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OB30PHAA CTATbA

Pa3BuTtue npepcrasneHui o pusnonorum oo6MeHa BeLLeCTB

A.M. CyborsiioBa' ~, M.A. Cy6oTsioB"? >

"HoBocubWpCcKuiA rocyAapCTBeHHBIN MeJarorndecKuid yHuBepcuTeT, 2. Hogocubupck, Poccutickas ®edepayus
“HoBoCHOMPCKUH Hal[IOHATBHBINA MCC/Ie0BaTeNbCKU TOCyIapCTBeHHBIN YHIBepcuTeT, 2. Hogocubupck, Poccutickas
Ddedepayus
D subotyalov@yandex.ru

AnHotanus. CraTbs TIOCBSILeHa UICTOPUM Pa3BUTHS pU3M0I0TUM 0OMeHa BelljeCTB HauWHasl C BbISICHEHUST OOIIUX TIPUH-
LIUIOB MeTabosim3ma B paHHee HoBoe BpeMst /10 UCC/Ie[JOBaHUH MOC/IeHUX /IeCTUIeTHI. B M3yueHUM UCTOPUY MeAULIMHCKUX
1 OMOIOTMUeCKUX JMCLUTUIMH Ba)KHYIO YaCTh COCTABJISIET BBISIBJIEHUE TAllOB UX CTAHOB/IEHUS U Pa3BUTHS. B CBS3M C 3TUM
TIPe/ICTaBJISIeTCSI Ba)KHBIM CZle/laTh UCTOPUKO-HAyUHBIM 0030p pa3BUTHS Mpe/ICTaBIeHHH 0 pu3nooruu oOMeHa BelecTs,
OTpa’karolui BKJIaJ, UCCIie/loBaTesiel pa3HbIX PErMOHOB, KOTOPLINM OyZieT Tosie3HbIM /IJIs Pero/jaBaHust UCTOPUKO-HAYYHbIX
U CIiel{iaibHbIX JUCLUILINH, a TaKXXe [/ UCciefloBaTesiell, 3aHMMAalOLUXCsl U3yueHneM UCTOpUU (u3nosioruu. Lleab: aHanu3
pa3BUTHS Mpe/CTaB/IeHUH 0 ¢pu3nonorur obmeHa BeiiectB B HoBoe 1 Hogetitiee Bpemsi. Mamepuanbl uccaedosanusi. Ipu
TIO/ITOTOBKE TEKCTa JIaHHOM MyOJIMKaLMK MCTI0/b30BaIMCh CTaThU B U3/jaHUsIX, BKItoueHHbIX B PUTHLI u PubMed. ['my6uHa novcka
ny6smkanmi cocraBusia 20 jiet, Takke B 0630p BKJIIOUEH psifi 6oee paHHUX pabOT, COOTBETCTBYIOIIUX TeMe NCCIIe/I0BaHMSI.
Pe3ynbmambi uccaedogarus. O6001IeHbI pe3y/ibTaThl O pa3BUTHH MPeCTaBIeHuH 0 (hu3nonoruu obmMeHa BeljecTs. [TepBbie
9KCIIepUMeHThI Hauau POBO/UTL B paHHee HoBoe Bpemsi. [l 3TOr0 KOHCTPYUPOBAIUCh KaJIOPUMETPHI /1Jis1 U3MepeHUst
KOJIMYeCTBa BbIJesieMoro Teruia. [TosyuaeMble jaHHBbIe MOOYKJamy YUeHbIX U3yuaTb XUMHUUYeCKHUH COCTaB TKaHeH Tesna,
COCTaB MHIIEBLIX BelljeCTB, MOCTYNAIOIIUX B OPraHU3M, U Bhljle/isieMble KOHeUHble IPOAYKTHI pacnaja. Ha 3Toil ocHoBe
BO BTOpO# nosioBuHe XIX Beka pa3pabarbiBaauCh CTaHAAPTHI MUTaHUs. B TeueHne XX Beka Oblsa ycTaHOB/IeHa OestKoBast
nipupoza GpepMeHTOB, U3yueH MeXaHW3M PeryJisiliiy yPOBHS IJIFOKO3bl B KDOBH, BBISICHEHA POJIb BUTAMUHOB TPyMIibl B B 0OMeHe
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BeljecTB U Ap. [TokasaH BK/a/| 0TeueCTBEHHBIX (DU3MOJIOTOB B pa3BuTve dusuonoruu obmena Betriects (buagep I, lmuar A.,
CeuenoB .M., Muxaiinos B.I1., Babckuii E.B., Capunikuii H.H.). VicTopus pa3eutuu (pU3H0I0rHMH 0OMeHa BeIeCTB MOXKET
paccMaTpUBAThCS TIPU U3YUEHUH CITelUa/IbHBIX BOIPOCOB B paMKaX BY30BCKHUX JUCHUTIIUH «HopMmanbHast GhHU3U0IOTHS»,
«VcTopust MeIULIUHBI», «VICTOPUST OUOTOTUM».

KiroueBble €/10Ba: MCTOPYS HAyKH, UCTOPUST MeAULIMHBI, UICTOPHUST PU3MO/IOTHH, 0OMEH BellleCTB, MeTaboi3M

MNudopmanys o puHaHCHPOBaHUM. ABTODHI 3asB/SIOT 00 OTCYTCTBUM (DPMHAHCHPOBAHUS 3a TIO/[TOTOBKY CTaThU.

Bkuiag aBTopoB: Cyb6oTsyioBa A.M., CybotsinoB M.A. — au3aiid ucciiefioBanusi, cbop u 06paboTka Marepuasa, HarMcaHue
paboThI, OKOHUATETbHOE YTBEPKIEHUE BEPCUU ISl MyO/TUKaI[Ui. Bce aBTOPBI BHEC/IN CYII[e CTBEHHBIN BK/IaZ B pa3paboTKy
KOHILIETIIINH, TIOATOTOBKY CTaThH, TPOUIHA U 0f00pHIH (PUHAMBHYIO BEPCHIO TIepe My O/THKariier.

HNudopmanys o KOHQIMKTe HHTePeCcoB. ABTOPHI 3asiB/ISIIOT 00 OTCYTCTBUM KOH(IMKTA MHTEPECOB.
JTHUeCKoe YTBep)KAeHne — HelIPUMEeHUMO.

BiarogapHocTH — HEIIPUMEHUMO.

HNudopMupoBaHHoe coriacue Ha MyOIMKaLUI0 — HEPUMEHHMO.

ITocrynuna 13.07.2024. ITpunsra 07.08.2024.

Jns putupoBanus: Cyoomsiioea A.M., Cybomsinioe M.A. Pa3BuTHe TipeiCcTaBieHul o pusronoruu obMeHa BelecTs //
BectHuK Poccuiickoro yHuBepcuTeTa Apy>k0b! HapozoB. Cepusi: MeautiuHa. 2025. T. 29. Ne 1. C. 9—26. doi: 10.22363/2313-
0245-2025-29-1-9-26. EDN EFIPOX

Development of ideas about the physiology of metabolism

Anna M. Subotyalova' ', Mikhail A. Subotyalov*? >

! Novosibirsk State Pedagogical University, Novosibirsk, Russian Federation
gog N/
2 Novosibirsk State University, Novosibirsk, Russian Federation
< subotyalov@yandex.ru

Abstract. The article is devoted to the history of the development of metabolic physiology, starting from the study of the
general principles of metabolism in the early modern period to research in recent decades. In studying the history of medical
and biological disciplines, an important part is the identification of the stages of their formation and development. In this regard,
it seems important to make a historical-scientific review of the development of ideas about metabolic physiology, showing the
contribution of researchers from different regions. It will be useful for teaching historical-scientific and special disciplines,
as well as for researchers studying the history of physiology. The purpose of the article: to analyze the development of ideas
about the physiology of metabolism in Modern and Contemporary times. Research materials. In preparing this text, articles in
publications included in the RSCI and PubMed were used. The depth of the search for publications was 20 years, and a number
of earlier works relevant to the research topic were also included in the review. Research results. The results on the development
of ideas about the physiology of metabolism were summarized. The first experiments began in the early modern period. For
this purpose, calorimeters were designed to measure the amount of heat generated. The data obtained prompted scientists to
study the chemical composition of body tissues, the composition of food substances entering the body, and the end products of
decay released. On this basis, nutrition standards were developed in the second half of the 19th century. During the 20th century,
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the protein nature of enzymes was established, the mechanism of regulation of blood glucose levels was studied, the role of B
vitamins in metabolism was clarified, etc. The contribution of Russian physiologists to the development of metabolic physiology
is shown (Bidder G., Shmidt A., Sechenov I.M., Mikhailov V.P., Babskii E.B., Savitskii N.N.). The history of the development of
metabolic physiology can be considered when studying special issues within the university disciplines «Normal Physiology»,

«History of Medicine», «History of Biology».

Keywords: history of science, history of medicine, history of physiology, metabolic processes, metabolism
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BeepneHue

Heo6xoauMOoCTh TOHUMaHUsT (YHKIIMOHUPOBAHUS
OpraHu3Ma uesioBeKa SIB/ISeTCs CTOJb JKe JPeBHUM, KaK
Y BpeMsi Cyl1l[eCTBOBaHUs MeJULIMHbBI. B McTopur HayKu
OueHb Ba)KeH BOMPOC MU3yUeHHsl ITarlOB CTAHOBIEHUS
Y pa3BUTHS, a TaKKe UCTOPUKO-HAYYHOM Mepuou-
3aLUMy MeJUIMHCKUX U OUOo/IoTrue CKUX JUCLIUTUIH
U obsacTei.

VicTopusi CTaHOB/IEHUS ¥ PAa3BUTUS Mpe/CTaBe-
HUI 0 GU3H0I0THU 0OMeHa BeIeCTB SB/SIeTCS OHUM
13 BOMPOCOB B PAMKaX BY30BCKUX KypcoB «VcTopusi
MeJULIUHbI» U «VICTOpUsI OMOMOTHUN», a TaKXKe MpU
W3yUeHUU CIeLabHbIX BOIIPOCOB NPO(PUIBLHON AUC-
UIUIMHBEI « HopMasibHasi hr310IIoTHs».

B cBs13U € 5TUM NpeJCTaB/seTCs Ba)KHBIM C/le/aTh
WCTOPUKO-HAYYHBIM aHA/TUTHYE CKUI 0030p Pa3BUTHS
TpezicTaB/IeHUH 0 ¢pu3nosorud obMeHa BelecTs,
OXBaTBIBAIOL[UM pa3/TMyHbIe 3Tarbl UCTOPUU U OT-
pakarollUii BK/aJ, uccaefoBaTesneli pa3HbIX peruo-
HOB, KOTODBIN OyzieT MoIe3HbIM [jIs TIPernoaBaHust
HWCTOPUKO-HAyYHBIX U CIel[UaJbHBIX AUCLUILIVH,

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

a Takxxe /i UCCeioBaTesel, 3aHMMAIOLLUXCS U3Y-
yeHHeM UCTOPUU (HHU3UOOTUH.

Lenn ucciegoBaHusi: aHA/IU3 PA3BUTHUS TIpe/i-
CTaB/IeHUH 0 ¢u3nooruu ooMeHa Belects B Hooe
1 Hogetimiee Bpems.

MaTepMaHbI N MeTobl

[Tpu MOArOTOBKe TEKCTa AAaHHOU MyO/IUKaIuu
WICTIO/Tb30Ba/IUCh CTAThbU B U3[JaHUSX, BKIFOUEHHBIX
B PMHLI 1 PubMed. I'ny6una noucka mybavkaruii co-
craBua 20 sieT, Takke B 0630p ObLT BK/TFOUEH psifi Oosiee
PaHHUX paboT, COOTBETCTBYIOIINX TEMe UCC/Ie0BaHNSI.

Pe3yn braTbl UCClieaoBaHUA

IIpeanochbIKY U CTAaHOB/IEHHE Mpe/CTaB/IeHu
0 ¢u3mnoorun odOMeHa BelecTB
B XVII Beke B cTpaHax CeBepHoii EBporibl me-
HSJIMCh TIPeJCTaB/IeHNs O IUTaHWM U auete. [lepBrie
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XVMHUYeCKHe SKCIIePUMeHThI ITOPOAWIH HUJIer0, UTO
conmu 00pa3yroTcs B pe3y/braTe COeIMHEeHUsT KUC/IOT
¥ oCcHOBaHMH. [TuirieBapeHue OobIlie He IPUPaBHUBAIN
K MPOLIeCCY MPUTOTOB/IEHHUS MUILKY, @ PACCMaTpUBA/IN Kak
TI0C/1e/10BaTe/IbHOCTD (pepMeHTaLid, KOHTPOJIMPYEMbIX
cbaTaHCMPOBaHHBIM ITPOM3BOCTBOM KHUCJIOT U ITIe/I0Uei.

UranbsiHckuii Bpau Cantopuo (Santorio Santorio,
1561-1636), MPoBO/s OTIBITHI Ha Ce0e, MBITAJICS BbISC-
HUTB 001111e IPUHLUITBEI MeTabonr3ma. OH pUHUMAI
THIILY, TIOKA ero BeC He JJ0CTUTasl OnpeZe/IeHHOTO 3Ha-
YeHMs, a 3aTeM 0CTaBasICs Ha KaKoe-TO BpeMsi Ha «Me-
TabosimyeckoM OaslaHCe», KOHCTPYKIUHU, CTIeLUaTbHO
CO3[aHHOM UM JIJ1 3TOT0 KCriepuMeHTa. OH Hab/moza,
KaK MOCTeNeHHO ero Bec yMeHblaeTcsi. CaHTOPUO
yTBepsKJaJjl, UTO 3TO CHM)KeHHe Beca Ipe/CTaBiseT
co0o¥i TIoTeprO BelleCTBa U Ha3bIBaJI MPOLIECC «He3a-
MEeTHBIM HcriapeHuemM» [1].

@paniry3ckuii Bpau @pancya [Irobya (Francois Du
Bois, 1614-1672) cuuTas, 4yTo pacujerieHue MULLU
B MUIE€BAPUTE/IbHOM TPaKTe, BbI3BaHHOE M0C/Ie/10-
BaTebHOCTHIO (pepMeHTaI Ui, KOHTPOIUPYeTCs cOa-
JITAHCUPOBAHHBIM MPOU3BOZCTBOM KHUCJIOT U 1L|e/I0Uel.
Hupepnanackuii yuensiid fH bantrcra BaH ['eibMOHT
(Jan Baptista van Helmont, 1577-1644) nipoemMoH-
CTPYPOBAJI, UTO >KeJTy[0UHbIA COK M HOpMaJlbHast Moua
HMMEIOT KMCIOTHYIO peakiuto [2].

®paHLy3ckuii XuMUK AHTyaH JlaByasbe (Antoine
Lavoisier, 1743-1794) npu noMoIu pu3MKa-MareMaTrka
[Twepa Jlamiaca (Pierre Simone Laplace, 1749-1827)
pa3paboTasnu repBbiid )KUBOTHBIA KaJIOPUMETP AJIsi
r3MepeHus BblJesieMoro Teruvia. HekoTtopele ncce-
JloBaTeM CUUTAIOT, YTO MepPBbI TAKOW KaJlOpUMeTp
Ob11 M300peTeH MIOT/IaHACKUM XUMHKOM U (PHU3UKOM
Amspom Kpoydopzaom (Adair Crawford, 1748-1795) [3].
JlaByasbe 1 Jlariac ymas, uto GHOIOrYeckoe ropeHre
TIPOUCXOJUT B JIETKKX, T7ie KUC/IOPOZ, OKUCTISIET YITIEPO/,
U 3TO0 BeJleT K 00pa30BaHUIO YITIEKUC/IOTO rasa, TYT JKe
BbI/Ie/ISIEMOr0. YI7Iepo/i OHY TIpH3HaBaiv cybCcTpaToM
OKMC/IUTEe/TbHBIX MpoLieccoB [4].

Pa3BuTHe npe/cTaB/1eHU
o ¢u3moorun oOMeHa BeliecTB
B kon1je XVIII Beka uTanbssHCKUM 300710T U (H-
3uK Jlag3apo Cnannanuanu (Lazzaro Spallanzani,

12

1729-1799) ob6Hapy»Xu/1 J0Ka3aTeJbCTBA TOTO, UTO
B TKaH$IX TOXKe MPOUCXOJAT OKUC/IUTE/TbHbIE MPOLIECCHI.
OH Habsrofas, UTo TKaHU TOJBKO UTO YMEPLIUX XKU-
BOTHBIX, @ TAK)Ke KO’Ka M MBILLLIbI JIFOJei cpa3y moc/ie
CMepTH MOIVIOLLAIOT KUC/IOPOZ U BbIZIEJISOT YIVIEKUC/IBIN
ra3. OfiHako HayuyHOe co00I111eCTBO TOBKO uepe3 He-
CKOJIBKO [JeCITU/IeTU TIPHU3HAJIO0, UTO OKUC/IUTe/IbHbIe
TPOLIeCChI TPOUCXOASAT HE UCK/TIOUUTE/IBHO B KPOBH,
a BO BCeX TKaHsIX OpraHu3Ma.

Takoe MHeHUe BbICKa3a/1 HeMeLKU (PU3MK U XUMUK
l'enpux Marnyc (Heinrich-Gustav Magnus, 1802-1870)
B 1837 ropny, korzia 0OHapy KW/ pa3/inuus B CoJep-
JKaHWU KHCJIOPOZA U YITIEKUC/IOThI B apTepuaibHON
Y BeHO3HOM KpoBHU. Toro ke B3m/isifja MpUAep KUBasICs
v ¢panuysckuit pusuosor Knoa bepuap (Claude
Bernard, 1813-1878), usmepsiBluuii TemMneparypy
OPraHOB U BBISICHUBIIINM, UTO OHA MOYKET OBITh BBILIIE,
yeM TemIiepatypa nocTymnarliel B HuX KpoBu. OKOHYa-
TeJIbHbIe /]0Ka3aTe/bCTBa MpUBes HeMeLKWi (hr3roior
Onyapp [Ndbmorep (Eduard Friedrich Wilhelm Pfliiger,
1829-1910) B 1875-1877 roppl.

YacTtp uccnenoBanuil Kinoga Bepuapa 6v1tm
TIOCBSIIIIeHbI TTTMKOTeHoo0Opa3oBaTebHON QyHKLHUN
rieueHu (paboter 1848—1855 rr.). OH yCcTaHOBWI, UTO
TIOCTYTIAIOLIMM C KPOBBIO K TIeUeHy caxap IpeBpaliiaeTcst
3[1eCh B IJTUKOTeH, KOTOPbII MOXXeT 00pa30BbIBaTbCS
B TleueHH U 13 6ekoB. OT/I0KeHHBIH B TIeUeH! [TTHKOTeH
MOCTeINeHHO pacllerisieTcs, U obpasyroiasics Ipu
3TOM IVIFOKO3a [0CTymaeT B KPOBb. bepHap BbIACHUI,
YTO MeyeHb CeKPeTUpYeT caxap B KPOBb, U Ha3Bas 3Ty
(yHKIMIO «BHYTpeHHel cekpeLiyeii» [4].

Ycnexu opranndeckoit xumun B XIX Beke criocob-
CTBOBAaJI BCECTOPOHHEMY HCC/Ie[0BaHHUIO IIPOLIeCCOB
oOMeHa BeleCTB U NMUTaHUsI OpraHu3Ma. bbut usyueH
XUMHUYeCKHUH COCTaB TKaHel Tesla U BbISICHEH COCTaB
TUILEBbIX BELeCTB, MOCTYMALMX B OPraHK3M, U Bbl-
JiesisieMbIX MU KOHEUHBIX NPOJYKTOB pacraza.

Anrnuiickuii xuMuk Yuneam I1payT (William
Prout, 1785-1850) 06Hapy KU/ B >KeTyIOUHOM COKe
KPOJIMKa CBOOOZIHYI0 KUC/IOTY C COfiepyKaHHeM XJI0pH/I0B
IIPUMEpPHO Ha OJHY TpeTb. AHIVIMMCKUI Bpay U XU-
muK ['enpu [IxoHc (Henry Bence Jones, 1813—-1878)
nozipo6HO HabMI0AaM U3MeHeHHsT KUCJIOTHOCTA MOYH
B 3aBUCUMOCTH OT 1oTpebsieHust nuiy. OH mpearno-
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JIOXKWJI, 4TO TIpeobpa3oBaHue KHUC/IOPO/a MTPUBOAUT
K 00pa30BaHUIO KMCIOTHI B OPraHU3Me, U MI03TOMY
peKOMeH/I0BaJl 11je/IouHble BoAbI [2].

®panuy3ckui xumMuk Mutesns [1leBpéns (Michel
Eugene Chevreul, 1786—1889) Bbizenu xoiecTepuH
13 >KeJTYHBbIX KaMHell uernoBeka (1815) u 6611 epBbIM,
KTO 0XapaKTep130BaJl ero Kak e/JMHOe YMCTOe BeLleCTBo,
a Tak)ke OTKpbI KpeatuH (1835) [5].

B 1849 roay ¢paHiy3ckuii XuMUK U GU3MK AHPU
Peno (Henri Victor Regnault, 1810-1878) u ¢u3nonor
JKromb Peiize (Jules de Reiset, 1818-1896) pa3paboranu
3aMKHYTYI0 CUCTeMY JJisi U3MepeHust oTpebieHus
KMC/IOpPOJa C UCTI0/Ib30BaHHUeM TepMeTHUYHOTO ITPOCTPaH-
CTBa U MOIJIOTUTeJIeN yraeKucoro rasa. Kucnopog,
noTpeb/1sieMbIii KUBOTHBIM U OKPY)KaroILel ero Cpe/ioH,
MOXXHO OBIIO OTIpe/IeTMTh KOJTMUeCTBEHHO, BHIUHC/IHB
o0beM Kucopozia, HeoOX0AUMBIH [71s TTO/1epKaHus
TOCTOSTHHOTO JjaB/ieHusi B cucteMe. OJHaKo UX CUCTeMa
He TI03BOJIs/Ia U3MePUTh BBIPabOTKY YI/IEKMCIIOro rasa
JKUBOTHBIM [3].

Hewmerkuit prsvik Imusb [enpux ato Bya-PeiiMoH
(Emil Heinrich du Bois-Reymond, 1818-1896) Habsto-
Aan obpa3oBaHHe MOJIOUHOM KUC/IOTBI BO BPeMst MbILIey-
HOTO COKpalleHust. OTO ObIJI0 HAYaI0M UHTEHCHBHBIX
UCC/Ie[IOBaHKI CBS3U MEXy TIOCTYI/IeHHeM KUC/IOPOZa,
rpeoOpa30BaHKEM YI/IEBO/IOB, 00pa30BaHUEM MOIOUHOM
KWCJIOThI U CHWKEHHEM L1[eJIOYHOCTH KpOBH [2].

®panuysckuii xumuk Jlyu [Tactep (Louis Pasteur,
1822-1895) mpuiies1 K MHEHHUIO, UTO OpoXkeHUe SIBJIsi-
€TCsI pe3y/IbTaToOM KU3HU 6e3 KMCIOPOo/a ¥ UTO KJIeTKH
CTIOCOOHBI T10/TyuaTh SHEPTHIO 3a CUeT Meperpyrm-
POBKH COpa’KBaeMbIX BelljeCTB 6e3 HeoOX0AUMOCTH
y4acTHsi MOJIEKY/IIPHOTO KUCI0pOZia. JTO OTKPBITHE,
KOTOpOeE TO03/Hee MoJy4Yr/I0 Ha3BaHue «3(PdeKTomM
[Mactepa», nMesio 6oblIOe 3HaUEHHUE [I7Isi pa3BUTHS
TMOHMUMaHUsI MeTaboIMueCKoro KOHTPOoss [6].

Bo BTopoii nosioBuHe XIX Beka MUTaHWe CTa0
TeMOU HOBBIX HayK (u3uosioruu u buoxumuu. I1po-
AYKTbI TUTaHUS] CUCTEMaTUUYeCKH aHaIM31uPOBaIUCh
Ha TIpeJjMeT COofiep>KaHusl B HUX SHEPTUU U MaKPOHYTPH-
€HTOB, 1 Ha 3TOW OCHOBe pa3pabaThiBa/MCh CTaHJAPThI
MHATaHUS.

OTKpbITHST HeMelKoro xumuka FOctyca don JIu-
6uxa (Justus von Liebig, 1803—-1873) oka3asnu cyiiie-
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CTBEHHOe B/IMsIHUE Ha TIpe/iCTaB/ieHre O BelleCTBax,
OKHCJISieMbIX B OpraHu3Me. Y UeHbIi TI0Ka3aJl, UTo STUMU
BellleCTBaMHU SIBJITIOTCST O€JTKH, )KUPbI U YTJIEBO/BI,
a He HeroCpeJICTBEHHO YI/IepOo, KaK CUMTaNoCh paHee.
JIubux yTBep)Kaas, uTo Oe/IK| UrparoT POJib CTPOU-
TeJIbHOTO MaTepuara Jjiss 00pa3oBaHUsl TKaHel Tera,
a JKUPBI U YIJIEBOJbI UCTIO/Ib3YIOTCS KaK UCTOUYHUKHU
SHEepTrHH, TO/IBepraroIfecsi OKUCIEHUIO /10 YITIEKHC/IOTO
rasa v BOJIbI.

[Tocsie 3TOTO MOSIBU/IACE BO3MOKHOCTD OTIPe/Ie/TUTh
TIO/THBIN GaslaHC MPUXO0/ja U pacxo/ja MUATATe/IbHBIX Be-
IIIeCTB U Jle/laTh BBIBO/LI 00 0011[eli MTHTeHCUBHOCTH
obmeHa, uTO BrepBbie ObUIO cAemaHo B 1852 roay
¢usmnonoramu u3 [lepnrckoro yHuBepcurera ['eop-
rom bugnepom (Georg Friedrich Karl Heinrich Bidder,
1810-1894) u llImuaTom AsiekcaHipoM AjieKCaH/Ipo-
BuueMm (1831-1894).

BriocneictBuy ObUTH TIPOBE/IEHBI O0JTee /leTabHbIe
uccreoBaHus OasaHca 0OMeHa BellieCTB Pa3HbIX JKH-
BOTHBIX U UesioBeKa B paboTax HemMeL[KOro (hr3nosora
Kapsa ®oiita (Carl von Voit, 1831-1908), Hemel]-
Koro xumnka Makca ¢oH I[Terrenkodepa (Max von
Pettenkofer 1818-1901) u zp. [4]. Bblso BBIsICHEHO,
yTO O€e/KH, SIB/ISASICh He3aMeHUMBIMH TTUTaTe/TbHBIMU
Bell[eCTBaMH, 00s13aTe/ibHbI B MUTaHWU. Makc Ilet-
TeHKo(dep B 1866 rofy CKOHCTpyHpoBaa KaMmepy st
orpeziesieHs Ta3000MeHa y Ye/ioBeKa: ee pa3mMepbl
OBLTH JOCTATOUHBIM [IJIST TOTO, YTOOBI UCITBITYEeMbIM
Mor B Heli paboTaTh, €CTh U CMaTh.

Kapn ®oiit pa3zpaboTan MeTos, pa30MKHYTOM
1[eTid, KOTOPbIM BMecTe ¢ MeTo/joM PeHo u Peiize
OBITM Ba)KHBIMM UHCTPYMEHTAMU JIJIsl TOHUMAaHUs
MeTabosn3ma uenoBeka. [Tociaenyroiiue paboTsl
doiita Mo MeTab0/M3My Y MIEKOMTUTAIOLINX, BKITIO-
yasi yesioBeKa, MOMOTJIM 3a/I0’KUTh OCHOBBI U3yUeHUst
¢usmonornu obMeHa BeleCTB U 3a7I0XKUTh OCHOBY
COBpeMeHHOM HayKu O MUTaHWUU. B yacTHOCTH, ero
OTKPBITHE TOTO, UTO BbiJje/ieHHe a30Ta (T.e. Moue-
BUHBI) C MOUOH CBSI3aHO CO CKOPOCTBIO O€/IKOBOTO
oOMeHa B coueTaHuu C KO3QPUIMEHTOM JIbIXaTeTbHO-
ro oOMeHa, MO3BOJTU/IO KOJTUUEeCTBEHHO OTIPe/Ie/IUTh
OTHOCHUTE/IbHBIM BK/Ia/] Pa3/IMYHbIX UCTOUHHUKOB
TOTTMBA (T.€. YIJIeBOZOB, KUPBI U OeKU) [J1s Me-
Tabosm3Ma Bcero opranusma [3].
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OreuectBeHHbIN Qusnosnor CeueHo MBaH Muxaii-
noBuu (1829-1905) oTKpbLT HOBYIO ()OPMY TpaHCIIOpTa
YIJIEKHCJIOTBI C yuacTHeM reMor/iobuHa, UccieoBast
TIOI/IOLeHUe YIIeKKUC/IOro ra3a pacTBOpaMu COJel,
KMUCJIOT U Lje/I0ueld. YUeHbIN BliepBble Paclo/IoKU/I
KaTHOHbI ¥ aHUOHBI B psAZlax M0 CTeNeHW UX BAUSHUS
Ha pacTBOPUMOCTH ra3a. OH Takke OTKPbLJI XUMH-
yeckoe CoeJJMHeHUe TeMOrIo0nHa C YIIeKUCI0TOU
(kapboremMor/I06MH) U 0OBSICHUI AbIXaTeIbHYIO QYHK-
LU0 KpoBH [7].

Yuenuk CeueHoBa MuxaiinioB Bnaaumup Iletpo-
Buy (1855-1901), paboTsl KOTOpPOrO HOCKU/IH OHOXU-
MUUEeCKYI0 HarpaBIeHHOCThb, B 1886 romy coBMeCTHO
¢ XnonuHeM ['puropuem Butansesnuem (1863-1929),
OyayLmM ripodeccopoM-TUTHEHUCTOM, OITyOIMKOBaIN
paboty «O CTy1eHICTOM COCTOSTHUM Oe/TKOBOTO Bellle-
crBa» [7].

B pesynbTare 3HaUMTEIBHOIO YMC/Ia UCC/Ie0BAHU,
npoBe/ieHHBIX B KOHIe XIX Beka, 661710 M3yueHo, KaK 13-
MeHsieTCst ra3000MeH B 3aBUCMMOCTH OT T10/1a, BO3PacTa,
Macchl TeJla, pyemMa MULIY U Fo0LaHus, TeMIlepaTypbl
Tesia, MbILLIeYHOM paboThl, cHa U T.A. ViccnenoBaHust
razoobmeHa npriobpeny 0cobeHHO 6osIbILIOe 3HAUeHHe
TI0CJIe TOTO, KaK ObLIO BBISICHEHO, UTO OHU TIPeJ0CTaB-
JISIFOT BO3MOYKHOCTb BBIUMC/TUTE OOIIIMe SHepreThuecKye
3aTparbl opraHu3mMa. [1epBbiii Takoi pacyeT KOJIMYeCTBa
Teryia, BeCbMa NMpUOIM3UTebHBIHN, TPOU3Be/ HeMell-
kui pusnosnor I'epman lensmronsy (Hermann Ludwig
Ferdinand von Helmholtz, 1821-1894).

Hewmernkuii gpusronor Makc Py6uep (Max Rubner,
1854-1932) B 1890-x rogax pa3paboTas TOUHBIE CIIO-
C00Bbl, TMO3BOJISIOIME PAaCCUNTATh SHepreTUuecKre
3aTpaThl YesioBeKa 10 JaHHBIM ra3000MeHa U ToJy-
YUBIIIME Ha3BaHWe HeTIPSIMOM KaJopuMeTpuu (ero
TOYHOCTb PyGHep rpoBepu/ mocpeACcTBOM MPSIMOM
KaJIOpUMEeTPUHU). YUeHbIH ObIT OHUM U3 TIePBBIX
CTOPOHHUKOB T€OPUU NIPOJOJIKUTEIBHOCTH XKU3HH,
COTJIaCHO KOTOPOU Me//IeHHbI MeTabo/M3M yBeu-
YMBaeT MPO0/IKUTENbHOCTb KU3HU KUBOTHBIX [8].
[ToMHMO 3TOr0 OH MPOBEJ SKCIIEPUMEHTHI C Ka0pH-
MeTpaMH U M0Ka3as, 4To 3aKoH ['ecca (BelpakeHUe
TIPUHLIUIIA COXPaHeHUsl SHePTrUK) MPUMEHUM He TOJIbKO
B XMMHH, HO U B OMOJIOTHH, 1 3HAUUTETHHO TIPO/IBU-
HYJICSI B HallleM IOHWUMAaHUM PeryupoBaHUs TeMIle-
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paTypsbl, KaaccupuliupoBas (GU3NUeCKYIO M0Tepro
Teruia U XUMHYeCKyto BbIpaboTKy Tera [3]. Tak,
Py6GHep yCTaHOBU/ HEKOTODbIE 3aKOHBI SHEPTeTHKU
OpraHu3Ma: SHepreTuyeckoe MpaBU/Io TOBEPXHOCTH,
COTJIaCHO KOTOPOMY 0OMeH SHepruy MporopLyoHaaeH
TOBEPXHOCTHU Tej1a, U 3aKOH U30AMHAMUH, TI0 KOTOPOMY
NyTaTe/bHbIE Bell[eCTBa MOTYT B SHepreTuyeCckoM
OTHOIIIEHWU 3aMeHATh [PYyT Apyra B COOTBETCTBUM
C MX KaJ0puueCcKUMH KO3 QULIeHTaMu.

B nocnegnune pecsatunetusa XIX Beka BHUMa-
Hue Ob110 obOpalleHo Ha mpobiemMy cuHTe3a Oeska
JKUBOTHBIMU Y 4eJI0BeKOM. ABCTPUKCKUI (hPHU3M0JIOT
1 (hapmakosor Otro JIéBu (Otto Loewi, 1873—1961)
TIOTIBITAJICS] BBISICHUTH POJTb TTUTAaHUS U 0OMeHa Be-
I[eCTB B TIpeBpaLleHHH )KUPOB Y aMUHOKHUC/IOT B GenKy,
B KaJlopUreHe3e M CEKpeLuy MOUM, a TAK)Ke MeXaHU3M
[lefiCTBUSI MHCY/IMHA Ha T/0K03y. OH BBISICHUI, UTO
TOJTHOE TepeBapyBaHue Oesika C TTIOMOII[bI0 TPUTICHHA
npuBe/ieT K 00pa30BaHMUIO 37IeMeHTapHBIX MTPOAYKTOB
benkoBoro o6MeHa, KOTOpbIe MOTYT OBITh UCITO/Tb30Ba-
HbI )KUBOTHBIMH [I/Il CHTe3a OeJika, uero >KUBOTHBIE
JIOCTUYb He Mo [9].

B 1897 rogy aMmepuKaHCKUN XUMHK YUIOyp OTy-
otep (Wilbur Olin Atwater, 1844—1907) coBmecTHO
¢ ¢usukom OaBapaom Posa (Edward Bennett Rosa,
1861/1873-1921) u xumukamu Yapsbs3om JIsHryopTH
(Charles Ford Langworthy, 1864—1932) u ®p3Hcucom
BenenukTom (Francis Gano Benedict, 1870-1957)
pa3paboTasiu repBbIii PSMOI Ka/IOpUMeTP /IS h3yue-
Husi MeTabo/M3Ma uesioBeKa, KOTOPBIi OJHOBPEMEHHO
M3Mepsia oTpebieHre KUCI0POJa U TerionoTepr
Bcero tena. [IpumepHo B 1902 rogy ITyoTep UHTe-
T'PUPOBaJl B KaJIOpUMETP CUCTeMY 3aMKHYTOTO L[UK/Ia
Peno u Peiize. OTo M03BO/N/IO U3MEPSTHL He TOJIBKO
HeOe/TKOBBIN yI7epoy TPy [bIXaHUU, HO U PaCCUUTHI-
BaTb, KAKO€e KOJIMUeCTBO MOIVIOLIEHHOTO KUCI0PO/a UC-
TI0J1b30BasIOCh Zi/1st MeTabo/M3Ma KMPOB U YI/IeBOZIOB.
[To3gHee beHeJUKT MCMO/Ib30BasT JaHHBIM KaOPUMETP
[Jisl u3yueHus: MeTaboM3Ma y HOBOPOXKJIeHHBIX, pa-
CTYLIUX ZileTel U TTOAPOCTKOB, MY)KUMH U >KEHILUH,
ToJIOZIaIOIIMX JIH0/lel, CIOPTCMEeHOB U BereTapHaHLieB,
a Takxke /ISl UCC/IeJOBaHMsI BIUSTHUS IUeThl, pery/iu-
pOBaHUS TeMIlepaTypbl U (r3UueCKUX yIpaKHeHUI
Ha meTabosnu3m [3].
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CoBpeMeHHOe COCTOsIHHE TpeJACTaB/IeHui
0 ¢u3mnonorun odOMeHa BelecTB

B 1902 rozy ObL1 BBe/IeH B 9KCIUTyaTaryo MepBbii
JbIXaTeTbHbIA KaopuMeTp, pa3paboTaHHbIM aMepUKaH-
ckuM arpoxumukom ['enpu Apmcou (Henry P. Armsby,
1853-1921). Vi3mepsisi Ter/io, BbIeJIstOIeecs: BO Bpemsi
KOPMJIEHHS )KUBOTHOT'O, MO>XHO OBIJIO OTIpe/1e/TUTh
TMULLEBYI0 LIEHHOCTb Pa3/IMYHbIX KOPMOB, OL|€HUBas,
CKOJIbKO SHEepPryy )KUBOTHOE MOTJIO MOTYUUTh U3 Pa3HbIX
HMCTOYHUKOB TUIIU. JTOT KaJIOPUMETP BHOC/Ie/ICTBUN
WICTI0/Th30BAJICS B MCC/IEIOBAHUSIX Ha JIFO/ISAX, B XO/e
KOTOPBIX OL|€HUBA/IUCh 3aTPaThl SHEPTUU TIPY Pa3/inuy-
HBIX AueTax [3].

PanHHue vccriejoBaHUs C UCT0/Ib30BaHUEM MPSIMO
Ka/IOpUMeTpUM ObUTH HarlpaB/ieHbI Ha U3yueHre MeTabo-
Jiv3Ma Bcero opranusma. OflHaKo B cepefiuHe X X BeKa
Y B MOC/IeAYIOIIMe TO/bl CTIeLhaNbHO JJisi U3yUueHUst
TepMOpeTy/ISILIY UesioBeKa CO3/jaBaioch Bce OoJibiiiee
KOJINUeCTBO MPSMBIX KaJIOpUMeTpPOB. B pe3ynbTaTe
3a MPOIIIeIIHe JeCATHIeTHs ObIII0 TIPOBeIeHO OOJIBITIoe
KOJTMYeCTBO MCC/IeJOBaHUM TePMOPETY/ISALIMU YesloBeKa
C WCMOJIb30BaHKWEM TIPSIMOM KajopumeTpuu. K Hum
OTHOCSITCSI UCC/IeZIOBAaHNS, U3yUaroll[ie TeryioooMeH
B COCTOSIHUM TTOKOSI U BO BpeMsl (pr3UUeCKUX YIIpaXk-
HEeHU, KOTOpbIe BK/IFOUaIM OL[eHKY TakuX (haKTOpOB,
Kak roTpebsieHre XUAKOCTH, Hr3nuecKre yrpakHe-
HUSI, aKK/IMMaTH3aLus K TeTuTy, Tipe/iesibl BO3/eHCTBUS
Ha paboTy npu paboTe B KapKUX YCIOBUSIX U APyTHe
(hakTOpBI, BNMSIOLIME Ha TeTI00OMeH Bcero Tesa [3].

Hewmerikuii xumuk ['enpux Bunang (Heinrich Otto
Wieland, 1877-1957) 6s11 yaoctoeH HobGeneBckoit
npemuu (1927) 3a uccaefoBaHre >KeTUHbIX KUC/IOT
Y CTPOEHMSI CXO/IHBIX BelllecTs [5].

Anrnmiickuii 6uoxumuk Aptyp lapzaen (Arthur
Harden, 1865-1940) mncciemoBan 3Tarbl TTHKOIN3a,
HUEHTU(QULIMPOBAa] HEKOTOPhIE M3 YUaCTBYIOIIMX
B HEM MPOMEXKYTOUHBIX TIPOAYKTOB U COTYTCTBYIOILUX
taxTopog [10]. B 1929 roay I'apjien ctan naypeatom
HobeneBcKoii mpeMuH 10 XUMHH «3a UCC/IeJOBaHNe
(epmeHTaLK caxapa U epMeHTOB OpOXKeHHs».

AwmepukaHckuii 6uonor Yapnb3 Yating (Charles
Manning Child, 1869-1954) B 1911 rozny BbIABUHY/I
rpajiveHTHy10 Teoputo. [Toceaytroiye rojbl OH
ToMeljaja OpraHu3Mel (TJIaHapyUM, TUAPOUABI U JIP.)

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

B PacTBOp, HArpuMep, LUaHua Kanus (MHrubuTop
OKHC/TUTETbHOTO MeTabom3Ma) U Hab/moziam 3a Tem,
KaKye YyacTy OpraHu3Ma MHrMOHWPOBaIKCh ITePBBIMH,
a Kakue nocyiefHUMU. Tak Obla BBISIB/IEH TPa/INeHT:
MeTabosTueCcKy akTUBHBIE 00/1aCTH OKa3alnuch Hau-
6osiee BOCIIPUMMUUBBIMH, @ HEAKTHBHBIE — HalMeHee
BOCIIPUHMMYMBBIMU. BoJIbIIyIO YacTh CBOE Kapbephl
Yaiing moCBSTUI MPUMEHEeHUI0 TIOA00HBIX MeTOJ0B
KO Bce OosbliiemMy U 60sibIlIeMy pa3HOOOpa3uio opra-
HU3MOB U CTaZiid Pa3BUTHSI.

OH BBISICHW/I, UTO B pa3BHBaroleiics 6rooruye-
CKOM CHCTeMe OfIHA YaCTh CTAHOBUTCSI MeTaboyeCcKy
JOMUHHDYOLIel, N301upyst CyocTpat, HeoOX0o[UMBbIi
[J1st TIpeoOpa3oBaHus YJHEPTUU. OTa UaCTb COXPaHsIeT
JOMVHHMPOBaHHe Hafl IPYTUMH O1arofiapst oCTOSHHOMY
yCriexy B KOHKYPEHLMH 3a KUCJIOPO, U TIHILTY, ¥ ()opMU-
pyetcsi rpagueHT. Yaiing yreepxaan: «KonnuecrBeH-
Hble MeTabo/IMyecKre pa3iuuus KaKyTcsl Haubosee
3aMeTHbIMHU YepTaMy Ha paHHUX CTaJUsIX Pa3BUTHUS
MHOTUX ()OPM, U OHH SIBJISIFOTCS Cyllle CTBEHHBIMU
dakropamu pazsutusi» [11. P. 6]. OH He cuuTas, uTo
MeTabo/MyecKasi akTUBHOCTb SIBJISIETCS a/TbTEPHATHUBOM
aKTHBHOCTH T€HOB: CKOpee, SJHepreTuuecKuii Mmetabo-
JIU3M pacCMaTpHUBAJICS KaK HeUTO, UTO MOAY/IUPYET
aKTUBHOCTb '€HOB.

B 1912 rony amepukaHckuii buoxumuk ['eHpu
[lTepman (Henry Clapp Sherman, 1875-1955) ormy-
GnvKoBas CBOU JIaHHBIE O BJIMSIHUM W30KaI0pHUueCKOro
obMeHa OT/ie/IbHBIX TIPOIYKTOB C Pa3HbIM PacueTHbIM
notpebieHreM KUCIOThI Ha SKCKPELII0 C MOYOU TUTPY-
eMO KMCJIOTHOCTH ¥ aMMOHHS1 Y B3pOC/IOTO UeioBekKa,
HaxO/ISIIIerocsi Ha MOCTOSTHHOW OCHOBHOM AueTe [2].

Aunrnuiickuii xumuk ['enpu siikund (Henry
Drysdale Dakin, 1880—1952) yuacTBoBan B OTKPbI-
TUU (pepMeHTa apryvHas3bl, OTKPbII IJIMOKCaasy,
TIPOBOZIU/I UCCTIeIOBaHUS C OUUIIeHHBIMU OekamH,
a UMeHHO c npotamuHaMu. OH NPOJeMOHCTPUPO-
Ba/l PeaKI[MOHHYI0 CTTIOCOOHOCTH Y TIOTEHI[UATbHYIO
Je3uH(ULMPYIONIYIO [IeHHOCTh XJIOPaMHUHOB U UTO
Cpeay MPOJyKTOB BTOPUYHOM peakIuK XJI0PaMUHOB
TIPY yUaCTHU Pa/IMKaioB ObIIM He TOJBKO asibeTHubl,
HO ¥ [IMaHU/bL. [ISWKWH HCC/ie0Basl TTUKOJIEBYHO KHC-
JIOTBI U ee peakliy, a TaK)Ke apoMaThuecKue coejuHe-
HUSI, BK/TIOYasi aMUHOKHC/IOTBI, TaKKe Kak TPUNTO(aH;
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MPOZIEMOHCTPHUPOBAJ MPAKTUYECKU 0OpaTHBIN MyTh,
TIpU KOTOPOM >KMBOTHBIE MOTYT TIpeBpalljaTh Orpeje-
JIeHHbIe TJIMOKCa/IM B aMUHO- Y TH/JPOKCUKUCIIOTHI. OH
TaK)Ke TOKa3asl 00pa3oBaHe KapOOHW/IOB, alb/IeTHIOB
Y KeTOHOB TIPU OKMC/IEHUM aMUHOKHUC/IOT U [IPYTUX
OuomMoseKys, UCC/iejoBasl UX CKJIOHHOCTb K BTOPUYHOU
JlepUBaTH3aliii aMUHOTPYIIIT; BbISICHW/I TI0/IE3HOCTh
BO/IOHACBILIEHHBIX OPraHUYeCKUX PAaCTBOPUTE/IeH st
9KCTpaKLyu OeKOB U BOJOHACKIIIIEHHOTO Oy THIOBOTO
CrvpTa AJis pa3JesieHys MOHOAMUHOMOHOKapOOHOBBIX
KHCJIOT; TIPOBeJI paHHUe WCC/e[0BaHus BIWSHUA 11je-
JIOUHOM 00pabOTKM Ha OeJTKH, BHIIBUB MX PaljeMH3alIii0
Y /pyTye CTPYKTYpHble hu3MeHeHus [12].

HVccnemoBanust Hemelkoro ouoxumMrka Otro Meii-
eproga (Otto Fritz Meyerhof, 1884-1951) 6b1u cocpe-
[IOTOYEHBI Ha LIMKJ/Ie TJITMKOTeHa ¥ MOJIOYHOM KUCIOThI
Y BHECJIM 3HauuTe/bHbIN BK/a/, B IOHUMaHKe XUMUU
Y TePMOJJMHAMUKY MBIIIIEYHOTO COKpPAIL[eH!s], TIpOMe-
JKYTOUHBIX (hepPMEeHTaTHUBHBIX ITArOB MeTabomn3ma
YTJIEBOZIOB B MBIIIILIAX, @ TAK)Ke KJIETOUHOTO OKUCJIEHHST
B LleJIOM. B cepuu sKcrieprMeHTOB OH MOKasas, uTo
B pabOTarOI[MX MBIIILAX CyIL[eCTBYeT KOJIMUeCTBeHHast
CB$13b M@XK/ly MCUe3alol1M IJIMKOTeHOM U TOSIBJISIO-
11eiiCsl MOJIOYHOM KUC/IOTOM U UTO KUC/IOPOZ, TIPY 5TOM
He pacxogyeTcsi. OH TakKe BbISICHWJI, UTO BO BpPeMs
OT[bIXa MBIIIIL] TIOC/Ie PabOThI YaCTh MOJIOUHOW KHC/IOTBI
okucnsercs. [eHeprupyeMasi TaKUM 00pa3oM SHeprusi
T03BOJIsIET TIpeoOpa3oBaTh OOJIBIIYIO YaCTh MOJIOYHOM
KUC/IOTHI B ITUKOreH [13].

B 1922 rony Metieprod pasgenun HobeneBcKyro
TIpeMHUI0 10 (PU3MOIOTUM WU MeJIULIMHE C aHT/INii-
ckuM ¢usuonorom Apunbangom Xumnom (Archibald
Vivian Hill, 1886-1977) 3a uccieqoBaHusi XUMHUe-
CKHUX peakiui MeTabosm3Ma B MbIIIax (Mccieno-
BaHus Xuia ObIIM CBSI3aHbI C BLIDAOOTKOM Teria
B MbImiax). B 1930 roxy Meieprod omybmmkoBas
CBOIO KJIaCCUUeCKYI MOHOTpaduio «XuMHueckKre
rpoiiecchl B MbIIax». OH Takke 00HapYXuJ, uTo
tdocdokpeaty u afieHo3UHTpH(BOCHAT UMEIOT BbICO-
KYIO SHepreTUUYeCKyr0 [[eHHOCTb U BBeJT KOHIIEeTLIUIO
«IHEpPreTHUUeCKOM CBSI3M» MEX/y OKUC/IeHHeM | (oc-
¢dhopunrpoBanuem [13].

AmepukaHckuii 6uoxumuk Ixerimc CamMHep
(James Batcheller Sumner, 1887-1955) ycranoBun,
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yTo epMeHTHI 006s1azar0T GesIKOBOM PUPOJIOH, 3a UTO
6b11 ynoctoen HobesieBCKOM MpeMuu Mo XUMHUU
B 1946 rony [14].

AwmepuKaHCKHe OMOXUMHUKH aBCTPUNCKOTO TTPO-
ucxoxaenust Kapsn (Carl Ferdinand Cori, 1896-1984)
u I'eptu Kopu (Gerty Theresa Cori, 1896-1957)
MCC/Ie/loBa/Id MeXaHWU3Mbl Pery/siliid YPOBHS IVIO-
KO3bI B KPOBU. OHM OMpejie/in/ig, Kak HaKarMBaeTcst
Y PeCHHTe3UPYeTCs IVI0K03a, a TaKXKe KaK yI/ieBo/bl
cHaOXKaroT sHepruei MbIILbI. [TbITasiCh BBISICHUTD
MeTabo/Mye K1l Iy Th TIOTVIOIeHHOM TUTF0K03bI, Kopu
TIPOBE/U psiJi FKCIiepruMeHTOB (koHel] 1920-x rozfoB)
Y OTKPBUTA BayKHBIN OMOXUMMUYeCKHI TIPoLiecc — Ka-
Ta/IMTUUECKYI0 KOHBEPCHIO TTMKOTeHa — KOTOPBIH ObLT
Ha3BaH LMK/ Kopu. bbuio moATBep kieHo, uTo aKTar,
BbIpabaThIBaeMblil B pe3y/bTare aHa3pOOHOTO IIMKO/H3a
B MBbILLILIaX, TPAHCIIOPTUPYETCS B MeueHb 1 MpeBpaliaeT-
Cs1 B IVTIFOKO3Y, KOTOpasi 3aTeM BO3BPAILlaeTCsl B MbILIILIbI
Y LIMK/IMUeCKy MeTabomu3upyeTcst o6paTHO B JlaKTaT
[15]. 3a aTo oTkpeITHE cynpyru Kopu B 1947 ropy Obimi
yznoctoeHsl HobeneBckol mpeMun, KOTOPYIO OHH pas-
JIeJIUIA C apreHTUHCKUM (hu3rosioroMm bepHapio Ycaem
(Bernardo Alberto Houssay, 1887-1971), KoTophbIit
BBISICHWI POJIb TOPMOHOB TIepe/iHel 10U runogdusa
B MeTabo/13Me ITFOKO3bI.

AMepHKaHCKU OMOXMMUK BeHI€PCKOT0 TIPOUCXOXK-
nenust Ansbept Cent-pépau (Albert Szent-Gyorgyi,
1893-1986) BbIgeM FeKCypOHOBYHO KUC/IOTY U (hyMa-
pat, KOTOpGIi 1o37iHee OyzieT orpe/iesieH Kak K/THoueBoi
3/1IeMeHT LMKJ/la JIMMOHHOU KucsoThl. B 1937 roay
Cent-/Ipépau 061 yroctoeH HobesieBCKO# TipemMuu 1o
(busnonoruy UM MeAULIMHE «3a OTKPBITHS B 00/1aCTH
OHOIOrMueCcKOro OKMC/IeHUs], CBSI3aHHbIe C U3yUeHHeM
BuTtaMrHa C 1 Katanusa ¢pyMapoBOil KUC/IOThI» [15].

B konue 1930-x — Hauane 1940-x rooB Bbize-
JleHVe U UZleHTU(PUKaLUs pa3IuyHbIX BUTAMUHOB
TpyIbl B oc/iyKuim ToYKOM K U3yUeHUI0 UX POU
B 0OMeHe BelleCcTB MeTO/IaMH Kak in vivo, Tak | in
vitro. Brisio 06Hapy>keHO, YTO HEKOTOPbIe BUTAMUHBI,
0Cc00eHHO HUKOTHHOBAs KMCJIOTA U MUPHUJOKCHH,
BBI/IEJISIIOTCS B BH/e MeTab0IMTOB, KOTOPbIe HeoOX0-
oMo ObI7I0 UAEeHTU(GULIMPOBATE U U3MEPUTD, UTOObI
TIOJTyYUTh TIOJTHOE TIpe/icTaBieHne 06 MCIonb30BaHUN
BUTAaMUHOB [14].
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Il7ist 9TOrO0 aMepuKaHCKue OMOXUMUKU ['epbepT
Capetr (Herbert P. Sarett) u 31 JleBu (Ed Levy) 3anu-
MaJIMCh Pa3pabOoTKOM HafIe)KHOTO KOJIOPUMETPHUECKOTO
MeTO/la U3MepeHus Coe/[MHeHNI HUKOTMHOBOM KUCJIO-
Tl B Moue. OHU BBISICHU/IU, UYTO KUCJIOTHBIN THPOINU3
HeoOXoJuM /17151 TIpeBpallleHrs HHKOTHHaMK/la U HU-
KOTHHYPOBOM KUC/IOTHI (IVIMIJUHOBOTO KOH'BIOTATa)
B HUKOTMHOBYIO KAC/I0TY. OZIHAKO 11]eJI0UHOM THIPOJTU3
nan ropasgo 6osiee BHICOKHE U BeCbMa M3MEHUHBBIE
3HayeHUs1. bbis10 0OHapy>KeHo, UTO HUKOTHUHOBAS
KHUC/I0Ta 00pa3yeTcs Py HarpeBaHUM TPUTOHEITH-
Ha (N-MeTUTHUKOTMaHOBOUW KUCJIOTHI) B 11]e/I0UHOM
pacTBope B TIPUCYTCTBUM MUCTOYHMKA aMMUaKa (cosei
aMMOHWUSI WJTK MOUeBHHbI). [To3ke ObIIO MOKa3aHo, 4To
y nrogeit N-MeTUITHUKOTUHaMU/, SIB/ISIETCSI OCHOBHBIM
MeTabosnMToM B Mode. MccieoBaHus oKasasiu, 4To
BUTaMMHBI IPyMIibl B, Takue Kak prubodiaByH, HUKO-
THHOBAsl KUCJIOTA ¥ MMUPUA0KCHUH, HEOOXOAUMBI JJ1s1
aHabosm3ma Geska, TOrjja Kak THAMUH — HeT. OTU
OTKpBITHA Hadana 1940-x ro/loB TOMOIVIN 3a/I0KUTh
XOPOILY OCHOBY Zijiss 6a30BOTO TTIOHUMaHUSI MeTa-
6onM3Ma 1 UCTI0/Ib30BaHUsT HEKOTOPBIX BUTAMHUHOB
rpynmbl B [14].

Bo Bropyto nonosuny 1940-x rogoB ¢gusnosior
babckuit EBrennit bopucoeuu (1902-1973) u ero
COTPYAHUKHM u3yuaau poiab ATD (aseHO3UHTPU-
docdar) u npoAyKTH ee MeTabosM3Ma B Mporieccax
B030y’)K/IeHUs U COKpaIlleH!sI Cep/ledHON U CKe-
JIeTHOU MBI, BiusiHue AT® Ha AesiTeTbHOCTD
LleHTpa/bHOW HEPBHOW CUCTeMbl. Pe3ynbTaTom uc-
cJ/le[JOBaHWM CTajla OpUruHasbHasi TUNOTe3a O POJU
AT® B MexaHH3Me TeTaHUYECKOTO COKpallleHusl.
B cratbe «BnusiHue ajieHo3uHTpUdoChaTa u rpo-
IYKTOB ero pacijenjieHusI Ha YyBCTBUTE/IbHOCTh
MBILILBI K alleTUAX0JUHY U X0nuHy» (1947), ony-
61MKoBaHHOM B coaBTOpCTBe C MuHaeBbiM [1.D.,
OBIJIO OMIMCAHO W MPOAHA/JM3UPOBAHO SIBJIEHHUE
CceHCHOU/MIM3alMHY 110 OTHOLIEHHUIO K al[e TU/IXOJTUHY
nipu gevictBun AT® Ha mbiuiny. [Tomumo sToro EB-
reHuii bopucosuy nccienoBan ¢pa3oBble U3MEHEHUs
MeTabo0/M3Ma MUOKap/a B TeUeHHe CepAeuyHOTO
LIMKJIa. BbI/10 BBISICHEHO, UYTO Ha MPOTSKEHUU Cep-
JIeYHOT0 1[UKJ/Ia MPOUCXOAAT 3HAUUTeTbHble CABUTH
B SHepreTuyeckoM obmeHe. B coBMecTHBIX paboTax
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¢ BorganoBoii E.B. ObIM MMOKa3aHbl U3ME@HEHUSsT aK-
THUBHOCTH DPs/la OKUCUTE/bHBIX U TTTMKOIUTAYE CKUX
(dhepMeHTOB B oripefie/ieHHbIe MOMEHTBI CHUCTOJIbI
U AuacTosibl [16].

Tepanert CaBuukuii Hukonai HukosaeBuu
(1892-1984) 3arparuBaeT Borrpoc oO6MeHa BelleCcTB
B MoHorpaduu «KucnopogHas Teparusi» (1940). On
BbIIBUHYJT KOHLIETILIUIO O TeCHOW CBSI3U reMOJUHAMU-
KM C MHTEHCHBHOCTBIO 0OMeHa BeljecTB. B pabore
«®apMakoJMHaMUKa Cep/leuHbIX IVIMKO31A0B» (1974)
Huikonait HukomaeBru paccMOTpes 0CHOBBI pal{iOHa/Tb-
HOTO MPUMEHEHUS] Cep/IeUHbIX TTIMKO3U/0B, U3/I0XKU/T
0COOEHHOCTH WX TIOCTYTUIEHUSI U BbIBE/I€HHSI U3 Opra-
HU3Ma, MeXaHW3M KyMYJISILMH, MeTab0TM3upOoBaHus,
TIpOLieCChl HAKOTIIEHUSI U pacTipefiesieHusl B TKaHSIX
v opraHax [17].

WccnegoBatenbcKkas rpyrina HeMelKo-aMepu-
KaHCKOTO OMOXWMHKA eBPeMCKOT0 IMPOUCXOK/eHHUS
@purja Jlunmana (Fritz Albert Lipmann, 1899-1986),
u3yuast SHepreTHUeCKUI acrieKT MeTabos3Ma B KITeTke,
OTKpbI7a KopepMeHT A, o6saaromyii alleTUIbHON
aKTUBHOCTEIO, U arleTua-KoA. JIunmas OblT yioCcToeH
HobGeneBckoti mpeMuu 110 (PU3UOJIOTHN WIH MeULH-
He B 1953 ropy, paszie/ivB ee ¢ HeMeIKO-aHTTTMMCKAM
onoxumukoMm Xancom Kpebcom (Hans Adolf Krebs,
1900-1981). IMocneanuii B 1930-e rofibl ChIrpa BaXk-
HYIO POJib B OTKPBITHH IMK/Ia TPUKAPOOHOBBIX KMC/IOT
(umk Kpebca), Ha KOTOPOM OCHOBaHbI MHOTHE MeTabo-
JTMYeCKUe MyTH OOMBIIIMHCTBA )KUBBIX OPraHu3MoB [15].

Hewmenko-amepukaHCKUM OMoXUMUK Pynonbd
[Tenxatimep (Rudolf Schéonheimer, 1898-1941) uc-
TI0JTb30BaJT TSDKEIOBOJOPOAHYO BOAY, UTOOBI [10KA3aTh,
YTO XOJIeCTEPUH BbIPabAThIBAETCS Y MJIEKOTIUTAFOIIAX
B pe3y/bTaTe BOCCTaHOBUTEIbHOU MOMMEpPU3aLIuU
HeOOo/TbIINX MOJIEKYII [5].

HewMmeliko-amepukaHckuii 6uoxumMuk KoHpapg
Bnox (Konrad Emil Bloch, 1912-2000) rokas3au,
YTO HeOOBIIMM MOHOMEPHBIM CTPOUTETbHBIM 010~
KOM $IBJISIETCSI alieTaT, KOTOPhIM, Kak byioX BhISICHUJ
no3zHee, OMOCUHTETHYECKH CBSI3aH C Mpe/iieCcTBeH-
HUKAMH X0JieCTeprHa, CKBaJeHOM U JIAHOCTEPOJIOM.
B 1964 rogy BMecTe ¢ HEMEIIKUM OMOXUMHKOM
®eonopom JluneHom (Feodor Felix Konrad Lynen,
1911-1979) 6611 HarpaxxeH HobeneBckoii mpemueit
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3a OTKPBITHS, Kacarollyecss MeXaHU3MOB U peryJisiLuu
oOMeHa Xo/ecTepruHa U KUPHBIX KUC/IOT [5].

AwmepukaHckuit ¢pusnosior Ipa Cazepnenp (Earl
Wilbur Sutherland Jr., 1915-1974) u ero kosjieru
B 1945 roay Hauanu Wcciefs0BaHUSA MexXaHU3Ma
rOpPMOHaIbHO-UHAYLIMPOBAaHHOTO pacna/ia IIMKOoreHa
B reueHu. B 1956 rogy oHU WeHTU(ULIMPOBAIN LIUK/IH-
yeckuii AM® (apeHo3uHMoHOpOC)AT), MOJIEKYIbI,
obpa3ytoiieiicss BO MHOTHX THIaX K/IeTOK B OTBET
Ha rOpPMOHA/IbHbIE U JPyTHe BHEK/IETOUHbIe CUTHAJIbL.
Huknnueckuii AM® nepefiaeT CUrHa/bI [0 MYy TIM,
KOTODBIE Pery/IMpYIOT pa3HooOpa3Hbie K/eTOuHbIe (yHK-
L[M, B TOM UHCJIe MeTabo/nuecKue TpoLieCChl, Takue
KakK JIMIO/IN3 U TVIMKOTeHO/IN3. DTO OTKPBITHE MTOI0KUIIO
Haya/i0 U3yYeHUI0 BHYTPUKJ/IETOUHBIX CUI'HAJ/IbHbBIX
TyTel, YTO SIB/SeTCS OHUM U3 OCHOBHBIX HallpaB/IeHU
COBpeMeHHBIX OMOMeUIMHCKUX hcciiefoBaHui [18].
B 1971 roxy Ca3zepsnenp 6611 yaoctoeH HobeneBckoii
TMIpeMUU 1o (U3MONIOTUU WU MeIMLIMHE «3a OTKPbITHS,
Kacarolyecsi MeXaHM3MOB [IeHiCTBUSI TOPMOHOBY.

