om ob-
pa30BaHWe rMAPOKCUIBHOTO pajMKana B NpoLEcCe peaKLuil
®eHToHa 1 Xabepa-Baiica. OgHaKo cuHTe3 cynepoKcuaauc-
MyTa3bl TOXe KaK-TO JIMMUTMPOBAH M paccyuTaH Ha onpe-
LENEHHOE KONMYECTBO CYMEPOKCMAHOrO aHWOH-pajMKana.
Mocne eé aKTMBaLMW TaK MMM MHAue HACTynaeT UCTOLLEHUE
aKTUBHOCTW (hepMEeHTa, HO CHHTE3 pajiMKana NpojosKaer-
Cfi, eC/M He YCTpaHeHa npuunHa ans ero obpasoBaHus (Ha-
npumep, runokcus). Ha atom doHe npopomxaetcs rubenb
KIETOK M BXOASALLMX B UX COCTaB MUTOXOHAPUH, BblaenseTcs
cBobofHOe Kene30, YTO yKe AAET BO3MOXKHOCTb 1A pea-
nm3aumn peakumii @eHtoHa u Xabepa—Baiica 1 cuHTesa rua-
POKCWIbHOrO paguKana. TakuM 0bpa3oM, noTeHUMpyeTcs na-
TONOrNYECKUIA BapuaHT CBOHOAHOPaAMKANBHOTO OKUCIIEHUS,
M HaYMHAETCA NEPEKNCHOE OKMCNEHME NUNKUAOB [4, 12].

BTtopas nuHMA 3alMThl HauYMHAET AEMCTBOBaTb B TOM
cnyyae, ecnv 06pasoBaBLUMNCA TMAPOKCUNBHBIA pafuKan
WHIYLMPOBAN OKUC/EHWE MOSIMEHOBBIX JIMMULOB, KOTOpbIE
MOryT BbITb 06e3BpeXeHbl MPXU NOMOLLM NPUPOSHOIO aHTH-
OKCMA@HTa — BUTaMMHa E — unu BelLecTB, NpUHUMAalOLLMX
yyacTue B pereHepaumn a-Tokodepona (Hanpumep, BuTa-
MuH C, yBuxuHoH, L-KapoTuH, GnaBoHOMAbI, MPOM3BOAHLIE
BuTamuHa K). W, HakoHeL, TpeTbs IMHWSA 3aLLMThI NPeACTaB-
NeHa rnyTaTMOHNEPOKCUAA30M, MTyTaTMOH-S-TpaHchepasoi
1 hepMeHTHbIMM cUcTeEMaMK BropereHepaLyy OKMCIEHHOro
rnyTaTMoHa. [nyTaTMoHNepoKcKUaa3a MOXeT bbiTb OTHece-
Ha U K 3neMeHTaM NepBoi JMHWW 0B60pOoHBI, T.K. 0bnagaet
CNOCOBHOCTLI0 YTUM3MPOBATL MEPEKUCh Bogopoaa [4, 12].
B cBssn ¢ 3TMM depMeHTbl aHTUpPaAMKanbHOW 3alMThbI
MOKHO YCNIOBHO pa3fenuTb Ha ABe rpynnbl — NpsAMOW
(cynepokcupamcmyTasa, Katanasa, FiyTaTMOHMEpOKcuaa-
3a) M KOCBEHHOM (mernaporeHasbl) aHTUPaAMKanbHoOW 3a-
wmTbl. [lpyrvue aBTOpbI CKIIOHHBI AENUTb AHTUOKCUIAHTHBIE
depMeHTHI Ha 3 rpynmbl: NepBas rpynna BKIKOYAeT cynep-
OKCUAOUCMYTA3y M  HUKOTMHaMUOALEHUHOWHYKIIEOTUL
B BoccTaHoBNeHHoW ¢opMe (HALH), BTopas — Katanasy,
rNyTaTMOH3aBUCKUMBIE IMMONEPOKcMAassl M docdonuna-
3y A2; K TpeTbeii rpynne oTHOCAT epMeHTbI, HeobXoauUMble
OIS HOPManbHOTO QYHKLMOHMPOBAHWA OCHOBHBLIX KOMMO-
HEHTOB BbILLEMEPEYMCIIEHHBIX JIMHUA aHTUOKCUAHTHOM 3a-
LMTbI, B TOM YMCNE YYaCTBYHOLLMX B pereHepaumu BUTaMu-
Ha E, ackopbuHOBOW KUCNOTbI M FyTaTUoHa [4, 12].
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MosiBneHne cBoboHOrO Kene3a B Nia3Me KpoBM BMOJIHE
BO3MOXHO KaK MpU HanuMuuu BOCMANWTENIbHOTO NpoLecca,
Tak W B ero otcytcTBue. MOXHO BbILEAUTL TPU UCTOYHM-
Ka, U3 KoTopbx FeZ* moctynaet B niasmy Kpoeu. B nepeyio
04epefib, 3TO KENe3o, KOTOpPOe BCAChIBAETCA B KULIEYHU-
Ke W nocTynaeT B KpoBb. Bo-BTOpbIX, 3T0 ene3o, KOTopoe
nonajgaeT B KPOBb MpY Pa3pyLUeHWUM KNETOK (3pUTpoLMTEI)
U TKaHe# B npoLiecce $M3MONOrMYECKOro CTapeHUs U UX M-
Benn. B-TpeTbux, MMetoTca coobLLEHNS, YTO aKTMBMPOBaHHbIE
HeiTpodunbl CrocobHbLl BOCCTaHaBNMBATL Xeneso Ao FeZ
u3 pepputHa nnasmbl. MoHbI Kenesa npucyTcTByioT B 610-
NIOTUYECKUX UOKOCTAX, TAE UX KOHLEHTpauus He MpeBbl-
waet 10 MKkMonb/N, a Takke B TKaHsX — 30—40 MKMonb/Kr
Maccbl TKaHW, eClM y4ecTb, YTO TKaHb He MofBepranach
BO3[ENCTBMAM, HapyLIAIOLMM LIeIOCTHOCTb €€ BHYTPUKIIE-
TOYHbIX MeMbpaH [15]. OgHaKo BOMPOC, B KAKOM KOHKPETHO
BaNlEHTHOM COCTOSIHUM HaXOAATCA MOHbI Xene3a B TKaHSX,
OCTAETCA OTKPbITLIM.

B HacTosLLee BpeMs He A0Ka3aHO, YTO LIMTOTOKCMYECKUM
3pdeKToM obnapaiot uobl FeZ*, a He uoHbl Fed*. CKopee
BCEr0, 3T0 HECYLLLECTBEHHO — 0NacHo Ntoboe cBoboaHOE e-
neso B NpuUcyTcTBUM Kucropoga. CyliecTBeHHO To, YTO Mo-
BpEXAEeHWe bronornyecknx MeMbpaH 1 apyrx KOMMOHEHTOB
KIIETKM C y4acTveM NOHOB FeZ* ocyluecTBnAeTca B pesynbTare
0bpa3soBaHus cBOOOLHLIX PafAMKaOB B 0HOW M3 TPEX peaK-
umit — ®eHToHa, Xabepa—Baiica, Ocunoea [15, 16].

B 6uonormueckux cucteMax LUMPOKO pacnpocTpaHeHsl
BelLecTBa, obpasyllime C MOHaMK Xenesa BOJOpacTBO-
pVMble KOMMEKChI, B COCTaBe KOTOPbIX JKEe30 COXpaHseT
CBOK KaTaMTMYECKYI0 aKTUBHOCTb. [IpUMEpoM TaKux KOM-
nnexkcoHoB Moryt cnyxute HAL®, AL®, AT®, stuneHamna-
MWHTETpayKcycHan kucnota (3ATA), umtoxpoM, depputuH,
TpaHcdeppuH. KpaitHe cywiecTBeHHo, 4To obpa3oBaHue
cybnpoayktoB uukna Kpebca He obxoputca 6e3 yyactus
xenesa [17]. K atoMy cnepyeT no6aBuTb, YTo BOJBLLMH-
CTBO YHaCTHWUKOB LMKJIA HYXAAI0TCA B MPUCYTCTBUM JKeNesa.
Mo aaHHbIM J.W. Moffett u R.G. Zika [18], ocobeHHo BbicTpo
ayTooKucneHne FeZ* npoucxoamT B LENOYHOI cpefe C 06-
pasoBaHuem ocagka Fe(OH);, u, HanpoTuB, B KuUCNoi cpede
Fe(OH); He obpasyeTcs, a pacTBopbl Fe?* goctatouHo cTa-
OunbHbl. TakuM 0bpasoM, MeTabonMuecKkuii aumnaos, npucy-
LLMIA KPUTUYECKUM COCTOSIHUSIM, ABNSIETCS NOTEHLMPYIOLLIUM
(aKTopoM HaKon/eHns MoHoB Fe?* enesa, a MU3BECTHbIIA
B K/IMHWYECKOW MPaKTUKe MEeTo[, OLLenaymMBaHWs NnasMbl
KpoBW rMapoKapboHaToM HaTpus ABASETCA maToreHeTuye-
CKW 000CHOBaHHBIM [aXe Npy HE3HAUUTENIbHOM AeduumTe
OCHOBaHMIA.

B opranusme ckpynynésHo cospaHa cTpykTypa benko-
BbIX KOMMJIEKCOB-aHTUOKCMAAHTOB, WM KOMJIEKCOHOB,
Ons cBA3bIBaHMSA CBOOOAHOrO Kenesa. [NaBHOe aHTMOK-
CMOAHTHOE CBOMCTBO KOMIIEKCOHOB 00YCNOBNEHO TeM,
4TO B MpUCYTCTBMM KoMNneKcoobpa3oBaTeneid ycKkopseTcs
MPOLIECC OKMCNEHNS MOHOB FeZ*, 1 OHW «BbLIXOAAT U3 Urpbi».
{0.A. BnanumupoB BbigenseT TpU TUMNa BAUAHUS KOMMEK-
COHOB Ha aKTMBHOCTb JKene3a. Bo-nepsbix, 3T0 BbIBEEHWE
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MOHOB Kenie3a M3 cepbl OKUCIIUTENBHO-BOCCTAHOBUTENb-
HblX peakumii. Bo-BTopblx, 06pa3oBaHue KOMMIEKCOHOB,
He MpenATCTBYIOLUMX Y4acTMIO 3Kefe3a B OKUCIUTENbHO-
BOCCTaHOBUTESIbHBIX PEAKLMAX, HO NpenaTcTByOLMX 0bpa-
30BaHUI0 HEPaCcTBOPUMBIX B BOAE MMAPOKCMNOB. B-TpeTbux,
M3MEHEHMEe BOCCTAHOBUTEILHOO MOTEHLMaNa MOHOB Xene3a
MPUBOIUT K YCKOPEHMIO WM 3aMefJIEHUI0 CKOPOCTU OKMC-
JIMTENIbHO-BOCCTAHOBUTESIbHBIX PeaKLMiA, TAe MnpUMepoM
MOXET CNY}UTb BOCCTAHOB/IEHWE MOJIEKYNAPHOr0 KUCOpo-
fa B npucytcteun Fe?* u [lecdepana. Mpouecc oKkucneHus
MOHOB ene3a, CONPOBOXAAlLWMA cBOBoAHOpaaMKanbHbIe
peaKuum, BKIIOYaET oKucnenne Fe?* kucnopomoM c obpa-
30BaHneM 02~ (peakums Xabepa—Baiica), okucneHue B pe-
3ynbTaTe B3aUMOENCTBUA C nepexkucamu (C obpasoBaHMeM
TMOPOKCUNIBHOTO W OpraHWMYecKoro pafuKanoB B peaKuum
®enTtoHa 1 Ocunosa), a Takke okucnenne Fe?* depmeHTa-
TMBHbBIM MYTEM NOJ, AENCTBMEM LiEpYNonia3MuHa, Ho be3 0b-
pa30BaHuA cBObOAHbIX paguKanos [4].

B 3akn04eHMe MOXHO KOHCTaTUPOBaTb, YTO KUCIIOPOA
B HebOMbLUMX KONMYECTBaX eLLE MOXET ObiTb CBOOOAHBIM,
HO ene3o BCErfa LOMKHO ObiTb CBA3aHHBIM, MHaYe BO3-
HWKaeT NepcreKTUBa HeynpaBisSeMoro OKUCIIEHUS U CUHTE3
rybutenbHbix cBobOAHBIX pagukanos. Bce enesocesasbl-
Balowme BenKku HaxodATcs Bcerga B enesogeduumTHOM
coctosHum [17]. 310 o0aHa M3 NpuU4MH, noyeMy xeneso bno-
KMpOBaHO B OpPraHu3Me MOLLHOMW, NierkogedopMupyemoi
MeMOPaHOM 3pUTpoLMTa U MEMOPaHaMM KNETKU U MUTOXOH-
ApUA. YuUTbIBas, UTO NEPEUMUCIIEHHBIE BbILLE PEAKLMM XapaK-
TepHbI A5 Ni0boro BUAA KIIETOK M TKaHei, MOXHO ¢ 60/bLLIoK
LO0NeN BePOATHOCTM Npeanonoxutb cnepytoulee. Mpu Kpu-
TMYECKMX COCTOSHMAX, KOrA4a OTMEYalTcs CnasM COCyAoB
CUCTEMbI MUKPOLIMPKYNALMK M HEJOCTATOK KUCopoga ¢ no-
cnenyioLmM ero u3bbITKOM (CneAcTBUE UCKYCCTBEHHOMN BEH-
TUNALMM NIETKUX, PEOKCUTeHaLms npy penepdysum), a TakKe
HEKOMMEHCUPOBaHHbIM MeTabosMyeckuin aumaos u rmbenb
JKM3HECNocobHbIX KNETOK, npolecc 0bpa3oBaHus cBoboA-
HbIX PafMKanoB NPUHUMaET KaTacTpouueckue pasMepsbl.
MprumHoit ToMy ABNAeTCA U36LITOK MOHOB Fe?* u Kkucnopo-
Aa. CBA3b MOHOB Kenesa C KUCIOpOJOM — B3pbiBOOMac-
Has CMeCb, U NpUPOAA CTPOro CeAuT 33 U3ObITKOM OfHOrO
W Opyroro, UcKioyas nobyio BO3MOXKHOCTb COYETaHUS ITUX
LBYX 3/IEMEHTOB B CBOOOLHOM COCTOSHWM. BoT nouemy ye-
JIOBEKY BCErAa HyXHbl aHTMOKCMAAHTLI, TeM bonee Korpa
OH Haxo[MTCA B KPUTMYECKOM COCTOSIHMM, KOTOPOE BCerpa
COMpoBoXAaeTcs AedMLUTOM aHTUOKCUAAHTOB.

M'MnoKcua Kak TMNOBOW NaToNiorMyeckum
npouecc

Takum 06pa30M, dHTUOKCNAAHTHbIE MéXaHU3Mbl MOXHO
npeacTaBuUTb B BUAE KaCKaaa. Ha BerHeVI CTynexHu (B COCTO-
AHUN 3ﬂ,0p0BbH) CUCTEMbl UMMYHUTETA U aHTIAOI{CWJ,aHTHOﬁ
3allUTbl CNPaBNAKTCA C Pa3iMiHbIMU arpeCcCUBHbIMU BHELL-
HUMK (aKTopamm (B NepByto o4epesb, KUCIOPOA) U NOTOKOM
nepBsoro paguKana, cynepokcuaHoro 02-. CoctosHue Hop-
MOKCUM BCeraa ConpoBoXAaeTcA nosasjieHNEM HEKOTOPOro
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Konnyectsa 02-, KoTopoe HaM NPOCTO HeobX0AMMO B MOCTO-
SHHOW U3HH, rie TpaTbl hepMeHTOB (CynepoKcMaaMcMyTasbl
W KaTanasbl) Ha ycTpaHenue 02, H,0, 1 benkos, cBA3bIBal0-
LLMX MOHBI 3KeNie3a, 40 OnpeAeNiEHHOr0 YPOBHS MOKPbIBAKOTCA
UX CUHTE30M B NEYEHMU.

Mpy KPUTUHECKOM COCTOSHWM BCETa Pa3BUBAETCS TMMOK-
CUA B KaKoM-Nnbo n3 eé BapuaHTOB, KOTopas CONpOBOXAa-
eTCA PaccTpoCcTBaMU MUKPOLIMPKYAALMUA UK e SBNsAeTCH
CNeSCcTBMEM 3TUX PacCTPOWCTB, M 3[EChb YKE HauMHaeTcs
3aluMTa — CMHTE3 MOBLILLEHHOrO KONMYecTBa GepMeHTOB
1 6enKoB, T.K. cuHTe3 02~ BospacTaeT. AHTUOKCMAAHTHasA Cu-
cTeMa crapaetcs 6nokupoBath cuHTe3 AQK, B nepByto oye-
peab 02-, 1 He [ONYCTUTL 06pa30BaHMA MMAPOKCUIILHONO pa-
[OVKana B peakumsx OeHToHa u Xabepa—Balica, T.K. fnis 3T0r0
eCTb YCNoBUS — MnosABAseTCS OONbLIOE KONMYECTBO MOHOB
Xenesa, BeJb 4acTb KNETOYHOro Maccuea norubaer, u yee-
nnumBaeTca rubenb IpUTPOLMUTOB B COCYAAX MUKPOLMPKYNSA-
umn. CynepoKcuaancmyTasa Heittpanusyet 02-, kaTanasa —
H,0,, yBenuumBaetcs cuHTe3 TpaHceppuHa U aKTUBHOCTb
uepynonnasmuHa [17]. 3neck yxe paBHoBeCWE B OTHOLLEHUM
aHTMOKCUIAHTBI/MPOOKCUAAHTLI HapyLIaeTcs, T.K. pacxon,
AHTMOKCUOAHTOB YBE/IMUMBAETCH, U UX Myl B CUCTEMHOM
KPOBOTOKE M Ha YPOBHE TKaHel YMeHbLLAETCS, KaK 1 YBeU-
UMBAETCA KOJIMYECTBO NPOOKCMAAHTOB.

Ha atoii cTenenm Kackapa Bce byaer 3aBuceTb 0T 06LLe-
o COCTOSIHMS OpraHM3Ma W Takux (aKTOpoB, KaK BO3pacT;
COCTOSIHME MEYEHH; YacToTa CTPECCOB, NEPEHECEHHBIX paHee
CUCTEMOI aHTMOKCWAAHTHOM 3alLMTbl; BPEMS BO3AEHCTBUS
¥ MOLLHOCTM arpeccum Kakoro-nmbo natonornyeckoro dak-
Topa [19]. TunoKkecusa 1 onocpesoBaHHan €0 KIeToYHast -
Benb reHepuUpyOT M BOCNaNMTESIbHBIN OTBET, YTO ELLE bonbLue
YCWIIMBAET KacKag, KpUTMYECKNX coBbITUIA Ha YPOBHE KNETKM
[20]. Kpome Toro, TKaHM B YCIIOBUAX MUMOKCUM CHUXAIOT CBOM
(YHKLMKM, COKpallas TeM caMbiM 0OLUMA KPOBOTOK M Npu-
BOAA K AanbHeliweMy ob60cTpeHuio rnobanbHoi TKaHEeBOV
runokcun. Ha atoM doHe NpoucXOAuT yBENUYEHWUE BEHTHU-
naumm (T.e. 6onbLUe KUCTIOpoAa MAET Ha npon3soAacTeo 02),
YBEJIMUMBAETCA CKOPOCTb KPOBOTOKA M BO3pacTaeT pacxop
KMC/OpOAa Ha MojepKaHue BO3pOCLLel CKopocTU MeTabo-
nn4eckux npoueccos [12].

lpouecc okucneHmsa B TKaHAX MAET bbicTpee. o Bcen
BUAMMOCTH, B AAHHOM CUTYaLMM BO3HMKAET He0bX0AMMOCTb
AHTUOKCUAAHTHOW NPOTEKUMU, T.K. HAYMHAETCA COYETaHHOE
BO3[ECTBME [IBYX MOLLHbIX NaTOrEHETUYECKUX (haKTOPOB —
KUCIOpPOAa W Jenesa.

Ye B XVIII Beke brarofaps bputaHCKOMY eCTecTBOMCHbI-
Tareno [px. Mpuctam 6bino U3BECTHO, YTO OpraHM3M «bouT-
Cs» He TONbKO CBOBOLHOIO JKenesa, Ho W U3BBbITOYHOro Ko-
nuyecTBa Kucnopoga: «Kak ceeva cropaeT ropasgo beictpee
B 3TOM BO34yXe, YeM B 0ObIYHOM, TaK M Mbl MOXEM Mpo-
MUTb HaLly WU3Hb CIIULIKOM 6bICTpo». BrnonHe Bo3MoxHO,
4TO 418 NPOLUIEHMS KU3HW MPUPOLA MPUAYMANa U TMMNOKCHIO,
W YCNOBMSA M3HM Npy 21% KOHLEHTpaLMW Kucnopoaa.

KaK HuM CTpaHHO, HO XW3Hb 3apoamnnacb B aHoKcum [14].
MHorue opraHu3Mbl, HE3aBUCUMO OT 3BOJIIOLIMOHUPYHOLLMUX
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pa3HO0bpa3unin AbIXaTesbHOM CUCTEMBI C LIESIbI0 NOJYYEHMS
KMC/IOPOAA M3 OKPYKaloLLen cpefibl, NPULLIKM K KECTKOM 3a-
BMCMMOCTW OT KWUCNOpPOAa ANS CBOEro BbixuBaHusA. Hasep-
HOe, CErofiHA CylecTByeT HeobXoaMMOCTb U B NepecMoTpe
OTHOLUEHUS BpayebHoro coobuiectsa K runokcun. Ha cospe-
MEHHOM 3Tamne MMMNOKCUS PaccMaTpMBaeTCsA KaK NaToorus,
COMPOBOXAAl0LLAsA KPUTUYECKUE COCTOAHUA U 0ByCoBMBa-
foLLias aKTUBHbIE MeponpuATUSA (MOBbILIEHUE KOHLEHTPALMH
KMCOpOAa, AbixaTenibHoro o6beéma v T.4.) y noctenu 6onb-
HOrO0 C KJIMHUYECKUMU NPU3HaKaMm runokcum [21]. Mpu atom
Bpaun 3abblBalOT, YTO BCE MPOLLECCHI KWU3HELEATENIbHOCTH
NpAMO CBA3aHbl C TMMOKCUEH, KOTopas ABNSETCA CaMbiM
MOLLHBIM NOTEHLMPYIOLLMM QaKTOPOM B OpraHU3Me YesioBeKa
1 nobyxaaeT opraHW3M cHayana afanTupoBaTbCsl K MMNoK-
CUW, a TONbKO NMOTOM UCKaTb NYTW €€ HUBENMPOBAHUA.

TMnoKcemus ABNAETCA 0OLWMM CRefCcTBUEM UM NpUYK-
HOM N0BOro KpUTUYECKOro cocTosHMA. [MNoKcemMus B Kpu-
TUYECKMX COCTOSIHUAX MOXKET ObITb Bbl3BaHa MMMNOBEHTUNSA-
uMen, BEHTUAALMOHHO-NEpdY3MOHHBIM HECOOTBETCTBUEM,
LUYHTUPOBaHWEM KPOBU CMpaBa HaeBO MM OrpaHUYEHUEM
omddy3um yepe3 anbBeONSPHO-KaNUMNAPHYKD MeMbpaHy.
[MNOKCEMMS MOXET TaKXKe BO3HWKATb B pesynbrare Ablxa-
HWA B YCNOBUAX HU3KOTO HanpsiKEHUS KUCNopona, Hanpu-
Mep Ha bonbluoi BbicoTe. TkaHeBas rMMOKCKA (CHWKeHMe
KINETOYHbIX UM MUTOXOHApPUANbHbIX 00BEMOB KMUCNOpOLa)
MOXET BO3HWUKHYTb BCNEACTBME TMMOKCEMUW UMK CHUXKE-
HWA [OCTaBKM KWUCNOPOAa, a TaKKe BBUAY CHUKEHUS cep-
[EYHOoro BbIbpoca UM CHUXKEHUS KONMYECTBA 3PUTPOLIMTOB
(aHeMms). TunoKcus TKaHeln MOXeT BO3HWKATb U B accouy-
auuM ¢ CMHAPOMOM CUCTEMHOW BOCMANMTENBHON peaKLuym,
uto 06YCNOBMEHO CHUXEHWEM TKAHEBOW AOCTaBKM KUC/O-
poAa, CBA3aHHBIM C MMUKPOLMPKYNATOPHOW AWCQYHKUMENR;
MOXET MPOM30MTH 33 CYET U3MEHEHUIA KIETOYHBIX 3Hepre-
TUYECKUX NyTel U AMCHYHKLMM MUTOXOHAPWK, B pe3ynbTaTe
Yero CHWXaeTcs BO3MOMHOCTb WUCMOJb30BaTh UMEHLLMIACS
Kucnopop (KnetouHas ausokcus) [20].

KoMneHcaums K runokceMmn M TKaHeBOW MMMNOKCUM Mo-
XKeT OKas3aTbCA narybHol Kak B cnyvae OCTPOM achuKcuw,
TaK M B AOArocpoYHoii nepcrnektuse. HanpuMep, npu 60-
ne3uu MoHre (xpoHuyeckas ropHas 6onesHb) y Ty3emueB
WAM NPY ANUTENTBHOM NPOXUBaHWM Ha BbicoTe cBbile 2500 M
Ype3MepHbIA IPUTPOLUTO3 B COYETAHUM C MUMOKCUYECKON
NErOYHOW Ba30OKOHCTPUKLIMEN MOXKET NPUBECTM K BbICOKOMY
[aBJIEHMIO B JIEFOYHOW apTepuu W NpaBbIX 0TAeNax Cepaua,
yTO 00YCNIOBMT Pa3BUTUE CEPAEYHON HELOCTaTOMHOCTH [22].

MexaHW3Mbl, C MOMOLLbK KOTOPbIX MPOMCXOAUT afanTa-
LMA K TUMoKcuM, Mano usydyeHsl. KpoMe Toro, uccnegosatb
3T MeXaHU3Mbl B KOHTEKCTE KPUTMYECKOro 3abonieBaHus
KpaliHe CoXHO. TAxenobosbHble MauMeHTbl 3HAYUTENIbHO
pasnuyaroTcs, T.K. 0bpasyloT HeOQHOPOAHbIE MO BO3PacTy,
(U3MYECKOMY COCTOSIHUIO, COMYTCTBYIOLIMM 3aboneBaHuUAM
1 KOHKpETHO NpoBoLypytoLei 6onesHn (TpaBMa, MHGEKLMS,
uweMmyeckue cobbitus u op.) rpynnel. KpoMe Toro, MHorme
MaToorMyeckne M GU3NoNorMyeckue NpPoLLecchl BO3HUKAIT
0JJHOBPEMEHHO, M TOrfa OTAENUTb NPUYMHBI OT NOC/EACTBU
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TKaHeBOW rMNOKcuM BbiBaeT KpaiiHe cnoxHo [20]. MimeHHo
M03TOMY MOXHO NpeAMnosoKuTb, YTO MMMOKCUYECKMe afan-
TMBHbIE NpOLecchl, CKopee Bcero, OyayT 06LwmMMM ANs TUNOK-
CUM B JIHOBBIX TKAHAX, HE3ABUCUMO OT MPUYMHBI, U Y MHObbIX
CYLLIECTB, 3aBUCUMBIX OT KUC/IOpOJa.

TKaHeBas rMNoOKCMs MOXET UHULMMPOBATb U NOAAEPHM-
BaTb MHOTME acneKTbl KPUTUYECKUX COCTOAHWIA. TMnoKcuye-
CKME 3NUTENMANbHBIE KNETKW aKTUBMPYIOT (aKTop HeKpo3a
onyxonm anbda (TNF-a) u uHtepneikuH-8 (IL-8), B pesynbra-
T€ YEero NpoMCXOAMT NaToNIOrMYECKOe YBENIMYEHWE MPOHULA-
€MOCTM CoCynoB U BbicBobOXAeHWe IL-6 — 0CHOBHOrO Lm-
TOKMHA 0cTpo(ha3oBoro oTBeTa. [MMNOKCMA W omocpefoBaHHas
el KNeToYHas rMbenb reHepuUpyroT BOCNANMTENbHBIA OTBET,
uTo ewwé bonblue YCUNMBAET KacKap, KPUTUYECKUX COBBITMIA
Ha ypoBHe KNeTku. KpoMe Toro, TKaHM MUOKapLa B YCIIOBUAX
TUMOKCMM CHUKAIOT CBOKO COKPATUTESbHYI0 (PYHKLMIO, COKpa-
LLas TeM caMbiM 06LLMIA KPOBOTOK W NMPUBOAS K rnobanbHou
TKaHeBoW runokcuu [23]. OpHaKo NOHMMaHWe BPa4oM CYTH
noboro KPUTMUECKOTO COCTOSHUS AOJIKHO YUUTHIBATbL PAL
BOMPOCOB: 3HAKOM JIM YENOBEYECKUIA OpraHu3M C 3TUM Co-
CTOSIHWEM, KaK [0JIT0 OHO MY M3BECTHO, eCTb /I y OpraHu3-
Ma Kakue-nmbo nyTv bopbbbl ¢ 3TMM cocTosiHeM? CyTb 3TUX
BOMPOCOB W UX aKTyaNlbHOCTb flaneko He dunocodekme. Onbit
JKM3HU YemoBeKa, He roBOpS YXKe 0 APYruX MIIEKONUTAIOLLIMX
CyLlecTBax B «A0BpayebHyto apy», oyeHb HonblION, U He-
A00LEeHUBaTL ero Henb3s. bonee Toro, HyKHO W3y4aTb BCe
acrneKTbl, OTHOCALLMECS K TUMOKCUM, YTO B TEYEHWE AAUTENb-
HOro BPEMEHM C YCMEXOM W [eNaeT HayKa natodusnonorus.

B Havane XX B., nocne O0OLMPHBLIX MCCeLOBaHMIA
oBeybero ¢etanbHOro KposoobpaleHus, [k. bapkpodt
(1872-1947) noctynupoBan, YTo cpeaa, B KOTOpOA pasBu-
BaeTCA YeNI0BEYECKWUN 3apOAbILL, MOXET BbITb CONOCTaBUMA,
CKOpee BCEro, C MEPEeXWBaEMON TMMNOKCUEN Ha BEpLUMHE
ropbl 3Bepect B3pOC/biM YesloBEKOM. bputaHcKuin ¢usmo-
JIoT Ha3Basl 3Ty MHTPUYIOLLYI rMnoTe3y «3BepecT B Nepuo
BHYTPUYTPOOHOr0 Pa3BuTHSA»: YTODbI BbIXUTL B YCIIOBUAX M-
MOKCUYECKOW MaTKW, N0 A0IIKEH pa3pabaTbiBaTb COXKHbIE
(u3nonoruieckue cTpateruy, ConocTaBUMbIe C YCIOBUSAIMM,
B KOTOPbIX anbMMHUCTBI MOKOPSIOT BENIMKME TMMananckue
BEPLUMHbI [24].

Yepes 100 ner, B 2009 r., M.P. Grocott u coast. [25] ony-
BnmKoBanu ceHcauMoHHbIM MaTepuan (cTatbs «[asbl apTe-
p1anbHON KpoBU M COAEPIKaHWe KUCIOpOaa Y aNbN1HUCTOB
Ha rope 3BepecT»), NO3BOSIMBLUMIA HECKONIbKO NO-ApYroMy
nocMoTpeTb Ha npobneMy TMMOKCUM M TUNEpPOKCUM. TaK,
B 2007 r. yeTBEPO anbMUHWACTOB, CMYCKAACb C BEPLUMHbI
JsepecTa (8848 M), coenann aHanus rasoB apTepuasnbHOM
KpoBu Apyr y apyra Ha BbicoTe 8400 M Hap, ypoBHEM MopS.
Wx cpenHee apTepuansHoe napumanbHoe AaBfeHWe KUCNo-
pogaa 6bin1o 3,28 kla (unm 24,6 MM pT.CT.) NpK apTepuanbHoi
catypaumm kucnopoga 54%, B TO BPeMS KaK OHU [blLIanu
6e3 pononHuTensHoro kucnopoga. OauH yenoBek B rpynne
MMeN MoKasaTesb HanpsikeHus kucnopopa 2,55 kla (unu
19,1 MM pT.CT.) — CcaMBblif HU3KWiA ypoBeHb Pal,, Koraa-nubo
3aperncTpuMpoBaHHbIN Y B3pOCIOro YenoBeKa [25].
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JTan apantaumm K rMnoKCUM Kak CTyneHb
JIBOJIOLIMK YeJioBeKa

Apantaumsa K rnoKkcuu — 370 3BOJIOLMOHHO CHOpPMM-
pOBaBLUAsACS OTBETHAs peaKuMsl opraHu3Ma, HampaBieHHas
Ha COXpaHeHWe ero XXU3HeAesTeNbHOCTU B yCIoBUAX fedu-
unTta Kucrnopoga. OHa KOHTPONMPYETCS KaK LeHTpasbHbIMK,
TaK ¥ MEXKIIETOYHBIMU W BHYTPUKIIETOUHBIMU PETYNATOPHbI-
MW MexaHu3MaMu, HeobXoaMMbIMU NS NOLAEPHaHUS BHY-
TPUKNETOYHOrO YPOBHSA KUCNOPOAA, CTPYKTYPbl M QYHKUMK
KNeTKK, a TakxKe eé MeTabosm3Ma 1 B NepByH0 0Yepesb CUH-
T€3a 3HEePrv 1 3Hepro3aBUCUMbIX Npoueccos [26]. Mpyu aTom
pa3nuyaloT ape cTagum GopMMpoBaHUS MEXaHU3MOB ajarn-
Taumm — a3y MHAYKUUK afanTauum u gasy hopMupoBaHus
reHOM3aBUCMMbIX peaKLMii JONroCcpOYHOI afanTauum.

(Masa MHAYKUMM ajanTauMm — 3T0 NEpUof reHepa-
JI30BAHHOrO OTBETA Ha MepBOe AENCTBUE pasjpamuTe-
Nfl, BK/IOYAKLMIA KaK HecreumdnyecKylo CTpecc-peakumio
(aKTMBaLMA aapeHepruyecKoi U runogu3apHo-aapeHanoBom
CUCTEM), TaK U MOBMAM3aLMIo cneunbUyecKUX SIS TUTMOKCUMN
CPOYHbIX KOMMEHCATOPHBIX peakLmid, KoTopble obecneunBa-
10T hOpPMUPOBaHWE CPOYHON 3aLLMTHOI peaKuuu opraHM3ma
OT TMMOKCMYECKOro Bo3fencTBusA. 3Ta (asa XapaKTepusy-
eTCHl, KaK NpaBw/o, YBEJIMYEHNEM CPOYHOW TONEPaHTHOCTH
(pesucTeHTHOCTH) opraHM3Ma K TMMOoKCUM, KOTopas B MocT-
TUNOKCMYECKUA NEpUOS, CPAaBHUTESIBHO BbICTPO BO3BpaLLaeT-
Sl K UCXOAHOMY YPOBHIO [26]. TeM He MeHee B 3aBUCMMOCTH
OT CUNbl NEPBMYHOIO BO3AENCTBUSA B 3TOT NEPUOL, aKTUBMU-
PYHOTCA MHOECTBEHHbIE COMOAYMHEHHBIE CUTHAMbHBIE CUC-
TeMbl, OTpaalolme CpoyHble QYHKLMOHANBHbIE Pe3epBbl
OpraHu3Ma W COCTaBMALLME OCHOBY A1 (OPMUPOBaHUS
OTCPOYEHHBIX FEHOM3aBUCUMBIX 3aLUMTHBIX 3hhEKTOB fonro-
CpoYHOM aganTaumm [27].

B otnunume ot atoro nepuoaa, OTCPOUEHHAs UM [OAro-
BpeMeHHas apantauus opMmupyeTcs Npu  AAUTENBHOM
MM MHOFOKPaTHOM MMMOKCMYECKOM BO3LENCTBUM Ha opra-
Hu3M [26]. OHa conpoBokaaeTca akcnpeccven MPHK, cneuu-
(uyeckunx BeNKOB W reHOB W XapaKTepU3yeTCa NEepexofoM
Ha HOBbIA YPOBEHb PErYNALMM KUCNOPOAHOTO roMeocTasa.
(OYHKUMOHANbHBIMU TNOKa3aTeNsMW 3aBepLUEHUS 3TOr0 ne-
puoga sensetcs dhopMupoBaHMe MexaHW3MoB, obecneun-
BalOLLMX OMTMMU3ALMIO MacC-MEPEHOCALLMX CBOMCTB KPOBM,
YBENMYEHWE MOLLHOCTM paboTbl AbIXaTenbHOW W CepAeyHo-
COCYAMCTON CUCTEM, 3KOHOMMIO 3HEpreTM4ecKoro 0bMeHa
1 3D EKTUBHOCTb YTUNW3ALMM 3HEPTUW B KNeTKax. Mpu 3Tom
MPOUCXOAAT CHUXEHWE BEHTUNALMM W TeMNepaTypbl Tena,
noTeps Beca, yBeNMueHne nokasartens reMatokputa. Kpome
BCEro, MOHWKAETCs CKOPOCTb [blXaHWs, HapacTaeT CPoACTBO
remMornobuHa K KUC/IOpoAy, YBENUYMBAETCS KOHLEHTPALMS
remornobuHa B pe3ysbTaTe aKTMBaLMKM 3pUTPON033a. broxu-
MUYeCKMe TpaHCcopMaLMW Ha YPOBHE KIETKU peanusyloTcs
NYTEM U3MEHEHUS KUHETUYECKUX CBOWCTB (hePMEHTOB OKMC-
NMTENBHOrO MeTabonmaMa, KOTOpbIM COMYTCTBYET YBEAMYE-
Hve 3QPEKTUBHOCTU OKUCIUTENBHOMO (OCHOPUIMPOBAHUS.
B pe3ynbTate nosBASKTCA HOBbIE MOMYNALMM MENKUX MUTO-
XOHZPUI ¢ HabopoM depMeHTOB, NMO3BONSAIOLLMX UM paboTaTb
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B 3TOM HOBOM pexuMe. V3MeHeHMe KayecTBa [OCTaBKM
KMCNOpPOAa NpOMCXOAUT MYTEM PEMOJENMPOBAHNS COCYLOB,
KOTOpOe HanpaBfeHO Ha YMEHbLUEHUE PACCTOAHUSA MEXKLY
Kanunnspamu (aHruoreHes), a aHepreTuyeckoe obecrneyeHue
YTUIM3aLMU KUCNOPOJa — 3a CYET YBENIMYEHUS FIMKONN3a
W TpaHcropTa FMtoKo3bl (OCHOBHOro cybcTparta) Yepes rucTo-
reMatnyeckue bapbepbl [26].

Perynauma Bcex 3TMX NpOLECCOB OCYLLECTBASAETCA
Ha TPAHCKPUMLMOHHOM YPOBHE M MOLYNIMUPYETCA MHAYLM-
PYEMBIM MPU TUMOKCUM CrieLMduYeckuM BenKkoBbIM (aKTo-
pomM — HIF-1 (hypoxia inducible factor), koTopblii BbINOAHA-
eT QYHKUMIO TPAHCKPUMLMOHHOIO aKTUBaTopa U KITKYeBoro
perynstopa caMbiX pasfiMyHbIX KIETOUHbIX U CUCTEMHBIX OT-
BETOB Ha runokcuio. MonekynspHas cTpyktypa HIF-1 po-
CTaTOYHO XOpOLUO M3y4yeHa. ITO reTepoLMMEpHbIA pefoKc-
YYBCTBMTENbHBIN BENIOK, COCTOALMIA U3 ABYX CYObeauHuL;
MHOYUMOENIbHO 3KCTpeccupyeMoli B LMTO30J1e MPaKTUHECKH
BCEX KJIETOK MIEKOMUTAIOLMX KUCNOPOLYYBCTBUTENbHOI
cybbeauumusl HIF-1a M KOHCTUTYTMBHO 3KCMpeccupyeMoii
cybbenmnHuubl HIF-1P [27]. AktuHocTb HIF-1 3aBucuT 0T Ha-
nmuna cybbeamHuubl HIF-1a, KoTopas cuHTe3upyeTca B pe-
aKUWMAX, KOHTPOSMPYEMbIX CUTHaNbHBIMU CUCTEMaMM, aKTUBM-
PyeMbIMM Yepe3 peLenTop TMPO3MHKMHA3bI, CreLmbUIecKui
CYKumMHaT3aBucumbli peuentop GPR-91 u ap. Ero aronucra-
MW SBNSAIOTCS TUPO3VHIMAPOKCMIA33, LUMTOKUHBI, B TOM YUC-
ne haKTopbl pocTa, HaNpUMep UHCYNMHONOA0BHLIN haKTop,
a TaKKe CyKumHar [26].

B HOpPMOKCUYECKMX YCNOBUSX BHYTPUKIETOYHBINA YPOBEHD
cyobeanHuupbl HIF-1 HM30K, T.K. 66nblas ero YacTb Noa-
BEpraeTcs NpoTeKaloLLelt B LMTO301e NPOTEacOMHOM Aerpa-
Aaumn. Tpy rMnNoKcuW, HanpoTKMB, CO3LAOTCA NPEeANOChIIKM
MHaKTMBaLMK, YTO crnocobcTByeT cTabunmsaumm U akKkymy-
naumm HIF-1a, MHOYKUMWM TPaHCKPUMLUMOHHBLIX NPOLLECCoB,
TpaHcnokaummn HIF-1a B sagpo, akcnpeccuu HIF-1-3aBucuMbIx
TEHOB-MULLEHEN U CUHTE3Y 3aLUMTHBIX afaNnTUBHBIX HENKoB.
TakuM obpasoM, aktueHocTb HIF-1 perynupyetca nyTém
TUMOKCUYECKON TPAHCAYKUMM CUrHana, KoTopblii OCHOBaH
Ha YHUKaNbHOM KUCNOPOJ03aBUCUMMOiA NOCTTPaHCNALMOHHON
moanduKaumm [27].

CornacHo 0fHOM M3 TMNOTE3, BO BPEMSA TMMOKCUYECKOr0
BO3JENCTBMA aKTMBUpYeTcA reHepaums AOK, npeumyuie-
CTBEHHO MWTOXOHAPWANbHOI0 MPOUCXOXKAEHMS, CBA3aHHas
C ux obpasoBaHueM B obnactu Il n [l MUTOXOHAPUANBHBIX
KOMMJIEKCOB U MOJABMIEHUEM 3/IEKTPOHTPAHCMOPTHON (YHK-
LMW AbIXaTeNbHOM LienM Ha TepMUHaNbHOM eé yyacTKe.
Cumtaetcs, UTO 3TOT MPOLLECC MOXKET YCUAMBATLCA B MOCT-
TUMOKCUYECKWUA Nepuog W NpUBOAMUTb K PasBUTMIO MOCT-
TUMOKCUYECKOTO0 OKMCIUTENIBHOTO CTPecca, MHaKTMBaUuu
MPOSUN-TMAPOKCUNA3HBIX PEAKLIMIA, OTBETCTBEHHBIX 33 NpO-
TeacoManbHyto perpagaumio HIF-1a, uto u npuBoauT K ero
cTabunmsaumnm u akkymynauum [26].

B panbHemweM Bbino pacKpbITo, YTO GMOXMMUYECKUM
3KBMBAJIEHTOM TUMOKCUU SIBNSIETCA U3MEHEHME KOHLEHTpa-
LM cybcTpaToB B OCHOBHBIX MeTabonnyeckux nyTax Kie-
TOK, @ CHWUXKEHWE 3HEpronpoAYyKUMU B HUX eCTb CrefcTBUe
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HapyweHnsa $hocopuaMpYIOLLMX NPOLECCOB U XMMUYECKUX
CMHTE30B 3HEPTUM.

ATO obpasyeTca B MATOXOHAPUM C MOMOLLBIO TNIMKOMN-
3a B npouecce okucauTenbHoro dhochopunmposaHus u ocy-
LLECTBNSETCA 33 CYET NEPeHoca NIEKTPOHOB U3 Lmkna Kpebca
Mo Lienm TpaHcnopTa 3neKTpoHoB yepe3 NADH n FADH2. Lenb
COCTOMT U3 YeTbIpEX (epMeHTHbIX KOMMEKCOB (KOMMNeK-
cbl 1-IV) n pByx TpaHcnopTépoB (youxuHoH u umToxpom C).
B 10 BpeMs KaK 37eKTpoHbI NepeMeLLaloTCs BHU3 M0 LIeNOYKe,
NPOTOHbI NEPEKAYMBAIOTCS MO BHYTPEHHEA MUTOXOHApUANb-
HOn MeMbpaHe, c03AaBas 3MEKTPUUECKUA NOTEHUMan MeM-
BpaHbl. 3TOT «XeMUOCMOTUYECKUN FPajMEHT» NpesoCcTaBIsfeT
3Hepriio ana AT®-cuHTasbl B Komnnekc V [28].

AT® He cuHTe3upyeTca BHe UMKna Kpebca u be3 kucno-
popa. Kncnopop, He ycBomuTcs 663 3HEpreTM4ecKoro IKBKBa-
NeHTa. 3T0 eMHbIN KU3HEHHbIA LMK

Takum obpasom, cybetpaT ang nepefauu 3MeKTPOHOB
1 nocneaytowwen BoipaboTku AT® cuHTE3MpyeTcs B OCHOB-
HOM U3 TJII0KO3bI (Yepes FMKOU3) Ui B-OKUCIEHUS XUPOB
yepe3 umk Kpebca v mpum yqacTum cyKumHaTa B 3IEKTPOH-
TpaHcnopTHoi Lenu. Ho HenosHoe BOCCTaHOBNEHWE KUCOpO-
Aa (MMTOXOHAPUM Mcnonb3yloT NpubmsuTensHo 98% obluero
obbEMa notpebnseMoro Kucnopoda) crnocobcTyeT yBenmye-
HWIO NPOW3BOACTBA CYNEPOKCMAHOM0 paauKana (B 0CHOBHOM
Ha KoMmnnekce |, Ho Takke komnnekce 1l) [26]. U yem bonblue
3a[l0/KEHHOCTb KNETKM B KUCNOPOAE, TEM BOSIbLLE MUTOXOH-
apvm npoayumpytoT AOK, n bonblue TpebyloT yyacTus aHTH-
OKCUAAHTOB (HanpuUMep, CynepoKCMAAMCMYTa3a, ryTaTUoH),
yT0bbI 3aLMTUTLCA OT NOBPEKAEHMIA, Bbi3BaHHbIX ADK. Tak
(opMmMpyeTCs aHTUOKCUAAHTHAs HEAOCTAaTOYHOCTb COBCTBEH-
HbIX MUTOXOHPUaNbHbIX GEPMEHTOB.

Ha cerogHsuHWii AeHb YCTAHOBMEHO, YTO peanu3auus
CPOYHOI ajanTaumm (KoTopas UTUTCA OT HECKOJbKUX YacoB
A0 HECKOMbKUX CYTOK) K TMUMOKCUM OCYLLECTBNSAETCS TONBKO
3a CYET MOBUNM3aLMM IHEPrOpeCcYpCoB: MX LIEHTPanM3aLmy,
WHTEHCM(UKALMM KaTabonu3Ma yrieBosoB, KUPoB 1 benkos,
a TaKXe NoAaBnieHnss aHaboMMYeCcKNX NPOLLECCOB B TKaHSX.
HanpuMep, npu TSIKENOM LIOKE 3TW Npouecchl He MOryT
B MOJTHOM Mepe KOMMEHCMPOBATb CHUXEHWE 0OLUEN 3Hepro-
MPOAYKLUMW M TEMIONPOLYKUMM, YTO BNIEYET 3a cobon pas-
BUTWE TMNOTEPMUU — TMOCNELHErO 3aLUMTHOrO MeXaHWU3Ma.
PaHblue cuuTanu, YTO a3pobHbI CUHTE3 3HEpruu ABNSETCA
MULLIEHBI0 NS TUTIOKCUM 3@ CYET KUHETUYECKUX 0CODEHHOCTEV
LMTOXPOMOKCMAA3bI, T.e. MPUYMHA 3HeprogeduumTa KpoeTcs
B TEPMMHANbHOM 3BEHE AbixaTenbHoi Lenu. Ho cerogHs yxe
[L0Ka3aHo, 4T0 NPUYNUHON CHUMEHUS CUHTE3A IHEPTUM NPK TH-
MOKCUM SIBNIAKOTCA U3MEHEHUS! aKTUBHOCTU MUTOXOHZpUasb-
HbIX (epMeHTOB Ha cybcTpaTHOM (II) yyacTke AbiXaTenbHOM
Lenu, roe Beaywyto ponb urpaet HIF-1 (runoKcus-uHoyum-
POBaHHbLIN (aKTOp), CUHTE3 KOTOPOM HAYMHAETCS MO CUrHay
OT CyKUMHaT3aBucumoro peuentopa GPR91. Mo MHeHuio aBTo-
puteTHoro uccneposatens B obnactu runokeun J1.1. Jlykbs-
HOBOW, KJIOYEBLIM MOMEHTOM B PasBUTWM TUMOKCUM BCErAa
ABNAETCA HapyLeHWe CcybCTpaTHOro 3BeHa B [bIXaTeslbHOV
Lieny MUTOXOHAPUI, @ UMEHHO fedULMT CYKLMHATa, KOTOpbIN
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obecneunBaeT QyHKUMOHMPOBaHMe |l yyacTKa fbixaTenbHOM
uenu [26]. U 310 yxxe He runoTesa, a aKCMOMa, KoTopas nof-
LEpPXHUBAETCA MHOMMMM UCCIIEA0BATENSAMM,

CerofHs A0BOMbHO LUMPOKO OCBELLEHA POJib CyKUMHaTa
B N0OAJEPaHUM QYHKLUMOHUPOBAHWSA KNETOK B CTPYKTYpe M-
noTasaMmyca — LIEHTpa Perynisaiumm BCeX 0CHOBHbIX NpoLec-
COB JKM3HeobecneyeHns. 3Toi TeMe NOCBALLEH YHUKaNbHbIN
0630p T.T. Chen u coaert. «[loaaepaHue rUnotanamycom
roMeocTasa npu CTapeHuu: LeHTpanbHble U nepudepuye-
CKMe ponu CyKuuHata» [29], roe apryMeHTMpPOBaHHO roBO-
pUTCA 0 MecTe CyKUMHaTa B MeXaHU3Me CTapeHus YenoBekKa.
CrapeHue, N0 MHEHUIO aBTOPOB, 3TO (EHOTMMN B pe3ynbraTe
HAKOMNEHUS TEHETUYECKMUX, KNETOYHBIX U MOJSIEKYNSPHBIX
nospexaeHuit. CtapeHne — 3T0 HeobpaTuMmoe SBMEHME,
KOTOPOE XapaKTepuU3yeTCs MPOrpeccUpyIoLUM CHUKEHNEM
Bcex (uamnonornyeckux dyHKumiA. Y 0bomx nonos Habnoaa-
eTCs NOTeps TOHYCA MbILIL, U MPOYHOCTU KOCTEH, CHUKEHUE
YPOBHs 3HEpruu, ocnabneHne UMMyHUTETa, BbIPOXKAEHME
KOTHUTUBHBIX CNOCOBHOCTEN W YBENMYEHWE XMPOBLIX OT/I0-
KEHWIA, YTO BTOPUYHO MPUBOIMT K YBEJIMUEHUIO PUCKA Me-
Tabonmuecknx u cepAeyHo-cocyamcTbix 3aboneBaHnin. MHo-
rve (axTopbl ONpefensiTca Kak NpudMHa uiv crepcteue
BO3PACTHOTO CHUXEHMS PasnnuHbIX GYHKUMA. [unoTanamyc
SIBNSIETCA He TO/IbKO UCTOYHWKOM 3THX (DaKTOPOB, HO MECTOM
CUHTE3a psfa ropMOHOB, OTBETCTBEHHBIX 33 06LMIA roMeo-
cTa3 B opraHu3Me [29]. B 0630pe noctynmpyercs, YTo CYKLM-
HaT — 370 OJVWH M3 CaMbIX U3BECTHbIX METaboNUTOB LMKNa
Kpebca. OkucneHne cykumHata B MUTOXOHApMSX obecne-
YMBaET MaKCWUManbHO MOLLHBIA BbIXO, SHEPTUM B eOUHULY
BpPEMeHU. BHYTpM MUTOXOHAPUIA CYKUMHAT CUHTE3WpyeTcs
Mo KOMaHJe TpUrrepa — CYKLMHAT3aBUCUMOrO peLientopa
(SUCNT nam GPR91), ocywiecTBnstoLLEr0 ONOCPeLOBaHHbIN
CUrHasbHbIN NMYTb BO MHOMMX NepU(EPUUECKUX TKaHSX, BKIIO-
yas runoTanamyc. OoHUM M3 [eiCTBUI CYKLMHATA ABNSAETCA
cTabunusaums KIETOYHBIX CTPYKTYP B YCNIOBUAX TMMOKCUM
M CTpecca NYTEM WHAYLMPOBAHUS PErynisaTopa FMNoKCcum
(HIF-1a) [29], 0 KoTOpOM peyb yKe Luna BbILLe.

[laHHble 0630pa [alOT BO3MOXHOCTb NPEANONIOKMT,
YTO CyKUMHAT 06s1afaeT MOLLHLIM NOTEHUMANoM Ajis BOC-
CTAHOBJIEHUS YAaCTUYHO NOTEPSHHBIX (YHKUMIA, CBA3AHHBIX
He TONbKO C MeXaHW3MOM KJIETOYHOr0, OpraHHOro Crape-
Hus (OpyrYMW CNOBaMK, M3HOCOM OpraHa), HO U CUCTEMHOTO
cTapeHus. CuuTaeTcs, YTO CTapeHue ABNAETCA MHOrodak-
TOPHBLIM U KYMYNATUBHBLIM NPOLIECCOM C MHOXECTBOM YyyacT-
HWKOB, B3aUMOAEWCTBYIOLLMX APYT C APYroM B KacKage, no-
3TOMY TPYAHO ONMPEAENUTb OAHY CELMGBUUECKYI0 MPUUKHY.
Ho BnonHe BO3MOXHO, 4TO OCHOBHAs MPUYMHA NIEXUT Ha Mo-
BEPXHOCTM — 3TO TUMOKCUA M aKTUBaLUWA cBoboaHopaam-
KaslbHOr0 OKWUCNEHuS.

0606LLas npeAcTaBNeHHbIN MaTepuar, MOXHO cAenatb
HECKOJIbKO BbIBOJOB.

B oTBET Ha OCTpYI0 TMMOKCUKO MPOMUCXOAMT aKTUBALMA
CNOXHBIX MeXaHU3MOB Ha ypOBHe reHoB, Bepywmx Hayano
0T CyKuMHaT3aBucumoro peuentopa GPR?1 u curHaneHoi Mo-
NeKynbl «B IULE» CYKUMHATA, NOCPEACTBOM YEro HauMHaeTCs




0B30PHI

(opMMpoBaH1e CPOYHOM PE3NCTEHTHOCTM U YBENMYEHWE YPOB-
Ha HIF-1a. AKTMBauMa cyKuMHaT3aBMCMMOro peLienTopa
GPR91 u HIF-1a Bne4éT yBennyeHne MHTEHCUBHOCTM OKMC-
nutensHoro docdopunupoBaina ans cuntesa AT®. CunHtes
MaKpO3proB NPOMCXOAMT B YCIIOBUAX BOMee IKOHOMHBIX (KO-
pOYeHWe KOMMIEKCOB B [bIXaTeNIbHOM LieMn 3a CYET TOpMo-
XeHus paboTbl | KOMMneKca), T.K. MPU TUMOKCUW [bIXaTeslb-
Hasi Lienb MUTOXOH/IPUIA He MOXET NPUHATL Ha cebs BOAOpoA
OT KaKoro-imbo mHoro cybctpaTa, KpOMe Kak 0T MOJIEKy/bl
AHTAPHOW KMCNOTbI, NOTOMY YTO MPU OKUC/IEHUM SHTapHOVA
KMCNOTbI BOOPOS, MOCTYNaeT Ha 3HaunTeNbHo bonee 6im3Kuil
K KMCIIOPOAY YHacTOK AbixaTenbHon Lenu [26—29]. Opranusmy
TaK yno06HO 1 3KOHOMHO B 3HEPTeTUYECKOM MNaHe.

TopMoxkeHue pabotbl | KoMnnekca 00ycnoBnieHo eLle
W TeM, YTO UMEHHO B HEM MPOMCXOAMUT Hambonee aKTUBHBIN
CMHTE3 CynepoKCMAHOM0 aHUOH-pajMKana, YTo ABNSETCA 3K-
BMBaJIEHTOM 3aLLMTHOW peakLmuu B yCioBUAX runokcun. Kom-
MeKc |, KaK onacHbIN Y4acToK, Kak bbl BeinaaaeT u3 060/Mbl
AbIXaTeNbHOW LieMnK, U 0MacHOCTb YBENMUYMBAETCA B MepUos,
peoKcureHaummn v penepdysum [26]. CneacteueM «3KOHOMMM»
ABNAETCS YBEIMYEHNE MHTEHCUMBHOCTM paboThl || KoMnnekca
B JbIXaTeSIbHOW LIeMy MUTOXOHAPUIA, UCTOLLEHWE Pe3epBoB
CMHTE3a 3HJ0reHHOr0 CyKUMHaTa. 3T0 Kilo4eBas broxmmuye-
CKas «MOJIOMKax», KOTOpas NPUBOAMT He TOJbKO K 3aMefie-
HUIO MUTOXOHAPWaNbHOrO cMHTe3a AT®, Ho U K paccTpoiicTay
BCero 0bMeHa BELLECTB B OpraHessie B LesoM (MUTOXOHAPU-
anbHas gucdyHkuma)» [30]. OHa MoKeT BbITb JIOKaNbHOM
(noBpexaeHre renaTtoLMToB), HO C YBEIMUYEHUEM OMACHOCTH
rUnoKeun chopMUpyeTcst NONMOpraHHas MUTOXOHApWanbHas
avcdyHruma [31, 32]. Bo3MoKHO, YTO 3TO M ecTb nepexoj
(U31ONOrMYECKOM, UK NPUBBLIYHOM, MOAKOHTPOSIBHOM MMMOK-
CUM B TMMOKCUIO MATONIOMUYECKYH.