AwmepukaHckuii ornoxumuk DaBuH Kpebc (Edwin
Gerhard Krebs, 1918-2009) BmecTe o 11BelLIapCKUM
¥ aMepUKaHCKUM OMOXUMHUKOM DAMOH0M DuIiiepom
(Edmond Henri Fischer, 1920-2021) otkpbiau oc-
¢donmpoBaHre 6enKOB KaK PerysisiTOPHbIN MeXaHHU3M
(1950-e roppl), 3a uTo ObUTH YOCTOEHBI HOOEmeBCKOM
ripeMuH 1o GU3NOIOTUN WU MeuliHe B 1992 ropy.
Jlaboparopust Kpebca n3yuasa CUTHa/IbHBIE TTPOIIECCHI,
CBsi3aHHBIe C hocoprrpoBaHeM 6eKoB 10 0CTaTKaM
THpOo3uHa. JlabopaTopusi TakKe Chirpasia BaKHYIO POJb
B OTKPBITUM MUTOT€H-aKTUBUPYEeMOI0 Iy TH NIPOTeNH-
KHHa3bl, TI0C/Ie0BaTeTbHOCTY MTPOTEMHKUHA3, KOTOpPbIe
pearupyroT Ha BHEK/IeTOUHbIe CTUMYJIbI U PeryIUpYOT
LIMPOKUM CIEeKTP KJIeTOUHBIX MPOLeCCOB, BK/IKOYAs
5KCIIPeCCHI0 TeHOB 1 POCT KJIeTOK, JU(depeHIIMPOBKY
1 BbDKUBaHue [19].

Anonckuii 6uosor Tommo Uto (Toshio Ito,
1904-1991) man mogpobHOe orMcaHue KIeTOK MePUCH-
HycouJambHOro npocrpaHctsa (1951), monyunBILIMX Ha-
3BaHue KieTok VTo. KieTku XapakTepusyrTcsi XOpOLLO
PasBUTOM 111€pOXOBATOM 3H/I0IIa3MaTUYeCKOM CeThI0
Y IMMAHBIMU KaIl/ISIMU, COZlepXKaliuMu A, KOTOpbIe
NperMYILIeCTBEHHO XPaHATCS B IlepukapyoHe. HesiasHue
WCCIe[loBaHUs TIOATBEPAWIIN, UTO K/IeTKU VITo ciay»xar
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MeTabosTueCKMM MOCTOM, KOTODBIN 06pa3yeT JByHa-
TpaBJ/ieHHble CUTHA/IbHbIE MYTH MEXXJY CUHYCOUaMu
Y TIapeHXUMaTO3HbIMU KyieTKamu [20].

PaboTh! garckoro yueHoro 'anca Yccunra (Hans
Ussing, 1911-2000) ripefcTaBuU/iv JjBe HOBbIE Iapa-
JWTMBI [17151 TOHUMaHust QyHKUMM snuTenus (1951).
[TepBbIM ObLIO TIPU3HAHKME AKTUBHOTO TPAHCTIUTE/TH-
asibHOrO TpaHcrnopra Na+ U ero KoJimueCTBeHHasi OL|eHKa
Ha OCHOBe HM3MepeHui. BTopas 3aktouanack B TOM, UTO
CTMIOHTaHHOE HarpsyKeHWe, BO3HUKAIOLLee B SIUTENH,
OoTpa)kaeT OYeHb pa3Hble CBOMCTBA NMPOHULIAEMOCTU
ryia3MaTH4yeCKUx MeMOpaH, oOpalljeHHBIX HapyXKy
(anuKasbHas UM CAU3UCTasi 000/10UKa) U BHYTPh
(ba3omarepasbHasi WM cepo3Hasi MeMOpaHa). YCCUHT
TI0Ka3asl, 4To Crioco0 Mpeo/jo/ieTh CJIOKHOCTD ITHTe-
JIMAIbHOTO TPAHCIIOPTa COCTOMT B TOM, UTOOBI pa30UTh
CHCTeMY Ha COCTaBHbIe YacTH, B JAHHOM C/Tyuae Ha JjBe
K/leTouHble MeMOpaHbI [21]. YccuHr U ero Kosieru
TaK)Ke OBbLIM MePBLIMH, KTO 0OHAPYKW/T aKTHBHYIO
3NUTeMManbHyo cekperyto Cl-.

B 1960-e rozap! moaxoabl YCCUHTa ObLTU MPH-
MeHeHbI U K JpyTUM opraHaM U TKaHsm [21]. Briio
oOHapy’KeHO, UTo Hfiest aKTUBHOTO TpaHcropTa Na+
TIPMMEHMMa K 3MUTe/ IO KULLIeYHHKA MJIEKOTTUTAIOLINX,
M3yUeHHOMY KaK in vivo, Tak | in vitro, 4ro rnpuBeso
K TTIOHMMAaHHIO B3auMO/IeNCTBYS ABWKeHUs1 Na+ u pac-
TBOPEHHBIX Bell|eCTB, a TAKXKe JBU)KEHUSI CO/IU U BOJbI.

AwmepurkaHCcKui 6uoxuMuk [Ixymnyc AKCenbpof,
(Julius Axelrod, 1912—-2004) BBISICHH/I, UTO KaTeXO0JI-
O-meTtunTpaHcdepasa sSBAseTCs BaXXKHBIM (DepMeHTOM
MeTabo/3Ma KaTrexoaMUHOB. Takyke OH OTKPBLI, UTO
oOpaTHBIN 3aXBaT HOpa/IpeHa/IMHa B HePBHbIE OKOHUA-
HUsI, U3 KOTOPBIX OH BBICBOOOX/]aeTcsi, Tpe/CTaBIsieT
co001i HOBBIN MeTO/] MTHAKTUBAL[UW HEMPOMeIaTOPOB.
3a 3To oH monyunn HoGeneBckyto npeMuto 1o ¢u-
3u0s0ruu Uiy meguiiiee B 1970 roay, pasnenus ee
¢ 6putanckuM usuonorom bepaapgom Kariem (Bernard
Katz, 1911-2003) u mBefckuM ¢(r3nonoroM Ynbhom
¢on Oitnepom (Ulf Svante von Euler, 1905-1983) [22].

AmepuKaHCKHe OMOXUMHUKHU Cynpyru Masiibn
(Mabel Ruth Hokin, 1924-2003) u Jloyss1 XoKuH
(Lowell Edward Hokin, 1924-2019) B 1960-e rozpi
CTHMYJ/IMPOBA/I CEeKpeLUI0 COJIeBOM >KeJle3bl MTHUL]
C MOMOILIBIO aL[eTUIXO/IMHA, aHAJIOTUUHO CTUMYJISILIUA
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KOXKH a/ipeHa/IMHOM. JTa pabora, Hapsiay C aHa/Iorud-
HBIM aHa/IM30M T'OJIOBHOTO MO3Ta Y MOJKeTy0uHOM
yKeJie3bl, BIIepBbIe BbISIBI/IA M3MeHeHHs B MeTabosi3me
¢ochomnuoB B peryssiLii KIeTOYHbIX QyHKLmi [21].

Awmepukanckuii pusnosnor ITurep Kappan (Peter
Ferguson Curran, 1931-1974) oTMeTW/1 CUILHYTO 3a-
BUCHMOCTB TpaHcriopTa Na+ B KUIIeUHUKE OT I[VTFOKO3bl
B JIOMUHA/IbHOM KaHase, HO TPeAo0KIUI, UTO 3TO
OoTpa’kaeT MeTabo/IueCcKyI0 TO//1eP>KKY aKTUBHOTO
TpaHCIOpTHOro MexaHusMma (1960). AmepukaHCKui
ouoxumuk Pobept Kpeiin (Robert Kellogg Crane,
1919-2010), ocHOBHO# UHTEPeC KOTOPOT'O 3aK/IH04asics
B abcop6buuu caxapa, a He COJH, Ja/l HOBYIO UHTepIIpe-
TaLMIO 3TOTO SIBJIEHUsI C TOYKU 3PeHHUs1 OJHOBPEMEHHOTO
Y B3aMM03aBUCUMOT0O TPAHCIIOPTa JiByX PaCTBOPEHHBIX
BetriecTB (1962). Konrierniusi KOTpaHCIIOPTa B KOHEUHOM
UTOTe TIpHBeJa K pa3paboTKe MPOCTHIX PACTBOPOB JiJist
TepopaabHOM peryvparalyy, Cofep Kalux Cob U ca-
Xap, AJisl JIeueHUst OCTPBIX JUapelHbIX 3abo0/ieBaHu,
TakuX Kak xosiepa [21].

Wcnanckuii 6uoxumuk Ansbepro Conc (Alberto
Sols Garcia, 1917-1989) B coBmecTHoi#1 pabote ¢ Kpeii-
HOM CPaBHU/IM CITeL{U(HUYHOCTb Pa3/MUHbIX CaXapoB
B KauecTBe CyOCTPaTOB U HEKOTOPBIX 3upoB dochop-
HOU KHCJIOTHI KaK MHTUOUTOPOB reKCOKWHA3HOW peak-
1. OHU 0OHAPY>KUJTH, UTO TVIFOK030-6-(ocdat Obit
€JUHCTBeHHbIM MHTMOUTOPOM I'eKCOKHMHA3bI, KOTOPBIN
JleMCTBOBAJI MPU (PU3HOJIOTUYECKUX KOHLIEHTPaLUsIX,
YTO TIOAKPEIISIO UX BBIBOJ, O «BHYTPEHHEM K/IeTou-
HOM MeXaHH3Me KOHTPOJIsI TeKCOKWHA3HOM peakLin».
Paboter Corica Kacanmuch pa3IMyYHbIX aclleKTOB yIe-
BOJHOTO 0OOMeHa U ero Peryslyi y MIeKOTTUTAOIINX
U apoxokeit. OH 1oKasas, YTo HeKOTopble Jrcaxapyu/bl,
Takue Kak MaJjibT03a, TPaHCIIOPTUPYIOTCS U 3aTeM T'U-
JPOJT3YIOTCSl BHYTPUK/IETOUHO, B TO BpeMs Kak JIpyrue,
TakKye Kak caxapo3a, F’upPOIU3yTCS BHEK/IETOUHO,
a 3aTeM TPaHCIIOPTUPYIOTCS UX CaxapHble KOMITOHEHTBI.
[TpoBeJeHHbIE SKCTIEPUMEHTHI BK/TFOUay 1o0aByieHe
rekcokrHasbl U AT® K 1poKKeBOM CyCIrieH3uH, B KO-
TOPOU M3yuasach hepMeHTaLUs, /151 yIaBAUBaHUS
BBICBOOOMBILIXCSI MOHOCaxapuioB [23].

Cepb6ckuit pusuonor PamocmaB AHIXKYC
(Radoslav K. Andjus, 1926-2003) B 1953 rogy 3aiiyTun
auccepTaiuio B obnactu teriodusuosoruu B ber-
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rpajickoM yHHBepcuTeTe. [ToMrMo Ternaopusnoruu
OH 3aHMMaJICs U3yyeHreM MeTabosr3ma mo3ra. Vc-
ciefysi CIisTUKy ¥ GMosiornyeckrie pUTMBbI Ha TIpMepe
CyCnuKa, AHZKYC BBISICHWI, UTO Macca Tesa Y LIUKJIb
rubepHaIK/aKTUBHOCTY CHHXPOHU3UPOBAHHI 110 dase,
a TaKkKe MOJUepKHYJI, YTO B3aUMOCBSI3b MeX/y Temrle-
paTypoi ¥ NepuosioM MOXKeT MeHSTHCS B 3aBUCUMOCTH
OT Auara3oHa Temneparyp. Pa3nnuusi B CTOMKOCTH
K TUIIOTepMUU U Hel0CTaTKy KUC/I0poza (TUITOKCHN)
Yy MJIEKOTTMTAIOIUX JIyyYllle BCero moJTBepKAatTCs
CpaBHeHUeM CIISILMX U HeCI[IUX )XKUBOTHBIX. [1o-
CKOJIBKY CIISTUKA SIB/ISIETCS] XOPOILO PeryaupyeMbIM
COCTOsIHMEM, TeT10(hH310JI0THYeCcKre CBOMCTBa MO3ra,
0CcOOeHHO ero YHepreTUUeCKUii 0OMeH, UMEIOT pellia-
I0lllee 3HaYeHye /11 TUIIOTePMUYeCKOro U TUIIOKCHYe-
CKOTO BbDKMBaHUsI OpraHu3Ma. AHPKYC 1okasan bosee
BBICOKOe 1oTpebrieHre Kciopoa 6ypoit >KupoBoi
TKaHbIO, HO He IPyTMMU TKaHSIMH, y rpbi3yHa Jaculus
orientalis, Haxogs1Ierocs B crsiuke, 10 CpaBHEHUIO
C KPbICOM, He HaxoZsLleics B crisiuke [24].
Benrepckuii 6uoxumuk Maiikn bapanu (Michael
Bérany, 1921-2011) B 1950-e rozbl u3yuaa CBOMCTBA
aKTHHa, BKJItOUasl Ompejie/ieHye CBSI3aHHbIX HYKJ/Ieo-
TH/IOB, BJIUSTHUE UOHOB Pa3/IMYHBIX META/IJIOB U POJIb
pa3MUUHBIX (PYHKLMOHAIBHBIX TPYII, a TaKKe POJib
CBSI3aHHOTO HYK/IEOTH/la Y CBSI3aHHOTO KaJIbLus, pac-
ernyieHre AT® Bo Bpems MOMMMepH3alui aKTUHA.
[TpoBenennsbie M uccnenoBanus 1960-x rogoB Mo3Bo-
JIUJI eMy OIUCaTh KOPPeJ/IALMI0 CKOPOCTY COKpALL|eHust
MBIIII] C aKTUBHOCTBIO MUO3UHOBOU AT®a3nw1. bapanu
TI0Kas3asl, UTO CKOPOCTb YKOPOUEHHUs YBe/INuMBaeTCst
TI0 Mepe yBeJIMueHus1 O1o/IornyecKy 3HaUMMOM aKTHH-
akTUBUpyemMou akTuBHOCTH AT®a3bl. [Tomumo 3Toro
bapanu kapTupoBan usmMeHeHus1 B (h0CHOpUIMPOBAHUN
K/TFOUeBBIX MBILIEYHbIX Oe/TKOB, MPUJS K BBIBOZY, UTO
(dhocopunupoBaHye SIB/SIETCS BEPOSITHBIM Pery/IsiTOp-
HBIM pe3y/IbTaToOM B CKeJIeTHbIX MbIlLax. IIposesas
VICCJIeIOBaHMS Ha [VIaIKUX MBILLILAX, OH BBISICHU/I, UTO
tochopupoBaHue yierkux Lerneil MUO3MHA HEOOX0-
JTAMO 17151 COKpaITleHust T/1a/IKUX MBI [25].
VccnenoBanys aBCTpaIviCKOro XMMHKa J>koHa
Kopadopta (John Warcup Cornforth, 1917-2013)
3aKJ/I0Ya/IMCh B OIpe/e/leHU! MOJI0KeHUsI POCThIX
OMOCHMHTETHYe CKUX CTPOUTE/THHBIX OJTOKOB B CTEPHHAX
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Y UX TIpeJjllieCTBeHHMKaX, a 3aTeM B yCTaHOBJ/IEHNH CTe-
PeoXuMHY ¥ MeXaHW3Ma OMOXUMUYe CKUX TIPOLIeCCOB,
MOCPe/ICTBOM KOTOPBIX OHU ObLTH COOpaHbL. 3a paboThl
T0 CTepeoXuMuM (pepMeHTaTUBHBIX peakLyii Obul yI0-
croeH HobeneBckoii mpemuu (1975) [26].

bpuranckuii uccnegosarens @ummn Paugn (Philip
John Randle, 1926-2006) u ero kosuteru B 1960-e rogsl
MOUePKHY/IU CITOCOOHOCTb OKUCTUTETbHBIX MBbIIIIL]
(KpaCHBIX CKeJIeTHBIX MBILIL] U Cep/lia) yepesoBaTh
WCI0/1b30BaHKe JIMITUHOIO TOIMJIMBA Y [VIFOKO3bI [1/151
npousBogcTtBa AT®, B 3aBUCMMOCTH OT UX OTHOCHU-
TebHOMN J0CTYMHOCTH. PaboTta nukia rimoko3a-2KK
B CKeJIeTHBIX MBIIIIAX, B YaCTHOCTH, UMeeT OosIbIloe
3HaueHue [Jid TOMeoCTa3a NUTaTeIbHbIX BellleCTB
BO BceM opraHusMe. ITocse cepum 3KkcriepuMeHTOB
oHM pa3paboTanu pyHJaMeHTaIbHY KOHLIETLHIO
B3aWMOZ,eNCTBUS MeXK/y YIVIEBOAHBIM U JIMITUHBIM
TOTTMBOM B OTHOLIIEHWH TTIOTPEOHOCTY B UCTIONB30BaHUH
Y XpaHeHUH 3Hepruu: «LIuKJI. .. mpeacTaBaseT coboi
TIPUMUTUBHBINA MeXaHW3M, KOTOPbIi, COBEpLLIEHHO
He3aBUCHMMO OT TOPMOHAaJ/ILHOTO KOHTPOJISI, CTpe-
MUTCS TO/IZleP)KMBATh MOCTOSSHHYI0 KOHL[@HTPAaLUIO0
I[VIFOKO3BI B I/Ia3Me Y JKUBOTHBIX, KOTOpPbIe [TUTArTCS
C repepbIBaMK» [27], 4To mofuepKrBaeT posib JaHHOTO
MeXaHH3Ma B I0//lepyKaHuH 37,0poBbs. VX oHMMaHye
chopMHpOBaIo COBpeMeHHOe TTOHUMaHue perysisiLuu
MeTabosi3Ma B HOpMe U TIpH 3a00/IeBaHKUSX, a TAKKe
MO C/IY>KUJIO TOJTYKOM JIJIs1 UCC/IeOBaHUI POJIU MPO-
W3BOJHBIX JIMIIUJ0B B Pe3UCTEHTHOCTH K UHCY/IMHY
Y, Ha YPOBHE TPaHCKPHIILIUU, PELIeNTOPOB siJePHBIX
TOPMOHOB, perya1pyeMbIX JIUMALAMHU.

Anonckuii 6uoxumuk Ocamy Xasuiy (Osamu
Hayaishi, 1920-2015) oTKpbU1 U 0XapaKTepr30BaJ
(bepmeHT okcureHasa. OH u3yuan MeTaboM3M TPUTITO-
(haHa y MJIEKOTIMTAIOLINX, BBISICHUB ITyTh OMOCHH-
Te3a HUKOTHHaMuAAuHyKaeotuzsa (HA ), a Takxke
CTPYKTYPY ¥ (hyHKLUFO 1To/in-A [1P-pr603bl. Xasuim
C KOJIIeraMy KOJIJIery UCCe0Bau (hepMeHTaTHBHYHO
OCHOBY TipeBpaiiieHus Tpuritogada B HA/l B meueHu
M/IeKonuTaromux. OHY paclLMPUIM CBOU UCCIe[0Ba-
Hust HA I, oxapakTepu3oBaB HUaLMHGMOCHoprbo3u-
TpaHcepasy. Kpome storo, rpymnmna Xasuily OTKpbuia
peakuyro A/1®-npubo3uTMpoBaHsi, KaTaJIu3upyeMyto
OakTeprasbHBIM TOKCMHOM. Bb1/10 BriepBbIe 1MoKa3aHo,
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yTO OaKTepHabHBIA TOKCHUH SIBJISIeTCS (hePMEHTOM.
Jo Hauana 1970-x ero ncciefoBaTenbCKas rpyriia
3aHMMasach M3ydeHreM OHOXMMUM JIUTTH/IOB, paboTast
¢ hepMeHTaMH, yuaCTBYIOLIMMH B OMOCHUHTe3e MpOCTa-
raHAvHOB. Beim 00Hapy»keH npocrarmianauH E2 [28].

AwmepukaHckuii 6moxumuk VipBun Poy3 (Irwin
Allan Rose, 1926-2015) B koH1ie 1950-X rojoB ObL1
OJJHAM M3 TePBbIX, KTO MPUKPEIN/I PaJAUOaKTUBHbIE
COeJIIHeHHSs IJIs1 OTCJIeXKUBaHUS CyjbObl MeTaboMToB
B K/IeTOUHBIX MyTsX. ITo3ke B MenbCckoM yHUBepcHTeTe
OH HCCJIe[J0Basl, KaK MeXaHW3Mbl (pepMEHTOB UaCTUUHO
3aBUCST OT NMPOCTPAHCTBEHHOTO PACIOJIOKEHUs aTo-
MOB, COCTAaBJISTFOIIMX KaK CyOCTpart, Tak U MOJIEKY/Ty
(dhepmeHnTa, yzesnsisi ocoboe BHUMaHUe MPOLieccam,
yUacTBYIOIIMM B MeTabo/3Me YI/IeBOZIOB.

K cepeaute 1970-x rofioB yueHble 0OHaPY>KUJTH,
YTO Orpe/ie/ieHHbI Oe/l0K, M3BeCTHBIN KaK YOUKBUTHH,
BCTpevaeTCsi BO MHOTMX TKaHSIX U OpraHu3Max, HO ero
¢byHKIMs Oblla Hen3BecTHA. Poy3 ¢ KomjeramMu crand
WCCIIe/IoBaTh 3TOT OenoK. M3yyast yOUKBUTHH B peTu-
Ky/IoL{UTax (He3pesbIX SpUTPOLMTAX), OHU BbISICHUIIY,
YTO OH UMeeT pelllarolliee 3HaYeHue /sl erpajalnuu
6enka. 3To ObUI TIEpPBBIi IIar K OTKPLITUIO TOTO, UTO
Oesku, CBSI3aHHBbIE C YOMKBUTUHOM, PaCIIeTUISIFOTCS
OeTKOBBIMU KOMIIJIEKCAMH, Ha3bIBaeMbIMH T1pOTea-
coMaMmu, a ¢hparMeHThI repepabaTbIBatOTCsl B HOBbIE
6esku [29]. 3a 3TO OTKpBITHE POy3 ObUT HarpaXkjeH
Hobenerckoii mpemueii o xumuu (2004), paszenue ee
C U3panIbCKUMH 6uosioramMu AapoHoM UexoHaBepom
(Aaron J. Ciechanover, pog. 1947) u ABpamom ['epiiiko
(Avram Hershko, poa. 1937).

AwmepukaHckuii omoxumuk [Ixopmpxk Ipendep
(George J. Schroepfer, 1932—-1998) c Konieramu BblI-
SICHWIW, UTO BbIpabOTKa Mpe/jiiieCTBeHHUKA X0IecTe-
pUHa, MeBasioHaTa, HeobxoauMa f1st akTuBauu LXRa
(anmba-peientop-X neveHu) [5].

IBeackuit xumuk Opuk XynbTMmaH (Eric Helmer
Hultman, 1925-2011) B cBoe#i JOKTOPCKOM JicCep-
tauuu (1962) cocpeoToun/ BHUMaHWe Ha U3MeHe-
HUSIX B MBIIIEYHOM IJIMKOT€He IO/, BO3/lelCTBHEM
¢usnyeckux yrpakHeHU u auetsl («VccnenoBanue
MBIIIIEYHOTO MeTabon3Ma IJTUKOTeHa U aKTUBHOTO
(ocdara y uesioBeka ¢ 0COObIM YIIOPOM Ha (hU3MUECKHEe
yrnpakHeHust U auety») [30]. XynbT™MaH COBMeCTHO
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c Monacom Beprcrpémom (Jonas Bergstrom) repBbIMu
TPOBeJIA UCC/el0BaHus, CBsI3aHHbIE C UCI0JIb30Ba-
HYeM MBILLIEeYHOI0 ITIMKOT'eHa BO BpeMsl TPeHUPOBOK,
a TaK)Ke B/IMSIHMEM [JUeTUUeCKOro COCTaBa U BpeMeH!
rpyema MUILY Ha BOCCTaHOB/IEHUE [VIMKOTeHa 110c/ie
BBINIOJIHEHUS yripa)KHeHU. Ha 0CHOBe 3THX paHHUX
MCCrIefloBaHuUM Oblyla yCTaHOB/IEHA LieHTpasbHas poJib
noTpebeHus1 yriaeBoJoOB /sl BOCCTAaHOBIEHUS] Mbl-
1IIeYHOI'0 [VIMKOT'eHa [10C/le TPeHUPOBKY, UTO IPUBEIO
K MeTUUeCKHM TpoLielypam, UCIO/Ib3yEMbIM CIIOP-
TCMeHaMH BO BCeM MUpe.

XynwsrmaH 1 Jlapc Hunbccon (Lars Nilsson) pacim-
pwH 3Ty paboty B 1970-X Tofiax, 3a/[0KyMeHTHPOBAB
BO BpeMsl MCC/Ie/I0BaHUM UCTOLLiEHUE U BOCCTaHOB/IEHHEe
TJIMKOT€eHa B [eYeHU B Iepro/bl COOMIOfeHus AUeT,
BBITIO/THEHUS] (PU3MUECKUX YIIPKHEHUH U BOCCTAaHOB-
nenusi. B 1967 roxgy Obina omy61MkoBaHa KOJIIEKTHB-
Hasl CTaThsl 0 pacmajie u pecuHte3e AT® B MbIIax
yesi0BeKa BO BpeMs (hM3MUeCKUX YIIpa)KHEHUH U pO/U
MBIIIeUYHOTo (hocoKpeaTrHa B TIOAAep>KaHUN 0OMeHa
AT® [30].

Anonckuit huszmosor Cercypo I6aru (Setsuro
Ebashi, 1922-2006) BbIsicHI/I, KAKUM 00pa3oM 3/1eK-
TpUYecKoe Bo30y>KIeHHe Ha TTIOBePXHOCTU MbILLIEUYHOM
KJIETKH BbI3bIBaeT COKpalljeHre beskoB. OH 0OHapy»Ku,
UTO ZiaykKe HeOOIbIIIOe KOJTMUeCTBO KasIbLIMs 3aITyCKaeT
peakL{I0 COKpalleHus], a TIPU er0 OTCYTCTBUM TI0700-
HOTO He TIPOMCXO/IUT, /laXke KOTZa 3a/elicTBoBaH ATO.
ITpoBesieHHbIe UM 3KCIIepUMEHTbI ITOATBEPAU/IN yuacThe
Ka/bLMsl B COKpAIlleHUH MBbIIIL. D0alu mpeaioKu
Hallle HbIHellIHee TTOHUMaHHe CBsi3U BO30Y)KIeHHs 1 CO-
KpallleHusi: BO30y>k/ieHre Ha TOBePXHOCTHOU MeMOpaHe
KaKUM-TO 00pa3oM MochuiaeT CUrHal B CapKoIia3Ma-
TAYEeCKUIM PeTUKY/IYM; P 3TOM BBICBOOOXKJAIOTCSI
VIOHBI Ka/IbLIMs1, KOTOpble HaKall/IMBatoTCsl TaM BO BpPeMst
neprio/ia paccsiabieHust ¥ OTJbIXa, a IIOTOK MOHOB KaJlb-
1|15l BbI3bIBaeT COKPATUTE/IbHYIO PeakLuio.

3arem D6arm 0OHapY>KWU/I, YTO OUMITIEHHbIE MH-
03WH U aKTHH pearupyrot ¢ AT® paxke rpu MOTHOM
OTCYTCTBUU MOHOB KaJIbLUsl U PETY/ISITOPHOE [1eMCTBHe
Ka/bLIUsl OCYLeCTBJISeTCS] TOJIBKO B IIPUCYTCTBUU
ompezeneHHOT0 benkoBoro ¢akropa. Vim oka3asnach
cMech TporiomMHro3uHa (6eska, GyHKIMS KOTOPOTo pa-
Hee He Obl/Ia U3BeCTHA) M HEZABHO OTKPBITOTO OeJika,
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KOTOPBIY D6aliy Ha3Bas TPOIOHUHOM. OOHapYKUB,
YTO Ka/bLAM TTPOUHO CBSI3bIBAETCSI C TPOTIOHUHOM,
yUeHbI! Mpe/oIoKu/, UTO BO3HUKAOLHe KOH(op-
MaLMOHHbIe U3MeHeHUs TPOTIOHVHA MepesjatoTCs uepes
TPOTIOMHO3UH Ha aKTHUH, UTOOBI CHSITb TOPMOXKEHHeE,
Y HaCTyIaeT COKpaTUTe/bHasl peakLysi — MeXaHHU3M,
KOTOPBIH BIIOC/IEICTBHU OB TIOATBepsKAeH [31].

[ToMUMO perynsiTOpHOVM POy Ka/lbLys B COKpallle-
HUM MBIIIIL, J6aIu BbISICHUII, UYTO MHOTOUYHC/IEHHBI®
KJIETOUHbIe TPOLIeCChl, BK/IHOYasi BEICBOOOXKAEHHe
HelPOTPaHCMUTTEPOB ¥ TOPMOHOB, MeTaboMyecKre
TMepeK/TFOUeHHs U 3KCTIPeCCHI0 TeHOB, KOHTPOJIUPYROTCS
VIMEHHO Ka/IbLIUeM.

AwmepukaHckuit 6uonor xapen davimons (Jared
Mason Diamond, poa. 1937) ripoaeMoHCTpUpPOBa
W30TOHMYECKUI TPAHCIIOPT B JKe/TYHOM ITy3bIpe KPOJIMKa
(1967) u nipemosnioxkusi, uro TpaHcropT NaCl yBesnu-
YMBAeT OCMOJISIPHOCTB B JIaTepasibHbIX MPOCTPAHCTBAX
Mexy KieTkamy. OcMOTHYeCKH 00y CIOB/IeHHOe [IBH-
>keare H20 yBemunBasio rujpoCTaTUUeCKOe JaBieHue
BHYTPH 3THX IIPOCTPAHCTB, 00ecrieunBasi JBIKYLIYIO
CUJTy JJIS1 ero TI0C/IeIVIOIero TpaHCIiopTa B UHTep-
cTurmi [21].

Bbpuranckuii 6uosnor [depek YunbsmcoH (Derek
Williamson, 1929-1989) BmecTe ¢ HelipobOro/i0orom
I>xetin Mennan6u (Jane H.F. Mellanby, 1938-2021)
u Xancom Kpebcom pa3spaboran hepMeHTHBII MeTof
oripeziesieHUs alleToallerara ¥ 3-TUAPOKCUOyTHhpaTa.
Crarbs (1967), onuceiBaroiliasi STOT MeTO/l, OTKpbLIa
obmactk MeTabos3Ma KeTOHOBBIX TeJl U €T0 PeryJisym.
YunbsaMcoH chopMy/IMpoOBaB Heu 0 KOMITJIEKCHOU
pery/sitiuy MeTaboMuecKrx myTel, 0COOEHHO B OTHO-
LIIeHUU OKUCJIeHUS] KUPHBIX KUC/IOT, CUHTe3a JIMITU/I0B
1 MeTabosiM3Ma KeTOHOBBIX Tes [32].

B Teuenne XX Beka OIHUM U3 BOIIPOCOB, HA KO-
TOPBIH MBITATUCh OTBETUTDb MUCC/IEIOBATE/H, OBLT: KaK
Oenku, 3a/ieficTBOBaHHbIE B TIPOLIECCAX TMOCTPOEHUS
Y yTpaB/ieHus KJIeTOK, M0NaaloT KMeHHO TyZa, KyJa
Heob6xoZMM0? AMepHUKaHCKHUM 610JIOT HeMeLKOTO
npoucxoxgenus ['toutep biobens (Giinter Blobel,
1936-2018) BBIABUHY/ «CUTHA/IBHYIO THUTIOTE3Y», 38 UTO
611 yoocroeH HobeneBckoii npemuu 1o ¢Gy3nonoruu
nm MeguLyHe B 1999 rony. B koHije 1960-x rogos,
Oyayuu MOCTAOKOM, OH M3y4Yasl CeKPeTOPHBIN MyTh

21



Cybomsnosa A.M., Cybomsanos M.A. Bectauk PYJH. Cepus: Meguuuna. 2025. T. 29. Ne 1

Oe/TKOB, TIpefHa3HauUeHHBIX /ISl BBITeCHEHHS U3 KJIeTKU.
OH ¥ apreHTHHO-aMepUKAHCKUU K/IeTOUHbIN O1osior
ey Cabarunu (David Domingo Sabatini, pog. 1931)
00Hapy>XW1/TH, UTO BHOBb CO3/IaHHBIE OEJTKW He MOTYT
OBITH TIepeBapeHbl, KOT/la OHU BBIXOJAT U3 puboCcoMm,
KOTOpbIe UX CUHTe3UpyrT. OHU MPULLIIA K BBIBOAY,
YTO 3TU OEJTKK UMEIOT CBOIO OT/IMUMTEbHYI0 00/1aCTh,
TMOCTYTIAIOT B CEKPETOPHBIH MyTh 110 Mepe 00pa30BaHusl,
U cuHTe3 Oenka mpogosmkaetcs [33].

AwmepukaHckuii 6rosor Muknom Mionnep (Miklés
Miiller, poz. 1930) u3yuan MexaHHU3Mbl BHYTPUKJIe-
TOYHOTO TIHILI[eBapeHUsT OAHOK/IeTOYHBIX OPraHU3MOB.
CoBmecTHast paboTa ¢ 6e/TbrHICKUM IIUTO/IOrOM U OH1O-
xuMHUKOM Kpuctuanom ze [IroBom (Christian René de
Duve, 1917-2013) npuBena K OTKPBITHIO TTEPOKCHCOM
Yy OJHOKJ/IeTOYHOI'0 3yKapHuoTa, KOTOpble, TOMUMO
TUTMHAYHBIX NTePOKCUCOMAJIbHBIX (DepMeHTOB, BCTpe-
YaKOIIUXCS Y MIEKOTTUTAIOIINX, UMe/Id YHUKA/IbHbIe
MeTabonuueckre (hepMeHTbI, B TOM UHC/Ie Te, KOTOPbIe
YUYaCTBYIOT B TaK Ha3bIBaeMOM ITTMOKCH/IaTHOM 00Xozie.
Mtonep npoBes CpaBHUTE/IbHBINA aHa/IU3 OpraHu3aLuu
MeTabo/TMueCKUX MyTel Y Pa3/IMUHbIX OJJHOK/IETOUHBIX
aHa’pOOHBIX OPTaHM3MOB, UTO TOBIUSIO HAa COBpe-
MeHHbIe TIpe/[CTaB/ieHus] 00 9BOMIOLUN 3yKapUOT
Y TIPOMCXOXKAeHUU MUTOXOHApUH. B 2012 romy ObL1
OMny0O/IMKOBaH LIMPOKKUI 0030p MeTabomMueCcKuX myTeu
¥ KOMITapTMeHTa/In3al[ii OpTraHesiT B aHa9POOHBIX
3YKapuOTHMYeCKUX OpraHusmax [34].

Kanazckuit 300s0r ITutep Xouauka (Peter William
Hochachka, 1937-2002) cBou niepBbie UCCe/I0BaHNUS
TIOCBSITH/I yT7IEBOHOMY 0OMeHY Y pbIb 1 ITpe/joCTaBuII
HEKOTOpble NepBOHauasbHble J0Ka3aTe/bCTBa TUIIOB
Me)KTKaHeBbIX B3aUMOZeNCTBUM, KOTOpbIe ToA/ep-
JKMBAIOT SHEPTUUYHOE Mepe/BUKeHHe JT0COCeBbIX.
OH mokasas, uTo MeTabo/IM3M MOKeT KaueCTBEeHHO
Y KOJTMYeCTBEHHO Pa3/IM4aThCsl MPY BHICOKUX M HU3KHUX
TeMriepaTypax, ¥ 3a 3TUM TI0C/Ie[joBasIo u3yueHue O1o-
XUMUYEeCKOU azianTariuu 6esikoB K Temrieparype. Ero
WCCTIefloBaHus1, IPOBe/IeHHbIe COBMECTHO C KOJIeramu,
ToKa3aju, UTo eAMHCTBO MeTabo/nueCcKOro MoTeH-
1[1a/ia — CIIOCOOHOCTh OPraHKW3MOB M3 Pa3HbIX MeCT
00UTaHWsI OCYILeCTBIATH OJHU U Te >ke MeTabomiueckue
peakLy MPU COOTBETCTBYIOIIMX TeMIlepaTypax Cpeibl
obUTaHss — OCHOBAHO Ha aZlaNTUBHOM pa3HO00Opa3uu
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KWHETUUeCKUX U CTPYKTYPHBIX CBOMCTB (hepMEHTOB.
[Mocnenyrorye SKCepUMeHTHI TIOATBEPANINA KOHLIeTI-
110 (pepMEeHTaTUBHOM aZianTaljiy K HOBOM (hr31ueCKoi
riepeMeHHOM OKPYKaroIllel cpe/ibl, HarpuMep, K TOBbI-
IIIeHUIO ZiaBiaeHus [35].

Takke Xouauka u3yuaJsl afanTaljdio yejioBeKa
(Ha MpUMepe Hapoyia Kedya) K rurobaprueckoi TUITOK-
cvu. Bpi/1o BBISICHEHO, UTO MO3T Keuya MeTabom3upyeT
IJIIOKO3Y ¢ Oosiee HU3KOM CKOPOCTBIO, UeM Y >KUTesei
PaBHUH, YTO yKa3blBaeT Ha Mo/ep>KaHue QyHKLINH
MO3ra C MEeHbIIMMU SHepreTuyeCcKUMHM 3aTpaTaMu
1 MeHbI1el ToTpebHOCTEIO B O2. UenoBeueckue cep/iia
MCIIO/Ib3YHOT KaK IVIF0KO3Y, TaK U )KMPHbIe KUC/IOThI B Ka-
YyeCTBe OKUC/TUTETBHOTO TOTI/IBA, HO 00BIYHO O0bIIe
TojiaratoTcsi Ha rocsienue. OfHako 610 06HapyKeHo,
YTO cepALia Kedya 00sibIlle 3aBUCAT OT T/TFOKO3bI, UeM
cep/iLja >kuresel paBHUH [35].

Hauwunas rmaBHbeIM o6pa3om ¢ 1970-x rogos
yccrejoBaTe/Iu Hauaau UCTOIb30BaTh METO/bl BHY-
TPUK/I€TOYHOM PErucTpaLiuu Jjis1 KoJiuueCTBeHHON
OL|eHKH MTPOBOJIMMOCTH OT/ie/IbHBIX MeMOpaH, a Takxke
aKTUBHOCTH BHYTPUK/IETOUHBIX MOHOB TIPU TPAHCIIOP-
THUPOBKe 3MnuTe/us. Bblin co37iaHbl 3/1eKTpruyecKue
MOZIeJTi B BH/le TIPUHIUIHAAIBHBIX CXeM JIJIs1 BBICOKO-
Pe3UCTeHTHBIX 3MUTe/NeB, BK/IH0Yasi MOUeBOM My3bIPb
KPOJIMKA ¥ coOMpaTebHbIe MPOTOKK aM(pUYMBI, @ TaKXKe
«TIPOTEeKAIOIIUX» 3MuTereB [21].

AMepHUKaHCKUM KJIeTOUHBIA OMOI0T-0MOXUMUK
Anbvdpen Tongbepr (Alfred Lewis Goldberg,
1942-2023) coBepiui OTKPLITHSI OMOXUMUUECKUX
MeXaHM3MOB BHYTPUK/IETOYHOTO pacrajia 6esikoB,
rccaenoBan GU3U0I0TAUeCKy0 BaXKHOCTb 3TOTO
mpoljecca B KOHTpoJie KauecTBa Oesika, MbIILIEUHON
aTpoduu U mpe3eHTalUu aHTUTeHOB. Ero Teopus
COCTOsI/71a B TOM, UTO CTaOUIBHOCTH OeJika B KJIeTKaxX
onpejiensieTcs ero CTpykrypoul. B craree 1976 roga
Tongbepr rokasas: pacraj, 6e/IKoB HaCTOMbKO U30U-
paTtesieH, YTO He MOXKeT OBbITb BbI3BaH JTM30COMaMH,
KaK CUMTanoch paHee. Takum o6pa3om, AomKeH ObLT
Cyllle CTBOBATh HETM30COMHBIM MPOIecC, KOTOPbIN
TpeboBasn AT® u u3bupare/bHO yasil aHOMa/IbHbIe
Y Pery/siTopHble OeKH, UTO U OBIJIO TIPOJIeMOHCTPH-
POBaHO MOC/eAYIUMU UCCIeA0BaHUAMU. OTKPBITHS
Tonpbepra rmomoriy pa3paboTaTh eKapCcTBa (Takue,
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KaK MHT'MOUTOPBI ITPOTeacoM), IIOMOTaroIe MHOTUM
monsm [36].

AwmepukaHckuii 6uosior Ixon Opam (John F. Oram,
1945-2010) 6b11 TIEPBBIM, KTO TIPOIEMOHCTPUPOBAJT,
YTO OTTOK XOJIeCTepHHA U3 KylbTUBUPYEMBIX (prOpo6-
JIaCTOB MPUBOZAUT K 3aMETHOMY YCHUJIEHHIO SKCIIPeCCUH
penentopoB JIITHIT (iMnonpoTerHOB HU3KOM M/IOTHO-
CTH) ¥ CMHTe3a X0jiecTepuHa, U uTo vactuibl JITIBII
C CaMo¥ BBICOKOM IJIOTHOCTBIO OKa3bIBatOT HalOoJIbIlee
BJIMSIHHME Ha 5TOT MYTh OTTOKAa CTepUHOB. OpaM U ero
KoJutery ycraHoBuy, yto JITIBII ¢ BEICOKMM CPOACTBOM
1 00paTUMOCTBIO CBSI3BIBAIOTCS C K/I€TKaMU, Harpy’>kKeH-
HBIMU X0JIeCTePUHOM, Y 3TO BbI3bIBaeT IepeMellieHre
BHYTPHUKJ/IETOYHOT'O XOJIeCTeprHAa Ha TTIOBEPXHOCTh
K1eTky [37].

Hewmerkuii 6nodusuk Peitnxapar 'enpux (Reinhart
Heinrich, 1946-2006) B coTpyAH1UeCTBe C HEMEL[KO-
aMepUKaHCKUM KJ/IeTOUHbIM O6uronorom Tomom Parmo-
noptoM (Tom Abraham Rapoport, poz. 1947) paboran
C MareMaTuieCKUMU MOZeJISIMUA ITIMKO/IN3a B KPaCHBIX
KPOBSIHBIX TesbllaX U 0OHApPY’KWU/T TOUHOe U 001ijee
orpe/ie/ieHHe OrpaHUYeHHsI CKOPOCTH MeTabo/Inue KX
niporieccoB. JIaboparopust Camroaist Parorniopra (Samuel
Mitja Rapoport, 1912-2004), rae I'enpux 3aHUMancs
YICCJIeZJOBaHUSIMU M10C/Ie 3al{UThl JOKTOPCKOM, fana
BO3MOKHOCTb IPUMEHUTh MaTeMaThueCKrUi aHalIn3
/151 Io{pOOHOM XapaKTepUCTUKH OCHOBHBIX (hepMeHTOB
3pUTPOLUTOB. [103TOMY CerofjHs SpUTPOLIUT SBJISIETCS
OfiHOM 13 Hanbosee U3yUeHHBbIX CUCTEM MeTabos3Ma.
ITomumo storo I'eHpux 3aHUMaICS UCCIeL0BaHUEM
ONTHUMaTIbHOCTH MeTaboMueCcKUX CUCTEM U SBOJTFOLIN
MeTabom3mMa. OH ObLT OAHUM U3 Te€X, KTO MOJIOXKHT
Hayasio aHa/M3y MeTabomyeCckoro KOHTPOJIsi U BHEC
CyIlleCTBEeHHBIN BKJIaZl B Pa3BUTHE TeOpUH MeTabosu-
yeCcKoro mMozenupoBanus [38].

Jlabopatopust bproca Cuzenna (Bruce D. Sidell,
1948-2011) Gbls1a IEpBOM, CPAaBHUBILLIEH BO3MOYKHOCTH
MeTabomueckux epMeHTOB y pbI0 B 1a00paTOPHBIX
yCJIOBUSIX U TTePBOM, MOKa3aBlieii MmeTabosnyeckoe
MpeJAnouTeHue HeHACILLeHHbIX )KUPHBIX KUCIOT
y aHTapKTHuecKux poi0. [Ipr3HaHue TOro, 4TO T0-
craBka AT® siBfiseTCs TUIIb OAHUM U3 KOMITOHEHTOB
MeTaboMMUeCKUX MPOL{eCCOB, TOATOTOBI/IO MOYBY /IS
9KCTIePUMEHTOB, CBSI3aHHBIX C TOTPeOHOCTHIO B SHEPTUU
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B KPAaCHBIX U Oestbix MbIIax. OH Tak)Ke TPOJieMOH-
CTPUPOBAJI TPAHCIIOPT KMUC/IOPO/a MOCPECTBOM JIUIH-
JIOB B C€pHH 3KCIIePUMEHTOB C YCTPOUCTBOM, KOTOpOe
CKOHCTPYMPOBAJ U U3roTOBU caM [39].

Anonckuii pusuonor Takaéum Fumpa (Takayoshi
Yoshida, 1950-2007) c korjieramu 3aHUMaJICST U3y4eHreM
MeXaHUCTHYeCKUX acTieKTOB OMO03HepPreTUKH MBbIIIIL]
YyesioBeKa BO BpeMsi TPeHUPOBOK. OHY MPOJEMOHCTPU-
POBAJIM He TOJIbKO Ba)KHbIe 0COOEHHOCTH BHYTPUMBI-
LIIEYHOT'O pacripe/ie/ieHusi BbICOKOSHEePreThueCcKux
¢docdaroB Bo BpeMst pa3UUHbIX BU/JOB YIIPa)KHEHUH
Y BOCCTaHOBJIEHUS], HO TaK)Ke pacllerjieHue M1Ka Heop-
raHuueckoro (ocdara 1o mMepe Toro, Kak MblIliLja Wiy,
TOYHee, YYaCTKU MBbILILbI CTAHOBU/IMCH alliZI03HBIMH.
Pe3ynbTarel MCc/ieloBaHN ObITH MTOKa3aHbl B TAKKUX
CTaThsIX, KaK «/lpIxaHue, KpoBooOpallleHre 1 SHepreTu-
yeckuii 06MeH rpu Hr3HUeCKrX Harpy3Kax», «/IpixaHue,
KpoBooOpalrieHre, MeTabo/3M 1 TpeHUPOBKa» U Jip. [40]

AwmepukaHckuii Helipobuonor Tum BapTHecc
(Tim Bartness, 1953-2015) c Ko/steraMmu omy06J/IMKO-
BaJl psiZi CTaTel, B KOTOPBIX pacCMaTpuUBasach pojb
pa3/IMUHbIX HEMPOMNENTHL0B B SHEPTreTHuuUe CKOM
romeocrase, a Tak)ke UCC/Ie/l0BaloCh BAUsiHUE (o-
TOTepUO/a U LIUPKaIHBIX YacoB Ha TO, KaK CHOMpCKUe
XOMSIKM KOHTPOJIUPYIOT CBOKO MaccCy Tesla U O)KHUPeHHe
rpu u3MeHeHuu JiyiuHbI AHs (1980-e roawl). [Toce
3TOT0 OH HECKOJIBKO JIeT ITOCBATU/I UCC/Ie0BaHUI0
(hoTornepuoueCKUX BAUSTHUM Ha SHepreTUdeCKUu
oOMeH M B YaCTHOCTH M3yUeHHUIO POJIU HeHPO3H/0-
KPUHHBIX (DAKTOPOB M TOPMOHOB. B cepegune 1990-x
rozos bapTHecc coBMecTHO ¢ TumoTH AHrCcTpOoMOM
roKa3a/iu, YTO BHYTPEHHUE )KUPOBbIE OTI0KEHHUS
Oosiee UyBCTBUTE/BbHBI K U3MEHEHHSIM, BbI3BaHHBIM
¢dboTonepruosoM, ueM BHEIIHME )KUPOBBIE OT/I0XKe-
HUS, U BBIICHW/IM, YTO MO3T UrpaeT Ba)KHYIO POJib
B KOHTpOJie GYHKIUU Oesioi >KUpOBOM TKaHu [41].

AMepUKaHCKUU UMMYyHos0T Dpuka Ilupc
(Erika L. Pearce, pog. 1972) uccnenoBana MeTabo/H-
YeCKHe MpOoL{eCChl, KOTOPbIe CIIOCOOCTBYIOT reHepaLin
3¢ deKTOpHBIX OTBETOB T-K/IETOK U I0ITOBPEMeHHOU
VMMYHOJIOT4YecKoi naMaty. OHa BbISICHW/IA, YTO Me-
TabomMuecKrie M3MeHeHUsl TeCHO CBsi3aHbl C QyHKIei
T-KJIeTOK, a TakKe TO, YTO KOHKYPeHLIMS TUTaTe/IbHbIX
BELLeCTB MKy T-K/leTKamMy U Oy X0JIeBbIMU K/IeTKaMU
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3akiroyeHue

B MUKPOOKPY>X€HHUH OITyXOJ/IM MOXXET CTUMYJ/IMPDOBATb

rnporpeccupoBanue paka. [Tocsegnue roas! ITupc u ee
HCCIIeioBaTe bCKasi TPyTIia COCpe/joToueHb! Ha MeTabo-
JIMYeCKUX ¥ MUTOXOH/IpUA/IbHBIX U3MeHeHUsIX T-K/I1eToK
B Pa3HbBIX yuacTKax TKaHeH, NCII0Ib30BaHUU CybCTpara
T-kneTkamu Ha pa3HbIX (pa3aX UMMYHHOIO OTBETA,
a TaKKe MeTaboIMueCKHX MpoLieccax, peryaupyoIyuxX

aKTHBaIUIO Makpodaros [42].

Takum 00pa3om, pa3BUTHe MpeICTaBIeHu 0 hu-
310710rMK 0OMeHa BeljeCTB MOXKHO YCJIOBHO Pa3ZieiTh
Ha 9Tansl (Tabn. 1):

1) npeanockliKU U cTaHoBaeHue (XVII-
XVIII BB.);

2) pa3Butue (XIX Bek);

3) coBpemeHHoe coctosHue (XX—-XXI BB.).

Ta6nuya 1

Mepuogusaumna passutus ﬂpeACTaBﬂeHVIFI o ¢M3MOJ10FVIM o6meHa BelLecTB

HasBaHue

XpoHonorus

XapaKTepucTuKa

Mpeanocblkn
N CTaHOB/NEHNE

XVII=XVIII eka

MuweBapeHne cTanu paccMaTpuBaTb Kak Noc/iefoBaTeNbHOCTb hepMeHTaLUni,
KOHTPONMpYyeMbIX c6anaHCMpoOBaHHbIM NMPOU3BOACTBOM KUCOT U LLeNoYeil.
Bb1N10 BbISICHEHO, YTO OKUCUTENIbHbIE MPOLIECCHI MPOUCXOAAT HE TOJIbKO B KPOBMU,
HO 1 B TKaHSAX OpraHusma.

PasButune

XIX Bek

Bbln U3y4eH XMMUYECKHMI1 COCTaB TKaHEe Tesla U BbIICHEH COCTaB MULLLEBbIX BELLECTB,
MocTynaroLWmx B OPraHnu3Mm, 1 BbleNIieMbIX UMW KOHEYHbIX NPOAYKTOB pacnaja.
UccnepoBaHua B laHHON 0651acTy 6bIN 06beAMHEHDBI C AOCTUXEHUAMU XUMUK
N BUOXUMUM.

Paspa6aTtbiBanvcb CTaHAAPTbl MUTaHUSA.

Bblna oTKpbiTa HoBas (hopMa TpaHCcnopTa YrieKncoTbl ¢ yYacTueM reMornobuHa,
“ccnefoBaHo MoroLLeHne yrneKncnoro rasa pacTBopamMu cosem, KUCNOT U Lenoyen
(CeueHoB U.M.).

COBpeMeHHOE COoCTOAHNE

XX-XXI Beka

BbIfM OTKPbITbI M ONKUCaHbl pasfiyHble GepMeHTbI U BUTaMUHbI, y4acTByoLe
B 06MEHHbIX NpoLjeccax.

Bbina yctaHoBNeHa 6enkoBas npuposa hepMeHTOB.

Bbin oTKpbIT LukN Kpebca, MexaH3Mbl perynsiLum o6MeHa XonecTepuHa U XXMPHbIX
KMCNOT U T. 4.

Table 1

Periodization of development of ideas about metabolic physiology

Name

Chronology

Characteristic

Prerequisites and
formation

XVII-XVIII centuries

Digestion is thought as a sequence of fermentations controlled by the balanced
production of acids and alkalis.

It was found that oxidative processes occur not only in the blood, but in the tissues of
the body.

Development

XIX century

The chemical composition of body tissues was studied; the composition of nutrients
entering the body and the final decomposition products released by them was determined.
Research in this area was combined with advances in chemistry and biochemistry.
Nutrition standards were developed.

A new form of carbon dioxide transport with the participation of hemoglobin was
discovered, the absorption of carbon dioxide by solutions of salts, acids and alkalis
was studied (by Sechenov I.M.).

Current state

24

XX—=XXI centuries

Various enzymes and vitamins involved in metabolic processes were discovered and
described.

The protein nature of the enzymes was established.

The Krebs cycle, mechanisms for regulating the metabolism of cholesterol and fatty
acids, etc. were discovered.
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COBpeMeHHbIe npeacTaB/1eHUA O POJin KaJibnnauHOB B MblllLax

JI.B. Mysxens' = =, C.II JIbicenkos? ~, A.P. Tyrys! ~, JI.C. Illymuios!

! AZpIrelicKHi roCyapCTBeHHBIN yHUBepcHTeT, 2. Matikon, Poccutickas @edepayus
2MailKOICKHH rocyiapCTBeHHBIN TeXHONIOTMYeCKUI YHUBepCcUTeT, MeTULIMHCKUI MHCTUTYT, 2. Matikon, Pocculickas
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<l dmuzhenya@mail.ru

AnHoTanmsA. AkKmyaibHocmb. V3yueHre ¥ TOHUMaHUe (PU3H0/I0rMUeCKUX MPOLIECCOB, TIPOTEKAOIIUX B MBIIILAX BO BpeMs
(h13nUeCcKUX Harpy3oK, sIB/ISIeTCs OfJHUM W3 aKTya/bHBIX HarpaB/eHUi B COBPeMeHHO (r3uronorum cropra. Pacivipenue
COBpEMeHHBIX TeOpeTHYeCKUX U MpaKTUUeCKHX 3HaHWI MOKa3bIBaeT, YTO KJlaCCUUeCKHe TIpe/iCTaBeHus 0 (PH310I0ruue CKUX
TpoLieccax, MPOTeKaloIMX B MBIIIAX B YCIOBUSIX HArPy30K, He Jal0T hcuepribiBatoieli nHdopmaruy. Heobxoarmo nipoBeieHe
JIOTIOJTHUTEIbHOTO aHa/IM3a U CUCTeMaTH3aliii CyIeCTBYIOLUX JaHHBIX C Lie/IbI0 BbISIBJIEHUS K/THOUEBbIX 371eMEHTOB, BO3/el-
CTBY$1 Ha KOTOPble Mbl MOYKEM Pery/MpOoBaTh HarpaBeHUe U CTeleHb TeX WM UHbIX (PU3H00ruuecKux npoueccoB. OJHUM
13 TaKUX KaHWJATOB MOXKET ObITh ceMelicTBO OesnkoB KasbrianHoB (CAPN). HecMoTpst Ha To, UTO BHayajie MX acCOLIMUPOBAIA
KakK pery/siTophbl fepefiayl CUTHA/I0B, OZJHAKO B HaCTOsll[ee BpeMsl UX pacCMaTpPUBAIOT KakK MpOTeasbl, KOTOPble yUacTBYIOT
B 060poTe MHOGHUOpUILISIPHOTO OesiKa, MPOTeOMTHUECKOM PacIierIeHHH CapKOMePHBIX U UTOCKeieTHbIX OekoB. Xotst CAPN
YacTO XapaKTepPU3YIOTCS KaK «BpeZHbIe» Jerpajupyrolliye TpoTeasbl IIpY MaTo/A0rMueCKUX COCTOSIHUSIX, BK/IIOUast Cep/ieuHo-
cocyaucThie 3a00eBaHusl, KaJbIIaWHbI HA CAMOM /IeJie SIBJISFOTCS TIPOLIeCCUHTOBLIMH, a He J1erpaiupyoLUMH MPOTea3aMu.
OHH OT/IMYAIOTCS OT JIPYTUX OCHOBHBIX BHYTPHK/IETOUHBIX NTPOTEO/IUTHYECKUX KOMIIOHEHTOB T€M, UTO JeMCTBYIOT MyTeM
TIPOTEOIUTHUECKOTO TIPOIIeCCUHTA, BBI3bIBasi MOJY/ISILIMIO WITH MOU(UKALIMIO aKTUBHOCTH, JIOKAIM3aLMK WK CTPYKTYPbI Oestka.
Hanpumep, CAPN criocoOHBI perynupoBaTh akTHBHOCTb NOS, T0/1aBIsisi IPOAYKLIMIO OKCH/IA a30Ta BO BPEMS MbBIIIIEYHBIX
COKpaIl[eHUH, UTO M03BOJISIeT TIPe/OTBPAaTUTh HEraTUBHBIE MOC/Ie/ICTBYS, BbI3BaHHBIE €r0 TUIeprpogyKuyei. OHu criocoOHbI
CHW)KaTh COKPATUTE/NbHYI0 aKTUBHOCTb MBILIL] ITyTeM BO3/|eliCTBUS Ha TaK Ha3biBaeMble «TpUaZbl». KanbranuHbl BayKHbI
Y B pelrapaTyBHBIX MpoLjeccax B MbIIILax Mocae pu3nueckux Harpy3oK, peryaupys MpoLecchl BOCCTaHOBIEHUS K/IeTOYHbIX
MeMOpaH U repecTpOrKHU OeNKOBBIX KOMITOHEHTOB MBIIIIEUHOTO BOJIOKHA. Ellle 0HOM OT/IMUMTE/IbHOM UepToi OT KiiacCuyeCKUX
TIPOTEOJIM3HBIX CUCTEM, TAaKUX KaK YOUKBUTHH-TIPOTeACOMHast U ayTodarnyeckast, KOTopbiM HeobxoguMa AT®, siBisieTcst To, UTo
KasbranHbl — AT® He3aBHcuMble. O[HaKO HEKOHTPO/IMPyeMasi aKTUBHOCTb Ka/IblITalHOB MOJKET TIPUBOJUTS K 3aIlyCKYy LieJIoro
KacKa/ia 1poarionToTUYeCKUX CUCTeM, TPUBOASIIMX K aronTo3y U rubesin MUoLuTOB. BeiBo/ibl. KaibriauHbl UrparoT BasKHYIO
po/b B (pr3M0/IOTMUeCKUX TPOoLieccax, MPOUCXOJSAIIMX B MBILIIaX KaK B HOPMe, Tak U MPU pa3/InyHbIX MaToaorusx. @yHKuuu
KasIbITauHOB He OrPaHWYMBAIOTCSI TOIBKO MPOTeo/IM30M (paciieryieHreM 6enkoB) — OHH Topaszio wmupe. [ToaTomy n3yueHue
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3THUX Cl)epMEHTOB SABJIAETCA Ba>KHBIM HAllpAB/I€EHUEM HCCHEAOBBHHﬁ. OHO MOMOXXET HaM BbISIBUTh I/IHCl)OpMaTI/IBHI)Ie MUIIEHU OJ1d
pa3p360TKI/I MEeTO/0B JieUeHHS 1 KOHTPOJISA COCTOAHWSA MBILIL] T1I0C/Ie MHTEHCUBHBIX HAI'DY30K.
KnroueBsbie c/ioBa: KaJ/lbI1aWH, Kaf[b].[I/H‘/JI, MbIIIIEYHOE COKpAallleHHne, paﬁOTOCHOCO6HOCTb, yTomJjieHue, ariornTo3

Nudopmanusa o puHaAHCHPOBAHUU. ABTOPBI He T0JTy4aiTu (UHAHCOBYIO TIOAJEPIKKY /IJIs1 UCCIe[0BaHMsl, HAITMCAHWS U TTy-
6nMKaryy 1TaHHOU CTaThU.

Bxkiiag aBTopoB. Myskenst [1.B. — pa3paboTka ujjer, 00paboTKa MaTepuasia, aHa/Ini3 TIOJTyUeHHbBIX JJaHHbIX, HAITUCAHNE TEKCTa
pykorucy; JIsicenkoB C.IT. — pa3paboTkKa H/ier U pelakTUpOBaHUe UePHOBO BepCUU CTaThy; Tyry3 A.P. — aHa/u3 U pelakTu-
poBaHMe uepHOBOM Bepcuu cratby; [ymusos [I.C. — o6paboTka MaTepuasa, aHa/Iu3 MOJTyYeHHBIX JaHHBIX. Bce aBTOpbI BHeCIN
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Modern understanding of the role of calpains in muscles
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!Adyghe State University», Maikop, Russian Federation
*Maikop State Technological University, Maikop, Russian Federation
Pl dmuzhenya@mail.ru

Abstract. Relevance. The study and understanding of the physiological processes that occur in muscles during physical
activity is a crucial area in modern sports physiology. As our theoretical and practical knowledge expands, we realize that
the classical ideas about these physiological processes under stress conditions do not provide complete information. To fully
comprehend these processes, we need to conduct further analysis and systematize the existing data. This will help us identify
key elements that we can influence to regulate the direction and extent of certain physiological processes. One such candidate
for this regulation is the calpain protein family (CAPN). Initially, they were associated with regulating signal transmission, but
now they are considered proteases involved in the turnover of myofibrillar protein and the proteolytic cleavage of sarcomeric and
cytoskeletal proteins. CAPNs are often seen as «harmful» degrading proteases in pathological conditions, such as cardiovascular
diseases. However, in reality, they are processing proteases rather than degrading ones. They differ from other major intracellular
proteolytic components because they act through proteolytic processing, causing changes in protein activity, localization, or
structure. For example, CAPNs can regulate the activity of NOS by suppressing the production of nitric oxide during muscle
contractions. This helps prevent the negative consequences caused by excess nitric oxide production. They also reduce the
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contractile activity of muscles by acting on structures called «triads». Calpains play a significant role in the reparative processes of
muscles after physical activity. They regulate the processes of cell membrane repair and the restructuring of protein components
in muscle fibers. Another notable difference from classical proteolysis systems, such as ubiquitin — proteasome and autophagic
systems that require ATP, is that calpains are ATP-independent. However, uncontrolled activity of calpains can trigger a cascade
of proapoptotic systems leading to apoptosis and the death of myocytes. Conclusion. Calpains play an important role in the
physiological processes that occur in muscles both in a healthy state and in various pathologies. Thus, the functions of calpains
are not limited only to proteolysis (protein breakdown) — they are much broader. Therefore, the study of these enzymes is an
important area of research. It will help us identify informative targets for developing treatment methods and monitoring muscle
health after intense exercise.
Keywords: calpain, calcium, muscle contraction, performance, fatigue, apoptosis
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BeeneHue

OpHoM 13 BakKHeNIINX (PyHKIIMOHATBHBIX CUCTEM
opraHu3sMa, IMMUTHPYIOIIel U oTipe/iensitoreit pusu-
YyeCcKyto paboTocriocoOHOCTb, a TAK)Ke HHTEHCUBHOCTD
U IJTUTe/IbHOCTh peakIuii 11eJI0CTHOTO OpraHu3Ma
Ha CIIOPTHMBHYIO U (PU3UUeCKyI0 Harpy3Ky B LieJIOM,
SIBJIIETCS] MBIIIIeUHast cUcTeMa. LleHTpabHBIM BOTIPO-
COM COBpeMeHHOM (PU3HOIOTUHU SIB/SIETCS TOHUMaHe
MeXaHU3MOB YTOMJIEHHSI ¥ aJJaNTal[iy MBIIII] K Harpy3Ke
pa3/IMUHON WHTEHCUBHOCTH.