TMNoKCKA NYTEM pasfiNyHBIX MEXaHU3MOB CrocobcTeyeT
BKJIOYEHUIO B NEpBYI0 04yepefb (GaKTOpOB 3alUuTbl B BULE
YBENIMYEHUA CUHTE3a M aKTMBHOCTM (PEPMEHTOB aHTUOK-
CMAAHTHOM 3alLuTbl, T.K. [NaBHas 3ajaya AN KIeTKu —
ycTpaHuts 027, yTobbl M3beaTb CMHTE3a Bonee OMacHbIX
PaAMKanoB KUCOPOLA, TaKUX KaK MMAPOKCUIbHBINA paguKan.
Mo BCei BUAMMOCTM, 3TO BTOPOM MEXAHWU3M — WCTOLLEHME
BCEX MeXaHM3MOB CPOYHOW afanTauuu — NpUBOAMT K pas-
BMTUIO NaTOJIOTMYECKON TMMOKCUM KaK TUMOBOMY MaTosioru-
YecKoMy npoveccy.

3AKJIK4YEHUE

[MNOKCMS — BEYHbIN CMYTHUK YeNoBeKa, T.K. Kaxabln
€ro BAOX NOTEHUMpYeTCs rMMoKcKeln. HaBepHoe, KOM4eCTBo
BL,OXOB, OTMYLIEHHOE NPUPOAON, TaK WM MHa4ye CBSA3aHO
C oMbl CYKLUMHATOB B 0BECMeyeHur NpoLeccoB TKaHeBO-
ro apixanus. Kaxpas Knetka AbIWMT, YCTAET, ymupaert. Ei
Ha CMeHy NpUXOAMT Jpyras, KoTopas, B MPUHLMME, U «POX-
LaeTCA» OT YTEUYKM KMCnopoja B BuAe CBODOAHBLIX pagu-
Kanos. lopnepaHue TKaHEBOTO AblXaHWUS — 3TO 3HEpro-
3aTpaTHbIA npouecc, TPebylowmin NpUCyTCTBUAA KUCIOpoaa
1 onpeLeneHHoro KoamyecTBa cybcTpata B BUAE CYKLMHATA,
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CMHTE3 KOTOPOro TaKe IMMUTUPOBaH. MoXXHO NpeacTaBuThb,
KaK MayT TpaTbl CYKUMHATa Y 4acTo bonewwmx Noaei, T.K.
noboii BocnanuTenbHbIA (OCTPbIA UM XPOHUYECKUIA) Npo-
LLecC MOTEHUMpYET YBENMYEHWe UHTEHCUBHOCTU MeTabosu-
YecKkux npoueccos. bonewwmin YenoBeK, TakuM obpasomM,
U «KUBET» BbICTPEE, T.K. TPATUT OFPOMHOE KOJIMYECTBO 3HEp-
TMM W KUCNOpOLA ANA e€ CMHTe3a Ha NoAJepaHne TKaHe-
BOrO AbIXaHus.

Ho B 4éM cywLecTBeHHasA pa3HULLA NPUYMHHO-CIIEACTBEH-
HOW CBA3M, CKAXKEM, [N1S1 Bpaya, OKa3bIBalOLLEr0 HEOT/IOKHYH
MeAMLMHCKYI0 NoMoLUb? BakHbl M Ans HEro CyTb M MOHU-
MaH1e OMOXMMUYECKMX TpaHCPOpMaLMIn Ha YPOBHE TKaHEW,
u byaeT v Takoe NOHUMaHME BIUATL Ha BbIbOP TOi UM MHOM
neyebHoi TakTMKM? [MNoKeuA Bceraa Bynet onpeaensamowmMm
(aKTOpoM, 4TO, B CBOK 04epefb, byaeT TpeboBaTb OT Bpaya
€€ KOPPEKUMM, 1 B KXKAOM Clly4ae — MPUHATUSA PeLLEeHMSs
0 HeobX0MMOCTW MCMONb30BaHWSA OKCUreHOTEepanuu.

OKcureHoTepanus MOXET CbirpaTb OTPULIATENbHYH POSib,
T.K. M30bITOK KUCNOpPOAa NPUBEAET K eLlé bonee BbipaXKeH-
HOW Ba30KOHCTPUKLIMK, T.K. YK€ BKIIIOYEH MEXaHWU3M paHHeN
ajlanTauum K runokcumn, 3abnokupoaH | KoMnnekc apixa-
TeNIbHOM Lienu, WHTEHCMBHO paboTaeT Il KoMmneke u uoét
MHTEHCMBHBIA Pacxof CyKuuHaTa ons cuHTesa ATO B yc-
noBuaAX rauMKkonusa. B 3tux ycnosusax nobas KoHLEHTpaums
KMCNopoga Bblille NpuBbIYHOro 21% OyaeT peanu3oBbiBaTbLCA
B YCKOPEHHOM cuHTe3e +02- 1 ero TpaHcdopMaLmm npu yya-
CTM OKCMAA a30Ta B MUPOKCUHWUTPUT, KOTOPLIM NpUBELET
K TOTanbHOW Ba3oaunatauuu, apTepuanbHoi rUnoTeHsuw,
CHUXEHUIO CepAeyHoro Bbibpoca, ycyrybneHuo uwemuu
33 CYET YMEHbLLEHUSI KPOBEHAMOJIHEHUS KOPOHAPHBIX COCY-
[0B U yrnybneHnto runokeun Muokapaa. HaeepHo, ¢ y4€ToM
3TUX COBBLITUIA M HAa3HAYaKT KaK MOXKHO BbICTpee mauueHTaM
CO CNa3MoM KOpOHapHbIX COCYAO0B mpenapatbl rpynmbl HU-
TPaToB, KaK bbl 3aMelLiad 3HA0reHHbIN OKCKL, a30Ta (KOTOpbIi
CBA3aJ/ICA C aHMOH-PaAMKaNoM ¢ 0bpa3oBaHUEM NMUPOKCUHU-
TpWUTa) Ha 3K30reHHbIN. TaK peluaeTca npobnema UweMuu.
OpHako, peluaet iv nofobHas TaKTUKa npobnemy rmnok-
cun? Bedb MexaHW3M paHHel afanTauuu Yxe 3anyLieH,
BK/IOYEH MEXaHM3M [JIMKOAM3a, ¥ MUTOXOHAPUaNbHasa Abl-
XaTenbHas Lenb paboTaeT B ycnoBuax aeduumTta KUCiopoaa
0e3 yyactus | KOMNeKca, B 0T/IMYME OT YCIIOBUI HOPMOKCUM.
Ml peLunnu npobnemy [LOCTaBKW KUCOpOAA NYTEM yayuLle-
HWUA COCTOSHWUS COCYAMCTbIX MarucTpanen, U3MeHUB TOHYC
cocyamcToi cTeHkU. Mano Toro, Mbl 3amycTiM MeXaHu3M
penepdysun n peokcureHaumn. Takum 0bpa3oM, cospaBast
U30bITOK KUCIIOPOAa, Mbl «NepeHanpsaraeM» MpoLiecchbl paH-
Hel afanTauuy K runoKcuu, MOTEHLMPYEM CUHTE3 PafiMKanoB
(0%), pacxoayeM 3H0reHHbIE aHTUOKCUAAHTBI. [1A TKaHei,
CTPaAaloLLMX OT HeJLOCTaTKa KUCIOpOAa, HeobxoanuMo, YTODbI
MOCTYNaloLLMIA KUCIOPOA, B 60MbLLEM, YEM B MEPUOL, ULLEMUW,
KOJIMYeCTBE YCBOWIICS, HO NpK 3TOM UM TpebyeTcs CTOMbKO
KWUCNOPOAQ, CKOMIBKO MM HYXHO, U He bonble. CnepoBa-
TeNIbHO, HeobXx0AMMO CO3LaTb YCI0BUA B BUAE MPUBLIYHON
3HEpreTUKM, BepHee, 3HepreTMYecKoro cybctpata B Buae
CYKUMHaTa, YTobbl BEpHYTb NPOLECC HA MPUBLIYHLIE PESbChI
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a3pobHoro okucAMTeNbHOrO GocopUIMpoBaHNSA U CHATb Ha-
PysKy ¢ «ycTaBwero» Il komnnekca. Peub MAET 0 3aMecTu-
TeNbHOWM Tepanuu, T.K. SHAOMEHHbIA CYKLMHAT OYeHb LOpOT.
W ueHa ero B ycnoBusx u3bbiTKa KMCNOpPOAA TONBKO BO3pac-
TaeT, T.K. BO3pacTaeT M ero pacxof, BeAb KUCNOPOS, HYKHO
€LLE U YCBOUTb.

Bcé Hawe Teno — CNoXHbIA aHTMOKCUAAHTHBIA MeXxa-
HW3M, afanTMPOBaHHbLIA K MOCTENEHHOMY YBENMYEHMIO KOH-
LieHTpaLmm kucnopofa B atMocdepe (B TedeHune 4 MApA ner)
10 40% B maneosoickyio apy. YenoBek un B Te4eHue no-
cnepnHux 300000 net, aplwa atMocdepoil ¢ KOHLEHTPaLMEN
kucnopopa 21%. TonbKo 4enoBeK, HaXoAfcb B OTAENEHUM
peaHuMaLuW U MHTEHCUBHOM Tepanuu, NoLBepraeTcs Bo3aei-
CTBMIO YNCTOTO KMCIOPOAA M TUNEpPOKCEMUW. 3TO NpUBOAMT
K YBESIMYEHUIO KONIMYECTBA CBODOAHBIX pafuKanoB ¢ CUCTEM-
HbiMK 3 derTammn (nospexaeHue knetok u JHK, cyxeHue
COCY0B, MUKPOCOCY/0B, NOBPEXAEHME NErKUX U T.4.). [1po-
AOJKATh MrHOPUPOBATb KUCOPOAHbINA U3OLITOK Y3Ke He3Tuy-
HO, YuMTbIBasi KOJMYECTBO [OCTYMHbIX AaHHbIX. AHecTe3uo-
JloraM-peaHMMarosioraM nopa, HakoHeL, 0CTUYb MOHUMaHMS
CYTU KUCNOPOJHOM Tepanuu 1 obecneyunTb NpaBUNbHYK L03Y
Kucnopoga Ans NIeYeHUs TMMOKCEMMM C LieSblo M3bexatb rv-
NEPOKCEMMU M OT/TYYMTb NALMEHTOB OT KUCIOPOA.
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buouMneaaHCHbIM aHaNU3 COCTaBa TeJla YenoBeKa:
MeAULUHCKOE NpUMEeHeHue, TepMUHONOIrUa

[1.B. Hukonaes', C.I1. WenbikanuHa?

1 HayuHo-TexHnueckmit ueHtp «MELACC», Mocksa, Poccuiickas ®eaepaums
2 PoCCUMCKUIA HaLMOHANBHBIA UCCIe0BaTeNbCKIN MeAULMHCKIIA YHuBepcuTeT uMenn H.W. Muporosa, Mocksa, Poccuiickas ®epepauns

AHHOTALIMA

[Lnsi NoCTaHOBKM AMarHo3a M AMHaMM4YeCKoro HabloAeHNs NaLMeHTOB ¢ 3ab01eBaHNUSMM, CONPOBOXAAMLLMMUCS U3Me-
HEHMsIMU COCTaBa Tena, TpebyloTcsa [aHHbIe LieNoro psfa annapaTHbIX aHaMTUYECKUX MeTofoB. HenHBasuBHBIN, be3 nyye-
BbIX M XMMUYECKUX Harpy30K, ObICTPbIA U KOMQOPTHBIV ANA NauMeHTa BMOMMNELaHCHBIA aHanK3 COCTaBa Tena KOMMEKCHO
peLLaeT npobneMy eMHOBPEMEHHOIO MOJYYEHWUS KONMYECTBEHHBIX OLIEHOK BCEX KOMMOHEHTOB COCTaBa Tefa.

B cTatbe 0bcyxpatoTca 0cobeHHOCTH TepMMHONOrMM B1OMMNeAaHCHOrO aHanM3a cocTaBa Tefla U camble YacTble OLLMBKY
B UCMO/1b30BaHUN TEPMUHOB. B pyCcCKOA3bINHON MeMLIMHCKOI Cpefie MOXHO HepeaKo BCTPETUTb ynoTpebnenue psaa HeToy-
HbIX TEPMMHOB, OTHOCALLMXCSA K B1OMMMNeaHCHOMY aHanu3y cocTaBa Tena YenoBeKa. B To e BpeMs TepMuHonorus 6uonm-
MeflaHCHOTO aHanM3a coCTaBa Tesa YeNIoBEKa B aHITI0A3bIYHbIX NyBNMKaLMAX LaBHO ycTosnack. MpuBeLeHbl PyCCKOS3bIYHbIE
W @HrN0A3bIYHbIE TEPMUHBI BUOMMNEAAHCHOMO aHaNM3a COCTaBa Tenla YesloBeKa C COOTBETCTBYIOLMMM COKPALLEHUSMM, @ TaK-
)Ke CXeMa COMOAYUHEHHOCTM TEPMMHOB «KOMMOHEHTLI COCTaBa TeNa», «MNapaMeTpbl COCTaBa TeNla», «napaMeTpbl buoumne-
[lAHCHOTO aHanM3a cocTaBa Tefla» U «b1oMMnefaHCHbIe NapaMeTpbl».

06cyxpatoTcs Haubonee paspaboTaHHble HaMpaBieHUs NPUMEHEHNS BUOMMNe[AHCHOTO aHanM3a B MeAULIMHCKON MpaK-
TUKe: OLIEHKA MUTaHUS U OMHAMUYECKUe HabMIoAeHUs 3a U3MEHEHUEM COCTaBa Tena, OLeHKa MUHepanbHOW Macchl opra-
HM3Ma, OLieHKa NapaMeTpoOB rMApaTaLuM OpraHM3Ma, OLEHKa KPOBEHAMOJHEHNS TKaHeli U OpraHoB, B TOM YUCIE B PEXUME
MOHWTOPMHIa, OLEHKa aCUMMETPUM NapHbIX OPraHOB W KOHEYHOCTEN, OLieHKa NpeACcTapToBON FOTOBHOCTH, (U3NYECKOr0 pas-
BUTMA 1 YPOBHSA TPEHUPOBAHHOCTM MBILLEYHOI CUCTEMBI COPTCMEHA.

KnioueBble cnoBa: bvonmneaHCHbI aHanus; coctas Tea; TepMuHoiorma; MeguLMHCKoe NpuMeHeHue.
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Bioimpedance analysis of human body composition:
medical applications, terminology

Dmitry V. Nikolaev!, Svetlana P. Shchelykalina?

1 Scientific Research Center “Medas”, Moscow, Russian Federation
2 Pirogov Russian National Research Medical University, Moscow, Russian Federation

ABSTRACT

To diagnose and dynamically monitor patients with diseases accompanied by changes in body composition, data from
a number of hardware analytical methods are required. Non-invasive, without radiation and chemical loads, fast and
patientfriendly bioimpedance analysis of body composition comprehensively solves the problem of obtaining quantitative
estimates of all components of body composition at the same time.

This article discusses the terminology features of bioimpedance analysis of body composition and the most common
mistakes in the use of terms. In the Russian-speaking medical environment, you can often find the use of a number of inaccurate
terms related to bioimpedance analysis of the human body composition. At the same time, the terminology of bioimpedance
analysis of human body composition in English-language publications has long been established. The article presents the
Russian and English terms of bioimpedance analysis of the human body composition with corresponding abbreviations, as well
as the hierarchy of the terms “body composition components”, “body composition parameters”, “parameters of biocimpedance
analysis of body composition” and “bicimpedance parameters”.

The most developed areas of application of bioimpedance analysis in medical practice are discussed: assessment of
nutrition and dynamic observations of changes in body composition, assessment of the body mineral mass, assessment of the
body hydration parameters, assessment of blood supply to tissues and organs, including in the monitoring mode, assessment
of the asymmetry of paired organs and limbs, assessment of pre-start readiness, physical development and the level of fitness
of the athlete’s muscular system.

Keywords: electric impedance; body composition; terminology.
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0B30PHI

BBEAEHUE

CoBpeMeHHbIl Bpay Npy MOCTAHOBKE AMarHosa v au-
HaMWYyeCKOM HabiofleHnn 3a TeyeHWeM 3aboneBaHui, co-
MPOBOXAALLMXCA M3MEHEHUSMU COCTaBa TeJla, MMeeT BO3-
MOXHOCTb M0/1b30BaTbCA aHHBIMM LIEIOro pAaa annapaTHbIX
aHaNUTUYECKUX METOA0B. 3HaUUTENbHbIN 0OBEM AUarHoCTU-
YeCKOi MHGOPMaLIMU MPUXOAUTCA Ha BUOXMMUYECKME METO-
Abl. JlyueBble MeTofbl NO3BONIAKT in ViVO BOCMPOU3BOLMUTL
dopMy, pa3Mmepbl U B3aUMHOE PacrosIOMEeHUe OCHOBHBIX
OpPraHoB W TKaHeW; aHTPOMOMETPUYECKMe MeTofbl, MMApo-
OEHCUTOMETpHUS, pa3BefieHne WHAMKATOPOB, ABYX4acToTHas
PEHTTEHOBCKAas [EHCUTOMETPUA — KOJIMYECTBEHHO OLIEHU-
BaTb OT/e/IbHbIE KOMMNOHEHTbI COCcTaBa TeNa. HenHBasuBHbIN,
6e3 niyyeBbIX M XMMUYECKMX HarpysoK, BbICTpbI 1 KoMbopT-
HbIA 4018 NaumeHTa BUOMMNEeAaHCHBIN aHanu3 cocTaBa Tena
(BMA) KoMmnneKcHo pelsaeT npobneMy enUHOBPEMEHHOO
MONyYeHUS KONMMYECTBEHHbLIX OLIEHOK BCEX KOMMOHEHTOB
cocTaBa Tena.

TexHonorus BUA nosBonseT paccunTbiBaTb Maccy Hu-
POBOM, MbILUEYHON W ApYrX KOMMOHEHT COCTaBa Tena Ha
OCHOBE 3HAYeHUI 3NEKTPUYECKOr0 CONPOTUB/IEHWUA TKaHEN
TeNna M aHTPOMOMeTPUYECKUX napaMeTpoB. [onoaHUTENbHO
K OLEHKe KOMMOHEHTOB COCTaBa Tefla B TexHonoruu BUA
PaCcCUMUTLIBAIOTCA 3HA4YEHUSA KOPPEJSIATOB CKOPOCTU 0OMEHHBIX
MPOLLECCOB OpraHM3Ma YenoBeKa — OCHOBHOTO 0OMeHa,

Tom 2, N8 2, 2021
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yhenbHoro ocHoBHoro obMeHa W dasoBoro yrna. 3Tm na-
paMeTpbl OTHOCATCS YXKe K (YHKLMOHANbHBEIM NapaMeTpam,
HO MCMOMb3YI0TCA HapsAy C OLEHKaMW KOMMOHEHT COCTaBa
Tena AnA peLeHnst MHOrMX MeMLMHCKUX 3a4ad, B YaCTHOCTM
OLIEHKM MUTaHMS YenoBeKa.

TEPMWUHOJ10rMS BUOUMINEOAHCHOI0
AHAJTU3A

B pyccKosi3bIYHOM MeAMLMHCKOI cpefie MOXHO HepeaKo
BCTPETUTb ynoTpebieHne psiaa HETOUHBLIX TEPMMHOB, OTHO-
CALLMXCS K BMoMMMeAaHCHOMY aHanu3y CocTaBa Tefla Yeso-
BEKa. 3T0 00BACHAETCA KaK HeKBaNU(MLUMPOBAHHLIM Mepe-
BO/I0M, XapaKTepHbIM AN1S1 psifia PYKOBOACTB K MHOCTPaHHbLIM
npubopaM, TaK 1 06pa3oBaHNEM CIIEHTOBbIX BbIpaXKeHWM na-
LMEHTaMM, GparMeHTapHO 3anMOMHMBLUMMM BbIPaXEHUS CO
C/10B Bpaya.

TepMuHONOrUA BOMMNEAAHCHOMO aHanM3a cocTaBa Tesia
YesioBeKa B aHINOA3bIYHLIX MyONMKAUMSAX AaBHO YCTOANACh.
MonbITKM BBEAEHWA TEPMMHONOMMYECKOro eanHoobpasus
B OTEYECTBEHHOM nMTepaTtype npeanpuHuManucs [1, 2], Ho
ocoboro ycnexa He WMenu BBMAY Pa300LLEHHOCTM aBTOPOB
1 06LLEeN HEMHOrOYMCNEHHOCTM NYBAMKALMIA HA TOT MOMEHT.
B Tabnuue npuBeaeHbl pycCKOSA3bIYHbIE U AHINOA3bIYHbIE
TepMMHbI BUOMMNESAHCHOTO aHanM3a CoCTaBa Tefa YesioBeKa
C COOTBETCTBYIOLLMMM COKpALLEHNAMM.

Ta6nuua. PYCCKOFIBbILIHbIe W aHrnoA3blYHbIe TEPMUHBbI U UX COKPALLEeHWA, UCNoJib3yeMble B BroMMnesaHCHOM aHanuse coctaea Tena

yenoBeKa
Table. Russian and English-language terms and their abbreviations used in bioimpedance analysis of human body composition
. . HekoppeKTHble
AHrnuiickoe HanucaHue TepMUHa Pycckosi3bluHbIf aHanor
CUHOHUMbI
Bioelectric impedance analysis (BIA) BronMneaaHcHbI aHanu3 cocTaBa Tena Yenoseka (BMA)  buoumnenaHcomeTpus
KoMnosuTHbIi
Body composition (BC) Cocras Tena (KOMNO3MLMOHHBIN)

Total body water (TBW)

Extracellular fluids (EF)
Extracellular water (EW)

Intracellular fluid (ICF)
Intracellular water (ICW)

Fat mass (FM)

CocTaB Tena

O6was Bona opraHusma (0BO)
06Luas XMAKOCTb OpraHu3Ma

BHeknetouHas xuaKoctb (BKXK)
BHekneTouHas Bofia

KneTouHas (BHyTpuKneTouHas) #uakoctb (KX)
KneTouHas (BHYTpUKNETOYHas) BoLa

¥uposas Macca Tena (KMT)
¥uposas Macca (HKM)

Be3xwupoBas Macca Tena (BMT)

Fat-free mass (FFM), lean body mass (LBM)

Towasn Macca (TM)

563)KVIPOBaFI Macca

Active cell mass (ACM)

Skeletal muscle mass (SMM)

Basal metabolic rate (BMR)

Specific basal metabolic rate (SBMR)

CkeneTHo-MblLLIeYHasd Macca Tena (CMM)

AKTUBHagA KneToyHas Macca Tena (AKM)

MbllweyHas Macca

OcHoBHol 06MeH (00)

YpenbHbIA ocHOBHOM 06MeH (YOO)
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Ta6énuua. OkoHYaHue
Table. Ending
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AHrnuickoe HanmcaHue TepMUHa

Pycckos3biuHbIi aHanor

HekoppeKTHble
CUHOHUMbI

Visceral fat mass

Mineral mass

Bone mineral content (BMC)

Polisegmental impedance analysis
Single-frequency bicimpedance analysis (SFBIA)
Multi-frequency bioimpedance analysis (MFBIA)
Bioelectric impedance spectrometry (BIS)
Resistance (R)

Reactance (Xc)

Impedance (2)

Macca BucuepanbHoro xupa (BX)
BucuepanbHbin xup

MuHepanbHas Macca Tena (MM)
MuHepanbHas Macca

MwuHepanbHas YyacTb KocTHOM Maccbl (MYKM)
KOCTHbIi MUHepanbHbIA KOMMNOHEHT

MonucerMeHTHbIN BroumnenaHcHbi aHanus (MBUA)
0pHoYacToTHbIN bronMnedaHcHbi aHanu3 (OBUA)
MHoroyacToTHbIl BrouMneaaHcHbd aHanus (MBUA)
BuonmMnepaHcHas cnektpomeTpus (BUC)

AkTuBHoe conpoTusneHue (R)

PeaktnBHoe conpotueneHue (Xc)

MMnepaHc, bronmnepaHc (Z)

Phase angle (PA)

®a3osblit yron (DY, )

OTHOCWTENbHbIE BENMYMHBI BbIPAXKAKTCA B MPOLIEHTAX,
1 B 3TOM CTly4ae UX MHOTAa Ha3biBakoT AonsAMU (HanpuMep, Aons
JKMPOBOI Macchl), MM UHLEKCAX, BbIPAXKEHHbIX B OTHOLLEHWM
K 3Ha4yeHMI0 pocTa B KBafparte (Hampumep, MHOEKC be3xu-
poBOM Macchl Tena: [6e3xupoBas Macca tena, Krl/[pocr, M2).
0603HaueHWe NPOLLEHTHBIX ([ONEBbIX) 3HaYeHUA GhopMupy-
eTcs fobaBneHneM 3HaKa NpoLeHTa [0 COOTBETCTBYHLLEN
abbpesmatypbl napametpa: %HMT — fons KMpoBOM Macchl
Tena. 0603Ha4eHne MHAEKCOB GopMupyeTca AobaBneHneM
DYKBbI «M» Nepef COOTBETCTBYHOLLEN abbpeBuaTypon napa-
meTpa: HMT — umHaeKc xupoBon Maccel Tena, MBXM —
MHAeKe 6e3xMpoBoii Macckl Tena, U T.4.

BroMMneaaHCHBIMM TEXHONOMUAMKU B MeMLMHE MPUHSATO
Ha3blBaTb MMreaHCHY0 Kapauorpaduio (peorpaduto), buo-
UMnNeAaHCHbIV aHanK3 cocTaBa Tena, UMNeaaHCHylo ToMorpa-
¢uio 1 BomMMneaaHCHY cNeKTPOMeTpUio. Bce oHM Npuobpenu
CBOW COBPEMEHHBIV BUA 1 CTanK BOCTpeboBaHbl B MEAWLIMH-
CKOW MpaKTuKe BO BTOpoW nonoBuHe XX Beka. BosHukm
BrouMneaaHcHble TEXHONOTWM B pe3ynbTaTe CuHTe3a buo-
MMMNeLaHCOMETPUM (TEXHONOTUA U3MEPEHUN 3NEKTPUYECKOrD
CONpOTMBNEHNs BuonorMyeckmx o6BEKTOB) M COOTBETCTBYHO-
LUMX HanpaBneHWi MeAUUMHCKON AVArHOCTUKM — Kapauo-
rpaduu, MeTOLOB pacyéTa COCTaBa Tena, ToMorpaduu, crnek-
TPOMETpUYeckux MeToaoB (puc. 1). IMeHHo noaToMy TepMUH
«b1orMneaHCOMETpUSA» He paBHO3HAYEH TEPMUHY «OMOUM-
nefaHCHBbIN aHanu3 cocTasa Tesia YenoBeKa»: buommneaaH-
COMETpUS SBJIAETCA NULLb TEXHUYECKUM MPUEMOM NOJTyHEHMS
yacT UHGOpMaLMKM HapAay C aHTPOMOMETPUYECKUMU METO-
Jamu (M3MepeHUe Macchl U JIMHbI TeNa) U cneumbuyeckumMmn
pacyéTaMu cocTaBa Tefla YenoBeka. B HacToswee Bpems
B PYCCKOA3bIYHBIX MybMMKauUMAX, calTaX YacTHbIX KIMHUK
1 Ha HenpodeccMoHanbHbIX pecypcax cetu NHTepHeT TepMUH

00l https://daiorg/10.17816/clinutr/2132

«broMMneaHCOMETpUS» UCMONb3YeTCA B 3Ha4eHUM «bumo-
MMMNeAaHCHLIA aHann3 CocTaBa Tesla» B MOJIOBUHE CIYYaeB:
no AaHHbIM Google Scholar, 3a 2000-2020 rr. ony6auKoBaHo
1770 ctaTen ¢ KnoYeBbIMK CNOBaMU «BUOMMINEAaHCOMETPUA»
U «COCTaB TeNa», AN CPaBHEHMS, 3a TOT 3Ke nepuog onyonm-
KoBaHo 2570 cTaTeli ¢ KNtoYeBbIMM C/IOBaMK «OMOMMNenaHC-
Hblii aHanmM3» W «COCTaB Tesia», NPUYEM 783 n3 HUX copep-
KaT TaKIKe M CNIoBa «brMouMnesaHCOMETpUSA». 370 BO MHOOM
obbacHaeTca cywectoBaHeM ¢ 2010 roga no HacTosee
Bpems B Bukuneamn cratbk, noceswéHHonM BUA, conepika-
LLe 3TY U HeKoTopble ApYrue OLWMOKM.

[lpyron Knacc owuboK BO3HMKAET M3-3a HEMOHUMAHUA
B3aMMOCBA3W Pa3/IMYHbIX NapaMeTpoB 1 TEPMUHOB broUMNe-
OaHcHoOro aHanusa. Ha puc. 2 nokasaHo npuMeHeHue (cxeMa
COMNOAYMHEHHOCTM) TEPMUHOB «KOMMOHEHTLI COCTaBa Tena,
«NapaMeTpbl COCTaBa TeNlax», «napameTpbl OMoMMNeaaHCcHoro
aHanM3a cocTaBa Tena» W «buonMneaaHcHbIe MapameTpbi».

(®a30BbIii Yron BKIKYEH Kak B nepBuyHble buouMne-
AaHCHble NapaMeTpbl, TaK U B KOpPENATbl CKOPOCTU 0OMeH-
HbIX NpoueccoB. B nepeoM cnydae ero vaiie 0b603HavaloT,
KaK MPUHATO B 3MEKTPOTEXHUKE, TPEYECKOM DYKBOM «P»,
a BO BTOPOM — COKpalLieHnem QY.

AHanornyHo MoXHo roBOpUTb 0 COMOAYMHEHHOCTM napa-
Mempos 2udpamayuu Tena YenoBeKa: ecTb psAf abcoNtoTHbIX
napaMeTpoB — o6Las Boaa opraHuama (0BO), BHyTpuKie-
ToyHaa xuaKoctb (KX), BHekneTouHas muaKocTb (BKHK),
U eCTb UX MPOLIEHTHbIE A0/ B APYrMX KOMMOHEHTaxX CoCTaBa
Tena Wi YacTsx Tena, ecTb UX MHAEKChI, 00pa3oBaHHble Hop-
MWPOBKOI Ha KBafipaT pocTa.

buoumnedaHcHble napamMempeb! NPUHATO LeAUTb Ha ab-
CONOTHbIE 3HAYeHUA (AKTMBHOE 3NEKTPUYECKOE COMPOTMB-
neHve R; peaKTUBHOE 3NEKTPUYECKOE COMPOTMBNIEHWE XC;
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3NEKTPUYECKUIA UMNefaHc Z; Ga3oBblii Yron ), Ux u3MeHe-
Hus (AR; AXc; AZ; Ag) M oTHOCUTENbHBIE 3HAYEHUs U3MeHe-
Huit (AR/R; AXc/Xc; AZ/Z; Aglg).

TepMuHonorma GuomMMnefaHCHOro aHanu3a UMeeT ry-
Bokue ucTopuyeckne KOpHU. BONbLUMHCTBO YYEHbIX, 3aro-
JUBLUMX OCHOBY BMOMMMNEAAHCHOr0 aHanM3a cocTaBa Tena,
Obinn hu3nKamm, buodusmkamMu U uHxeHepamu. [lepsble
AaHHbIE N0 U3YYEHMIO 3NIEKTPUYECKON MPOBOAUMOCTYU TKaHeN

Tom 2, N8 2, 2021
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YesioBEKa M MUBOTHBIX ObIM MOAYYEHbl [LOCTAaTOMHO LABHO,
B paboTax Mo 3neKkTpoTexHuKe U buodmsuke. OTaenbHble
Hay4Hble JOCTUIKEHWSA U 3Tanbl NPeABapUTENbHbIX UCCefo-
BaHWM, 0bpa3oBaBLLMe HYHAAMEHT 3TUX TEXHONOMUIA, MOXHO
npocneauTb ¢ KoHua XIX Beka.

BnepBble 06 uccnesoBaHWM 3NEKTPUYECKO NPOBOAY-
MOCTW BMONOrUYEecKMX 0OBEKTOB ynoMuHaeTcs B paboTax
B. Tomcona (William Thomson) 1880 r. B XX B. 3TM Bonpocam

®u3nyeckui Metop, 30Ha uHTepeca MeguuuHcKas
MoAYYeHUs AAHHBIX 1 cnocobbl 06paboTkm AMarHoCTUYEeCKan
[OaHHbIX MEeTO4MNKa
4
4 0 N MMneaaHcHoe MccneaoBaHu e
TC”E’K“Bang . LLeHTpaNbHOI reMoaMHaMUKH
NYNbCOBLIX KoNebaHMuii (peokapamorpadum),
KpOBEHANONHEeHNA peonnetusMorpacus,
cocypos peoaHuedanorpadms
4 N\ . N\
MeToabl pacyeTa BuonMneaaHcHbIin aHanus
napaMeTpoB COCTaBa Tenia cocTaBa Tena yenoseka (BUA)
BuoumMneaHcomeTpus \
MeToabl nocTpoexus N
MMnepaHcHas
TOMOrpaduUuecKmx
N ToMorpadus (UT)
n306paKeHui
.
N
CneKTpoMeTpuyecKme BuonmneaaHcHan
MeTo/bl pacyeToB cnexktpometpus (BUC)

Puc. 1. CxeMa 0b6pa3oBaHmMs Ha3BaHWU OCHOBHBIX 61OMMMEAaHCHBIX TEXHONOMWIA.
Fig. 1. Formation scheme of the names of the main bioimpedance technologies.

[ lMapaMeTpbl bUOMMMeLaHCHOMO aHau3a CocTaBa Tenla j
4 I\
[ lapameTphl cocTaBa Tena j
4 I\
BUOMMNeJaHCHbIE KoMnoHeHTbI cocTaBa Tena
napameTpbl Koppensrsi
CKOpoCTH N N
00MeHHbIX OTHOCUTENbHbIE AbconioTHble
MpoLieccoB 3HaueHMs KOMMOHEHT 3HaYeHnsl KOMMOHEeHT
cocTaBa Tena cocTaBa Tena
\§ L J
e N ([ N aYa N
%M, %TM, %CMM,
R, Xc, Z, @, %AKM, %MM, %0BO,
AR, AXc, AZ, Ag, 00 Y0O0. oY YOBHOK, %HOK, EI-{(I\I\/!I -LDIIIM CgIBl\gl’
AR/R, AXc/Xc, ! ’ KM, uTM, nCMM, BRH{ K)K !
AZ/Z, hply uAKM, nMM, n0BO, ’
N\ 2N O\ CIEES S L J

Puc. 2. CxeMa CONOAYMHEHHOCTM TEPMUHOB, UCMNOJIb3yeMbIX B BuomMnenaHCHOM aHanmse cocTaBa Tena.

Fig. 2. Scheme of hierarchy of terms used in bioimpedance analysis of body composition.
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BbIN0 NoCBALLEHO BOMbLLIOE YMCNO paboT: KaK METOAMYECKNX,
OMUCBIBAIOLLMX TEXHUKY W3MEPEHUI 3NIEKTPOMMIEAHCHBIX
CBOWCTB Bronornyeckmx 0b6bexkToB, buoduanyeckux — pac-
KpbIBalOLLMX 0COBEHHOCTM MeXaHU3MOB 3/1eKTPONpOBOAM-
MOCTM KOHKPETHbIX DMONOTMYECKUX TKAHEW, TaK U MeULIMH-
CKMX, CBA3bIBAOLLMX 3NEKTPOMMNEAHCHbIE CBOWCTBA TKaHei
¢ Gm3nonornieckumMmu U naToduU3noorMyecKUMM npouecca-
MW B OpraHusMe.

B 1925 r. 6binm onybamkoBaHel uccnegosanus . Opuke
(H. Frike) u C. Mopse (S. Morse) 0 AManeKTpUYeCcKUX CBOI-
CTBaX KNETOYHbIX CYCMeH3uiA; pa3paboTaHa Mofesb 3NEKTpU-
YecKoii MpoBoAMMOCTH KneTku. B 1935-1938 rr. onybnuko-
BaHbl pabotbl A. bapHetTa (A. Barnett) u C. Barto (S. Bagno),
MocBALLEHHbIE M3MepeHuio $as3oBoro yrna buonornyeckux
06BEKTOB, M3 KOTOPbIX BULHO, 4TO aBTOPbI BNALENM He To/b-
KO BUNONAPHLIM, HO U TPU- W TETPANONSPHLIM METOAOM W3-
MepeHus, Moy4anu YacToTHbIe 3aBMCUMOCTH (ha30Boro yria.

B CCCP B cepeanHe 30-x rogos b.H. TapycoBbiM Gbin
pa3paboTaH M Bbimyckanca Manon cepuen, a B 1939 r. 3a-
nateHToBaH npubop CT-1, npu noMoLim KoToporo onpefe-
NANM KO3QOULMEHT NONAPU3ALIMM KUBLIX TKaHE! (KoI(u-
LMEHTOM MOJNIAPU3aLMU Ha3BanM OTHOLLEHME 3NIEKTPUYECKMX
conpoTueneHnin Ha yactotax 10 u 1000 Kly). 3HaueHus
KoadpuumMeHTa Nonspu3aLmMm UCNoMb30BaUCh AJ1S NMPOrHo-
3MpOBaHWA NPUXKMBAEMOCTW TPaHCMAHTATOB, B YaCTHOCTH
pOroBMLbI FNasa.

B Hauane 1940-x rogos 6bim omy6nMKoBaHbI paboTh
K. Koyna (K.S. Cole) u P. Koyna (R.H. Cole) ¢ onucaHuem
YaCTOTHOM 3aBUCUMOCTM UMnNedaHca bronormyeckoro obbek-
Ta W ypaBHeHWs 3TOM 3aBMCUMOCTU. bonbluas cepus pabot
M0 YacTOTHbIM 3aBMCMMOCTAM OWOMMMEAAaHCHbIX CBOICTB
Bronoruyeckmx TkaHen bbina onybnmkosaHa B 1950-1970 rr.
X. WeaHoM (H.P. Schwan). B ero uccnegosaHusx Bnepsble
ONUCaHO pa3feneHne YacToTHOW aucnepcum 6UoNoruyeckux
TKaHeW Ha Tpu AuanasoHa — anbda (B HM3KOYACTOTHOM
Avana3oHe), 6eta (B paaMoyacToTHOM [Mana3oHe) U ramma
(B MMKPOBONHOBOM [iManasoHe).

CyLecTBeHHbIM 3TanoM B pa3paboTke TexHonoruin buo-
MMNeAAHCHBIX U3MepeHWn Obin nepexon 0T GUMONSPHBIX
(korga K ABYM 3NeKTpofaM NpUCOedMHAIOTCA W 3ajaloLas
TOK B 00BEKTE, M U3MEpSAIOLLAA NajieHUe HaNpSXKEeHUs Lienb)
K TeTpanonspHbIM (KorAa obe Lenu oKaHYMBalOTCA OTAENb-
HOW Mapoii 3NeKTpooB) MeToAaM u3Mepenus [3]. Tetpano-
NSAPHBIA METOA, U3MEpPEHUIA NMO3BONISET BbIYIEHUTL U YOpaTh
M3 WM3MEpPEHHOr0 COMPOTMBIEHUS COMPOTUBIIEHME KOXM,
yTo B 2—-2,5 pasa NoBbILLIAET YYBCTBUTENIbHOCTb U3MEPEHMI
1 no3BosiseT 060iTU PSA CUrHANOB, NOCTYNAKOLWMX C KOHTAK-
Ta 3/M1EKTPOA—KOXa, KOTOPblE BO MHOTUX KOHKPETHbIX CIy4a-
AX ManoUH$OPMaTUBHI.

MuoHepckumu B obnactu BMA ctanm pabotel A. Tomac-
ceta (A. Thomasset), onybnukoBaHHble B 1962-1963 rr.:
B HUX cofepiKancs pacyéTt 06bEMoB 06LLieii M BHEK/IETOUHOIA
YUAKOCTM OpraHu3Ma YenoBeKa Ha OCHOBaHUM U3MEPEHHbIX
3HaYeHMIn UMNEAAHCOB MEXAY KUCTbIO W AMaroHanbHo pac-
MOMIOKEHHOM cTonoi Ha yactotax 5 u 1000 klu [3, 4].
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JlanbHenwwume Lwarv no paspabotke 6GuoMMneaaHCHOM Tex-
HOJOMMM UCCNef0BaHNA COCTaBa TeNa YeloBEKa W BepudMKa-
LK1 BMOMMNEAAHCHBIX OLIEHOK COCTaBa Tefla NPUBENM K C03-
OaHWI0 CepUiHBIX BMOMMNEAAHCHBIX aHanM3aTopoB COCTaBa
Tena. Nepsbiii GMouMnesaHcHbIi aHanu3atop BIA-101 6bin
BbinyweH B 1979 r. amepukaHckoi dupmon RJL-Systems:
310 6bIn ofHoYacTOTHbIA (50 KI'L) M3MepUTeNb aKTMBHOMO
1 PeaKTUBHOrO COMPOTUBIIEHUS C UHAMKALMEN 3TUX JaHHbIX
Ha nepegHeit naHenu. Pacuét mapameTpoB cocTaBa Tena
NpOM3BOAMNCS BPYYHYl0 Nno dopmynaM u Tabnuuam. bonb-
LUMHCTBO COBPEMEHHBIX OMOMMNEeJAHCHBIX aHanu3aTopoB
COCTaBa Tesla NPOBOAAT U3MepeHUe COMPOTUBNEHMUIA Ha BYX
unm bonee YacToTax M ¢ NMOMOLLBIO COOTBETCTBYIOLLErO Mpo-
rpamMMHOro obecneyexus, BCTPOEHHOro B Npubop unu 3any-
CKAeMOro Ha NepcoHanbHOM KOMIMbKOTEPE, CaMOCTOSATESIbHO
paccyMTbLIBAKOT 3HaYeHWs NapaMeTpoB cOCTaBa Tena. Takue
npubopbl, KaK NpaBuno, CONPOBOXAAIOT pe3ynbTaTbl U3Me-
PEHUiA 1 pacy&ToB YKa3aHWEM AMana3oHoB HOPMaNbHBIX 3Ha-
YeHMM, YTO CyLLeCcTBEHHO obneryaeT paboTy Bpaya.

3AJAYU MELULIMHCKOM
AWATHOCTUKKU U CNOCOBbI
UX PELLIEHUA B TEXHOJ10M' UK
BUOUMIEJAHCHOIO AHAJIU3A

Bonee ueM 3a 40 neT ¢ Ha4ana UCNOb30BaHUA B MeAULIN-
He G1oMMNefaHCHBIX aHaNWM3aTopoB coCTaBa Tena chopmu-
POBaUCb OCHOBHbIE 06/1aCTU MPUMEHEHNS 3TON TEXHONOMUHU
1 HAMETUITUCb NePCNEKTUBHBIE HaMpaB/eHUs eé AanbHeliLle-
ro passutis. MiHbopMaums o cocTase Tena U MHTEHCMBHOCTH
0OMeHHBIX NPOLLECCOB HAaXo4MUT NPUMEHEHUE Ha BCEX 3Tamax
MeAVLIMHCKOW NPaKTUKU:

» B [MarHoCTUKE M OLiEHKe PUCKOB psfa 3aboneBaHuii;
 OLEHKe pe3epBHbIX BO3MOXKHOCTEN opraHu3ma, dusuue-

CKOr0 Pa3BUTUSA U YPOBHS TPEHUPOBAHHOCTU MbILLIEYHOM

CUCTEMbI YEJIOBEKa;
 npodunakTuKe 3aboneBaHmii (MOXKET NPOM3BOAUTLCSA OLIEH-

Ka 3 EKTMBHOCTM NPODUIAKTUYECKUX MEPONPUATUI);

* JledeHum (oN18 oLeHKM IPHEKTUBHOCTU NeyeHns 3abone-

BaHWM B LIEJIOM, a TaKxKe 3TamnoB neyeHus);

* Ha 3Ttane peabunurauum (oueHKa spdeKTUBHOCTH peabu-

JIUTALMOHHBIX MEPONpUSATUR);

B Na/MaTUBHOM NieyeHun (oLeHKa 3hEeKTUBHOCTM nan-

JIMATMBHOTO JIEYEHUS).

AnroputMbl guarHocTMku Ha ocHoBe BWA BrovaloT
aHanu3 o7 15 go 30 pacyéTHbIX NapameTpoB B 3aBUCUMOCTH
0T MOLENM Ucnosb3yeMoro aHanusatopa. PaccMoTpuM He-
CKOJTbKO BapUaHTOB NPUHATUS IUArHOCTUYECKUX 3aKITIOUEHUH
Ha ocHose BUA.

B npocreiiuem cnyyae aHanu3a, Hanpumep Npu auarHo-
CTUKE OXKMPEHMS, B OLEHKe J0CTaTOYHOCTM HENIKOBOro NuTa-
HWA W Op., anropuUTM MPUHATUA AMArHOCTUYECKUX PeLLEHM
TPMBUATbHBIA — CpaBHEHWE TEKYLLIEro 3HaYeHWs! OHOrO Ma-
pameTpa C ero NoporoBbIM 3HAYEHWEM M0 COOTBETCTBYIOLLMM
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WKanam (B JaHHOM Cnyy4ae — MpOLEHTa MPOBOW Macchl
1 aKTUBHOM KJIETOYHOI MacChl COOTBETCTBEHHO).

B oTaenbHbIX ciyqasx, HanpuMmep Npy OLEHKe pUcka Me-
TaboNM4eCKoro CMHAPOMA, aHaNM3MUpYeTCs CoBMageHue npe-
BbILLEHMI MOPOroBbIX 3HAYEHWN MO [BYM LLUKaNaM — WUHAEK-
cy Tanua—6€éapa v NPOLIEHTY KMPOBOM Macchbl.

Ha npakTuke aHanus coctaBa Tenia NpoMU3BOAMTCA NYTEM
M3YYEHWUA COOTHOLLEHMA MEX[Y BCEMM TEKYLUMMU 3HaYe-
HUAIMK, @ TaKKe MEeXAy MoporoBbIMU 3HAYEHUSIMU BHYTPU
OTAENbHBIX WKaN U MeXAy TEeKYLUMMU 3HAYEHUSIMU pasHbIX
napaMeTpoB cocTaBa Tena. Bo Bcex ciiyyasx npuHsTe auar-
HOCTMYECKMX 3aK/IOYEHWI NpeflyCMaTpUBAET COMOCTaBeHNe
[aHHbIX bMOMMMNenaHCHOro aHanM3a cocTaBa Tena C AaHHbI-
MU aHaMHe3a, ApYruX AUarHOCTUYECKMX UCCNEeA0BaHNN 1 U3-
BECTHBIMM Ha TEKYLUMIA MOMEHT (M3MONIOTMYECKUMM U NaTo-
Gu13nonormuecKuMmM cUTyaLmamm.

OueHKa cTaTyca NUTaHUA NaLuMeHTa

Ha cerogHawHui peHb Haubonee pacnpocTpaHEHHOe
W pasBuTOe HanpasneHue ucnosib3oBaHus BUA — oueHka
cTatyca nutakusa naumeHta. 06cTosTenbCTBa, NPU KOTOPbIX
BO3HWMKAeT He0bX0AMMOCTb OLIEHKW MUTaHMS, U KIIMHUYECKME
CUTyaLuuW, MpU KOTOPbIX BO3HMKAET Takas 3ajaya, Moryt
BbITb caMble pa3HoobpasHble.

[MHaMuuyeckue uccnefoBaHMsa cocTaBa Tenia, BXogslume
B AMETONOTUYECKME W (UTHEC-NPOTPaMMbl MO CHIKEHMIO
Beca M MOCTPOEHMI0 GUryphbl, COCTaBASAOT, N0 NpubAn3u-
TeNbHbIM OLIEHKaM, 0K0No 2/3 Bcex mpoeayp uccnepoBsa-
HWA cocTaBa Tena. BoctpeboBaHHOCTb 3TUX MCCNeLO0BaHMiA
0CHOBaHa Ha BbICOKOW pacnpocTPaHEHHOCTU M36bITOYHOrO
BECA M OXUPEHWA KaK Y MYIKCKOW, TaK U Y JKEHCKOW YacTu
COBPEMEHHBIX MOMYNALMIA Pa3BUTLIX CTpaH. [onynaumuoHHbIe
[aHHble N0 pPacnpoCTPaHEHHOCTU OXMPEHUS W U3OBITOYHOMO
Beca, Mosly4eHHble Npu 06ciej0BaHUM NPaKTUYECKU 3[0-
poBbIX rpaxaaH PO B ueHTpax 3poposbs B 2009-2012 rr.,
npencTaBneHbl Ha puc. 3 [5].

[pyn BO3LEMCTBUAX, HANPABNEHHbIX HA CHUMEHUE 3HAYEHMIA
abcontoTHBIX (Kr) u oTHocuTeNbHbIX (%) NoKasatenen XupoBom
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Maccbl, MHTEpBanbl MeXay MCCNeA0BaHUSMW COCTaBASAIKIT,
Kak npasuno, 3-5 Hepenb. IPPEKTUBHOCTL JIEYEHNS OLIEHM-
BaeTCS M0 CKOPOCTU CHIKEHWS KMPOBOM MacChl, COXPAHHOCTH
0eNKOBOro KOMMOHEHTA Macchl Tefla (aKTMBHOM KJIETOYHOM
Macchbl) U CHIKEHMI0 06'bEMa BHEKJIETOUHOM XULKOCTH.

HepenKo BO3HUKAIOT cUTYaLmK, TpedytoLLime U3bupaTenb-
HOM perynupoBKu 6ENKOBO MacChbl OpraHu3Ma Npu OTKIOHE-
HUAX OT HOPMbI: HaNpUMep, NpyU OHKONOrMYeckux 3abonesa-
HWAX, BOCCTAHOBJIEHUM NOCIE HEaAEKBATHON BEreTapuaHCKoM
OVeTbI, Nocne AUTENLHOrO 00e3ABUKMBaHMA NPU TpaBMax
U XMPYPrMYECKMX BMeLLaTeNIbCTBaX, NpU HapyLIeHMsX Bca-
CbIBaHWSA B TOHKOM KMLLIEYHWUKE, NOC/Ee 0OLLMPHBIX pe3eKumii
CErMeHTOB KMILEYHMKA, NPU JIeYeHUM MaHKpeaTuToB, Mo-
CNeACTBMIA OTPaB/IEHMIA W Np.

BoccTaHoBneHMe cKeneTHO-MbILLIEYHOM U BeNKoBOI Mac-
Cbl NpeACTaBNSEeT 3a4auy, TPYAHOBbINOHUMYIO 6e3 KOHTpoNS
MPOMEXYTOYHBIX Pe3yNbTaToB, NOCKOSIbKY OCHOBHBIMM B 3TOM
cnyvae aBnsoTcA Bolbop cnocoba neyeHus u nopbop nuta-
HWA, Hanbonee 3EKTUBHOrO )1 KOHKPETHOTO NauueHTa
B TEKYLLEN KITMHUYECKOW CUTYaLIMN.

OueHka cTaTyca NUTaHMA NauMeHTa UMeeT 3HauyeHue
ANS NPOrHO3MpOBaHMA TeuyeHWs 3aboneBaHuii, nopbopa
cnocoboB NeyeHns (B TOM YUCIE XMPYPTUYECKMX, XUMUOTE-
paneBTUYECKMX, NYYEBBIX) C TOYKW 3PEHUA LOCTATOYHOCTY
MMEHLLMXCA PECYPCOB OpraHW3Ma.

OueHKa cTatyca ruaparauum opraHusMa

BbisiBneHWe HapyLUeHWI ruapaTaumMm — OfHO W3 MepBbiX
0nMcaHHbIX B MEAMLIMHCKUX NybBnmKaumsx npumeHenuii BUA.
B coBpeMeHHbIx MeToankax BWA npuHaTO paccMatpuBatb
criegytoLme BUAbI OLEHOK ruapaTtauuy:

* VMHTErpanbHble, T.e. XapaKTepHble A8 0praHu3Ma B Lie-
NOM, WM JIOKanbHbIe, HaNpUMep B rofieHu [6], Ha yuacTke
C/IM3UCTON 000104KK AecHbl [7];

* 10 MHTEPECYHILLEMY HUIKOCTHOMY CEKTOpY (KOHEYHOCTH, Fo-
J0BbI U T.4.) — BHEKNETOYHbIE, BHYTPUKIETOUHbIE, 0bLLMe.
[ins obbACHeHMS 3afepPIKKM KMOKOCTU B OpraHus-

Me W3BECTHO MHOXKECTBO 0OCTOATENbCTB, CBSI3aHHbIX

O U36bITOYHBIN BEC
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Puc. 3. l'padukn pacnpocTpaHEHHOCTM M3OLITOYHOMO BECA U OXMPEHMUS Y MYMCKOM (a) U XeHcKoii (b) yacTv nonynsumm Poccuickoii
®epepaunn. Oanuble 2010-2012 rr. Cronbuky co CNAOLIHOM 3aKPacKoW COOTBETCTBYIOT OLEHKE MpoLeHTa obcnefoBaHHbIX rpaxaaH

C OXXMPEHMEM, He3aKpalleHHble — C M36bITOYHBIM BECOM [5].

Fig. 3. The prevalence of overweight and obesity in the male (a) and female (b) parts of the Russian population. Data for 2010-2012.
Bars with solid shading correspond to the estimate of the percentage of surveyed citizens with obesity, open ones — with overweight [5].
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¢ 3aboneBaHWAMM, HECTaHAAPTHLIMW BHELUHUMU YCOBUAMM
(Hanpumep, NoBbILLIEHHas TeMNepaTypa BO34yXa) UM Pexu-
MOM NuTaHus (ynotpebneHne B NULLY NPOAYKTOB, COAEpIKa-
LLMX MHOTO NOBAapEeHHO conu). [N NoKanbHbIX OTEKOB Yallle
BCEro NpUyMHamMu BbIBAKOT annepryeckme peakLum, TpaBMbl,
a TaKe BOCManuUTeNbHble 3aB01eBaHMs KOXM, MOSKOXHBIX
Xenes u ap.

B nutepatype 3HauuTenbHoe uucno paboT MocBALLEHO
HapyLleHuaM obLuen rugpataumn, U Aaxe JoKanbHble W3-
MEpPEHMS YacTo MCMONb3YHT 1A NOJTyYeHWs OLEHOK 00LL el
ruapatauun. Spkuii npuMep — METOAMKY, NPeAIOKeHHbIE
ONA reMofManvsa U KapAauopeaHMMauuu, O0CHOBaHHblE Ha
M3MEepEHUAX CONPOTMBNIEHNA rofieHu [6, 8].

OueHKa rugpaTaumm opraHuama C pasfebHbiM Bblunc-
NIEHWEM KJIETOUHON U BHEKJIETOUHOM KMAKOCTU CTaHOBUTCA
HeoTbEMIIEMOW YaCcTb TeXHONOrMM reMoamnanusa. Ha ocHoBe
3TUX OLEHOK BbIYUCTIAKT CYXOW BeC U 00BbEM NpeAcTosLLEN
ynbtpadmnbTpaumm [9-12]. B pacuétax 06bEMa ynbTpadunb-
TPaLMK MHOT LA UCMOMb3YHT aNrOPUTMbl PACYETOB, HE YYUTbI-
BalOLLME POCTO-BECOBbIE M3MEPEHMS, @ OCHOBaHHbIE Ha Xa-
PaKTEpPHOM /18 AaHHOTO NaLMEeHTa B YCNOBUSAX HOpPMaJlbHOV
rmapatauuy COOTHOLLEHUN BHE- W BHYTPUKIIETOUHOM Win 06-
LLe# KMAKOCTH.

OueHka MMHepaﬂbHOﬁ Maccbl opraHu3ma

KonuyecTBeHHbIE OLEHKM MUHEPANbHOTO KOMMOHEHTa
KOCTHOW Macchl MCMONb3YIOTCA NpU SUArHOCTUKE OCTEOMNEHUH
1 0CTeonopo3a, BocTpeboBaHbl BO MHOTUX MPUKNIAAHLIX Me-
LVLMHCKUX TEXHOMOMUSIX, HanpUMep Npu NpOrHO3MpoBaHUU
MPUKMBAEMOCTV UMMJIAHTATOB B CTOMATONOrMW. AnbTepHa-
TMBOM TexHonorun BUA B aToM cnyyae MoryT 6bITb HEKOTO-
pble Jy4eBble MeTO[bl — PEHTrEHOBCKas [LEHCUTOMETpUS,
KOMMbloTepHas ToMorpadus, T.e. CyLlecTBEHHO MeHee pac-
NpOCTPaHEHHbIE, bonee [oporve U UMEKILLME OrpaHUYEHMS
W3-3a JTy4eBOM HarpysKu.

B EMA B03MOXHOCTb OLEHKM MWUHEpanbHOM Macchbl no-
ABUNacb CpaBHUTENbHO HeaasHo. B 2002-2003 rr. Z. Wang
¢ coaBT. [13-15] onybnuKoBanu LECTUKOMMOHEHTHYIO
MOAENb COCTaBa Tefla, B KOTOPOM OAHWUM M3 KOMMOHEH-
TOB Dbl MUHEpanbl KOCTHbIX TKaHen. B 2012 r. B.R. Patil
c coasrT. [16] onybnmkoBann $hopMyny OLEHKW MUHepasib-
HOM Macchl KOCTHbIX TKaHei no gaHHbiM BUA, paspabo-
TaHHYI0 N0 pe3ynbraTaM BUOMMMNEAAHCHBIX U LeHCUTOMe-
TPUYECKUX MCCNIEAOBaHWIA B IPpynne B3pOC/bIX UHAWMLEB,
aB 2019 r. LW. Lee c coasr. [17] npoBenu aHanormyHyto
paboty B rpynne 6—12-netHux geten. CerofHa MHorue
COBPEMEHHbIE aHANM3aTOpbl COCTaBa TeNla ye copepar
(opMy”bl OLEHKU MUHepanbHoM Macckl. CriesyeT NOMHUTB,
UTO MMHepasnbHas Macca, KaK W ocTainbHble NapaMeTphbl co-
CTaBa Tefa, OLEHMBAETCA He HanpsMyio, a N0 perpeccuoH-
HbIM (OpMy/naM Ha OCHOBE 3HA4YeHWI COMPOTUB/IEHMIA pocTa
M BECA WM YXKe pacCUMTaHHbIX 3HAYEHUN OpYrux napame-
TpoB cocTaBa Tena. KocTHas TKaHb UMEeT MeHbLUee 3Haye-
HWe NPOBOAMMOCTH, YeM MbILLIEYHASA TKaHb, TKaHb BHYTPEH-
HWUX OPraHoB W T.A., U BKNa KOCTHOM TKaHW B U3MepsieMoe
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3Ha4eHWe MMMefaHca MUHUManeH. TakuM obpa3soM, Hanbo-
lee KOPPEKTHO KONIMYECTBO MUHEpasbHOI Macchl, bonbLuas
4acTb KOTOPOM MPUXOAMTCSA Ha MUHEPaNbHYI0 Maccy KOCT-
HbIX TKaHel, byLeT onpeAensTbCs y FapMOHUYHO Pa3BUTbIX
nopeii. Mo-suaumomy, B fanbHeiwem notpebyercs paspa-
BoTKa cneuranuanpoBaHHbIX (OPMYN OLEHKU [ pasHbIX
rpynn nauueHToB.