Pa3BuTre coBpeMeHHOM MpHUOOPHOI 6a3bl M03BO-
JISIeT JIeTKO 3aUKCUPOBaTh 3PPEKTUBHOCTL MBIIIIEUHOMN
paboThI C TOMOIIBIO 37IeKTpoMUOrpaduu, re oTMeda-
eTCsl U3MeHeHHe ee aKTUBHOCTH WA UCTOLLeHHe COKpa-
TUTe/IbHOM QyHKI[MK. O/HAaKO TIPpUMeHeHHe JaHHOTO

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

(br3nooruuecKoro MetToa nMpobeMaTuuHO, IOTOMY
YTO COIVIACHO COBPEMEeHHBIM Tpe/iCTaB/IeHUsIM, Hallpu-
Mep, yTOM/IEHHe B JAHHOM KOHTEKCTEe MOYKET BK/TFOUaTh
B ce0si HECKOJTbKO COCTABJISIFOLIUX 37IEMEHTOB, KaXK/[0e
13 KOTOPBIX SIB/ISIETCS CJ/IE[CTBUEM TEUEHHs pPa3/IMUHbIX
¢r3u0I0rMYeCKUX MPOLIeCCOB. DTO CHUXKAEeT Bepo-
ATHOCTb YCTaHOBJ/IEHUS MEPBONPUUMHBI MbILLIEYHOTO
yTomeHus. I[loaToMy coBpeMeHHble UCC/Iel0BaHHUs
Bce OosIbIlle HaTpaB/ieHbl Ha W3yueHne U TIOHUMaHKe
bornee ryOOKHX MeXaHHU3MOB, KaK OMOXMMUYECKHX, TaK
Y (yHKL[MOHA/IbHBIX, B PA3BUTHH YTOMJIEHUS], a TAKXKE
VX TIOC/Ie/ICTBUI TIPY BO3/1elICTBUM CBEPXHArpy30K.
CnepnyeT OTMETHUTB, UTO MBILIL{bI [10 CBOEM MPUPOJe
SIBJISIFOTCSI «BBICOKOIUIACTUYHOW» TKaHbIO, KOTOpPast
MO/IBepraeTcsi MOCTOSIHHOM TpaHC(OpMaLMu B OTBET
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Ha U3MeHeHHe YPOBHsI (pr3nueckol aKTUBHOCTH: THUTIep-
TpOGUs BOJIOKOH, BbI3BaHHAs! CU/IOBBIMU YTIPa)KHEHUsI-
MM, UK aTpO(Usi BOJIOKOH, BO3HHUKAIOLL[asi B pe3y/ibTare
JIJTATE/IbHBIX TIePHUO/IOB MBILIeYHOTO Oe3aelicTBUs
[1-4]. JanHbIi TipoLiecc 00yc/oBeH Oa1aHCOM MeX-
[y TIpoljeccaMu CUHTe3a OeJika U ero Jerpajaiuen,
HaXOJSALIMNCS M0 KOHTPOJIEM MPOTEOIUTHYE CKUX
cucteM (ayTodarusi, yOUKBUTHH-TIPOTeACOMHAsI CH-
cTeMa, Kacriasa- 3) [5, 6]. OfHako o cOBpeMeHHbIM
JIUTEpaTypHbIM JIAHHBIM CYILeCTBYET ellje OZiHa BaKHasi
Y MiepCcreKTUBHas JJ1s1 U3yUeHUsl TIpOTeo/IuTUIecKast
cucTeMa — KanbnauHoBas [7, 8]. KanbnanHbsl moryT
BHOCHUTb OTPDOMHBIU BK/1aJ, HE TOJILKO B PETy/IsILIUI0
(usnosornuecKux MpoLeccoB B MbIIILAX B OTBET,
Kak Ha ¢u3nuecKre Harpy3ku, Tak ¥ Ha JIJTUTe/IbHbIe
TIepUOAbI MBILIIEYHOTO Oe3/1eliCTBYSI, HO U BJIUSATD HA pa-
00Ty Ipyrux MPOTEOTUTHYECKUX CUCTEM OpraHu3Ma.
OpHaKo po/ib 3TOM CUCTEMBI B MBIIIIAX OCTAeTCs Masio-
n3yueHHOU. [To3TOMy B paMKax JJaHHOTO 0630pa HaMH
TPOBeZIeH TUTePaTypPHbIA aHa/IW3 POJIU Ka/lbIauHOB
B CKeJIeTHBIX MBILIL[aX MpU (pr3rueckux Harpyskax.

O6wme npeacTaB/ieHUs O KabrnanHax

Kanbnannel (CaPN) npefcransitot coboti cemeii-
CTBO HEJIM30COMaJIbHbIX MPOTeas, KOTOpbIe MOBCEMECTHO
9KCIIPeCCUPYIOTCS Y MJIEKOTTUTAIOLLMX, BK/IFOYAOIIUe
15 nzogpopm: CAPN1-CAPN3, CAPN5- CAPNI16.
CrnenyeT OTMETUTh, UTO BCe M30(OPMbI COZlep>KaT
S1pO LUCTenHOBOM npoTteassl [9, 10]. OxHako ecTh
uckaouenne — CAPN4, nipecTaBastoLui cO00M
cyobenunully B 28 k/la, y KOTOPO# OTCyTCTBYeT
LIUCTEMHOBOE MPOTeoMTHYecKoe siaipo. M3-3a 3Toro
CAPN4 He pacrio3HaeTcsi Kak He3aBrcHMasi u3oopma
KasIbIlauHa M PeKIacCUULIMPOBaHa Kak CyObeuHULA
kasmeranHa 1 (CAPNS1) [11].

B CKeneTHBIX MBIIIIAX CYIIeCTBYIOT TPHU Mpeob-
naparorye n3odopmel KanbnanHa: CAPN1, CAPN2,
u CAPN3[11-14]. AnbrepHaTUBHbIe Ha3BaHUS
CAPN1 u CAPN2 — p-kanpnaviH ¥ m-KajabIllauH
cootBeTCcTBeHHO. CAPN3 uHOrza yrnoMmHaeTcs B JIv-
Teparype Kak p94, Tak Kak 00s1a/laeT MOIeKY/ISIpPHOMH
maccoii 94 k/la [15]. B otmiumne or CAPN1 u CAPN?2
CAPNS3 cyiiecTByeT B BUie rOMOoAiiMepa C ABYMSI
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cyObeJUHUI[aMU U CTIOCOOEH BBITIOTHATE HE TOJTBKO
MPOTEOUTHUYECKYI0 QYHKIIUIO, KaK ApyTHe n30(h0pMBbI.
CrnenyeT Takke OTMETUTD, UTO KajblauH-3 0OBOJILHO
cTabu/ieH B CKeIeTHBIX MBIIILAX U He UHTUOUpyeTcs
KasbItacTaTuHoM [16, 17].

OpHYM M3 K/TFOUeBBIX aKTUBAaTOPOB BCEX Kasbllan-
HOB siB/IsieTCs KasibLiii. KoHueHnTpanyu Ca*’, uHIyLu-
pyrolye KoHpOpMal[MOHHbIe U3MeHeHHUs KakK |-, TaK
Y M-KajbllauHa, Mo KpaliHel Mepe Ha MOpPsJJOK BhILe
BeIMUYMHBI ()aKTUUeCKUX KOHI[eHTPALU 3TOr0 MOHa
B KieTkax. Tak, a1s aktuBaruu CAPN1 HeoOxoquma
koH1jeHTpanus Ca** 0,5-2 MkM u 50-150 MKM 151
CAPN?2 coorBercTBeHHO [18].

OpHaKo CyIIecTBYIOT U IpyTHe CIIOCOOBI aKTH-
Baumu. Hanmpumep, KasiblavHbl CIIOCOOHBI K ayTO-
MPOTE0N3y. DTO OCYLLeCTB/SETCS IyTeM yJaleHns
N-KoH1jeBoro fiomeHa [19], uTo Mo3Bo/sieT akTHBHUPO-
BaThCsI MPY HU3KKX KOHLeHTpauusix Ca?* B kieTke. Tak,
ayroriporeosiuz CAPN2 npuBoguT K 25-KpaTHOMY CHU-
>keHHto KosmuectBa Ca*', HeoOXoAUMOTo 7151 TTOJTyMaK-
cuMasbHOM aktuBauyu [20]. CornacHo iMTepaTypHbIM
JlaHHBIM, ayTOMPOTE0/IM3 COOTBETCTBYET Haua bHOMN
aKTHBaLMY Ka/bIIauHOB, TI03TOMY ayTO/IM3MPOBaHHbIe
tdhopmbl CAPN1 1 CAPN2 yacTo MCIoib3yHTCs B Ka-
yeCTBe MapKepOB aKTHBAlL[MK Ka/lbllaHa B CKeeTHbIX
MbIax [21, 22]. Kpome Toro, ycunuBarh JeicTBre
KaJ/Ib[IauHOB Takke MokeT HakorieHre AD®K; uro BbI-
3bIBaeT KOH(OpMaL[MOHHbIe U3MEHEHUS B CTPYKTYpe
0e/TKOB CKeJIeTHBIX MBIIIIL, TIOBBIIIIAsi TEM CaMbIM MX
BOCTIPUMMUMBOCTD K KajiblavHaMm [23, 24]. C apyroiu
CTOPOHBI, HEKOTOpble KWHa3bl U ¢ocdarasbl MOTYT
YCU/IMBaTh BOCIIPUMMUMBOCTD ClieL(UUYeCKUX Kallb-
TIAMHOBBIX CyOCTPATOB K JIEWCTBUIO Ka/IbITAWHOB MyTeM
ux ¢ochopunvpoBanus win gedochopuvpoBaHus.
Hanpumep, nporerntkuHasa-C (PKC) moxet docdo-
PWIMPOBAaTh TPOTIOHWH-I, TIOBBIIIIAst BOCIPUMMUKBOCTh
K Jlerpafialiuu KajibranHoM [25]. Bce 3To npuBoguT
K YCKOPEHUIO MpoLjecca paclieryieHus CapKOMEPHBIX
Y [IUTOCKEJIeTHBIX Oe/IKOB, UTO TIPUBOJMT K pa30opke
MroGuOPUIIT U 3aMyCKy TpoLiecca Aerpafaru Muodu-
OpWUISIPHBIX OEJTKOB uepe3 MpOTeacOMHbBIN KOMIIEKC.

Cornacno uccnenoBanusm T. Raastad et al. (2010)
aKTMBHOCTb KajibllauHa yBeu4uaachk B 3 pasa cpasy
10CJIe UHTEHCUBHOW TPEHHMPOBKHU C SKCLIEHTPUYHBIMU

ONBMOMOMNA. SKCTTEPUMEHTANTBHAA OU3INON0T 1A



Muzhenya DV et al. RUDN Journal of Medicine. 2025;29(1)

yHpaKHeHUsIMH, a TIOBbIIIeHHasl aKTUBHOCTb Kaslblla-
VHa COXpaHsjlach B TeueHue 95 4 rocsie 3aBeplieHust
TPeHUPOBKU. boJiblllas yacTh aKTUBHOCTH KaJlbllavHa
oTMeueHa B MUOGUOpUUIIpHOH (ppakiiuu (TO ecTb
HepacTBopuMoii) [24]. HecMoTpsi Ha To, UTO BHauajie ux
aCCOLMMPOBAIU KaK PeryyisiTophbl epeiaud CUTHAMOB,
OJ[JHAaKO B HaCTOsIlljee BpeMs UX pacCMaTpyBarOT Kak
TIpOTea3bl, KOTOPhIe yUacTBYIOT B 000poTe MUOhUOPUII-
nsipHOTO OerKa, MPOTeOUTHUECKOM pacIlelyIeHu! cap-
KOMEpPHBIX 1 HIDKeYKa3aHHbBIX [IUTOCKeIeTHBIX OeJTKOB:
Jierpajialiyisi ieCMUHa, BUHKY/IMHA, Ta/lMHa, AUCTPO(UHA
U CIIeKTpUHa; 0enKOB Z-IUCKOB U BHICBOOOKIeHHe
anbda-akTuHUHA; C-6e/ka, KOTOPBIN 0XBaThIBAeT TOM-
CTble HUTH; TPOMOHMHA T 1 TPOIOMMO3MHa; JierpajjaLius
M-6eikoB Hapsily ¢ aerpagauueit C-6eska [25, 26].

CnepnyeT OTMETUTD, UTO BIIE€PBbIe PO/Ib Ka/IbIIaMHOB
TpakToBa/lach KaK UHULIMATOPOB IPOTeOIUTUYe CKON
Jierpajialiiii B IOCMEePTHBIX yCJIOBUSIX, KOI7ja MOC/Ie OCTa-
HOBKHU CMHTe3a AT® B CKeJleTHBIX MBILILIAX MpeKpalia-
nack paboTa K/lacCu4eCKUX MPOTe0TUTUUECKHUX CUCTEM,
TaKMX KakK YOMKBUTHH-TIPOTeaCOMHasi ¥ ayTodaruueckas,
a KaJslblarHbl POJ0/DKaIM (PyHKLMOHUPOBATh [27]. Op-
HaKo HeCMOTPsI Ha 3T0, Jlerpaiariyisi beska mpozornKaach
BCJ/Ie/ICTBUE YTEUKH Ka/IbLIMS M3 CapKOIIa3MaTHueCcKoro
petvkynyMma (SR) u mocnenytolieil akTUBaLMU Kalb-
TauHOB, YTO MOC/TYKWUJIO OCHOBOM /1/151 TOHUMAaHUS UX
(hyHKLIMY B CKeJIeTHBIX MbIIIax [27, 28].

XOT$s1 OHU YaCTO XapaKTepU3YIOTCs KaK «BpeJHbIe»
JerpajupyoLLye NpoTeassl [PpY MaTo/I0rMYeCcKUX COCTO-
SIHUSIX, BKJTFOUAsi CepIeuHO-COCYyUCThIe 3abosieBaHus,
KasIb[laHbl Ha CaMOM JieJie SIB/ISIFOTCS ITPOL|e CCUHIOBbI-
MU, a He JerpaiupyoLMMy rpoTeazamu. KambnanHbl
OT/IMYAKOTCS OT APYTUX OCHOBHBIX BHYTPUK/IETOUHBIX
MPOTEOIMTHYECKUX KOMITIOHEHTOB TEM, UTO /IeHCTBYIOT
1yTeM IPOTe0JIUTUYeCKOro MPOLIeCCUHIa, BbI3bIBast
MOZY/ISLIAIO0 UM MOAU(PUKALINIO aKTUBHOCTH, CIIeLiy-
¢buUHOCTH, JTIOKaMU3aly WM CTPYKTYPBI Oenka.

Ponb KanbnanvHoB
B CI)M3MOJ10I'W-IeCKMX npoueccax
Bo3HuKarolme «MUKPOTPaBMbI» CKeTeTHBIX MbIIIII]
10|, BO3/ielcTBreM (hrU3ruUeCKHUX Harpy30K MPUBOZST
K YaCTUYHOMY TIOBPEK/IeHUI0 MUODHUOPHIIT U, KaK
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C/1e[ICTBUe, B 3TUX YCIOBUAX KasblIaWHbI [IPOU3BOJAT
JIOKaJTbHbIN IEMOHTaXX MOBPEX/I€HHBIX yUaCTKOB, TEM
CaMbIM yCKOpsisi CHHTe3 HOBBIX OeKOB U TpoLiecc
BoccraHoBsenusi (Puc. 1, nynkr 4) [29, 30]. B 3kc-
TepyMeHTe Ha I'PbI3yHax B OTBET Ha OJHOKPATHYIO
TPEHUPOBKY Ha BBIHOC/IUBOCTb OTMEUYEHO, UTO CKO-
POCTH paclienieHyst TPOIIOMHO3KMHA U X-aKTUHHWHA
1o/] AeUCTBUeM KajbllanHa yBenuuniaachk Ha 48 %
1 103 % cooTtBeTcTBeHHO [31]. Bo3Mo)KHO, Kaba-
VHBI UTPAIOT Ba’KHYIO POJIb /i 00pa30BaHusT HOBBIX
130opM MHO3WHa B MUOGUOPUIJIIPHOM arimapare.
Harpumep, moHOCTBIO coOOpaHHast MOJIeKy/la MUO31WHA
obnazaet 6osbiM pasmepoM (~520 k/la), ¥ MO3TOMY
[1s1 BHEJIPeHUsI 3TOW KPYITHOM O6eKOBOUM CTPYKTYPbI
B YIaKOBaHHbIN MUO(UOPU/ISIPHBIIA arnrapaTr Heob6xo-
JTUMO ero yacTh4Has pa3bopka [29, 32, 33]. C apyroi
CTOPOHBI, Ka/IbIIavHbI UTPArOT BaXKHYIO POJIb B IIpoLiecce
BOCCTAHOB/IeHUsI MeMOpaHbI MyTeM paclierieHust Anc-
(epnuHa. B sKcriepyMeHTabHON MOZIeNIM Ha MbIIIaXx,
HOKayTUPOBaHHBIX 110 TeHy Auc(eprHa, yCTaHOB/IEHO
3HauUTe/IbHOe CHWKEeHHe BOCCTaHOB/IeHNsI [IOBPesKe-
HUI B MeMOpaHax MbIILIEYHBIX BOJIOKOH B OTBET Ha 3KC-
LIeHTPUYHYIO Harpy3Ky. OTO MI03BOJISIeT NIPe/IIOIOKUTS,
YTO HeZIOCTAaTOK AUc(ep/ivHa He TI03BOJIseT KasbllauHaM
ero paclienuTh 0 MUHU-AWC(epIrHa, KOTOpbIi Heob-
XO/IUM JIJ1s1 BOCCTaHOB/IeHUst MeMOpaH [34].

B To)XXe BpeMsi OHU MOT'YT B/IMATh Ha YPOBEHb
MPOAYKLMU OKcHAa a3zora. OKcuf a3oTa sBJsIeTCs
OZJHUM U3 K/H0UeBbIX 3JIeMEHTOB B MBILIEUHOM
COKpallleHUH TpU (PU3U00THUUECKUX Harpys3Kax:
yCUJTUBaeT BbICBOOOKIeHHe al[eTHUIX0/IMHA U3 TIpe-
CHUHANTHUeCKOW MeMOpaHbl, CTUMY/IUPYET BBIXO[,
KaJIbLIUS U3 J1a3MaTUYeCKOro PeTUKY/IyMa, a TakKKe
yBennurBaeT 3 PeKTUBHOCTh PabOTHl MUKPOLUP-
KYyJIITOPHOI'O pycJa YU CKOPOCTH OTAa4Uu KUCJIO0-
poza. OfHaKO CUTyalus MeHsieTCs TIpY O0JbIINX
MBIII€YHBIX HAarpys3kax U rumneprnpogykuuu NO.
I'unepnipogykuust NO B pe3ysibTaTe (pu3nueCcKux
Harpy3okK (koHreHTpauuu NO B TKaHsx >10-° M),
COIJIaCHO JIUTEePaTyPHBIM [JaHHBIM, MOXKET OKa3bIBaTh
NIpsIMOe HeraTUBHOeE B/IMSIHUE Ha [bIXaTe/IbHYIO Liellb
MUTOXOH/IpUH [35,36], Tak)ke B MPUCYTCTBUM BbICO-
kux KoHuenTpauuii H,O, NO mMoxeT 06pa3oBbIBaTh
CWIbHEUIINI OKUCUTENb epOKCUHUTPUT — ONOO".
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CornacHo urepatypHbIM gaHHbIM e-NOS ob6pa3syer
komruiekc ¢ HSP90, KOTOphIi SBAsIeTCS CyOCTpaTom
st KanbrauHa (Puc. 1, nyHkr 2) [37]. B pesynbrare
paboTer CAPN mpoucXoauT AecTabumr3aius KOM-
ryiekca v uHrubuposanue e-NOS. VHTepecHbIH (akT,
yto HSP90 HeoOXoauM Takxe /it pabOThI JoMeHa,
CBsI3bIBAIOILIEr0 TOPMOHBI. HariprMep, ero pa3spyiieHue
TIPUBOJUT K CHW)KEHHUIO aKTUBHOCTH TTFOKOKOPTH-
kouzoB [38]. C apyroii ctoponbl, n-NOS cBsizaHa
¢ al-cuaTpoduHoM, GeTKOM AUCTPODUHOBOTO KOM-
riekca, cogepxamum PSD-95. TTosTomy akTuBaLys
Kasibl1avHa BbI3bIBaeT Jlerpajlalivio AUCTPOdUHA, U KaK
cnencteue, geaktuBauuto n-NOS (Puc. 1, nyHKT 3).
Bce 3T0 MpUBOAUT K pe3KOMY CHIKEHUIO CBOOOJHOM
KOHLIEHTpaL[M1 OKCH/Ia a30Ta B YCJIOBUSIX [JIUTETbHOU
Harpy3ku. [103ToMy KajibllavHbI SIBJISTFOTCS OBHUMH
13 KJTFOUEBBIX PeryJsiTopoB MPOAYKLWW OKCH/A a30Ta
B MBbIIILaX HapsAy C OydepHbIMHU CCTeMaMH a30Ta,
rpejoTBpalliasi ero rureprpoAyKLuLo.

KasnprianHe! Takyke MOT'YT HarpsIMyH0 y4acTBOBAThb
B CHW)KEHWUU MBILLIEYHOW CUJIBI TIPU JAJIUTENbHBIX Ha-
rpy3kax (Puc. 1, myHKT 1). B MbIlI11ax CyiecTByroT Tak
HasbIBaeMble «TpHa/ibl» — MeCTO coefiHeHUs T-cucte-
MBI U 3H/I0TITa3MaTrdeckoro petukyayma (ER), crioco6-
CTBYOIIIME BLICBOOOKAeHNIO Ca** B OTBET Ha MOTeHLMas
nmeiictus [39, 40]. B cocTaB 3TOro KOMIiekca BXOASIT
muruaponupuanHoBble petientopel (DHPR), koTopbie
SIBJISIFOTCS] Me/I/IeHHBIMU TIOTeHLMa/1 YyBCTBUTE/TbHBIMU
Ca-kaHanamu L-Tumna, nepearoluMu 3/1eKTpUYe CKUM
CUTHAJT Ha MeMOpaHy CapKOTL/Ia3MaTHueCKOro PeTHKYITY-
Ma. B nccnenoBannu K. Kanzaki, et al. (2107) goka3aHo,
yTO (hapMakKoornyeckoe MHrHOMPOBaHKe Ka/lbITaMHOB
MpeJjoTBpalljaeT yMeHbllIeHHe MbIIIeYHON aKTUBHOCTH,
BBbI3BaHHOE [TUTE/TILHON Harpy3Kou. ITo 00yC/I0B/IeHO
TEM, UTO He IPOMCXOUT CHIDKEHHE coflep>KaHust Oestka
junctophilin 1 (JP1) u junctophilin 2 (JP2), koTopsIii
pacrionoxked B DHPR [41]. Junctophilins mpoxoasT yepe3
MemOpaHy «T» 00pa3HbIX KaHa/IbIIeB U CBsI3bIBaOT ER,
YTO He06X0AUMO A1J1s1 POPMHUPOBAHUST TPOUHUUHOTO
coenvHenys [42, 43]. Takum o6pa3om, MOXKHO CZieIaTh
BBIBOJI, O TOM, UTO B HOPMe KaJIb[lauHbI UTPAIOT BA’KHYIO
3alMTHYIO POJIb B MBIIILIAX B OTBET Ha HAarpysKy, rpe-
JIOTBpalljasi pa3BUTHe HeTaTUBHBIX MPOLIECCOB B MUO(DU-
Opwax, a TakK>Ke yuacTBys B peliapaTHBHBIX TPOLIeCCaX.
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Ortze/bHBIM HHTEpeC MpeZCTaB/Is0T JaHHbIe O POJIU
CAPN3 B mpijax. Bo-nepssix, B OT/IMUKe OT APYTUX
KasIb[1lauHOB OH MO)KeT aKTUBUPOBAThCS He TOJILKO IPU
¢bu3roornuecKUx CyOMUKPOMOJISIPHBIX KOHLIEHTPALSIX
KaJIbLMisl, HO JJa’Ke Y B OTCYTCTBUM KasbLUs C IOMOLLIBIO
Na* [44, 45]. Bo-BTopbix, CAPN3 He nogarnsieTcs
Ka/TbI1aCTaTUHOM — Oe/TKOM, KOTOPbIi OpraHy3M BbIpa-
OaTbiBaeT /1715 G;IOKMPOBaHMS KajlbIIaHOB. B-TpeThux,
CAPN3 moxeT (hyHKI[MOHHPOBATh B POJIM, OTJINUHOMN
oT npoTeosn3a [46—48]. JaHHbIi (akT BriepBble OT-
MeueH y MalueHToB € AUCTPodueli MBILIL HIKHero
nosica KoHeuHocTel Tuna 2A (LGMD2A), kotopas
pa3BuBaercsi us-3a myrtalui B rene CAPN3. Ouen-
Ka jokanu3anuu myTtanuii B reHe CAPN3 nokasarna,
UTO Y HeCKOJIbKUX nauueHToB ¢ LGMD2A umenuch
MyTaLUU B 00/1aCTSX TeHa, KOTOpbIe He B/IUSUTA Ha Mpo-
TeonuTHuecKyto aktuBHOCTb CAPN3 [49, 50]. 310
OTKPBITHE TIPUBEIO K CO3ZAHUIO0 MbILIEN C HOKayTOM,
copepkalyx mytaHTHbId reH CAPN3, koTopbiii feniaet
CAPN3 nporeomMTryeCcKy HeaKTUBHBIM, HO CTPYKTYP-
HO HeIoBpeXX/leHHbIM. B pe3ysbTarte s3KClieprMeHTa
Yy MyTaHTHBIX MBIIIIEN B MPOL[eCCe BOCCTAHOB/IEHUS
nocse ¢pu3MUeCKUX Harpy30K MPOUCXO/N/I0 HOpMaJib-
HOe BOCCTaHOBJIEHUE TPUAJJHbIX COeJUHEHUN MeXAy
KOHHEKTMHOM Y TUTUHOM C (DyHKL[MOHUPYIOLUMU
KaHajiaMu /11 BEICBOOOXKjeHusi Ca®" B CKeJIeTHBIX
mbitax [50-52]. Takke y mbiiiieit ¢ Hokayrom CAPN3
BbISIBJIEHO CHW)KEHHE KCIIPECCUY TeHOB, CBSA3aHHBIX
¢ ¢eHOTUIIOM Me/lJIeHHbIX BOJIOKOH, aKTUBHOCTHU
penentopa puaHoauHa (RyR) u, kak criencrsue, Ha-
pylieHre BeICBOOOXKAeHHs: Ca*' U3 capKorjia3Maruue-
CKOTO PeTHKY/TyMa, uTO MPUBeJIO K O/10Kazie mepeaunt
curHasoB yepe3 Ca*'-myTb KalbMOZY/IMH-3aBUCUMOMN
nporenHkrHa3bl (CaMK), KOTopbIil 0TBeuaeT 3a Mno-
BBILIEHHYIO Pery/silyi0 TPAaHCKPUIILIMYU T'€HOB, y4a-
CTBYIOLUX B OKUC/IUTE/ILHOM MeTabosn3me [45, 48,
51-53]. B uccnemopanun K.R. Villani, et. al (2024)
ornybmikoBaHHOM B 2024 ropy, 66110 06Hapy»KeHo, UTo
Y MBIIIIeN C NTOJIHOCTbI0 NHAKTHBUPOBAHHBIM I'€HOM
CAPN3 B nokoe ¥ NpU BHITIOJTHEHUU YIIPa)KHEHUU
Ha BBIHOC/IMBOCTh HapyIlleH Ka/bLiUeBbIii TOMeoCcTas
Y ero MoCTyTyieHne B K/IeTKY. Takyke ObL/IM BbISIB/IEHBI
HeraTUBHbIE U3MeHeHUs B CTPYKType capKorlasMaTu-
YeCKOTO PeTHKYJ/IyMa Mocjie Harpy3ku [54].
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Takum 00pa30M, MO)KHO 3aKJ/TFOUUTh, UTO KaJIbIlau-
HbI, ¥ B yacTHOCTH CAPN-3, BLITIONHSIOT BXKHEUIITYIO
(yHKLMIO B TIO/|/Iep>KaHu| K/IeTOYHOro romeocTasa. OHu
He TOJIbKO KOHTPOJIMPYIOT 000pOT MUO(DUOPUIISPHBIX
OeJIKOB, HO ¥ TIOMOTalOT MOAIEeP>KUBATh ONTUMA/TbHBIN
YPOBeHb KalbIusl B KJIEeTKe.

MaTonornyeckas POJib KaJiblnanHoB
B MbiLlulax

OfHako [ielicTBUe J/IMTe/bHbIX (PM3UUeCcKUX Harpy-
30K MOKET CIIPOBOLIMPOBAaTh Pa3BUTHE MATOOTHUUECKUX
TIPOL[ECCOB, UTO BbI3bIBaeT Kap/MHa/lbHble CTPYKTYPHbIE
V3MeHeHUs B MbILILIaX BC/IE[CTBHE HEKOHTPOIMPYeMOM
aKTUBHOCTH KaJibllauHOB. OCHOBHBIMU K/1aCCUYeCKHU-
MU MYTSMHM POCTa KOHL|EHTPaLUX KaabLHs B KJIeTKe,
COTJIaCHO JIUTEPaTyPHBIM JJaHHBIM, SIBJISIFOTCS MO0
BbICBOOO)K/IeHHEe 13 BHYTPUK/IETOUHBIX 3ar1acoB, MO0
TIPUTOK M3 BHEKJIETOYHOTO TPOCTpaHCTBa [55, 56].
KrnroueByro ponb B perynsiyuu BHYTPHY KJIETKA UrpaeT
TIa3MaTHyeCKU PeTUKY/TYM, KOTOPbIH BHICBOOOXKIAeT
KanbLUK yepe3 uHo3uTou 1, 4, 5-tpudocdat (IP3)
peLienTopbI WY PUaHOAVHOBBIE peLleNTopbl, aKTUBUPY-
emble 1UKInUecKor AJId — pubosoii [56-58]. OpHako
BO BpeMsi OJIOKHPOBKH 3TUX KaHAJIOB B K/IETKE MOXKeT
HabmoAaThCsl 3HAYUTE/TBHBIN BEIOPOC MOHOB KaslbLusl.
Bo3HuKaeT BOIpoc, OTKyZa BEICBOOOXKAeTCs IaHHBIN
TIOTeHLMa BO BpeMsi UHTEHCUBHBIX (PM3UYeCKUX Harpy-
30K? Haripumep, 1py UHTEHCHUBHBIX (pM3HMYeCKUX Ha-
rpy3Kax MUKOBBIN MOKa3aTe/ib KOHLIEHTPaLUK KaslbLivs
MOXeT JocTurarhb 40 120 MKM B MbILLIEYHBIX BOJIOKHAX
C MeJlJIeHHbIMHU COKpaljeHus MU U 358 MKM B Mbl11ey-
HBIX BOJIOKHaX C ObICTpPbIMU coKpaltieHusimu [59]. Co-
[71aCHO JIUTePaTypPHbIM JaHHBIM LIUTO30/IbHbIN Ka/lbLUK
TaKKe MOXKeT yBeJIMUMBaThCs BC/Ie[CTBUe aKTHBaLU
BTOPUYHOT'O MeCCEeH/I)Kepa — HUKOTUHOBOM KUC/IOTbI
apenuHauHykKneotuadocdara (NAADP) [60].

NAADP akTHBHUpYET BBIXO[, Ka/JbLUS U3 KUC/IBIX
9H/I0/IU30COMabHbIX 3aracoB [61-64]. IHTepeceH
($akT 0 TOM, YTO JIM30COMBI MOTYT [J|€eliCTBOBaTh
He TOJIbKO I10 OTZe/IbHOCTH, HO U coBMecTHO ¢ ER.
[Ipn nx akKTMBaLM MOKeT BO3HUKATh CHayasa Jio-
Ka/IbHBIM BCIIECK BBIXOJa MOHOB Ka/IbLIUs, a 3aTeM
«TpUrTepHOe» BhICBOOOXKIeHHe Ca?*, KOTOpoe BTOPUUHO
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pekpytupyet IP3R v RyR, BbI3biBasi Tak Ha3bIBaeMbIii
«rnobaIbHBIH 1UTO30/bHLIHM curHam Ca?', [60, 61, 65].
MOo>KHO NpeII0/I0KUTh, UTO B YC/IOBUSX aKTUBALIUU
KHMCJIBIX JTM30COM U TPUITEPHOTO B3aUMOJeHCTBUS
C peLjelITOpaMy Iy1a3MaTUueCcKoro peTUKyayMma Mo-
JKeT OTMeuaTbCsl pe3KUil POCT aKTUBHOCTH KaJlbllauHa.
CnenyeT Takke OTMETUTh, UTO HEKOTOPbIe LIUTOKUHBI
CTIOCOOHBI aKTUBUPOBATh KasbIIalH-2 TIOCPeACTBOM
yCUJIeHHs1 CTpecca I1/1a3MaTHueckoro peTukyayma [66].
B cBoto ouepezn KasbranH-2 CrI0CO0eH yCU/IUBATh
TIPOJYKLIMIO LeJI0ro psifia UTOKWMHOB, TaKUX Kak 1L.-6,
IL-12 u IL-17, crioco6CTBYs pa3BUTHIO BOCTIA/TUTE -
Horo otBeTa (Puc. 1) [67, 68]. Mbl y>xe oTMeuasiu, yTo
KaJslbllauHbl YHUKAIbHBI TEM, UYTO OHU HETI0CPeZCTBEHHO
pacrosHaroT cybcrparsl, Kotopble AT® He3aBUCHUMBI.
Kpome Toro, ycunmBath feliCTBHE Ka/lbl1aHOB TaKKe
MoykeT HakorsieHue ADK, uTo BbI3biBaeT KOH(OpMa-
L[MOHHbIE U3MEeHEeHUsI B CTPYKType Oe/KOB CKeeTHBIX
MBIIIIL, [TOBBIIIAsl TeEM CaMbIM UX BOCIIPUMMYUBOCTD
K KasibranHam [69-71].

C zipyroii CTOpOHBI, HEKOTOpbIe KHHa3bl U pocda-
Tas3bl MOTYT YCHU/IMBaTh BOCIPUMMYMBOCTD CieLidu-
YyeCKHX KaJbIIalHOBBIX CyOCcTpaToB myTeM ux docdo-
purpoBanus uin gedocdopunrpoBanus. Hamprmep,
niporerHkrHasa C (PKC) moxeT dhochopunmrposaTh
TPOIOHUH-1, OBBILLIAs BOCIIPUMMYKBOCTD K JierpaJaLin
KasibllavHoM [69]. Bce 3T0 NMpUBOAUT K YCKOPEHUIO
TrpoLiecca paciieryieH!s: CApKOMEepPHBIX U LUTOCKeJIeT-
HBIX OE/TKOB, UTO MPUBOJUT K pa30bopke MUOGMUOPHIIT
¥ 3aIyCKy Tporiecca Jierpajatyd MUuo(puOpuiIsipHbIX
OenkoB uepe3 pPOTeacoMHbIN Komruiekc. Elre ogHOM
MUITIeHbIO [/ Ka/bIlanHa siB/isieTcs Kacmasa-3 (Puc. 1,
MYHKT 5). B sKcrieprmeHTe Ha MbIllIax C CEIICUCOM
KaJ/IbI1arH BbI3bIBa/I aKTUBALIMIO Kacraskl-3 B MUOKapZe
Y arionTo3 MyTeM yMeHblleHUs cBsisbiBaHusi Hsp90-Akt.
CrenyeT Takke OTMeTUTB, YTO Kacrias3a-3 B CUHePIrUn
C KaJIblIanHOM — 3 UHTUOWPYIOT KasIbllacTaTHH, I71aB-
HbIl aHTOTOHUCT KasibrauHa [66].

HekoHTposipyemass akTUBHOCTb KaJlbITauHOB
MOXKET OKa3bIBaTh BJIMSIHHE W Ha MPOLeCC anonTosa
(Puc. 1, nyHKT 5), myTeM paclernyieHus KJIueBbIX
PerysiTOpoB arloNTOTUYECKOTo MyTH, TaKMX Kak Bcl-2:
Bcl,, Bid u XIAP (X-cuernieHHbIi MHTMOUTOP aron-
T03a) [72, 73]. Ha (poHe mpojo/mKarommxcsi HeraTuB-
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HBIX MPOLIECCOB B MUTOXOH/pUsiX (yBenuueHre ADPK
Y KOHL|eHTpaL[1¥ Ka/bL{1sl, HapyLleHHe JblXaTe/IbHOU
L[eNy) MpY JJIATeTbHBIX (PU3UYeCKUX Harpys3Kax U po-
CTe aKTUBHOCTH KaJ/Ib[1aHOB MPOUCXOJUT aKTUBALIUS
TMPOAroNToTHYeCKNX OeKoB, TaKUX Kak Bax u Bak.
B HOpMe OHM CyLIeCTBYIOT B BU/le HEAKTHUBHBIX MO-
HOMEpOB, NpU 3TOM Bax s0KanusyeTcs: B IUTO3071e,
a Bak HaxoguTcsi B MUTOXOHZPUAIbHOU (pakimy. OHU
yBeIMYMBAIOT MMPOHUL[AeMOCTh Hapy>KHOW MeMOpaHbI
MUTOXOH/IPHH, BBI3bIBasi BEICBOOOXKJeHHEe KOaKTOPOB
Me>xMeMOpaHHOM MPOCTPaHCTBEHHO-Pe3U/IeHTHOU
Kacrassl B 1[uTonasmy [74,75]. Beiencreue necra-
bunm3sanuu MeMOpaHbl MUTOXOHAPUH LIUTOXpOM-C
CroCo0eH BBIXOAUTH B IIUTO30/1b U 3aITyCKaTh MPOLIeCC
cOOpKM KOMII/IeKCa, akKTUBUPYIOLIEro Kacra3bl BMeCTe
¢ (hakTOpOM, MOBBILIAIOLLET0 AKTUBHOCTD arorTo3-
nipoteasbl 1(Apaf-1) u kacrassl 9, Tak Ha3biBaeMoOu
«arnontocoMel» [76]. Eue oqHUM akTopom, BusitO-
UM Ha TpOLiecc aromnTo3a B K/eTKe, siB/iseTcs (ak-
TOp UHAYLMPOBaHHOTO arnonTo3a (AIF). KanbnanHsl
Croco6CTBYIOT BbICBOOOXKJeHHI0 AIF 13 MUTOXOH-
JIpUi, KOTOPBI TIOTOM TIEPEXO/IUT B /[P0 U BbI3bIBAET
KOH/IeHCaL[|I0 XpoMaTrHa u Aierpajauuto JTHK [77,78].
Ha ocHOBaHMM BBIIIEN3/T0KEHHOTO MOXKHO CJle/1aTh
BBIBO/], UTO [JAHHBIM NIPOL[ECC 3aIlyCKaeTCsl B pe3y/ibTare
HEKOHTPOJIMPYEMOM aKTHBHOCTH KaJ/IblIavHOB. [laHHbIMI
3¢ ¢ eKT BO3HUKaeT BC/e/CTBUE aKTUBALIMM KHUC/IbIX
JIM30COM U TPUTTEPHOTO B3aMMOZENCTBUS C I1a3MaTu-
YeCKHUM PeTHKYJIyMOM, a TaKKe HeKOHTPOIMPYeMOro
TPUTOKA 5K30M€HHOTO Ka/bLUs U3-3a HapyLIeHUs
1[e/IOCTHOCTU K/IeTOUHON MeMOpaHbI.

BbiBogbl

B cooTBeTCTBUM C BbIIIEN3/10)KEHHBIM Ka/IbITauHBI
SIBJISIFOTCS] B&XKHBIM KOMIIOHEHTOM B (PU3HU0/I0TYe CKUX
TpoLjeccax, MpoTeKarolMX B MbIILILIaX KaK B HOpPMe, TaK
Y IpY MaTo/0ruu. B HOpMe KanbiavH, Mo-BUANMOMY,
MOXKET BBITO/IHSATh MPOTEKTUBHYIO POJib, ITyTeM TIepBUY-
HOT'O OKHC/IEHHsI COKPaTHUTeNbHbIX Oe/IKOB, a paspylias
«TpUaZibl» 1 Hapylllasi MeXaHW3M MbILIEYHOTO0 COKpa-
1IIeHUs 3allMILaeT MBILILY OT Jja/IbHelIlei ieperpy3Ku
v rubem. C Apyroi CTOPOHBI, FUIEPIIPOAYKIMS OK-
CHU/la a30Ta MPU MBIIIEYHbIX Harpy3Kax MOXKeT UMeThb
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Oosb11I0M HeraTUBHBIN 3(pdeKT, a Ka/bIlauHbl MOTYT
ObITh 3((eKTUBHBIM MEXaHHU3MOM TI0 €T0 PEry/ISI|HN.
OjHako HEKOHTpOJIUpyeMasi akTUBHOCTh KaJlbIlau-
HOB MOXXET IMPUBOJMTH K 3aITyCKYy 11eJI0r0 KackKa/ia
TIPOArioNTOTUUEeCKUX CUCTeM, NMPUBOASIIUX K aror-
TO3y ¥ rube MUOIUTOB. TakuM 00pa3om, riepeyeHb
(yHKI[MI Ka/IbIITakHOB He OrpaHUYMBAeTCsl TOJBKO
MPOTE0/IM30M CrierfudruecKux OesKoB, a HAMHOTO
LIMpe, MHOTHE M3 KOTOPBIX ellle MPeACTOUT U3YUUTh.
[TosToMy npoBefieHUe AaibHEUIINX UCCIe0BaHUN
B 3TOU 00/1aCTH SIBJISIETCS Ba>KHBIM HarlpaB/IeHUEM,
KOTOpO€ MOYKET TIOMOUb BBIIBUTh MH(OPMaTHBHbBIE
MUIIIeH! [ijis TeParvy ¥ KOHTPOJISi COCTOSTHUS MBbIIIIL]
TI0CJ/Ie UHTEHCUBHBIX U CBEPXUHTEHCHUBHBIX (PU3HUECKUX
Harpys3ok.
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OPUT'MHAJIBHOE UCCJIELOBAHUNE
ORIGINAL RESEARCH

AHanu3 B3aMMoCBA3U NapaMeTPoOB BereTaTUBHOW HEPBHOW CUCTEMDbI
U BbIPaXX€HHOCTHN 60/1€BOro CUHAPOMA Y YKEHLLUH
C XPOHMUYECKOU Ta30BOW 60NblO

A.J.BbaryeBa , T.C. IlamkoBa >

FO>xHO-YpanbCKuii rocyapCTBeHHbBIN YHUBepCHTeT, 2. YensibuHck, Pocculickasi @edepayus
P shashkova2007 @inbox.ru

AnHoranuna: AkmyanbHocmb. KomiuecTBO )KeHILWH, CTPaJaloliX XpPOHUUECKO Ta30Boi 60/bi0 (XTB), 10CTaTOYHO BEICOKO
BO BCEM MUpe M COCTaBiisieT 26 % oT Bcex obpalljeHuid K THHEKOJIOTaM 1 ypojioraM. XpoHHUecKast Ta30Basi 6016 — CII0XKHOe,
MHOro()aKTOpHOE COCTOsIHHE, OKa3bIBarolljee 3HaUNTeIbHOe B/IMSIHYE Ha KaueCTBO JKM3HU 1 MIPUBOZSIIiee K Aernpeccu. B HacTosiee
BpeMst Bce Ooriblilee BHUMAaHHe Y/e/sieTCs AU3pery/Isiiiy BereTaTHBHON HepBHOH crcteMbl (BHC) npy ()opMHpOBaHUHE XPOHWYECKHIX
Ta30BbIX O0Jiell y MaLUeHTOB, T03TOMY HeoOX0AUMO yurThIBaTh cocTosiHne BHC mpu uarHoCTHKe, JIedeHnH U peabrMTaLun
XTB. Ljenb uccnedosaHusi — aHaniu3 B3auMOCBSI31 MesK/ly OCHOBHBIMH TIapaMeTpaMH, XapaKTepu3yIOMUMU (HyHKIMOHATbHOe
COCTOSIHME BETeTaTHBHOM HEPBHOM CHCTEMbI U BHIDAKEHHOCTBEO O0JIEBOT0 CHH/IPOMA Y JKEHIIUH C XDOHUUECKOM Ta30BOM O0/bI0
Y U3y4nThb 3)PEKTUBHOCTH KYITUPOBaHUsl 00/IEBOr0 CHHAPOMA Y HUX C TIOMOLIIBIO TIPOBe/IeH s peabiIMTalldOHHBIX MEpPOTIPUSTHH,
B TOM UHCJIe Harpap/eHHbIX Ha HOpMa/M3aLyio OanmaHca BereTaTUBHOM Perysisilii OCHOBHBIX CUCTeM >KH3Heo0ecreueHuns
opraHu3Ma MaiueHToK. Mamepuanbl u Memoosbl. ViccienoBadb! 40 >XKeHIIMH cpeiHero Bo3pacTa ot 33 fo 52 (42,1+5,8) et
C IMarHo30M «XpoHHYecKasi Ta3oBast 60/1b». [TarleHTKH ObLTM pasziesieHbl Ha 2 TPYMIBL: B 1 rpyTie UCHosib30Banack aBTOpCKast
MeTO/IMKa peabu/INTaliH JKeHIUH C XPOHIYeCKOH Ta30BOl 60/Ibi0, B peabUIMTaliy JKEeHIMH U3 2 TPYIITbl KCII0/Ib30Ba/ICh
MeTOZMKH MHTPaBarMHaJbHOTO MaccaXka ¥ KOMIIeKCa yrpa)KHeHHH, HarpaBIeHHbIX Ha pacTshKeHHe MBIIIL] Ta30BOT0 JHa.
[17151 oLieHKM pe3y/nbTaToB MCC/IeZ0BaHMs NCTI0/Ib30Ba/IMCh: BU3yalbHO-aHaioroas mkana (BAILLL), onmpocHYK 1jeHTpanbHON
cercuTr3auuy, ornpocHUK DN 4 ((Douleur Neuropathiqueen 4 questions), HaliMureHTCKHiA BOITPOCHUK, OTIPOCHUK BO3ZEHCTBUS
Ha Ta3oBoe 1HO-7 (PFIQ-7), oljeHUBalOI1Ii KaueCTBO XKU3HH, nHekC Kep/io, opTokinHocTaTuueckas rpoba, Terviosuzop UNI-T
(UTi 165 K, Kuraii). Pe3yibmambl u 06cyscoeHue. AHaM3 pe3y/ibTaToB MCC/Ief0BaHus TI0Ka3asl CHIKeHre 00/1eBOro CHHpPOMa
Y HOpPMaJI3aLiMI0 BereTaTUBHBIX TT0Ka3aresieil B 1 rpyrire ucciefyeMblx, UTO CBU/ETeNbCTBYeT O B3aMMOCBSI31 BereTaTBHON
HepBHOU cHCTeMbl U 6071eBOr0 CHH/IPOMA. Bbi6oob!. T1o/ydeHHbIe pe3y/IbTaThl IOMOTYT MOBLICHTH 3P (eKTUBHOCTb peabumuTaLii
JKEHIL[FH C XPOHUUeCKOH Ta30BOi HO0JIBIO.
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K/iroueBble C/I0Ba: XpOHUUECKast Ta30Bast 00/1b, XKEeHII[UHBI, BereTaTUBHAs HepBHasi cUcTeMa, (prusnueckast peabuInuTarus,
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Nudopmanus o puHaHCHpOBaHUH. ABTODHI 3asB/ISIOT 00 OTCYTCTBUM BHELIHETo (PMHAaHCHPOBAHUS.

Bkuiaj aBropoB. KoHiieniys 1 An3aiid uccieqoBanus — baryesa A.D., Ilarmkosa T.C., cbop 1 06pabotka MarepranoB — [llai-
koBa T.C., aHanM3 NosyyeHHbIX laHHbIX, HarucaHue Tekcta— baryesa A.3., [Hamikosa T.C. Bce aBTOpbI BHEC/IN CyIIeCTBEHHBIN
BKJIa/| B pa3paboTKy KOHIIEML1H, TPOBe/ieHre NCC/IeJOBaHUs U TIOATOTOBKY CTaTbH, TPOYWIN U 0f00pHM GUHATBbHYIO BEPCHIO
riepey; myoOuKaLyei.

Nudopmaiius 0 KOHGIMKTe HHTEPECOB. ABTODHI IEK/TAPUPYIOT OTCYTCTBUE SIBHBIX U TIOTEHITUATbHBIX KOH(DIUKTOB UHTEPECOB,
CBSI3aHHBIX C MyO/MKAlL[Uel JaHHOW CTaThH.

JTHUeCKoe yTBepXX/eHue. Bce vccie[oBaHys TPOBeEHbI B COOTBETCTBUM C TIPUHI[UTIAMY OMOMEAUIIMHCKON 3TUKH, Cop-
MY/IUPOBaHHBIMU B Xe/IbCUHKCKOH Jiekiapariun 1964 T. u ee moc/eyroiux 00HOB/IEHUsIX, U 0f00peHsl Komuccreii o sTrke
Yuenoro coBerta (YensouHck, mpotokosa No 12/23, ot 30.01.2023 1.).

BiarogjapHoCcTH — HENPUMEHKMO.

HNudopmupoBaHHoe coriacue Ha myommKanmio. Kaxas yyacTHHLA MCCTeI0BaHMs TTPe/ICTaBuiIa JoOpOBO/IBHOE MMMChbMEHHOe
V“H(OPMHUPOBAHHOE COT/IaCHe Ha yUacTHe B MCC/Ie0BaHNUH U Ty O/IMKALIMFO, TOAMCAHHOE MOC/Ie Pa3bsCHEHUs el MOTeHI[HaIbHBIX
PHUCKOB Y TIDEUMYILIeCTB, a TaK)Ke XapakTepa MpefCTOosILero uccieoBaHusl.

INocrynuna 17.02.2024. ITpunsra 18.03.2024.
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Analysis of the relationship of parameters of the autonomic nervous
system and the manifestation of pain syndrome
in women with chronic pelvic pain

Albina E. Batueva ', Tatiana S. Shashkova =

South Ural State University, Chelyabinsk, Russian Federation
P shashkova2007 @inbox.ru

Abstract: Relevance. The number of women suffering from chronic pelvic pain (CPP) is quite high all over the world and
amounts to 26 % of all visits to gynecologists and urologists. Chronic pelvic pain is a complex, multifactorial condition that has
a significant impact on quality of life and leads to depression. Currently, increasing attention is being paid to dysregulation of the
autonomic nervous system (ANS) in the formation of chronic pelvic pain in patients, therefore it is necessary to take into account
the state of the ANS when diagnosing, treating and rehabilitating CPP. The purpose of the study is to analyze the relationship
between the main parameters characterizing the functional state of the autonomic nervous system and the severity of pain in
women with chronic pelvic pain and to study the effectiveness of pain relief in them through rehabilitation measures, including
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those aimed at normalizing the balance of autonomic regulation basic life support systems of the patient’s body. Materials and
Methods. 40 middle-aged women from 33 to 52 (42.1+5.8) years old with a diagnosis of chronic pelvic pain were studied. The
patients were divided into 2 groups: in group 1, the author’s method of rehabilitation of women with chronic pelvic pain was
used; in the rehabilitation of women from group 2, methods of intravaginal massage and a set of exercises aimed at stretching the
pelvic floor muscles were used. To evaluate the results of the study, the following were used: visual analogue scale (VAS), central
sensitization questionnaire, DN 4 questionnaire (Douleur Neuropathiqueen 4 questions), Nymigent questionnaire, pelvic floor
impact questionnaire-7 (PFIQ-7), assessing quality of life, index Kerdo, orthoclinostatic test, UNI-T thermal imager (UTi 165 K,
China). Results and Discussion. Analysis of the results of the study showed a decrease in pain syndrome and normalization of
autonomic parameters in group 1 of the subjects, which indicates the relationship between the autonomic nervous system and
pain syndrome. Conclusion. The results obtained will help to improve the efficiency of rehabilitation of women with chronic
pelvic pain.

Keywords: chronic pelvic pain, women, autonomic nervous system, physical rehabilitation, thermal imaging, Zakharyin-
Ged reflex zones
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BBeneHue
A OcHoBHbIMU (pakTOpamu pa3Butusi XTh sBastoTcs

Bosnu B Ta30Boii 061acTu 6ecriokoAT 10 26 % KeH-
IIVH 1 CTAHOBSITCS BCe Ooiee akTya/bHbIM TIPeJMeTOM
00Cy)K/IeHUs CTIeLIaIMCTOB Pa3/InUHbIX TTpoduie,
YTO JiesiaeT npobsieMy Ta30BOU 00/ MyTBTUIUCLIU-
nmHapHoU. [TpuuuHbl XTH pa3HooOpa3HbI U MOTYT
OBITH CBSI3aHBI C Pa3/IMYHBIMUA CUCTEMaMH OpraHu3Ma.

42

T'MHEKOJIOTMYeCcKue, yposIornyecKre U raCTpO3HTepo-
noruveckue 3abosieBaHusl, raCTPO3HTEPOIOrNUeCKUe,
HapylLleHWs] OTIOPHO-JBUraTe/IbHOIO anrapara, HeBpo-
joruyeckre (PakTophbl U MCUXO0COLMAaIbHbIe aCleKThbl
[1, 2]. Kpome Toro, Xupypruueckue BMelaTe/IbCTBa
Ha OpraHbl MajIoro Tas3a Takke CrioCOOCTBYIOT Pa3BUTHIO
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XPOHHUUECKHUX 00IeBBIX CUHJPOMOB Y >KeHIIMH. Tak,
cornacHo uccienoBanusaM AneiHukoBoi E.FO. u Co-
JoBLeBOM A.B., ocse yganeHUs MUOMaTO3HBIX y3/10B
XUPYPruuecKuM IyTeMm, Ta3oBasi 00/ib pa3BUBaIach
y 39 % npoorepupoBaHHbIX JKeHIIUH. Takxe B 22 %
CylyuyaeB HaO/THOa/10Ch pa3BUTHE CIIA@YHOTO TIPoLiecca
B 00/1aCTH Ta3a MOC/Ie XUPYPruueCcKUX BMeIlaTe/IbCTB,
yTO criocobcTBoBasio nposiieHusim XTB [3].

Ha ceropgHsiliHW{ MOMEHT BBISIBIEHO, UTO
XpoHHUecKas Ta3oBas 6ok (XTH) accorunpoBaHa
C U3MeHEeHUsIMU B LleHTpaJIbHOW HepBHOW CUCTeMe,
K KOTOPbIM OTHOCST (DyHKI[MOHaJ/IbHbIe U3MEeHeHUsI
B CTPYKTYpe MO3Ta, B TOBeJjleHUeCKOM U LIeHTPaJTbHOU
peakysax Ha Ype3MepHYyI CTUMYJISILUIO, a TaKXe
C U3MEHEeHUSIMUA B aKTUBHOCTU BereTaTUBHOUW HepB-
HOWU cuctemsl [4]. YacTo, ipu xpoHU3auu 60€BOT0
CHH/IpOMa, pellarollMU NpeJUKTOPaMU CTAaHOBSITCS
TICUX05MOLIMOHA/TbHBINA CTPeCC, MCUX0JI0runueCcKrue
Y COL[MaJIbHbIe IPUYMHSI [5, 6]. XpoHUUeCKuii cTpecc
COMPOBOXK/JAeTCsI HAPYILIEHUSIMU B BereTaTHBHOU
HepBHOU cucteme (BHC): Hab/togar0TCs TIporiec-
ChI Zie3aJjanTanuy, oOHapy>KUBaeTCst AUCHYHKIUS
ruroTasaMo-rurnodusapHoi cucremsl [7]. Pazninu-
Hble BereTaTMBHbIE PACCTPOMCTBA XapaKTepPHbI JJ1s1
XPOHHUYECKOH 60/, puueM (OpMHUpOBaHUe CBs3eH
MOXXeT TIPOUCXOAUTD KakK OT 00JU K MPOsIBIEHUSIM
BereTaTUBHOW HEPBHOW CHUCTEMBI, TaK U B 00paTHOM
HaripaBiieHuu [8]. Takum obpa3oM, 3auHTepeCOBaH-
HOCTb CIeL[MaTMCTOB K HapyLlIeHUsIM B BereTaTUBHOU
HEPBHOM crcTeMbl, 00befuHeHHbIMU ¢ X T, akTUBHO
pactet [9-11].

WccnenoBanusi, NpoBeJjeHHbIE B TIOC/IEIHUE [1eCs-
TUJIETHs], 0TOOPa’KaroT BOBIeUEHHE CUMITIaTUUe CKOU
HEPBHOU CUCTeMbI B pa3BUTHe 0OO/H: TIOBBIIEHHYIO
YYBCTBUTEJLHOCTb U (HOPMUPOBaHUE BOCIATUTE/Thb-
HbIX peakluil. /laHHbIe BO3MOXXHOCTH OTIMYAOTCS
OT MIPUBBIUYHBIX (QYHKLIMM CUMITAaTHUUeCKOW CUCTeMBbI
(MpoBezieHMe HUCXOJAIIMX CUTHAIOB OT MO3ra K Nepu-
(hepuueckum oTiesiaM OpraHu3ma). ITH BbisiBJIeHHbIE
0C00EHHOCTH TO3BOJISIFOT: CHMYKATh 00IeBOM CUTHA
C TIOMOLLIbI0 HUCXO/SALLETO TOPMOXKEHUST HOLMLIETTLIUU
B CMIMHHOM MO3re, CeHCUOUMN3UPOBATh HOLIUIIENTTOPbI
60111, MOy TMPOBATh UMMYHHYIO CICTEMY U KOHTPO-
JIUpOBaTh Tiepudepuueckoe BocraneHue [12].
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Heo6x0A1MO OTMeTHUTB POJib U TTapacUMIIaTH-
YyeCKOM HEPBHOM CUCTeMbI KaK Ba)KHOTO 371eMeHTa
B pa3BuTuM guchyskiuii BHC u ee Biusinue Ha dop-
MuUpoBaHue 60J/1IeBOT0 CUHAPOMAa. 3HAUUTe/bHYO
4yacTh [apacMMMaTUYeCKOM CUCTeMbl B OpraHu3me
yesioBeKa opMupyeT Oy>KJaroIvii HepB, OH UMeeT
B34 C GOJIBILIMM KOTMYeCTBOM BHYTPEHHHUX OPraHOB,
MOZY/ISLIUS €70 aKTUBHOCTH MOXKET MIPUBOAUTH KO MHO-
MM U3MeHeHUsM B opraHusMe. I1Ipu xpoHU4eckux
O0/MeBbIX HApYIIEHUSX [JeHTPA/JILHOTO U Tlepudepu-
YeCKOro MpOUCXOXK/eHUs IapacuMIaTuyeCcKui oTzesn
¥MeeT BO3MOKHOCTb CHMKaTh 0CO3HaHUe CTpecca
Y TIOBBILIEHHYI0 CUMIIaTUYeCKYH aKTHBHOCTb, KO-
TOpbIe BJUSIOT Ha 0OJieBbIe OLIYILeHHs], a TaKXKe
MOJKeT ITOHW)KaTh HelpoBOCHaleHue, yuacTByolee
B (hopmupoBanuu 6omu [13].

CorviacHO NOC/IeAHUM HUCC/IeOBAaHUAM MOLYJISLIUS
Oy>K/jaro1lero HepBa BCe uallje UCII0Ib3yeTCs MpU
NleyeHUH XpPOHUYeCKO# 60/H, B UaCTHOCTH Ta30BOM,
JeMOHCTPUPYS yCIIellIHbIe pe3y/IbTaThl B KyMUPOBaHUN
6osieBoro cuxzapoma [14-16].

B Hacrosiee Bpems npu jeyeHuH xeHIMH ¢ XTh
aKTHUBHO MPUMEHSIFOTCSI METO/Ibl peabuIUTaLuK TaKue
Kak (pu3nueckas Teparnus Ta30Boro AHa [17]. Xopoume
pe3y/bTaThl 0Ka3bIBalT MUO(acLa bHbIe MaHyalbHble
TeXHHUKH C MBIILIIaM1 Ta30BOTO PernoHa, paboTa c Tpur-
repHbIMU TOYKaMU MBIIIL] Ta30Boro AHa [18,19]. OaHako,
XOT#1 CYLL|eCTBYIOLLIUM MeToZiaM (pU3UUeCKOM Tepanuu npu
nedeHny XTh 0TBOAAT BaKHYIO POJIb, HAyUHbIE JaHHbIE,
00BSICHSIOIME MeXaHU3Mbl (PU3UO0Tepanuy, 10 KOHLIa
He usyuensl [20]. HeoOxoaumo fanbHeliiiee u3ydeHue
3¢ heKTMBHOCTH KOMIIJIEKCHOW peadMIMTaIY JKeHITH
¢ XTB, oxBarbIBaroLLleli He TOIBKO OIOPHO-ABUTraTe/IbHY0
CHCTEMY B PETHOHE Ta3a, HO U BO3JelCTBYIOLLEN TaKKe
Ha pas/MuHble OT/le/Ibl HePBHOM CUCTeMbI, B YaCTHOCTH
Ha BHC, koTopas HepeZiko sSIB/SIeTCSl B&)KHOW CTPYKTY-
POM, TIPOBOLIUPYIOLIEH U MO/ AepP>KUBatoLel 60eBble
OLIYILeHNsI Y JJAHHOM KaTeropyuu rnaljieHToK.

Llenpio Halllero MccyieoBaHus ObIJIO BLISIBUTH
B3aMMOCBSI3b MeX/Y (DyHKI[MOHA/TbHBIM COCTOSTHUEM
BereTaTVBHOM HEPBHOW CUCTEMbI U BbIPaKEHHOCTBIO
60meBOro CMHAPOMA Y JKEHIIMH C XPOHUYeCKOU Ta-
30BO¥1 60JbI0, @ TaKXKe BO3MOXXKHOCTH BO3/eHCTBUS
Ha OosieBo#t cuHpoM Y xeHIiuH ¢ XTB.