OueHKa npeACTapTOBOM FOTOBHOCTH,
¢m3nyeckoro pasBuTMs U YpOBHS
TPEHUPOBAHHOCTM MbILLEYHOI CUCTEMDI
cnopTcMeHa

CywuecTBeHHas 4acTb BCEX 3KCMIyaTMpyeMblx buonM-
NeJlaHCHbIX aHanM3aTopoB COCTaBa Tesla MCMOJb3yeTcs
B CMOPTUBHOW MefMuMHE U QUTHECe: MO HEKOTOPLIM OLEH-
KaM, 8o 25%. AHanu3 cocTaBa Tesla CMOPTCMEHA UHTepecyeT
TPEHEPOB W CMOPTUBHBIX BPayel KaK TEXHONOMUSA, No3Bosis-
I0LL,a8 NPOrHO3MPOBATb YCMELUHOCTb €ro BbICTYMIEHUS Ha CO-
peBHOBaHusAX. /3BecTeH psaa paboT Mo oueHKe cocTaBa Tena
BbIJAlOLLMXCA CMOPTCMEHOB, Npu3époB OMUMMMACKUX urp
1964 . B Tokuo, 1968 1. B Mexuko [18]. B Te roabl 0CHOBHbIM
METO/0M pacyéTa NapaMeTpoB COCTaBa Tena bbiu aHTpono-
METPUYECKME U3MEPEHUA.

BuvonMneaaHcHas TexXHOMOrMA OLEHKM CocTaBa Tena cos-
Aana npeanochlIKK AN cucTeMaTtuyeckoro obcnegoBaHms
CNOpTCMEHOB Ha (OHEe TPEHUPOBOYHOTO NpOLEcca C BhisBne-
HWEM KOMMJIEKCa 3HaYMMBIX AfS NPOrHo3a YCMeLwHoCTH Bbl-
CTYNIeHWUA NapaMeTpoB, BbISIBNIEHNEM UHTEPBAJIOB TUMUYHbIX
L5 KOHKPETHOrO CIOpTCMEHA 3HaYeHMin NapaMeTpoB cocTa-
Ba Tena. ABTopbl HEOHOKPATHO Ncanm o crocobe nocTpo-
€HUS MHOMBUAYaNbHbIX KOPULOPOB HOPMabHbIX 3HAUEHWH
TPEX OCHOBOMOMAraloLLMX AN OLEHKW NpefcTapToBOH ro-
TOBHOCTW CMOPTCMeHa napameTpoB — ($a3oBoro yrna, 4onm
CKENETHO-MBILLIEYHOI Macchl B TOLLEI Macce M 0U XUpo-
BOM Macchbl B 06Len Macce [3-5].

N3BecTHO, 4T0 B UTHECE abCONIOTHOE OOMbLUMHCTBO
noceTutenen KnyboB Ha nepeBoe MeCTO MO 3HAYMMOCTU
CTaBAT CIeAYHLLME LIeNIU: CHUXKEHWE UPOBOM Macchl, Ha-
paLuMBaHUe MBILIEYHON MacChl, MOBbILIEHUE CKOPOCTU 06-
MEHHBIX MPOLLeccoB. 3a 3TUMU U3MEHEHUAMU, NOATBEPXK-
AaowmMu 3G HEeKTUBHOCTb TPEHMPOBOYHOrO MnpoLecca,
ynobHo HabnopaTtb ¢ noMowbio BUA: yxe B nepBuyHOM
MPOTOKONE MOXHO HalTU OLLEHKM KWMPOBOM MacChl, CKe-
NeTHO-MBbILLEYHON Macchl, hasoBoro yrna. ®asoBblil yron
KaK KOppensT CKOpoCTU 0OMEeHHbIX MpoLeccoB B COBpe-
MEHHOI CMOPTUBHOW MeAMLMHe UCMOMb3YeTCs yYalle, YeM
OCHOBHOIi 06MeH [3].

OueHKM acMMMETPUM NapHbIX OpraHoB
U KOHeYyHocTen

Wcnonb3oBaHMe NOAMCErMEHTHBIX OMOMMMEAHCHbIX
TEXHOMOMMN [AET BO3MOXHOCTb AOMOSIHUTENBHO K MOKa3a-
TENIAIM COCTaBa BCEro Tefla Ha MOMEHT UCCefoBaHus (M
K M3MEHEeHWsIM MoKa3aTeneli CocTaBa B iUHAMUKe) NOoJy4uTh
MHbOPMaLMIO 0 COCTaBE HECKOJBKUX KPYMHbIX PErMoHOB
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Tena — TYNOBWLUA, KOHEYHOCTEN, B HEKOTOPbIX Cydasax —
ronioBbl W Weu, abaoMUHANBLHOW UM TOpaKanbHOM YacTein Ty-
NOBULLA, FOJIEHEN, NpeanneYmi, nanbues [3, 4].

OnucaHue pasnUyHbIX MPUMEHEHWA MOSMCErMEHTHbIX
TEXHOJIOMMiA BCTPEYAETCA B MEAMLIMHCKMX MYBNMKaLmMaAX 3Ha-
UMTENBHO peXke, YeM WHTErpasbHbIX, 0HAKO B HacTosLlee
BpEMS MOJIMCErMEHTHbIE TEXHOMOMMM CTaHOBATCS BCE bonee
BocTpeboBaHHbIMU. M3BeCTHBI paboTbl N0 OLEHKe acuMMe-
TPUM TKAHEN KOHEYHOCTE Y NPodecCMoHanbHbIX CNOpTCMe-
HOB, BbINOJIHEHHbIE NPU MOJIMCErMEHTHBIX WUCCEL0BaHMAX
[19]. BbisiBneHo, 4To paboyas acMMMETpUS KOHEYHOCTEWH
dhopMupyeTca y TEHHUCUCTOB, KONbeMeTaTenen U GexToBanb-
LUMKOB. MOXHO MpeanonoXuTb, YTO CYLIECTBYIOT U Apyrue
BMAblI CMOpTa, Bbi3blBaloWue (OPMUPOBAHME acCUMMETPUM
Pa3NMYHbIX Y4acTKOB Tena.

B tpaBmatonoruu (He TONbKO CMOPTUBHOMW) acUMMETpPUSA
MnoKasaTtenei ruapartauum KoHeyHocTel GpopMupyeTcs B pe-
3ynbTaTe ylmMboB, paHEeHWUH, OJIUTENbHBIX U MHTEHCUBHbIX
MepeXaTuid, PacTsIKEHWIA, NEPEsIOMOB, BbIBUXOB, XUMMYE-
CKMX W TEPMUYECKUX BO3JEWUCTBMIA, annepruyeckux 0TEKOB
M COBCTBEHHO XMPYPru4ecKvx BMeLLaTenscTB. Bocnamu-
TeNbHbIE NPOLECCH COMPOBOXAAIOTCA NOKANbHBIMU U UHTE-
rpanbHbIMU U3MeHeHUAMU rugpataumum. Kak npasuno, 3tn
M3MEHeHUs OLeHMBAIOT MO acKMMETPUM pacnpefeneHus
BHEKJ/IETOYHOMN KUAKOCTU PervoHoB. YnobHo ons 3Tux Le-
neit UCnonb30BaTb 3HAYEHWS MPOLIEHTHOrO BbIPAXEHUS
acummeTpum: [(AMax - AMuH) / AMuH] x 100%, roe A — Te-
Kyllee 3HaueHusi napameTpa cocTaBa Tena MCCnegyemoro
napHoro pervoHa. CornacHo MHEHUSIM CMOPTUBHBIX BpaYen,
CropTCMeHa MOXHO BO3BpaLLaTb Ha TPEHUPOBKY B 06LLYIO
rpynMy Npu 3Ha4YEHUAX aCUMMETPUM M0 BHEKIIETOUHOM XA -
KOCTM HWXHUX KOHEYHOCTEH, He npesblwaowmx 2-2,5%.
MakcumanbHoe 3HayeHue acMMMETPUM BEPXHUX KOHEUYHO-
CTel, KOTOpoe aBTopbI Hab/loaanu Npu Kpall-CcMHApPOMe, Co-
ctansno 1100%: conpoTMBneHne OJHOM PyKW COCTaBIANO
300 Om, a ppyront — 25 Om.

MpeLnpUHAManUCL NONbLITKW UCCe0BaTh He TOMbKO KO-
HEYHOCTH, HO M HEKOTOPLIE HApYKHbIE W BHYTPEHHWE NapHble
OpraHbl, HanpUMep MoJOYHbIE Xenesbl U Nérkue. B HacTos-
Liee BpeMs Ans UCCNeA0BaHUA MOJIOYHBIX enes be3 nyye-
BOW Harpy3KW MUCMOMb3YHT YCTPOUCTBA 3NEKTPOUMNEAAHCHOI
TOMOrpaduu: HanpuMep, 0TEYECTBEHHBIN 3IEKTPOUMMEeSaHC-
Hblii MaMMorpad M3M (MHCTUTYT pamuOTEXHUKM W 3NEKTPO-
Huku uM. B.A. KotenbHukoBa PAH u 000 «MMnepaHcHble
MeJMUMHCKME TEeXHONOrMU»). W3BECTHbI OTeYeCTBEHHbIE
nybAMKaLmMm No UCMoNb30BaHUIO ANEKTPOUMIELAHCHOIO MC-
CnefoBaHus CTPYKTYpbl nérkvx [20, 21].

Ecnv He npeTeHRoBaTb Ha CTPYKTYpHble WCCleaoBa-
HWSA BbILLIEYNOMSHYTbIX OPraHoB, TO B JIEFKMX MPW MOMOLLY
CTaHAapTHbIX yctponcTte BUA MoxHO oueHuBaTb M3MeHe-
HWSA rMapaTaumm B JMHAMUKE, aCUMMETPUI0 X ruapaTaumm
AN CpaBHMBATb YPOBHM MMApaTaLMU BEPXHE U HUXKHEN yac-
™M nérkoro [21, 22].
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ﬂ,MHaMM‘IeCKMe uccnenoBsaHmna cocraBa Teia

MpenMeTOM NpUCTaNbHOMO BHUMAHMS NeYallMX Bpayen
B HacToslLLiee BpeMsI ABMIAIKOTCA CKOPOCTb U HanpaBfieHHOCTb
M3MEHEHMIA 3HAaYEHMII KOMMOHEHTOB COCTaBa Tesia U bruouMm-
NeJaHCHbIX MapaMeTpoB KaK Yy 3[0POBbIX JIUL, B NOMYNALMK,
TaK U Npy KoHTpone 3QPEeKTUBHOCTM JieUeHus.

CpefiHWe CKOpOCTM BO3PACTHBIX M3MEHEHUIA 1S MYMCKOIA
W XKEHCKOM YacTu nonynsaumm PO MoxHO oLeHUTb Mo rpadu-
KaM COOTBETCTBYIOLLMX NapaMeTpOB, NPUBEAEHHBIM B OTeYe-
CTBEHHbIX NOMYNALMOHHBIX MccneaoBaHmsx [3, 5]. Oxupaemo,
MaKCHUMarnbHble 3HAYEHWUS! CKOPOCTEN U3MEHEHMs MapaMeT-
pos BMA MoxHo HaiiTi y noapocTkoB oboero nona.

C MeoMUMHCKOW TOYKW 3peHus, HaubonblUMn UHTepec
NPeACTaBNSAOT HEMHOTOUUCIIEHHbIE [aHHble [A0CTOBEPHbIX
OLEHOK M3MEHEHW COCTaBa Tesla Ha PasfiMyHbIX 3Tanax
3aboneBaHuit U B pasnuyHble nepuoabl NevebHoro npo-
uecca [3, 4. Tak, cpegHen CKOPOCTbH) CHUMEHWUS XUPOBOWA
Maccbl NpU MCMOMb30BaHUM AMETONOrMYECKUX NPUEMOB
npuHaTo cumtath 0,5 Kr/Hep. B aKcTpemanbHbIX cnyyasx
MOXHO Habnoaath M bonee BLICOKME 3HAYEHWS: HanpuMep,
2,0-2,5 Kr/Hep. BecbMa Mea/ieHHO U3MEHAKTCA TakKe 3Ha-
UeHUst aKTUBHOWM KJIETOYHOM, CKENETHO-MBILLEYHOM MacChl
¥ MUHEpanbHOM YacTW KOCTHOM TKaHMW.

HanpotuB, M3MeHeHMs XMOKOCTHBIX CEKTOPOB, 0CO-
BEHHO CHKEHWE 0OBEMA BHEKIETOYHOW KWMAKOCTM, MOFYT
[EMOHCTPUPOBATL BbICOKWE CKOPOCTW KaKk B xode 3abone-
BaHWW (Xonepbl, AMapen Apyrux 3TMONOTWM), Tak U B KOH-
TPOAMPYEMbIX Nle4ebHbIX BO3AENCTBUAX (NaBa, NpuMeHe-
HME OUYPETUUECKUX CPEACTB B KApAMONOrMYECKOH NpaKTUKe
W Npu OTEKe NErkux, 3abop nnasmbl B reMoguanuse). Boc-
MONHEHWUE 00BEMOB XUAKOCTHBIX CEKTOPOB TOXE NPOMCXOAUT
OTHOCUTENIbHO BbICTPO. 34ech MOXKHO HabntoaaTtb CKOpPOCTH
nopsiaKa eavHUL, IMTPOB B Hac [3].

Eweé bonee BbICOKME CKOPOCTW MMEKT nepepacnpefe-
NleHUsi BEHO3HOW KPOBW MEXAY Y4acTKaMu BEHO3HOrO pycna
B X04€ (M3MUECKUX Harpy3oK U U3MEHEHMIA No3bl (opToCTa-
TMYECKMX, NOCTypanbHbiX). Mpu BecbMa HebonbLUMX 06bE-
Max, COCTaBSOLLMX LECATKU MUNSUIMTPOB, 3T U3MEHEHMS
MOrYT NPOMCX0AUTb 33 CeKyHAbI [4, 23]. YacTo uncneHHble
OLIEHKM TaKMX NPOLIECCOB BbIMOJHAKT Ha OCHOBE AaHHBIX OT-
HOCUTESIbHOTO M3MEHEHWS 3HAYEHWIN aKTUBHOTO COMPOTMB-
NeHUst UNM MOAYNS UMMeAaHca COOTBETCTBYIOLLEr0 PermoHa
UAM TPYNMbl MbILLLL.

[lnHaMuyeckue uccnenoBaHnA NOKanbHOIO
KpoBeHarnoJiHeHUA

B npouecce xu3HeaeATeNbHOCTU YeNOBEK 3@ CYTKU MHO-
TOKpaTHO M3MEHSIET MOJOXEHWe CBOEro Tefla B MpOCTpaH-
cTBe (OpTOCTaTUYECKME BO3AENCTBMS), U3MEHSIET NONIOXKEHWE
yacTen Tena (nocTypasbHble BO3LENCTBUS), CHUMAET THaHU
Tena 0 BHELUHWEe NMpeaMeTbl Noj AEACTBUEM CUIIbI TSIKECTH,
MHEpLMM W HanpsiXeHUsi CODCTBEHHBIX MbILLL, (MpeccopHoe
BO3/E/CTBME), MEpPEeXMMaeT BEHO3HOe pycno b6e3 nepe-
KaTua apTepuanbHoro (OKKIIO3WOHHOE BO3AeicTBKe). Bee
NepeMeLLEHNst B MPOCTPaHCTBE MOrYT paccMaTpuBaThbCs
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Kak nocnefoBaTenbHOCTb [AMHAMUYECKUX UM CTaTUYECKUX
usnyeckux Harpy3ok. [pu Bcex ynoMsHyTbIX BO3AENCTBM-
fIX, @ TaKKe MpY pasnnyHbIX BO3LENCTBUSAX LPYron Npupofbl
KPOBb YaCTWYHO MepeMeLLaeTcs M3 OJHMX Y4aCTKOB BEHO3-
HOro pycna B Apyrie 1 BO3BPALLAETCS B HUX. 3TW npoLecchl
COMPOBOXAANTCA U3MEHEHNAMM 3NEKTPUYECKOTO COMPOTHUB-
NEHUS Y4aCTKOB, 3a/eiCTBOBaHHbIX B NepepacnpeseneHni
BEHO3HOW KPOBM, MOCKONbKY MPOMCXOAAT U3MEHEHUA MIio-
Waan norepeyHoro ceveHus cocyaucroro pycna. Cnepo-
BaTeNIbHO, MO U3MEHEHWUAIM COMPOTUBIEHUS MOXHO CyAuUTb
06 06bEMax nepepacnpeeneHuii KpoB.

/3MepuTb M3MeHeHMs 3NEKTPUYECKOro COMPOTUBMIEHNSA
Y4aCTKOB TKaHeW OpraHu3Ma MOXHO CnefyrlowmMn cnocoba-
MM: Cpa3y B HECKONIbKMX PervoHax — MyTEM MCMOMb30BaHUA
CTaHAAPTHbIX MOSIMCETMEHTHBIX CXEM HaNOKEHWUS! NEKTPO/OB;
B 0JHOM perMoHe — NPy MOMOLLM WHTErpanbHOro pexuMa
aHanusatopa. [lns aToro yctaHaBnMBaloOT ABE Napbl TOKOBBIX
W NOTeHLMaNbHBIX 3NIEKTPOL0B B HENOCpeACTBEHHO ban3ocTn
0T M3y4aeMoro y4actka. MoxHo, yCTaHOBMB Mexay napammu
TOKOBBIX M NOTEHLMANbHBIX 3IEKTPOLOB 0ANHOYHbIE NOTEHLN-
anbHble 3NeKTPOAbI, pPasbuTb NPOACILHO U3MepsEMbIid 06BEKT
Ha HeCKOMbKO coCTaBAsOLMX. [TpuMepoM npuUMeHeHWs 3Toro
NPMEMa MOXET CYXWUTb MCCNef0BaHNE M3MEHEHW KpoBe-
HanoNHeHWUA COCYAMUCTbIX BacceitHOB ronoBbl U TOPaKasbHOM
4acTy TyNOBMLLA C O[JHOW CTOPOHBI U HOT BO BPEMsi BpaLLieHMs
UCMBITYEMBIX Ha LieHTpUdyre KOPOTKOro paguyca [23].

3AKJIKYEHUE

B oTeyecTBeHHbIX NybAMKALMAX, ONMPaOLLMXCA Ha
pe3ynbTatbl BUOMMNESAHCHBIX MCCNef0BaHuUi, NocneaHue
30 net HabniopaetcA MHoroobpasue CUHOHMMMYHO WC-
MoJb3yeMbIX TEPMUHOB, HEKOTOPbLIE U3 KOTOPbLIX ABMSKITCA
HeKoppeKTHbIMU. Hanbonee BEpOSATHLIMUA MPUYUHAMU 3TOMO
ABNIEHWS MOXHO CYMTaTb PaspO3HEHHOCTL aBTOPOB U UCCHe-
[0BaTeNbCKUX IPynn, a TaKKe LUIMPOKOE pacrnpocTpaHeHue
ownboyHoro ynotpebneHus TepMUHOB B Cpefie MALMEHTOB,
Bpayel U UX MHTEpHET-co0bLLeCTBaX, HEKOPPEKTHbIE nepe-
BO/bl aHI0A3bIYHbIX TEPMUHOB.

HacTosTensHo peKoMeHayeTcs He UCMo/b30BaTb TEPMUHBI
«bronmMneaaHcoMeTpus» B 3HAYEHUM «BUOMMNEAAHCHBIN
aHanM3 cocTaBa Tefla» U «KOMMO3UTHBINA (KOMMO3ULIMOHHBIN)
COCTaB Tefla» BMECTO «COCTaB TeNan.

B HacToswwee BpeMs OMOMMNEAaHCHbIM aHaNM3 Co-
CTaBa Tefa — [AMHAMWYeCKU pasBuBatoLlasca 06nactb
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AHHOTAUMA

CbanaHCMpoBaHHbIA paLMOH MUTaHWUS U MPUEM BbICOKODENKOBBIX CMeLManu3vupoBaHHbIX MULLEBbLIX MPOAYKTOB WUrpaeT
KITHOYEBY0 POSib B PacLUMPeHUM afanTaLMOHHOrO MOTEHUMana CropTCMEeHOB U BIUAET HA 3QdEKTUBHOCTb TPEHMPOBOYHOTO
npouecca. OAHaKo He BCErfa paumoH MUTaHMSA, COCTAaBNEHHBIN U3 TPAAMLMOHHBIX MULLEBbLIX MPOAYKTOB, MOXET 0becneynTb
ajleKBaTHOE BbICOKMM (W3MOIOMMYECKUM MOTPEBHOCTAM CMOPTCMEHOB MOCTYN/eHWe Geslka, B CBA3W C YeM B psAae CiyyaeB
LienecoobpasHo BBeAEHNE BbICOKODEKOBbIX CeLMann3MpoBaHHbIX MULLEBLIX MPOLYKTOB.

CneuvanuavpoBaHHble NPOAYKTbI ANS CNIOPTCMEHOB NOAPA3LENAOTCA B 3aBUCUMOCTU OT KOMMOHEHTHOTO COCTaBa U WH-
AVBUAYanbHBIX QU3MONOTMYeCKNUX NOTPeBHOCTEN CMOpTCMEHa C YYETOM CMOPTUBHOI CneuManvsaum U ¢asbl CopTMBHOIO
LMKNa Ha BbICOKOOENKOBbIE, HENKOBO-YrNIeBOAHbIE, YINeBOAHO-0EKOBbIE, BbICOKOYINIEBOAHbIE; HAMUTKU YreBOAHO-MUHE-
panbHble, U30TOHUYECKME, TMMOTOHMYECKHME, a TakKe BUONOrMYeckm aKTUBHbIE 406aBKM K NULLE.

B cTaTbe npeacTaBneHbl 0CHOBHbIE MPUHLMMbI IPUMEHEHNS CMeLManU3VNPOBaHHbIX NULLEBbIX NPOAYKTOB B MUTaHUM CMOpPT-
CMeHoB. [pMBOANTCS KpaTKas XapaKTepucTuKa 6enKOBbIX KOMMOHEHTOB, Haubonee YacTo UCMO/b3YEMbIX B COCTaBE aHHOM
rpynnbl NpoAyKumu. MoKasaHo, 4To MPUEM BbICOKOOENKOBLIX CMeLManu3vUpoBaHHbIX MULLEBbIX MPOAYKTOB, COYETAIOLMX pa3-
NMYHbIE BUAI BENKOB, 06€CMeUMBAET He TOJIbKO MaKCUMaJTbHYH0 CKOPOCTb BOCCTAHOBUTETbHbIX MPOLLECCOB, HO U CTUMYNUpPYeT
aHabosMyecKue peakumm, HanpaBieHHbIe Ha YBEJIMYEHUE MbILIEYHOM Macchl TeNa, BIIUAS TeM CaMbIM Ha MOBILLEHWE Crop-
TUBHOIA Pe3yNbTaTUBHOCTH.

Menuko-6ronordyeckoe 060cHOBaHKe Npu pa3paboTKe peLienTyp MHHOBALMOHHbIX CMeLMann3vMpoBaHHbIX NULLEBbIX MPO-
[KTOB, OCHOBHBIM KOMMOHEHTOM KOTOpbLIX SBNIAETCS OeM0K, A0HO ObiTb BeAYLLMM (QaKTOPOM B UCMOJb30BaHUM CbipbEBO
W TeXHUYecKom 6asbl A5 3QPEKTMBHOrO NPUMEHEHUS B CUCTEME MOAMOTOBKU CMOPTCMEHOB.

KnioueBble cnoBa: cneunannM3npoBaHHbie NULLEeBbIE NPOOYKThI; benok; nuTaHue; CNOPTCMEHbI; BbIHOCJIMBOCTb; CKOPOCTHO-
CUNnoBble NMoKa3aTesin; CoCTaB Tena.
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ABSTRACT

A balanced diet and intake of high-protein specialized foods plays a key role in expanding the adaptive potential of athletes
and affects the effectiveness of the training process. However, a diet composed of traditional food products may not always
provide protein intake adequate to the high physiological needs of athletes, and therefore in some cases it is advisable to
introduce high-protein specialized foods products.

Specialized products for athletes are subdivided, depending on the component composition and individual physiological
needs of the athlete, taking into account sports specialization and the phase of the sports cycle, into high-protein, protein-
carbohydrate, carbohydrate-protein, high-carbohydrate; carbohydrate-mineral drinks, isotonic, hypotonic, as well as
biologically active food additives.

The article presents the basic principles of the use of specialized food products in the nutrition of athletes. A brief description
of the protein components most commonly used in this product group is given. It has been shown that the intake of high-
protein specialized food products that combine various types of proteins provides not only the maximum speed of recovery
processes, but also stimulates anabolic reactions aimed at increasing muscle body mass, thereby affecting an increase in
sports performance.

Biomedical rationale in the development of formulations of innovative specialized food products, the main component
of which is protein, should be a leading factor in the use of raw materials and technical base for effective use in the training
system of athletes.

Keywords: specialized food products for the nutrition of athletes; endurance; speed-strength indicators; body composition;
milk protein.
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BBEAEHUE

CbanaHcuMpoBaHHLIM paUMOH NUTAHUA M MPUEM BbICO-
KODEMKOBLIX CMEeLWanu3upoBaHHbIX MULLEBBLIX MPOAYKTOB
(CNM) wmrpaet KntoYeBylo ponb B paclUMpeHUn afanTaumoH-
HOro moTeHUMana CropTCMEHOB, BAMAS Ha 3 dEKTMBHOCTb
TpeHUpoBoyHOro npouecca. [na obecneyeHns asoTucToro
banaHca 1 ynoBneTBoOpeHns MeTabonMyecKkux noTpebHocTelk
MPW HW3KON U cpefHEN (PU3MYECKON aKTMBHOCTW [OCTaTOY-
HbIM CYMTAIOT NoTpedneHue benka B npepenax 1,03-1,34 r/kr
B CYTKW NSt MyUuH W 1,02=1,27 r/Kr B CYTKW LIS KEHLLMH
(1, 2]. MexpayHapogHoe 06LIECTBO MWUTaHWS CMOPTCMEHOB
(The International Society of Sports Nutrition, ISSN) pekomeH-
AYeT cnopTcMeHaM boNbLUMHCTBA BUOB CMOPTA eXeHEBHOE
notpednexue denka Ha yposHe 1,4—2,0 r/Kr B cyTKu, npu 60-
Jlee BbICOKMX 3HEproTpaTax BO BPEMS UHTEHCUBHBIX CUJIOBbIX
Harpy3oK Ha OMpefeNeHHbIi Nepuos MoXeT notpeboBaThbcs
OTHOCMTENLHO BbICOKOE MoTpebnenue benka — Ao 2,5 r/kr
B cyTku. OHaKo He Bcerga pauMoH MUTaHMUS, COCTaBMEHHBbIN
3 TPaAULMOHHBIX MULLEBLIX MPOAYKTOB, MOXET obecneuntb
nocTynnexue benka, afeKBaTHOE BbICOKUM (M3MONOrMYECKUM
NoTPebHOCTAM CMOPTCMEHOB, B CBA3W C YEM B psifie Ciyyaes
LenecoobpasHo BBeaeHMe Boicokobenkosbix CIIM [3].

N3MeHeHWe cocTaBa Tena 3a CHET CHUMKEHWS LLO/M KMPOBO-
ro v yBenmu4eHus 6e31poBOro KOMMNOHEHTa Macchl TeNa 4acTo
CBA3BIBAKT C yNyylleHneM dmsnyeckon pabotocnocobHocTU.
W3BectHO, yTo notpebneHne AONOAHUTENBHOMO KONMUYeCTBa
benka K paumoHy, obecneumBaloLLieMy a30TUCTOE paBHOBECHE,
MPUBOAUT K 3HA4YUTENIbHOMY MPUPOCTY MbILLIEYHOH MacChl Tena
Mo cpaBHeHuto ¢ nniauebo. Tak, no pesynbTaTam obcneoBaHmus
22 30,0pOBbIX MYXUMH nocne 14-HeaenbHoi NPorpamMmel CUio-
BbIX TPEHMPOBOK C BKtOueHWeM B paumoHb ClM, conepatumx
no 25 r 6enka wm yrneBogoB, NOKa3aHo, YTO 3HAYNUTENIbHOE
yBennyeHue 6e3KMpoBOI Macchl Tena U MnoLaau nonepey-
HOrO CeYeHMs MbILLIL, 33 CHET pocTa 06bEMA MbILLEYHBIX BOMO-
KOH KaK |, TaK u |l TunoB Habnoganock B rpynne, nosyyaBLuei
benok. Cooblyanock Takke, YTO B rpynnax fnL, Noay4aBLLInX
Bbicokobenkosble CINIM B nepuop, cMnoBbIX TPEHMPOBOK, NPO-
U30LWN0 YyBEnMYeHWe 6e3KMpoBOW MaccChl Tena B CPeAHEM
Ha 0,69 kr no cpaBHeHuto ¢ nnauebo [1]. B apyrux pabotax
MoATBEPXAAETCSA, YTO AOMOJHUTENbHBIA NPUEM Benka B Ko-
nnyectBe 15-25 r B 4—14-HepenbHblii Nepuog, TPEHUPOBOK
C OTArOLLEHNEM CMOCOBCTBYET POCTY MBILLEYHOM Macchl.