43



Bamyesa A.9., llawxosa T.C. Bectaux PYITH. Cepus: Mepununa. 2025. T. 29. Ne 1

MaTtepuanbl u metogbl

B ucciienoBaHuy puHsuM A0OPOBO/IBHOE yUacTre
40 >KeHILMH CpeHero Bo3pacTa oT 33 710 52 feT. Y Bcex
06csieJoBaHHBIX JKEHI[WH Oblia AMarHOCTHPOBaHA
XpOHHYecKas Ta3oBasi 60sib. CpesiHss ATUTeTbHOCTD
6oseBoro cuHIpoMa coctauia 50,55+ 29,1 mecsries.
MeTozoM paHZOMH3aLK OHU OB pa3zjesieHbl Ha 2
rpynnsl: 1 rpynna (n=20) — >KeHLUHbI (CpeJHUI
Bo3pacT —42,2+5,9 neT) u 2 rpynna (n = 20) — >keH-
LIUHBI (CpefHuM Bo3pacT — 42 +6,1 ner). B 1 rpynmne
HCII0/Th30Baach aBTOPCKasi MeTOAMKA peabrInTaliu
JKEHIL[MH C XPOHUUEeCKOU Ta30BOM 00JIbI0, BK/TFOUAIO-
1m1asi B cebsi CECHCOMOTOPHBIE YTIpa’KHEeHUs], bIXaTe Tb-
Hble yIIpa)KHEeHUs], MUOTIPeCCYPY TPUITEPHBIX TOUEK,
pedieKTOpHBIE MaHyas/IbHble NTPaKTUKW, UHTpaBa-
TMHA/IbHBIM MacCak MBILIL] U CBSI30K Ta30BOTO JHA
Y KOMIIeKC yIpa>KHeHWH, HarpaB/ieHHbIM Ha OasaHc
MBIILL] Ta30BOro perroHa. Kypc cocrasui 6 mporenyp
2 pasa B HejiesTi0. JKeHIIMHBI U3 2 TPYTITbI peaduIUTH-
POBAJIMCh C TTIOMOLLBI0 MHTPaBarvHaJIbHOIO Maccaxa
MBILIL] Ta30BOr'0 1HA, MUONIPeCCYpPbl TPUTTEPHBIX
TOYEeK U KOMILJIeKCa yIpaKHeHUH, HarpaB/leHHbIX
Ha pacTsbKeHWe MBIIIIL Ta30Boro fHa. Kypc cocraBuin
6 mporeiyp 2 pa3a B HefleJt0.

JKeHIL[MHBI ObUTM OCMOTPEHBI THHEKOJIOTOM, YPO-
JIOTOM, TIPOKTOJIOTOM, HEBPOJIOTOM U TTOJTy4Yasy aHaslo-
TMYHOe MeJIMKaMeHTO3Hoe JleueHue. V13 uccieoBaHus
OBbLTH UCKJTFOUEHBI MALUeHTKN ¢ OepeMeHHOCThIO UH
B IIOCJ/IePOZIOBBIN NTePUOJ, C OCTPBIM XUPYpPIrUueCKUM,
YPOJIOTUYECKUM WUJIA TUHEKOJIOTMYeCKUM BOCTIa/Iv-
Te/IbHBIM 3a00sieBaHMEM, C KPYITHBIMHU TPbDKaMU
MEJKII03BOHKOBBIX [JMCKOB, C BOCIMAIUTEIbHBIMU 110~
pakeHUsIMH TI03BOHOUHHKA U/ HOBOOOPa30BaHUSMH,
C aKTya/IbHBIMH OHKOJIOTUUYeCKUMH 3a00/1eBaHUsIMU
Y COCTOSIHUSIMU T10CJ/Ie OTIIepaTUBHOIO JIeUeHUs WU
Teparuu 1o TOBO/ly OHKOJIOTHUeCKOTo 3ab0/ieBaHuMs,
€ HeoOXOJMMOCTbHIO B TIPOBEIeHUH OTlePaTUBHOIO
JieueHust TI0 TIOBOAY 3ab0/ieBaHUsI OPTaHOB MaJjioro
Tasa, C JUAarHOCTUPOBAHHBIMHU TICUXUUECKUMHU 3a00-
JIEBaHWSIMHU, MeLlIaroLe OLleHKe COCTOSIHYS TTaljieHTa.
Bce >keHIMHBI OBLIN UCC/IEJ0BAHBI B POJUTHKYISPHYIO
(ha3y MeHCTpyabHOIO LIMK/IA.

Uccnenoanure ipoBoauiocs ¢ mapta 2023 roza
no ceHTsi0pp 2023 roga Ha 6a3e HayuHO-HCCJIe-
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[l0BaTe/IbCKOro LieHTpa CIIOpTUBHOU Hayku HOKHO-
YpasnbCcKoro rocyjapCTBEHHOTO YHUBEPCUTETA.

st KoHTpO/s 3(pheKTUBHOCTY MPOBEJIEHHbIX Me-
POTPUATHIA OBL/TM UCTIO/Ib30BaHbI CJIeIYIOIIe METObI:

1. Ouenka 6071eBOIi UyBCTBUTE/IBHOCTH ITPOBOAIH-
JIach C TIOMOLBIO:

a) BU3yaslbHO-aHa/oroBou 1ikansl (BAL), HaripaB-
JIEHHOM Ha OLIeHKY MHTeHCUBHOCTH 60/1; 6) OrpOCHUKa
LleHTpaJIbHOM CeHCUTHU3al[uu; B) onpocHuKa DN 4
(Douleur Neuropathiqueen 4 questions), OLieHHBAOLLIETO
Ha/In4yve HelporaTuyeckou 00su.

2. [Inst u3y4yeHUs ICUXOJIOTMUECKOTO COCTOSTHUSI
VICTI0/Tb30BaJICH:

OTPOCHUK BO3/IeiCTBUSA Ha Ta3oBoe 1HO-7 (PFIQ-7),
OL|eHHBAIOLIHI KaueCTBO >KU3HU >KEHIIMH ¢ 3aboseBa-
HUSIMH Ta30BOTO JIHA.

3. OujeHKa BereTaTMBHOW HEPBHOM CUCTeMBI IIPO-
BOJIW/ACH:

Ha Ha/icerMeHTapHOM YpOBHe 3a cueT: a) Halimu-
TeHTCKOTO BOTIPOCHMKA; 0) nHAeKkca Kep/o; B) opTo-
K/TMHOCTAaTHUUeCKOM TpOo0kI;

Ha CerMeHTapHOM YPOBHE — C MOMOILIbIO Terjio-
Buzopa UNI-T (UTi 165 K, Kurait). s nonyueHus
WK-Tepmorpaduyeckux n300pakeHui UCTI0/b30Batach
NK-kamepa UNI-T (mogens UTi 165 K, Kurait) ¢ Terio-
BOM UYBCTBUTE/ILHOCTBIO <50 MKM, CO CIIeKTPaJTbHbIM
[varna3oHoM 8 ~ 14 MKwm, TOYHOCTb u3mepenus +0,5 °C.
KamibpoBka rpubopa-aBroMaTiyecKasi, B COOTBETCTBUM
C TeXHUYeCKOM JOKyMeHTaLueli mprbopa.

V3MepeHus TemIiepaTypHBIX NOKa3aTesiei Te-
r1oBr30poM UNI-T nipoBogW/IMCh B TTIOMELeHUH TIPH
Temreparype 25 °C ¥ OTHOCUTE/LHOM B/IaXKHOCTHU
60-75 %. Ilepen nipoLieiypoii vcciefyeMble B TeueHUe
15 MUHYT a/janTUPOBA/IUCh K TEMIIEpaType MOMeLeHus],
pacrionarasich B yI00HOM KpecJie. 3aTeM B TOJIOKEHUU
CTOsI MPOBOZU/IACh TepMorpadus mepeHUX, 3aJHUX
1 OOKOBBIX TIOBePXHOCTeH Tesia CTpaBa U CJieBa C pac-
ctosinus 1 metp. Ha nepeiHeii TOBepXHOCTH Tejla Mbl
VICCJIe/[0Ba/IM JMHAMUKY TeMIlepaTypHBIX [ToKa3aresiei
B 30He MPOEKLMU HI)KHUX MIPaBOro U JIEBOI'0 HEPBHBIX
TIOJUPEBHBIX CIUIETeHUH, a TAK)Ke [epMaToMbl B 30He
3axapprHa-l'esia B MpOEKLIMM JIOHHOTO COU/IEHEHUS.
Ha 3asHelt moBepXHOCTH TeJla Mbl UCC/Ie/l0BaIN -
HaMMKy TeMIlepaTypHbIX OKa3aresel 1epMaToMOB
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B 30Hax 3axapbMHa-I'esia Ha ypoBHe Th12, L2, S4, S5,
“3MepsieMbIX CTpaBa JiaTepajbHee Ha 3—4 CM OT OCTU-
CTBIX OTPOCTKOB M03BOHKOB. Ha GOKOBBIX MTOBEPXHOCTSIX
Tesia ObLIM MCCIeJ0BaHbI TeMITepaTypHbIe IoKa3aTe/in
B 30He MPOeKIMH O/y>KAaroIIX HEPBOB CIpaBa U CleBa
B 00nacTu 1mien. BesmmumHa TemrepaTypbl perucTprpo-
Basach B rpajycax.

Craructrueckasi o00paboTka pe3y/nbTaToB Oblia
ripoBeZieHa ¢ nmomolisio nporpamm Excel u SPSS,
BKJ/ItOUasa pacyeT cpefiHero apupmerruyeckoro (M)
Y cTaHAapTHOro oTKnoHeHus (SD). CTatuctuyeckue
CpaBHEHWsI UCCTIeZlyeMbIX ITapaMeTPOB PACCUMTHIBA/ICH
C MOMOILIBIO KpUTepusi MaHHa—YuTHH, T-kputepus Bui-
KOKCOHa, Kputepust 3HakoB u T-kputepus CTbrofieHTa.

Bce rniosiyueHHbIe pe3ysibTaThl ObUIH BhIBEEHbI
B Tab/MULIbI ¥ PUCYHKHU.

Pe3ynbTaTtbl M 06CyXAeHMe

IToka3areu 60/1eBOii YyBCTBUTEIbHOCTH

CoriacHo rofcueTam, 10 SKCIIepuMeHTa IoKasare-
i 60/1eBOI 4yBCTBUTETBHOCTH UCC/IEIyeMBIX JKeHIIH
B 1 4 2 rpymnnax 3Ha4¥MO He OT/IMYa/IuCh Apyr OT Apyra
1o AanHeiM BAILI, onpocHMKa LJeHTpabHOM CEeHCUTH-
3auu, onpocHuka DN 4 no skcriepumenTa (p >0.05).
AHanu3 pe3ynbTaToB UCCIEeJ0OBAaHUM 10 U MOC/Ie pea-
OUIUTALMOHHBIX MEPOTIPUSTHN BBISIBUM J0CTOBEPHOE
CHWDKeHHe MoKa3atesield 6o B 1 1 2 rpyrimax corsacHO
BAIII, onpoCHUKY LieHTpabHOW CeHCUTU3aLUH, OTPO-
cauky DN 4. TIpu 5TOM B MepBoi#i rpyTire KeHIIuH Ob110
BBIsSIBIIEHO O0jiee BbIpa)KeHHOe yMeHblileHHe 601eBoi
YyBCTBUTETHLHOCTU cortacHO BAIII, ompoCHUKY LieH-
TpasIbHOM ceHcuTH3aluK, onpocHUKY DN 4 (p <0.01)
oTtHOCUTebHO 2 rpynisl (p <0.05) (Puc. 1, 2).

IToka3zareny CUX0/10rNUECKOr0 COCTOSIHUSA

CornacHo onpocHuky PFIQ-7 nicuxonoruueckure
rokasareau Mexxay 1 u 2 rpymnnaMu UMeny 3Hauu-
TenbHY0 pa3Hully (p <0.01). [Tocsie mpoBeeHUs IKC-
reprMeHTa 3HaueHus1 onpocHuka PFIQ-7 cHu3mmmce
B 1 rpynme (p <0.01) u 2 rpynme (p <0.05). [Tokazarenu
KaueCTBa >Ku3HHU 10 onpocHuKy PFIQ-7 3HaunTepHO
YAYULLIWIACH B 1 TpyIIre 10 CPaBHEHUIO CO 2 TPYNION
(p <0.01) (Puc. 3).

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

OneHKa BereTaTUBHOI HEPBHOM CHCTEMbI

Ananu3 HalilMUreHCKOro OMpPOCHUKA BBISIBUJI, YTO
Ha/Muue CyvyaeB rMIepBeHTU/ISLMOHHOIO CUHAPOMaA
y 1 v 2 rpynnel 0 NpoBeZieHus SKCIIepUMeHTa y hCCiie-
[lyeMbIX >KeHILMH CylllecTBeHHO oTinyanuck (p <0.01).
[Mocne npoBesieHNst peabUMMUTALMU JKeHIIWH, HaTnure
CJ/ly4yaeB FMITePBEHTU/ISALIMOHHOIO CUH/POMa CHU3U/I0Ch
B 00eux rpymnmax (p <0.01). KomuuecTBo ciyuaeB
[AHHOTO CUH/ZIpOMa B 1 rpyIire 3Ha4MMO YMeHbIIU/IOCh
otHOocuTeabHO 2 rpynmsl (p <0.01) (Puc. 4).

Takum 06pa3oM, Mbl BBISIBUJIH, UTO BCE KEHIIUHbI
B 1 rpynmne nipu uccnenosanuu ugekca Kepzo, nomy-
yuv ynyuiieHve nokasarenei (Z <0.01). Bo 2 rpymnme
MbI HaO/rO[jamu yyuliiieHye rokasaTeneit Haekca
Kepo y MeHbl11ero kommyecTBa UCIbITyeMbIX, [IPU
3TOM HaOJIIO[aMUCh YXY/IIeHNs pe3ybTaToB U OT-
CYTCTBHe U3MeHeHUM B NokKasaressix MHgekca Kepno
(Z <0.05). ITocne npoBesieHNs SKCIiepuMeHTa B 1 rpyri-
Te 8 maLMeHTOK C BbIPA)KeHHbIMY CHUMITaTHYe CKUMU
TMPOSIBJIEHUSIMU T€PELUIA B TPYNIY C yMepPeHHbIMU
CUMIIaTHYe CKUMU MPOSIB/IEHNSIMH, 2 MALJUeHTKU Mpojie-
MOHCTPUPOBA/IM NPU3HAKU SUTOHUH, TIepeii/is U3 rpyr-
Ibl C YMEPeHHbIMY CUMITaTH4e CKUMU IIPOSIBIEHUSIMU.
5 JKeHLL[MH C BbIpa’KeHHbIMU MapacuMIlaThye CKUMU
MPOSIBJICHUSIMU T1epeluId B IPYNIly C yMepeHHbIMU
rapacMMIaTiueCKMMHU nokasaressiMu. Bo 2 rpynme
rocJie peabUIUTALIMOHHBIX MEPOTIPUATHI HU Y OFHOU
13 MaLHeHTOK He HabIamiCh TI0Ka3aTei SUTOHUH.
2 >KeHILVHBI [TepelLId B IPYIIY C yMepPeHHbIMU CHUMIIa-
THUUEeCKUMU TIPOSIB/IEHUSIMA U3 TPYTIIBI C BEIPAKEHHBIMU
CUMIIaTHYeCKUMU ToKasaTe/ssMU. B rpyrmnax narueHTok
C BbIP&)KeHHBIMU ¥ YMePeHHbIMH [1apacUMIIaTUueCKUMHU
TIOKasaresisiMH AMHAMUKa He Habmofanach.

Wccnenys napekc Kepro, Mbl MCOMB30BaIn
KPUTepUH 3HAKOB, KOTOPBIU [MO3BOJIUI ITIOCTPOUTH
cnenpyrorue auarpammel (Puc. 5).

71 aHanM3a OpTO- M KJIMHOCTAaTHUeCKUX 1po0
MbI OLleHWBaJ/JIM pa3HULy B MOKa3aTessiX 4YaCTOThI
ceppaeunbix cokpaienuii (HCC) >KeHIIMH TpU U3-
MeHEeHUHM T0JIOKEeHHUS Tesa (4151 OpTOCTaTuyeCKOM
nipo6br — yuatenre YCC nipu repexo/ie U3 ropu30H-
Ta/IbHOTO TI0JIOKEHUSI B BePTUKA/IbHOE, /151 KJIMHO-
craTuyeckoii mpoosl — ypexkeHre UCC nipu nepexoge
13 BePTUKA/JIbHOTO TOJIOXKEHUSI B TOPHU30HTAIBHOE).
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Bammnl/Points
=y

(]

[

Omnpocaurn 60mu/The Pain questionnaires

6.3 625
535
4.75%
425
i I I

BAIII no/VAS BAIII mocne/VAS DN4 mo/DN4 before DN4mocne/DN4
before after after

3.0%

2.25%F%

B | rpymma/group (n=20) ™2 rpymma/group (n=20)

Puc. 1. MNokasaTtenu 60neBoi 4yBCTBUTENBHOCTU cornacHo BALL v DN4 B 1 1 2 rpynnax

[0 1 Nocne peabunutaunoHHbix nporpamm (M £ SD)

lNpumedaHme: * — 3Ha4YMMOCTb pasnuunin npun p < 0.05; ** — 3HauMMocCTb pasnuunin npu p <0.01.
Fig. 1. Indicators of pain sensitivity according to VAS and DN4 in groups 1 and 2 before

and after rehabilitation programs (M + SD)

Note: * — significance of differences at p < 0.05; ** — significance of differences at p <0.07.

70
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Bamer/Points

20

10

OIpOCHHK INeHTPaTbHOH CeHCHTH3IAIHH/
The Central Sensitization Questionnaire

4 62.15
58.25 55.7%
I I ] I
OIpOCHHK LEHTPAIBHOH OIpOCHHK LEHTPAIbHOH
ceHcHTH3aIHH 1o/Central ceHCHTH3aIHH Iocie/Central
sensitization questionnaire befor sensitization questionnaire after

B ] group (n=20) ™2 group (n=20)

Puc. 2. MNMokasaTtenu 60neBow HYBCTBUTENIbHOCTW COrflacHO OI'IpOCHl/IKy LleHTpanbHom ceHenTndaummn 8 1 v 2 rpynnax

[0 1 N0oC/e peabunmTaumoHHbIx nporpamMm (M + SD)

[pumedanme: * — 3Ha4MMOCTb pasnuunii npu p < 0.05; **- 3HaUMMOCTb pasnuyunin npu p < 0.01.
Fig. 2. Indicators of pain sensitivity according to the Central Sensitization Questionnaire in groups 1 and 2 before and after

rehabilitation programs (M + SD)

Note: * — significance of differences at p < 0.05; ** — significance of differences at p <0.01.
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220
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100
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Bamsl/Points

Onpocuuk PFIQ-7/The Questionnaire PFIQ-7

2072
171.9*
129
I B
Onpocauk PFIQ-7 Onpocaukx PFIQ-7
no/QuestionnairesPFIQ-7 after nocne/Questionnaires PFIQ-7 befor

B | rpymma/group (n=20)
m 2 rpymma/group (n=20)

Puc. 3. MokazaTenu onpocHuka PFIQ-7 B 1 1 2 rpynnax o 1 noce peabunutaumoHHbix nporpamm (M + SD)

lpumeyaHme: * — 3HaYMMOCTb pasnuynin npu p < 0.05; ** — 3Ha4MMOoCTb pasnuynii npu p <0.01.
Fig. 3. Indicators of the PFIQ-7 questionnaire in groups 1 and 2 before and after rehabilitation programs (M + SD)

Note: * — significance of differences at p < 0.05; ** — significance of differences at p < 0.01.
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Haitmurenckuii onpocHHK/Nymigen qustionnaire
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30.6 I

33+

205+

Hatimurernckbq onpocHHK 10/ Nymigen HafiMureHcKHH OTIPOCHHK

questionnaire befor nocre/Nymigen questionnaire after

B 1 rpymma/group (n=20)
B 2 rpymma/group (n=20)

Puc. 4. [NokasaTtenn HaliMUreHckoro onpocHuka 1 1 2 rpynnbl A0 U Nocsie peabunmMTaumnoHHbix nporpaMm (M + SD)

lNpumedaHme: ** — 3HaYUMMOCTb pasnnydmii npu p < 0.01.
Fig. 4. Indicators of the Nymigent questionnaire of groups 1 and 2 before and after rehabilitation programs (M + SD)

Note: ** — significance of differences at p <0.01.
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1 rpynma/group (n=20)

= women with
positive shift

» women with
positive shift

2 rpymma/group (n=20)

N

» women with
no shift

» women with
negative shifts

Puc. 5. MNokazaTtenu nHaekca Kepno B 1 1 2 rpynnax nocse NpoBeAeHnst peabunmTaLmnoHHbIX MeponpuaTmii
lMpumevanme: * — npn Z < 0.05;** — npn Z < 0.01.
Fig. 5. Indicators of the Kerdo index in groups 1 and 2 after rehabilitation measures
Note: * —at Z<0.05;** —at Z<0.01.

[laHHBIe OPTO- ¥ KAWHOCTAaTHUeCKuX mpob B 1
Y 2 rpynrnax rnepej poBejieHueM 3KCIiepruMeHTa 3Ha-
YKMMO He OT/INYauCh ApyT ot fapyra (p>0.05). [Tocne
TpoBe/ieHHs] peaOMIUTAL[MOHHBIX MepPOTIPUSITUI MBI
Ha0/F0/1aIM yMeHbIIIeHHe pa3HUIlbl rmokasatesieit YCC
B OPTO- ¥ K/IMHOCTaTHUYeCKHUX Mpobax B 06eMx rpyTnax.
B 1 rpymrie ymeHblieHHe mapaMeTpoB Ob110 Gosee
3HaunMo (p <0.01), uem Bo 2 rpymre (p <0.05) (Puc. 6).

OneHKa TeMIlepaTypHbBIX NOKa3aresiei
C IOMOIIIBI0 TeII0OBU30pPa

AHanu3 TeMIiepaTypHBIX TTOKa3areseil B TOMO-
rpacduueckoi 30He Oy>KAAOLUX HEPBOB B 00/1a-
CTH COHHBIX apTepuil BBISIBUI Pa3HULY TeMIlepaTyp
B 00eux rpyrmnnax >KeHIIWH B Auarna3oHe ot 35,3 °C
no 37,6 °C. OueHKa pe3ynbTaToB BbIBUJIa TIPEU-
MyIIleCTBEHHOE pacrpoCTpaHeHue 0osiee BBICOKUX
TeMIIepaTypHbIX MoKa3aresieli B 061acTy O/y>KAaroLmx
HepBoB (> 35,9 °C) y manueHTOK ¢ rpeobsiajaHremM
BaroTOHUH COTIaCHO UHAeKCy Kepzo, a 6osiee HI3KMe
TemrieparypHble rokasarent (< 35,9 °C) — y KeHIIUH
C TMpU3HAKaM{ CUMITaTUKOTOHUU 110 uHZekcy Kepgo.
Takum obpasom, obcneayembie B 1 u 2 rpyrminax Obuti
paszesieHbl Ha KaTerOpUH C CUMIIAaTUKOTOHUYe CKUMU
noka3artensmu (uHgekc Kepgo ot 0 g0 10 u > 10)
Y C 1apacUMIIaTUKOTOHUYeCKUMHU TMTOKa3aTeIsiMu

(uugexc Kepao ot 0 0 —10 u < -10) (Puc. 7).
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AHanu3 TeMmriepaTypHbIX MOKa3aTeseil B 30He
OJTy>K1aOIIX HEPBOB B KaTETOPHsIX C CUMITAaTUUeCKUMHU
1 BarOTOHWYECKVMHU TPOSIBJIEHNSIMA He BbISIBUJI 3HAUU-
TeJIbHOM PasHULIbI MeXy 1 ¥ 2 IpynIol [0 poBe/ieHnst
skcriepumenTa (p >0,05). TTocste ripoBeeHs: peabum-
TaLMIOHHBIX MePOIIPUATHM, TeMIlepaTypHbIe [T0Ka3aTe/ln
B 30He OJTy’K/IaroIIMX HEPBOB B 1 rpyTirie KeHIIWH C CUM-
raTUUeCKUMU TIPOSIBIEHUsIMU TIOBbICUUCH (p <0,05),
a y KeHIIVH C NPOsIBJIeHWEM BarOTOHWU MOKa3aTeln
Temnepatyp noHu3nuch (p <0,05). Bo 2 rpymire noka-
3aTesiy TeMITeparyp rocje SKCrepriMeHTa B 00enx Kare-
TOpUSIX U3MeHUTMCh aHaorugHo (p <0,05). B 1 rpyririe
MPOU30ILTH OO/Tee 3HAUMMBbIe TeMIepaTypHbIe H3MeHeH!sT
TI0 CpaBHeHMIO co 2 rpynmoi (p <0.05) (Tabmn. 1, 2).

OrleHKa TeMriepaTypHbBIX M0Ka3aresieii B pedek-
TOPHOU 30He JIOHHOT'O COY/IeHeHUs], HUKHero I0JUpeB-
HOTO CI/IeTeHUsIX U B peeKTopHbIX 30Hax Th12, L2,
S4, S5 Ha mepBoM 3Tarie UCC/e[0BaHKs He 0ToOpasuia
3HAUMUTEJbHOM pa3HULbl TeMIEPaTyp MeXAy naru-
entkamu 1 u 2 rpynmn (p <0,05). [Toce npoBegeHus
JKCMeprMeHTa TeMIiepaTypHbIe MoKa3aTeu B 00ceny-
€MBbIX 30HaX CHU3WINUCH B 00erX rpymmnax: B 1 rpyrire
Habsozanock 6osiee 3HAUMMOE CHIKEHHE TeMIlepaTyp
BO BCeX UCC/ieqyeMbIxX 30Hax 3axapbuHa-l'ena (p <0,01),
yeM BO 2 TpyIIIe: B 30He JIOHHOTO COUJIeHEHHs], 30HaxX
L2, S4, S5 nipu p <0.01, B 30He HWKHETro MOJYPEBHOTO
crutetenus v 3oHe Th12 mpu p <0.05 (Tabu. 3, 4).
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OprtoxmHo cTarndeckuil TecT/Orthoclinostatic test
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i
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4
2
0
OpTrocTaTHYecKHH OprocraTHuecKHH Knmunocratudecknti  KinHocTaTHUYecKHH
TecT go/Orthostatic Tect mocne/Orthostatictect go/Clinostatic testtect mocme/Clinostatic
test befor test after befor test after

m | rpymma/group (n=20)
m 2 rpymma/group (n=20)
Puc. 6. PasHuLa nokasatenein YCC opTo- U KNMHOCTATUYECKMX NPo6 1 v 2 rpynnbl [0 1 noche akcnepumMeHTa (M + SD)

lpumedaHme: * — 3Ha4YMMOCTb pasnuunin npu p < 0.05; ** — 3Ha4UMMOCTb pasnunumnin npu p < 0.01.
Fig. 6. Difference in heart rates of ortho- and clinostatic tests of groups 1 and 2 before and after the experiment (M + SD)

Note: * — significance of differences at p < 0.05; ** — significance of differences at p <0.01.
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O = N

1 rpynma ;KeHIIHHEI ¢ | rpymma KeHIDHHBI ¢ 2 TPYINIA JKEHITHHBI ¢ 2 TPYIIa KeHIITHHEL C
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Puc. 7. AHanus TeMnepaTypHbIx NokasaTenein B Tonorpabuyeckoin 3oHe 61y>KaatoLLmMx HEPBOB

B 061aCTW COHHbIX apTep|/||71 Y XXEHLLVH B Tun2 rpynnax go npoBeaeHNAa sKCrnepuMeHTa

Fig. 7. Analysis of temperature indicators in the topographic zone of the vagus nerves in the area
of the carotid arteries in women in groups 1 and 2 before the experiment
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Tabnuya 1/ Table 1

[vHaMKKa TeMnepaTypHbIX NoKa3aTteneii 1 U 2 rpynn ¢ CUMNaTUKOTOHUYECKUM TUMOM peaKLuu
B 30He 6ny)XAatoLmx HepBOB [0 U nocne akcrnepumMenTa (M £ SD) /
Dynamics of temperature indicators of groups 1 and 2 with a sympathicotonic type of reaction in the area
of the vagus nerves before and after the experiment (M£SD)

Bnyxpatowmin Heps / The vagus nerve
Ne n/n/ No npaso / on the right neso / on the left
no / before nocne / after no / before nocne / after

1 rpynna c CMMNaTUKOTOHMYECKUM TUMOM PeaKLm (n=10)/ Group 1 3577 + 017 | 36.14+016* | 35724024 | 36.14+014%

with sympathicotonic type of reaction (n = 10)

erynna C CUMNaTMKOTOHMYECKUM TUTOM PeaKuyy (n=11)/ Group 2 3568 40 5¢ 3569+05¢ |3578+018% | 3574 +042*

with sympathicotonic type of reaction (n=11)
[pumeyaHme: * — 3Ha4YUMOCTb pasnnymm npmn p < 0.05.
Note: * — significance of differences at p <0.05.

Ta6nuya 2 / Table 2

[uHamuKa TeMnepaTypHbIX NoKa3aTenei 1 U 2 rpynn ¢ BaroToHMYECKMM TUNOM peakLuu
B 30He 6ny)XAatoLmx HepBOB 0 U nocne akcnepumMenTa (M  SD) /
Dynamics of temperature indicators in groups 1 and 2 with a vagotonic type of reaction in the area
of the vagus nerves before and after the experiment (M  SD)

Bnyxpaatowmii Heps / The vagus nerve

Ne n/n/ No npaso / on the right neso / on the left
no / before nocne / after no / before nocne / after
1 rpynnac BarOTOHVILI?CKI/IM_TIAI'IOM peakuuu (n=10) / Group 1 with 36.63 + 0.45 36.16 +0.07* 36.54+012 | 36.16+0.08*
vagotonic type of reaction (n = 10)
2 rpynna G BaroTOHWECKUM TUNOM peakium (n =9) / Group 2 with 36.54+027% | 36.53+025% | 36.62+020% | 36.63+0.29%
vagotonic type of reaction (n =9)
[pumedanme: * — 3Ha4UMMOCTb pasnunynin npu p < 0.05.
Note: * — significance of differences at p < 0.05.
Ta6bnuua 3 / Table 3

[MHamMuKa TeMnepaTypHbIX NoKa3aTteneii 1 U 2 rpynn B pegpneKTopHoli 30He IOHHOTO COYJIeHeHUs
M HUXKXHEro NoAYPEBHOro CrNeTeHUs A0 U nocne akcnepumenTa (M * SD) /
Dynamics of temperature indicators of groups 1 and 2 in the reflex zone of the symphysis pubis
and inferior hypogastric plexus before and after the experiment (M % SD)

Jlonmoe counenerive / HuxHee nogupeBHoe cnneTeHue / Inferior hypogastric plexus
Symphysis pubis ALp ypog P
0
N2 n/n/No npaso / on the right neso / on the left
no / before nocne / after

no / before nocne / after no / before nocne / after
(:1 Tgo”)“a (n=20)/1 group 36.74+023 | 36.32+0.18% | 36.53%0.35 | 36.24+0.15% | 36.51:0.36 | 36.24%0.15%
e (n=20)/2 group 36.83+023% | 3673+0.2% | 36.6240.3% | 36.5940.23% | 36.55+024% | 36.52%0.22%

lNpumedaHue: * — 3Ha4YMMOCTb pasnuyunin npu p < 0.05; **- 3HaunMocTb pasnuyuii npm p < 0.01.

Note: * — significance of differences at p < 0.05; **- significance of differences at p <0.01.

50 ONBMOMOMNA. SKCTTEPUMEHTANTBHAA OU3INON0T 1A



Batueva AE, Shashkova TS. RUDN Journal of Medicine. 2025;29(1)

Ta6nuya 4 / Table 4

[vHamuKa TeMnepaTypHbIX NoKa3aTteneii 1 u 2 rpynnbl B pednekTopHbix 3oHax Th12, L2, S4, S5 no u nocne akcnepumenTa (M  SD) /
Dynamics of temperature indicators of groups 1 and 2 in reflex zones Th12, L2, S4, S5 before and after the experiment (M * SD)

Th12 L2 S4 S5
N2 n/n/ No
1o / before nocne / after no / before nocne / after 1o / before nocne / after 0o/ before nocne / after
Troynna(n=20)/| a0 1096 | 3632 £014% | 36674027 | 363+018% | 3666028 | 362840187 | 3654:03 | 3618+016%
1 group (n = 20)
% g?gzga(éizg;) )/ 36.69+0.18* | 36.67+0.18* | 36.71+0.17* | 36.67+0.18** | 36.64+0.23* | 36.58+0.23* | 36.52+0.19* | 36.45+0.18*

lpumedaHue: * — 3Ha4MMOCTb pasnuuni npu p < 0.05; ** — 3Ha4MMOCTb pasnuunin npn p < 0.01.

Note: * — significance of differences at p < 0.05; ** — significance of differences at p <0.07.

[TpoBesieHHOE MCC/Iel0BaHKEe TIO3BOIU/IO U3YUUTh
B3aMMOCB$I3b MEXX/ly MOKa3are/isiM{ (PyHKI[MOHaTbHOTO
COCTOSTHMS BeTeTaTUBHOW HEPBHOW CHCTEMbI U BbIpa-
YKeHHOCTBbIO 60s1eBOTO CHH/IpOMA Yy >KeHIUH ¢ XTB,
a TakKe BbISIBUTh BO3MOYKHOCTH HCTI0/Ib30BaHUsI Pa3HbIX
HeMe/IMKaMeHTO3HbIX MeTOZ0B BJIMSIHUS Ha (PyHKLIMO-
HHPOBaHHWe BereTaTUBHOM HEPBHOW CUCTEMBI C LIe/IbE0
TNOBbILIeHNs 3 PeKTUBHOCTH PeabUIUTALY Y JaHHON
KaTeropvu NaljeHTOK.

Hamu Ob17M M3yueHbl KOJTMUeCTBeHHbIe IoKa3a-
Tenu 60 narreHToK ¢ XTB. MbI olleHUBav UHTEH-
CUBHOCTH O0JTH, ONMPasiCh Ha BU3ya/IbHO-aHaIOTOBYIO
LIKa/y, ¥ OTpeie/isiyid Ha/lnure LieHTPaJbHOU U Tie-
pudepuyeCcKol CeHCUTH3ALMHU 110 CIleljhaabHbIM
onpocHuKaM. HeoOX0UMO OTMeTHTD, UTO IIKaJIbI,
oLleHHMBaloIMe 601eByI0 YYBCTBUTEIBHOCTh, UMe-
FOT KOMIIOHEHT SMOLMOHA/IbHOM OKPACKH, TaK Kak
Kayk7iasi >KeHII[Ha OlleHHBaeT 0oJieBble OLIYyI[eHHUs
WH/VBU/ya/JbHO, OCHOBBIBAsICh Ha CBOUX JIMUHBIX
TepeXUBaHUsX U OIIbITe, UYTO COOTBETCTBYeT COBpe-
MeHHOMY ompeziesieHuto 6o [21]. Takum obpazom,
COCTOSIHMEe BereTaTUBHOM HEPBHOW CUCTEMBI, KOTOpast
TIPUHUMAET y4yacTHe B KOHTPOJIe MCUX03MOLIMOHA/Ib-
HOTO COCTOSIHUSI UesioBeKa ¥ (POpMUPOBAHUU XPOHU-
yeckoro 00/1eBOro0 CMHAPOMa, B/IUSIET Ha OLIEHKY 001
nalieHTaMH.

HecmoTpst Ha To, 4TO mMokKa3arenu 00eBOM
YYBCTBUTEBHOCTH JKeHIMH 1 1 2 rpynmn Ha epBoM
JTare UCCieJ0BaHUs 3HAUMMO He OT/IMYa/INUCh JpPyr
OT JpyTa, MOoCJIe POBeeHHbIX KypCOB peabuiuTaiu
¢ 6osee BHICOKOM CTETEHbI0 J0CTOBEPHOCTH Y >KeHIIH
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TIepBOI TPYTITBI BEIPAXKEHHOCTb O0/IeBOr0 CUHAPOMa
yMeHbIIN/Iachb. BO3MO)KHO, 3TO 00y C/IOBIEHO TeM,
YTO MCIO/Ib30BaHKe B KOMIUIEKCe peabuIMTaLiyY aB-
TOPCKOTO MeTO/a, BK/IIOUAOILero CEeHCOMOTOPHBIe,
JibIXaTesbHble YIpaKHEeHUsI U peeKTOpHble MaHy-
anbHBbIe TEXHUKH, CITI0COOCTBOBA/IO TapMOHU3ALUN
B (YHKL[MOHMPOBAHWY BEreTaTUBHOM U COMaTUUeCKON
HEepBHOM CHCTeM. ITO MOYKHO TMTOATBEpPAUTb paboTamu
Kruglov D. u McGuckin D., koTopbie yTBep>atorT,
YTO COMaTUuecKasl U BereTaTUBHasi HePBHbIE CUCTEMbI
o0a/iatoT CXoHOU TIeprdepruyeCKON HOIUIIETIITHeH,
3a/lelCTBYIOT OZJMHAKOBbIe HelpoMeuaTophbl, 4acTo
aHaTOMMWYEeCKU COTNPOBOXKIAKOT APYT Apyra, UMeT
CXOZIHBIN (UIoreHeTHUe CKUI BO3pacT, M03TOMY OHHU
obe J0/HKHBI OBITH OJJUHAKOBO 3a/1eHiCTBOBAHLI B pe-
aKIMaX Ha 6osb [22].

Ha nepBom 3Tamne uccnefoBaHusl C TOMOIIBIO
Tecta PFIQ-7 Gbuu 3adUKCUPOBAaHBI U3MEHEHUS
B IICUX0JIOTMYEeCKOM COCTOSIHUU Y KeHIUH ¢ XTh.
Vcnonb3oBaHue 3TOro Tecra 6b1710 060CHOBaHO
TeM, YTO BereTaTUBHas JU3Pery/saLus HEU3MeHHO
COIIPOBOXKJaeTCs WU NPOBOLUMPYeT KOTHUTUBHBIE
Y SMOL|MOHa/IbHbIe HAapyIlIeHUsl, YCU/IUBas MepeKu-
BaHue 6o/ [23]. TToka3aTenn, XapakTepu3ylolye
TICUXOJIOTUYeCKOe COCTOSIHUE JKEHIWH, COIJIaCHO
oripocHuky PFIQ-7, Ha mepBOM 3Tamne uccijezoBa-
HUS TaKXKe MMeJI JOCTOBEPHYI Pa3sHULy MeXAY
uccienyemelMu rpynnamu. Ho ciefyer oTMeTHUTS,
YTO MOCJIe TIPOBe/IeHHbIX MEPOINPUATUN MCUXOJI0TH-
YyeCKoe COCTOSIHUe JKeHIUH 1 Tpynmsl yayullnua0Ch
B OosiblIeil cTerneHu, uem Bo 2 rpymre. [To Hame-
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My MHEHHUIO, 3TO 00yC/IOB/I€HO /OMOJHUTETbHBIM
BK/TIOUEHWEM B KOMILJIEKC Peabu/IuTalud CeHCOo-
MOTODPHBIX W AbIXaTeJIbHBIX YIIpaKHeHUMN u ped-
JIeKTOPHBIX MaHya/bHBIX TEXHUK, HAllpaB/JIeHHbBIX
Ha OTNTHMM3ALIUIO0 BhICIIeN HepBHOMU [leaTebHOCTH,
yAydllleHrue MeXMOyIIapHOTO B3auMO/IeCTBHUS,
yCKOpeHHe BOCCTaHOBUTEJ/IbHBIX MPOLIeCCOB B OP-
raHusme [24, 25].

Kpowme Toro, 661710 TIpoBeIeHO u3yueHue QyHK-
ITMOHA/ILHOTO COCTOSIHUSI BereTaTUBHOW HEePBHOM
CUCTEeMbl Ha Ha/[CErMeHTapHOM U CerMeHTapHOM
ypoBHsX. Ha Ha/icerMeHTapHOM ypOBHe AMC(HYHK-
LIS BereTaTHBHOW HEPBHOMW CUCTEeMbI MPOSIB/IS/IACh
B BU/le U3MEHEHUsI YaCTOThI CepP/IeUHbIX COKPall[eHUH,
HaJIMuYMsi TUTIePBEeHTWISALIMOHHOTO CUHPOMa, TaKKe
(hUKCHMpOBaMMCh U3MEHEeHHUs B TICUX0JIOTHUECKOM
COCTOSIHUU UCCJIeAYeMbIX yKeHIIUH.

Pesynbrathl orjeHku uHiekca Kepo mo3sonnnu
pa3e/IuThb XKEHIUH 00euX TPy Ha OTAebHbIe
MOATPYTITBI, 0CHOBBIBAsICh HAa BHISBI€HHbIE Y HUX
TUTIbI PEAKTUBHOCTU BereTaTuBHOU HEPBHOU CH-
cteMbl. B o0enx rpynmnax He ObLIO BHISIBJIEHO 3HA-
YUTE/IbHOTO NpeobiafilaHus CUMITAaTHYe CKUX TH00
rapacumIaTUyeCcKrX MoKa3aTesel, 4To coryiacyeTcs
C WCC/ieJOBaHUSMHU, TPOBeIeHHbIMU aMepUKaH-
CKUMH CITelaJiCTaMM, UCC/Ie/IOBaBIIMMU paboTy
BereTaTMBHOM HEPBHOM CHUCTEMbI Y XKEeHIIUH C XPO-
HUUYeCKUMM Ta30BbIMU Ooysamu [26, 27]. OmHAKO 3TO
TIPOTHBOPEUUT yTBEP)KAEHHUI0, UTO BUCI|epa/ibHbIN
00MeBOM CUHPOM COTIPOBOXK/AAETCS yCUTeHUEM
TOJILKO CMMIIaTHueCKUX TposiBieHUM [28]. Mbl
TpejirosiaraeM, UTO OTCYTCTBUe Tipeob/iajaHus
BbIpa)kK€HHBIX CUMIIaTHUeCKHUX peakKluii BereTaTuB-
HOUW HEPBHOM CUCTEMBbI Y UCCIe[yeMbIX >KeHILUH
MOXXeT OBITh CBSI3aHO C JJIUTEIbHOCTHIO TIPOTEKAHUS
60/1eBOTO OMIYII[eHUS y >KeHIIUH U, BO3MOJXKHO,
ajaritaluei K UX COCTOSTHUIO U aKTUBaLMel rmapa-
cumnatudeckoro otaena BHC g BoccTaHOBIeHUS
opraHv3Ma B yCJIOBUSX JIUTeNbHOro cTpecca [11].
B03M0)XXHO, UCXOZAHBIM 710 3a00/1eBaHUS Y >KEHIIINH
ObL710 TIpeoOnaZiaHue MTMO0 CUMMATHUUYe CKUX, MO0
rMapacuMMaTHueCKUX peakIuM, yCyryOuBIINXCS
Ha (hoHe pa3BUBIIET0Cs MaTOJOTUYECKOTro TpPo-
mecca.
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CocTosiHHe COOTHOIIeHWH aKTUBHOCTH MeXy
CAMITAaTHYeCKUM U MTapacuMIIaTUueCKUM OTe/1aMu
BHC wmbI nccnegoBanu ¢ momMolbio nHAekca Kepzo
Y OPTOK/IMHOCTaTHuUeCcKol npoObl. [Tokasareny nHgekca
Kepzo Ha repBoM 3Tare ucc/ef0BaHUs JOCTOBEPHO
He OT/IMYA/IMCh y JKeHIWH 1 1 2 TpyTI, TakKe He Ob110
BbISIB/IEHO C/lydaeB SUTOHUM. [Tociie nmpoBeseHHbIX
peabUIMTALIMOHHBIX MPOLIeAYP MOKa3aTean UHAeKCa
Kepzio 10CTOBEpHO yayULLWINCE Y JKeHIIMH 1 rpynribl
B OTJINYME OT KEHIIWH 2 TPYIIIbI.

o mpoBeseHUs1 peabUIUTALIMOHHBIX MEPO-
MIPUSATUN Y )KeHIIUH 00eux Tpymn ObITH BbISIB/IE€HBI
C TIOMOIIIbIO OPTOK/IMHOCTATHYeCKOM TIPOOBI Hapy-
LIeHUS Peryasiyuy Cep/euyHo-COoCYJUCTON CUCTEeMbI
B BHU/le pa3HULbl YaCTOTHI ITy/1bCa, MpeBbILIAOIeN
HOpMasbHbIe noKa3arenu. [locne peanusanuu Boc-
CTaHOBUTEJ/IbHBIX MepPONPUATHN B 1 TpyIIie )KeHILUH
BBISIBJIEHO, UTO MPOBe/leHHe OPTOKIMHOCTaThueCKON
NMpoObI XapaKTepu30BaJioCh JOCTOBEPHBIM CHU-
JKEHMEeM pa3HULbl My/JIbCa B OTJIMUME OT KeHI[UH
2 rpynmbl. DTO elé pa3 MoATBepskAaeT 6saro-
TBOPHOE BJIMSIHAE CeHCOMOTOPHBIX, AbIXaTeTbHbIX
yTpakHeHUH U peIeKTOPHbIX MaHyaIbHbIX TEXHUK,
HCI0J/Ib3yEMbIX B aBTOPCKOW METOJMKe, Ha pery-
naTopHyto ¢yHkuuio BHC cepaeuHo-cocygucToi
JesaTenbHOCTH. [1o HalleMy MHEHUIO, 110 3TUM Me-
TOJWKaM UccesoBaHus (MHAeKC Kepro 1 KIMHOOp-
TOCTaThuecKas npoba) Helb3st CTPOTO OTNpeAeTnTh
MX ToKa3aTesu, KaK XapakKTepUCTUKY (QYHKLUHU
b0 cerMeHTapHOTO, MO0 HaZICeTMeHTapHOTr0
ypoBHelt BHC, Tak Kak OHM B3aUMOCBSI3aHbI U TECHO
JOTIOJIHAIOT ApPYT Apyra [24, 29].

o nmpoBeseHUs1 peabUIUTALIMOHHBIX MEPO-
MPUSITUN y )KeHIL[UH ObIJI0 BBISIBJIEHO HaIuuue
TUIepPBEeHTU/ISILIUOHHOTO0 CUH/POMA, YTO TaKXe
ABJISIeTCS C/e[CTBMEM BereTaTUBHbBIX HAPYLLUEHUH.
K coxaneHuro, HeCMOTpsI Ha paHZOMU3UPOBaHHbIN
MoJXo/, B BEIOOPKe MaljeHTOK, Ha HaYa/JlbHOM JTare
VCC/IeJ0BaHUS NTOKas3aTeu Haluuyus y Ucciepye-
MbIX 1 ¥ 2 rpynn 3HaUYUMO OTAn4Yaanck. Ho nmocre
NpoBe/leHUs peabuINTallMOHHBIX IPOrPaMM [J10-
CTOBEPHO CHU3M/IACh UX YaCTOTa B 00enx rpymmax.
Bo3MoxxHO, 3T0 00yc/ioBIeHO QYyHKI[MOHATbHON
CBSI3bI0 MeXK/1y Ta30BOM ¥ rpyo0promIHoii aAnadpar-
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Mamu, o uém ynomuHatoT Chaitow L., Talasz H.,
Hodges P.W. [30-32]. To ecTb yBenuueHue 3a-
CTUYHOCTH U MOJBWXHOCTU Ta30BOM Juadparmel,
Ha uTo OBLIM HampaB/eHbl 06e peabUIUTAI[OHHbBIE
NIPOrPaMMBl, CII0COOCTBYIOT ynyullleHUI0 QYHKLIUN
rpyso6proomHoi auadparmel. [To HamemMy MHe-
HUIO, TUTIePBEHTUISALMOHHBIN CUHADPOM MOXeT
OBITH MPOsIBIEHWEM He TOMbKO (PYHKLIMOHATbHBIX
HapylleHWU HajcerMeHTapHoro ypoBHsi BHC,
HO M CErMEHTapHOI0 yPOBHS TOXe.

Ha cermMeHTapHOM ypOBHe Mbl UCCJIel0BaIn
BereTaTMBHYIO HEPBHYIO PErY/ISILIMIO >KEHILHH C [10-
MOLI[bIO TeMIIepaTypHbIX [10Ka3aTe/eli TernjioBU30pa,
OPUEHTHUPYSICh Ha perieKTOpHbIe 30HbI 3axapbrHa-I'esa
U Tonorpacuueckuie 30HbI O/Ty’KaroIiero HepBa B 00-
JIaCTH LLIeU CripaBa U cjieBa. [/ aHamm3a noyyuyeHHbIX
pe3y/IbTaTOB JKEeHIIWHBI KaXK/[0W TPYTIIbI ObIIH pasze-
JIeHbl Ha KaTerOpUU B COOTBETCTBUY C BEreTaTUBHBIM
CTaTyCOM — C CUMITaTUKOTOHUYeCKHM U BaroTOHUYe-
CKUM TUTaMU PeakI[ui.

Ha nepBoM 3Tane uccief0BaHus MalUeHTKU
C CUMMAaTUYeCKUM BereTaTUBHbIM CTaTyCOM UMeIn
Oosiee HU3KYIO TeMIepaTypy B 30He O/IyXKZaro-
I[MX HEPBOB B 00/laCTH IIeu, a y MalUeHTOK
C BaroTOHWYECKHUM CTaTyCOM ObIIM OTMeYeHbl
Oosiee BBICOKHE MMOKa3aTeJu TeMIlepaTyp B 30He
tTorniorpacdun 6aykgaronux HepBoB. [lonyueHHbIe
TeMrepaTypHble MoKa3aTeJau MOXXHO OOBSICHUTH
(yHKLMOHAaTBHBIMU, TTPEUMYIeCTBEHHO CerMeH-
TapHbIMHU HapyILIeHUSIMU BereTaTUBHOW HepBHOU
CUCTeMbI y MalieHToK. BeretaruBHasi MHHepBaLys
COCYZ0B KOXXHU TpeJCcTaB/ieHa CuMOaTuueCKu-
Mu BonokHamMu [33]. Cocyabl KOXKU YUaCTBYIOT
B oOecreueHUN TePMOPETyIsITOPHBIX pediekcos,
KOTOpble KOHTPOJIUPYeT BereTaTuBHasi HepBHas
cucteMa [34]. AKTUBaLUsl CUMIIAaTUYeCKOM HEPBHOM
CHCTeMBbI CTUMY/IUpYeT 6osiee HU3KYIO TeMIlepaTypy
KOXKM 3@ CUeT CY)KeHHUsI COCY[0B KOXXU U HaXOJUTCS
B 3aBUCMMOCTHU OT Takux (aKTOpOB, KaK ICUXUUe-
ckuit ctpecc [35]. Takum ob6pa3om, MoyueHHbIe
HaMU pe3y/bTaThbl U3MepeHUsl TeMIepaTypPHbIX
ToKa3aTesiel B Tornorpaduyeckoit obmactu 6/y»xa-
IOL{UX HEPBOB MOTYT CBU/IETe/bCTBOBATb O TOM,
YTO TeMIlepaTypy KOXXU B JaHHOU 30He MOXXHO
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MCMO/Tb30BaTh KaK MOKa3aTesb JU3Pery/siuu Be-
reTaTUBHOW HePBHOW CUCTEMbI M YPOBHS CTpecca
(Puc. 8).

2023/07/03
118:01

2023/07/24 @
36.6

17:48

Puc. 8. lNpurmep TeMnepaTtypHbIx NokasaTenem
B ToMnorpaduyeckoi o6nacTy 6y aatoLlero Hepea
y NAUMEHTKM Y. ¢ BaroTOHMYECKMM TUMOM peaKLinu:
a —[0 9KCMepuMeHTa; b — nocne akcnepuMeHTa

Fig. 8. An example of temperature indicators in the
topographic area of the vagus nerve in patient Ch. with
a vagotonic type of reaction: a — before the experiment;

b — after the experiment

V3mepeHust TeN/I0BU30POM B peieKTOPHBI 30HaX
3axapbuHa-I'esia (JloHHOEe couneHeHUe, HU)KHee TI0/1-
ypeBHoe criieteHue, Th12, 1.2, S4, S5) cooTBeTCTBO-
Ba/Ii ZiepMaToMaM BHYTPEHHHX OPraHOB MaJioro Tasa.
[TpoBesieHHas AyMarHOCTHKA BbISIBUIA CAeyolee:
TeMIiepaTypa KOXKM Ha JJaHHbIX yuacTKax Oblia He-
CKOJTLKO TIOBBIIIIEHA Y >KeHIuH 06enx rpym (p >0,05).
[Tocse MpoBeeHHBIX peabUIUTAI[MOHHBIX MepO-
MpUSITUIN CHWDKEeHHWe TeMIlepaTyPHBIX MoKa3arenen
B MICC/IelyeMbIX 30HaX OTMeuasioCh B IPYIITe KeHIIHH,
y KOTOPBIX MPOBOJW/IACh peabumurauus Mo Hamiei
aBTOpcKou metonuke (Puc. 9). U3BecTHO, UTO 30HBI
3axapbuHa-I'efla xapakTepu3yOTCs C/I0XKHBIM Ba30MO-
TOPHBIM U MOTOPHO-TPOGHYeCKHUM pedieKCOM oTpe-
Jle/leHHBIX MeTaMepoB. B Takux 30Hax Hab/mo#at0TCs
00/71€3HEHHOCTh, TPO(hHUUECKHEe U3MEHEHUS MSATKHUX
TKaHell ¥ MeCTHOe HapylleHre KO)KHOM TeMIepaTyphl,
HajMuue runepectesuid. [TogqoOHbIe IBIEHUS MOTYT
yKa3bIBaTh Ha TOpakeHWe BHYTPeHHEero OopraHa,
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COOTBETCTBYIOIIIETo orpeeneHHOM 30He [36]. Uc-
M0/Ib30BaHKe 30H 3axapbuHa-l'esja 1aeT BO3MOXXHOCTh
BJIUSITH HAa COOTBETCTBYIOLUM OpraH C IMOMOILbIO
TpUHIMIA 06paTHON CBSI3U: OMpezeeHHbIN BHY-
TPEHHUU OpraH BUseT Ha OIpe/ie/leHHbIN epMaToM
1 HaoOopoT. Takasi obpaTHasi CBsA3b peanu3yeTcs
yepe3 cerMeHTapHBIN anmnapar ClIMHHOro mosra. Tec-
Hble B3aMMOCBSI3M COMaTHUeCKUX U BereTaTUBHbIX
HEepBHBIX NyTel U raHIJINK Ha YPOBHEe CIIMHHOI'O
MO3Ta CroCcOOCTBYIOT MepeKTI0UeHUI0 UMITY/TbCOB
C COMaTUYeCKOTo OT/esIa Ha BereTaTUBHBINA U Ha000-
pot [37]. Kpome TOro, B TKaHsIX BHyTPEHHUX OPraHOB
IO/, BAUSIHWEM CUMITaTUYeCKOM HepBHOM CUCTeMbI Ha-
O/1r0/1aeTCST HEeCOKpaTUTe TbHBIN TePMOTeHe3, TO eCThb
BO3MOJKHOCTD IMOBBIIIATh TETJIONPOAYKIHI0 Oe3
yCcueHus crierfuduueckoi paboueit mesiTeIbHOCTH
opraHos [38].

MBeI npezirioniaraeM, UTo BK/IFOUEHHUE B aBTOPCKYHO
MeTOZMKY ITOMUMO CPeZCTB (r3uueCKOU Tepanuu
TIpYEeMOB BO3/IeMCTBUSI HA CerMeHTapHbIe U Ha HaZcer-
MeHTapHble cTpyKTypbl BHC noBbiiiaeT 3¢ hekTuB-
HOCTb KOMITIEKCHOW peabuIUTalii TaKUX HapyILLeHHH
B JKEHCKOM OpraHu3Me, Kak XpOHUYecKasi Ta30Bast 60/ib.

2023/07/31
17:11 A
36.7

Puc. 9. Mpumep TeMnepaTypHbIX NoKasaTenemn
B peekTOpHOM 30He 3axapbhHa-leaa
Ha ypoBHe Th12 y naumneHTkn C.:
a — [0 9KCnepuMeHTa; b — nocne akcnepMmMeHTa

Fig. 9. An example of temperature indicators
in the Zakharyin-Ged reflex zone at the Th12 level in patient S.:
a — before the experiment; b — after experiment
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BbiBOAbI

Pe3ynbTarhl NpOBEEHHOTO UCC/IeJOBAHUS J€MOH-
CTPUPYIOT B3aMMOCBSI3b MeXX/y COCTOSTHUEM BereTa-
THUBHOU HEPBHOMW CHUCTeMOU U 60/IeBbIM CHH/IPOMOM
y eHIMH ¢ XTh. AHanu3 nosyyeHHbIX pe3y/bTaToB
ToKas3as, YTo KyMMpoBaHUe aJruueckoro CUHJpOMa,
TIPOBe/IeHHOe C MOMOILI[bI0 aBTOPCKOTO MeToza, 60-
see 3(heKTUBHO, TaK KaK BO3/IeHCTBYeT He TOJILKO
Ha TKaHW OpraHu3Ma, TeCHO CBsI3aHHbIe C XPOHUUeCKOU
Ta30BOI 00/IbI0, HO U OKA3bIBAeT CUCTEMHOE BO37eii-
crtBue Ha BHC.

boneBas peLieniys ¥ BereTaTUBHasi HEPBHasi CH-
CTeMa sIBJISIFOTCSL COCTAaBJISIOLIMMU HelpOCEeHCOPHOU
CUCTEMBI 1 3aHMMAIOT BeZlylllee MeCTO B peakliy opra-
HM3Ma NpY Pa3BUTUM N1aTOJIOTMU OPraHOB MaJsioro Tasa.
B cBs13u ¢ 3TUM He0OXOAUMO PUMEHSITh KOMIIEKCHBIH
TIOAXO0/, KaK B JUAaTHOCTHKE, TaK U B peabunuTanuu
MaIeHTOB C XPOHUUYECKOM Ta30BOM OOJIBIO.
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MHAMBMAyaﬂbHaﬂ TOJIePaHTHOCTb K TMMOKCUU:
MHAUKATOPDbI, NPpUKagHoe 3Ha4YeHue u MeToabl onpeaeneHusd

A.A.BeHepun ‘z, M.A. 3anapa , A.C. MuxanuiguHa ,

A.IIyno Mauvapamsuiu , O.C.I'nazaueB

[NepBrIit MOCKOBCKHIA TOCYiapCTBEHHBIN MeJULIMHCKUN YHUBepcuTeT nMeHr M1.M. CeueHoBa, 2. Mockea, Pocculickas
Ddedepayus
D venerin.andrey@gmail.com

AHHOTanus. AKMyanbHOCMb. YCTOMUMBOCTD YeI0BeKa K TUTIOKCUY SIBJISIETCST BaXKHEHIIIel XapaKTepUCTUKON OpraHu3Ma,
oripeJiesisitoILielt ero paboToCIoCOOHOCTb, PUCK PAa3BUTHS U TSKECTb TEUEHUs Cep/leUHO-COCY/IUCTBIX, My/TbMOHOIOTHUe CKUX
Y Helpo/iereHepaTUBHBIX 3a00s1eBaHU. ['UTIOKCHS, SIBJISISICh TUTIOBBIM TATOJIOTMUeCKUM TIPOLIECCOM, MPEe/ICTaB/ISeT OHO
13 K/TIOUEBBIX 3BEHBEB MaTOreHe3a MHOTMX OCTPBIX M XPOHUYECKUX COCTOSTHUMN, MPUBOJSIIMX K OTCPOUEHHBIM TI0C/Ie/ICTBUSM
U CYLI|eCTBEHHO CHIDKAIOIMX KaueCTBO >KM3HH MAalMeHToB. [ UTIOKCHUeCKast yCTOHUMBOCTD OTIPeIesisieTCst MHOYKeCTBOM (DaKTOpOB,
BKJTIOUast TeHeTHUeCKre 0CO0eHHOCTH, PU3M0IOrYeCKHe MeXaH|U3Mbl U BHEILIHYE yCI0BUs. [Jis oripe/iesieHust MHAWBUYaIbHON
TOJIEPAHTHOCTH K TUTIOKCHU UCTIOJB3YIOTCS PAa3/IMUHble METO/Ibl, TaKHe KaK TMITOKCHUeCKUe TeCTbl, (DYHKIMOHAIbHbIE TIPOOBI
U [Ip. DTU METO/IbI MTO3BOJISIIOT OLIEHUTh CTeleHb YCTOMUMBOCTHA OpPraHru3Ma K TUTIOKCHUH U OTIPe/Ie/IUTh ONTUMaJIbHbIe PeXXUMbI
TPEHUPOBOK U jieueHus1. VI3yueHHe KOppesLuid MeX 1y ToKa3aTe/sIMU WH/IUBHU/ya/IbHOM 4yBCTBUTEILHOCTU ¥ TUITOKCHUECKON
YCTOWYMBOCTBIO IIMPOKO OCBEIIIEHO B JIMTEPATYPE, OJHAKO B DOJIBIIMHCTBE C/TyuaeB aBTOPhI YeISOT BHUMaHUe OJJHOMY WU
HECKOIbKMM acCrieKTaM JJaHHbIX B3aUMO/IeMCTBUH, 6e3 MpoBe/ieHusT KOMIJIEKCHOTO aHajin3a pa3/iMuHbIX 1oKa3areseil. Lleab
UCcne008aHusl — aKTyalM3upPOBaHNe U CTPYKTYPUPOBaHUE UMelollelicss MHGopMariu 00 MHAMKATOpax UHUBUAYaTbHON
YYBCTBUTEJIBHOCTHU K THUITOKCHH, TIPUMEHSIEMBbIX METOJjaX 0ObeKTUBHOM OL[eHKU YCTOMUMBOCTH Ye/i0BeKa K TUITOKCHH, a TaKKe
TIPUK/Ia/JHOM 3HaUeHUHU [JAHHOM XapaKTepUCTHKY OpraHri3Ma uesioBeka Jijisi KTMHIUYeCKOM MeJULIMHBI M CMeXXHBIX HayK. Memoob!
uccnedogaHusi. KonnekTiBoM aBTOPOB ObUT TIPOBE/IEH KOHTEHT-aHA/IN3 0TeUeCTBEHHBIX U 3apy0esKHbIX HAYUYHBIX MyO/IuKaiyi
B POCCUHCKHX M MeXXYHAapPOJHBIX 0a3ax JaHHbIX. Pe3yabmambl u obcyscdeHue. T1peacTaBieH mocie/[0BaTe/bHbINA CTPYKTYPHBIN
aHa/IM3 UMEIOLIUXCST aKTyalbHbIX JJAHHBIX 00 WHAMKATOpaX I'MITOKCUYeCKOW YCTOMUYMBOCTH U UX B3aUMOCBSI3U C TUITOKCH-
YeCKOM pe3nCTeHTHOCThI0. PacCMOTpeHbI Bapyaliuy METO/IUK OTIpe/ie/IeHHs] TUTIOKCHUUeCKON YCTOWUUBOCTH, TIPUMEHSIEMbIX
B HaCTOSIIIMH MOMEHT B KJIMHUYECKOU MpakTHKe. Bbigoodbl. O630p UTepaTyphl 10 TeMe WH/IWBU/YaTbHOM TOePaHTHOCTH
K TUTTOKCHUHM TTI0Ka3bIBaeT, UTo U3yueHre 3Toro (heHOMeHa sIB/ISIeTCsl aKTyaIbHbIM M MHOTOIPaHHBIM HarpaB/ieHHeM COBpeMeHHON
Hayku. KoMIsieKCcHast OLleHKa WH/IMKaTOPOB WH/IUBH/yaIbHOW UyBCTBUTEHLHOCTH K TUTIOKCHU TIO3BOJTUT eIlle /10 TIPOBe/|eH s
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WHCTPYMEHTAaJIbHOTO 00C/Ie/[0BaHusl I0CTaTOYHO TOUYHO CIIPOTHO3MPOBATh PeakIvio OpraHr3Ma MalyeHTa Ha TTIOKCHIO, a TaKKe
TI03BOJIUT [1€PE0CMBIC/IUTh COBPEMEHHble MHCTPYMeHTa/IbHble MeTOAWKU OLIeHKH U MOBBIIIeHNs] Pe3UCTEeHTHOCTH OpraHr3Ma
K CMIOKCHH, ILIMPOKO UCII0/Ib3yeMble B KIMHUUECKOW U CTIOPTUBHOM MeIUL[MHe

KroueBble c/10Ba: TUTIOKCHSI, CaTypalysi, KOTHUTUBHbIE PyHKIMH, peabunTaLusi, TUITOKCHUeCKOoe KOHUL[MOHUPOBaHMe,
WHAMBUYa/bHasl yCTOHUMBOCTD, alanTaliys

HNudopmanys o puHaHCHPOBAaHUM. ABTODHI 3asIBMISIIOT 00 OTCYTCTBUM (PMHAHCHUPOBAHMUS.