BbigBuHyTa runoTesa, Yto A8 3HauYMTENbHbIX M3MEHe-
HWIA ponu Be3xMpoBOK Macchl Tena noTpebneHune benka
LOJKHO NpeBbILLaTh 6a30BbIi ypoBeHb Ha 59%. Y toHMOpOB
npuém 20-30 r 6enka BbICOKOW BUMONOrMYECKOW LEHHOCTM
A0 WM 1ocnie YNpaXKHeHW CUNOBOI HanpaBfeHHOCTU OKa-
3blBancs A0CTaTONHbIM AN MaKCUMAnbHOW CTUMYAALMK
CMHTe3a MbllweyHoro benka. L.S. Macnaughton u coagr. [2]
YCTaHOBMW/IM, YTO AOMONHUTENbHBIA NpuéM 40 T benka B co-
CTaBe KOHLIEHTpaTa MOJIOYHOM CbIBOPOTKM 3HUMTENBHO YBe-
JIMYMBAET CMHTE3 MbILLEYHOrO besKa.
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PasnuuHble nuLieBble UCTOYHMKY Benka, Takue Kak coe-
BbI, FOBSXKMIA, AUYHBIN W 6EJTKM MOJIOYHOM CbIBOPOTKY, a TaK-
K€ 3CCEeHUManbHble aMUHOKMCIOTI U TMAPOAU3aThl KUBOT-
HbIX M pacTuTeNbHbIX 6eIKOB CNocobHbI aKTUBUPOBATL CUHTE3
MblLeYHOro 6enka. MakcuManbHas CTUMYNALMS MbILLEYHO-
ro aHabonM3ma 3aBUCKT He TOJIbKO OT 06LLEro cofiepiKaHus
3CCEHLManbHbIX aMUHOKUCIOT, HO U OT YacToThbl U LIUTENb-
HOCTU NOCTMPaHAUANbHOW aMUHOALMIEMUN.

B bonbLuMHCTBE MCCieAoBaHUN OLEeHMBaM 3G HEKTUBHOCTL
NpPMEMa TONBKO OJHOrO WUCTOYHMKA bBenka. B To e Bpems
PacTET YMCNO MCCNEeA0BaHUA, NOATBEPHKAAIOLLMX, YTO MPUEM
pa3nyHbIX HENKOB U3 HECKOSTbKUX UCTOYHUKOB MULLIEBBIX NPO-
LYKTOB MOXKET UMETb NPEUMYLLECTBO Mepef, eAUHCTBEHHBIM
UCTOYHUKOM. Hanpumep, 10-HegenbHoe uccnefoBaHue, npo-
BeaéHHoe C.M. Kerksick v coaBr. [4], npogeMoHcTpMpoBano,
yto KoMbuHauma 40 r MoONOYHOW CbIBOPOTKU M 8 I KasemnHa
B NEpU0[, CUITOBbIX TPEHUPOBOK AAET HanborbLUee YBeNMYeH e
Be3mMpoBOIA Macckl, onpefensieMoe C MOMOLLbI0 ABYX3Hepre-
TMYECKON PEHTTEHOBCKOM abcopbumoMeTpun, No CPaBHEHUIO
C KoMbuHaumei 40 r cbIBOPOTKM, 5 T rtoTaMuHa W 3 T passeT-
BIEHHBIX aMUHOKUCIOT WK NnaLedo (48 r ManbToaeKCcTpuHa).
YcTaHOBMIEHO TakKe, YTO CMeCh ChIBOPOTOYHOIO M COEBOro ben-
KOB M0 CPaBHEHWIO TOJNIBKO C CIBOPOTOYHBIM DEIKOM B H0Nb-
LLEN CTENeHW YBENMYMBANA CUHTE3 MbILLEYHON TKaHW [3, 4].

Pacnpenenenne BpeMeHu npuéMa Bbicokobenkosbix ClIM
B TEYEHWe CYTOK TaKKe MOXKET MOBMMATbL Ha afanTaumio K du-
3MYECKMM Harpy3KaM. YCTaHOBMEHO, YTO BO BpeMS NOCTNIpaHam-
anbHoi (hasbl NOBLILLAETCS CUHTES MbILLEYHBIX 6EMKOB, UTO NpU-
BOZMT K MOJIOXUTENBHOMY a30TUCTOMY 06MeHy. MccnepoBaHus
MOKa3bIBaIoT, YTO CMHTE3 MbILLEYHBIX DENIKOB BLICTPO NOBLILLAET-
€A 10 NUKOBLIX YpOBHeli B Teuene 30 MUH nocne npuéma ben-
Ka 1 NOAJEPKMBAETCA Ha TaKOM YPOBHE B TeYeHWe TPEX YacoB,
W panee BbICTPO HAUMHAET CHUKATBCA A0 6a30BbIX 3HAYEHMIA.
B yacTHocTH, nocne NpuéMa KOHLIEHTpaTa MOIOYHOM CbIBOPOTKY,
3KBMBaNEHTHOM 48 I 6enka, cKopocTb cuHTe3a MrodmMbpuansp-
Horo benka yBenuumBanack B 3 pasa B TeueHue 45-90 MuH, a 3a-
TeM Me[JIeHHO CHuanach Ao 6a3oBoro ypoBHs [4, 5].

TakuM 0bpa3oM, cbanaHcMpoBaHHbINA PaLMOH NUTaHUA U Npu-
ém CIM, coyetatowmx pasnmnyHble BUALI benkos, obecneunBaet
He TOMIbKO MaKCUMaJTbHO BbICTPOE TeYeHUe BOCCTAHOBUTENbHBIX
MPOLECCOB, HO W CTUMYNUPYeT aHaboNMuyeckue peaxumw, Ha-
MpaB/eHHbIE Ha YBENMYEHWE MbILLEYHOA MacChl TENa, BANSA TeM
CaMbIM Ha MOBBbILLEHWUE CMOPTUBHOM Pe3ymbTaTUBHOCTY.

HOPMATUBHAA [OKYMEHTALIUA,
PEFNTAMEHTUPYIOLLIAAA OBOPOT
CNELIMATUSUPOBAHHbBIX
MULLEBBIX NMPOAYKTOB

CornacHo FOCT 34006-2016", CMMN gns nutaHms cnoptcMe-
HOB MNOAPA3AeNaTCA B 3aBUCUMOCTM OT MHAMBUAYANbHbIX

1 TOCT 34006-2016. MexrocynapcTBeHHbI cTaHaapt. poayKuma nuLLEBas creumaniaupoBaHHas. MpoayKuma nuLLeBas AN NUTaHNA
cnoptcMeHoB. TepMuHbl U onpeaenenus. [lata seenenus: 2018-07-01. Pexum poctyna: https://docs.cntd.ru/document/1200145605.

[lata obpawenus: 06.02.2021.
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REVIEWS

u3snonormyeckux notpebHOCTel CMOPTCMEHA C YYETOM

CMOPTMBHOM Cneunanmsaumy U asbl CMOpPTUBHOTO LMKIA.

Ncxops M3 KOMNOHEHTHOTO COCTaBa BbIAENSAIOT CNeayloLme

suapl CIM:

1) BbicOK0GENKOBLIE MPOAYKTHI AN MUTaHWUSA CMOPTCMEHOB:
MPOAYKTHI, COCTOALLME U3 HEKOBBIX KOMMOHEHTOB KMBOT-
HOro M/UNK pacTUTENIbHOTO NMPOMCXOXAEHUS, C CoAepXka-
HueMm benka He MeHee 20% OT 3HepreTMYecKOi LeHHOCTH
MPOAYKTa, NPeAHasHayeHHbIe 1S MUTaHUs CNOPTCMEHOB
C Le/bi0 KOHTPONIA MBILLEYHOM W XUPOBOI Macchl Tena,
a TaKKe NOBbILUEHWSA CKOPOCTHO-CUIOBLIX MOKa3aTenen;

2) benkoBo-yrneBofHbIe MPOAYKTbI AN MUTaHWSA COPTCMe-
HOB: NPOAYKTHI, COAEpXaLLMe B CBOEM cOCTaBe beKoBbIe
W YrNeBoAHble KOMMOHEHTBI C nMpeobnafaHneM benkoBbIx,
NPUMEHEHWe KOTOpbIX CMoCoOCTBYeT YBENMYEHUO abco-
JIOTHBIX W OTHOCUTESbHBIX MOKa3aTeNen MbILLIEYHOM Mac-
Cbl TeJla CMOPTCMEHa U BOCCTAHOBJIEHUIO SHEPreTUMECKUX
PecypcoB OpraHu3aMa;

3) yrneBogHo-6enKoBble NPOAYKTHI ANS MUTaHUS CropTCMe-
HOB: NPOAYKTHI, COAEpIKaLLMe B CBOEM COCTaBe YrNeBoj-
Hble 1 benKoBble KOMMOHEHTLI C NpeobnagaHuem yrne-
BOZAHbIX, NPUMEHEHME KOTOpbIX crocobcTByeT bbicTpoMy
BOCCTAHOBJIEHMIO 3HEPreTUYECKUX PECYPCOB OpraHu3Ma
W YBENMYEHWIO abCOMIOTHBIX M OTHOCUTENBHBIX NOKa3aTe-
Neit MblLLIEYHOM Maccbl Tena;

4) BbICOKOYrNEBOAHbIE NMPOAYKTHI 415 MUTaHWSA CropTcMe-
HOB: MPOAYKTHI, COLEPKaLLMe B CBOEM COCTaBe CMeCb
yrnesofoB (80 95%) C BbICOKMM W/MAM HWU3KUM TJIMKE-
MWYECKUM MHLEKCOM, obnapaiolme NErkon nepesapu-
BAEMOCTbI0, HU3KOW OCMOJIANIBHOCTBIO, MPUMEHSIEMbIE
CMOPTCMEHaMM C LeIbI0 MOMOJIHEHUS! SHEPreTUHECKMX
PecypcoB OpraHu3ma;

5) yrneBoAHO-MUHEpanbHbIE HAMUTKU AN MUTaHUA CMOPT-
CMEHOB: HanUTKN U CyXue CMecu [NIA UX NONyYeHus, co-
[epxalime B CBOEM COCTaBe YrfeBoAHblE KOMMOHEHTH
W MUHeparbHble BELLECTBA — 3NEKTPonuThI (pacTBOpHU-
Mbl€ B BOZIE CO/IM OpraHUYECKMX U HEOpraHUYecKMX Kuc-
JIOT: XNOPUA Kanbums, GocdaTt KanbLys, LMTpaT HaTpus,
Xnopug Kanusi, pocdat MarHus), cnocobeTaytoLLme noa-
LEepXaHuIo BOJHO-3/IEKTPOIUTHOrO banaHca opraHnaMma;

6) W30TOHWYECKME HaMUTKU ANS NUTaHWA CNOpTCMe-
HOB: HanuTKK (BOAHbIE PacTBOPbI) C OCMONANLHOCTbH
270-330 mMOcM/Kr, cofiepallme B CBOEM cOCTaBe MU-
HepanbHble BELLEeCTBa (3NEKTPONNUTLI) U/UNK YrNeBOAHbIE
KOMMOHEHTBI, JOMYCKalLLmMe Hanuume 61onornieckm ax-
TMBHbIX BELLECTB, ynoTpebrieHne KOTOpbIX HampaBfieHo
Ha noajepxaHue banaHca XWUOKOCTM U MUHEPabHbIX
BELLECTB B OPraHU3Me;

7) TMNOTOHMYECKME HANMWUTKW JNS MUTaHUs CropTcMe-
HOB: HanuTKK (BOAHbIE PacTBOPbI) C OCMOANLHOCTbH
meHee 270 MOcCM/Kr, copepalume B CBOEM cOCTaBe
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MWHEpasnbHble BELLECTBA (3NEKTPONUTLI) U/WUNKN YrNeBoa-

Hble KOMMOHEHTBI, JONYCKALOLLME HanMuMe BUONOrMYecKu

aKTUBHbIX BELLECTB, ynoTpebieHne KOTOpbIX HanpaBeHo

Ha BbICTPOe BO3MELLLEHME NOTEPb XMAKOCTU U MUHEpaJTb-

HbIX BELLECTB B OpraHU3Mme;

8) buonormyeckn akTMBHbIE A0BABKW K MuLie Ans nuTa-
HUS| CMOPTCMEHOB: MPUPOAHBIE U/UNKM UAEHTUYHBIE NpK-
POAHbLIM BMONOrUYECKM aKTUBHLIE BELLECTBA, @ TaKXke
NpobroTMYECKUE MWUKPOOPraHU3Mbl, NpejHa3HaYeHHbIe
Ons ynotpebneHus 0JHOBPEMEHHO C MULLEN WM BBe-
AeHuns B coctas CIM, peiicTBUEe KOTOpLIX HanpaBfieHO
Ha aKTMBaLMIO MeTabosM4ecKMX NPOLLECCOB, NOBBILIEHME
afanTaLMoHHOro MoTeHUMana U/unm noBbiLeHNE BYHK-
LIMOHANbHOM aKTUBHOCTU OTAENbHBIX OPraHOB W CUCTEM
OpraHu3ma criopTcMeHa.

B 70 e BpeMs B KOHCEHCYCHOM 3asBieHUM MexayHa-
POAHOr0 0AMMNMIACKOro KomuTeTa (2018 r.) BblgeneHsbl cne-
LytoLLmMe TpynMbl NPOAYKTOB, HEYAAYHO UMEHYeMbIE NpU ne-
PeBOLE Ha PYCCKUM A3bIK «MULLEBBIMW A06aBKaMu» [6]:
(YHKUMOHanNbHbIE MPOAYKTLI; NPOLYKTHI, 000ralléHHbIe

L0NOSHUTENBHBIMU MULLEBLIMU BELLLECTBAMU UM KOMMO-

HEHTaMU, OT/IMYAIOLLMMMUCA OT UX TUMMYHOIO MULLEBOro

cocTaBa (HanpuMep, oboralléHHbIE MUHEpaNbHbIMK Be-

LecTBaMM W BMTAMMHaMW, a TaKXKe NpofyKThl, obora-

LEHHBIE MULLIEBLIMY BELLECTBaMM);

* roToBble nuweBble NpoayKTsl 1 CITM ans nutanms cnopt-
cMeHoB, obecneuynBatowme B bonee ynobHoW (opme
YCBOEHME MULLEBLIX BELLECTB (3HEPTWM) MO CPaBHEHMIO
€ 06bIYHBIMY NpOAYKTaMK (HAaNPUMeEp, XUAKWE 3aMeHuTe-
7N MULLKM) UAM BAIS UCNOSIb30BaHMSA BO BPEMS TPEHUPOBOK
(HanpuMep, CNOPTUBHBIE HAMUTKK, renu, DAaTOHUUKK);

 OTAENbHblE HYTPUEHTBI U OPYrue KOMMOHEHTbI MULLEBbIX

MPOAYKTOB UAM PacTUTENbHOTO Chipbs, NPeLCTaBNIEHHbIE

B M30JIMPOBAHHOM UM KOHLIEHTPUPOBaHHON HopMe;

»  MHOTOKOMIMOHEHTHbIE MPOAYKTLI, COAEPKALLME Pa3nuy-
Hble KOMOMHALMK HYTPUEHTOB, OMUCAHHBIX BbILLE, KOTO-
pble HaLUeNeHbl Ha oNpesenéHHbIe pesynbTarthl.

Mpn oueHke 6uonorvyeckon ueHHoctu CIIM cnepyet
OpPMEHTUPOBATbCA HA afeKBaTHbI W BEPXHWA [ONYCTW-
Mblii YPOBEHb MOTPEBNEHNS UX KOMMOHEHTOB, U3/I0XEHHBIN
B [lpunoxeHun 5 EAuHbIX caHuTapHO-3nupgemuonoruye-
CKMX M TMIMEHNYeCKVX TpeboBaHUN K NpoayKuum (Toapam),
noAJfiexaleil CaHUTapHO-3NUEMMONIOTMYECKOMY HaA30py
(KoHTponI0)2.

ApekBaTtHbIN ypoBeHb MOTpebneHus — ypoBeHb Cy-
TOYHOro NoTpebneHns NULieBbIX U BUONMOrMYECKU aKTUB-
HbIX BELLECTB, YCTaHOB/EHHBLIN HA OCHOBAHUM PaCYETHbIX
WA IKCNIEPUMEHTAJTBHO ONpeAeNiEHHbIX BESIMYMH UMW OLIEHOK
noTpebeHns MULLEBBIX M BUONOMMYECKM aKTUBHBIX BELLECTB
rPynnoiA/rpynnamn NpaKTM4ecKU 340POBbIX 04N, ANA KO-
TOpbIX JaHHOE NoTpebrieHue CUMTaeTCs afeKBaTHbIM.

2 EAMHble CaHWTapHO-3MWAEMUOSIOTMYECKME W TUTMEHMYeckue TpeboBaHMA K MpoAyKuM (ToBapaMm), MoAJIeXalled CaHMTapHo-
3NMAEMNONOTMYECKOMY Hafi30py (KoHTposio). YTB. Pewwennem Komuccumn TamoxkenHoro coto3a ot 28 mast 2010 . N° 299. Pexxum poctyna:
https://eec.eaeunion.org/comission/department/depsanmer/sanmeri/p2299.php. [lata obpalenus: 06.02.2021.
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BepxHuin ponycTuMblic ypoBeHb NoTpebneHus — Hau-
DosbLLMIA YpOBEHb CYTOYHOIO NOTpebneHUs NULLEBLIX U buo-
NOTUYECKM aKTUBHBIX BELLECTB, KOTOpLIA He NpeAcTaBnseT
0MacHOCTW pa3BuTUs HebNaronpuATHLIX BO3LENCTBUA Ha No-
KasaTeNin COCTOSHMS 3[0POBbS MPaKTUYECKM BCeX MpeAacTa-
Buteneit nonynsuuu. Mo Mepe ysennyeHus notpebnieHuns
CBEPX 3TUX BEJIMYMH NOTEHLMANBHBIA PUCK HEDNAroNpUATHBIX
BO3/,eMCTBUIA BO3pACTaeT.

WNHdopmaums, BbiHOCMMas Ha 3TUKETKY, AOJIKHA COOT-
BeTCTBOBaTb TpeboBaHWaAM TexHWYecKoro pernameHTa Ta-
MoXeHHoro cotoza 022/20113% u copepiatb peKoMeHAaumm
0 KonnyecTse npuHuMaemoro exxegHesHo ClM, ¢ TeM yTobbI
noTpebnieHne aKTMBHBIX MHTPEMEHTOB He MPEBbILLAN0 BEPX-
Hero A0MycTUMOro YPOBHS.

XAPAKTEPUCTUKA UHIPEOUEHTOB,
NMPUMEHAEMbIX NPU NPOU3BOACTBE
CNEUMANTUSNPOBAHHbBIX

MALLLEBBIX NPOAYKTOB

Ha mupoBoM pbiHke pans npoussoactea CMN wwpoko
NpeAcTaBfieHbl KOMMOHEHTbl Ha OCHOBE MOJIOYHBIX Mpo-
LYKTOB, XapaKTepusylowuecs cbanaHCUpOBaHHBIM aMUHO-
KUCNOTHBIM COCTaBOM U PAAOM 6aronpusaTHbIX YyHKLUMO-
HanbHbIX W TeXHoMorMYeckux cBoWcTB [7]. IdpdeKTMBHOCTL
notpe6neHns MonoyHbIX BENKOB B OTHOLLEHMM MOKa3saTeneil
BbIHOC/IMBOCTH U CKOPOCTHO-CUNOBLIX XapaKTEpPUCTUK CMOpT-
CMEHOB XOpOLLO M3BecTHa. [lokasaHo, YTO MPUEM MOJIOKa
YCKOpSAET NOCTTPEHUPOBOYHOE BOCCTAHOB/EHWE, YBENUYMBAET
CKOpOCTb 3aM0JIHEHWS 4ENO [TIMKOTeHa, YNyyLlaeT BOLHO-CO-
neBoit 6anaHc [7, 8].

MpoayKTbl Ha OCHOBE 0-NaKTanbbyMuUHa 06iagatoT BbiCo-
KO¥ B1onorMyecKoii LLleHHOCTbI0, BnaronpuUsTHLIM opraHonen-
TUYECKUM NpoduneM, BbICOKON pacTBOPUMOCTBIO U TepMo-
CTOMKOCTBIO, 4TO MO3BOJISET MUCMOMb30BaTh A-NaKTanbbyMuH
B pa3ninyHbIx Buaax CIM [8].

[lpyroe 6uonoruyeckn akTMBHOE COeAWHEHUE MOJI0-
Ka — naKkTodeppuH — MoaynupyeT BWUAOBOE pa3Hoobpa-
31e MUKPOOMOMA KMLLEYHMKA, CHUMAET PUCK PasBUTUSA HMU-
poBoit auctpodum nedenn [9, 10]. YcTaHoBNEHOo, YTO NpUEM
naktodeppuHa B TedeHue 8 Hep. nmuamn ¢ U3ObITOHHOM
Maccoii Tefla CHWKAeT YpPOBEHb BMCLEPANbHOM0 OXUPEHUS,
YTO CBA3bIBAIOT C YBEIMYEHWEM KOHLIEHTPALIMIA LIMPKYUpYHO-
LUMX FOPMOHOB HaCbILLEHUS — TIIOKaroHonofobHoro nenTu-
na-1 v nentuaa YY [8-11]. OboraLieHune paLnoOHOB NUTaHKA
NabopaTopHbIX JKWUBOTHLIX O-NaKTanbbyMUHOM BbI3bIBaO
YBEJIMYEHNE KOHLIEHTpaLuuM rNnyTaTMOHa, uucna neiKoum-
T0B (CD4+) 1 nuMdounToB. 0 KNMHUYECKON 3 DEKTUBHOCTH
CbIBOPOTOYHOrO DenKka CBMAETENbCTBYET €ro cnocobHocTb
YBENMYMBATb KOHLEHTPALMI0 MHCYNMHOMof06bHoro dakTopa
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pocta 1, 0Ka3bIBaOLLEro NONOXKUTENBHOE BAIMSHUE Ha aHabo-
JU3M U rUnepTpoduio MuoumToB. KpoMe Toro, yCTaHOBIEHD,
UTO KOMMEKC KOPOBLEr0 O-NlaKTajbbyMuHa U 0N1EUHOBOIA
KMCOTbI, M3BeCTHbIN Kak BAMLET (Bovine Alpha-Lactalbumin
Made Lethal to Tumor), o6nagaet UMTOTOKCMYECKUM Lent-
CTBMEM B OTHOLLIEHMM PaKOBbIX KNeTok [12, 13].

AHanus pesynbTaToB NabopaTopHbIX WCCNEA0BaHMIA,
MOCBALLEHHBIX W3YYEHUID TYMOpPANbHOTO WMMYHHOTO OT-
BeTa Ha BBEAEHME WH(EKLMOHHbIX areHToB, YCTaHOBWI,
4TO CbIBOPOTOYHbIE 6enikn B Bonbluei CTeneHu ycunuBatT
BbIpaboTKy aHTUTEN MO CPaBHEHWIO C APYTUMM MULLEBLIMM
benkamu [14-16].

N3onaTbl cbiBOpoTOUHOrO beka ABNAKOTCA OHUM U3 OC-
HOBHbIX MCTOYHUKOB JIEMLMHA, UTpaloLLero BefylLylo posib
B CTUMY/IAILMM CMHTE3a MbILLEYHOr0 benka Yepe3 aHabonuye-
CKWN CUrHanbHbIN Kackag, KoMniekca panamuumHa 1 [17-20].

B pesynbTaTe 3H3MMATMYeCKOro ruaponusa CbiBOpO-
TOYHbIX DeNnKoB obpasyeTcs cnekTp OMOaKTMBHBIX nen-
mpoB [21-23]. puMeHeHWe rMApONM3aTOB B KayecTse
(QYHKLMOHANbHBIX WHTPEAMEHTOB B CrMeLMann3upoBaHHbIX
NpoAyKTax Ans CMOPTCMEHOB MOXET YCKOpATb WX nepe-
BapyBaHue W BcackiBaHWe, W ObiCTpee OKasbiBaTb MOOMM-
TeNIbHOE BNIUSIHME HE TOJIbKO Ha CMHTE3 MbILIEYHOr0 BenKa,
HO W Ha MOKa3aTeNu UMMYHHOrO CTaTyca, hepMeHTaTUBHYIO
aKTMBHOCTb, aflanTaLMOHHbIA NOTEHUMan B LenoM. 310 He-
06X0aMMO [1S1 NOBbILIEHUS BLIHOC/IMBOCTM BO BpeMs Gu3u-
YECKUX Harpy3oK, a TaKe 0CODEHHO BaXKHO Ha AMCTaHLUMK
ynbTpamMapadoHa 1 BO BPEMSA NOCTTPEHUPOBOYHOMO BOCCTa-
HoBnenus [21, 22].

AHAJTIN3 COCTOAHUA
PblHKA BbICOKOBE/IKOBbIX
CNELIMATUSUPOBAHHbBIX
MULLEBBIX NPOAYKTOB

B TeueHne HeCKObKUX AECATWIETUA B arponpoMbiLL-
NeHHOM KOMrI/IeKce 0TMeYaeTcs nafieHne nNpou3BoACTBa Cbl-
poro MosoKa [24], B cBA3M ¢ YyeM nepepaboTKa BTOPUYHbIX
pecypcoB (MOIOYHOW CbIBOPOTKM) BbI3bIBAET 3HAUUTENBHBIN
MHTEpeC KaK B paMKax CO3AaHWS KOHKYPEHTHOCMOCOOHbIX
(YHKUMOHANBHBLIX MPOAYKTOB, TaK M ANS YMEHbLUEHUS He-
raTMBHOrO BAIWSIHWA Ha 3KONIOrMYECKyIo 06CTaHOBKY B pe3yib-
TaTe C/IMBa CbIBOPOTKM B OKPYXaloLLYH cpefly. YCTaHOBNEHD,
yto B Poccuiickoit Pepepaunn bonee nonoBuHbI 00BEMA
CbIBOPOTKU He MCMONb3YeTcs, NpU 3TOM 0TKa3 OT eé nocne-
OyloLuen nepepaboTky paBHoLiEHeH noTepe 1,5 MiH TOHH Mo-
NoKa. B pbIHOYHOM CerMeHTe CbIBOPOTOYHBIX KOHLEHTPATOB
C BbICOKMM COflepXaHneM Deflka 0TMeYaeTcs BblpaKeHHbIN
TEMN MpUpoCTa NpoM3BOLCTBA B TeyeHue 5 net. [lporHosu-
pyeTcs yBenuyeHWe NpOM3BOACTBA pALA MEPCMEKTUBHbIX

3 TexHuyeckmit pernameHT TaMoxeHHoro coto3a TP TC 022/2011 Muwiesas npoayKums B 4acTi ee MapKUpoBKU. YTB. Pelennem Komuccun
TaMoxeHHoro cotoza ot 9 gekabps 2011 r. N 881. Pexwum poctyna: https://docs.cntd.ru/document/902320347. [lata obpatueHus:

06.02.2021.
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(YHKLMOHANBHLIX CbIBOPOTOYHBLIX MHTPEAMEHTOB (AEMMHE-
pasin30BaHHas CbIBOPOTKA; U30NAThI CHIBOPOTOYHBIX 6EIKOB;
KOHLeHTpaT cbiBopoToyHoro 6enka, KCb 80; cyxon nepme-
aT) Ans npou3BOACTBA CMEeLManM3MpoBaHHON NpOLYKUMMK
[24, 25]. Xots 06BEM KCB 80 M n30nsTOB CHIBOPOTOYHOMO
benka He npe.biwaeT 7% Bcero MacwTaba Npou3BOACTBA,
TEM He MeHee UX peanu3auus NPUHOCUT TPETb MUPOBOW pPbl-
HouHow ctoumoctu CIM anga nutaHus cnopTcmeHoB. B cTpa-
Hax EBponeiickoro colo3a BbipabatbiBaeTcs 60nbluas yacTb
CYXOM MOJIOYHOW CbIBOPOTKYW, B TO JXe BpEMS 0TMevaeTcs
TEHAEHUMA pocTa eé npou3BoacTBa B BoctouHoit EBpone,
CpepHeit Aaumn, Adpuke n Jlatunckoin AMepuke. AHanormyHas
cuTyaums Habniopaetcs B cdepe Npou3BOACTBA CyXoi fe-
MWHEepaNn30BaHHOI CbIBOPOTKM: MPUpOCT B cpeaHeM Ha 10%
B roj, C TEHAEHUMEN K JanbHelLleMy yBeNM4eHUo 06bEMOB
B MMpoBOM MacLuTabe. Jiupepamu no npomssoactey KCb
senstorcs CeepHas AMepuka u cTpaHbl EBpocoto3a, ogHa-
KO YPOBHM NpOW3BOLCTBA paccMaTpuUBaeMbIX MHIPEAMEHTOB
3a nocnefHue 5 NeT 0CTalTCa CTabUNbHBIMU U He MOKa3sbl-
BaIOT 3HAYUTESIBHOMO pocTa [24-26).

3apauu, croswme nepes NpoW3BOACTBEHHBIM KOMIIEK-
coM Poccuiickoii ®epepaumu B niaHe UMNOPTO3aMELLLEHMS,
06yCnoBNMBAIOT CYLLECTBEHHOE YBEMUEHWE 0OBEMOB Nepe-
paboTkK 0TeYecTBEHHOW MOJIOYHOW CbIBOPOTKW. MonouHas
MPOMBILLIEHHOCTb B HalLEW CTPaHe EXEercfHo Npou3BOAUT
5 ThIC. TOHH HAaTMBHO CbIBOPOTKM, U3 HUX NepepaboTke noj-
Bepraetcs mwb 1/4. Poccus— 0CHOBHOM MMMOPTEP CyXux
CbIBOPOTOYHbIX MHrpeaueHToB B BoctouHoit EBpone. Yuu-
ThbiBasl BbICOKWIA CbIPbEBOM MOTEHLMAN HalLel CTPaHbl, TEH-
LEHUMM K MOZIepHU3aLMK, BHELPEHWUE HOBOr0 060py0BaHms
U TEXHONOMMiA Ha O0TEYECTBEHHBIX MPEANPUATUSAX, B BNnKaii-
LweM byaylieM MOXHO 0XuaaTh pocT 06bEMa NPoM3BoACTBa
KCb u nakro3bl [26].
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Takum obpasoM, HayyHo 060CHOBaHHBIN NOAX0f, B TOM
uncne Mepuko-6uonoruyeckoe obocHoBaHWe nmpu paspa-
boTke peuenTyp MHHOBauMoHHbIX CII, oboraliéHHbIX [0-
NONHUTENbHBIMU UCTOYHUKAMKU Benlka, AOKHbI ABNSATHCS
Bedywum daktopoM Ana 3ddeKTMBHOro WUCMoab30BaHUS
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lepuonepauuonHas uHpysmoHHas Tepanus
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AHHOTAUNA

lepronepaumoHHoe UHBY3MOHHOE COMPOBOXIEHNUE XMPYPrUYECKUX NALMEHTOB SBNAETCA OCHOBHBLIM W be3anbTepHaTuB-
HbIM 3JIEMEHTOM JIeYeHUS, NPU 3TOM TaKTUKa MHGDY3UOHHOW Tepanum NPOLOIKAET 0CTaBaTbCA NPEAMETOM U3YHEHHUS.

Toukm 3peHuns 06 oNTUMaNbHOM KOSIMYECTBEHHOM U Ka4eCTBEHHOM COCTaBe NepesiuBaeMoil NaLmMeHTaM XUAKOCTHU noasep-
raloTcs NepecMoTpy No Mepe 3BOJIHOLMW NPeACTaBAeHUN O MaToreHe3e KpUTMUECKUX cOCTOSHMIA. OCHOBY naToreHeTUYecKoro
aHanM3a KOMMEHCATOPHbIX BO3MOXKHOCTEN reMOAMHAMUKW KaK TOUKM MPUIOXKEHUS UH(DY3MOHHOIO JIeYeHUs paHee CoCTaB-
NANN NPEUMYLLECTBEHHO METOAWKU MHBA3UBHOTO MOHUTOPUPOBAHMS, CMEHSIEMble B NOC/EAHWE rOAbl KOHTPOSIEM PYTUHHBIX
napaMeTpoB C [0Ka3aHHbIM BbICOKUM KOPPESIALMOHHBLIM COOTBETCTBUEM. B aKTyanbHbIX UCCNef0BaHMSX, NOCBALLEHHBIX NPO-
6neMaM MHQY3MOHHOW KOPPEKLMW reMOLMHAMUYECKUX OTKIIOHEHWH, Hanbonee oBcyXaaoT BOMPOCHI MPUMEHUMOCTU W30-
TOHMYECKUX M CHANaHCUPOBAHHBIX MONMUOHHBIX KPUCTANNOUAOB, PeXe KOMTOMAHBIX PAacTBOPOB B Pa3fMUHbIX KIIMHUYECKUX
CUTyaLmsX, MPUYEM pe3yNbTaTbl TaKMX UCCNEA0BAHUA He BCera no3sosioT 0AHO3HAYHO ONpesenuThes ¢ BbIbopoM MHPY3M-
OHHbIX Cpef, a MHOrAa NPOCTO ManocpaBHUMBI. YacTb UccnepoBaTeneil paTyeT 3a NPUMEHEHWe M30TOHUYECKUX KPUCTaNION-
L,0B, Apyrve A0Ka3blBakoT NydLLyto 3 deKTMBHOCTL cbanaHCUpoBaHHbIX CONEBbLIX pacTBOpoB. [pn 06bEMax neyeHms, CooTBET-
CTBYHLLMX NepuonepaLmMoHHOMY Nepuogy, B bosblUMHCTBE paboT pasnuymii B 3QGEKTUBHOCTU OCHOBHBIX KOMMO3ULMOHHbIX
rpynn Kpuctannougos Boobie He oTMeyaloT. [puunHy aToro Mbl BUAUM B 0cobeHHOCTAX crocoboB paHAOMU3aLMM, KOraa
CTaTMCTUYECKME OrpaHNYeHNs He NO3BONIAKT U3beaTb AMCKPETHOrO aHanm3a AaHHbIX: UX CPaBHUTENbHAsA rPYNNMpoBKa npo-
MCXOAMT MO MpUHUMNY Bbibopa LeneBoro napamMeTpa, a BCe OCTajlbHble OTHOCAT K BCMOMOraTeslbHbIM UM BTOPOCTENEHHBIM.
CrnapuTb NPOTUBOPEUMBOCTbL PE3YNLTATOB TaKUX UCCNEA0BAHNUA, KaK HaM KaXeTcs, Mormo bl NpUBieYeHe MacCMBOB [laH-
HbIX, NONYYEHHBIX B PeasibHOM KIIMHUYECKON NPAKTUKE B pe3y/ibTaTe COYETaHWUSA JIOKANbHBIX TEOPETUHECKUX U IMMUPUYECKUX
MPEACTaBIEHNI 0 KOPPUTMPYHOLLMX CXEMAX SIEHEHNS, COOTHECEHHBIX C UX 3P hEKTUBHOCTLIO, TEM Bonee YTO B pacnopseHu
K/IMHWLMCTOB ecTb npoba ¢ BoNeMUYECKO HarpysKoii, No3BonsioLLas npeayrafbiBaTb reMoAWHaMUYECKYIO peakLmMio opra-
HW3Ma MaumreHTa Ha MHQY3MIo 1 Habop pYTUHHBIX NapaMeTpoB ANs bonee TOHKOM MHAMBUAYANLHOM HACTPOMKM Tepanuu.

B aHecTe3nonoro-peaHMMaLmMoHHOI NpaKTUKE CYLLECTBYET MHEHME MOMYNIAPHOrO B HACTOSALLEE BPEMS IMMUPUYECKU-[0-
Ka3aTeNlbHOro nnaHa, Yto cbanaHcMpoBaHHble COMEBble PacTBOPbI NPeAMoYTUTENBHEE U30TOHUYECKUX MpU bonee BbICOKOM
CTEMEHN TSXECTU BONbHBIX, HO 3TO MHEHUE HE SIBNSIETCA anpuOpHBLIM U TPebyeT [OMONHUTENbHBLIX UCCNELOBaHUN C LENbo
BepuduKaLmm Bbibopa.

KnioueBble cnoBa: reMofiMHaM1Ka; BONIEMUS; Kpuctannounapl.

Kak uutuposatb
Ckobenes EM., Maceynuk W.H. MepuonepaumonHas uHbyaunoHHas Tepanus // KnvHudeckoe nuadve n metabonmam. 2021, T. 2, N° 2. C. 100-108.
DOI: https://doi.org/10.17816/clinutr81626

Pykonucb nonyyena: 03.10.2021 Pykonucb opo6pena: 10.12.2021 Ony6nukoBaHa: 19.12.2021

A
3KO®BEKTOP Jvuensmna CC BY-NC-ND 4.0
© KonnexTvie aBTopos, 2021


https://creativecommons.org/licenses/by-nc-nd/4.0/

101

EDITORIALS Vol 2 (2) 2021 Clinical nutrition and metabolism
DOI: https://doi.org/10.17816/clinutr81626

Perioperative infusion therapy
Evgeny . Skobelev, Igor N. Pasechnik

Central State Medical Academy of Department of Presidential Affairs, Moscow, Russian Federation

ABSTRACT

Perioperative infusion support of surgical patients is the main and non-alternative element of treatment.

At the same time, the tactics of infusion therapy continues to be the subject of study. Ideas about the optimal quantitative
and qualitative composition of the fluid transfused to patients are being revised as ideas about the pathogenesis of critical
conditions evolve. The basis of pathogenetic analysis of compensatory hemodynamic capabilities, as a point of application
of infusion treatment, previously consisted mainly of invasive monitoring techniques, replaced in recent years by the control
of routine parameters with proven high correlation with invasive ones. In current studies devoted to the problems of infusion
correction of hemodynamic abnormalities, the most discussed issues are the applicability of isotonic and balanced polyionic
crystalloids, less often colloidal solutions in various clinical situations, and the results of such studies do not always allow to
unambiguously determine the choice of infusion media, and sometimes simply incomparable. Some researchers advocate the
use of isotonic crystalloids, some works prove the best effectiveness of balanced salt solutions. With the volumes of treatment
corresponding to the perioperative period, in most studies there are no differences in the effectiveness of the main composite
groups of crystalloids at all. We see the reason for this in the peculiarities of randomization methods, when statistical limitations
do not allow us to avoid discrete data analysis: their comparative grouping occurs according to the principle of selecting a target
parameter, and all the others are classified as auxiliary or secondary. It seems to us that the involvement of arrays of data
obtained in real clinical practice as a result of a combination of local theoretical and empirical ideas about corrective treatment
regimens correlated with their effectiveness could smooth out the inconsistency of the results of such studies, especially
since clinicians have a sample with a volemic load at their disposal, allowing them to predict the hemodynamic reaction of the
patient's body to infusion and a set of routine parameters for more fine-tuning of therapy.

In anesthesiological and resuscitation practice, there is an opinion of the currently popular empirical-evidence plan that
balanced salt solutions are preferable to isotonic solutions with a higher degree of severity of patients, but this opinion is not
a priori and requires additional research to verify the choice.

Keywords: hemodynamics; volemia; crystalloids.
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PEOAKUVOHHAA CTATBA

BBEAEHUE

HaKonneHHbIi B aHECTE3MONOMMM U PEAHUMATONIOMUM OMbIT
CO BCEN 04EBMAHOCTbI0 CBMAETENILCTBYET O TOM, YTO MHGY3U-
OHHas Tepanus bbiia M 0CTAETCA OCHOBOW NeYeHUs BoNbHbIX
B KPUTMYECKUX COCTOAHMSAX M 6asncoM nepuonepaLmoHHOro
COMPOBOXAEHUS B XUPYPruM. McTopus 0CMBICIIEHHOMO NpHU-
MEHEHMS XUAKOCTU NPU JIEYEHUN NALMEHTOB C KPUTUYECKOIA
naronorveit 6epét Hauano eLlé Bo BpeMs 3NUAEMUM Xonepbl
B AHrnum B 1830-x ropax [1], a aucKyccum Ha TeMy Bbibopa
ONTMMAaNbHOTO0 Ka4eCTBEHHOMO M KOJIMYECTBEHHOrO COCTaBa
nepeMBaeMoii KOMNO3nLMKM NPOA0NKatoTCA be3 Manoro yxe
ABa ctonetnsa. MHoXecTBO MccnefoBaHWUW, MOCBALLEHHBIX
MOMCKY «KOMMO3WULMOHHOM NaHaLen» B pasHble rofpl, MMe-
/10 CBOMM pe3ynbTaToM [OCTaTO4HO NPOTMBOpEYMBLIE KilU-
HWYECKMEe PeKOMEHJALMM, KOTOpPble OCHOBBLIBANUCH Ha Me-
HSIOLLMXCS aKTyanbHbIX NPeACTaBNEHNUAX 0 NaToGU3MONIorUn
rMNOBONEMUM, pa3fiMyatoLLmxca cnocobax cbopa u cTatucTu-
YECKOM OLLEHKM MOMYYeHHbIX Pe3ynbTaToB.

B 310l cTaThe Mbl MOMbITANUCL AKTYyanM3WpoBaTb Me-
TOAMKM W CPEeACTBa COBPEMEHHOMO MHGY3MOHHOMO NeyeHus
B MPOEKUMM aBTOPCKOTO M KONJIEKTMBHOIO OMbITa, K 4eMy
HaC NOATOJKHYN0 UMEHHO OTCYTCTBME €AMHOMBICAUSA B 3TOM
Bonpoce. B noucke ycToitumBoro KomMnpomucca no MeToau-
UECKOMY pernamMeHTy MHQY3VMOHHOW Tepanuu Mbl peLunu
06CcyanTb HEKOTOpbIE, KaK HaM KaMeTcs, KIKYeBble 3Tarbl
3BOMIOLMU  «MH(DY3MOHHBIX» NPEACTaBNeHUA, CNOCOOHbIX
npubnu3nTb Hac K TaKOBOMY KOMMPOMMCCY MOCPEeLCTBOM
FHOCE0JI0rMYECKOro aHau3a.

IMMUPUYECKUH

U UHCTPYMEHTAJIbHbINA 3TANbI
WUHDY3UOHHOW TEPANUMK:
CMEHA NAPAUIMbI

B cooTBeTCTBUM C 3aKOHaMU NO3HAHWS, KOMMNEKC natodu-
310/10rMYECKUX W NaTOreHeTUHECKUX NPeACTaBNEHMIA 0 NpUpPo-
€ KPUTMYECKOr0 COCTOSHWUSA ONPeLeNsieT LieN KOPpUrvpYHOLLMX
MEpPONPUATUIA U KOHTPONA UX 3PHEKTUBHOCTU. 3TO eCTECTBEH-
HbIM 06pa30M NPUBOJMT K YCIIOKHEHWIO 3KCMEPTHBIX CXEM K-
HUYECKOro CONPOBOX[EHMUA NaumeHToB. B Havane uctopum ne-
4ebHOro MCMoNb30BaHMA KMAKOCTM CYLLLECTBOBANA B OCHOBHOM
3IMMUpUIECKas MeTOLOJIOMMA OMpefenieHns TaKTUKU ledeHus,
obycnoBnieHHas B To BpeMs criocobamu OLIEHKW YPOBHSA NOTepb
YKUAKOCTU M PYTUHHOW OLLeHKOI 3ddeKTa OT e€ BBEAEHMA B Op-
raHu3Mm. Takum 06pa3oM, 04eHb YCIIOBHO XPOHOMIOTMIO Pa3BUTUS
MBEeonorv MHQY3MOHHOW Tepanuu MOXHO PasfenuTb Ha 3M-
NUPUYECKUA N MHCTPYMEHTANbHBINA 3Tanbl, UMEtoLLMe AOCTaTOou-
HO CTEpTble rpaHuULbl, MPMYEM MOCIEAHWIA Mbl Bbl pasgenvin
Ha MHBa3MBHbIN W MaNlOMHBA3WBHBIN NOA3TaMbI.

BoneMuyeckas «A0CTaTOMHOCTbY
U MH(Y3UOHHAA Tepanus

B TeueHWe no KpaliHeli Mepe MonyBeKa 3aMHTEpPecoBaH-
Hbll HabnlofaTeNb MOr BUAETb, KaK MEHANUCH KpUTepum
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KnuHrieckoe nutaHmne v Metabonmam

MNaHWPOBaHNA W afEeKBAaTHOCTU MHGY3UM OT CNOMHEMLIMX
M HAYKOEMKUX MHBasWBHbIX METOAOB MOHMTOPUPOBAHUS
[0 [MarHOCTUYECKOW ONOpbl HA PYTUHHbIE MapaMeTpbl, eLLE
He[aBHO CYWTABLUMECA YMCTO OPUEHTUPOBOYHbIMK. CMeHa
NpesnoyTUTENbHBIX CNOCOBOB onpeaeneHus nedebHOM TaK-
TMKM, CKOpee BCero, WMena paH4OMHOE MPOUCXOXKAEHME,
06ycnoBnieHHoe 06peTeHMEM OMbITa MOHUTOPUHIA B peasbHbIX
K/IMHWUYECKMX YCNOBUSX, Oe3 padmMHUPOBaHHOrO annapartyp-
HOr0 OCHALLEHMS M UCKYLUEHHBIX CMELMAnUCTOB, CMOCOBHBIX
nosib30BaTbCA TaKoW annaparypou. [pu 3ToM pesynbTathbl
neyeHmsl, C TOYKW 3PeHUs A0Ka3aTeNlbHOCTH, bblnn BMoHe
CPaBHMMBbI KaK MpU YCIIOXHEHHOM, TaK U PYTUHHOI METOLMKaX
BblOOpa OMOpPHLIX NapaMeTpoB MH(Y3MOHHOM Tepanuu. Ecnu
Obl 370 BbINO He TaK, TO CNeA0BaN0 NpPU3HaTh, YTO HEMCMONb-
30BaHWe, HanpuMep, UHBa3WBHOIO MOHUTOPUHIa COCTOSHMUSA
CUCTEMbI TPAHCMOPTa KUCMOPOAA [fenaeT MajoBeposTHBIM
OKa3aHue KBanMbMLMpOBaHHOW MeaMUMHCKOW noMolum. Cro-
WT S FOBOPUTb O TOM, YTO UMEHHO TaKUX KaTeropuyHbIX ny-
GnmKauui, 3asBNeHHbIX Aae B pasrap «WHBasuBHOro byma
80-x», HaMK HaingeHo He bbino. C 04HOW CTOPOHBI, TaKoro
pofa CpaBHUTENbHbLIE OLEHKM, MO HALIEMY MHeHMIo, Bbiam
Obl MPAMBIM HapYLLIEHUEM BEPTUKANBHBIX M FOPU3OHTANbHBIX
LE0HTONOTMYECKUX MPUHLMNOB B3aUMOAENCTBUA C Konnera-
MU, paboTaloLLMMK Ha KIIMHWMYECKMX Bas3ax ¢ pYTUHHBIM OC-
HaLLieHWEeM W C MauMeHTaMM, KOTOpbIM B cuily 06CToATENbCTB
NpUXoamuTcs TaM neuntscsi. C Apyroi CTOpOoHbI, CaM NPUHLMN
CUCTEMHOTO MHBa3MBHOM0 MOHWTOPWHra npefycMaTpuBaeT
CpaBHEHME NOYYEHHbIX AaHHBIX C PYTUHHBIMU NapaMeTpamy,
4YTO CMIOLLb U PSAOM BbISIBASNO JOCTAaTOYHO BbICOKYH KOppe-
NAUMI0 MaccvBOB 3TUX Pe3yNbTaToB. TakuM 0bpasoM, HaKo-
MNEeHHbIE KIMHWYECKWE AaHHbIE, BYLy4M NpoaHanM3MpoBaHbI
B COOTBETCTBMM C MPUHLMMNAMW [0Ka3aTeNlbHON MeaMLMHBI,
no3BoAMNM peabunuTUpoBaThb PYTUHHbIE HEMHBA3UBHbIE Me-
TOAMKM reMOAMHAMUYECKOTO M BOIEMUYECKOT0 MOHUTOPUPO-
BaHWA B KauyecTBe KOPPEKTHbIX CocoboB KOHTpONs coBpe-
MEHHbIX CXEM MH(Y3UOHHOTO 3aMeLLeHus.

B pesynbTate oueHOYHOro nepecMoTpa KOPPEKTHOCTY
PYTUHHOrO MOHUTOPUPOBAHUA CNOXUNACh THOCEONOrMYecKas
KONM3ms, NpUBELLAs K NpeBan1poBaHuIo YyTUIUTApHON Mo-
OeNM NNaHNPOBaHUA MHPY3NOHHOMO JIeYeHUs!, OCHOBAHHONA
npexze BCEro Ha KOJIMYECTBEHHOW [OCTAaTOYHOCTM Nepesn-
BaHWSA XMAKOCTH, B TOM YKCIe B Nep1onepaLmMoHHOM nepuo-
e NeYeHNs XUPYPrUYECKUX MALMEHTOB.

Uto e KacaeTca €aMoro npuHUMNA BONEMMYECKOI
«[L0CTAaTO4HOCTU» WHGY3MMU, TO B MOCNEAHME LEeCATUNETUS
OTHOLUEHME K HeMy MeHsnocb. Tak, B 70-x u 80-x ropax
MPOLL/IOr0 BeKa BrOSIHE HOPMasbHOW CYMTanU yMepeHHylo
rMNepBoONEMUIO, KOTOPYIO Mbl Bbl Ha3Bann «HOMOrPaMMHOM,
TaK KaK paccuuTbiBanM eé UCXOLS M3 COOTHOLUEHMS uiea-
NM3MpOBaHHOro0 06BEMA LMPKYNUPYIOLLE KPOBM M CTONb
e YMO3pUTENbHBIX OLEHOK NoTepb TOro camoro obbema
B pe3ynbTaTe NpAMbIX WHTPAoNepaLMOHHbIX NOTEPb KPOBH,
MeTaboNIMUeCKUX M TPAHCKaNWNSAPHbIX MACcCaXen KUAKOCTH
U Npoumx (aKTopoB, 3Ha4YEHME KOTOpbIX MO0 He [oKa3a-
HO, B0 He [0 KoHUA M3yyeHo. HeyamBuTenbHo, 4To cenyac
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Mnpu OCTPON HeobXoAMMOCTU AUCKPETHOW KOMUYeCTBEHHOM
OLIeHKW MOTEPU XUAKOCTU BCE Yalle npuberaioT K aHamm-
3y MHTerpanbHbIX MapaMeTpoB, ABNSAIOLLMXCA pe3ysibTaToM
CYMMapHOro BO3[eNCTBUA psfa (pakTopoB, B 4aCTHOCTY
rpaBUMeTpuyecKoMy aHanusy. OTMeTMM AuLlb, YTO No no-
HATHBIM MPUYMHAM TPaBUMETPUS UMEeeT NULLb PeTPoCneK-
TUBHYIO LIEHHOCTb M He MOXXET BbITb NPUMeHeHa A OLIEHKN
KOMMEHCATOPHbIX Pe3epBOB OpraHU3Ma M NaHUpOBaHMs
0bbEMa neyenns B nepuonepaumoHHoM nepuoge. lpu atom
B psge nybnmKaumi, NOCBALLEHHBIX NpobnemMaM KoppeKLmmu
KPUTMYECKMX COCTOSIHMIA B XUPYPruM, OTMEYalT A0CTOBEp-
HYI0 CBAi3b TONIEPAHTHOCTM K BOSIEMUYECKON Harpyske pas-
JINYHOrO KayeCTBEHHOrO COCTaBa U NPorHo3a 3abonesaHus.
HeynusuTenbHo, 4YTO runepBosieMUYECKas reMoAMNoLMS,
paHee CYMTABLLAACH LieNeBbIM CTaHAAPTOM JIEYEHUs XMpYp-
TMYeCKUX B0MbHBIX B KPUTUYECKUX COCTOSHUAX, TaKOBOM YKe
He NpU3HaETcs, a B NEpUONePaLIMOHHOM Nepuoae B NiaHo-
BOW XMPYPriM 1 BOBCE MOXKET ObiTb NOAMEHEHA CXEMOW MOA-
AEepKaHua «HyneBoro 6anaHca», BO3MOXHO, C KapAaMoBaso-
TPOMHOI NOAAEPIKKON, YTO HAXOAMUT CBOE OTPaXKeHWe faxe
B aKTyaslbHbIX METOAMYECKMX PEKOMEHAALMSAX U He ABNAeTCA
4eM-TO PEBOTIOLIMOHHO HOBbIM B KJIMHUYECKOMN NPaKTUKe.
Bonee KoHcepBaTWUBHbIA UMW OrPaHUYUTENbHBIA MOAXOL,
K MH(Y3MOHHOMY COMPOBOXKAEHWIO XUPYPrUYECKUX BOMbHBIX

——1] lNpoun3BoauTEeNbHOCTb
cepaua

— 1
) 2
3

- ==

o ~
: MpenHarpyska

Puc. BapuaHTbl KpuBbIX QYHKLMM JIEBOTO Mesy[ouKa NMpu Bbico-
Kux (1), HopManbHbIX (2) U CHUMEHHBIX (3) pe3epBax reMoAUHaMU-
YECKOM KOMreHcaLuu.

Fig. Variants of left ventricular function curves with high (1),
normal (2) and reduced (3) hemodynamic compensation reserves.
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NPOMCXOAMT M3 aHanM3a MHOrONIETHUX MacCMBOB AaHHbIX,
4TO MO3BONISIET C AOCTAaTOYHOW [OCTOBEPHOCTHIO PasfenvuTh
naToreHeTMYeCKMe OCODEHHOCTM MNpOTEKaHUs Xupyprude-
CKOM NaTonorum U ATporeHHble AddeKTbI NepenuBaHns Kop-
purvpyroLwmx pacteopos. [lo Tex mop, NoKa He CyLlecTyeT
anbTepHaTMBbl MHGBY3MOHHON Tepanuu, HeobXxoauMo MUHM-
MU3MpPOBATb YXKe [0Ka3aHHble NoCneAencTBus eé 06bEMHON
1 Ka4eCTBEHHOW COCTABNSAIOLLEN.

N3BecTHO, 4T CMEPTHOCTb NpK CENTUYECKOM U remMoppa-
TMYECKOM LUOKE 0CTOBEPHO CHUKAETCA NpU PaHHEM Havane
3aMeCTUTENbHOM Tepanum [2—4], XoTA 0CTaéTca HefoCTaTou-
HO M3Y4eHHbBIM BOMPOC O BAIMSHUM CKOPOCTW MHGY3WM Ha 3TOT
BaHeWLWMN noKasaTesb. JTorMyHo NPeanonioXuTb, YTO Bbl-
COKMIA TEMN NepenMBaH1s MOXET CnocobcTBoBaTh JanbHei-
LUEMY CHUMEHWIO CMEPTHOCTU, OJHaKO 3TO He COBCEM TaK
BBUAY PUCKa Neperpysku cepaLa ¢ NocneaytLmM CHUXEHN-
€M ero npousBoauTenbHocTW. KpoMe Toro, cyluecTByeT puck
MPOABMIEHUS MUKPOCOCYAMCTLIX AeBUaLMiA B BUAE TpaHCKa-
MUIASPHOMO NPOCAYMBaAHNS KUAKOCTH, MOC/Ie0NepaLMoHHbIX
OCNOXHEHUI B abJOMUHANBHOW XMPYPrum, 0CTPOro NOBPEX-
JEeHUs NoYeK W NoaobHbIX nocneactaun [1].

Mpodunaktuka nNOCTUHGOY3MOHHBIX OC/IOXKHEHUA BO
MHOrOM OMpeAeNiieT LeAM W TaKTUKY BO3MELLEHWUS nepu-
0OnepaLmMoHHOro Aeduumnta 06bEMa LMPKYNMPYIOLLEN KPOBMW.
B cooTBeTCTBUM C KNAacCU4YECKUMM NPeACTaBIEHUAMU NepBo-
oYepeHOW 3aAayven MHQY3NOHHO Tepanumn ABNAETCA YBEN-
YeHWe NPOM3BOAMTENBHOCTY CEpALA C MOCefyoLLMM POCTOM
YPOBHS LOCTaBKM KWUCNOPOAA K TKaHAM U ero notpebneHus.
leMoauMHaMMYecKan peakuus Ha MHAY3MIo onucaHa ypaBHe-
HueM Opanka—CrapanHra u UNICTPUPYETCSA KPUBOI NIMHUE
3aBMCMMOCTW NPOM3BOAUTENBHOCTM CEPALIA W NpeaHarpy3Kku
MWOKapAa (PUCYHOK).