Bknap aBTopoB. Benepun A.A., 3arapa M. A., MuxanuiuHa A.C., TTyrnno Mauapaisuau [., ['azaueB O.C. — qu3aiiH uc-
cnenoBaHust, coop u 06paboTka MaTepuaa, 0630p Mo TeMe MMyO/IMKAI[UH, HalTUCaHUe paboThI, OKOHUATeTbHOE YTBEPXK[EHUE
BepCHH Jyis MyOMuKaluy. Bce aBTOPbI BHEC/IH CYIIIeCTBEHHbIHM BK/Ia/ B pa3paboTKy KOHIIETIIWK U MOATOTOBKY CTaThU, MPOU/IN
1 o100pmK prHATBHYIO BEPCHIO TIepe/] TyOiuKarye.

HNudopmanysa o KOHQINKTe HHTePeCcoB. ABTOPHI 3asiB/ISTIOT 00 OTCYTCTBUM KOH(IMKTA HUHTEPECOB.
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Individual tolerance to hypoxia:
indicators, application and methods of determination

Andrey A. Venerin g’ MaximA. Zapara ~, Alina S. Mikhalishchina ',
David Pupo Macharashvili ', Oleg S. Glazachev
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Abstract. Relevance. Human resistance to hypoxia is the most important characteristic of the organism that determines its
performance, risk of development and severity of cardiovascular, pulmonological and neurodegenerative diseases. Hypoxia, being
a typical pathological process, is one of the key links in the pathogenesis of many acute and chronic conditions, leading to delayed
consequences and significantly reducing the quality of life of patients. Hypoxic tolerance is determined by many factors, including
genetic features, physiological mechanisms and external conditions. Various methods such as hypoxia tests, functional tests, etc. are
used to determine individual tolerance to hypoxia. These methods make it possible to assess the degree of the organism’s tolerance
to hypoxia and to determine optimal training and treatment regimes. The study of correlations between individual sensitivity indices
and hypoxic resistance is widely covered in the literature, but in most cases, authors pay attention to one or several aspects of these
interactions, without conducting a comprehensive analysis of various indicators. The purpose of the study is to actualize and structure
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the available information on the indicators of individual sensitivity to hypoxia, methods of objective assessment of human hypoxia
resistance, as well as the applied significance of this characteristic of the human organism for clinical medicine and related sciences.
Research Methods. The team of authors conducted a content analysis of domestic and foreign scientific publications in Russian
and international databases. Results and Discussion. A consistent structural analysis of the available current data on indicators of
hypoxic resistance and their relationship with hypoxic resistance is presented. Variations in the methods of hypoxic resistance
determination currently used in clinical practice are considered. Conclusion. The literature review on the topic of individual hypoxia
tolerance shows that the study of this phenomenon is an actual and multifaceted direction of modern science. Complex evaluation
of individual hypoxia tolerance indicators will allow to predict the patient’s organism reaction to hypoxia accurately enough before
the instrumental examination, and also will allow to rethink modern instrumental methods of evaluation and increase of organism
resistance to hypoxia, widely used in clinical and sports medicine.
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BesepeHue

['MIMoKCHst — TUTIOBO#M MATO/IOryeCKUi TIpoLiecc,
JleTa/lbHO U3y4YeHHbIM Ha CUCTEMHOM, K/1eTOYHOM
Y reHeTHYeCcKoM ypoBHSX [1-5]. [Tompo6HO U3ydeHbI
MOJIEKY/ISIPHO-K/IETOUHbIe, peLielITOPHbIe MeXaHH3MBI
BOCTIPUSITHUS TUTIOKCHH, TPAHCKPHUITLIMOHHBIE (DaKTOPBI
Y KacKa/lbl aKTUBaLU T'eHOB-MUILIeHel IMITOKCUYeCKOU
CTUMYJISILIU (CeMelCTBO TMITOKCHSI-UH/AYLIMPOBAHHBIX
tdakTopoB TpaHckpunuuu (HIFs), Nrf2, NF-kB, ak-
THBHBIE (HOPMBI KUCJIOPO/Zia U a30Ta), myTu Metabo-
JINYeCKOro peMo/ie/TMpOBaHusl, aHTUOKCHU/IaHTHOM,
MMPOTHUBOBOCIAMNTE/bHON akKTUBAIUu U Ap. [6—8].
WHTepec K AaHHOMY Tpolieccy 00yC/IOBIeH TeM, UTo
TUMOKCHUST GUTYPUPYET B KaueCTBe 3BeHa MaToreHe3a
OOMBLIMHCTBA XPOHUYeCKUX HeMH(EeKIIMOHHBIX 3ab0ie-
BaHui (XHW3), KOTHUTUBHBIX HApYILIEeHWH, OKa3bIBaeT

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

B/IMSTHYE Ha BereTaTHBHYIO HepBHYIO cuctemy (BHC),
a TaK)Ke CUYMTaeTCsl O[HUM U3 (aKTOPOB CTapeHus [3,
9-11]. TIpu 3TOM HEOAHOKPATHO OBIIO YCTAHOB/IEHO, UTO
TUIIOKCHS T10-Pa3HOMY B/IMSIET HA OpPraHU3M YesioBeKa
Yl )KUBOTHBIX B 3aBUCUMOCTH OT UHAUBUAYaIbHBIX
ocobenHocTelt. IHAVBU/yaTbHOCTh UyBCTBUTETBHO-
CTH K TUIIOKCUYECKUM YCJIOBHUSIM JleTepMUHYPOBaHa
1esibiM psiZioM (haKTOPOB, KOTOPhIe h)parMeHTapHO
npeacTaBieHbl B mutepatype [12, 13]. B paborax
OTeueCTBEHHBIX aBTOPOB IPe/CTaB/IeHbl OTAe/bHbIe
acCreKTbl UHAUBU/YaJbHON YYBCTBUTE/IBHOCTH K YC-
JIOBUSIM THUITOKCHUH Y YeJIOBeKa U )KUBOTHBIX, OHAKO
CUCTEMHOIO OIUCAHKS BCeX BO3MOXKHBIX ZleTepPMUHAHT
TaKOW YyBCTBUTEBHOCTH B IUTeparype HeT [14].
[Ipr3HaHHBIM MeTOJJOM 00beKTUBU3AL[H UH/IUBU-
[yaJbHOW UyBCTBUTE/JBHOCTH OpPraH13Ma K TMIOKCUU
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sBJsieTcs runokcuueckuit Tect (I'T), mpoBOAMMBIM
0 pa3HbIM MeTouKaM U TpoTokoiam [15]. O6bek-
THBHas OL|eHKa yCTONYMBOCTHU OpPraHyn3Ma KOHKpeT-
HOT0 Yesl0BeKa K TMIOKCUM HeoOXoAuMa B Le/I0M
psfe obcrositenseTB. Tak, HapUMep, BHICOKHIA TTIOPOT
TUMOKCHYECKOW TONIePAHTHOCTH MOJKET CIY>KUTh
T10JIOXKUTE/IbHBIM ITPOTrHOCTHYECKUM TTPU3HAKOM MPU
OLleHKe WHTePBEHLMOHHBIX PUCKOB 1/ MalUeHTa,
a TaK>Ke MOKeT OBITb MCII0/b30BaH IIPU TIpoLiecce
rnozbopa CIIOPTCMEHOB U CIeliuaJucToB, pabora-
IOIUX B CTPECCOPHBIX KIMMAaTUUeCKUX YCIOBUIX
Y C MHTEeHCUBHBIMU (pU3MUYeCKHMMU Harpy3kamu [ 16,
17]. OnipesiesieHrie YpPOBHsI UyBCTBUTETLHOCTH OpTa-
HU3Ma K TUITOKCHU TaKKe MOKeT ObITb UCIT0/Ib30BaHO
J/11 GOpMHpOBaHUSI MHWUBU/YalbHBIX IPOTPaMM
TUIMIOKCMYeCKUX TPEHUPOBOK, HarlpaBJeHHbIX Ha M0-
BblllIeHHEe YCTOWUMBOCTU OpPraHKW3Ma K yCJIOBUSIM
runokcuu [18]. JaHHast XapakKTepUCTUKA MOXKET
SIB/IATHCS] JOCTOBEPHBIM ITPOTHOCTUUECKUM (aKTo-
poMm ucxozia 3abosieBaHusi, CKOPOCTH peabuninuTaiiuy,
a Takke OTCPOUeHHbIX 3(P(hHeKTOB U 0CJIOKHEHUN
J/IUTeIbHOTO BO3/1eMCTBUS TUTIIOKCUY Ha OPTraHU3M,
BKJ/IFOUasi KOTHUTUBHBIE (DYHKLMW U TICUXOJIOTUYe-
CKOe COCTOsSIHUWe TallMeHTa, uTo sIBseTcsi 0cobo
aKTyasbHBbIM B KOHLIMLIMU NTlepCOHAIM3UPOBaHHON
MeAULMHbI [19-21]. [Ing pelieHns 3TUX U MHOTHX
JpyruX NpUK/aJHbIX 3a7au rpoBefieHue ['T sBisieTcs
00s13aTe/IbHOM TIPOL[eTyPOH, TTO3BOJISIOIIEH TTO/TyUHTh
HeobOxozuMyto nHGopManuio o yenoBeke. OZHAKO
BapuaTuBHOCTH ['T, a TakKe OTCyTCTBHE UH(OpPMALIUK
00 oLIeHKe CTereHH BOCTIPOM3BOAUMOCTH €T0 Pe3yiib-
TaTOB TOBOPST O HECOBEPIIEHCTBE 3TOr0 METOZa,
KOTODbIN TeM He MeHee SIB/ISIeTCS JOCTaTOYHbIM [J1s]
pelIeHrs MHOTHX 3a/lay B KJIMHUUECKOW MeJULIHe
Y CMEXXHbIX oTpac/sax. ViccnesoBaHue HHAUKAaTOPOB
WHAMBU/yalbHON UyBCTBUTE/NbHOCTHU K TUIIOKCUU
TI03BOJIUT ellle [10 POBe/leHHsI HHCTPYMEeHTaIbHOTO
o06ce0BaHUsT JOCTAaTOYHO TOUHO CIIPOTHO3UPO-
BaTh peakl1i0 OpraHyW3Ma IalyeHTa Ha TUIIOKCHUIO,
a Tak)ke MO3BOJIUT Nepe0CMbIC/IUTh COBPEMEHHbBIe
MHCTPYMeHTa/bHble MeTOAUKU OL{€HKH U TOBBIIeHUS
Pe3UCTEeHTHOCTHU OpPraHW3Ma K TMIIOKCHU, IITMPOKO
WCII0/Ib3yeMble B KJIMHUUeCKOW U CIIOPTUBHOMW Me-
auiuHe [22, 23].
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Llenb nccnepgosaHus

Llenbto ganHOro 0030pa SB/ISIeTCS TIpe/ICTaBIeH e
aKkTyasnbHON HH(GOpMaLK 00 WHMKAaTOpax UHAUBUAY-
aJIbHOU UyBCTBUTETbHOCTHU K TUTIOKCHH, TIPUMEHSIeMbIX
MeToflaX 00BeKTHUBHOM OLIEHKH YCTOMYHMBOCTH UeioBeKa
K THUTIOKCHUH, a TaK)Ke TIPUKJIaJIHOM 3HaueHUH JJaHHOM
XapaKTepUCTHKHN OpraHU3Ma uesioBeka fijisi KIIMHUIeCKOM
MeJULIMHBI U CMEXKHBIX HayK.

MeTogbl u opraHnsauuna nccnepoBaHunsd

[TpoBeieH1e KOHTEHT-aHa/IM3a OTeueCTBEHHBIX
Y 3apyOeXXHbIX HayUYHbIX MyOIMKalUH B POCCUHUCKUX
1 MeXXIyHapOJHbBIX 0a3ax JaHHBIX. B 0030p BK/TIOUEHBI
63 UCTOYHMKA, BK/TFOUasi SKCTIePUMEHTa/IbHbIe U 00-
30pHBIE CTaTbU, OMYOJIMKOBAHHBIE B PEIIeH3UPYeMbIX
)KypHasax.

Pe3ynbraTtbl M 06CyXAEHME

JleTepMUHAHTBI MHANBUAYA/TbHON
YCTOMUYMBOCTH K THIIOKCHH

OpHUM 13 Ba’KHBIX TIPOTHOCTUUECKUX KPUTEpUEB
BBICOKOM TTePeHOCHUMOCTH TUTIOKCHUUYeCKOTO BO3/lei-
CTBUS SIB/ISIeTCSI TeHepHasi PUHA/IJIeXKHOCTh [24,
25]. Psap mpoBeieHHBIX UCCe0BAaHUN TOKa3bIBAIOT,
YTO >KEHIIUHBI 00/1a/1at0T 60/IbIlIel ClTOCOOHOCTHIO
a/lanTUPOBAThCS K TUTMIOKCHU, YeM MY>KUMHbI [26].
I'opMoOHasibHBIe M3MeHeHUs], BUsSIHAE MEHCTPYaIbHOIo
LIMK/Ia ¥ Bapyalliy B MeXaHWKe JIbIXaHUsI MOT'YT YaCTHU-
HO JIe)KaTb B OCHOBe 3TUX pa3nuuuii [27]. B apyrom
WCC/Ie/IOBaHUY TIPEZTIONIOKEHO, UTO CTEPOU/IbI SUUHUKOB
MOTYT BIUSITh Ha SKCIPECCUI0 KUC/I0PO/3aBUCUMBIX
reHOB, TaKuX Kak 3puTpornostuH (II10), ¢akTop
pocra sHpotenus cocynoB (EDGF), cuHTasa okcuza
asora (iNOS) u HIF-1 [28]. ITporectepoH 1 3CcTpasnon
SIBJISIFOTCSI MOLLIHBIMU CTUMYJISTOPAMU BeHTUJISILIUM,
JIeiCTBYIOIIUMU KaK Ha JibIXaTe/IbHbIU LIeHTP, Tak
Y Ha neprdepuueckrie xeMopelenTopsl. B HejaBHEM
0030pe, MOCBAIIIEHHOM PeKOMEH/IAIUSIM /15 >KEeHIIHH,
3aHUMAaIOLLMXCS TOPHBIMU BUAMU CIIOPTA U TPEHUPY-
FOITUXCST B YCJIOBUSIX THUTTOKCHH, OTIMCaHA BaXKHOCTh
I[UK/THYEeCKOTO KOJieOaHUSs TI0JIOBBIX TOPMOHOB U UX
poJu B perysisiiy BbipaboTku SI1O B yCIOBUSIX TUTIOK-
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cvu [26]. CoobiijaeTcst 0 TOM, UTO B TEUEHHE MEHCTPY-
a/IbHOTO LIMKJIa TPOMCXOUT 3HAUMTEIbHOE 3MeHeHre
CoJiepsKaHus CTPAZMOA, SIB/SIOIIErocst THTUOUTOPOM
IO, KOTOpKIiA, B CBOIO 0UYepe/ib, U3MeHsIeT BbI3BAHHbIN
TUIMOKCHel 3pUTPOII03TUUeCKU OTBeT. [1o MHeHuI0
aBTOPOB, BO3MO)KHbIE 3alUTHbIE 3((EKThI SCTPOreHOB
Y TIpOreCcTepoHa OT OKUCUTE/IbHOI0 NTOBPEX/eHHUs
TakK)Xe MOTYT UTPaTh POJib B MOJIOBBIX Pa3jAUUIX
TIIpY [ePeHOCUMOCTH T'MITOKCUU U TTOCTIeYIOLUX re-
MaroJsioruueckux agantauusax. C Apyroid CTOpOHBI,
psifi MicciieloBaHUiA coobirjaet o 6osiee BbIpaKeHHOM
TUIMOKCEMUHM Y KEHI[UH 10 CPaBHEHUIO C COOTBET-
CTBYIOLL{MMHU 110 BO3pacTy My>KUMHaMU PH OJHOM
Y TOM K€ YPOBHE 5K30Tr€HHOM TMITOKCUHU, UTO CBSI3aHO
C pas/iMyusIMU B TPAHCIIOPTe KMC/IOPOJa U B /ibIXa-
Te/IbHOU CHCTeMe, BK/TIoUast MeHee 01arorpusiTHbIe
OTHOLIIeHHsI CyYMMapHOT0 ZitaMeTpa OpOHXHAIbHOTO
JlepeBa K a/ibBe0JIsIPHOM MoBepxHOCTH [29]. B apyrom
0030pe CKa3aHO, UTO B CpeAHeM abCOMIOTHBIN 00beM
JIETKUX y MY>KUMH OOJIbIlie, 4eM y JKeHIL[|H, [Ja)Ke eC/Ti
OHU COOTBETCTBYIOT POCTY, OZJHAKO OTHOCHTE/bHbIe
00BeMbI 1 eMKOCTH JIETKUX Y Pa3HbIX TI0/I0B OJMHAKOBBI.
Haripumep, cooTHoleHue (GyHKIMOHAIbLHOM 0CTaTou-
Hoit emkoctu (POEJT) u obieii emxoctH sierkux (OEJT)
OJIMHAKOBO Y MY>KUMH U >KeHIIWH [24]. [JaHHbIe TIpoaHa-
JIM3UPOBAHHOW TUTEPaTypPbl OUeHb CKYJHbI U MeCTaMH1
NIPOTHMBOPEYMBBI, UTO yKa3blBaeT Ha MepCIIeKTUBHOCTD
Y3yueHus1 KOppeJsIUKA MeXXy MO/IOBBIMU Pa3muuUsIMy
Y TUTTOKCUYEe CKOW YCTOMUHBOCTBIO.

Hpyrum hakropom, 00yC/IOBIUBAIOIINM CTEIeHb
YyBCTBUTEIbHOCTH OpraHu3Ma K I'MITOKCHH, SIBJISIeTCS
BO3pacT yesioBeKa. [1oka3aHo, UTO YyBCTBUTEIBHOCTh
K TUTIOKCHHM 00paTHO MPOIIOpLIMOHAIbHA BO3PACTY.
CBs13aHO 3TO, BEPOSTHO, C H0Jiee BHICOKOW CKOPOCTBIO
MeTabosii3Ma B IeTCKOM BO3pacTe, 1, COOTBeTCTBEHHO,
Oosiee BBICOKOM MOTPEOHOCTHIO TKaHEeH B KUCIOPO/e
y peteti [30]. C Bo3pacTom usmeHsieTcsi GyHKIIMOHHU-
pOBaHKe OPraHOB M TKaHel, B TOM UMC/Ie yMeHbLIAeTC sl
VX BaCKy/sipU3aLiusi, CHIKaeTcsl 0CTaBKa KUC/I0pO/a,
Hapyiaetcs qubdysus O, v ero yTuausarus B MUTO-
XOH/IpUSIX, UYTO B KOHEUHOM UTOTe IPUBOAUT K Pa3BUTHIO
TKaHeBOU TMIOKCUY Y CHW)KEeHUIO (DyHKIJMOHATbHOTO
pes3epBa U aZiarTalMOHHbBIX BO3MOKHOCTEN OpraHus-
Ma. MccnenoBanust HIF-00ycnoBieHHbIX KaCKaJHBIX

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

«OTBETOB» Ha rUMobapuyecKyro TUIIOKCHIO BBISIBUIN
00paTHYI0 3aBUCUMOCTb MeXKly akTUBHOCTbIO HIF
Y BO3pacTOM, YTO CBU/IeTe/IbCTBYeT O CHUKeHUU pe-
T'YJIATOPHBIX BO3MOXKHOCTeM crctembl HIF y moxkumbix
JIFOZieH, U, Cie[j0BaTe/IbHO, CHYKEHUH TUITOKCUYe CKON
ycrourBocty [11].

Teky1uii cTaTyc Helipo-BereTaTUBHOW Perysiliuu
Yl yPOBEHb aBTOHOMHOM PeaKTHBHOCTH TaKJKe SIB/ISIFOT-
Cs1 3HAYMMbIM MapKepoM YCTOMUHMBOCTH K TMITOKCHUH,
B TO >Ke BpeMsi 3aBUCHMbBIM OT T10J1a ¥ Bo3pacTa obciie-
nyembix [30]. AHanu3 BaprabelbHOCTH CEpP/IeUHOTO
putma (BCP) mmpoko npuMeHsieTcs B KaueCTBe MeToza
OL|eHKM BereTaTMBHOIO craryca. OLieHUThb BereTaTUBHbIE
pery/isiTOpHbIe TlepeCcTPONKY MPU JIeiCTBUM TUTIOK-
CUM MOXKHO 10 IMHaMUKe M3MeHeHHUs CIIeKTpaibHbIX
xapaktepuctuk BCP (LF/HF — nokasaresb, Bbipa-
KAIOIL[MHCS B OTHOIIIEHUM HU3KOUaCTOTHBIX KoseOa-
Huil (Low Frequency) k BeicokouactoTHbIM (High
Frequency) v oTpa’karoIuii BereTaTUBHBIN OaiaHC
Mexay cumnarryeckuM (LF) u mapacummnariueckum
(HF) oTnenamu), poBOAWMBIX B UCXOAHOM COCTOSTHUM,
repuo/ie TUIMOKCUYeCKOT0 BO3/eHCTBUS U TIepUoe
BOCCTaHOB/IeHus. [10Ka3aHO, UTO UCXO/HBIE MTpeoba-
JlaHUS TTapacUMIIaTUue CKO aKTUBHOCTU B PeryJIsILIUA
Kap/M0-pecrpaTtopHbIX QYHKIMHI CriocoOCTBYOT Ooree
BBICOKOW TMITOKCUY€eCKOM pe3UCTeHTHOCTH MPU MOJie-
JTMPOBaHUK HOpMOOapuuecko rurnokcuu [30]. Y mu,
VIMEIOLIMX BbICOKYIO TUTIOKCUUYECKYH0 YCTOMUHUBOCTD,
peakLys Ha JlecaTypaL{io yaille Bcero o0ycioBieHa
VICKJ/TIOUMTEbHO CHW)KEHHEM TapacyuMraTHyeCKoun
aKTUBHOCTH 6e3 upe3MepHO CUMITaTh4yeCKOi CTUMY-
Jsamm [31].

B HefaBHO 01y6/TMKOBaHHOM MeTaaHastu3e OblIo
MOKa3aHo, UTO, XOTS Y 3/0POBBIX YKeHILWH I7100ab-
Hasl BereTaTUBHAasl aKTUBHOCTb HIKe, YeM Y MY’KUKH,
COOTBETCTBYIOLLMX M0 BO3PacTy, B MOKOE, y >KeHIUH
COXpaHsieTcsi 3HauUnTe/IbHO Oosbiiias MoHocTs HF
1 MeHbIIast MoifHocTh LF, uTo oTpaxkaercs B 6onee
HU3KOM cooTHolleHur LF/HF, uTo BHOBb yKa3biBaeT
Ha Ba)KHOCTb TeHlepHbIX pa3nuuuii [32]. OTcroga
c/eflyeT, YTO MY>KUMHBI NTPe/TIOI0KUTE/IbHO UMEIOT
MEHBIIYIO0 TUIIOKCUYECKYH0 YCTOMUMBOCTD B OT/IMUKE
OT >KeHLMH. CX0)XKUl BereTaTUBHbIN CTaTyC XapakKTepeH
ISl CTIOPTCMEHOB, TIPU 3TOM TpeobiaZiaHue rapacuM-
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MaTUUeCKOro OT/esia B ITOKOe B JaHHOM Ciiy4ae Oyzer
00yC/IOB/IEHO BBICOKOW YCTOMUMBOCTBIO K (DHU3HUUECKUM
HarpyskaM. C ZIpyroii CTOpOHBI, Y HETPeHHPOBaHHBIX
JII0fiel, BHE 3aBUCUMOCTH OT M10J1a, peakiys Ha I'U-
TIOKCHIO OyZIeT peasM30BbIBaTLCS Yepe3s rnpeobsiafjaHue
CUMIIaTUUe CKUX BIUSTHUM, BbIPAXKAIOIIUXCS B YBEJIH-
yeHun YCC u noseiienuu LF/HF. IIpu aTom cama
MOIITHOCTb ITapaMeTPOB BO BpeMsi TUTIOKCUU OyzmeT
yMeHbLIaTbCs. Ha 0CHOBaHUM BCero BbIllIeCKa3aHHOIO
MOXXHO 3aKJIFOUMTh, UTO, HECMOTPS Ha BBICOKYIO TOYU-
HOCTb MoyuaeMbix pe3ynsratoB BCP npu gelictBumn
TUTIOKCHH, BCErJja CTOUT YUUTHIBATh, OOJIBIION CIIEKTP
JIOTIOJTHUTENBHBIX (hakTOpPOB (101, cepa JesTeNnbHOCTH
U [Ip.), KOTOpble MOTYT TOB/UAATh HA BereTaTUBHYIO
peryssinuio. Takum 06pa3oM, B paMKax KOMIUIEKCHOM
OLIeHKM TMIOKCHYeCKOW yCTOMYMBOCTU MeTos BCP
MOJKeT JlaTh LieHHble HaMeKU O Ipe/riojiaraeMon pe-
3UCTEHTHOCTH OpraHu3Ma K TUITOKCHUH.

E1le ogHUM npeIMKTUBHBIM KOMITOHEHTOM UH/IU-
BH/ya/IbHOW UyBCTBUTE/ILHOCTH UeIoBeKa K TUIOKCHUU
SIBJIIIOTCS FeHeTUUe CKUe U STIUreHeTHYeCKHe ero Xa-
paKkTepuCTUKU. ['eHeTHUe CKHU TOMMMODP(U3M BHOCUT
3HaYMUTE/IbHBIN BK/IaJ B pa3HooOpa3ue yCToOWYnBOCTH
K TUMOKCHUM. TakK, U3BeCTHO, UTO HEKOTOPHBIE MOMy-
JISIUY B BBICOKOTOPHBIX perroHax (Tubet, AHIbI)
BbIpaboOTay reHeTUYeCKUe aJlanTalun, KOTOphIe
TMOBBIILIAIOT UX CTIOCOOHOCTB TIPOKUBATh B YCIOBHUSIX
runobapuyeckoi runokcuu. VccnemoBarenu BhIsIBU-
si1 KoHKpeTHbIe TeHbl EPAS1 v EGLN1, cBs3aHHbIe
C BBICOTHOM ajjanTaljue, uTo JjlaeT IjeHHOe Mpe/-
CTaB/IeHHe O TeHeTHUYeCKOM OCHOBe YCTOMYMBOCTH
K rurniokcuu [33]. UccnenoBanus Takxke BbISIBUIN
SMUreHeTUYeCKHe U3MeHeHH s, CBsi3aHHble C ajar-
Talyel K TMIOKCUY U BAUSIIOLIYE Ha SKCIIPeCCUI0
reHOB, yYaCTBYIOLIMX B BOCIIPUATUU U YTUIU3ALUU
kuciaopoza. Harmpumep, TET 1 BeI3bIBaeT AeMeTHIMPO-
Banue [IHK, npuBopsiiiee K UHAYKLWMY FeHOB-MUIIIeHEeH
B ycioBusix runokcuu; G9a u GLP ocyujectBastor
mMeTtuaupoBanue HIF-1a, yTo MpUBOAUT K UHTUOU-
POBaHUIO TPAHCKPHUILIMOHHOW akTuBHOCTU HIF-1q;
SIRT1 nytem pgeatetunupoBanus HIF-1a Tem cambiM
CHIDKaeT 3Kcripeccuto reHoB-mutieHeit HIF-1a; SIRT6
neauetunupyet HIF-2a, BbI3bIBasi akTUBALIUIO T'eHOB
3PUTPOMNO3THUHA. V3yueHure snureHeTHYe CKUX MapKe-
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POB MOJKeT /]aTh BCIIOMOTaTe/IbHY0 UH(GOPMALIUIO /1715
TOHMMaHUs YCTOMUMBOCTY UeioBeKa K TUIOKCHY [34].

Jloro/THUTe/IbHBIM WHAUKAaTOPOM MHAUBHU/Yallb-
HOM YCTOMUMBOCTHU K TUTIOKCUM MOTYT OBITH TICHUXO-
JIoTUUeCcKHe XapaKTepUCTUKU UesloBeKa, B MIEPBYIO
ouepeab TeMriepaMeHT. OnrcaHa B3auMOCBSI3b
ncuxou3noIoTuueckKux ocobeHHOCTel uenoBeka
Y UX peakLMy Ha TMIIOKCMYeCcKoe BO3ZeNCTBHe: /TnLja
X0JIepUYeCcKoro TeMIiepaMeHTa XapakTepu3yTCsl Ipo-
JOJDKUATE/TbHBIM BpEMeHEeM BOCCTaHOB/IEHUsI CaTypaLiii
K UCXOZIHOMY YPOBHIO B CDaBHEHHH C CAaHI'BUHUKaMU
[35]. ABTOpBI Tak)Xe OTMeYaroT, YTO JIUiia, UMeroII1e
Ooree BBICOKYIO TMYHOCTHYIO TPEBOXKHOCTB, 00/1a/jat0T
MeHbIIel TUIMOKCUYeCKOW YCTOMUUBOCThIO. Kpome
3TOT0, He3aBUCHMMO OT BO3pacTa JIIo[1 C BbICOKOU
CUJIOW HEPBHBIX MPOLIECCOB C JIaTeHLIUeN pearupyroT
Ha U3MeHeHHe KOHLIeHTpaLMK1 KHC/I0po/ia B OpraHusme
10 OTHOLLIEHUIO K CyObeKTaM C HU3KOW CUJION BO3-
OyxaeHus. KnroueByro posib B peakLiy OpraHu3Ma
Ha TMIMOKCUUYEeCKOe BO3ZIeliICTBHE UMeeT TIOABMKHOCTh
NICUXWYEeCKUX MPOLIeCCOB: YeM OHa BblIllle, TeM Me/l-
JIeHHee OCYILeCTB/ISIeTCSl BOCCTAHOBJIEHUE CaTypaLyiy
10 ucxoaHoro yposHs [30]. [Tomumo 3TOro, BaXKHbIM
MpeAUKTOPOM TMITOKCUYeCKOM YCTOWYUBOCTH SIBJISIETCS
poJ iesiTeNlbHOCTH YesioBeka, ero nmpodeccus u obpa3s
>ku3Hu. Hanprmep, no pe3yabraTam OLIeHKU TMITOKCH-
YeCKOro MH/IeKCa Y pa3/IMUHBIX TPYIIIT CIIOPTCMEHOB
Oosiee BbICOKHe 3HAUEHUsI UMeJIU Te, Ubsi Tpodeccu-
OHaJIbHasl [|esiTe/IbHOCTb HelloCpe/iCTBEHHO CBsi3aHa
C TIOCTOSIHHBIMY TUMOKCHUUYeCKUMU BO3/eUCTBHUS-
MU — aJILIIUHUCTBI U PppuaviBepsl [16]. TIpunumast
BO BHMMaHHe aJlanTalMoHHble KPOCC-3deKThl pu
JleliCTBUY MTOBTOPSIFOLIMXCS CTPeCC-CTUMYJIOB YMepeH-
HOM MHTEHCHMBHOCTH, MOXKHO TakK)Xe MpeZToI0KHUTh,
yTo 60Jiee YCTOMUMBLIMU K TUITOKCHU OYYT SBAATHCS
Te UHAUBUYYMBI, Uell POJ, fesiTelbHOCTH OyzieT CBsi3aH
C BbICOKOH (hr3uuecKoi akTUBHOCThBIO [23].

Takum obpa3om, rpyrmrma (akTopoB, SBJSIOLINX-
Csl IPSIMBIMU WJIM KOCBEHHBIMH JleTepMUHAaHTaMU
WH/JWBU/YalTbHOW YyBCTBUTEIBHOCTH OpraHW3Ma
yesioBeKa K YC/I0BUSIM TUTIOKCHUH, JOCTaTOYHO LIMPOKa
Y BKJTIOUaeT B cebsi reH/iepHbIe, BO3PACTHBIE, TeHeTH-
yeckue, CUXo(pU3n00TUUeCcKre U MoBejjeHueCcKue
npu3Haku. VX aHa/in3 MOXKeT ¢ onpezie/ieHHON TOUHO-
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CTBIO CIIPOTHO3UPOBaTh YCTOWYMBOCTb KOHKPETHOTO
WHJWBH/IAa K TUTIOKCHUeCKOMY BO3/[eHiICTBUIO, OTHAKO
00beKTUBHas OIleHKa BO3MOKHA UCKJ/IFOUUTETBHO
C TIOMOIIbI0 UHCTPYMEHTA/ILHOTO 00C/ieJ0BaHuUs.

MeTouKH JMarHOCTUKHA WH/UBU/Ya/TbHOMN
YCTOMYHUBOCTH K TMIIOKCHHU

OO1IenpUHSATHIM TI0/[X0/IOM K 00beKTUBHOU
OLIeHKe TUTIOKCHUeCKOW YCTOMYMBOCTU UeoBeKa
sBnisieTcst runokcuueckuid Tect (I'T). O6mwmit npuH-
1 npoBegenus ['T mogpa3ymMmeBaeT gbixaHue 00-
c/1e/lyeMOoTro TUTIOKCUUeCKOM Ta30BOM CMeChio uepe3
JIMLIEBYIO MacCKy WM HaxOXJeHre B TUTIOKCHUeCKOMN
KaMmepe /10 MOMeHTa J0CTHKeHUs YPOBHS caTypaLyuu
remorziobuHa Kucaopogom (SpO,), COOTBETCTBY-
IOI[eT0 OTIpe/ie/IeHHOMW CTeleHU TUIIOKCHH, THO0
orpaHuyeHHoe 110 BpemeHd — 10-30 MUHYT, U 3aTeM
JbIxaHHe aTMOC(hepHBIM BO3JyXOM /10 BOCCTaHOB-
JIeHUSI UCXOZHOTO YPOBHS caTypaLuu ¢ pukcarmei
BpPeMEHHU JiecaTypaliuy U peoKCUreHaluu (BoccTa-
HOBJIEHUSI CaTypaIrjuy reMorji00MHa KUCIOPOZOM).
I'T B pa3HBIX BapUaLUgaX pacrpoCTpaHeH B IIpaKTUKe
OLIeHKM CTeleHW TPeHUPOBAHHOCTH CIIOPTCMEHOB,
YyBCTBUTE/IbHOCTH JleTel U B3POC/bIX K TUIIOKCUU
v 1p. [18, 36, 37]. OpHOI 13 MepBbIX U Kaaccuye-
CKHX paboT C UCITOb30BaHUEM THUTIOKCUYECKOTO
TecTa siByisseTcsi pabora I'. ['onra [15]. ABTOpHI MO-
Jle/TMpoBasu rpebbiBaHUe TTALIMEHTOB C JIETOUHOM
raToJiorhel Ha pa3/IMYHbIX BbICOTAX HaJ, yPOBHEM
Mops. Tak, BeicoTe 1524 MeTpa COOTBETCTBOBAaja
nofiaua rurokcuyeckor cmecu 17.1% 0O,, 2438 M —
15.1% O, n 3048 m 1 = 13.9 % O,,. ITocse mogaun
TUIMOKCUYeCKOW CMeCH MalleHThl TI0Jydasiy ra30Bylo
cmech ¢ 20.9 % cogep>kaHuem Kuciaopoza. OreHKa
YCTOMYMBOCTHU K TMIIOKCUU B JaHHOM HCCJe[0-
BaHWUM NMPOBOAWUIOCH C MOMOIBIO MCC/Ie0BaHUS
MapLUaabHOrO JaB/IeHUsl KMCI0po/ja B Kposu PaO,.
[To pesynbraTam paboThl ObLIN OTpe/ie/ieHbl 3HAUEHUS
napLuaabHOTO /laB/leHrst KUCI0poJa B KPOBH, TIO3BO-
JISTFOIIIME TIAl[MeHTy a/lalTUPOBAThCS K TUTIOKCHU Oe3
JOTIOJTHUTETbHOW KUCIOPOAHOU MOAIePXKKH, a TaKxkKe
3HaueHHs, KOTOPbIE SIB/ISIIOTCS] TOPOrOBBIMU [I/151 Ha-
yasia JOTIOJHUTEeTbHOW KUCJI0POSHOU MOAAEPKKU
B YCJIOBUSIX HOpMOOapuyeCKOU TUTIOKCHH.

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

B Hacrosmee Bpems I'T mpoBoAUTCS B HECKOMBKUX
BapHalysaX U C 11eJIbI0 UCTIOb30BaHUS pe3y/bTaToB
OLIEHKH B pa3HbIX 00/1aCTsIX.

I'unokcuYecKus TecT B CIIOPTe

I[Tomumo npoBegeHus I'T B OKOe B CIIOPTUB-
HOl Me[IWLIMHEe aKTUBHO NpuUMeHsieTcs meToguka ['T
¢ husnueckoi Harpy3koi. B uccnenopanuu @. Jlyu-
ceep u coaBTopoB I'T couetaeT B cebe TIpoBeieHUE
BeJIO3PrOMeTpHUYeCKOr0 Harpy304HOT0 TETUPOBAHUS
B YCJIOBUSIX [J03MpOBaHHOM runokcuu [38]. Uccieny-
eMble M0/IBepraaruch TMIIOKCUYECKOMY BO3/|eHCTBUIO
C UMUTalell HaxoXXAeHUs: Ha BbicoTe 4800 M Haf,
YPOBHEM MOPsI TIPH BBITIOJTHEHUU CyOMaKCHMaTbHOMN
Harpy3k# (30 % OT MakCUMaJTbHOTO MOTPed/IeHUsT KHC-
JIOpOJia, U3MEPEHHOT0 B HOPMOKCHH ), KOHLIEHTpaLus
O, B I'UMOKCHUYECKOM ra30BOM CMECH COOTBETCTBOBA/IA
FiO, = 0,115, B Hopmokcuueckoii — FiO, = 0,209.
Peructpupyemble mapameTpbl peCliMpaTOPHOTo OTBETa
Ha rurnokcuto (HVRe — ventilatory response to hypoxia
at exercise) ¥ Kap/iuaJibHOTO OTBETa Ha TUIOKCUIO
(HCRe — cardiac response to hypoxia at exercise)
COOTBETCTBOBAJIM Kap/IMOPeCITMPaTOPHOM peakLvy opra-
HHU3Ma Ha U3UYECKYI0 Harpy3Ky B YCJIOBUSIX THITOKCHH,
a ASae (arterial oxygen saturation induced by hypoxia at
exercise) oTpakasa AMHaMUKY CHYDKEHHsI HAChILLEHUSI
aprepuasbHOU KpoBu O, B YC/IOBHSX TUIIOKCHU TIPU
(u3nyeckoii Harpyske. B uccnesoBanum fenaetcs Bbl-
BoJ, 0 ToM, uTo HVRe u HCRe gBASIFOTCSA HafieX KHBIMUA
Y BOCIIPOM3BOJMMbIMY MTapaMeTpaMH, KOTOPble MOTYT
OBITh MCIT0J/Ib30BAHBI AJIsI OL€HKW WHIUBUYaTbHON
XeMOUYBCTBUTE/IbHOCTU K TUTIOKCHH.

JlaHHBIe TIOKa3aTe i MO3BOJISUT BBIUMC/IUTE O0LIHI
6asn mkanser SHAI — 11kana OrjeHKH prcKa BO3HUK-
HOBEHUsI TOPHOU 00/1€3HU B YCJIOBUSIX BHICOKOTOPbSI.
[ToMuMmO BBIIIEYTIOMSHY THIX TOKa3aTesei /75 pacyera
HeoOXOUMBI ZIaHHbIE O BO3pacTe, T01e, HA/TAUUU CUM-
TITOMOB FOPHOM 0OO/e3HU B aHaMHe3e, PeryIsipHOCTH
TPEHMPOBOK Ha BEIHOC/IMBOCTb. OOIIIMH Oasi 1o IiKase
SHAI 5 u Gosiee acCOLUUPYeTCS C BHICOKUM PHUCKOM
BO3HUKHOBEHUSI TOPHOU 00JI€3HU B YCIOBUSIX BHICOKO-
ropes, 10 3 6annoB — cpegHUM U MeHee 3 6anioB —
HU3KUM [39]. Pe3ynbrarel mogo06HOr0 06C/1e10BaHUS
CTIOPTCMEHOB L|eHHBI BO3MOKHOCTBIO TIepCOHAaM3an
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TPEHHPOBOYHOTO TPOLIeCCa U YayullieHus hu3ndeCKoi
(hopMBI TPEHUPYIOLUXCS, UTO CKa3bIBAETCSI HA COPEB-
HOBaTe/IbHBIX pe3y/bTaTax.

I'mnokcuyecKuil TeCT B KTHHUYECKOH NMPaKTHKe

Opun U3 BapuaHTOB TipoBefieHus [T npencTaBieH
B pabore B. [IIaTui0 1 COaBTOPOB, T7e TPOBOANIACH
OL|eHKa MalueHToK ¢ npeaanabeTom. VicxoqHo, B Teue-
Hue 5 MuHYT 70 I'T yuacTHHKY IpOBOAUTCS M3MepeHre
KapAiMopecnupaTopHeIX mokasaresei: SpO,, UCC,
qa, CAO v JA. ITocne sToro B TeueHue 20 MUHYT
HCIIBITYEMOMY MpeJjlaraeTcs AblllaTh yepe3 MacKy
TUIOKCHYECKOH ra30Bor cMechio (12% O, 1 88 % N,).
[To ucteuenuu 20 MUHYT 00CIE[yeMOrO MepeBOsAT
Ha /ibIXaHVue KOMHAaTHbIM BO3yXoM. Bo Bpems ru-
TOKCUHU U B TeUeHHe 5 MUHYT BOCCTaHOBUTE/ILHOTO
repuozia rMpoBOAUTCSI MOHUTOPUHI KapAUOpeCIIu-
paropHbix napameTpoB [40]. [Toxokuii mpoOTOKO
nipoBefieHust ['T cozepKuTcs B iepepaboTaHHBIX pe-
KOMeH/IalusiX OPUTaHCKOTO TOPaKaIbHOTO CO00IecTBa
ot 2011 ropga: geixanue 15 % cmecoio O, (B cmecu
C a30TOM) B HOpMODOapHUUeCKUX YCIOBUSIX yepe3 Ma-
CKy B TeueHre 20 MUHYT WM 0 cTabummsanuu SpO,
Ha nipoTsbkeHnu 1 MuHyThI [36]. OgHako B obpaire-
Huu Dr. Almeeri 1 coaBTOpOB NPUBOSATCS [JOBOAbI,
CBU/eTebCTBYIOLIUE O HEJOCTAaTOUHOU TOUHOCTHU
Y Ba/lIMIHOCTU Takoro BapuaHTta I'T u Heo6xoaumMoCTH
ero obHoBneHus [41]. C gpyro#i CTOpOHBI, B TIPOBe-
JIeHHOM CPaBHUTe/IbHOM UCCJ/Ie0BaHUU HeCKOJIBKUX
MeTOZI0B OLIeHKH «T'OTOBHOCTH» OpraHM3Ma 4eyloBeKa
K THIOKCHY TTOKa3aHo, YTO HauboIbIIIel BaTMHOCTBIO
obajaeT IMeHHO JJaHHbBIN BapuaHT rpoBefeHust ['T.
OuenuBasnuck nokasaresm PaO, u SpO,, Ha 0CHOBaHUM
KOTOPBIX UCC/eI0BATe M YAaI0Ch TIPOTHO3UPOBATh
HeoOX0ZUMOCTh KUC/IOPOAHOM MO/IePKKH B YCJIOBHSX
CHW)KEHHOT'O COZIep>KaHus KUC/IOpOo/ia B OKpY>KaroLLei
cpene [42].

['Mrokcryeckuii TeCT TaKKe MPUMEHSIICS [J1s1 OLIeH-
KU TOJIEPAaHTHOCTH K THUIIOKCHH Y [ieTel ¢ GpOHXHaIbHOM
aCTMOM, MepeHeCIINX KOPOHaBUPYCHYI0 MH(EKLHIO,
B Lle/IIX Bbl/leJIeHHs TPYTIIIb] [AaLeHTOB CO CHWKEeHHON
YCTOMUMBOCTHIO [IJ1s1 IOTIO/THEeHHS Kypca peabuiuTarin
TNpoLelypaMu [epCoHa/IN3MPOBaHHbIX UHTEePBa/IbHbIX
TUTIOKCHYe CKMX SKCIIO3ULIMM [43].
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I'inokcuyecKuu TecT Ajs
TUTMOKCAYECKOT0 MPEeKOH/UIHOHUPOBAHUA
Metopuka I'T mpuMeHsanacey AJist onpefeieHust

aHa’poOHOTO Mopora NMyTeM OLIeHKH B JUHAMUKe
napameTpos o0bema norpebienus kucaopoga (VO,)
u o0bema BhIjieieHus yrnekucnoro rasa (VCO,).
NcxogHO B COCTOSIHMM TIOKOSI PETUCTPUPYIOTCS J1aH-
Heie VO, u VCO, TIpH [bIXaHWW KOMHATHBIM BO3/Ty-
xom (O, 21 %). 3arem € TIOMOL[bIO IMITOKCHKATOPA
coZlep>kaHue KHMCJI0poza BO BAbIXaeMOW ra30BOU
CcMecH CHWXaeTcs ¢ «wmarom» 2 % (T.e. 1o 19 %, 3a-
TeM — 17 %, 15 % u T.1.). [Ipy 3TOM B KaK/[0M TOUKe
cHwkenust O, POU3BOAUTCS MOBTOPHOE M3MepeHHe
noka3saresieii. B nannom Bapuante ['T dukcupoBanach
KOHLIeHTpaLMs KMCJI0PO/Ja BO BlIbIXaeMOU CMecH
TIPU JOCTMXKeHUU aHa3poOHoro rmopora (1o COOTHO-
IIeHUAM JIMHAMUKHK TToTpebienus O, ¥ Bbl/je/IeHUs
CO,), uTo B AanbHeNIIeM UCIO0/Ib30BANOCh /s
WHIUBU/YaJTbHOTO J03MPOBAaHUS TUIIOKCHYECKHUX
ctumyastuid. Takoi npotokon ['T mpumeHsiics B mpu-
BOJMMOM MCCJIeIOBaHUU [1Jisi BEIOOpA MPOTOKOJIA
TUITOKCHYeCKOr0 PeKOHAWLIMOHUPOBAHUS TIepes
OOLIMPHBIM OTNEepaTUBHBIM BMellaTebCTBOM. Ecin
KoHIeHTpauus O, Npu J0CTHXXeHUU aHa3pOOHOro
ropora 6b171a >14 %, TO BO BpeMsi TUTIOKCHYE CKOT'O
MPeKOHJULIMOHUPOBAaHYS UCI0Ib30Basach ra3oBas
cmecsk ¢ 14 % O,, ecu ke 3HaueHue O, COCTABIISLIO
or 10 g0 14 % — mauenT gpiman 12 %0,, a ecin
KOHI[eHTpaluu Obs1a < 10 % — maijueHTy AaBaau
10 % O, BO Bpemst mpoiielyp TUIIOKCHYECKOTO TIpe-
KOHAUI[MOHWPOBaHus [44].

OpHuM u3 HauboJiee YaCcTO TIPUMEHsIeMbIX
BapUaHTOB MpOBeJeHUs TUIIOKCUUECKOT0 TecTa
SIBJISIETCS IbIXaHWe TUTIOKCHYeCKOU ra30BOU CMme-
cbio (10-12 % O,) uepe3 MacKy B MOJIOKEHUU CHJIs
B MMOKOe B TeyeHUe 10 MUHYT, a NIPU JOCTHUKEHUHU
tesieporo 3HaueHust SpO, B 80 % wiu ncreueHun
BpemeHHU TecTa (10 MUHYT), AanbHellIee JbIXaHue
OCyIIleCTBIIsIeTCsI aTMOC(epHbIM BO3ZyXOM /10 BOC-
CTaHOBJIEHUS UCXO/HBIX 3HaueHui SpO,. B mporuecce
npoBegenusi I'T peructpupyercsi BpeMms Jjecarypa-
LMY ¥ PeOKCUTeHaLlM1, MUHUMaJbHOEe U MaKCUMaJ/lb-
Hoe 3Hauenue YCC u SpO, [18]. Ha ocHoBaHuu
MOy4eHHBIX pe3yibTaTOB ['T MOXXHO BbIJIeTUTH
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(heHOTUIBl yCTOWUUBOCTHU K F'MIIOKCUM (HU3Kaf,
CpefiHsisl, BbICOKasi) B 3aBUCMMOCTH OT AUHAMUKH
Jecarypauuu/peokcurenanuu, YCC U TUNIOKCHU-
yeckoro uHpekca (I') kak oTHOLIeHHs] BpeMeHHU
JlecaTypaliii K BpeMeHM peoKcureHauuu [18].
Koppensauus mexay 3HaueHusmu ['I u KomrieH-
CaTOPHBIM MOTEHL|MAa/IOM OpraHru3Ma B YCI0BUSX
TUITOKCUM TI03BOJISIeT UCI0/Ib30BaTh ero JIs OLleHKH
crierjuasbHOM ¢pu3nUUecKoil paboTocnocobHOCTH
croptcMmeHa [45].

1. MasneeB 1 COaBTOPbI HA OCHOBaHUM aHa/n3a
JVHAMUKY JleCaTypaliuy TeMorioOvHa BbIIBUIN 3aBUCH-
MOCTb YPOBHSI TUTIOKCUYeCKOU YCTOMYUBOCTH OT CKOPO-
CTH MPOLIeCCOB CHW)KEHHSI YPOBHS KMCJIOPOZia B KPOBU
Y BOCCTAHOBJIEHHsI OpraHu3Ma Iocjie TMIoKCcuyeCckon
Harpy3KH B TeCTe, YTO MO3BOJIMJIO IPOTHO3UPOBATh
¢bu3nueckyro paboTocriocobHOCTh MPU COPEBHOBATE -
HBIX Harpy3kax [46]. B cooTBeTCTBUY C aHAa/IOTMUHBIM
TIPOTOKOJIOM IIPOBO/JM/I CBOE UCC/Ie[lOBaHUe YelICKUN
tdusuonor M. Botek [31]. VciibiTyemble UCXOAHO [bI-
I1a/T1 KOMHATHBIM BO3YXOM B TeueHHe 7 MUHYT 6e3
MacKH, 3areM B TeueHue 10 MUHYT MoJiydaau yepes
MacKy ra3oByO CMeCh C IOHWKEeHHbIM COZepKaHueM
O, B HopmoGapuueckux ycnosusax (FiO, = 9.6 %),
B 3aBeplIeHUM TeCTa UCIIbITyeMble BHOBb JibIIlIaIn
6e3 Macku 7 MUHYT. Ba)KHBIM [JOTIOJTHEHHEM K TIPO-
tenype I'T B jaHHOI pabore siB/isiIach perucTpaLys
kapgauounTepBanorpammel (KUI'). ITo gaHHbIM aHa-
mu3a BCP oTmeueHb! Tpu ¢a3bl 1pu npoBegeHuu I'T:
[TpenBaputenbHas, nepexofHas (HauMHaeTcs yepes 1
MMHYTY I10C/Ie Hauasla TecTa ¥ NPOZ0/DKaeTcst 6 MUHYT),
ctabunbHasi TUTIOKCHYeCKasi (HaurHaeTCst CIycTs 5
MMHYT [10CJIe Hauyasla JbIXaH!sl uepe3 MacKy U JJIUTCS 5
MUHYT); (a3a BOCCTaHOB/eHYs (Yepe3 1 MUHYTY Moc/ie
CHATUS MacKu U Aautcst 6 MuHyT). [Ipu 3anucu KUT
BbIIEP>KUBAJTU Tay3y B 1 MUHYTY /i1 CTaOUIM3aLui
COCTOSIHUSA ZIJ151 [Ipe/iBapUTe/IbHOM U BOCCTaHOBUTE/Ib-
Hol (pa3 cooTBeTcTBeHHO. [1o UTOTaM Hcce10BaHUS
aBTOPHI /le/1al0T BBIBO/bI O BA)KHOCTU COOTHOLLIEHUS
HU3KOUaCTOTHOM M BBICOKOYACTOTHOM KOMIIOHEHT CTIeK-
Tpa BCP nipu aHanM3e yCTOMYMBOCTH UCC/IeyeMOro
K THIIOKCHH, a TaK)Ke O0bIleM BK/IaJie CUMITAaTUIeCKOro
otgena BHC B obecrieueHue afiantarivi OpraHyu3Ma
K TUTIOKCHHU.

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

Huke mipesicTaBieHa cpaBHUTe/IbHas Tabuiia,
B KOTOPBIM HaMH CZleJ/laHa TIOTbITKA CTPYKTYPUPOBAaTh
rMMerolecs JaHHbIe 0 BapraHTax TipoBegenust ['T
(Tabm.).

HecmoTps Ha 3HauuTebHOE KOJHUUeCTBO HC-
cre0BaHUM, OMMUPAIOLUXCS HA BHIIIEOMCAHHbIE
MeTOJUKHU TipoBeZieHus: I'T, ocTaloTCs HeyCTaHOB-
JIeHHBIMU CTeTeHb HaZle)KHOCTH U TOYHOCTU Pa3HBIX
TO/IXO/IOB K OlLleHKe YCTOMUYMBOCTH uesioBeKa K I'v-
nokcuu. [IpegnonaraemM, 4To NpoBefeHUe UCCTIe-
JIOBAaHUU TI0 YTOUHEHUIO TIPOTOKOJIOB MPOBe/IeHUs
I'T ¢ yueTOM UHAWMBUAYAIbHBIX 0COOeHHOCTEN
YyBCTBUTEIBHOCTHU K TUTIOKCHUH, a TakKKe OL[eHKHU
KaueCTBa HOBBIX IMPOTOKOJIOB B YaCTH BOCIIPOU3-
BOJIMMOCTH, MMO3BOJIUT CYIeCTBEHHO MOBBLICUTH
3¢ (peKTUBHOCTL TIPUMEHEHU ST aCCOI[UMPOBAHHBIX
C TUMOKCHel Tpolelyp B KIUHUYECKON MpaKTHKe
Y CMEe>KHBIX HarlpaBJIeHUSIX.

IIpuxiagHoe 3HaUeHUe

[TpescraBneHHast MH(OpPMaLYs O leTepMUHaHTax
VH/UBHU/yaTbHOU UyBCTBUTE/NBHOCTU K FMITOKCUM
¥ MeTo/jaX 00BeKTHUBHOT'O OTIpe/ieieHHs yCTOMUUBOCTU
K TUIIOKCMYEeCKOMY BO3/I€ICTBUIO SIB/ISIETCS aKTyallb-
HOM /I/1g 11e/10r0 psifja HarpaB/iaeHUN U KOHKPeTHBIX
TpoLeiyp: AJis TOATOTOBKY MaljeHTa K Tepanuu Uin
peabu/MTaIK, CIOPTCMeHa — K TPeHHUPOBKaM U COPeB-
HOBaHUSIM B YCJIOBUSIX CPe/IHETOpPbS, a CreLuaamucTa —
K 9KCTpeMasIbHbIM/Cy03KCTpeMasibHbIM yC/IOBUSIM TPYAA.
[TepBoouepeHOE 3HaUEHUE UCCIEN0BAHUIN JJAHHBIX
(axTopoB HanbosIee CyIIeCTBEHHO /ISl KITMHUYe CKOH
MPAKTUKY NIPUMEHEHHUsI TUTIOKCUYEeCKOW CTUMYJISILIUU
KaK CaMOCTOSITe/TbHOM peabu/IMTaIliMOHHOM/TeueOHOM
MpoLe1yPhI.

B 6onbimHCTBe paboT 0TMEUeHO, UTO B 3aBUCHUMO-
CTU OT /03bl U TIaTTePHA TMIOKCUUECKOW CTUMYJISILIUA
MOTYT UH/IYLIUPOBaThCs Kak OTpULiaTe/bHble, Masa-
JANTHBHbIE, TaK U MOJIOKUTEbHbIE 3(PdeKTbI (3P PeKThI
ropMe3suca) B/UsSHUS IePUOAMYeCKOM TMTIOKCHUU Ha Op-
raHu3M uesioBeka [19, 47]. Takum oOpa3om, KpaiiHe
BayKeH MH/IMBH/Iya/IbHBIN TI000P [103bI TUTIOKCHYe CKOM
CTUMYJISILIMY B 3aBUCUMOCTH OT 0COOEHHOCTel KOH-
KPeTHOTO OpraHU3Ma, BPOXK/IeHHBIX U TIPUOOPETEeHHBIX
(haKTOpOB YCTOMUYMBOCTU K TUIIOKCHUU.
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Tak, u3BeCTHBI UCCJIeJOBaHUS O IMO3UTHUBHBIX
3¢ ¢eKkTax UHTepBaJbHbIX TUITOKCUYECKUX TPEHUPO-
BOK Ha KOTHUTHUBHbIe (YHKLIMY uesioBeKa [48, 49].
C [pyroii CTOpOHBI, yCTAHOBJ/IEHO, UTO MOBbIIIIEHHAS
YyBCTBUTEILHOCTh MMOKAp/a ¥ TKaHU I'0JIOBHOTO MO3Tra
K YCIOBUSIM HEXBaTKU KMC/IOPOZia OTpe/iesisieT pUCK 0C-
JIO)KHEHUH U TIPOrpeCcCUPOBaHMUs CepZAeYHO-COCYAUCTBIX
3aboseBanmii [50]. [IpyuHATHE BO BHUMaHHe aHHBIX
0cobeHHOCTe} MalyeHTa MpU ero TepareBTHueCKOM
Be/IeHUH, TIOJITOTOBKeE K Orepaliyy, a Takke B IOCTOre-
PAaLMOHHBIN [1ePUOJ, CTAHOBUTCS [OIIOTHUTE/IbHBIM OC-
HOBaHWEM /1711 YTOUHEHUs1 KTMHUUeCKUX PeKOMeH/1alii
Y [lepCOHaM3aLy MeJULUHCKUX TIOAXOZ0B, a TaKKe
MOoU(UKaALMU TPOTOKOIOB MPOBEIeHUs CTieLjuain3u-
POBaHHBIX TPEHUPOBOK /151 [TALJUeHTOB B KIIMHUUYECKUX
criequanbHOCTAX [29]. [IpuMeHeHre WHTepBa/lbHbIX
TUIMOKCUYeCKUX TPeHUPOBOK/TIACCUBHBIX KCIO3ULIUN
B KapZIMOJIOTHU Y>Ke HAILI0 CBOe MPUMEeHeHHe U OIuca-
HO B psifie paboT U cucteMarruueckom o63ope [51-53].
[1pu 5TOM NOAYEepKMUBaeTCsl, YTO YYBCTBUTE/IBHOCTh
OpraHu3mMa K rMIIOKCUHA MOXKeT BapbHUpOBaTh B Zl0CTa-
TOUHO LIMPOKUX MpeZenax U sBISeTCsl UHAUBUYaTbHON
XapaKTepUCTHKOM, UTO aKTyaJu3upyeT 00beKTUBHYIO
OLIeHKY TMITOKCUUeCKON YCTOMYUBOCTHU [J0 IPUMeHe-
HUS pPa3sHbIX BAPUAHTOB TMITOKCUUECKOU CTUMYJIALIUN
3/1eKTPOKap/iMorpamMmma, peopramma, CrieKTporpaMma,
CKaTTeprpamMma U IoKasaTe/i BHEIHero JAbIXaH!sl [IpU
TUIMOKCUUECKOUN Harpy3Ke — [IbIXaHUH ra30BOM CMeChbI0
¢ 10 % copeprkaHreM KHCJIOpPOZa B a30Te B TeueHue
15 mun [30, 54, 55]. ViccnemoBanack dusudeckast pabo-
TOCIIOCOOHOCTB B a3p0OHOM U aHa3pOOHOM peKUMax.
BbIsiB/ieHbI MHVMBU/lya/IbHbIE PA3/IMUXsl HACBILIEHUS]
KHCJIOPOZIOM TeMornobrHa apTepraabHOM KPOBU MPH
TUITOKCHMYECKOUW HarpysKe, HaCbIlleHUe KUCI0POAOM
KPOBU Y UCITBITYeMbIX, YCTOWUMBBIX K TMITOKCUH (35 %
BCex 00c/eoBaHHBIX. HU3Kast yCTOMYMBOCTE OpraHr3Ma
K TUIIOKCUU MOXKeT UMeThb OTJaj/leHHble TI0C/IeCTBUS
JI/1s1 IaljMeHTa B YaCTH PUCKA Pa3BUTHS OC/IOKHEHUH
OCHOBHOTO 3ab0/1eBaHus, a TaKKe 3P HeKTUBHOCTH ero
peabumtaryu [39, 56].

Vcrionb3oBaHye MeTOAUK MHTePBa/bHbIX TUIIOKCH-
YeCKUX SKCIO3MLUK B COUETAHUU C TUIIEPOKCUUECKUMU
(BMeCTO HOPMOKCHY€eCKHX ) T1ay3aMy U TUITOKCUYe CKUX
TPEHUPOBOK MMEIOT IKMPOKOe NMPUMeHeHHe K K/IUHU-

68

yeckol ripakTuke [57]. TToka3aHo, uTo MpUMeHeHHe
KypCa MHTepPBa/IbHbIX TMITOKCHYEe CKU-THUITePOKCHYe CKIX
CTUMY/ISILIAM TIOJIOKUTE/TbHO CKa3bIBAeTCsl HA KOTHUTHB-
HBIX (QYHKIMSIX, YTO 000CHOBBIBaeT 3(eKTUBHOCTb X
TIpUMeHeHHH B JledeHNH U peabUIMTaliy TalieHTOB
¢ 6ome3nbr0 AsblireiiMepa, HauaIbHBIMU TarlaMu Jie-
MeHLuu [49, 58, 59]. IIpumenenue npoteayp UI'T3
000CHOBAHO /711 peabUIUTAI[UH TTal[IeHTOB B TIEPHOJ,
TeueHHsI HOBOW KOpOHaBUpYyCHOU MHbpekuuu [60].
YTouHeHre 0cOOeHHOCTel NHAWBHU/YaTbHON YyBCTBH-
TebHOCTH TakyKe MOYKeT OBbITh [1071€3HO TIPH aJjanTaliu
TPUMEeHeHUs] TUTIOKCHYe CKUX TPEHUPOBOK Y JleTel
Y TIofIpOCTKOB [18, 61].