KpuBas cocTouT M3 2 y4yacTKOB: BHauane nepenvBaHue
XWOKOCTW NpUBOAMT K COpa3MepHOMY pOCTY CepAeyHo-
ro Belbpoca, 4To NPOAOIKAETCA BN/OTb 0 3Tana, Korga
MMEKLLMIACA YPOBEHb BONEMUM HE HAYMHAET MpEBbILATh
COKpaTUTENbHYI0 CNOCOBHOCTL MUOKapaa, U NPOLOSIKEHME
nepennBaHUs KMUOKOCTU BbI3bIBAET POCT MpeAHarpy3Ku
6e3 [10303aBMCMMOr0 pocTa HacOCHOW (yHKUMKM cepaua. Ta-
KuM 00pasoM, pa3BuBaeTCsA reMoAuMHaMUyecKas neperpys-
Ka, HocAlas TeM boniee OTCPOYEHHBIA U MeHee BbipaXeH-
HbIil XapaKTep, YeM BbILLE pe3epBHbIE BO3MOXKHOCTU CEpALa,
BapbUpyloLME B rpadMueckoM MpeAcTaBNEHUA OT BbICOKUX
(kpvBas 1 Ha HalleM pUCYHKE) A0 HOpManbHbIX (KpuBas 2)
U CHWXeHHbIX (kpuBas 3). [pyrumu cnoBamu, Ao onpege-
NEHHOr0 Npefena NpUpoCT cepreyHoro Belbpoca, yaapHo-
ro 06bEMa UNW COOTBETCTBYHLLMX YAENbHBIX MOKa3aTenei
MPU pasnnyYHbIX KOMMEHCATOPHbIX BO3MOXHOCTAX FreMOAMHa-

MWKM MPSIMO NPONOPLMOHANEH KOHEYHOMY AMACTONMYECKOMY
[aBINEHVI0 B IEBOM JKeNy[0uKe, ONpeaeNiieMoMy M0 YPOBHIO
LieHTPaNbHOr0 BEHO3HOI0 [ABNEHUSA UMW NIErOYHOrO AaBne-
HWA 3aKnMHUBaHKS. [peaen npupocTa NpoU3BOAUTENBHOCTH
pernamMeHTUpyeTcs psaoM (GaKTopos.

Bo-nepBbix, 3T0 UCX0AHBIN YpoBEHb BosieMum. B nepuone-
PaLMOHHBIX CUTYaLWMAX 3TO MOXET BbITb Kak conyTCTBYHOLLas




PEOAKUVOHHAA CTATBA

3KCTPEHHLIM OMepauysaM U BMELIATENbCTBAM MO CPOYHBLIM
MOKa3aHWAM TUMOBONEMMSA, TaK W HOPMOBONEMUS B Mna-
HOBOWM XWUPYPruu, NMpUYEM B MOCNELHEM ClydYae NpoOBOAAT
Lenbln psif MepONpUATUIA N0 NPOGUIAKTUKE TMMNOBOSEMMM,
BHJIIOYAKLLMIA [aXe NepopasbHblii NPUEM «MPO3payHbIX»
YMOKOCTEN He3aponro fo onepauw [5, 6]. Bo-BTopbiX, 310
WHOVBMOYaNbHbIA pe3epB reMoaMHaMMYECKOro 3BeHa TpaHC-
nopTa Kucnopoaa, MHorodakTopHas BefMuMHa, hopmupye-
Masi B TOM Ymcie 3a CYET NPUBbIYHBIX AN AaHHOr0 NaLueH-
Ta BONIEMUYECKU-HACOCHBIX OTHOLLIEHWIA: HanpuMep, No Mepe
CTapeHus B OpraH13Me CHIKAeTCs KaK NpoM3BOANUTENbHOCTD
cepaua, Tak U 00BEM LMPKYNMPYIOLLEN KPOBM, U3MEHSETCS
noJaT/MBOCTb KPOBEHOCHBIX COCYA0B. B-TpeTbux, 3T0 Ko-
JIMYECTBO, KaYeCTBO M CKOPOCTb MepesiMBaeMoi KUAKOCTH,
MPUYEM 3HayeHMe 3Toro QaxTopa TeM BhbiLLE, YEM HUXKE re-
MOAWNHaMWUYEeCKUiA pe3epB Y KOHKpeTHOro 60sibHoro.

Bo B3aumopeiicTBue € yKa3aHHbIMKU TpeMs GaKTopamm
MOJKEeT BCTynaTb NboM M3 NaTtopu3MoNorMyeckux Mexa-
HW3MOB MaHUdecTaLyUmM OCHOBHOM NaTONOrMH, YTO, B KOHEY-
HOM CYéTe, onpefiensieT cTeneHb WHAMBWAYaNbHOW Tone-
PaHTHOCTM K BOJIEMUYECKOI Harpy3Ke KaK YHKLMOHAbHOVA
MOLENN CepAeyHoW HefOoCTaTOYHOCTH, OLEHUTb KOTOpYIo
Heo0X0AMMO Ha 3Tane NNaHMpOBaHUS MHAQY3UMOHHOMO Co-
NpOBOXKAEHMA BO M3bexaHne KpUTMUECKOro pocTa npefHa-
IPY3KM BO BpPEMS JIEHEHWS BIJIOTb A0 OTEKA NETKUX U npe-
BpaLLeHna MHGY3MOHHOWM Tepanuu u3 nedebHoro daktopa
B matoreHeTuyeckuid. KpoMe Toro, B xofe 3BONOLMM KpK-
TUYECKOr0 COCTOSHUSA KOMMEHCATOpHbIE pe3epBbl MUOKapAa
Y OJHOr0 U TOr0 JKe NauueHTa MoryT U3MEeHSTLCS; COOTBET-
CTBEHHO, DyAeT MeHATbCA TONEPAHTHOCTb K KUAKOCTHOW
HarpysKe, YT0 N0O3BONSAET JaXKe roBOpUTL 06 OTHOCUTESIbHOM
unn abconiTHOM rMNoBOSEMUM B Npefeniax KOHKPETHOro
KJ/IMHUYeCKOro HabnofeHus.

lpuHUMas BO BHMMaHWe TO, 4TO MHGY3NOHHYK Tone-
PaHTHOCTb OMpeAeNsieT COBOKYNHOCTb psfa GakTopos, auc-
KpeTHOe WU3yyeHWe KOTOpbIX MOXKET C TPYLOM NOLAaBaThCs
nepcrneKTUBHOMY aHanu3y, B Hadyane 70-X rofoB nNpoLunioro
Beka M.H. Weil u R.J. Henning [7] npemnoxunu n3siLHbIi
1 NpyY 3TOM 06BEKTMBHBIN CNOCOO OLIEHKU TEKYLLIETo pe3epB-
HOro COCTOSHWA reMoAnHaMuKK. 3To Bbina npoba c Bonemu-
YECKOM Harpy3Koi, Korfa B CUCTEMY BEPXHEW MOJION BeHbI
npoM3BoannmM BOMIOCHYI0 MHODY3NI0 XUAKOCTU U perucTpu-
poBafv [MHAMUKY NOKa3aTeslell NpefHarpysku W npouseo-
LVTENbHOCTY cepAaLa. Takon NPUHLMM MOHUTOPUPOBAHKA OT-
JMYHO 3apEKOMEHA0BaN Cebs M MPOACIIKAET NPUMEHSATLCS
Ha NpOTSXEHUM ANUTENBHOMO BpeMeHu [8], uTo Ans Meanuu-
Hbl KPUTUYECKWX COCTOSIHUIA — SIBMIEHWE HEYacToe.

lMoKa3aHus K NpoBeEHMI0 1 TPAKTOBKA pe3ynbTaToB BO-
NleMW4ecKoii Npobbl BNoSIHE COOTBETCTBYHOT YTUUTapHOCTH
METOAMKW. MHOrOKpaTHO [oKasaHo, YTo ecau y BosbHOro
MCXOAHO CHWXEHO LIEHTpaNbHOE BEHO3HOE WAM NIEroYHOEe
[ABJIEHWNE 3aKIMHUBAHMA U, CNeLOBaTeNlbHO, MUHUMASIEH
PUCK neperpysku 06bEMOM, HET HeobXxoaWMOCTH yxecTo-
yeHus TpebOBaHMIA K MMAKOCTHOMY MPOTOKONY, a WHGY-
310 criegyeT NpOW3BOAUTb MO MPUHATLIM 1 KOHKPETHOrO
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npenapata (apMaKonorMyeckuM npasunam. LleHTpansHoe
BEHO3HOE [JaBNEHWe HUXE 5 MM pT.CT. NO3BONISIET MpeAno-
NOXWUTb [LOCTOBEPHO MOJIOXUTENbHBIA OTBET Ha MHbY3UI0
y 80% GonbHbIX M TonbKo Y 40-50% — ecnu 3TOT nokasatenb
6 MM pT.CT. wiM Boiwwe [9]. JInbepanusaums e UHPY3UOHHOM
TaKTUKM HeAOMYCTUMA Y BOMBbHBIX C MCXOAHO 3aBbILLEHHBIMM
MoKasaTensM1 NpeLHarpysKk1 U rMNoLUHAMUYECKUM COCTOS-
HWEM reMoAMHaMUKK, a TaKKe MPU CKOMMPOMETUPOBaHHO-
CTU AbIXaTesbHOM CUCTEMBI, HaNpUMep NpyU PeCUpaTopHOM
LMCTPECC-CUHIPOME, @ TaKKe B OXWLAHUU 3HAUUTENbHOM
MHTpaonepaLMoHHON KPOBOMOTEPU U MPOMOPLMOHANBHOIO
e€ 3aMeLLeHus.

BaxHo oTMeTuTb, 4TO CaMo no cebe 3HayeHue BbibpaH-
HOro mapameTpa NpegHarpysKu UK MoCTHarpy3KyU MUOKapLa,
[a eLE M Haxojsleecs B npefenax cyGHOpManbHbIX fe-
BMaLWIA, He CBUAETENbCTBYET O COCTOATENILHOCTW pe3epsa
remopuHamuku. Heobxopmmo cooTHocuTh 0ba nokasatens
B MCXOAHOW TOUKE M yepe3 1 MWH nocne 3aBepLUeHus UHOY-
3um bontoca [10]. [LomkHbI CyLLecTBOBaTh U CYLLECTBYIOT He-
Kue rpaHWyHble YCIoBUA NPOBEAEHUS BOJIEMUYECKON MPOBbI.
[ins naumeHTOB 06CYaeMOI KaTeropu HopMa BBEAEHMS
TECTOBOr0 KpUCTaNNoMAHOro pacTBopa B TeyeHne 5—10 MuH
cocTaenseT okono 4 Mn/Kkr [11]. sMeHeHWe BpeMeH W 00bE-
Ma Npobbl AOCTOBEPHO CHUMAET €€ MHGOPMATMBHOCTD [8, 12].
WckntoueHueM sBnseTca MUHK-Harpy3oyHas npoba B 100 mn
3a 1 MMWH, KOTOpYH0 MPOBOJAT ANS YCKOPEHUA Npejonepa-
LmoHHoW noaroToBky [13]. MapaMeTpbl NpeAHarpysku onpe-
JEeNnsT UHBA3MBHO, MO3TOMY B KaYecTBe OPUEHTMPA MOXKHO
UCMoMb30BaThb AaHHbIe, NONYYEHHbIE B abCOMIOTHBIX Uudpax.
lpou3BoauTensHOCTL CepaLa Yalle onpeAensioT C MOMOLLbIo
KOCBEHHbIX HEMHBA3MBHBIX METOAMK. [ToNy4eHHbIe NpyU 3TOM
umdpbl MOTYT pa3nuyaThCs B 3aBUCUMOCTH OT NPOrPaMMHbIX
ocobeHHocTel 0BCYETA KOHEYHOrO pesynbTarta Ha pasHbIX
TMMax annapatypbl, NO3TOMY FeMOAMHAMUYECKYH PeaKLmio
Ha BOJIEMMYECKYK0 Npoby npolue oueHUBaTb B MPOLEHTHOM
COOTHOLLIEHUM K UCXOLHOMY COCTOSHUIO Yepe3 1 MMH no eé
33BEPLUEHMM: CYMTAIOT, YTO MPUPOCT MPOM3BOLUTENBHOCTH
cepaua B OMMCaHHBIX CTAHAAPTHBIX YCIOBUAX JOMKEH ObiTh
10% v 6onee [10, 14].

CocraB uH(y3MOHHOWM Tepanuu

Ecnm npoba ¢ Bonemuueckoi Harpyskon no3sonset
onpefenuTbes ¢ 06bEMOM MHGBY3UOHHOTO COMPOBOXAEHUS
nepuonepaLyuoHHOro Nepuoaa, TO MOUCKU YETKUX KpuTe-
pveB BbIDOpPa KAYECTBEHHOW COCTABAAOLLEHA NeYeHUs eLué
npogomkatotcs [1]. OnpegenéHHoe eauHoaylwime vccneno-
BaTeNeil M KIMHULMCTOB CYLLECTBYET NULLb MpU onpeje-
NeHWM NevebHON TaKTUKM B BOMpOCE MPUOPUTETA KpUCTa-
NOUIHBIX PacTBOPOB, B YaCTHOCTU KONNOMAHbIX. HecMoTps
Ha TO, YTO BKJ/IIOYEHWE NMOCNEAHMX B CXEMY JIEYEHUS, MO Cy-
LLIECTBYHOLLEMY MHEHWI0, MOJKET YNYYLLaTh MPOrHO3 CenTu-
YeCKMX cocTosiHuiA [15], BONBLUMHCTBO MCCNefoBaHuiA npe-
MMYLLIECTB KOJITOWAHBIX PacTBOPOB Haf KpUCTanouUaHbIMU
He noaTeepxaaet [16]. B 1o »Ke BpeMs cTaTMCTMUECKYHO CTPO-
rocTb NpU CPaBHEHWUM Pa3NIMYHbIX aBTOPCKUX Pe3ynbTaToB
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aHanu3a NpPUMMEHEHWA KPUCTANNOMA0B HapyLUalT 0cobeH-
HOCTM paHAOMM3aUMM MO0 HO30/I0TMYECKUM NpU3HaKaM
U (apMaKoNoOrMyecKUM XapaKTepUCTMKAM MCMOSb3YeMbIX
npenapatoB. [locnegHee o06CTOATENBCTBO MOXET ObITh
00BbACHEHO TeM, YTO Npenapatbl CO CXOAHbIM QU3NKO-XU-
MWYECKUM COCTaBOM B/IM3KM M N0 hapMaKOMIOrMYeCcKUM Ka-
yecTBaM. KBanmdumumpoBaHHbIi nepcoHan BrofiHe crocobeH
L0CTUYb YCIIOBHO CXOAHBIX NeYebHbIX Leneit uHdy3umn pas-
JMYHBIMKM NpenapaTamMu U UX COYETaHUEM, a TaK Ha3biBaeMoe
B cB0OOOAHOM NepeBode «NpaBuno 60MbLLIOr0 NanbLax, T.e.
YMO3pUTENIbHOE W CyB3IMoLMOHabHOe 3aKnoyeHue 06 3d-
(EeKTMBHOCTU 3aMeLLieHms, NoYTH 0bpeno cTaTyc cTaHjapTa
B NOBCEAHEBHOM KNMHWYecKoi npakTuke. Ocobo cneayet oT-
METUTb, YTO 3TO «MPaBW/IO» JIMLLEHO YEPT CXOSTACTUHHOCTH:
OHO, CKOpee, OCHOBLIBAETCS HA YTUNAMTApHOW [L0Ka3aTelb-
HOCTW M BMOJIHE MOKET CITyXMUTb OCHOBOW A1S1 BbIHECEHMS
TPUBMANbHBIX CYXAEHUA O XOZ4e NPOBOAMMBIX JieYebHbIX
MEPOMNPUATHIA.

Paznnune M3MKO-XMMUYECKUX CBOMCTB KPUCTaNINOUGHBIX
pacTBOPOB, BEPOSATHO, MOXHO UCMO/b30BaThb Ans bonee ToH-
KOW paLmMoHanu3aLmmn MHY3MOHHOM Tepanim, KakK, BNPOYeM,
W M3yyeHne B3aMMOCBA3WN MOHHOW KOMMO3WLMKM PacTBOPOB,
LONYCTUMO CKOPOCTM UX BBEJEHUS W Hambonee pacnpo-
CTPaHEHHbIX 0CNOXHEHMI. TaK, NpUMeHUTENBHO K nepuone-
paUMOHHOMY Mepuofy, Yalle BCero CpaBHWBAKT GapMaKo-
AVHaMUYECKMe 0CODEHHOCTW KpUCTanioMAHLIX PacTBOpPOB,
KOTOpble MOXHO OTHECTU K WM30TOHMYECKUM: (uM3nonoru-
Yeckuit pacTBop M cbanaHcupoBaHHble coneBble, [nasma-
Jlut 148 (NM1148), NMnasma-Jlut A (J1A), PuHrepa naktat (Pn)
1 nogo6bHble Komnosuumn [17]. 06beaUHEHHBIE B NOArpynny
cbanaHcMpoBaHHble KpUCTanonabl OTMYAKOTCA N0 COCTaBY,
W OT/MYME 3TO B YCNOBUSAX KPUTUYECKOrO COCTOSHUS MOXKET
nprobpeTatb NOBbILIEHHOE Nle4eBHO-NPOrHOCTMYECKOE 3Ha-
YeHMe, XOTA BO MHOTUX COBPEMEHHBIX paboTax ux addek-
TUBHOCTb CPaBHWUBAKOT HanpsaMylo, 6e3 yUETa CUHTETUYECKUX
0cobeHHOCTeN. YT0ObI NOHATb, KaK MOrYT pas3nm4aThCA UH-
(y3noHHble 3 deKTbl cbanaHCMpOBaHHBLIX KPUCTannoua-
HbIX Cpefi, [OCTaTO4YHO OTMETUTb Bapuaumio nokasatens pH
y 1148, Pn u NMJA, coctasnsiowero 5,5; 6,5 n 7,4 cooteeT-
CTBEHHO. KT0-T0 13 y4€HbIX BUUT B Pasininm XMMMYECKOr0
COCTaBa CpPaBHMBAEMbIX NPenapaToB MPenATCTBUE ANs Kop-
PEKTHOrO CpPaBHEHWA KNMHUYeCKUX HabmogeHwii [1], a KTo-
TO, HanpOTWB, OTKPLIBAET B TaKOM PasNuyMUW LOMOSHUTESb-
HYI0 M NapafloKCanbHYH, Ha NepBbld B3rNA[, BO3MOXHOCTb
paHAOMM3aUMM 33 CYET AeMNOUPOBaHUA XapaKTEPUCTUK
meTabonuyeckoro npoduns B rpynnax HabnwaeHuin c pas-
JIMYHBIMKM Ho30M0rvaMM [18-21].

B pspe npocneKTUBHBIX, CTaTUCTUYECKW BbliAEPHaHHbIX
uccnesoBaHWi ONpefeNieHo HeboMbLUOe, HO 3HAYMMOE CHU-
JKEHWe pUCKa NMOYEYHOro NOBPEXAEHUS B XOAE KOpPpUrMpy-
IOLLieI Tepanum U30TOHMYECKMMW PacTBOpPaMU B CPaBHEHUM
co cbanaHcMpoBaHHLIMU CONEBBLIMU Y XMPYprudeckux bonb-
HbIX [22—24], uTo MOXKeT ObITb CBA3aHO ¢ BonbLueit cnocob-
HOCTbH0 M30TOHUYECKWX KPUCTAIIOMAO0B YNyyLLaTh BYHKUUN
MoYeK, HOPMaM30BbIBaTb Ba30MOTOPHbIE PeakLun U TOHYC
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rNafKoi MycKynaTypbl, 0c06eHHO Ha GoHe opraHHOM Bocna-
NMTENbHOMN peakLymu, NoapasyMeBatoLLen 3Ha4MMble 06 bEMBI
BOCMOJSTHEHUA.

Mpn ManoobLEMHOM NepuonepaLyroHHON MHDY3MOHHO
Tepanuu pasnnunsa Mexay M30TOHWYECKUMM W cbanaHcu-
POBaHHbIMM TUMAMW KPUCTaNIOMAHLIX PAcTBOPOB MOryT
BbITb He CTONb 3HaUYMMBI. TaK, Ha KIIMHWYECKOM MaTepuarne,
BKJT0YaloLLLEeM HabnoaeHue 3a 2278 (1) nauueHTamm, YacTo-
Ta HapyLueHui QyHKUMM novek bbina ofuHakoBa npu 0bo-
ux Tunax 6a3oBbix MHQY3wiA [18]. B apyroM uccnenoBanum,
0CHOBaHHOM Ha aHanuse yxe 15802 knuHuueckux Habnio-
[EHWUA, 0TMEYEHO, YTO NPY UCTIONb30BaHNUM COanaHCMpoBaH-
HbIX COMEBbIX PAaCTBOPOB Pa3HOMPUYMHHAA CMepPTHOCTb bbina
HU3Ke, M MOKa3aHUA K MOYEYHON 3aMecTUTENbHOW Tepanuu
oTMeyanm pexe [19].

B HekoTopbIx paboTax, pe3ynbTaTbl KOTOPbIX MOrYT ObITh
MPUMEHEHbI K NMepUonepaLmMoHHON MH(Y3WOHHOW Tepanuu,
ObiMM MccnefoBaHbl BapualMu CKOPOCTU BBEAEHUS KpU-
cTannomaoB Ha Matepuane 6onee yem 10000 HabnopeHuit,
OCHOBHbIM TPeboBaHWEM K HO30JI0TMYECKOMY BKJTOUEHMIO
B KOTOpble Obina noTpebHocTb B yMepeHHOM (oKono 1,2 )
MHY3MOHHOM 3aMeLLieHnn. KoppeKumio rmnoBoieMmmn npo-
Boannm Kak [1J1148, Tak u ¢m3mnonorniecknm pactBopoMm co
ckopocTblo 333 1 999 mn/y, npu 3atoM usydanu 90-gHes-
HYI0 BbIXMBaEMOCTb, KOJIMYECTBO C/Ty4aeB OCTPOro Mouey-
HOrO MOBPEXJEHNUA M PEHANbHON 3aMECTUTEIbHOW Tepanuu
B 06eMX CKOPOCTHBIX MONYNAUMAX, @ TAKIKE NPU PasINYHbIX
KpucTannouaHbelx Komnosuuusx [20, 21]. Tak, 90-gHeBHas
BbI)KMBAEMOCTb CTaTUCTUHECKM JOCTOBEPHO HE OT/MYanach
BO BCEX IPynnax CpaBHEHMS U NpU CTAaTUCTUYECKOM paHM V-
POBaHMM PasHbIX HO30/10rMYECKUX (HOPM, 33 UCKIIOUYEHNEM
500 60IbHLIX C HEMPOTPaBMOIA FOJIOBHOTO MO3ra: B 3TOM NO-
nynsumu B nofrpynne HabmwoLeHuii ¢ ucnosb3oBaHueM cba-
NaHCMPOBaHHbIX CONEBLIX PacTBOPOB BbIKMBAEMOCTb Obina
pocroBepHo Huxe [20].

MpaKkTnyecKas 3HaYMMOCTb 0OCYXAAEMbIX pe3ynbTaToB
BbICOKA Y)Ke MOTOMY, YTO MOJTy4eHbl OHU B TEYEHME KOPOT-
Koro BpeMeHu B 75 (!) pasHbix OTAENEHUSAX aHeCTe3U00rUK-
peaHuMatosnorum CesepHoii v HxHoit AMepuku ¢ npuene-
ueHneM 60MIbLLIOT0 M PaHAOMU3MPOBAHHOMO CTaTUCTUHECKOrO
MaccuBa. ABTopaM yaanoch CTaTUCTUYECKW abcTparupoBatb-
A 0T 06BEMOB MH(Y3NOHHOMO JIEYEHMS, NPOLOMKAIOLLErO-
Cs 3a npefenaMu NepuonepaLMoHHOro NepuoAa, BbiLenvB
B Ka4ecTBe pedhepeHCHOM TOUKM 1-e CyTKM Nnocie onepaumm,
4To 06BACHAET CTOMb HebonbLUOW, B cpeaHeM 1,2 1, uccne-
[0BaTe/bCKUN 00bEM MHQY3UW. TaK UM MHaYe, pas3nuymi
B OCYX[aeMbIX rpynnax cpaBHeHUsi GaKTUYecKn He 6bino,
a cnocobbl cTaTUcTUYecKon 06paboTku M paHAoOMU3aLMH
He BbI3bIBAOT HA COMHEHUH, HU JUCKYCCUN.

PesynbTaThl 0 CPaBHUMOW, ECIM He MAEHTUYHON, 3 deK-
TUBHOCTW KPUCTaNNOUAHBIX PaCcTBOPOB C Pa3fiNiHbIM UOHHBIM
COCTaBOM B MepUONepaLMOHHOM COMPOBOXAEHUN XUPYPru-
Yeckux BONbHBIX CO CpefHEN U YMEepeHHON TAKECTbH WC-
XOAHOT0 COCTOSIHUS BPSZ JIN MOXHO PacnpocTPaHUTb Ha Ho-
30/10rMm C 6osiee TAKENBIM TEYEHWEM, MPU KOTOPbIX 06BEM
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KOpPUIUpYIOLLLEN Tepanuu MOXET ObiTb 3HAYUTENLHO BbILLE.
Mpn He0BX0AMMOCTU M3HAYaNbHO KPaTHOTO BO3MELLIEHUS fie-
uumnTa 06EMA LIMPKYNMpYIOLLEHA KPOBX UM NEPCUCTUPYHO-
LLeM ero HapacTaHu pe3ysbTaTbl CPaBHEHUS UHAY3UOHHBIX
cpen MoryT ObiTb MHBIMM, YTO, BMPOYEM, BLIXOOMT 3a npe-
Aenbl HacTosLero obcyxaeHns, no pesynbTataM KOTOPOro
MOXHO CAieNaTb HEKOTOPbIE BbIBOADI.

3AKJTIOYEHUE

KoHuenums MH@Y3MOHHOrO BOCMONHeHMs BoobLue
W NepuonepaLMoHHON KOppUrupyIoLLel Tepanuu B YacTHO-
CTW 3a NocnefHWe rofbl NPOLLNA MAEONOTMYECKYH0 3BOIIO-
LM OT CTPEMIIEHUS K TMNepBONEeMUYECKON TeMOLUNIOLUM
10 OrpaHNYeHus 00bEMa NepesMBaHNs KUAKOCTU paMKaMm
pa3yMHOM [OCTaTOMHOCTU. [locTUraeTcs 3T0 NYTEM MHAMBU-
AYanu3aumum 00bEMHbIX XapaKTEpPUCTUK JIeYEHWUS Ha OCHO-
BaHWM COBPEMEHHBIX W UCTIbITAHHbIX BPEMEHEM KPUTEPUEB,
TaKWX KaK HarpysoyHas npoba.

3a ABa [ecATUNETUs CPaBHEHWUS U30TOHUYECKUX U cba-
JNNTAHCMPOBAHHbIX KPUCTaNIOMAHbIX PacTBOPOB LI,EJ'IOCTHOVI
KapTUHbI KJIMHWUYECKUX PUCKOB MPUMEHEHUS Tex W Apyrux
He cnoxunock. ocnefHue uccneaoBaHMs, 0CHOBaHHbIE HA
aHanUTUKe YMepeHHbIX Pa3HOCKOPOCTHBIX UHEY3MiA KpucTan-
JIOWJ0B Pa3HOro MOHHOIO COCTaBa, MOKa3a, YTo PUCKM Mo-
YEYHOro NOBPEXAEHNS U UHBIX PACNPOCTPAHEHHbIX OCNOXKHE-
HUWiA NPX NepenMBaHUM BCEX TUMOB MPenapaToB B LUMPOKOM
HO30/10TMYECKOM CMEKTpe He3HauuTeNbHbl W CPaBHUMbI,
3a UCKJTH0YeHMEM NaLMEHTOB C ONepUpyeMON HepoTPaBMOiA,
KOTOpbLIM NyyLLEe BBOAMTbL M30TOHUYECKME PacTBOpbI.

CMUCOK JIUTEPATYPHI

1. Connor J.M., Coopersmith C.M. Does crystalloid compasition or
rate of fluid administration make a difference when resuscitating
patients in the ICU? // JAMA. 2021. doi: 10.1001/jama.2021.11119
2. Rivers E, Nguyen B., Havstad S., et al.; Early Goal-Directed
Therapy Collaborative Group. Early goal-directed therapy in the
treatment of severe sepsis and septic shock // N Engl J Med. 2001.
Vol. 345, N 19. P. 1368-1377. doi: 10.1056/NEJMoa010307

3. Yealy DM, Kellum J.A, Huang D.T,, et al; ProCESS Investigators.
A randomized trial of protocol-based care for early septic shack // N Engl
JMed. 2014. Vol. 370, N 18. P. 1683-1693. doi: 10.1056/NEJMoa1401602
4. Rossaint R., Bouillon B., Cerny V., et al. The European guide-
line on management of major bleeding and coagulopathy fol-
lowing trauma: fourth edition // Crit Care. 2016. Vol. 20. P. 100.
doi: 10.1186/513054-016-1265-x

5. Maceynmk W.H., CMewron WA, Tumawkos [.A., v ap. [naHosoe
XMpYpruyecKoe BMELLATENbCTBO WM MepopanbHas Harpyska
yrnesogamu // Xvpyprus. XypHan umenn H.M. Muporosa. 2020.
N° 6. C. 82-89. doi: 10.17116/hirurgia202006182

6. CmewHon WA, Maceunmnk W.H., Ckobenes EMN., v ap. Ontn-
MW3aLMA MHGY3MOHHOM Tepanuu B MIaHOBOM abAoMUHamNbHOM
xupyprum // 06was peaHumatonorus. 2018. T. 14, Ne 5. C. 4-15.
doi: 10.15360/1813-9779-2018-5-4-15

Tom 2, N8 2, 2021

DOl https://doi.org/10.17816/clinutr81626

KnuHrieckoe nutaHmne v Metabonmam
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HWW ¢ Lenblo BepudmKaumm Bbibopa.
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