OTt/ie/bHBIM Ba)KHBIM HarlpaBIeHUEM [ijisi Pa3BUTHS
npe/icTaB/IeHni 06 UHAWBU/IyalbHOM UyBCTBUTETHHO-
CTH YeJIOBeKa K YCJIOBUSIM T'MITOKCUU SIB/ISIETCST BBICOKAST
NOTPeOHOCTH B MOATOTOBKE CTIELMAIHCTOB OTAeIbHBIX
HarpaB/ieHUH K paboTe B YC/IOBUSIX CTPecca U TSHKebIX
(u3nueckux Harpy3ok [23, 62]. TTpoBeaeHue orbopa
repcoHa’sa 1o MeJULIMHCKOMY TIPOGUIIIO SIBISIeTCS
o0si3aTeIbHBIM [I7is1 KOCMOHABTOB, ITHUJIOTOB, BOJUTE-
Jield, OTIePaTOPOB CJIOXKHBIX BHIYMC/IUTETBHBIX CUCTEM,
criacaresield 1 MHOTHX [Ipyrux npocdeccuil. Bkitouenue
aHa/jM3a YyBCTBUTEbHOCTH KaHAWUaTa K TUTIOKCUU
TI03BOJIUT TOYHEe TIPOrHO3HMPOBATh ero CrioCcoOHOCTh
K MPUHSITHIO a/1eKBATHBIX NPO()eCCUOHAbHBIX peLleHUH
B YCJIOBHSIX CTpecca, a Takke pa3pabarbiBaTh 1epco-
HaJIbHbIe TIPOTPaMMBbI TPEHUPOBOK /Il TIOATOTOBKH
K paboTe B MOZI0OHBIX YCIOBUSIX.

Elje ofHUM TIPUIOKEHUEM /1S METO/[OB OLIeHKH
VH/IMBU/ya/lbHON UyBCTBUTE/IbHOCTU K TUIIOKCUU
SIBJISIETCSI ee IPUMeHeHUe B CriopTe. ['UIokcuueckue
TPEHUPOBKY /IaBHO BOILLIM B IPAaKTUKY MPUMeHeHUs
cpeau cOOpPHBIX KOMaH/, MHOTUX CTPaH MHUpa, YTO
CB13aHO C BO3MOYXHOCTBIO TOBBILLIEHUS] CIOPTUBHOM
pe3y/IbTaTUBHOCTH, CKOPOCTH BOCCTaHOBJIEHUS TTOCTIe
(br3MueCcKx Harpy3o0K 3a CYeT Kak reMaTo/0ruuecKux,
TaK ¥ HereMaToJIOTMUeCKUX MeXaHU3MOB, 3aITyCKaeMbIX
TUIMOKCHUYeCKUMU cTuMysiamu [63]. PacmipocTpaHeHbl
TPEHUPOBKU B YC/IOBUSIX CPAHETOPbsI U BLICOKOTOPbS,
TI03BOJISIOIIHME JOOUTHCS cxoxkero 3ddekra u Tpe-
Oytolire r1yOOKOro MOHUMaHUS UHAUBUYaTbHON
YYBCTBUTEIbHOCTU CITIOPTCMeEHA K YC/IOBUSIM THITOK-
cu [64]. OiHaKo JeTanbHbIM aHaIM3 WHAVBUYATbHBIX
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JleTepPMHUHAHT YCTOMYMBOCTH UeioBeKa K TUITOKCUH
TI03BOJIUT, C O/IHOW CTOPOHBI, TIPOBO/IUTEL 00/Iee TOUHBIH
0TOOp CTIOPTCMEHOB [I/IsI HAlpaB/IeHHOM MOATOTOBKH
K COPeBHOBAHUsIM, a Takke (hOPMUPOBATh UHUBUYa/Tb-
HYIO [POrpaMMy TPEHHPOBOK, a/JaliTUPYs ee K (HhU3Ho-
JIOTWYeCKOM KOHCTUTYLIMU CTIOPTCMeHA U YBeTnInBasi,
TakKuM 0Opa3om, ee 3(pHeKTHBHOCTB.

BbiBogbl

WnauBuiyaibHasi yCTOMUMBOCTD UesioBeKa K THITOK-
CUU JIeTePMUHUPOBaHa Kak Hac/ie/ICTBeHHbIMH (pakTopa-
MM, K KOTOPbIM OTHOCSITCSI TeH/lepHasi IIPUHA//IeKHOCTb,
TeMrepaMeHT, 0JUMOP(U3M reHOB YCTOMUHUBOCTH
K TUTIOKCHHU, TaK ¥ TIPUOOPETEHHBIMU (haKTOpaMU: POJ
JesiTeTbHOCTU, MeCTO TIPO>KMBAHUS, TPOXOXKAEHUE
Crieliav3upPOBaHHOM MOATOTOBKU U T.J. IHIUBUAY-
asbHasi yCTOMUUBOCTD K THTIOKCUM UMeeT O0bIioe
3HaueHue Jijis KTMHUUeCKOM MeJULIMHBI U IPYTHUX HayK
0 YeJIoBeKe, [I7Isl CIOPTUBHOUW Me/IUI[MHBI U TIOZITOTOBKU
CMeL[UaIMCTOB, YCIOBUS TPY/la KOTOPBIX TIPe/IToararT
TIOCTOSTHHBIN CTPeCC U OosbIlve (hr3nyecKye Harpy3KH.

Pa3uHbie NMPOTOKOJIbI IPOBeIeHUsI TUTIOKCHYe-
CKOT'O TeCTa MO3BOJISIIOT TIPH MO/IeNTUPYEMbBIX YCIOBUSIX
JeduiMTa KMCI0PO/a OLleHUBaTh KOMITeHCATOPHbIN
MOTeHI[Ma/l OpraHu3Ma U JiesiaTh BBIBO/IbI O €ro pe3u-
CTEHTHOCTH K TaKUM yCJIOBUsIM. [Ipu 3TOM HefjocTarou-
HO M3y4YeHHBIM OCTaeTCsI BOMPOC O BOCITPOM3BOIMMOCTH
pe3y/bTaToB TeCTOB 10 OMpe/ie/IeH|I0 UHUBU/yaTbHON
YCTOWUMBOCTH K TUTIOKCHH.

[TprMeHeHUe /151 3TUX Lie/iel pPa3HbIX BapUaHTOB/
MPOTOKOJ/IOB OIIeHKU TUTIOKCUYeCKOW yCTOMUNBOCTH,
MOHUTOPUPOBAHUS Pa3/TMUYHbIX (U3N0/IOTHUECKUX
1 ICUX0(pU3UONIOTUUeCKUX UH/IUKAaTOPOB CYII[eCTBEHHO
3aTpy/IHsIeT COTOCTaBUTe/IbHbIN aHA/M3 Pe3y/IbTaToB
pa3HbIX UCC/Ie/IOBAHUN U OLI€HKY BaTMJHOCTU TPOLIETYP
TIPOBe/IeHHs TUTIOKCHYeCKOTo TecCTa, YT0 OrpaHAUMBa-
€T BO3MOKHOCTH 0O0Jsiee IIIMPOKOTO ¥ 000CHOBAHHOTO
MIPUMEHEHUsI 3THX TIPOLIEAYP /151 00beKTUBHOM OIIEHKH
WH/ITUBU/lya/IbHOU UyBCTBUTE/ILHOCTH YejioBeKa K T'H-
nokcuu. HeoGxoarMo npoBe/ieHre JA0TOTHUTETbHBIX
MacCIITaOHBIX UCC/IeIOBAaHUM C OLIEHKOW CTeNeHu
BOCTIPOM3BOAUMOCTH pe3y/bTaTOB T'MITOKCUYeCKOTO
TecTa B pa3HbIX MOJUMUKALUIX, TIPU 00CIe10BaHUN
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Pa3/TUUHBIX KaTerOPHH TALIMeHTOB, aT/IeTOB U MPAKTH-
YeCKH 3/]0POBbIX 100pPOBOJIBIIEB.

References/buébnunorpaguuyecknini cnmcok

1. Post TE, Heijn LG, Jordan J, van Gerven JMA. Sensitivity
of cognitive function tests to acute hypoxia in healthy subjects:
a systematic literature review. Front Physiol. 2023;14:1244279.
doi:10.3389/fphys.2023.1244279

2. Ravi R, Subhan MMF. The effects of acute hypoxia on
cognitive and cardiovascular parameters in healthy subjects. Acad
Biol. 2023:1—11. doi:10.20935/AcadBiol6070

3. Chen PS, Chiu WT, Hsu PL, Lin SC, Peng IC, Wang CY, Tsai
SJ. Pathophysiological implications of hypoxia in human diseases. J
Biomed Sci. 2020;27(1):63. doi:10.1186/s12929-020-00658-7

4. Briine B, ZhouJ. Nitric oxide and superoxide: Interference
with hypoxic signaling. Cardiovasc Res. 2007;75(2):275—282.
doi:10.1016/j.cardiores.2007.03.005

5. Nourkami-Tutdibi N, Kiillmer J, Dietrich S, Monz D,
Zemlin M, Tutdibi E. Serum vascular endothelial growth factor is
a potential biomarker for acute mountain sickness. Front Physiol.
2023;14:1083808. doi:10.3389/fphys.2023.1083808

6. Kumar A, Vaish M, Karuppagounder SS, Gazaryan I, Cave JW,
Starkov AA, Anderson ET, Zhang S, Pinto JT, Rountree AM, Wang W,
Sweet IR, Ratan RR. HIF1a stabilization in hypoxia is not oxidant-
initiated. Elife. 2021;10: €72873. doi:10.7554/eLife.72873

7. Mallet RT, Burtscher J, Pialoux V, Pasha Q, Ahmad Y, Millet GP,
Burtscher M. Molecular Mechanisms of High-Altitude Acclimatization.
Int J Mol Sci. 2023;24(2):1698. doi:10.3390/ijms24021698

8. Chrishtop V V., Rumyantseva TA, Nikonorova VG. Typological
features of the brain in normal conditions and in cerebral hypoperfusion.
RUDN Journal of Medicine. 2020;24(4):345—353. (in Russian) doi:10.
22363/2313-0245-2020-24-4-345-353 [ Kpuwimon B.B., PymsHyeea T.A.,
HukoHopoea B.I'. Tunosiornueckrie 0Co6@HHOCTH TOJIOBHOTO MO3Tra
B HOPMe U TIpu LiepebpasbHol runonepdysuu // Becthuk Poccuiickoro
yHHBepcHTeTa JpyK0b1 HapogoB. Cepusi: MeauiuHa. 2020. T. 24. Ne 4.
C. 345—353. doi:10.22363/2313-0245-2020-24-4-345-353]

9. Guseynov NA, Ivashkevich SG, Boyko EM. Physiological
features of cells and microvasculature under the local hypothermia
influence. RUDN Journal of Medicine. 2022;26(1):34—41. (in Russian)
doi:10.22363/2313-0245-2022-26-1-34-41 [I'yceiiHoe H.A., Meawike-
suy C.I"., Boliko E.M. ®du3ronoruueckie 0COOeHHOCTH KJIETOK U MUKPO-
COCYAWCTOTO pyCJ/Ia MoJ BAUSHHEM JIOKaIbHOM TUroTepMun // BeCcTHUK
Poccuiickoro yHuBepcuTeTa Apy»k0bl HapogoB. Cepusi: MeauijpHa.
2022. T. 26. Ne 1. C. 34—41. doi:10.22363/2313-0245-2022-26-1-
34-41]

10. Guicciardi M, Pazzona R, Manca A, Monni A, Scalas LF,
Perra F, Leban B, Roberto S, Mulliri G, Ghiani G, Doneddu A,
Crisafulli A. Executive Functions and Mood States in Athletes
Performing Exercise Under Hypoxia. Front Psychol. 2022;13:1—10.
doi:10.3389/fpsyg.2022.906336

11. Dzhalilova D, Makarova OV. The Role of Hypoxia-Inducible
Factor in the Mechanisms of Aging. Biochem. 2022;87(9):995—1014.
doi:10.1134/S0006297922090115

12. Rybnikova E, Nalivaeva N. Glucocorticoid-Dependent
Mechanisms of Brain Tolerance to Hypoxia. Int J Mol Sci.
2021;22(15):7982. doi:10.3390/ijms22157982

13. Mosset IB, Gonchar AL, Kukhtinskaya LV, Mosset NI,
Malashevich PN, Semenyakov AV. Genetic markers of organism

69



Benepun A.A. u 0p. Bectuk PYIH. Cepust: Menniuna. 2025. T. 29. Ne 1

resistance to hypoxia. Molecular and applied genetics. 2010;11:74—82.
(in Russian) [Mocca U.B., I'onuap A.JI., Kyxmunckas JI1.B., Mocca H.1.,
Manaweeuu I1.H., CemeHsikos A.B. I'eHeTHueCKrie MapKepbl YCTOM-
YMBOCTH OpraHM3Ma K rurokcuu // Moseky/nsipHast ¥ NpUKJIajHast
rereruka. 2010. T. 11. C. 74—82.]

14. Dzhalilova D, Makarova O. Differences in Tolerance to Hypoxia:
Physiological, Biochemical, and Molecular-Biological Characteristics.
Biomedicines. 2020;8(10):428. doi:10.3390/biomedicines8100428

15. Gong H, Tashkin DP, Lee EY, Simmons MS. Hypoxia-
altitude simulation test. Evaluation of patients with chronic airway
obstruction. Am Rev Respir Dis. 1984;130(6):980—986. doi:10.1164/
arrd.1984.130.6.980

16. Zelenkova IE, Zotkin SV, Korneev PV, Koprov SV,
Almyashev DH, Glazachev OS, Grushin AA. Hypoxic tolerance
variability in athletes with different training level and sports
specialization. Sport Med Res Pract. 2016;4:5—10. (in Russian)
doi:10.17238/ISSN2223—2524.2016.4.5 [3enenkosa U.E., 3om-
kuH C.B., Kopneeg I1.B., Konpog C.B., Anbmsawes [I.X., Inasaues O.C.,
TI'pywun A.A. BaprabeslbHOCTb TUTTIOKCUYECKOH YCTOHYUBOCTH Y CIIOp-
TCMEHOB pa3/IMYHON KBamM(UKaIluy ¥ CIIOPTUBHOMN CITel[ia n3aliiu
// CnopTHBHasi MeZiMLIMHa: HayKa U rpakTvka. 2016. Ne 4. C. 5—10.
doi:10.17238/ISSN2223-2524.2016.4.5]

17. Shiryaeva A, Fateev I, Kuz’min A, Vetryakov O,
Shkarupa A. Modern methodological approaches to the assessment
of hypoxia tolerance and physical working capacity prediction in
the mountains (literature review). Univ proceedings Volga Reg Med
Sci. 2022;(4). (in Russian) doi:10.21685/2072-3032-2022-4-11 [I1Iu-
paesa A.U., @amees U.B., KysbmuH A.A., Bempskos O.B., IlIkapy-
naA.B. CoBpeMeHHBIe METOAWUeCKHe TTOXO0/bI K OLeHKe YCTOMIMBOCTH
K TUTIOKCHM U TIPOTHO3Y (G13UUeCcKoi paboTocrnocobHOCTH YesioBeka
B YCJIOBUSIX TOPHOM MecTHOCTH (0630p nuTeparypsl) // 3BecTust
BBICIIMX YueOHbIX 3aBe/ieHUH. [T0BO/DKCKUI perrioH. MequiHCKHe
Hayku. 2022. Ne 4. C. 107—124. doi:10.21685/2072-3032-2022-4-11]

18. Glazachev OS, Geppe NA, Timofeev YS, Samarceva VG,
Dudnik EN, Zapara MA, Chebysheva SN. Indicators of individual
hypoxia resistance — a way to optimize hypoxic training for children.
Rossiyskiy Vestnik Perinatologii i Pediatrii (Russian Bulletin of
Perinatology and Pediatrics). 2020;65(4):78—84. (in Russian) doi
:10.21508/1027-4065-2020-65-4-78-84 [Tnazaues O.C., I'enne H.A.,
Tumogpees IO.C., Camapyeea B.I"., [TyoHuk E.H., 3anapa M.A., Yebbl-
weea C.H. IHaWKaTOpbl MHAWBUAYaATbHOU YCTOMUHUBOCTH K TUTTOK-
CHUU — Ty Th ONTUMHU3aLHM IPUMEHEHHS TUTTOKCHUYe CKUX TPEHHPOBOK
y ZeTell // Poccuiickuii BeCTHUK MlepUHATONOruu U neguarpuu. 2020.
T. 65. Ne 4. C. 78—84. doi:10.21508/1027-4065-2020-65-4-78-84]

19. Lefferts WK, Babcock MC, Tiss MJ, Ives SJ, White CN,
Brutsaert TD, Heffernan KS. Effect of hypoxia on cerebrovascular
and cognitive function during moderate intensity exercise. Physiol
Behav. 2016;165:108—118. doi:10.1016/j.physbeh.2016.07.003

20. Burtscher J, Niedermeier M, Hiifner K, van den Burg E,
Kopp M, Stoop R, Burtscher M, Gatterer H, Millet GP. The interplay
of hypoxic and mental stress: Implications for anxiety and depressive
disorders. Neurosci Biobehav Rev. 2022;138:104718. doi:10.1016/j.
neubiorev.2022.104718

21. Burtscher J, Mallet RT, Burtscher M, Millet GP. Hypoxia and
brain aging: Neurodegeneration or neuroprotection? Ageing Res Rev.
2021;68:101343. d0i:10.1016/j.arr.2021.101343

22. Glazachev OS, Lyamina NP, Spirina GK. Intermittent hypoxic
conditioning: experience and potential in cardiac rehabilitation
programs. Russ J Cardiol. 2021;26(5):4426. (in Russian) doi:10.1
5829/1560-4071-2021-4426 [Inasaues O.C., JIamuxa H.II., Cnupu-

70

Ha I K. IHTepBaibHOE TUITOKCHUYeCKOe KOH/JULMIOHUPOBAHKE: OIIbIT
Y MIepCreKTHBbI IPUMEHEHHs B TIPOrpaMMax KapAuopeabumuTaryu /
Poccuiickuii kaparonorndeckuit xxypHai. 2021. T. 26. Ne 5. C. 4426.
doi:10.15829/1560-4071-2021-4426]

23. Glazachev OS, Kryzhanovskaya SJ. Adaptation medicine:
human adaptation to critically changed environment. Bulletin of the
international academy of sciences. 2019;1:48—55. (in Russian)
[Imazaues O.C., Kpbixcanosckas C.FO. ApanTaliioOHHast MeJUIHA:
ripucnoco6sieHre yesoBeka K KpUTHUeCKH W3MEHeHHOM OKpy KarolLel
cpefie // BeCTHUK Me>XlyHapOJHOH aKa/ieMuy Hayk. Pycckas cekuusi.
2019. Ne 1. C. 48—55.]

24. Dominelli PB, Molgat-Seon Y. Sex, gender and the pulmonary
physiology of exercise. Eur Respir Rev. 2022;31(163):210074.
doi:10.1183/16000617.0074-2021

25. Karayigit R, Eser MC, Sahin FN, Sari C, Sanchez-Gomez A,
Dominguez R, Koz M. The Acute Effects of Normobaric Hypoxia
on Strength, Muscular Endurance and Cognitive Function: Influence
of Dose and Sex. Biology (Basel). 2022;11(2):309. doi:10.3390/
biology11020309

26. Burtscher J, Raberin A, Brocherie F, Malatesta D, Manferdelli G,
Citherlet T, Krumm B, Bourdillon N, Antero J, Rasica L, Burtscher
M, Millet GP. Recommendations for Women in Mountain Sports
and Hypoxia Training/Conditioning. Sport Med. 2023. doi:10.1007/
s40279-023-01970-6

27. Albertus-Camara I, Rochel-Vera C, Lomas-Albaladejo JL,
Ferrer-Lopez V, Martinez-Gonzalez-Moro I. Ventilatory Pattern
Influences Tolerance to Normobaric Hypoxia in Healthy Adults.
Int J Environ Res Public Health. 2023;20(6):4935. doi:10.3390/
ijerph20064935

28. Soliz J, Thomsen JJ, Soulage C, Lundby C, Gassmann M. Sex-
dependent regulation of hypoxic ventilation in mice and humans
is mediated by erythropoietin. Am J Physiol Integr Comp Physiol.
2009;296(6): R1837-R1846. doi:10.1152/ajpregu.90967.2008

29. Mandel IA, Kiselev VO, Podoksenov YK, Svirko YS,
Shipulin VM. Hypoxic test as a method of predicting haemotransfusion
tactics and the course of early postoperative period in coronary surgery.
Pathology of Circulation and Cardiac Surgery. 2012;16(2):71—76.
(in Russian) doi:10.21688/1681-3472-2012-2-71-76 [Mah-
deab U.A., Kuceneg B.O., ITodokceHos FO.K., Cgupko FO.C., I11u-
nynux B.M. Tunokcrnyeckas npo6a Kak MeTo/ IPOrHO3UPOBaHUS
reMOTpaHC(hy3MOHHON TAaKTUKU M XapaKTepa TedeHHs! paHHeTO I10-
C/leorepaljioHHOrO Tiepro/ia B KOpOHapHOW xupypruu // Ilatonorus
KpoBoobGparenus 1 kapauoxupyprust. 2012. T. 16. Ne 2. C. 71—76.
doi:10.21688/1681-3472-2012-2-71-76]

30. Krivoshchekov SG, Balioz NV, Nekipelova NV, Kapilevich LV.
Age, gender, and individually-typological features of reaction to
sharp hypoxic influence. Human Physiology. 2014;40(6):34—45.
doi:10.7868/S013116461406006X (in Russian) [Kpusowekos C.I".,
Banuos H.B., Hekunenosa H.B., Kanunesuu J1.B. Bo3pacTHble, TeHzep-
Hble U UH/JVBH/lya/IbHO-THITOJIOTMYeCKHe 0CODEHHOCTH pearrpoBaHust
Ha 0CTpOe TUIOKCHUecKoe Bo3eicTBHe // dr3ronorus uenoBeka.
2014. T. 40. Ne 6. C. 34—45. doi:10.7868/S013116461406006X]

31. Botek M, Krej¢i J, De Smet S, Gdba A, McKune AJ. Heart
rate variability and arterial oxygen saturation response during extreme
normobaric hypoxia. Auton Neurosci Basic Clin. 2015;190:40—45.
doi:10.1016/j.autneu.2015.04.001

32. Botek M, Krejci J, McKune A. Sex Differences in Autonomic
Cardiac Control and Oxygen Saturation Response to Short-Term
Normobaric Hypoxia and Following Recovery: Effect of Aerobic

ONBMOMOMNA. SKCTTEPUMEHTANTBHAA OU3INON0T 1A



Venerin AA et al. RUDN Journal of Medicine. 2025;29(1)

Fitness. Front Endocrinol (Lausanne). 2018;9:697. doi:10.3389/
fendo.2018.00697

33. BaiJ, Li L, LiY, Zhang L. Genetic and immune changes in
Tibetan high-altitude populations contribute to biological adaptation to
hypoxia. Environ Health Prev Med. 2022;27:22—00040. doi:10.1265/
ehpm.22-00040

34. Nam HJ, Baek SH. Epigenetic regulation of the hypoxic
response. Curr Opin Physiol. 2019;7:1—8. doi:10.1016/j.
cophys.2018.11.007

35. Krivoshchekov SG, Kovtun LT, Nekipelova NV. Response
of cardiorespiratory system of healthy people to hypoxic exposure
depending on psychophysiological characteristics. Bulletin of the
Siberian Branch of the Russian Academy of Medical Sciences.
(in Russian) 2010;30(4):14—18. [Kpusowekos C.I"., KoemyH JI.T.,
Hexunenosa H.B. Peakijyist KapZjiopeClIMpaTOPHOI CUCTeMBI 37[0POBBIX
JIFO7Iel Ha TMIOKCUYeCKOe BO3/IeHCTBHe B 3aBUCHMOCTH OT NICUXO(MH-
3M0JIOTUUeCKUX XapaKTepUCTHK // Bronnetrenb CUOMPCKOTo oTzerne-
Hust Poccuiickoit Akagemun MeauuuHckux Hayk. 2010. T. 30. Ne 4.
C.14—18.]

36. Ahmedzai S, Balfour-Lynn IM, Bewick T, Buchdahl R,
Coker RK, Cummin AR, Gradwell DP, Howard L, Innes JA,
Johnson AO, Lim E, Lim WS, McKinlay KP, Partridge MR,
Popplestone M, Pozniak A, Robson A, Shovlin CL, Shrikrishna D,
Simonds A, Tait P, Thomas M; British Thoracic Society Standards of
Care Committee. Managing passengers with stable respiratory disease
planning air travel: British Thoracic Society recommendations. Thorax.
2011;66(Suppl 1): i1-i30. doi:10.1136/thoraxjnl-2011—200295

37. Balfour-Lynn IM. Hypoxic Challenge Test for airflight in
children with respiratory disease. Paediatr Respir Rev. 2017;21:62—64.
doi:10.1016/j.prrv.2016.05.002

38. Lhuissier FJ, Brumm M, Ramier D, Richalet JP. Ventilatory and
cardiac responses to hypoxia at submaximal exercise are independent of
altitude and exercise intensity. J Appl Physiol. 2012;112(4):566—570.
doi:10.1152/japplphysiol.00906.2011

39. Pla R, Brocherie F, Le Garrec S, Richalet J. Effectiveness of
the hypoxic exercise test to predict altitude illness and performance
at moderate altitude in high-level swimmers. Physiol Rep. 2020;8(8):
€14390. doi:10.14814/phy2.14390

40. Shatylo VB, Serebrovska TV, Gavalko AV, Egorov E,
Korkushko OV. Acute Hypoxic Test in Patients with Prediabetes.
High Alt Med Biol. 2016;17(2):101—107. doi:10.1089/ham.2015.0117

41. Alameeri A, Ur Rasool M, Wynne O, Subramaniam A,
Moloney E, Lane SJ. Time to improve training for hypoxic pulmonary
challenge test. QJM An Int J Med. 2019;112(4):309—3009. doi:10.1093/
gjmed/hcy121

42. Rooney D, Herkenrath S, Priegnitz C, Putzke M, Treml M,
Wenzel J, Aeschbach D, Randerath W. Choosing an Adequate Test
to Determine Fitness for Air Travel in Obese Individuals. Chest.
2019;156(5):926—932. doi:10.1016/j.chest.2019.07.022

43. Glazachev OS, Geppe NA, Timofeev IS, Shahnazarova MD,
Kolosova NG, Samarceva VG, Dudnik EN, Malahov AB, Frolkova EV,
Kalinovskaya II. Features of hypoxic resistance in children with
bronchial asthma who have undergone a new coronavirus infection.
Pediatr Cons Medicum. 2021;(2):152—157. (in Russian) doi:10.26442/
26586630.2021.2.200881 [I1azaues O.C., I'enne H.A., Tumogees FO.C.,
IIaxnazapoea M. /1., Konocoea H.I'., Camapyeea B.I"., /[yoHuk E.H.,
Manaxog A.B., ®ponkosa E.B., Kaaunoeckas U.H. OcobeHHOCTU
TUTOKCHUEeCKOH YCTOHUHMBOCTH Yy JleTel ¢ OpOHXMAaIbHOM acTMOH,
TepeHeCIINX HOBYH KOPOHABUPYCHYO uHbekmto // [Teguarpusi.

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

Consilium Medicum. 2021. Ne 2. C. 152—157. doi:10.26442/26586
630.2021.2.200881]

44. Mandel IA, Podoksenov YK, Mikheev SL, Suhodolo IV,
Svirko YS, Shipulin VM, Ivanova AV, Yavorovskiy AG,
Yaroshetskiy Al. Endothelial Function and Hypoxic—Hyperoxic
Preconditioning in Coronary Surgery with a Cardiopulmonary
Bypass: Randomized Clinical Trial. Biomedicines. 2023;11(4):1044.
doi:10.3390/biomedicines11041044

45. Romanov KP, Yusupov RA, Kozlov AV. Load testing
as a method of determining athlete’s tolerance to the normobaric
hypoxia. Physical culture and health. 2020;(4):141—144. (in Russian)
doi:10.47438/1999-3455_2020_4_141 [PomaHos K.I1., FOcynos P.A.,
Ko3n106 A.B. Harpy3ouHoe TeCTUpOBaHKe KaK MeTOZ, Orpe/eeHust
TOIEPAHTHOCTH OPraHKW3Ma CIIOPTCMeHa K TPeHHPOBKaM B YCJIOBHSIX
HopMobapuueckoii runokcuu // Kynerypa ¢usnueckasi U 350pOBbe.
2020. Ne 4. C. 141—144. doi:10.47438/1999-3455_2020_4_141]

46. Maleev D. Defining a highly skilled ski-racer’s body individual
resistance to acute hypoxia. Bull South Ural State Univ Ser Educ Heal
Phys Cult. 2015;15(4):19—23. (in Russian) doi:10.14529/0zfk150403
[Manees [I. Onipenenenvie MHAUBH/YaIbHON yCTOWUMBOCTH OpPraHMU3Ma
JIbDKHUKOB-TOHILMKOB BBICOKOH KBa/IM(UKALIUM K OCTPOM TMITOKCHH //
BectHuk FOXHO-YpanbCKoro rocyjapcTBeHHOro yHupepcureta. Cepust:
obpasoBaHue, 3ipaBooxpaHenue, husnueckas KyasTypa. 2015, T. 15.
Ne 4. C. 19—23. doi:10.14529/0zfk150403]

47. Semenov DG, Belyakov AV, Rybnikova EA. Experimental
modeling of damaging and protective hypoxia of the mammalian
brain. Russian journal of physiology. 2022;108(12):1592—1609.
(in Russian) doi: 10.31857/S086981392212010X [CemeHos /I.T.,
Bensikog A.B., PbibHukoga E.A. DKcriepuMeHTanbHOe MO/IeTMpOBaHiHe
MOBPEXX/AtoLL|eil U MPOTEKTHUBHOM IMITOKCHUH MO3Ta M/IEKOITUTAFOLHX //
Poccuticknit @usnonornveckuii JKypHan um. V.M. Ceuenosa. 2022.
T. 108. Ne 12. C. 1592—1609. doi:10.31857/S086981392212010X]

48. Jung M, Zou L, Yu JJ, Ryu S, Kong Z, Yang L, Kang M,
Lin J, Li H, Smith L, Loprinzi PD. Does exercise have a protective
effect on cognitive function under hypoxia? A systematic review with
meta-analysis. J Sport Heal Sci. 2020;9(6):562—577. doi:10.1016/j.
jshs.2020.04.004

49. Rybnikova EA, Nalivaeva NN, Zenko MY, Baranova KA.
Intermittent Hypoxic Training as an Effective Tool for Increasing the
Adaptive Potential, Endurance and Working Capacity of the Brain.
Front Neurosci. 2022;16:941740. doi:10.3389/fnins.2022.941740

50. Bilo G, Gatterer H, Torlasco C, Villafuerte FC,
Parati G. Editorial: Hypoxia in cardiovascular disease. Front Cardiovasc
Med. 2022;9:990013. doi:10.3389/fcvm.2022.990013

51. Navarrete-Opazo A, Mitchell GS. Therapeutic potential
of intermittent hypoxia: A matter of dose. Am J Physiol — Regul
Integr Comp Physiol. 2014;307(10): R1181-R1197. doi:10.1152/
ajpregu.00208.2014

52. Glazachev O, Kopylov P, Susta D, Dudnik E, Zagaynaya E.
Adaptations following an intermittent hypoxia-hyperoxia training
in coronary artery disease patients: a controlled study. Clin Cardiol.
2017;40(6):370—376. doi:10.1002/clc.22670

53. Muangritdech N, Hamlin MJ, Sawanyawisuth K,
Prajumwongs P, Saengjan W, Wonnabussapawich P, Manimmanakorn N,
Manimmanakorn A. Hypoxic training improves blood pressure, nitric
oxide and hypoxia-inducible factor-1 alpha in hypertensive patients. Eur
J Appl Physiol. 2020;120(8):1815—1826. (in Russian) doi:10.1007/
s00421-020-04410-9

54. Samoilov VO, Maksimov AL, Filippova EB, Korolev YN,
Golubev VN, Golovina AS, Savokina OV, Lesova EM. Characteristics

71



Benepun A.A. u 0p. Bectuk PYIH. Cepust: Menniuna. 2025. T. 29. Ne 1

of individual differences of human functional state in hypoxic hypoxia.
Bulletin of the Russian Military Medical Academy. 2013;3(43):1—7.
(in Russian) [Camolinog B.O., Makcumos A.J1., @uaunnoea E.B.,
Kopones FO.H., I'onybes B.H., I'onoguna A.C., CagokuHa O.B., Jleco-
6a E.M. XapaKkTepHrCTrKa MHAUBH/Ya/IbHBIX Pa3MUuii (QYHKLOHAIb-
HOT'O COCTOSIHHUSI YesI0BeKa B YCJIOBUSIX TUITOKCHYECKOW THUITOKCHH //
BectHuk Poccuiickoil BoeHHO-MeMLMHCKON akazemun. 2013. T. 3.
Ne43.C.1—7.]

55. Lukyanova LD, Kirova Y1, Sukoyan GV. Signalling mechanisms
of adaptation to hypoxia and their role in system regulation. Biological
Membranes. 2012;29(4):238—252. [JIykbsaHoea J1./[., Kupoea FO.H.,
CykosiH I'.B. CUrHa/ibHble MeXaHU3Mbl aJjanTaliii K TUITOKCHUU U UX
pOJIb B CUCTEMHOM peryssiuyu // Buonoruueckre mem6pansr. 2012.
T. 29. Ne 4. C. 238—252.]

56. George PM, Orton C, Ward S, Menzies-Gow A, Hull JH.
Hypoxic Challenge Testing for Fitness to Fly with Severe Asthma.
Aerosp Med Hum Perform. 2016;87(6):571—574. doi:10.3357/
AMHP.4543.2016

57. Uzun AB, Iliescu MG, Stanciu LE, Ionescu EV, Ungur RA,
Ciortea VM, Irsay L, Motoasca I, Popescu MN, Popa FL, Pazara L,
Tofolean DE. Effectiveness of Intermittent Hypoxia—Hyperoxia
Therapy in Different Pathologies with Possible Metabolic Implications.
Metabolites. 2023;13(2):181. doi:10.3390/metabo13020181

58. Serebrovska ZO, Serebrovska TV., Kholin VA, Tumanovska LV,
Shysh AM, Pashevin DA, Goncharov SV, Stroy D, Grib ON,
Shatylo VB, Bachinskaya NY, Egorov E, Xi L, Dosenko VE.
Intermittent Hypoxia-Hyperoxia Training Improves Cognitive Function
and Decreases Circulating Biomarkers of Alzheimer’s Disease in
Patients with Mild Cognitive Impairment: A Pilot Study. Int J Mol
Sci. 2019;20(21):5405. doi:10.3390/ijms20215405

59. Wang H, Shi X, Schenck H, Hall JR, Ross SE, Kline GP,
Chen S, Mallet RT, Chen P. Intermittent Hypoxia Training
for Treating Mild Cognitive Impairment: A Pilot Study. Am J

Alzheimer’s Dis Other Dementias®. 2020;35:153331751989672.
doi:10.1177/1533317519896725

60. Cai M, Chen X, Shan J, Yang R, Guo Q, Bi X, Xu P, Shi X,
Chu L, Wang L. Intermittent Hypoxic Preconditioning: A Potential New
Powerful Strategy for COVID-19 Rehabilitation. Front Pharmacol.
2021;12:643619. doi:10.3389/fphar.2021.643619

61. Arnaud C, Billoir E, de Melo Junior AF, Pereira SA,
O’Halloran KD, Monteiro EC. Chronic intermittent hypoxia-induced
cardiovascular and renal dysfunction: from adaptation to maladaptation.
J Physiol. 2023;603(24). doi:10.1113/JP284166

62. Temme LA, Wittels HL, Wishon MJ, St. Onge P, McDonald SM,
Hecocks D, Wittels SH. Continuous Physiological Monitoring of
the Combined Exposure to Hypoxia and High Cognitive Load in
Military Personnel. Biology (Basel). 2023;12(11):1398. doi:10.3390/
biology12111398

63. Soo J, Girard O, Thsan M, Fairchild T. The Use of the SpO,
to FiO, Ratio to Individualize the Hypoxic Dose in Sport Science,
Exercise, and Health Settings. Front Physiol. 2020;11:570472.
doi:10.3389/fphys.2020.570472

64. Grushin AA, Zelenkova IE, Glazachev OS, Dudnik EN,
Zotkin SV, Korneev PV, Koprov SV, Almyashev DH. Assessment
of oxidative-antioxidant status and aerobic performance of elite
cross-country skiers in the dynamics of training in the natural middle
mountains. Sports medicine science and practice. 2019;9(4):11—20.
(in Russian) doi:10.17238/ISSN2223-2524.2019.4.11 [ pywun A.A., 3e-
nenkoea M.E., I'nazauee O.C., [[yoHuk E.H., 3omxkun C.B., KopHeeg I1.B.,
Konpoe C.B., Arbmsiwes /]. X. OLjeHKa OKCU/JaTUBHO-aHTUOKCH/JAaHTHOTO
craTtyca 1 a3pobHoi paboToCrocoOHOCTH IMUTHBIX JIBDKHUKOB-
TOHIIMKOB B IMHaMUKe TPEHUPOBOK B YC/IOBUSIX €CTeCTBEHHOTO
cpenHeropbs // CriopTuBHas MeJuliMHa HaykKa U rpakTuka. 2019.
T. 9. Ne 4. C. 11—20. doi:10.17238/ISSN2223—2524.2019.4.11]

OmeemcmeeHHblIl 3a nepenucky: Benepun AHzpeli AHpeeBUY — acriipaHT Kadenpel HopmanbsHO# (ysnonorun MHCTUTYTA
K/IMHUUeckor MeunyHbl iMeHu H.B. Cknmugocosckoro @T'AOY BO Ilepsoro MI'MY um. YI.M. CeueHoBa Mun3zpaBa Poccun
(CeueHoBckuii YauBepcurteT), Poccuiickas ®enepanust, 125009, . Mocksa, yn. Moxosast 4. 11, ctp. 4. E-mail: venerin.andrey@

gmail.com

Benepun A.A. SPIN 8881-1892, ORCID 0000-0002-8960-5772
3arapa M.A. SPIN 2025-4697, ORCID 0000-0003-2639-6253

Muxanumyza A.C. SPIN 2134-6830, ORCID 0000-0003-4028-6405

ITyno Mauapamsunu [I. ORCID 0009-0002-4763-5321

I'masaues O.C. SPIN 6168-2110, ORCID 0000-0001-9960-6608

Corresponding author: Andrey A. Venerin — postgraduate student of the Department of Normal Physiology of the N.V. Sklifosovskiy
Institute of Clinical Medicine of the I.M. Sechenov First Moscow State Educational Establishment of the Ministry of Health of
Russia (Sechenov University), 125009, Mokhovaya St., 11, b. 4. Moscow, Russian Federation, E-mail: venerin.andrey@gmail.com

Venerin A.A. ORCID 0000-0002-8960-5772

Zapara M.A. ORCID 0000-0003-2639-6253
Mikhalishchina A.S. ORCID 0000-0003-4028-6405
Pupo Macharashvili D.D. ORCID 0009-0002-4763-5321
Glazachev O.S. ORCID 0000-0001-9960-6608

72

ONBMOMOMNA. SKCTTEPUMEHTANTBHAA OU3INON0T 1A



.ﬁ BectHuk PY[QH. Cepus: MEAULIUHA 2025;29(1)
F’ RUDN Journal of MEDICINE. ISSN 2313-0245 (Print). ISSN 2313-0261 (Online) http://journals.rudn.ru/medicine

DOI 10.22363/2313-0245-2025-29-1-73-83
EDN DZSDVK

OPUIT'MHAJIBHOE UCCJIELOBAHUE
ORIGINAL RESEARCH

Pa3paboTka MeTOgUKM NONTyYeHUs] BMOMHIKEHEPHbIX TPpy6UYaTbIX
KOHCTPYKLMI KaK NoTeHUUaNbHbIX COCYAUCTbIX rpa¢ToB

A.C. 3axapoB"? g, N.H. BacunoBckuii' —, H.B. Koporkopa' ', H./l. M>xaBanaa3e'
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2 Pg3aHcKoe o6siacTHOe oT/esieHre 001ecTBeHHOM opranu3aiun «Bcepoccuiickoe 001ecTBo nzobperareneit
Y palMOHA/IM3aToOPOB», 2. Psazamb, Pocculickas dedepayus
< AlexanderZakharov2019@yandex.ru

AnHoTanua. AkmyaibHocmb. I1pobiemMa rmovcka co3/iaHusi apTepHanbHbIX TPadTOB SBSETCS aKTYaIbHOM B COBPEMEHHOM
COCYAMCTON XUPYPTHH, ITOCKOJIBKY UMEIOLHecs B HaCTosIIjee BpeMsi CUHTeTHUeCKHe TTPOTe3bl, KCeHO-, a/UIo- U ayTorpadThl
WIMEIOT PsiJi HeIOCTaTKOB MPH MPaKTHYeCKOM ITPUMeHeHUH: TPOMOUPYeMOCTb, CTeHO3UPOBaHHe, BOCIIa/IeHHe, aHEBPU3MaTHUeCKIe
paciuvpenwsi 1 1p. PelieHreM ee MOKeT CTaTh CO3/jaHKe TEXHOJIOTUU TIOTyYeHHsl GMOWH)KeHePHBIX COCY/MCTBIX MPOTE30B Ha OCHOBE
OHOCOBMeCTHUMBIX THIpOresei. [IpUHLMITHATEHYH0 BO3SMOXKHOCTb Pa3paboTKU TakOH MeTOJUKH Mbl M XOTUM TIPOZ|eMOHCTPHPO-
BaThb B IAaHHOM HCC/iefjoBaHNN. Mamepuanbl u Memoodbl. Ha mepBoMm 3Tarie nccieioBaHuUs aBTOPBI UCTI0/IB30BaIN TEXHOJIOT N
3D-moaemipoBanus U (hoToronuMepHoU 3D-TeuaT C 11e/bI0 U3TOTOB/IEHHS TUTeUHOMH (YOPMBI JI/Is CO3/IaHNsI TKaHEHH)KeHePHOTO
cocyaucToro npore3a. Ha Bropom 3Tane paboThl co3ZiaHa MeTouKa retepoda3Hol OKUCTUTeTbHON Mogu(UKaLM albriHaTa
HaTpHs IePOKCUHUTPUTOM [iJ1s TIOMyYeHHsI LATOCOBMECTHUMOTO TH/POTreJisi, TPOTeCTUPOBAHHOTO B JlalbHEMIIIeM Ha Ky/IbType
yesToBeuecKrx (hubpoOIacToB MmyTeM aHaIM3a IaTTepHa UX POCTa U MeTabo/IMueCcKol akTMBHOCTH. Ha TpeTbeM 3Tarie Cciefo-
BaHMs1 TIPH TIOMOLIIM U3TOTOBIEHHOH paHee JUTelHOW (opMBI co3zaHa OronHKeHepHasi TpyOuarast KOHCTPYKLUsL. Pe3yibmambi
u obcyscoeHue. TlomydeHa nuteliHasi hopma Ji7isi CO3/aHUs TKaHEMH)KeHePHOTO COCY/MCTOTO MPOTe3a, OT/IMYUTE/TbHBIMU UepTaMy
KOTOPOW SIBJISIFOTCSI MHOTOPA30BOCTh MPUMeHeHus, pa300pHOCTb, MPOCTOTA CTEPUIM3ALMH 1 JIETKOCTh KCIUTyaTalyu. [Joka3aHa
LMITOCOBMECTHMOCTb TMOJIyYeHHOTO HaMU TH/pOoresisi Ha 0CHOBe MOZIM(UIIMPOBAHHOTO ajbrvHaTa HaTpusi. Ha ero ocHoBe co3zana
TpyOUaTasi KOHCTPYKLWSI J/TMHOM 7 CM, IMaMeTPOM 7 MM U TO/MIIMHOW cTeHKH 1 MM. [Toka3aHo, 4To oHa o61aziaeT rHOKOCTBIO,
37IaCTUYHOCTBIO U YCTOWUYMBOCTBIO K ZaBieHuto cBbiiie 300 MM PT. CT. Bbigodb!. Takum 06pa3oM, aBTOPEI POZIeMOHCTPHUPOBAIA
BO3MO)KHOCTB TO/Ty4eHHs1 OMOWHXeHEePHBIX TPYyOUYaThIX KOHCTPYKLIWH TIPY MOMOILM TEXHOJIOTUH (POPMOBKH C UCIIOIb30BaHHEM
3D-meuary ¥ oKa3aHa BO3MOYKHOCTb MTOTYYeHHsI ¥ UCTI0Ib30BaHHsI [IUTOCOBMECTHMBIX TI0/IMCaXapy/i-0eKoBbIX THAPOTeeH /st
TakWX Lesieid. VcceoBareny HaZletoTCsl, UTO MPH Jla/IbHelIleM COBepIIeHCTBOBAaHNM ITPOYHOCTHBIX XapaKTePHUCTHK U aZire3UBHBIX
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CBOWCTB MaTepuaJia laHHasi MeTOJJMKa MoTyueHHst OMOMH)KeHePHBIX TPyOUaThIX KOHCTPYKLMH MOXKET JieUb B 0CHOBY TEXHOIOTHH
TIPOM3BO/ICTBA COCYAUCTHIX TPaTOB B 00pa30BaTebHBIX, HAYYHBIX U MEAULIMHCKUX LIeIsIX.
KroueBble cs1oBa: 3D-reuars, mureliHasi opMa, TMpOTe/ib, albTUHAT, JKelaThH, ePOKCUHUTPUT, COCYUCTBIN rpadT

Nudopmanus o puHaHcupoBanuu. VccieqoBaHue MpoBeieHO MPH MojAepskke TpanTa «CTyneHYeckui ctaprarn» ®oHza
cofiercTBUSI UHHOBaLMsIM 110 JoroBopy Ne 1476T"CCC15-L/87614 ot 05.09.2023.

Bxknap aBTopoB. 3axapoB A.C. — nu3aiiH 1 TIpoBe/ieHre UCCIle/I0BaHusl, aHaIu3 ¥ 000011eHre pe3y/bTaToB, peJaKTHPOBaHHe
TEKCTa PYKOIHMCH, CO37laHre Tabmui] ¥ wimtocTpauyi; BacunoBckuii I.H. — npoBe/ieHre MCCeJOBaHMSI Ha 3Tarax CMHTe3a
TUiporesiell, U3rOTOBJIEHUS U TeCTUPOBAHUS TPyOUaThIX KOHCTPYKIIWH, peJJakTUpOBaHKe TeKCcTa pykomnucu; Koporkora H.B.,
M>kaBaHaz3e H.[I., Kanunosckuii C.U., CyukoB 1. A., KanuuuH P.E. — pyKoBO/CTBO MCC/ie[JoBaHHEM, KOHCY/IbTaTUBHASs IOMOIIIb,
peJaKTUPOBaHUe TEKCTa PYKOITHMCH, OKOHUATe/IbHOE YTBEPIK/IeHMEe BePCUH ISt Iy O/THKalii. Bce aBTOPBI BHEC/H CYITe CTBEHHBIN
BKJIaZl B pa3pabOTKy KOHI[ETIIIUH, IPOBEZIEHHe UCC/IeJOBAHUS U TTOATOTOBKY CTaThH, TIPOWIN U Of00PHIH (UHATBHYIO BEPCHIO
riepes; myOuKaLyen.

HNudopmanysa o KOHQINKTe HHTePeCcoB. ABTOPHI 3asiB/ISIIOT 00 OTCYTCTBUM KOH(IMKTA MHTEPECOB.
JTHUecKoe yTBep)KAeHne — HelIpUMEeHUMO
BiaropapHocTH — HElIPUMEHUMO.
HNudopMupoBaHHoe coryiacue Ha MyOIMKaLUI0 — HEIPUMEHHMO.
ITocrynuna 24.03.2024. ITpunsra 25.04.2024.
Jist nuTupoBanus: 3axapos A.C., Bacunoeckuii 1. H., KopotkoBa H.B., MykaBanazze H./[., Kaaunosckuli C.H., Cyu-
koe U.A., KanuHuH P.E. Pa3paboTka MeTOJMKH MO/TyueHHsi OMOMH)KeHePHBIX TPyOUaThIX KOHCTPYKLIMHI KaK TIOTeHL[MaTbHBIX

COCYaUCTBIX rpadToB // BecTHUK Poccuiickoro yHUBepcuTeTa Apy»KObl HapogoB. Cepust: MeautuHa. 2025. T. 29. Ne 1. C. 73—83.
doi: 10.22363/2313-0245-2025-29-1-73-83. EDN DZSDVK

Development of a technique for obtaining bioengineered tubular
structures as potential vascular grafts

Alexander S. Zakharov" 2 g, Ivan N. Vasilovsky' ', Natal’ya V. Korotkova' ',
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! Ryazan State Medical University, Ryazan, Russian Federation
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* AlexanderZakharov2019@yandex.ru

Abstract. Relevance. The problem of searching for the creation of arterial grafts is relevant in modern vascular surgery,
since currently available synthetic prostheses, xeno-, allo- and autographs have a number of disadvantages in practical use:
thrombiability, stenosis, inflammation, aneurysmal extensions, etc. The solution to this problem may be the creation of a technology
for obtaining bioengineered vascular prostheses based on biocompatible hydrogels. We want to demonstrate the fundamental
possibility of developing such a technique in this study. Materials and Methods. At the first stage of the study, the authors
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used 3D modeling and photopolymer 3D printing technologies in order to manufacture a mold for creating a tissue-engineered
vascular prosthesis. At the second stage of the work, the authors developed a technique for heterophase oxidative modification
of sodium alginate with peroxynitrite to obtain a cytocompatible hydrogel, which was subsequently tested on human fibroblast
culture by analyzing their growth pattern and metabolic activity. At the third stage of the study, a bioengineered tubular structure
was created using a previously manufactured mold. Results and Discussion. We have obtained a casting mold for creating
a tissue-engineered vascular prosthesis, the distinctive features of which are reusable, collapsible, easy sterilization and ease of
operation. The cytocompatibility of the hydrogel obtained by us based on modified sodium alginate has been proved. It is based
on a tubular structure with a length of 7 cm, a diameter of 7 mm and a wall thickness of 1 mm. It is shown that it has flexibility,
elasticity and resistance to pressure above 300 mmHg. Conclusion. Thus, the authors demonstrated the possibility of obtaining
bioengineered tubular structures using 3D printing molding technology and showed the possibility of obtaining and using
cytocompatible polysaccharide protein hydrogels for such purposes. The researchers hope that with further improvement of the
strength characteristics and adhesive properties of the material, this technique for obtaining bioengineered tubular structures can
form the basis for the production technology of vascular grafts for educational, scientific and medical purposes.
Keywords: 3D-printing, casting mold, hydrogel, alginate, gelatin, peroxynitrite, vascular graft
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BeeneHue

3aboneBaHUs COCYZOB B HACTOsIIIee BpPeMsl TpPH-
BJIeKalOT Bce Ooblllee BHUMaHUe CIel[haJlnucToB
B 00/1aCTH He TOMBKO KITMHUYECKOU, HO U (yHZaMeH-
Ta/lbHOW Me/IMLIMHBL. AKTUBHO pa3BUBAIOLIMeCs MeTO-
JVKU PeKOHCTPYKTHBHBIX OTMEPaTUBHbIX BMeLIaTeTbCTB
Ha apTepyajyibHOM pycJ/ie IPUBOJAT K IIOCTOSIHHOMY
COBEPILLEHCTBOBAHHUIO COCYAUCTBIX TPAHCI/IAHTATOB:

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

CUHTeTHUeCKHX [1POTe30B, ayTo-, a/UI0- U KCeHorpad-
TOB [1]. OHaKO MHOKECTBO UCC/IeOBaHUI TOBOPUT
0 CyILL[eCTBOBAHUH LIEJIOTO Psifia PUCKOB, CBSI3aHHBIX C UX
NpUMeHeHHeM: TpoMO030B, peCTeHO030B, BOCIa/eHus],
aHeBpU3MaTHUeCKUX paclIMpeHuit u ap. [2—4].
PetieHrieM npo6sieMbl COCYAMCTON TPAHCIIAHTO-
JIOTUM MOJKeT CTaTh CO37laHKe TeXHOJIOTHH TIO/TyYeHHs
OMOMH)XKeHePHBIX COCYAUCTBIX rpad)TOB HA OCHOBE
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OHOCOBMeCTUMBIX THApOresiel [5]. [IpUHIMIHATBHYO
BO3MOXXHOCTh Pa3pabOTKHU TaKOW METOJJUKU MbI U XOTUM
TMPOZIEMOHCTPUPOBATH B JAHHOM MCCJI€/[OBAHHUH.
TakuM 00pa3oM, Liesbl0 UCCIe[OBaHus CTala
pa3paboTka criocoba mosiyyeHus OMOMHKEHEPHBIX
TpPyOUaThIX KOHCTPYKLIMI Ha OCHOBE LIUTOCOBMECTUMBIX
rUziporesieli Mpy MOMOIIU TexHooruu 3D-nevaty.

MaTepVIaan n MeTopabl

N3roroBieHue suTeiiHOH GopMbI

[nst popMOBKY TPyOUaThIX CTPYKTYP U3 TUJPO-
resieii HamMmu Oblsla MU3TOTOBJIEHA TUTelHast popMa.
KoHcTpykims opMbl NpoeKTUPOBaaach B MporpaMme
KOMITAC-3D v20 (Poccus).

Ha ocHoBe nosy4eHHBIX B XOZle TTPOeKTHPOBaHUs
stl-mopeneit getaseit MeToZoM (OTOIOJIUMEPHOM
3D-neuatu nipu nomoiy 3D-npuHTepa Anycubic Photon
M3 Plus (Kurait) Obl/i M3rOTOBJIEHBI I€Ta/IU JTUTEHHOMN
thopmnl u3 hotononumepHoi cmosibl Harzlabs Industrial
Nylon-like (Poccusi) u HarzLabs Dental Model Light
Grey (Poccust) ipu ciiefiyroIux rnapameTpax redaru:
KO/T-BO 0a30BBIX CII0EB — 2, BpeMsl 3aCBETKU CJI0S —
2 ¢, Bpems 3acBeTKH 0a3bl — 20 ¢, may3a MeXx/ay CJ1osi-
MU — 9 ¢, BbICOTa NOZ/bEMA CTO/IMKA — 7 MM, CKOPOCTb
no/ibéMa/onyckanusi cronvuka — 120/180 mm/muH (7151
Dental Model Light Grey) u Koi-Bo 6a30BbIX CTIOEB — 2,
BpeMsI 3aCBeTKH c10s1— 1 ¢, BpeMsi 3acBeTKH 6a3bl —
10 ¢, maysa Mexzy ci0iMu — 8 ¢, BbICOTa NMoAbEMa
CTOMHUKA — 7 MM, CKOPOCTb TIOJ/béMa/0MmyCKaHHs CTO-
Jvka — 60/60 MM/MUH.

ITocTob6paboTKa HareyaTaHHBIX JieTasei MPOBOAU-
noch B Yd-kamepe-moiike Anycubic Wash&Cure 3.0
(Kuraii) npu ciefyommx yCa0BUsX: JJIUTEIbHOCTD
TIPOMBIBKM B U30MPOIMIOBOM CIIMPTe — 15 MUH, [/I1-
TeJILHOCTB BO3eicTBUsl YD-06myueHrem — 30 MuH.

OxkucnTe1bHasA MoguduKanus
a/lbrMHaTa HaTpus
Anbrunar Hatpusi (ALG) (Tianjin Hwashin
Biotechnology Co. Ltd., Kurait) mojgBepraiu okuc-
JIUTe/IbHOW MOAMGMUKALIUM BO3/IeMICTBUEM aKTUBHOU
(hopMbI KHC/IOpOZA U a30Ta — MePOKCUHUTPUTOM
B retepo(asHbIX yCIOBUSX: 4 T MOPOILLKA a/JbrMHAaTa
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HaTpUs 3a/IMBa/IM CMeChi0 25 MJI IePOKCUHUTPUTA
n 25 v 95 % 3TUI0BOTO CIYPTA U BbIAEP)KUBAIN TIPU
KOMHATHOM Temreparype Y IIOCTOSIHHOM IlepeMeLLy-
BaHWM B TeMHOTe. [lanee 0CcafioK OTAesIu OT CMeCH
(unbTpaLyeli ¥ NpOBOAUIN Uepe3 CepUt0 pacTBOPU-
TeJsiel /i OTJe/IeHUs TIpuMeceid, 00pa30BaBIITUXCS
B IIpOL|ecce peakLyu.

CopeprkaHre KapOOHUIBHBIX, KAPOOKCUTBHBIX
Y HUTPOTPYIIT ONpe/esisiyIi MeToAaMU TUPOKCU/IAMUH-
TUPOXJIOPUHOTO TUTPOBaHHUs, KOJIODUMETPUUECKH
TI0 TIOTVIOLeHUI0 abcopO1MY MeTH/IEHOBOTO CUHETro
13 pacTBOpa M KOJOPUMeTPUYeCKHU peakiiel C peak-
TUBOM ['pricca COOTBETCTBEHHO.

PacTBop nepokCcUHUTPUTA A1 MOAUDUKALUA
W3roTaB/IMBa/IM peakLyel Bo by cMecy 10 mi 3 % mie-
pokcujia Bogopoza (Camapamearipom, Poccust) ¢ 34 MK
96 % (macca/o6bém) cepHOl KucaoThl (KoMIioHeHT-
PeakTus, Poccus) u 10 mn 1M pacTtBopa HUTpUTA
Hatpus (Ypanxum, Poccust) ¢ 15 mn 2M pacTBopa ru-
Apokcuaa Hatpus (KomroneHT-peakTus, Poccus). s
pa3yiokeHHst 30bITKA MePOKCHA BOAOPOJa BHOCUIH
MOPOIIIOK AUoKcKa Mapraniia (FOrpeaktus, Poccus).
[Tocne ¢punbTpalyivi KOHLIEHTPALUIO ePOKCHHUTPUTA
OTpe/iesisiiv KOJIOPUMETPUYECKH Ha CIIeKTPo(oTOMeTpe
C®-2000 (OKB «Cnektp», Poccust) ripu AyiiHe BOTHbI
302 um (= 1670).

[TosryueHue a/ibrUHAT-)Ke/JIaTUHOBBIX TU/poresiei
'upporenu /st icciiefoBaHUs MOMyYanu MyTEM
pactBopenus B 100 My ¢u3ronornueckoro pacteopa
ripu 40 °C 2 r uHTaKTHOrO ajabruHaTa Hatpus (ALG)
u 3 r xenaruHa (G) (Jua-M, Poccust) npy noCTOSSHHOM
riepeMellMBaHKY C o0aBeHneM WK 0e3 gobaBieHus
2 r MoaudUIIMPOBAHHOTO anbruHarta Hatpus (mALG)
B onbITHBINA (ALG(2) mALG(2) G(3)) 1 KOHTPOJIbHBIN
(ALG(2) G(3)) ruzporeny COOTBETCTBEHHO.

KiieTouHoe Ky/IbTUBHPOBaHUe
B KauecTBe 3KCIIepUMeHTaIbHOU KYJ/IBTYPbI KJIETOK
WCTI0/b30Ba/H KY/IBTYPY YeroBedeckux (prubpobmacTos
u3 6anka kinetok [THUJI Pa3['MY, nonyueHHyto dep-
MEeHTaTMBHBIM MeToZioM B 2019 rozy oT 340pOBOro J0-
HOPA, TO/ITHCaBIIIero J006poBobHOe HHOPMUPOBAHHOE
cornacre. ®ubOpo6s1aCThI KYTETUBUPOBA/N B KYJIBTY-
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pabHbIX (uiakoHax B cpeie DMEM/F12 Ge3 riyTamMuHa
1 T/IOKO3HI ¢ flobaBnenreM 10 % deTtanbHOM ObIubeit
CBIBOPOTKHU U 5 % MeHULWIIMH-CTPeNTOMULIMHOBOIO
anTrOuoTrka B ycinosusax CO,-unKybaropa ¢ 5% co-
Jlep>KaHueM yTeKUCoro rasa u temreparypou 37 °C
[0 COCTOSTHUSI MOHOCJIOS.

OueHka pocra ¢pubpodsiacToB
Ha NMOBEePXHOCTH I'HAporeyen
W3roToB/ieHHbIe OMBITHBIA U KOHTPO/IbHBIN TH/IPO-
refy 3a/MBaIv B 96-TUTYHOUHBIH T/1aHILEeT B 00bEMe
60 MK/1//TyHKa, BbIIEP>KUBAJIA /10 3aCTbIiBaHUs pu 4 °C,
nosimMepu3oBauy gobasnerrem 100 Mk 2 % pacTBopa
XJI0pyja Kaablys B TeueHre 10 MuH, a 3aTeM — 300ME
MUKpOOUaibHOM TpaHcryTaMuHasbl (Biological Co ltd.,
Kuraii) B TeueHre Bcero nepuofia KyJIbTUBUPOBAHMUS.
Ha rnoBepXHOCTb T'r/iporesieil BbICa)KUBAHU CyCIleH-
3110 GUOPOO6IACTOB B Ky/IBTypa/IbHOM Cpejie B KOHI[eH-
tparuu 20 ThIC. K/IeTOK Ha JyHKY. PocT ¢hubpobnactos
OLIeHMBa/Y MyTéM (ha30BO-KOHTPACTHOM U CBETJIOMNOb-
HOM MMKPOCKOMNWY Ha 3 U 7 JHU KY/IbTUBUPOBaHUS PU
nomoim Mukpockorna Olympus CKX53 (SAnonus).

HccnepoBanue MeTabo1muecKol aKTHBHOCTH

(pubpobd1acToB Ha MOBEPXHOCTH FUAPOresiei
MeTabonuecKyto akTUBHOCTh (prubpobiacToB
OLleHUBa/Iu Ha 3 U 7 [JHU KYyJbTHBUPOBAHUS 1PU
oMot MTT-tecra: B iyHKU A006aBasiv 20 MK
pactBopa MTT-peakTuBa (Sigma-Aldrich, CIIIA)
1 MHKyOupoBanu B TedeHue 3 yacoB. [10 okoHUaHUHM
WHKyOaluu cpefy B JIyHKax 3ameHsid Ha 100 MK/
DMSO u unkybuposamu etre 30 MuH. [To oKOHUaHUH
WHKyOaumu pactBop ¢hopmaszaHa B DMSO u3 yHOK
TLIaTe/IbHO MepeMellnBaIy U epeHOCUTU B YUCThIN
96-TUNyHOUHBIN TaHIIeT. ONTHYeCKYO0 MJIOTHOCTh
OIpeJie/isIM Ha TlaHLeTHOM pugepe StatFax 2100
(Awareness Technology, CIITA) B pexxume 492/630 HMm.

ITonyueHue U OLleHKA CBOMCTB rujiporeieBou
TPy0UaToil KOHCTPYKLIMHU
['upporesneByto TpyOUaTyo KOHCTPYKLIUIO TIOY-
ya/li Ha OCHOBe OTOOPAHHOTO B pe3ysbTaTe TECTOB
¢ hubpobnactamu ruAporess MyTéM 3aIMBKU THAPO-
reisi B MOMOCTb JIUTEMHOU (POPMBI, TTOJIMMepHr3aLun

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

TepMuuecku 1pu 4 °C, noHHO — 2 % pacTBOPOM XJIO-
pyja Kaabliys B TedeHue 10 MUH U (pepMeHTaTUBHO —
10 % pacTBOpOM MUKPOOHa/ILHON TPAHCT/TyTAMHUHA3bI
B TeueHue 10 MUH.

[TonyueHHbIE B UTOTe IHPOTe/eBbie TpyOUaThie
KOHCTPYKLMH MPOBEPSI/IN MyTéM CrubaHus U HarHe-
TaHUs /laBJ/IeHUsl.

Crarucruueckas 00padoTKa JaHHbBIX

CrartucTriyeckrii aHa/u3 MPOBOAW/IN B IPOrpaMme
SPSS Statistics v23.0 (IBM, CIIIA). AHanmu3 BbIOOPOK
Ha HOPMaJIbHOCTh He MPOBOAU/ICS BBU/y KOJIMUYECTBA
NnoBTOpHOCTel MeHee 20, pacripesiesieHUe CUATaNI0Ch
HeHOpMasibHbIM. CpaBHeHMe Tiap BEIOOPOK OCYIIIeCTBIIs-
s U-kpurepreM MaHHa—YUTHH, [1J11 MHOXKeCTBEHHBIX
CpaBHeHui1 BHauasie npuMeHsiii H-kpurepuii Kpackena-
Yonnuca, a 3aTeM B KaueCTBe arlOCTePUOPHOTO aHa-
nu3a — U-kputepuid MaHHa—YUTHU C NOTIPaBKOM
BoHdepponu.

Pe3ynbraTthbl M 06CyXAEHME

N3roroBieHue JTUTEeHHOM ()OPMBbI /IS O/TyYeHUA

TUAPOre/IeBbIX TPYOUaThIX KOHCTPYKI[UH

B pe3ynbTaTe mpoBeeHHOW pabOThI MOMyUeH
nateHT Ne 2780293 «JIuTelinast popma fijist CO3/jaHuUs
TKaHeWH>XeHepHOTr'0 COCYJJUCTOro TpoTe3a» (zaTa
peructparuu — 21.09.2022). KoHCTpyKIys cripoek-
THPOBAHHOTO U M3TOTOBJIEHHOTO HAaMH U300peTeHust
rpeZicTaB/isieT co00# raHTee0bpa3Hyi0 CTPYKTYPY,
cocrosigyto u3 13 geraneit 5-tu Tunos (Puc. 1).

JIutetinast popma B COGpPaHHOM COCTOSIHUY UMEeT
TOJIOCTh AJIMHOM 7 CM U TOMIIUHOM 1 MM, COOTBeT-
CTBYIOLIYIO KOHTYpaM TperoaraeMoi KOHCTPYKIMA
Tpy6uaroro rpadra. ['Maporesib, 3aMUBAOIUNACS BHYTPb
KOHCTPYKILIMH, TTOABEpraeTcsi CHauasaa X0JI0[0BOM,
a 3aTeM MOHHOM (MyTéM KOHTakKTa C 2 % pacTBopom
XJIOpUJA KaslbLIMs yepe3 OTBEPCTUS B JIMTEMHOW (opme)
«cmmBKe». [To OKOHUaHWHM JJAHHOTO TIpoLiecca u3oope-
TeHUe MOKeT ObITb pa300paHO Ha COCTaBHbIE YaCTH
C BBICBOOOXK/IEHHEM T'HPOTe/IeBOM TpyOuaToi KOH-
CTPYKLMH, KOTOPasi /iajiee Tpyu HeoOXOJUMOCTH MOXKET
OBITB /IOTIOJTHUTE/ILHO TIO/IBEPrHyTa (hepMeHTaTUBHOU
WA XUMUUEeCKOW «CIIUBKE».
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Puc. 1. MNMpouecc M3rotoBneHust nnTeitHon hopMbl. A — MNocTobpaboTka AeTanei pasanyHbIX TUMOB AN 4-XIUTeRHbIX
(OpM, N3roTOBNEHHBIX M3 hoTONONMMEPHOM cMonbl HarzLabs Industrial Nylon-like. B — BHeLWHWI BUA NUTENHON OPMBbI,
M3roTOBMEHHOM 13 dhoTononmmepHoi cmonbl HarzLabs Dental Model Light Grey, B co6paHHOM COCTOAHUM

Fig.1. Manufacturing of the casting mold. A — Post-processing of different parts of 4 casting molds made of HarzLabs
Industrial Nylon-like photopolymer resin. B — Assembled state of the casting mold made of HarzLabs Dental Model Light Grey
photopolymer resin

Ionyyenne MoguUIMPOBAHHOTO TIOPOILIKA C YKETBIM OTTEHKOM U COfIePyKaBIINH yBe-
a/IbrUHaTa HaTPHUs YeHHOE KOJTMUeCTBO KapOOHUIBbHBIX, KapOOKCH/TbHBIX
[TyTéM peakiyu C royueHHbIM 37 MM pacTBOPOM Y HUTPOTPYIII, B CDaBHEHUH C MHTAKTHBIM a/TbI’MHATOM
TIePOKCHHUTPUTA U3rOTOBJIEH obpaser] Moauduiipo- Harpus (Tabm. 1).
BAHHOTO aj/lbTMHAaTa HaTPHsl, UMEBIIHMH BUJ 6Georo

Ta6bnuua 1
XapakTepucTuka nonyyeHHoro o6pasua MoaudMLMPOBaHHOrO ajibrMHaTa HaTpUs
Bua anbruHata CopepxxaHue . CopnepxaHue . Cop.epx(aume;
Kap6OHWUNbHbIX rpynm, % Kap6oKCUbHbIX rpynn, % HuTporpynn, %
MHTaKTHbIN (ALG) 100 100 0
MoguduumpoBaHHblit (MALG) 190+8 157 +3.57 5.56 +0.64
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Table 1

Characteristics of the obtained modified sodium alginate sample

Type of sodium alginate Carbonylic groups percentage, %

Carboxylic groups percentage, % Nitro groups percentage, %

WHTakTHbIN (ALG) 100

100 0

MogauduumposaHHbIii (MALG) 190+8

O11eHKa IUTOCOBMECTUMOCTH TU/IpPOoTeien
¢ ¢pudpodracTaMu

B pesynbrare KynbTUBUpOBaHus GubpobiacToB
Ha MOBEPXHOCTU MOAU(PULIMPOBAHHOTO ¥ KOHTPOJIb-
HOTO TUJporesiell B TeueHUe 7 JHeW yCTaHOBIEHO,
uyTOo KyeTKu Ha ruzaporene ALG(2) G(3) umeror
OKPYT/YI0 MOPGOIOTHIO ¥ CKJIOHHBI 00beTUHATHCS
B IPYMNIIbl, UTO MOKeT CBU/eTe/IbCTBOBATh O HeJl0-
CTaTKe KOHTAaKTOB «KJIeTKa-MaTPUKC» U U30BITKe
KOHTAKTOB «KJIeTKa-K/jeTKa». B TO ke Bpemsi K/IeTKH
Ha rujiporene ALG(2) mALG(2) G(3) pacnpege-
JIeHbI 110 TOBEPXHOCTHU MaTepuasia OTHOCUTE/IbHO
PaBHOMEPHO U UMEIOT BBHITSHYTYH MOp(}OJoruio,
YTO MOXKET TOBOPUTH O JJOCTAaTOYHOM KOJIMUeCTBe
KOHTaKTOB «KJ/IeTKa-MaTPUKC» U TIOSIBJIeHUHU Y Pu-
6pobsacToB MUTpPAL{MOHHONW aKTUBHOCTH (pHC. 2).

157 +3.57 5.56+0.64

Jlyuimiasi HUTOCOBMECTUMOCTb MOJAU(PULIMPOBAH-
HOT'O TU/IPOTeJis TIOATBEPIKAaeTCsi TakKKe JJaHHBIMHU
MTT-TecTa, COr/IaCHO KOTOPBIM MeTabo/inyecKast
AaKTUBHOCTH (UOpP06IaCTOB Ha MTOBEPXHOCTH FUAPO-
renst ALG(2) mALG(2) G(3) cTaTuCTUUeCKH 3HAUMMO
BbIllle, yeM Ha noBepxHOCTH ALG(2) G(3) (Puc. 3).

Kpome TOTO, CTOUT OTMETUTH, UTO, HECMOTPSI
Ha Pa3/IMUHYI0 [UTOCOBMECTUMOCTh U aZire3MOHHYH0
CrocoOHOCTb W3rOTOB/IEHHBIX HAMU THIPOTesiel, Me-
Tabonmuueckasi akTUBHOCTh (pOP0O06/1aCTOB CTaTUCTH-
YeCKM 3HaUMMO BO3pacTajia Ha KaXK/I0OM U3 rhporenen
TIPOTIOPI[MOHA/IbHO CPOKaM KYJIbTUBHPOBaHUS, UTO
TOBOPUT O COXPAaHEHUU JKHU3HECTIOCOOHOCTH KIeTOK
Y OTCYTCTBUM LIUTOTOKCUYHOCTU THU/IPOTe/IeBbIX Ma-
Ttepuanos (Puc. 4).

Puc. 2. Mopdonoruns KNeTouHon KynbTypbl GropobaacToB Ha MOBEPXHOCTM rnaporenei. Yeenmdenne X100.
a — maporenb ALG(2) G(3), b — rugporenb ALG(2) mALG(2) G(3). KneTkn Ha MogMdULMPOBaHHOM ruaporene
KOHTpaCTUpOBaHbl MT T-peareHTOM 13-3a HU3KOM NPO3paYHOCTM MaTepuana

Fig. 2. Morphology of the cell culture on the hydrogel surface. X100 magnification. a — ALG(2) G(3) hydrogel,
b —ALG(2) mALG(2) G(3) hydrogel. Cells on the modified hydrogel are contrasted by the MTT-reagent because of the law
transparency of the material

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY
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Puc. 4. Ycunerve MeTabonmyeckon akTMBHOCTH
(h16po6NacToB C yBENNYEHNEM ANUTENBHOCTH
KyNbTUBMPOBAHMA Ha rMaporensx

IToryyeHue ¥ TeCTUPOBaHUEe TU/IPOTe/1eBOM
TPYy04aToil KOHCTPYKLNHU
Hamu u3rorossieHa ruiporesieBas TpybuaTas
koHcTpyKIius (Puc. 5) gauHou 7 cm, juaMmeTpom
7 MM U TOJIIMHOW CTeHKHU 1 MM, cBOOOJHO TIpO-
XOAUMasi /sl )KMJKOCTeH, Bblep>KrUBaroLas Cru-
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Fig. 4. Enhancing of metabolic activity of fibroblasts according
to the increasing of culturing duration time

Oanue Ha 180° U MoJHOE TIOTIEPEYHOE Tepe)kaTHe
MUHL[eTOM, BO3Bpaljatoiias cBow ¢Gopmy mnociie
Nepeurc/IeHHbIX MAHUMY/IALUK. B Xo/le HarHeTaHUs
Bo37yxa o fasjienvem (Puc. 6) ycraHoBseHo, UTO
obpa3er criocobeH BbIIeP>KUBATh JlaBIeHHe BBILLIEe
300 MM pT. CT.
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Puc. 5. BHeLLHWA BUA BUONHXXEHEPHOW MApOreneBoi Tpy64aTon KOHCTPYKLIMK
Fig. 5. Bioengineered hydrogel-based tubular structure

Puc. 6. TecTMpOBaHWe rmaporeneBoin KOHCTPYKLIMK Ha YCTOMYMBOCTb K AaBneHMto
Puc. 6. Hydrogel-based tubular structure testing for pressure resistance

K HacTos111eMy MOMEHTY M3BeCTHO MHOKeCTBO
OvionH)XKeHepHBIX Pa3paboTOK B 00/1aCTH COCYAUCTON
xupypruu [6—10]. OfHaKO HY OAWH W3 UMEIOLUXCS
BapUaHTOB [I0 CHUX MOP He MPOLLE/ MOJHOCTBIO J10-
K/IMHUUeCKHe U KIMHUYeCKHe UCITBITaHus U He ObLT
BHe/J]PEH B Me/IULIMHCKYIO MPAKTHKY.

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

Haubomnee paHHUM TIOAXOZOM K U3TOTOBIEHUIO
TNO7I0GHBIX COCYAUCTBIX TPAHCIJIAHTATOB CTana JeLies-
JIIOMSIpU3aliysl HaTUBHBIX KPOBEHOCHBIX COCY/IOB, TIOJTy-
YyaeMbIX OT KMBOTHBIX [11-13]. Ero npenmyiijectBamMu
CTa/li CHW)KeHHe UMMYHOTeHHOCTH TpadToB 3a CUET
yZAa/eHus U3 HAX TeHeTUUeCKU Uy>KepOAHBIX YesloBeye-
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CKOMY OpraHU3MY KJIeTOK, a TaK)Ke Ha/Iuure OO0JIbIIOro
KOJIMYeCTBa UCTOUYHUKOB T0TyueHusi. Tem He MeHee,
Jlele/UTFosSIpU3aLusl COCYAUCThIX TPAHCIIJIAaHTAaTOB
MMeeT U3BeCTHBIE HeIOCTAaTKU: BO3SMOYKHOCTD Ha/TMUKST
B COCTaBe OCTaTKOB Oy(epHBIX paCTBOPOB, YXY/IIEHHEe
(hr3ruecKrX CBOMCTB rpadTOB C yBe/IMUEHHEM JIJTUTe Thb-
HOCTH ZIeL|eJUTIONISIPU3alivy, BEICOKAst TPOMOOTeHHOCTh
11 HEBO3MOXXHOCTh TI0JTyYeHUsT COCYAUCTBIX TPAHCIIaH-
TaTOB JTFOOBIX HEOOXOJUMBIX ITapaMETPOB.

[TpuMeHeHVe TeXHOIOTUY 2/1€KTPOCITUHHUHTA
COCYZIUCTBIX TPaTOB U3 CUHTETUUECKUX MTOJIMMEDPOB
[14—18] BbIT/IIAE/10 CHAYAsIa TIPOTPECCUBHBIM METOZIOM,
TMO3BOJISTIOLUM C03/1aBaTh TPAHCILIAHTAThI Pa3/IMYHOTO
JTMaMeTpa, JTUHBI U TOJIIIWHBI CTEHKH, OZTHAKO OBICTPO
MPOSIBUIMCh MPAKTUUeCK1e HeA0CTaTKX TaKoro MoJxo/a:
TPOMOHMPYEMOCTb TIO/TyYaeMbIX CTPYKTYP, TPYAHOCTH
WX 3acesieHust 3H0Te/IeM U hrbpobiacTamMmu, BbICOKast
TOPHCTOCTb ¥ BO3MO)KHOCTh KPOBOU3/TUSTHUM.

Hauborsiee nepcrieKTHBHBIM SIB/ISIETCSI METOZIOM OUO-
revaTy COCYUCTBIX TPadhTOB U3 TH/POTesiel, 3aCeéHHbIX
K/IeTKaMH, C UCTI0/Tb30BaHWeM OUorpuHTepoB [19-22].
Takol MmoXo71, TI03BOJISIET TI0/TyYaTh ApTePUOTIO00HBIe
CTPYKTYPhI pa3/IMuHON KOHGUTYypaLUU U AUaMeTpa,
a Tak)Ke rapaHTUPYeT IJUTOCOBMECTUMOCTh TPAHCTI/IaHTa-
Ta. HeocTarkamu GuorieuaTy siB/IsIFOTCST OrpaHUYeHHAst
TUTOIIA/Ib TIeYaTH, BLICOKHE TPeOOBaHUS K BSI3KOCTHBIM
CBOMCTBaM rM/pore/iei-01ouepHuI, [ieHa 000pyI0BaHHs
1 TpeboBaHs K KBaTU(MUKALIMK ITepCOHAA, a TaKKe
BO3MO)KHasi UMMYHOT€HHOCTb Marepuara.

[Mpennaraemblii HAMU B IaHHOM paboTe ToAX0/, TT0-
3BOJISIET TIO/TyYaTh OMOMH)KEHEPHBIE COCYAUCTBIE rPadThI
JOOBIX TTApaMeTPOB 3a CUET TeXHOJOTHM 3D-Mozienmpo-
BaHus U 3D-neyaty, MpUMeHSITh TUJPOTe Pa3TMUHOU
BSI3KOCTH 3a CYET MCM0JIb30BaHUS JIUTEUHBIX (OPM
Y CO3[@aBaTh B UTOTE LIATOCOBMECTHUMbIe KOHCTPYKLIWH,
He MpUiaBasi UM U3/TUIITHIO MOPUCTOCTh. O1IeHUTD
TPOMOMPYEMOCThb, IMMYHOTEHHOCTb U OHO/Ierpa/jalivio
TI0JTyUaeMbIX CTPYKTYP MOKHO OyZIeT Ha 3Tarie HCITbI-
TaHuH in vivo.

BbiBOAbI

B xoze paboThl HAMH MPO/IEMOHCTPHUPOBAHA BO3-
MOKHOCTB TIOJTyueHUs1 OMOWHXeHepHBIX TPyOUaThIxX
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KOHCTPYKLIMM MPU TIOMOILL[Y TeXHOJIOTHUH (DOPMOBKH
C UCII0JIb30BaHueM 3D-meuaru.

Tak>ke TMoKazaHa BO3MOXXHOCTb MOJIyUeHUs
Y UCTIO/Tb30BaHUs I[UTOCOBMECTUMBIX MOIMCaXapy/i-
0e/KOBBIX TH/IpOTeIel /1/Isl TaKUX LiesIel.

IMpu panbHelilieM COBepllIeHCTBOBAHUM TIPOY-
HOCTHBIX XapaKTepPUCTHK U a/ire3UBHBIX CBOWCTB Ma-
Tepuasa MnpeaiokKeHHasi HAMU MeTOAUKA TTOyUueHus
OMOMH)KeHePHBIX TPYyOUaThIX KOHCTPYKLIMM MOXKET
Jieub B 0CHOBY TEXHOJIOTUW TIPOU3BOZCTBA COCYAUCTBIX
rpadToB B 00pa30BaTe/IbHBIX, HAYYHBIX ¥ MEULIUHCKHUX
LIe/IsIX.
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Abstract. Relevance. Chronic Obstructive Pulmonary Disease (COPD), due to its chronic and progressive nature,
affects multiple organs in the body due to its complex pathophysiology. A hypoxic effect on the brain due to COPD directly
leads to nerve damage, followed by impaired cognitive functions. The cognitive impairment not only affects the physical
function and health status but also aggravates mortality and disability in COPD patients. According to the literature, some
modifiable factors, such as physical activity, balanced diet, cognitive training, and social engagement, can be improved to
benefit patients with COPD who have presented evidence of cognitive impairment. Yoga training improves lung function
and exercise capacity and could be used as an adjunct pulmonary rehabilitation program for COPD patients. Yoga entails
pranayama and asana, two yoga practices that work together to keep the body and mind stable. Materials and Methods. The
following electronic databases were searched: Pub Med, Embase, Cochrane Central Register of Controlled Trials, Google
Scholar, Scopus, and Science Direct. Irrelevant studies were excluded in this review article. The employed keywords «yoga»
and «COPD,» yoga and pulmonary disease, or «yoga» and «cognition,» or «COPD» and «cognitive decline», or COPD and
cognitive impairment were typed in titles and abstracts. Results and Discussion. Chronic and progressive airway obstruction
present in COPD could enhance the adverse hypoxic effect on the brain. Yoga improves breathing by causing bronchodilation
that efficiently enhances the perfusion of many alveoli. Research shows that yoga intervention activates the central nervous
system and helps improve cognitive functions. Conclusion. According to our review of different articles there are many
environmental, genetic and behavioral factors which increases the risk of COPD in general population. Basic pathophysiology
of COPD is chronic inflammation of airways which leads to multiple comorbidities. COPD itself causing hypoxia to multiple
organs including brain and with other mechanism related to its comorbidities causes impairment of cognitive functions.
Beside pharmacological treatment early stage involvement of non-pharmacological factors like yoga, Exercise, life style
modification, cessation of smoking may be beneficial to these patients in decreasing the progression of disease and reducing
the development of comorbidities. Based on available searched literature, there is a strong relationship between COPD and
cognitive impairment, COPD and yoga, cognition and yoga.
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Introduction

The 2023 Global Initiative for Chronic Obstructive
Pulmonary Disease or GOLD report defines COPD
as «a heterogeneous lung condition characterized
by chronic respiratory symptoms (dyspnoea, cough,
expectoration, exacerbation) due to abnormalities
of the airways (bronchitis, bronchiolitis) and
alveoli (emphysema) that cause persistent, often
progressive, airflow obstruction [1]. The clinical
symptoms of excessive cough and sputum production
are characteristic features of Chronic bronchitis, in
Emphysema, enlarged air spaces and destruction of
lung tissue lead to chronic dyspnoea. A wide range
of comorbidities and risk factors are associated with
the disease, including genetics, smoking, infections,
malnutrition, aging, occupational exposures, indoor and
outdoor air pollutants, asthma, and low socioeconomic
status.

According to a cohort study by Charles Fletcher
and Richard Peto, a continuous slow decline in Forced
Expiratory Volume in one second (FEV1) accelerates
with aging and in smokers rather than nonsmokers.
Nonsmokers have a slow decrease in FEV1 but never
develop airflow obstruction; nonsusceptible smokers
have FEV1 decline like nonsmokers, and susceptible
smokers have a more rapid FEV1 decline, which
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progresses to airflow obstruction and eventually
disability and death [2].

COPD is a complex multi-component disorder
associated with many psychological and social issues
that are frequently related to multiple comorbidities,
such as cardiovascular disease, anemia, osteoporosis,
and other extra-pulmonary manifestations [3].

According to WHO Global Health Estimates 2019,
it is the third leading cause of death worldwide and the
second most prevalent cause of death after road traffic
accidents in India as well. Jindal S K with colleagues,
in a large, multicentric study from India, the population
prevalence of COPD was 4.1 % with a male-to-female
ratio of 1.56:1 [4].

Global Initiative for Chronic Obstructive Lung
Disease, 2020, stated that the average prevalence of
cognitive impairment in COPD is 32 % [5].

The word cognition is the mental action or
intellectual process of acquiring, understanding, and
using knowledge or information through thinking,
experience, and the senses, by which human behavior
can be adapted to new situations and/ or preferences
changed. Cognition involves different cognitive
processes divided into six essential neuropsychological
domains: learning and memory, visuospatial and
motor function, attention/concentration, language,
social cognition/emotions, and executive functions.
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Each domain contains specific functions that provide
individuals with basic and more complex capabilities
that determine personal intellectual skills and
knowledge [6-8].

Studies have found that the mortality rate of
elderly COPD patients with cognitive impairment is
nearly three times higher than that of elderly patients
with cognitive impairment or COPD.

Yoga is usually considered a form of physical
exercise, but it also has a deeply meditative and
spiritual part. Postures and breathing exercises help
the mind to be still for meditation. Yoga entails
pranayama and asana, two yoga practices that work
together to keep the body and mind stable. Yoga has
been demonstrated to produce long-lasting alterations
in the body. Yogic asana and pranayama have been
shown to slow down breathing at rest, increase vital
capacity, and increase maximal voluntary ventilation,
breath-holding time, maximal inspiratory pressure,
and maximal expiratory pressure. Previous studies
have reported a strong relationship between decline in
cognitive functions and COPD severity. Yoga training
improves lung function and exercise capacity and
could be used as an adjunct pulmonary rehabilitation
program for COPD patients [9].

Materials and Methods

The following electronic databases were searched:
Pub Med, Embase, Cochrane Central Register of
Controlled Trials, Google Scholar, Scopus, and
Science Direct. Irrelevant studies were excluded in
this review article. The employed keywords «yoga»
and «COPD,» yoga and pulmonary disease, or
«yoga» and «cognition,» or «COPD» and «cognitive
decline,» or COPD and cognitive impairment were
typed in titles and abstracts. The searches were
limited to English publications in humans in the last
ten years. The inclusion criteria were a clinical trial
and epidemiological study. Cohort study, case-control
study, and providing information on the subject at
hand (I.e., cognitive impairment in COPD patients, the
effect of yoga on COPD, and the impact of yoga on
cognitive functions). Bibliographies of all potentially
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relevant studies, articles, and international guidelines
were manually searched.

Results and Discussion

Chronic and progressive airway obstruction
present in COPD could enhance the adverse hypoxic
effect on the brain to the extent that manifests in
impaired cognitive functions. A variety of influencing
factors may cause Cognitive Impairment (CI) in
patients with COPD, including age, disease duration,
disease severity, hypercapnia, smoking, and vascular
dysfunction [10]. Three-phase system biology using
a crowdsourcing approach and network construction
gives a comprehensive set of fifty molecular network
models that describe the biological processes relevant
to COPD and lung biology (Fig 1). it appears most
efficient to target the COPD-specific path mechanisms
at the earliest distinguishable state when the extent of
irreversible damage is still small and their molecular
processes are not yet convoluted with secondary
processes and comorbidities [11].

The dominant paradigm found by multiple
researchers was that exposure to particulate matter —
typically in the form of cigarette smoke — led to an
acceleration of typical age-related lung function decline
among those susceptible to its effects. Furthermore,
multiple birth-cohort studies have identified lung
function trajectories from birth or childhood to
early adulthood that may reflect the influence of
potentially modifiable factors such as preterm birth,
smoke exposure, recurrent pulmonary infections, and
persistent asthma during childhood, which could be
the focus of interventions to maximize lung growth
and reduce the risk of COPD in older age [12-15].

The earliest detectable histologic change following
cigarette smoke exposure is epigenetic reprogramming
of basal epithelial cells, due to which distal airways
exhibit squamous metaplasia, ciliary dysfunction, basal
and goblet cell hyperplasia, and mucus hypersecretion,
thereby creating a local inflammatory milieu prone
to damage and infection [16—18]. Epigenetic
reprogramming also changes the volume and water
and mucin contents of the airway surface liquid,
a protective interface for inflammation, infection,
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and airway obstruction [19].Smoking also reduces
polymeric immunoglobulin receptor (pIgR) expression,
leading to localized secretory IgA (SIgA) deficiency
in small airways. Without SIgA, bacteria can invade
respiratory epithelial cells [20].

Recent basic science and clinical research have
focused on the early physiologic and pathobiological
changes in COPD to improve diagnosis, provide
targets for disease-modifying therapy, and identify
patients most likely to benefit from early intervention.
Ferrera M.C. and colleagues summarize recent
advances in disease pathogenesis and treatment
paradigms [21].

Fig. 2 shows that besides lower oxygen and
higher carbon dioxide levels in the blood, a complex
interaction between pulmonary and non-pulmonary
risk factors may account for COPD-related cognitive
deficits. According to the literature, other major
risk factors that may potentially be associated with
cognitive impairment are 1) the presence of increased
inflammation and oxidative stress; 2) reduced physical

activity; 3) peripheral vascular disease; 4) high or
low blood pressure (non-normotensive patients);
5) increased intracranial pressure associated with the
narrowing of blood vessels in the brain; 6) coexisting
comorbidities; 7) tobacco smoking; and 8) genetic
predisposition [22]. A wide range of tools has been
developed for screening cognitive function. The most
widely used tests that cover multiple cognitive domains
are the Mini-Mental State Examination (MMSE), the
Addenbrooke’s Cognitive Examination (ACE), the
Montreal Cognitive Assessment (MoCA), the Clock
Drawing Test (CDT), and the Mini-Cog test.

For writing this review article, we included 20
studies to find out the relation of COPD with cognition,
Cognition with yoga, and COPD with yoga. A few
studies assessed the effect of yoga on cognitive
impairment in COPD, also included in our review
article.

Four studies out of 20 found a significant
relationship between COPD and cognitive impairment
by using different tools for assessment [23-26].
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Fig. 2. Pathophysiology of cognitive dysfunction in COPD
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Hung W.W. with colleagues, assessed cognitive
decline in COPD patients using a 35-point validated
scale from 1996 to 2002 in a cohort. Cognition score
over repeated observations declined by 0.7 and 1
point from 1996 through 2002 among respondents
without COPD and respondents with COPD [23].Gupta
P. with colleagues, revealed that the mean latency
of P300 was significantly prolonged (P < 0.001),
and the mean amplitude of P300 was significantly
decreased (P < (0.001) in COPD patients as compared
to Healthy Volunteers (HVs). Mini-Mental Scale
Examination (MMSE) scores in the COPD group were
significantly reduced (P < 0.001) compared to those in
the HVs group [24].Fekri M. and colleagues assessed
a significant relationship between the MMSE score
and just three variables: age, O2 saturation, and Forced
Expiratory Volume in 1 sec (FEV, %) [25].Panjabi C.
with colleagues, assessed the worsening in both MMSE
and Trail Making Test A (TMT-A) scores, which were
found to be statistically significant with advancing
age (most severe among the age group 61-70 years),
smoking status, low level of education (primary school
or less), severe and very severe COPD, hypoxia, and
hypercapnia [26].

Six out of 20 studies were related to a significant
relationship between yoga and COPD [27-32].

Soni R. and colleagues assessed yoga’s effect
on COPD patients’ diffusion capacity. Statistical
analysis showed significant improvement in TLCO
(Transfer factor of the lung for carbon monoxide)
of the yoga group after two months of yoga [27].
Fulambarker Ashok M.D. and colleagues prospectively
evaluated the effects of yoga training on the quality
of life (QOL) and the parameters of lung function
in patients with COPD. The St. George Respiratory
questionnaire assessed the QOL. Standard spirometry
and maximum inspiratory (maximal inspiratory
pressure), as well as expiratory pressure (maximal
expiratory pressure), were measured. When practiced
by patients with COPD, yoga improves the QOL and
lung function on a short-term basis [28]. Gupta A.
with colleagues, assessed after three months of yoga
intervention, the calculations from the unpaired t-test
provided statistically significant results for both the
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COPD Assessment Test score (CAT) and the 6MWT
(6 min walk test) (borderline significant) in the
interventional arm when compared with control arm
[29]. Sunil Kumar with colleagues, Mean FEV before
intervention Was 1.16+.6 and after intervention was
2.13£0.73. The difference in the mean values of FEV,
between pre and post-intervention was found to be
statistically significant (<0.05) [30]. Yudhawati R., with
colleagues, accessed a substantial increase in FEV, 6
Min Walk Distance [6-MWD], and quality of life using
a St George Respiratory Questionnaire [SGRQ] after
12 weeks of yoga (p < 0.05) in the treatment group
(p < 0.05) when compared with the control group
(p > 0.05) [31]. Prasad R. with colleagues, assessed
Yoga, asana, and pranayama exercises, when used
adjunctively with standard pharmacological treatment
and pulmonary rehabilitation, had improved breathing
pattern and pulmonary function parameters Forced
Vital Capacity [FVC], FEV , FEV /FVC, and Peak
Expiratory Flow Rate [PEFR] in COPD patients. The
complementary therapy of yoga, asana, and pranayama
showed improvement in physical condition by reducing
weight and BMI, which enhanced pulmonary function
through parameters [32]

Ten out of 20 studies were related to the effect of
yoga on cognitive functions (33-42).

Kumar N. with colleagues, assessed the acute effect
of moderate exercise on cognition, which was studied
by event-related brain potential (ERP/P300), in subjects
having sedentary lifestyles. The latency of P300 was
significantly reduced after acute moderate exercise in the
test group. They suggested that acute moderate exercise
improves the cognitive brain functions of adults with
a sedentary lifestyle [33]. Nangia D. and colleagues
studied the influence of regular yoga practice on
cognitive skills and mental health. Their results indicated
that regular yoga practitioners perform significantly
better on tests of attention and concentration, remote
memory, mental balance, delayed recall, immediate
recall, verbal retention of dissimilar pairs, visual
retention, and recognition, and they have better mental
health [34].Telles S. and colleagues assessed the peak
amplitudes and peak latencies of the P300, which were
evaluated before and after the respective yoga sessions.
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There was a significant increase in the P300 peak
amplitudes at Fz, Cz, and Pz and a significant decrease
in the peak latency at Fz alone following alternate nostril
yoga breathing. Following breath awareness, there
was a significant increase in the peak amplitude of
P300 at Cz [35]. Prasad R. with colleagues, reported
changes from baseline to 6’th month, showing that the
yoga group improved significantly in the Controlled
Oral Word Association test (COWA), Rey Auditory
Verbal Learning Test (RAVLT): Total score, immediate
recall and delayed recall; Category Fluency Test (CFT):
Immediate and delayed recall; spatial span-forward
and backward, Stroop interference and TMT-A [36]. In
a five-year trial involving 792 older adults, Pandya S.
reported significant improvements in the MMSE test
and Rivermead Behavioral Memory Test-Third Edition
(RBMT-3) test following a yoga-based intervention in
gross memory functioning and visual, verbal, recall,
recognition, immediate, and delayed everyday memory
(medium effect sizes) [37].Eyre H. and colleagues
demonstrated significant improvement in depression
and visuospatial memory in the yoga group. They
correlated improved verbal memory performance with
increased connectivity between the language processing
network and the left inferior frontal gyrus on functional
magnetic resonance imaging bythe Hopkins Verbal
Learning Test-Revised (HVLT-R) (20-min delay recall
raw scores) and a visuospatial memory measure, the
Rey-Osterrieth Complex Test (Rey-O) (30-min delay
recall raw scores) [38]. Srinivas Ch. and colleagues
assessed a significant improvement in the Mini-Mental
State Examination, Trail Making Test A and B after 12
weeks of regular Pranayama practice. By the end of
12 weeks of training of pranayama in both males and
females, there is a highly significant reduction in the
time taken to complete TMT A and TMT B (P<0.001%*%*)
[39].Kyizom T. with colleagues, assessed the effect of
yoga on cognitive functions in Hypertensive patients
and found a significant association with P-300 latency
and amplitude patients. He also studied the impact of
yoga on cognitive functions in Type 2 DM patients
[40]. Ashwini P.R. Gholam with colleagues assessed
Pairwise comparison revealed a significant difference in
P300 latency between Pz and Fz (p=0.021), Fz and P1
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(p=0.005), Fz and P2 (p=0.007), P1 and F1 (p=0.021)
as well as P2 and F2 (p=0.048). There was no significant
difference in the latency between the other electrode
sites. The mean amplitude of P300 at all the electrode
sites was better for Group I and Group II SKY practicing
participants than for non-practitioners of Group III [41].
Manshi Kashyap and colleagues assessed the effect of
yoga in the case group and conventional care in the
control group on post-stroke cognitive impairment by
Montreal Cognitive Assessment (MoCA) score and P
300 amplitude after six months of yoga intervention.
A significant improvement was observed in the MoCA
score and improved P300 amplitude and latencies in
both groups. Significant improvements were observed
in MoCA, FAB, MRS, CPDSS, and CBS scores in both
groups after six months [42].

Yogic training may allow broncho-dilatation by
correcting abnormal breathing patterns and reducing
the muscle tone of inspiratory and expiratory muscles
due to a reduction of sympathetic reactivity. Due to
improved breathing patterns, respiratory bronchioles
may be widened, and perfusion of many alveoli can
be carried out efficiently [43].

The brain parts, including the cerebral cortex,
prefrontal cortex, anterior cingulated cortex, temporal
lobe, and parietal cortex, are associated with cognitive
functions, such as memory, attention, psychomotor
performance, processing speed, visual reaction time,
and perception [44—46]. Brain waves (e.g., alpha, beta,
theta, and gamma), structural activation, and cerebral
blood flow are physiological markers in cognitive
operations. Research shows that yoga intervention
activates the central nervous system and helps enhance
mental functions [47]. Yoga also positively impacts
the temporal lobe and frontal lobe of the brain, and
yoga increases the cerebral blood flow in these brain
areas, leading to better cognitive functions [48].

Conclusion

According to the literature that we included in
our article; cognitive impairment is prevalent among
COPD patients due to its complex pathophysiology.
The cognitive impairment in COPD patients depends
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on many factors like duration, severity, age, etc. yoga
training has a positive improvement effect on lung
function and exercise capacity and could be used
as an adjunct pulmonary rehabilitation program for
COPD patients. Cognitive benefits of yoga may
be attributed to more than physical activity; the
combination of postures, breathing, and meditation
practices appear in improving stress regulation and
neurocognitive efficiency.The roles of yoga in health
include prevention, promotion, cure, rehabilitation,
palliation, and social well-being.There is an unmet
need for early diagnosis and a better understanding of
the consequences of cognitive impairment in COPD
patients to provide targeted interventions. Healthcare
professionals are required to assess cognitive functions
in every COPD patient to diagnose impairment at an
early stage so that early intervention can be started.
According to previous literature, Yoga has a range of
benefits for people living with COPD and cognitive
functions. Regular yoga practice improves respiratory
breathing capacity by increasing chest wall expansion
and forced expiratory lung volumes. Yoga programs
may be a valuable adjunct to effective rehabilitation
programs for patients with COPD. Hence, based on
available data, we can conclude that there is a strong
relationship between COPD and cognitive impairment,
COPD and yoga, cognition and yoga.
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BnusiHMe Morm Ha KOrHMTUBHble PYHKLUM Y NALUEHTOB
C XPOHUYECKOWN 0O6CTPYKTUBHON 60NE3HDbIO NIErKUX

I1. ArpaBan , C.Kakep , H. Caby >

KoJutek MeMIMHCKKMX HayK Pa/pkacTaHCKOTO YHUBEPCUTeTa MeJULIMHCKKX Hayk, 2. [ocatinyp, PadscacmaH, Undus
< nehasaboo8@gmail.com

AnHoTanus: AkmyaibHocmb. XpoHUUeckas 06cTpykTHBHast 60sie3Hb yierkux (XOBJI) n3-3a cBoell XpOHHUECKOH 1 TIpo-
rpeccupylolLel IpUpo/bl MopaXkaeT MHO)KECTBO OPraHOB B OpPraHU3Me K3-3a CBOel CI0KHOM raTtodu3nooruy. ['unoxkcuueckoe
BO3ZelicTBre Ha MO3T 13-3a XOBJI HarpsiMyto IPUBOAUT K TIOBPEXXJEHHIO HEPBOB, 3a KOTOPBIM C/Ie/lyeT HapyllleHHe KOTHUTHUBHBIX
¢yHKUMI. KOTHUTHBHBIE HApyILEHHs He TOJIBKO BIIHUSIOT Ha GU3UUeCKyr0 YHKLIWIO U COCTOSIHUE 3710POBbsI, HO M yCyTyO/ISIIOT
CMepTHOCTb 1 MHBa/MAHOCT y nareHToB ¢ XOBJI. CornacHo mmTepatype, HeKOTopble MoAuHLpyeMble (hakTOphl, TaKKe Kak
¢u3nueckast aKTUBHOCTb, COalaHCUPOBaHHOE MMUTaHKe, KOTHUTHBHBIE TPEHUPOBKH U COLMa/IbHAsT aKTUBHOCTb, MOTYT Y/TYUILHTh
cocrosiHve nanyeHToB ¢ XOBJI, y KOTOpBIX UMEIOTCs 10Ka3aTe/IbCTBa KOTHUTHBHBIX HapyIeHui. 3aHsATHsI HOToM y/ydIaioT
(GYHKLMIO JeTKUX 1 (GHU3UUeCKy0 paboTOCIIOCOOHOCTE M MOTYT MCIIOb30BAThCS B KaUeCTBe JIOMOTHUTE/TBHOM MTPOrpaMMbl
nerouHoii peabunuTaiu A5 naruenTos ¢ XOBJI. Mora BkmouaeT B ceGs npaHasiMy 1 acaHy, iBe NPaKTUKK HOTH, KOTOpbIe
paboTaroT BMecTe st TIoJ/iep>KaHusi CTabUIBHOCTH Tesla v yma. Mamepudabl u MemoObl. BbLT IpoBe/ieH MOUCK B CIeAYOIMINX
3/IeKTPOHHBIX 0a3ax gaHHbIX: Pub Med, Embase, Cochrane Central Register of Controlled Trials, Google Scholar, Scopus
u Science Direct. HepeneBaHTHbIe MCC/IeOBAHUS ObUTH UCKJTFOUEHBI M3 3TN 0030pHOM cTaThbu. VICromb30BaHHbIE K/THOUeBbIe
coBa «ora» u «XOBJI», ora u jerkue 3aboieBaHus WIK «iora» U «roraedue», ua « XOBJI» U «KOTHUTUBHOE CHIDKEHUEe»,
v XOBJT 1 KOrHUTUBHOE HapylleHne ObUTH BBeJIeHbI B 3ar0JIOBKaX M aHHOTALUsIX. Pe3yibmamat u obcyxcoeHue. XpoHUUeCKast
Y TIpOrpeCccHpyroIasi 00CTPYKIHMs AbIXaTelbHbIX TyTel, mpucyTcTBytoas npu XOBJI, MoXeT yCH/IUTh HebmaronpustHoe
TUTOKCHYeCKOe BO3/ieHCTBIe Ha MO3T. Mora y/yuliaeT /ibIXxaHue, Bbi3biBas GPOHXO/MIATaLIo0, KOTOpast 3G(MeKTHBHO yCUIMBaeT
riepy3u0 MHOTHX anbBeos1. ViccieoBaHNs TTOKa3bIBalOT, UTO 3aHATHS HOTOM aKTUBUPYIOT L{eHTPa/IbHYI0 HEPBHYIO CHCTEMY
Y TIOMOTAFOT Y/TYULLIMTb KOTHUTHBHBIE QYHKLUU. Bbigoobl. CoracHo HaireMy 0630py pas/iMuHbIX CTaTel CyIeCTBYeT MHOXKECTBO
5KOJIOTHUEeCKUX, TeHEeTHUeCKHX 1 TIOBeZleHueCknx (hakTopoB, KoTopsle noBbimaioT puck XObBJI y Hacenenus B nieniom. OCHOBHast
naromsuosnorust XObJI — xpoHryeckoe BocTiajeHue [bIXaTe/bHbIX IyTel, KOTopoe MPHUBOAUT K MHOYKECTBEHHBIM COITYTCTBYFOLIUM
3aboneBanusim. XOBJI cama 1o ceOe BbI3bIBaeT I'MIIOKCHIO MHOTHX OPraHOB, BK/TIOUAsi MO3T, a C JPYTHM MeXaHHU3MOM, CBsi3aHHBIM
C ee COMYTCTBYOIIMMH 3a00/1eBAHUSIMH, BbI3bIBAET HapyLleHWe KOTHUTHBHBIX QYHKLMNA. [ToMUMO (hapMaKoI0ruyeckoro jieueHu st
paHHee BOB/IeueHHe HeapMaKoiornueckux (hakTopoB, TaKMX Kak Hora, (hu3ruueckue yrpakHeHus:, U3MeHeHue 00pa3sa )XU3HH,
0TKa3 OT KypeHHsl, MOXKeT OBbITh TI0JIe3HBIM /IJIsl 3THX MaLMeHTOB IS 3aMe/iIeH s IPOTrPeCCUPOBaHUS 3a00/IeBaHUsI ¥ CHYDKEHHST
Pa3BUTHs COMyTCTBYIOLIMX 3abo/ieBaHuii. Ha 0CHOBaHWMM TUTEPATYPHBIX JAHHBIX, MOYKHO C/le/IaTh BBIBOJ, UTO CYIeCTBYeT
cuibHast cBs13b Mexxly XOBJI u koruutrBHbIMM HapymeHussMH, XOBJI 1 Horoii, KOTHUTUBHBIMH (DYHKLIMSIMU 1 MOTOM.

KnroueBbie ciioBa: XOBJI, xpoHuueckast 00CTPYKTHBHast 00/1€3Hb JIeTKHMX, KOTHUTHBHBIE (DYHKLIUH, iora

Mudopmanus o puHaHCHPOBaHUHU. ABTODPBI He TIO/Tydasii pUHAHCOBOM MOAJEPIKKH /IS UCCTe/[OBaHMS 1 MyOIUKaLiK JaHHON
CTaThU.
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Bxkuap aBTopoB. Arpasai I1. u Kakep C. BHeC/M BKJIa/l B KOHIIETIMIO UCCIeI0BAHMS, IU3akH U cocTaB/ieHre pykorcy. Caby H.
BBITIO/IHWAJIA KDUTHUECKUM TTepeCMOTDP U OKOHUaTelbHOe YTBep>K/ieHre PYKOIMCH. Bce aBTOpbI BHEC/IM 3HAUMTe/IbHbIN BKJIA[
B KOHILIETL[1IO0, TIPOBe/IeHre UCC/e/IoBaHusl U MOJTOTOBKY CTAaThH, a TakK)Ke TIPOUUTA/IN U YTBEPUIN OKOHUATeTbHYI0 BEPCUI0
niepes; yOuKaryen.

HNudopmanysa o KOHQIMKTe HHTePeCcoB. ABTOPHI 3asiB/ISTIOT 00 OTCYTCTBUM KOH(IMKTa MHTEPECOB.

JTHUYecKoe 0/j00peHre — HelpUMeHHMO.
BJiarogapHoCTH — HENIPUMEHUMO.
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Abstract. Relevance. The ubiquitous nature of the sympathetic and parasympathetic nervous system has allowed detailed
tests in a variety of systems, including cardiovascular, gastrointestinal, urogenital, pupillary, sudomotor, and neuroendocrine.
The most important characteristics of these tests are that they should be non-invasive, sensitive, specific, repeatable, quantitative,
clinically useful and time-efficient. These tests were designed to investigate the possibility of autonomic failure, measure
its severity, and assess its distribution. Clinical testing and research tests are the two main categories of these examinations.
Cardiovagal, sudomotor and adrenergic autonomic functions are assessed by standard laboratory tests. The sweat test based
on for measurement of the thermoregulation and the quantitative sudomotor axon reflex test (QSART) can be used to assess
sudomotor function. Response of blood pressure and response of heart rate to Valsalva maneuver and head tilt are used to assess
adrenal function, and extended hand grip tests are effective in determining the presence of autonomic failure, its natural history,
and response to treatment. The Autonomic Function Test Battery is a set of tests for autonomous functioning. The Ewing battery
is commonly used, which includes several parasympathetic and sympathetic tests. Conclusion. Autonomic function testing has
a considerable amount of diagnostic importance, which can have preventive value due to a large number of mortality due to

autonomic disorders.
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Introduction and background

The need for autonomic function tests lies in the
fact that patients with autonomic failure show increased
mortality [1]. Initially with the development of non-
invasive cardio-vascular reflex function tests, a more
systematic range is now available that is optimized
for the early diagnosis of autonomic neuropathy. The
primary need for these tests is to be noninvasive,
sensitive, specific, reproducible, quantitative, clinically
relevant, and less time-consuming [2, 3]. The appropriate
reach of the parasympathetic and sympathetic nervous
system to every organ of the body has allowed tests to
be described in various organs [4].

Indications for evaluation of autonomic
nervous System

Numerous variables such as posture of body,
mental condition, consumable meals, drugs, as well as
additional chemicals, might impact autonomic processes.
The use of caffeine and nicotine need to be resisted for
no less than 3—4 hours and 8 hours, correspondingly,
before testing [5]. Anticholinergic substances must be
ceased for 48 hours and sympathomimetic medications
between 24 to 48 hours prior assessment [6]. Different
approaches for assessing autonomic functions are
represented in Table 1 [7].

Table 1

Different approaches for assessing autonomic functions

Clinical examinations

Research examinations

1. Tests of cardiovagal function

. Evaluation of baroreflex gain

2. Tests of adrenergic function

. Pharmacologic dissection studies

3. Plasma catecholamines

. Skin vasodilation

4. Sudomotor functioning evaluations
a. Quantitative sudomotor axon reflex test (QSART)
b. Sweat test based on measurement of thermoregulation

Set of these tests sought to examine the existence
of autonomic failure, quantify its severity, and
evaluate its distribution (sudomotor, adrenergic,
cardiovagal) [8].

96

. Microneurography

. Splanchnic-mesenteric blood flow

. Cerebral vasoregulation

. Cardiac innervation

O IN|oja|ldh|lW[IN|=

. Vasoregulation of the veins

This review aims to give a general overview of
the neurophysiological assessments utilized to assess
autonomous dysfunction [9-11]. Clinical goals in the
evaluation of autonomic function are represented in
Table 2 [12].
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Table 2

Clinical goals in the evaluation of autonomic function

To evaluate the severity and distribution of autonomic function

To diagnose limited autonomic neuropathy

To diagnose and evaluate orthostatic intolerance

To monitor the course of dysautonomia

To monitor response to treatment

As an instrument in research studies

Autonomous functional assessments

1. Sudometor function test: The most commonly
used methods for quantification of the sweat response
are QSART, Thermoregulatory sweat test, Sympathetic
skin response, and the Silastic imprinting method/sweat
imprint [13,14].

a) Thermoregulatory sweat test (TST): In
it, adequate stimulus is given for the rise of core
temperature to raise blood and mean skin temperature.
Modified Guttmann’s quinizarin sweat test (QST) is
used to conduct the TST. The sodium salt of quinizarin
(2—6-sulphonic acid) is used as a color indicator. It is
a red-brown dye. The composition of the mixture is
commonly used is represented in Table 3.

Table 3
The composition of the mixture is commonly used
Component Amount
Quinizarin 2-6-disulphonic acid 35g.
Sodium carbonate (powdered) 304g.
Rice starch 60-70g.

b) Sweating is usually induced by heat, by giving
one or two cups of hot tea and 5-10 gm of aspirin
before the powder is applied. The patient is then placed
under a Specially designed sweating cabinet having the
dimensions as follows: Length 6 ft. 9 inches, Width 3
ft. 3 inches, Height 3 ft. 9 inches used for a variable
time, usually from 15 to 45 minutes, depending on
the readiness with which sweating is produced. The
temperature within the box is regulated by 12 electric
lamp bulbs of 25 watts each of them, as well as tube
warmers and carbon filaments lights installed has
a chromium-platedreflectors; Wall-mounted controls
on the exterior of the cabinets operate stacks of 3
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carbon filament lights with a power output of 24-32
candle watts. Furthermore, four 6-foot-long tubular
heaters with a 60-watt capacity per foot are installed.
When the secretion of sweat commences the hydrotic
The anhidrotic parts stay the same color while the
skin in certain places turns a violet-blue hue and the
openings of each sweating ducts appears as tiny black
spots. Body temperature measurements like skin
temperatures, rectum temperatures, mouth temperatures,
potentiometer, and cold junction are measured [15, 16].

c) QSART: It quantitatively evaluates the
postganglionic sympathetic sudomotor axon recorded
from four sites Medial fore-arm site three-fourths of
the distance from the ulnar epicondyle to the pisiform
bone; proximal lateral leg, 5 cm distal to the fibular
head; medial distal leg, 5 cm proximal to the medial
malleolus, Proximal foot over the extensor digitorum
brevis muscle [17, 18].

Acetylcholine and a constant current of 2 mA
for 5 min is delivered and the responses are recorded
in a compartment of a multi-compartmental sweat
cell. The sweat response is measured by determining
the volume of sweat with help of a sudorometer. The
composite autonomic scoring scale (CASS) is 10 point
scale that Permits 4 points for adrenergic insufficiency
and 3 points for cardiovagal and sudomotor failure,
respectively. Individuals with a CASS score of
less than three have relatively modest autonomic
dysfunction, those with scores of 7 to 10 have a severe
failure, and those with scores between these two ranges
have moderate autonomic failure [19]. Since QSART
volumes vary with age and gender, CASS has used
the correction of confounding effects of them. The
sudomotor index is scored from 0 (no deficit) to 3
(maximal deficit) [20].

97



Gupta K., Saini R., Jangid N. Bectauk PYJH. Cepusa: Meguuuna. 2025. T. 29. Ne 1

d) Sympathetic skin response (SSR): Skin potential
recordings is able to identify sympathetic sudomotor
deficit in peripheral neuropathies and central autonomic
disorders [21]. It is a momentary change of the electrical
potential of the skin, which can be evoked by various
internal or external stimuli [22]. Following thorough
cleansing of the skin’s areas, electrolyte gels should be
applied and Put the active electrodes in the bottom of
your foot or palms. SSR may also be recorded from the
forehead, the axilla, or the genitalia. The temperature
of a quiet dimly lit room is normally kept at 22—-24 °C
or higher, with the subject supine and relaxed. Most
laboratories keep the skin temperature at >32-36 °C. The
stimuli might be coughing, an electrical surge, a loud
noise, an inspiring gasp, or a skin stroke; flashing or cold
pressor test, hypodermic «injection» and other forms of
stress can also induce the SSR. Deep breathing or mixed
stimuli (electric and acoustic). Because emotions differ,
sweating glands produce sweat which brings a change
in resistance of our body. Therefore, different changes
were expected at different states of emotion in GSR,
and the production of different emotional expressions
was reflected whenever there is a change in autonomic
activity Table 4 [23].

Table 4
Different GSR ranges
Conditions GSR range (K ohms)
Normal 2510 29
Fit 30t0 40
Exercise 22t0 24

As GSR value is > 25K OHMS this will indicate
low arousal which means the brain is in a calm state
and if <5 K OHMS then this will indicate a high level.

e) Silastic imprinting method/Sweat imprint (SIM):
Kennedy E. systematically measured the number and
size of sweat droplets activated in response to direct
chemical stimulation. Skin sites on the medial calf and
foot dorsum, each measuring 2cm2 stimulated to sweat
maximally by iontophoresis of 1% pilocarpine (2 mA,
5min). The skin test sites are prepped with a 1 % iodine
solution. The skin is wiped dry and immediately the
camera was pressed against the skin, to begin image
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collection and storage. Excreted sweat from each sweat
pore after coming in contact with iodine and starch,
a tiny dark spot is formed. Transparent tape thinly coated
with starch is attached over the lens of the Sensitive
Sweat Test (SST) miniature camera. The tape prevents
the formation of a drop and sweat is forced to flow
centrifugally to form a flat expanding dark spot. The
SST device imaged spots from > 200 sweat glands (SGs)
at 1 frame/sec (area of 2 cm2) for 60 to 90 seconds,
until adjacent spots coalesced [24].

2. Neuroendocrine function test.

Acute exposure to CO2 (acute hypercapnia) can be
used as a biological stressor for assessing hypothalamic-
pituitary-adrenal (HPA) and sympatho-adrenomedullary
(SAM) axes [25]. HPA and SAM are neuroendocrine
components of responses to stress. The CO, test
involves taking a single Vital Capacity (VC) breath of
four different concentrations respectively 5 %, 25 %,
35 %, 50 % [26, 27]. Physiological, psychological, and
neuroendocrine responses against CO, exposure are
measured. Alone 35 % of CO, can be used.

a) Physiological measures and psychological
measures: Subjects are rested for 30 min before
physiological monitoring and blood sampling. Baseline
cardiovascular measures are taken at the end of the
rest period with continuous monitoring starting 5 min
before the CO, and continuing 5 min after completion
of exposure. Continuous blood pressure and pulse
are measured. Subjective feelings of anxiety, fear,
breathlessness, relaxed are recorded by a visual
analog scale, for the recording of somatic symptoms
of panic similar analog scale is used with 39 point
questionnaire. Questionnaire and blood samples are
taken simultaneously every 15 min, starting 30 min
before exposure and continuing 60 min after it [28].

b) Biochemical measures: Plasma cortisol, salivary
cortisol, ACTH, prolactin, arginine vasopressin, FSH,
LH, GH, TSH, renin, noradrenaline, and adrenaline are
measures against CO, exposure [29-31].

3. Pupillary function test.

Pupil tests provide a convenient, simple, and
non-invasive method for the evaluation of autonomic
functions [32]. Balance of activity in parasympathetic
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and sympathetic are standardized or controlled for the
measurement of pupil size and can be used to identify
parasympathetic or sympathetic deficits. All modern
pupillometers are based on the principles of having
an infra-red source that illuminates the iris, a video
camera records the reflected light, to detect the pupil
computerized image analysis techniques are used
within each video frame which provides continuous
measurement of pupil size, and a light stimulus to the
eye by using a photostimulation.

4. Gastrointestinal function test.

Gastrointestinal scintigraphy: The accuracy and
ease of quantification of radiolabeled solids and liquids
had made scintigraphy the gold standard for testing
gastric emptying [33-35].

5. Urogenital function test.

In these tests, urogenital autonomic functions,
sexual dysfunction, and bladder dysfunction are assessed
[36, 37].

a) Urodynamic tests: These tests observe using the
urethra, sphincters, and bladder to store and release pee.
The capacity of the bladder to retain pee and release
it consistently fully is the primary objective of these
examinations. Additionally, they demonstrate if the
bladder is leaking urine due to involuntary spasms [38].

b) Sexual dysfunction tests: Assessing genitourinary
autonomic functions erectile dysfunction (ED),
retrograde ejaculation, and female sexual dysfunctions
are assessed by a detailed medical history, sexual
function history, medication history, assessment of
glycemic control; a hormonal and psychological
evaluation [39, 40].

6. Cardiovascular function tests.

Cardio vagal and adrenergic function tests

Cardio vagal functions are assessed by the Valsalva
ratio and heart rate response to deep breathing or
standing up and adrenergic functions are assessed by
the blood pressure response to the Valsalva maneuver or
Isometric handgrip test [41-50]. A number of other tests
of cardiovascular reflex function have been described,
the arterial blood pressure response to different stresses
including mental calculation, loud noise, ice and lower-
body negative pressure being used [51, 52].

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

a) Mental stress test. For two minutes, the
participant is required to complete a typical arithmetic
exam that involves repeatedly deducting 17 from a four-
digit figure. Systolic blood pressure increases more than
10 mmHg are regarded as typical.

b) Cold-pressor test. The participant’s hand was
submerged in ice-cold (0—4 °C) water for three minutes.
It is assessed how much the opposing arm’s systolic
blood pressure increased [53, 54]. The afferent pain and
temperature fibers from the skin are activated by the cold
stimulation. The nerve impulses cause the contraction of
arteries elevated arterial pressure, and an accelerated heart
rate as they travel along the spinothalamic tract to reach
certain brain regions. A reading of > 15 mmHg is normal.

¢) Cold face test. Participants are asked to breathe
normally and to avoid breath-holding, deep breathing,
or hyperventilation [55]. After resting for 15 min in the
supine position, the CFT was induced by the application
of three cold packs bilaterally (0.5C) at the forehead,
face(excluding the eyes), and nose, for 1 min. Heart
rate, blood pressure, and skin temperature should be
recorded from 5 min before CFT (baseline) to 5 min
after the CFT.

d) Lower body negative pressure. The lower body
negative pressure (LBNP) test is a useful choice for
individuals who are incapable to complete the Valsalva
Maneuver (VM). An applied pressure of around —40
mmHg creates a blood volumetric range, identical to
what happens with the VM, which leads to a reduction in
venous return, a decrease in venous pooling throughout
the body, and comparable changes in blood pressure
and heart rate. Cardiovascular reflexes and orthostatic
tolerance have been studied in relation to submerging,
inaction, extended rest in bed, and weightlessness during
spaceflight using LBNP [56-58]. Each supine participant
positioned his lower body within the cylindrical suction
chamber, which is sealed behind the sternum and has
a Neoprene skirt on it. To keep people from moving,
foot supports were positioned within the room [59, 60].

Baroreflex sensitivity testing
Stretching sensors called baroreceptors, found in the
aorta and carotid sinus and react to artery wall expanding
detects changes in blood pressure [61-63]. The brain
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stem receives burst-like information about each blood
pressure pulse from aortic and carotid baroreceptors via
the afferent vagal and glossopharyngeal pathways. An
increase in afferent input into central autonomic nuclei
(nucleus tractus solitarius) is the consequence of this
increase in stretching, which also causes a transient
rise in blood pressure. The baroreflex’s sensitivities
may be understood as its reactivity to blood pressure
challenges. It can be described as the level of alteration
in sympathetic neural activity (SNA) for any variation
in blood pressure [64, 65]. A vasoconstrictor drug
(phenylephrine) can be injected to raise blood pressure,
which will naturally lower heart rate (HR) and raise
IBI. This will allow BRS to be assessed.Most often,
natural heart rate variability (HRV) and blood pressure
variability (BPV), which are derived from a continuous
noninvasive finger arterial pressure measurement
using the Finapress technique, may also be used to
noninvasively assess BRS [66]. The theory is that there
is constantly random BPV because of the resonance
phenomena described above as well as breathing, which
beat-to-beat regulates cardiac filling, stroke volume,
and, therefore, the BP pulsations (Mayer [67-70].

Conclusion

Autonomic functions could be tested by various
methods most of them noninvasive consist sympathetic
and parasympathetic types of tests. Due to the pervasive
nature of autonomic functions, autonomic function
testing (AFT) includes a wide range of tests related
to different physiological systems of the body. AFT
has a considerable amount of diagnostic importance,
which can have preventive value due to a large number
of mortality due to autonomic disorders.

References/ buénuorpaduyeckuii cnmcok

1. Ewing DJ, Campbell IW, Clarke BF. Assessment of
cardiovascular effects in diabetic autonomic neuropathy and prognostic
implications. Ann Intern Med. 1980; 92: 308—11.

2. Ewing DJ, Clarke BF. Autonomic neuropathy: its diagnosis and
prognosis. Clin Endocrinol Metab. 1986;15(4):855—888. doi:10.1016/
s0300-595x(86)80078-0

3. Low PA. Autonomic Nervous system function. J Clin
Neurophysiol. 1993;10:14—27.

100

4. Assessment: clinical autonomic testing. Report of the
Therapeutics and Technology Assessment Subcommittee of the
American Academy of Neurology. 1996;46(3):873—80.

5. Scott WA. Assessment of the autonomic nervous system. In:
Moss and Adams heart disease in infants and adolescents including
the fetus and young adult. Baltimore (et.) Williams and Wilkins.
1995; 172—81.

6. Jaradeh SS, Prieto TE. Evaluation of the autonomic nervous
system. Phys Med Rehabil Clin N Am. 2003;14(2):287—305.
doi:10.1016/s1047-9651 (02) 00121-3

7. Low PA. Testing the Autonomic Nervous System. Seminars
in neurology. 2003;23(4):407—21.

8. Low PA. Laboratory evaluation of autonomic function.
Advances in Clinical Neurophysiology (Supplements to Clinical
Neurophysiology). 2004;57:58—68.

9. Nahm FK, Freeman R. Autonomic Nervous System Testing.
The Clinical Neurophysiology Primer. 2007;3:12.

10. Low PA. Quantitation of autonomic responses. In: Dyck PJ,
Thomas PK, Lambert EH, Bunge R, editors. Peripheral neuropathy.
Philadelphia. 2005. 315 p.

11. Zygmunt A. Methods of evaluation of autonomic nervous
system function. Arch Med Sci. 2010;6(1):11—18.

12. Low PA. Autonomic Function Tests: Some Clinical
Applications. J Clin Neurol. 2013;9:1—S8.

13. Low PA. Evaluation of sudomotor function. Clin Neurophysiol.
2004;115:1506—13.

14. Kimpinski K, Iodice V, Sandroni P, Fealey RD, Vernino S,
Low PA. Sudomotor dysfunction in autoimmune autonomic
ganglionopathy. Neurology. 2009;73(18):1501—1506. doi:10.1212/
WNL.0b013e3181bf995f

15. Guttman L. A Demonstration of the Study of Sweat Secretion by
the Quinizarin Method. Proceedings of the Royal Soctety of Medicine.
1941;35(2): 77—78.

16. Guttman L. The Management of the Quinizarin Sweat Test.
Postgrad Med J. 1947; 23(262):353—66.

17. Low PA. Quantitative sudomotor axon reflex test in normal
and neuropathic subjects. Ann Neurol.1983;14:573—80.

18. Low PA. The effect of aging on cardiac autonomic and
postganglionic sudomotor function. Muscle Nerve.1990; 13:152—057.

19. Low PA. Composite Autonomic Scoring Scale for Laboratory
Quantification of Generalized Autonomic Failure. Mayo Clin. Proc.
1993;68:748—52.

20. Low PA, Denq JC, Opfer-Gehrking TL, Dyck PJ, O’Brien PC,
Slezak JM. Effect of age and gender on sudomotor and cardiovagal
function and blood pressure response to tilt in normal subjects.
Muscle Nerve. 1997;20(12):1561—1568. doi:10.1002/(sici)1097-
4598(199712)20:12<1561:: aid-mus11>3.0.co;2-3

21. Shahani E. Sympathetic skin response — a method of assessing
unmyelinated axon dysfunction in peripheral neuropathies. J Neurol
Neurosurg. Psychiatry. 1984;47:536—42.

22. Roberto V. Sympathetic skin response Basic mechanisms and
clinical applications. Clin Auton Res. 2003;13: 256—70.

23. Sharma T, Kapoor B. Conference on Advances in
Communication and Control Systems. Proceedings. Bangalore.
2013;42:45.

ONBMOMOMNA. SKCTTEPUMEHTANTBHAA OU3INON0T 1A



Gupta K, Saini R, Jangid N. RUDN Journal of Medicine. 2025;29(1)

24. Kennedy E. A Device to Quantify Sweat in Single Sweat
Glands to Diagnose Neuropathy. Journal of Medical Devices.
2013;7(3):030941.

25. Argyropoulos SV, Bailey JE, Hood SD. Inhalation of 35 %
CO(2) results in activation of the HPA axis in healthy volunteers.
Psychoneuroendocrinology. 2002;27(6):715—729. doi:10.1016/
s0306-4530 (01) 00075-0

26. Kaye JM, Buchanan F, Kendrick A. Acute carbon dioxide
exposure in healthy adults: evaluation of a novel means of investigating
the stress response. J Neuroendocrinol. 2004;16: 256—64.

27. Kaye JM, Corrall RJ, Lightman SL. A new test for autonomic
cardiovascular and neuroendocrine responses in diabetes mellitus:
evidence for early vagal dysfunction. Diabetologia. 2005;48(1):180—
186. doi:10.1007/s00125-004-1615-0

28. Flumazenil provocation of panic attacks. Evidence for
altered benzodiazepine receptor sensitivity in panic disorder.
1990;47(10):917—25.

29. Scott WA. Assessment of the autonomic nervous system. In:
Moss and Adams heart disease in infants and adolescents including the
fetus and young adult. Baltimore. Williams and Wilkins. 1995. 181 p.

30. Mathias CJ. Autonomic diseases: clinical features and laboratory
evaluation. J Neurol Neurosurg Psychiatry. 2003;74(Suppl 3):31—41.

31. Sinski M. Why study sympathetic nervous system? J Physiol
Pharmacol. 2006;57(Suppl.11):79—92.

32. Bremner F. Pupil evaluation as a test for autonomic disorders.
Clin Auton Res. 2009;19:88—01.

33. Maurer A. Letter from the guest editor: Can we prevent
tarnishing a gold standard? Semin Nucl Med. 1995;25:288.

34. Maurer A. Update on Gastrointestinal Scintigraphy. Semin Nucl
Med. 2005;36:110—18.

35. Marathe CS, Jones KL, Wu T, Rayner CK, Horowitz M.
Gastrointestinal autonomic neuropathy in diabetes. Auton Neurosci.
2020;229:102718. doi:10.1016/j.autneu.2020.102718

36. Moningi S. Autonomic disturbances in diabetes: Assessment
and anaesthetic implications. Indian journal of anaesthesia.
2018;62(8):575—83.

37. Mayo Clinic. Diseases conditions/autonomic neuropathy/
diagnosis treatment. https://www.mayoclinic.org/diseases-conditions/
autonomic-neuropathy/diagnosis-treatment (Access date 02 March
2024).

38. Urodynamic Testing NIH. https://www.niddk.nih.gov/health-
information/diagnostic-tests/urodynamic-testing. (Access date 02
March 2024).

39. EnzlinP. Diabetes mellitus and female sexuality: A review of
25 years’ research. Diabetes Med. 1998;15:809—15.

40. Bacon CG, Hu FB, Giovannucci E, Glasser DB, Mittleman MA,
Rimm EB. Association of type and duration of diabetes with erectile
dysfunction in a large cohort of men. Diabetes Care. 2002;25(8):1458—
1463. doi:10.2337/diacare.25.8.1458

41. Ewing DJ. Cardiovascular reflexes and autonomic neuropathy.
Clin Sci Mol Med. 1978;55:321—7.

42. Ziegler D. Assessment of cardio-vascular autonomic function;
age-related normal ranges and reproducibility of spectral analysis,
vector analysis, and standard tests of heart rate variation and blood
pressure responses. Diabet Med. 1992;9:166—75.

43, Hilz Max J. Quantitative studies of autonomic function. Muscle
Nerve. 2006;33: 6—20.

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

44. Dharwadkar AA, Dharwadkar AR, Bagali S, Shaikh GB.
Decrease in cardiovascular parasympathetic function tests a decade
earlier in females. Indian J Physiol Pharmacol. 2011;55(1):94—296.

45. Gautam S et al. Comparison of cardiac autonomic functions
among postmenopausal women with and without hormone replacement
therapy, and premenopausal women. Indian J Physiol Pharmacol 2011;
55 (4): 297—03.

46. Parashar R. Age Related Changes in Autonomic Functions.
Journal of Clinical and Diagnostic Research. 2016;10(3):11—15.

47. SabaE. Autonomic nervous system changes associated with
rheumatoid arthritis: Clinical and electrophysiological study. The
Egyptian Rheumatologist. 2014; 36:157—63.

48. Lathadevi GV. Evaluation of the Autonomic Functions in
Perimenopausal and Menopausal Women. Journal of Clinical and
Diagnostic Research. 2011;5(6):1148—50.

49. Jyotsna VP. Cardiac autonomic function in patients with
diabetes improves with practice of comprehensive yogic breathing
program. Indian Journal of Endocrinology and Metabolism 2013; 17
(3): 480—485.

50. Khanam AA, Sachdeva U, Guleria R, Deepak KK. Study of
pulmonary and autonomic functions of asthma patients after yoga
training. Indian J Physiol Pharmacol. 1996;40(4):318—324.

51. Van Den Berg. Bedside Autonomic Function Testing in Patients
with Vasovagal Syncope. PACE. 1997;20 [Pt. I1];2039—42.

52. Bannister M. Cardiovascular reflexes and biochemical responses
in progressive autonomic failure. Brain. 1977;100:327—44.

53. Hilz MJ, Diitsch M. Quantitative studies of autonomic function.
Muscle Nerve. 2006;33(1):6—20. doi:10.1002/mus.20365

54. Khaliq F. Autonomic reactivity to cold pressor test in
Prehypertensive and hypertensive Medical students. Indian J Physiol
Pharmacol. 2011;55 (3): 246—>52.

55. Khurana RK. Cold face test: adrenergic phase. Clin Auton
Res. 2007;17:211—16.

56. Patel AR, Engstrom JE, Tusing LD, McNeeley KJ,
Chelimsky TC. Lower body negative pressure: a test of cardiovascular
autonomic function. Muscle Nerve. 2001;24:481—87. doi: 10.1002/
mus.1030

57. Essandoh LK. Differential effects of lower body negative
pressure on foreman and blood flow. J Appl Physiol. 1986; 61:994—298.

58. Stevens PM, Lamb LE. Effects of lower body negative pressure
on the cardiovascular system. Am J Cardiol. 1965;16:506—15.

59. Wallin BG. Sympathetic nerve activity in arm and leg muscles
during lower body negative pressure in humans. J Appl Physiol.
1989;66:2778—81.

60. Dikshit MB. Lower-body suction and cardiovascular reflexes:
physiological and applied considerations. Indian J Physiol Pharmacol.
1990;34:3—12.

61. §Vigelj V, Sinkovec M, Avbelj V, Trobec R. Simple cardiovagal
and adrenergic function tests in carotid artery stenosis patients as
a potential tool for determining a transient autonomic dysfunction.
Clin Auton Res. 2015;25(6):383—90.

62. Timmers HJ. Baroreflex failure: a neglected type of secondary
hypertension. Neth J Med. 2004;62:151—55.

63. Eduardo E. Benarroch. The arterial baroreflex Functional
organization and involvement in neurologic disease. Neurology.
2008;71(21):1733—38.

101



Gupta K., Saini R., Jangid N. Bectauk PYJH. Cepusa: Meguuuna. 2025. T. 29. Ne 1

64. Charkoudian N. Sympathetic neural mechanisms in human
cardiovascular health and disease. Mayo Clin Proc. 2009;84: 822.

65. Swenne CA. Baroreflex sensitivity: mechanisms and
measurement. Neth Heart J. 2013;21(2):58—60. doi:10.1007/s12471-
012-0346-y

66. Smyth HS. Reflex regulation of arterial pressure during sleep
in man. A quantitative method of assessing baroreflex sensitivity. Circ
Res. 1969; 24:109—21.

67. van de Vooren H, Gademan MG, Swenne CA, TenVoorde BJ,
Schalij MJ, Van der Wall EE. Baroreflex sensitivity, blood pressure
buffering, and resonance: what are the links? Computer simulation
of healthy subjects and heart failure patients. J Appl Physiol.

68. Persson PB. Time versus frequency domain techniques for
assessing baroreflex sensitivity. J Hypertens. 2001 Oct;19(10):1699—
705.

69. Barthel P, Bauer A, Miiller A, Huster KM, Kanters JK,
Paruchuri V, Yang X, Ulm K, Malik M, Schmidt G. Spontaneous
baroreflex sensitivity: prospective validation trial of a novel
technique in survivors of acute myocardial infarction. Heart Rhythm.
2012;9(8):1288—1294. doi:10.1016/j.hrthm.2012.04.017

70. Martinez-Alanis M, Calderén-Juarez M, Martinez-
Garcia P. Baroreflex Sensitivity Assessment Using the Sequence Method
with Delayed Signals in End-Stage Renal Disease Patients. Sensors
(Basel). 2022;23(1):260. doi:10.3390/s23010260

2007;102(4):1348—1356. doi:10.1152/japplphysiol.00158.2006

TecTupoBaHMe aBTOHOMHbIX QYHKLMIA

K.I'ynta ', P. Caunu B, H. /I>xanrup,

Mepmuuunackuri Komemk CaBaid Man Cunrx, Jocatinyp, e. Padscacmxan, MHOust
P sainiravi414@gmail.com

AnHoTtanusa. AkmyaibHocmb. IloBcemMecTHast IPUPOZa CUMIIAaTHUeCKOM 1 apaciMIaTHyeckoi HepBHOM CUCTeMBI [103BO/IH/IA
TIPOBO/JMTH MOZIPOOHbIE TECTHI B PA3/IMUHBIX CUCTeMaXx, BK/IFOUasi CepAEUHO-COCYUCTYIO, ey 0UHO-KUILIEYHYH0, MOUEII0/I0BYIO,
3pUTe/IbHYI0, CYZIOMOTOPHYIO ¥ HeHpO3H/J0KpHHHYI0. Hanbosiee Ba)KHBIMH XapaKTepPUCTUKAMH 3TUX TECTOB SIBJISIOTCS TO, UTO
OHH [I0JDKHBI OBbITH HeMHBa3UBHBIMY, UYBCTBUTE/IbHBIMY, CIIELIU(PUUHBIMY, IOBTOPSIEMbIMHU, KOJIMUeCTBEHHBIMU, KIIMHUUECKU
T10/1e3HBIMHU U 3P ()EKTUBHBIMY 110 BpeMeHU. JTU TeCThl ObUIM pa3paboTaHbl [/ UCC/Ie0BaHNs BO3MO)KHOCTH aBTOHOMHOMN
HeJJ0CTaTOUHOCTH, U3MepeHHs ee TSDKeCTH U OL|eHKH ee pacnpocTpaHeHus. KiMHHUYecKye UCIIBITaHUS U UCCIe/j0BaTe/IbCKIe
TeCTbI SIB/ISIIOTCS [IByMsI OCHOBHBIMU KaTeropysiMU 3TUX 00c/esjoBaHUH. KaparoBarabHble, CyZlOMOTOPHbIE U aJjpeHeprudecKue
aBTOHOMHBIe (DYHKILJMY OLIeHHUBAIOTCS C IOMOLLIBIO CTaH/apTHBIX JIab0paToOpHBIX TeCTOB. TeCT Ha IIOT, 0OCHOBAHHBIN Ha H3MepeHUN
TepMOPpeTry/IsLNY, U KO/IMueCTBeHHbIN TecT pedrekca cyromMoTopHoro akcoHa (QSART) MOXKHO MCII0/Ib30BaTh [J1s1 OL|eHKU
CyZJOMOTOPHOH (yHKLMH. Peak1yst apTepraibHOrO aB/ieHNs ¥ peakiiyisl YacTOThI CepieuHbIX COKpalljeHHii Ha MaHeBp BasbcasbBbl
1 HaKJIOH I'0JIOBBI MCIIO/Ib3YIOTCS [J1s1 OLleHKH (PYHKLIMK Ha/JTIOYeUHHKOB, a TECThI C PaCIIMPeHHbIM 3aXBaToM PYKU 3 (eKTUBHBI
U151 OTIpeie/IeHNs] Ha/IMuKsl aBTOHOMHOM HeZJ0CTaTOYHOCTH, ee eCTeCTBEHHOrO TeueHUsl U peakliuy Ha jiedeHue. Habop TecToB
aBTOHOMHOM (YHKLIMM NpeiCTaB/sieT OO0 COBOKYIHOCTb TECTOB /I/IsI OLIeHKU aBTOHOMHOT'O (PyHKIJMOHHPOBaHUsA. OObIUHO
rcronb3yeTcst Habop FOuHra, KoTophlii BK/IIOYaeT HECKO/IBKO TeCTOB /IS [TapacuMITaTHYeCKOH M CHUMIIaTUueCcKO HepBHOMH
cucTeMbl. Bbigodbl. TecTrpoBaHue (yHKLIMHY BereTaTUBHOI HEPBHOM cUCTeMbl UMeeT O0JIblIoe JUarHOCTHUECKOe 3HaYeHHe,
KOTOpOe Tak)Xe MOKeT UMeThb U Mpo(UIaKTHUYeCKOe 3HaueHue BBy 0O/bILIOr0 KoMyecTBa CMepTeid 13-3a pacCTPOHCTB
BereTaTUBHBIX (PYHKLMI.

KinroueBble cj10Ba: Kap/uoBaranbHblii, Habop TectoB FOuHra, napacuMmnaTiuecKuid, Cy0MOTOPHbIH, CUMITaTHYe CKUH

Mudopmanus o puHaHCHPOBaHUU. ABTODBI He TI0Tyuav (PUHAHCOBOU TOA1epKKHY 3a UCC/Ie/[OBaHKE, aBTOPCTBO U TTyO/MKALHIO
9TOH CTaThH.

Bxknap aBTopoB. PaBu CavHu — 0030p /tuTepaTyphl, Hanvcanve Tekcra; HavHa [Ikanrug — c6op 1 o6paboTKa Marepuasos;
Karmn I'ynta — KOHLIeNIUS U iW3aliH UCCefoBaHusl. Bce aBTOpPbI BHEC/IM 3HAYMTE/IbHBIN BKJIa/| B Pa3paboTKy KOHLIETIIIHH,
WCCJIeIOBaHNs U TIOITOTOBKY PYKOMHMCH, TIPOUMTAJIM U 0/[00PH/IM OKOHUATE/TbHYH0 BEPCHI0 Tiepes myOTuKaLiuen.
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OuHamuka moppomMeTpuuecKux U onTUYeCcKUx napaMmeTpoB
nMM¢OLUTOB KpbIC Noj BO3[eNCTBUEM MEAHO-LLMHKOBOW
KONuYeZaHHOW pyabl

A.P. HukuTnHa 8, K.P. 3usikaeBa ~, A.®D. KaomoBa ~, B.I'. IllamparoBa

BalkupcKuii rocyiapcTBeHHbIN MeIMIIMHCKUIA YHUBEPCUTeT, 2. Y¢a, Poccuiickas @edepayust
D<) nikitina.albinar@gmail.com

AnHoTanusa. AkmyaisHocme. VI3yueHue n3mMeHeHN MOP(OIOrHUecKrX ¥ ONTHUeCKUX TTapaMeTPOB TOMYJISILMHN TUM(OLMTOB
KPBIC 1107} BO3[|eHiCTBHEM Me/IHO-LIMHKOBOM KOTYeZJaHHOM Pyzibl IT03BOJISIET OLIEHUTb COCTOSTHME MMMYHHOM CHCTeMbl OpraHu3Ma.
Tak Kak OTpuIaTe/IbHbIe MOC/IeCTBUSI KOHTAKTa OpraHri3Ma C COJSIMU TSDKEJTBIX MeTasIJIoB, BXO/SIINE B COCTaB MeHO-LHKOBBIX
KOJTUeZlaHHBIX PYZ, MOTYT UIMeTh MeCTO y paOOTHUKOB TOPHOJ00BIBAFOIIMX MPEANPHUATHIA. Lle1b pabombl 3aK/iouaack B UCCIeN0-
BaHWK MOP(OMETPHUECKUX ¥ ONTHYECKUX TTapaMeTPOB (TIOMa/lb TOBEPXHOCTH KITETKH, 5i/1pa, LUTOIIa3Mbl, 00beM 1 ONTHYeCKast
TJIOTHOCTB) MMM(OLIMTOB Neprieprueckoii KpOBH KPBIC 1107, BO3ZIeHCTBIEM MeJHO-LIIHKOBOM KoyTuelaHHOM pyzAbl. Mamepuanbl
u Memoobl. B paboTe ¢ TOMOII[B0 KOMITBFOTEPHOM MOPGOMETPHH B XpPOHMUECKOM JKCIIepPHMEHTe M3yUeHbl pa3MepHBIe M0Ka3areni
MMM(OLMTOB U UX CTPYKTYP, a TAKXKEe ONTHUYeCKKe CBOWCTBA ITUX KJIETOK Y KPBIC, TIOZIBEPIHYTHIX BO3/eHCTBUI0 Me/JHO-IIMHKOBOW
Ko/TuejlaHHOM pyzbl. OJHOBpEMeHHO PacCUMTHIBAIN 00beM JIMMQOLMTOB 10 THCTOrPAMMaM paciipe/iesieHus], pe/CTaB/IsieMbIX
reMaTo/IOTHYeCKUM aHaIn3aTopoM. B skcrieprMenTe ucrionb3oBany 70 HeTMHEHHBIX KPBIC-CaMIIOB TPeX-YeThbIpexMeCSTYHOTO
Bo3pacra (cpegnsist macca 210,5 £ 10,5 r). B cooTBeTCTBUM CO CPOKaMU BO3/|eMCTBHST MeJHO-IJMHKOBOM KO/TYeZJaHHOW PY/ibl
KPBICHI ObITM pa3zerieHbl Ha HeCKOTBKO rpymi. [ToKa3aTen KpOBH aHa/IM3UPOBAIM Ha FeMaTo/IornueckoM aHammsarope Vet Exigo
19 (IIeuus). MopdomeTprueckue rapaMmeTpsbl TMMGOLUTOB OTTpeZiesi/ii MeTOZ0M KOMIbIOTEPHOI MOp(oMeTprH Ha Ma3Kax
nepudepuyeckoil KpOBU, OKpallleHHbIX 10 PoMaHOBCKOMY —['MM3e, C TIOMOIL[BFO KOMIIJIEKCa aBTOMaTH4eCKOW MUKPOCKOTTUH
MEKOC-1J2 codr (Poccust), ycTraHOBIEHHOTO B cocTaBe (DYHKIMI JJ1s1 aHa/mM3a Ma3koB Ha Mukpockorie AXIO Lab.A1 (ZEISS,
Tepmanusi). Pe3yabmambl u 06CyscOeHue. AHaIN3 THCTOTPaMM paciipeziesieHus TMMGOLIMTOB TI0 TIJIOLIaAX U 00beMy TIPOJieMOH-
CTpUpOBaJ npeobsiaZiaHre B TIOMY/ISLMU MeJKUX U CpeJHUX KieToK. Ha 30-e cyTKu 3KcrieprMeHTa Hab/moaaoch Bo3pacTaHye
o0beMa, a Ha 45-e cyTKu — ruToiaau uMeoLmToB. [Ipoucxozsinee BO BCe CPOKH KCTIEPUMEHTa YBeIMUeHHe IIOaau sipa
Y CHVDKEHHE ero ONTHYeCKOM MIOTHOCTH Ob1I0 00y C/I0B/IEHO, OUeBUHO, TIpeBpalljeHHeM reTepoXpoMaTriHa B aKTUBHBIN 3yXpo-
MaTyvH, a yMeHbLIeHHe pa3Mepa LIUTOIIa3Mbl — CHIDKEHHeM ee MeTabomnueCcKol akTUBHOCTH. BbigoObl. MOKHO TIPeATIONIOKUTb,
YTO BBISIBJIEHHBIE [1ePeCTPOUKHU OBUIH CBsI3aHbI C alallTHBHBIMU TIPOLIeCCaMHU TIPH I€HCTBUM Ha OPTraHU3M KPBIC PY/BL
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KiroueBble cj10Ba: TUMQOIUTEI, THCTOTPAMMBI, Me/[HO-LIMHKOBAs KOJTue/laHHasi py/ia, ONTUYeCKast MJIOTHOCTh, KPbICHI
Nudopmanus o puHancupoBanum. VcciesoBaHye He UMesIO CIIOHCOPCKOM TTOA/IEPIKKH.

Bkiiapg aBTopoB. KatomoBa A.®., [ITamparoBa B.T., 3usikaeBa K.P., HukutrHa A.P. — KOHLeNIUs U jU3aliH UCC/Ie[j0BaHuUsI.
3usikaeBa K.P., Hukuruna A.P. — cbop u 06paboTka JjaHHBIX, HarkcaHye TekcTa. KaromoBa A.®., I1lamparosa B.I. — pepak-
THUpOBaHUWe. Bce aBTOPHI BHEC/M CyIIeCTBEHHBIN BK/Ia/| B pa3pabOTKy KOHIIEMLMHY, TIPOBe/IeHHe NCC/Ie/[OBaHUSI U TIOATOTOBKY
CTaThH, TIPOY/IM U Of0OPHIH (PUHATBHYIO BEPCHIO TTepe/ Iy OTrKale.

Nudopmanys o KOHQIUKTe HHTEPeCoB. ABTOPHI 3asIB/ISTIOT 00 OTCYTCTBUM KOH(IMKTA MHTEPECOB.

JTHYecKoe yTBep)KieHHe. Bce sKcrieprMeHThI ObLTH BBITIOTHEHBI B COOTBETCTBUH C JKeHeBCKOl KOHBeHIMel «Internetional
Guiding Principals for Biomedical Involving Animals» (Geneva, 1990), a Takke Xe/TbCMHCKOU JieKnapaljieii BcemupHoi
MeauIMHCKOM AcColLMalii 0 TYMaHHOM OTHOIIIEHUH K KMBOTHBIM (pezakiusi 2000 r.). ViccnenoBaHue of00peHo I0KaIbHBIM
sTYeckuM KomuteromM @PI'BOY BO «balkupckuii rocyapcTBeHHbI yHUBepcuTeT» MuH3zapasa P®, mpotokon Ne 5 ot 13.09.2017.

BaarogapHocTH. ABTODPHI BhIpakatoT O/1arogapHocTthb I1aenoBy B.H., unen-kopp. PAH, podeccopy, pekropy ®T'EQY BO
«BallK1UpCKU roCcyapCTBeHHBIN MeAULIMHCKUM YHUBEDCUTET» 3a MOMOII[b B TIPOBeIeHUH UCC/IeJOBaHUSI.
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Dynamics of morphometric and optical parameters of rat lymphocytes
under the influence of copper-zinc pyrite ore

AlbinaR. Nikitina "~ =, KlaraR. Ziyakaeva ', Aliya F. Kayumova ', Valentina G. Shamratova

Bashkir State Medical University, Ufa, Russian Federation
D nikitina.albinar@gmail.com

Abstract. Relevance. The study of changes in the morphological and optical parameters of the rat lymphocyte population
under the influence of copper-zinc pyrite ore makes it possible to assess the state of the body’s immune system. Since the negative
effects of body contact with heavy metal salts, which are part of copper-zinc pyrite ores, may occur in mining workers. The aim
of the work was to study the morphometric and optical parameters (cell surface square, nucleus, cytoplasm, volume and optical
density) of peripheral blood lymphocytes of rats under the influence of copper-zinc pyrite ore. Materials and Methods. In this
work, using computer morphometry in a chronic experiment, the dimensional parameters of lymphocytes and their structures, as
well as the optical properties of these cells in rats exposed to copper-zinc pyrite ore, were studied. At the same time, the volume
of lymphocytes was calculated from the histograms of distribution represented by a hematological analyzer. In the experiment,
70 inbreding male rats of three to four months of age (average weight 210.5 + 10.5 g) were used. In accordance with the timing
of exposure to copper-zinc pyrite ore, the rats were divided into several groups. Blood counts were analyzed on a hematology
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analyzer Vet Exigo 19 (Sweden). Morphometric parameters of lymphocytes were determined by computer morphometry on
peripheral blood smears stained according to Romanovsky—Giemse using the MEKOS-C2 soft automatic microscopy complex
(Russia) installed as part of the functions for smear analysis on the AXIO Lab.A1 microscope (ZEISS, Germany). Results and
Discussion. The analysis of histograms of the distribution of lymphocytes by square and volume demonstrated the predominance
of small and medium-sized cells in the population. On the 30th day of the experiment, an increase in volume was observed,
and on the 45th day, the square of lymphocytes. The increase in the square of the nucleus and the decrease in its optical density
occurring during all periods of the experiment was obviously due to the conversion of heterochromatin into active euchromatin,
and the decrease in the size of the cytoplasm was due to a decrease in its metabolic activity. Conclusions. It can be assumed that
the revealed rearrangements were associated with adaptive processes under the action of ore on the body of rats.
Keywords: lymphocytes, histograms, copper-zinc pyrite ore, optical density, rats
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BeepneHue

B psize paboT, mpoBeieHHBIX B TIOC/IeiHEe
JlecsiTUIeTHe C TTIOMOIIIbI0 MeTO/la KOMITbIOTEePHOM
Mop¢doMeTpHH, yCTAaHOBJIEHO, YTO TaKUe MoKasa-
Tenyu nuM@oLUTOB nepudeprueCcKol KpOBH, Kak
JaMeTp, MepuMeTp U I/1011{a/ib, OTPa’katoT He TOJIbKO
Mopdonoruueckre 0COO@HHOCTH KIeTOK, HO U UX
(yHKLIMOHAMBHYI0 aKTUBHOCTH [1]. DTO 1o3Bosinio
WCTI0/b30BaTh AUAarHOCTUUECKYI0 MOP(HOMETPUIO IS
OL|eHKM HIMMYHHOT0 CTaTyca OpraHri3Ma, B YaCTHOCTU
NP OCTPOM MUEJIOMIHOM JIeWKO3e U TPH ariacTuue-
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ckoil anemud [2, 3]. IpyrumM uH(QOpMaTUBHBIM MOP-
(hodyHKIIMOHA/IBHBIM MTOKa3aTesieM KJIeTOK SIB/ISIeTCs
X 00beMm, A/1s1 U3MepeHusi KOTOPOTO HUCIOJIb3yeTCst
KOH/IyKTOMeTpHuuecKui Meto. OrpeesieHre oobema
C TIOMOII[bIO IAHHOTO MEeTO/Ia TPOBO/IUTCS B YCIOBUSX,
NIPUOJIVPKEHHBIX K €CTeCTBEHHOMY KPOBOTOKY, T/i€e
K/JIeTKW TPUHUMAIOT CBOMCTBEHHbIe UX (H3HUOIOTH-
YyeCKOMY COCTOSIHHIO (hopMmy.

[MpeuMylileCTBO OMMCAHHBIX METO/OB COCTOUT
B BO3MOYKHOCTH OL|€HUTb COCTOSTHUE He TOJIBKO OT/e/Ib-
HBIX K/IeTOK, HO Y B 1[e/I0M TIOTY/SI[UN TUMGBOIUTOB,
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TIpe/ICTaB/ISIOUX CO00M COBOKYITHOCTh KI€TOYHBIX
¢hopM, OTIMYAIOLMXCS APYT OT Apyra Y M0 MUKPO-
CTPYKTYype, U 1o ¢pyHKUMU. Tak, yCTaHOB/IEHO, YTO
OCHOBHYIO MacCy K/IeTOK Yy 3l0POBbIX JIML] COCTaBJIsi-
IOT CyOIOMy AN MaJbIX U CPeHUX JTUMQOLIUTOB,
BK/TFOUAIOLMX NIperMylLecTBeHHO T-xenmepsI (95 %
oT 0011ero urcsia UPKYIUPYIOIIUX K/IeTOK) U LU-
ToTokcuueckue T-nmumdonmte (okono 50 %) [4].
He3sHaunTebHOE KOJIMUECTBO K/IETOK, 00J1aarolx
KPYIHBIMU pa3MepaMH, Npe/iCTaBlIeHO He3peabiMu
THMOLIUTaMH U HaTypaJibHbIMU Kussiepami [5]. [Jo-
CTOMHCTBO KOMITbIOTEPHOU MOP(hOMEeTPUHN 3aK/Ito-
yaeTcsl B TOM, UTO, MCC/Ie/lysl ONITUYeCKUe CBOKMCTBA
AUMGOLIMTOB, HapsALy C pa3MepHbIMH TOKa3aTe/sIMU,
MOJKHO TIOJTyUHTh HH(popMaruio 06 0cobeHHOCTIX
XUMHUEeCKOTO COCTaBa K/IeTKU U COCTOSTHUY K/IeTOUHBIX
CTPYKTYD.

AHnanu3 JrHaMUKHA MOpGOMeTpUYeCKUX U OTl-
THYeCKHUX [lapaMeTpoB, 00beKTUBHO OTpa)karollei
TIPOLIeCChI NTePECTPOMKY K/IE€TOUHBIX 3BeHbeB UMMYH-
HOU CHUCTeMBI, II03BOJIsSIeT OL|eHMBAaTh ee COCTOSIHUe
TpY [eCTBUM Pa3/IMYHBIX BHEIITHUX U BHYTPEHHUX
takTopos [1]. TIpu 3TOM M3MeHeHHe [uara3oHa Ba-
PbHPOBaHKsI pa3MepHbBIX MOKa3aTesnei TMMEGOLUTOB
CBHU/eTe/IbCTBYET O HapyLleHUH UMMYHOPeaKTHBHOCTH
OpraHu3Ma U pa3BUTHU MaTOJ0TMYeCKUX MPOLIeCCOB
TIPU BO3/IeMCTBUM Ha OpraHU3M HeOJ1aronpusiTHBIX
tdakTopoB cpepsl [1, 6]. B cBa3u ¢ 3TUM GoJibiIOe
NPUK/IaZiHOe 3HaYeHue UMeeT u3yuyeHue MopdomeTpu-
YeCKUX CBOWCTB JIMM(OLIUTOB NeprdepruecKoil KpoBU
nabopaTopHBIX XKUBOTHBIX I10/] BO3JeMCTBHEM COJIei
TSDKeJIbIX MEeTaJlJIOB, BXOASILMX B COCTaB PyJ, C KOTO-
PbIMH KOHTAKTHUPYIOT PAOOTHHUKHU TOPHO/00BIBAIOIINX
npeanpusaTyid. Tak, B uccaefoanuu Biacosoii H.B.
u MacsrytoBoi JI.M. u gp. 66110 3aDMKCUPOBAHO
yBeJIMYeHHe KOJIMUeCTBa JIEMKOLMTOB U, B YaCTHOCTH,
nmmdoruToB 6omee yeM B 2 pasa y pabOTHUKOB TIpe[-
MIPUATHS TI0 100bIUe MeJHO-IIMHKOBBIX KOTUeIaHHBIX
pyz (MLIKP) [7]. B BaiuikopTocTaHe uMmeeTcst 3 KpyTi-
HBIX MeCTOPOXKZEeHHs, 0CHOBHBIM MPOAYKTOM KOTOPBIX
sesieTcst MIIKP, B ux coctaBe 00HapyKMBaeTCsi OKOJIO
60 BpeHbIX TIPUMECei, B TOM UUCJIe U COMU TSXKeJTbIX
MeTaJlJIoB, TaKhe KaK MBbILIbSIK, CypbMa, PTYTh, PTOP
u apyrue [7].
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Llesibto AaHHOM PabOTHI SIBJISIOCH UCC/IeJOBaHUE
Mop(oMeTpUYeCKUX U ONTUUYECKUX TapaMeTPOB
mumbo1MTOB (TI/101[a/ib TTOBEPXHOCTU KJIETKH, Si/Ipa,
I[UTOTIa3Mbl, 00BEM 1 ONTHYEeCKast TUIOTHOCTh) TIePU-
(heprueckoii KpOBU KPBIC 10/ BO3JeHCTBHEM MeJIHO-
LIMHKOBOU KO/TUeJaHHOU PY/IbI.

MaTepMaHbI N MeTobl

Biusanue MILIKP Ha remarosiornueckue rnapameTpel
npoBeieHo Ha 70 GenbIx HeJTMHEeHHbIX KpbICaX-camilaX
B Bo3pacte 3—4 mec., maccoii 210,5 + 10,5 1. [Tpopomku-
TeJIbHOCTB OIbITa cocTaBuia 60 fHeil. B 3aBucumocty
oT cpoka nHTokcukarmu MLKP 6b110 copmupoBaHo
6 IpyMNIl: KOHTPOJ/IbHAS U 5 OMNBITHBIX. B MMOJONBITHBIX
rpynmnax B Tedenue 10, 20, 30, 45 u 60 cyTOK KpbIcam
repopasnbHO BBOAW/IA BOSHYIO CYCIIeH3UIO Pyzpl (03a
600 mr/kr Maccel Tena) [8]. Bce sxcriepuMeHThI Ob1LTH
BBITO/IHEHBI B COOTBETCTBUM C JKeHeBCKOM KOHBEHLIU-
el «Internetional Guiding Principals for Biomedical
Involving Animals» (Geneva, 1990), a Take Xeb-
CUHCKOU JleKapaiieii BcemupHoit MequiiiHCKOM
Accoyyanyy 0 T'yMaHHOM OTHOLLIEHUY K )KUBOTHBIM
(pepakmus 2000 1.). ViccnemoBanue Ob1710 0f00peHo
JIOKa/IbHBIM 3THYecKuM KomuteToM PI'EOY BO «baru-
KHAPCKWM rOCy/lapCTBeHHbIM YHUBepcUTeT» MUH3paBa
P®, nportokon Ne 5 ot 13.09.2017.

[nsi copep>kaHus )KUBOTHBIX MCII0/Ib30BaIn
CTaHJapTHBIE K1eTKH (n=6) co cBOOOAHBIM OCTYTIOM
K BOJZle U MUILle TIpU CpeiHel TeMrepaTrype Bo3ayxa
B BrBapuu 24 + 2 °C B cooTBeTCTBMH C npaBuiamu CI1
2.2.1.3218 u c dupekTtusoit 2010/63/EU no oxpaHe
JKUBOTHBIX, UCTIO/Ib3YeMbIX B HAyUHBIX Lie/isiX. B3dTue
nepueprueckoi KpOBU M3 XBOCTOBOM BeHbI 1 9BTaHa-
3UI0 J)KMBOTHBIX ITyTeM JleKaruTaliy [POBOAUIIN IO,
3¢UpPHBIM HapKo3oM [9].

O6pa3el] pyzbl ObLT TpeAOCTaB/IeH Y YaTUHCKAM
rOpHO-000TaTUTE/NBHBIM KOMOHHaTOM. Mopdome-
TpUUecKHe rapameTpsl JTUMQPOLMTOB ONpesesian
MeTO/JJOM KOMIIbIOTEPHOU MOpP(OMETPUM B Ma3Kax
neprepuueckoil KpoBH, OKpallleHHbIX 10 PoMaHOB-
ckomy — ['MM3e, C MOMOILbI0 KOMIJIEKCa aBTOMAaTH-
yeckoid Mukpockornuu MEKOC-LI2 codt (Poccus),
YCTAHOBJIEHHOTO B COCTaBe (PYHKIUU /i1 aHa/IM3a
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Ma3koB Ha Mukpockore AXIO Lab.A1 (ZEISS,
I'epmanus). [Ipu mpocMoOTpe Ma3KOB KPOBU /IS
rnojcyueTa JieKoUuTapHOU (POpMYyJibl BU3yaabHO
oTIpeie/IsiIi TUTIBI JIEMKOLIUTOB, Co3/aBaau 6a3y
UX U300pa’keHUH U Mocjie COPTUPOBKU OCYIIeCT-
BJ/ISIIW mepefauy AaHHbIX B MS Excel. Ha ocHoBe
rojicueTa B KaXkZoM obpa3ije riomagu JBYXCOT
K/JeTOK CTPOWJIM TUCTOTPaMMBbl pacripejeneHus,
KOTOpbI€e MO3BOJIU/IN YUUTHIBATh HE TOJbKO CpeJHUe
BeJIMUMHBI TIOKa3aTeseld, HO ¥ TapaMeTphl pacrpeje-
JIeHUs], a TaK)Ke COOTHOLLeHHe Jj0Jiel KJIeTOK Pa3HOro
pa3mepa.

ITpu aHa/MM3e LUTOJ/IOrUYeCKUX U300parkeHU
M3y4ay ONTUYeCKYH0 MJIOTHOCTb LIUTOI/Ia3Mbl U siZjpa
numbo1uToB. [I715 OLleHKH MapaMeTpPOB OITHYe CKOM
MJIOTHOCTH MPUMEHSIIU pacripeZiesieHre THCTOrPaMMBbl
SIPKOCTH 110 00BEKTY C TTOMOIL[BIO TIOKa3aTess yAe bHOU
ontuyeckoi nioTHocTu (YOIT). YOII usmepsinach
B TpeX CeKTpaJbHbIX Auana3oHax BUJeoKaMmepbl —
cuHeM (YOIlc), 3enenom (YOII3), kpacHom (YOIIk),
OKpacka orpe/iesisiiach LIBETOM TeX Jyueid, KOTophble
BelecTBO noriouano. CymMapHas OLleHKa Crek-
TpaJIbHOTO Aiaria3oHa OTpakaeT CTeleHb (hyHKIU-
OHa/IbHOM aKTUBHOCTH KJIeTKU. [I/1s1 onpesiesieHUs
WHTerpajbHOM OMTHUYECKOW MJIOTHOCTH LIUTOMIIa3Mbl
BBITIO/THSJICSL pacueT UH/eKCa OMTHYeCKOU MI0THOCTH
(MOIT) u ymenbHasi cyMMapHasi ONTUUeCKOM MJI0OTHOCTH
(YCOII) — (YCOII = YOIIK +YOII3 + YOIIO),
B yc/l. e[. ONTHYeCKOM MJIOTHOCTH M0 KaXKJ0W U3 Tpex
KOMITOHEHTOB CITeKTpa COOTBETCTBOBAJa CBOsi 00/1aCTh
riorytormenus [10].

KonmuecTBo 1 06beM TUMGOLIMTOB KPBIC U3y4Ya-
JIM Ha BeTePHMHAPHOM I10/1yaBTOMAaTHuyeCKOM reMaro-
jsoruueckoMm aHasnu3arope Vet Exigo 19 (IlIserjus).
Cpegnuii oosem mumormtos (MLV) 1 aciMMeTpHio
pacripesienenus (As) mUMOIUTOB pacCUMTHIBAJIU
10 TUCTOrpaMMaM pacrpe/iesieHus, pe/ioCTaB/IsieMbIX
remMaro/ioruueckum aHanu3atopom [11]. Ha ux ocHoBe
COCTaBJIS/IUCh UHTEPBaJ/iIbHbIe BapUAL[MOHHbIE PS/IbI
JIaHHBIX ¥ PaCCUMTHIBA/IMCH CpeIHUI 00beM TUMQo-
LIUTOB U As.

[MonyueHHbIe JaHHBIE 00pabaThIBaMUCh C UCTIOB30-
BaHMEM MaTeMaTHueCKoro rmakeTa Statistica 12 (StatSoft,
CIIIA). /1nst O11eHKY CTaTUCTHUUYeCKOW 3HaUMMOCTHU
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pa3nuuuii BEIOOPOK HCII0/Tb30Ba/M HellapaMeTpuye-
ckue Kputepun ManHa—YutHu u Kpackesa—Yosiu-
ca. PaccuntbiBanu: MeiaHy pacripefie/ieHus KJIeTOK
o oobemy (Me), uHTepKBapTU/IbHBIE pa3maxu (Q1;
Q3) u acummeTputo pacripefienenys. Pasnuuus cunranu
CTaTUCTAYeCKA 3HaUnMbIMU py p<0,05. OueHKy cBs-
3eld OCyILLeCTBIIS/IM C [IOMOLLbIO HellapaMeTPUUeCKOro
ko3 duiiieHTa Koppensiuu CnvpmeHa.

Pe3ynbraTtbl M 06CyXAeHMe

'ucTorpammbl pacripeienieHyst TMMQOIUTOB KPbIC
10 M/I0IaI1, 3aHMMaeMOl K/ieTKaMu Ha creksie (SL),
u 06bemy (MLV) B uCXOZHOM COCTOSTHUM KPBIC Ha pas-
HBIX CPOKax 3KCreprMeHTa MpeJCTaB/eHbl Ha puc. 1.

KpuBbiM pacripe/iesieHUs1 KJIETOK T10 TIJIOI[aAN
1 00beMy B KOHTpoOJie U ¢ 10-X CyTOK 3KCIIepUMeHTa
ObLs1a CBOMCTBEHHA OCTPOBEPILIMHHOCT (TIOJIOXKUTE Th-
HBIU 3KCLIeCC) U MONOKUTe/TbHasE AS, TIPOSIBJISIOLLIAsICS
B C/[BUTe BepILIVHbI pacIipefiesieHusi BIeBO OT ee LieHTpa
BC/IeICTBHE HA/TMUUS JJTMHHOTO «XBOCTa» B 00/1acTu
OO/BIIMX BeJTMUMH TIOKa3aTesiei.

Ncxopa u3 conocrtaBieHus ructorpamm SL
1 MLV oTMmeyaniock XxapakTepHoe COBIafleHUe 3TUX
KPHUBBIX pacripefiesieHusi. Bo Bce cpoku uccieno-
BaHUSI MAaKCMUMYM B TMCTOTPaMMax pacripe/iesieHust
1o 00BeMy | TUIOIA/IA TIPUXOAUICS Ha 60 (i1 1 MKM?,
COOTBETCTBEHHO, 3a UCK/IIOUeHueM 45-X CyTOK.
B KoHTpOJie [10/151 OTHOCUTEJIBHO MeJIKUX KJIeTOK
(mo 60 mkm?, 1) coctaBasia 48 %, a cpegHUX
(mo 90 mMkMm?, (1) — 43 %, TO ecTb B CyMMe Ha HUX
npuxoaunock 6omee 90 % oT Bcex LUPKYIUPYHOIIUX
KJ/IeTOK. XapaKTep KPUBbIX pacripe/iesieHus B IepBble
CPOKM 3KCIlepUMeHTa U3MEHUJICSI He3HAUUTe/IbHO.
Ha 30-e cyTku, cyas no rucrorpammam SL u MLV,
TPOUCXOJU C/IBUT BEePITUHBI BIeBO (AS MO TIIoazu
B KOHTpoJie coctaBuia 0,73 0,08, Ha 30-e cyTku —
2,99+0,10; As o o6bemy B KoHTposie — 0,80+ 0,09,
Ha 30-e cytku — 0,85+ 0,08 cooTBecTBEHHO), 00-
yCJIOB/IEHHBIM BO3pacTaHUEM B 0O0IIel MOmy/IAun
nonu 6osiee KPYNHBIX KiaeToK. CpeqHss MI0MaAb
KJIETOK CTaTUCTUYeCKU 3HAUMMO He U3MeHU/ach
(Tabs. 1), HO TIPU 3TOM MPOU3OIIJIO JOCTOBEPHOE
BO3pacTaHue obbeMa KiieTok Ha 8 %.
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Puc. 1. [ucTorpamMMbl pacnpefeneHus nnowaam 1 o6bema MMMAOOLMTOB KPbIC, MOABEPTHYThIX BO3AENCTBUI MeAHO-LIMHKOBOM
KonuyeaaHHo! pyabl

lpumeyarme: MLV — 06beM numdboumnToB, SL — nnouwab MiMMooumnToB.

Fig.1. Histograms of the distribution of the square and volume of lymphocytes of rats exposed to copper-zinc pyrite ore

Note: MLV — square of lymphocytes, SL — volume of lymphocytes.
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Tabnuuya 1
Moka3saTenu NMMQOLUTOB KpbIC, NOABEPrHYTbIX BO3A,ENCTBUIO MeAHO-LIMHKOBOI KonyeaaHHou pyabl, Me (Q1; Q3)
KoHTposibHas OnbITHaA OnbiTHas rpynna | OnbiTHas rpynna | OnbiTHasA rpynna | OnbiTHasA rpynna
MokasaTenu . o o o <
rpynna rpynna 10 gHen 20 pHen 30 aHen 45 nHen 60 gHewn
ﬁﬁﬂﬁ:ﬁﬂf& 1045 14,55 11,40 12,20 16,80 13,50
. . * . . . * . *
(x10° kneTok/n) (9,10; 12,50) (10,85; 18,00) (10,50; 14,20) (10,80; 14,60) (9,80; 18,80) (10,20; 16,50)
CpefHuit 06beM . an\E . . on\k . .
MMBOLMTOR, & 65 (55; 80) 60 (40; 80) 65 (55; 70) 70 (65; 90) 60 (60; 65)*me | 65,00 (65; 65) ® A
CpegHsas nnowagb 65,00 64,00 63,00 63,00 73,00 62,00
NMM@OLMTOB, MKM? (52,00; 79,00) (51,00; 76,00) (49,00; 79,00) (51,00; 78,00) (60,00; 86,00) *& (54,00; 74,00)
CpegfHsas nnowanb 20,00 13,00 10,00 14,00 15,00 13,00
LMTONNa3Mbl, MKM? (14,00; 27,00) (9,00; 19,00)* | (5,00;18,00)*~ | (10,00;25,00)*® | (10,00;25,00)*= (7,00; 20,00)*™
CpepaHsas nnowagb 44,00 48,00 52,00 47,00 54,00 48,00
anpa, MKm?2 (35,00; 53,00) (37,00; 59,00)* | (40,00; 65,00)*~ | (38,00; 55,00)*® | (44,00; 66,00)*2e | (42,00; 58,00)*
ALepHo-KneToyHoe 0,68 (0,62; 0,74)* 0,78 0,84 0,75 0,78 0,79
OTHOLLEHME ’ e (0,69; 0,84) * (0,74, 0,91)*~m (0,64;0,81)«um (0,68;0,86)*me (0,69; 0,89) *me
ﬂvﬁi‘l’;‘;'BMamquKoe 2,13 3,54 512 30 3,65 3,72
3THOLLIeHVIe (1,62;2,86) (2.27,544) * (282,10,33)*~ | (1,81;4,33) *~= (2,08;6,27) *® (2,20;7,80) xme

[pymMeyaHme: * — cTaTUCTUYECKM 3HAYMMOE OT/IMYME NoKasaTesst OMNbITHOM rPYNMbl MO OTHOLLIEHWIO K 3HAYEHUHO KOHTPOSbHOM
rpynnbl kpbic (p < 0,05); A — k 10-AHeBHOM onbITHOM rpynnbl Kpbic (p < 0,05); @ — k 20-AHEBHO ONbITHOW rpynnbl Kpbic (p < 0,05);
e — K 30-aHEBHOW OMNbITHOW rpynnbl Kpbic (p < 0,05); A — Kk 45-AHeBHOM ONbITHOW rpynnbl kpbic (p < 0,05).

Lymphocyte counts of rats exposed to copper-zinc pyrite ore, Me (Q1; Q3)

Table 1

Experimental

Experimental

Experimental

Experimental

Experimental

Indicators Control group group 10 days group 20 days group 30 days group 45 days group 60 days
Number of lymphocytes 10.45 14.55 11.40 12.20 16.80 13.50
(x10° cells/l) (9.10; 12.50) (10.85; 18.00)* (10.50; 14.20) (10.80; 14.60) (9.80; 18.80)* (10.20; 16.50) *
Average volume of . . . ) ) 65.00 (65;
lymphocytes, fl 65 (55; 80) 60 (40; 80)* 65 (55; 70) 70 (65; 90)* 60 (60; 65)*me 65) o4

73.00
The average area of 65.00 64.00 63.00 63.00 (60.00; 86.00) 62.00
lymphocytes, mm? (52.00; 79.00) (51.00; 76.00) (49.00; 79.00) (51.00; 78.00) A (54.00; 74.00)
The average area of the 20.00 13.00 10.00 14.00 15.00 13.00
cytoplasm, microns? (14.00; 27.00) (9.00; 19.00)* (5.00; 18.00)*4 | (10.00; 25.00)*® | (10.00; 25.00)*® | (7.00;20.00)*®
54.00
Average core area, mm? 44.00 48.00 52.00 47.00 (44.00; 48.00
! (35.00; 53.00) (37.00; 59.00)* | (40.00; 65.00)*4 | (38.00; 55.00)*™= 66 00)*A’0 (42.00; 58.00)*
The nuclear-cellular 0.68 (0.62; 0.78 0.84 0.75 0.78 0.79
relationship 0.74)* (0.69;0.84) * (0.74,0.91)*~® | (0.64;0.81)*"® | (0.68;0.86)*™® | (0.69; 0.89) *me
The nuclear-cytoplasmic 213 3.54 512 3.0 3.65 3.72
relationship (1.62;2.86) (2.27.5.44) * (2.82,10.33) *2 | (1.81;4.33) *~® | (2.08;6.27) *® (2.20;7.80) *me

Note: * — statistically significant difference in the indicator of the experimental group in relation to the value of the control group of
rats (p < 0.05); A —to the value of the 10-day experimental group of rats (p < 0.05); ® — to the value of the 20-day experimental group of
rats (p < 0.05); ® —to the value of the 30-day experimental group of rats (p < 0.05); A — to the value of the 45-day experimental group

of rats (p < 0.05).
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Ha 45-e cyTku dopma rucTorpamMmel pacripefie-
neHus 1o 06BeMy, COT/IaCHO CpeJjHel BeTuurHe U As
(0,77 £0,06), BepHy/nach K UCXOAHOMY COCTOSTHUIO
(B KOHTpOJIE), TIPOSIBJISISACH B YMEHbILIEHUH «XBOCTa»
pacripeiesieHusi B 06/1aCTH BBICOKUX 3HaueHHMHA. Ho npu
3TOM OBLJIO BBISIB/IEHO CMellleHre BepIINHbI KPUBOU
SL B cTOpoHy 00/bIIMX BesIMUUH (73 MKM?) U CUM-
MEeTPUYHOCTHU TUCTOrpaMMebl. Takum oOpa3om, Beiies
3a M3MeHeHVeM COOTHOLIeHUs [j0J1el K/IeTOK 10 I1/10-
]a/I¥ IPOU30LLIIO YBeJIMYeHre CPeIHero pasmepa, Mpu
3TOM [10J151 KIIeTOK cpefiHero pa3mepa (75 u 90 MkM?)
coctapusia 6osee 50 % M0 CpaBHEHHIO C OCTaTbHBIMHU
CpOKaMH, B KOTOPBIX /10JIS1 CPeJHUX K/IeTOK He BbIXO/U-
Jia 3a ipefienibl 43 %. CneflyeT OTMETUTh Ha TOM CPOKe
BO3POC/I0 KOTMUECTBO TUMGOLIMTOB B LIUPKY/IALIUU
(Tabn. 1).

V3yuyeHyie BHYTPUK/IETOUHBIX [1apaMeTPOB — I1/10-
maae siapa v quroruiasmMel (Tabs. 1) mokasano, uto
IJI0111a/lb, 3aHUMaeMasi siZipoM, JOCTOBEPHO yBeJsIv-
YMBaJIach M0 CPABHEHUIO C KOHTPOJIEM BO BCe CPOKH
3KCreprMeHTa. /IMHaMKKa MuIolaju LIUTOI/1a3Mbl
r“Mesia 0OpaTHYIO TeHleHLMio: HaurHas ¢ 10-x cy-
TOK ITPOM30LIO ee 3HaulMoOe YMeHbIlIeH’e, U B I10-
CJ/le[yIOIMe CPOKU CpelHss MIoWaAb LIUTOMIa3Mbl
MUM(OLIMTOB OKa3asach JOCTOBEPHO HUKe 3HaUeHUI
B KOHTpoJie (Ha 10-e cyTKH yMeHbIIMAAChk Ha 35 %,
Ha 20-e cytku — Ha 50 %, Ha 30-e cytku — Ha 30 %,
Ha 45-e cyTku — Ha 25 %, Ha 60-e cyTku — Ha 35 %
COOTBeTCTBeHHO). I1pu 5TOM yMeHbllIeHYe I1/101a 1
LIMTOIJIa3MEl, KaK [IOKa3bIBaeT CPaBHEHMeE Si[IepHO-

LIUTOI/Ia3MaTUYeCKOr0 OTHOLLIEHUS], IPOUCXOLUIIO0
Ha (OHe yBeMUueHUs 10/, 3aHUMaeMou 1JpoM, MPU
Her3MeHHO! I/I0Ia/u KeTKU. VckiroueHue cocTaBis-
Jla KapTHHA Ha 45-e CyTKH, Korjja Ob110 3a(hMKCHPOBaHO
MaKcHUMasbHOe 3HaueHHe 0011jeli TOBepXHOCTH KJIeTKH,
00yC/IoB/IeHHOE ZI0CTOBEPHBIM yBeTMUeHreM TUIoIaan
si/ipa 1o CPaBHEHUIO C KOHTPOJIEM U NpeblAyIMMU
CpOKaMu uccsiefioBaHus (Ha 10-e CyTKU yBesMyeHHUe
ripousoio Ha 9 %, Ha 20-e cyTku — Ha 18 %, Ha 30-e
CcyTKU — Ha 7 %, Ha 45-e cyTku — Ha 23 %, Ha 60-e
CYTKM — Ha 9 % COOTBeTCTBEHHO).

Haubonbiiee craTCcTHUeCKY 3HAUMMOE U3MeHeH1e
VH/eKCa M0/ p13alivuy, XapakTepusyollield CTerieHb
JUTANITUYHOCTU 00BEKTa, PacrylaCTaHHOTO Ha CTeKJie,
ripoucxoauno Ha 30-e 1 45-e CYyTKU T10 CPaBHEHHUIO
¢ koHTponem (koHTposib — 0,09 (0,05; 0,15), Ha 30-e
cytku — 0,14 (0,08; 0,23), Ha 45-e cytku — 0,14 (0,09;
0,22) ripu (p < 0.05)). B 9111 CpOKM K/1eTKu probpeTanu
HavMeHee CUMMeTPHUYHYI0 (OpMYy C Jja/TbHeHILINM BOC-
CTaHOBJIEHHEM 10 KOHTPOJIbHBIX BeIMUMH Ha 60-e CyTKH
(0,09 (0,06; 0,14), npu (p < 0.05)). [IpumeyaTenbHO,
YTO B 3TW CPOKU UMEJIM MeCTO Pa3INuus MeXy MOKa-
3aTesIsIMU TUIOLA/IM ¥ 06beMa muMboruToB (Ha 30-e
cytku MLV cocraBun 70 ¢mn, SL — 63 Mkm?; Ha 45-e
cytku MLV — 60 ¢, SL — 73 Mkm?; Ha 60-e cyTKH
MLV — 65 ¢, SL — 62 MKM? COOTBETCTBEHHO).

Oco0blit HHTepecC TNpe/CTaBseT aHaIU3 rapa-
MeTpPOB, XapaKTepU3yIOLUX ONTUYeCKHe CBOMCTBA
LUTOTIa3Mbl U siapa (Tabs. 2).

Ta6bnunya 2
OnTuyeckue nokasarenu NUMQOLUTOB KpbiC, NOABEPrHyTbIX BO3[eNCTBUI0 MeAHO-LIMHKOBOI KonyegaHHoi pyabl, Me (Q1; Q3)
MokasaTenu KoHTposnbHas OnbITHas OnbITHas OnbITHas OnbITHas OnbITHas
rpynna rpynna 10 gHen | rpynna 20 gHen | rpynna 30 gHen | rpynna 45 gHewn | rpynna 60 gHen
MHTerpanbHas ontnyeckas 039 018 013 031 023 017
;gﬁL'LOCTb HuTOonNA3MS!, (0,27;0,51) (0,13;0,29)* (0.06;021)*~ | (0,17;0,49)*A® | (0,13;0,37) *™® | (0,08; 0,26) *® 4
YaenbHaa cymMmMapHas 1.20 0,87* 0,82* 107*Am 104%Lm 078*A®A
onTuyeckas NAoOTHOCTb ) . . oy an- Yo
LMTONNa3Mbl, yci.eq, (0.97:1.48) (0,751,02) (0,65,1,03) (0,82;1,63) (0,80;1.30) (0,62;0,98)
YpaenbHasi onTuyeckas 5 128 0,92% 074 *A 105%Am 071 *Ae 074 *Lr®
NAOTHOCTb A/|pa No KPacHo ) - . S 2 ‘g
KOMMOHEHTe, yci.ef (1.07:1.52) 0.77:1,15) (0,60,0,95) (0,83;1,29) (0,63;0,84) (0,59;0,84)
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OKoH4YaHue Tabn. 2

MNokazatenm KoHTponbHas OnbITHas § OnbiTHas } OnbITHas § OnbITHas 5 OnbiTHas }

rpynna rpynna 10 gHen | rpynna 20 gHen | rpynna 30 gHen | rpynna 45 gHewn | rpynna 60 gHewn
YAenbHas ontaueckan 1,74 0,82* 0,59 *4 1,34 %2m 0,56%2@ 0,71 *2me A
EQ,?,,;%ZZTH"TZE)%_r;?usenem” (1,34;2,10) (0,69; 1,00) (0,50;0,76) (0,94;1,90) (0,48;0,67) (0,58;0,86)
YRenbHan onTuieckas 0,47 0,16 * 0,11 %2 0,38 *2m 0,10 %2 0,15+m® A
EQ&LZiZTHbTQFy%zECMHe“ (0,33,0,61) (0,13;0,21) (0,08;0,15) (0,18;0,58) (0,07;0,14) (0,12;0,19)

MpumedaHme: * — CTAaTUCTUYECKM 3HAYMMOE OTIMUME NOKA3aTeNsA OMbITHOW PYMMbl MO OTHOLWEHMIO K 3HAYEHWIO KOHTPOSTBHOW
rpynnbl Kpbic (p < 0,05); A — Kk 10-AHEBHOM OMbITHOM rpynnbl Kpbic (p < 0,05); -— Kk 20-gHEeBHOM OMbITHOM rpynnbl Kpbic (p < 0,05);
e — Kk 30-AHEBHOW OMbITHOW rpynnbl Kpbic (p < 0,05); A — Kk 45-aHeBHOI ONbITHOW rpynnbl Kpbic (p < 0,05).

Table 2
Optical parameters of lymphocytes of rats exposed to copper-zinc pyrite ore, Me (Q1; Q3)
Indicators Control arou Experimental Experimental Experimental Experimental Experimental
group group 10 days | group 20 days | group 30 days | group 45days | group 60 days
Integral optical density of the 0.39 0.18 0.13 0.31 0.23 © 0%'1526)
cytoplasm, conventional units (0.27;0.51) (0.13;0.29)* | (0.06;0.21)*2 | (0.17;0.49)*A® | (0.13;0.37) *u® Y
The Sﬁ’fjdﬁc.tt°t?,'th 1.20 0.87+ 0.82* 1.07%0m 1.04%4m 0.78x20 A
optical density of the : . . . . .
cytoplasm, conventional units (0.97;1.48) (0.75;1.02) (0.65;1.03) (0.82;1.63) (0.80;1.30) (0.62;0.98)
tﬁpecmc °pti°‘3'. de?sﬁ of g 1.28 0.92+ 0.74 % 1.05%Am 0.71 %00 0.74 %00
e core according to the re . . . . . .
component, conventional units (1.07;1.52) (0.77;1.15) (0.60;0.95) (0.83; 1.29) (0.63;0.84) (0.59;0.84)
Specific °g¥ica'tdf;|‘3“y of the 174 0.82+ 0.59 %4 1.34%0m 0.56%40 0.71*Amea
core according to the green . . . oA a0 n Ea-
component, conventional units (1.34;2.10) (0.69; 1.00) (0.50;0.76) (0.94;1.90) (0.48;0.67) (0.58;0.86)
pecific optical density of 0.47 0.16* 0.11 %4 0.38 xom 0.10 %40 0.15%me 4
e core according to the blue . . ) . . .
component, conventional units (0.33;0.61) (0.13;0.21) (0.08;0.15) (0.18;0.58) (0.07;,0.14) (0.12;0.19)

Note: * — statistically significant difference in the indicator of the experimental group in relation to the value of the control group of
rats (p < 0.05); A —to the value of the 10-day experimental group of rats (p < 0.05); = — to the value of the 20-day experimental group
of rats (p < 0.05); ® — to the value of the 30-day experimental group of rats (p < 0.05); A —to the value of the 45-day experimental

group of rats (p < 0.05).

WHdopMaTrBHast LIeHHOCTh U3yUeHHUsl ONITUYe CKUX
CBOWCTB 3aK/IF0YaeTCsl B TOM, UYTO OHU OTPaXKakoT 0CO-
OeHHOCTH MpOoTeKaHust MeTab0/M3Ma B UCC/IeTyeMbIX
KJIeTKaX B HOpMe U MPU MaTOI0TUUeCKUX Mpolieccax.
B pe3ysnbrare ncc/e0BaHus ObIIO BBISIB/IEHO CHIDKEHHE
OTITUYECKOW MJIOTHOCTHU I[UTOI/Ia3Mbl BO BCE CPOKU
JKCIepuMeHTa 10 CPaBHEeHUIO C KOHTPOJIeM, CBUJIe-
TEJIbCTBYSI O CHYDKEHHE BS3KOCTH IUTOTIa3MbI (TabJ1. 2).
[Tpu 3TOM yCcTaHOB/IEHa NpsiMasi KOPPeJIsILvsl CyMMapHOM
ONTUYECKOM TJIOTHOCTH LIUTOTIIA3MbI C ee TIJI0IIa/[bI0
(r=0,57 B KoHTpoOne, r=0,56 Ha 10-e cyTku, r=0,52
Ha 20-e cytky, r=0,69 Ha 30-e cyTky, r=0,59 Ha 45-€
cyTku, r=0,77 Ha 60-e cyTku). [ToCKONbKY BeMUMHA
roKa3sareJisi Ipe/ioOM/IEHUsT HeTTIOCPeICTBEHHO 3aBUCUT
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0T (PYHKLIMOHA/ILHOTO COCTOSTHUSI BHYTPUKJ/IETOUHBIX
CTPYKTYP, MO)KHO TIPeAITIONIOKUTE, UYTO Hab/II0jaeMble
B XO/le SKCIIepuMeHTa YMeHbllleHye I1JI0LaAy U OMTH-
YeCKOM MJIOTHOCTH LIUTOI/Ia3Mbl [0 CPaBHEHUIO C KOH-
TposieM 00yC/IOB/IeHO CHIKeHeM ee (DyHKLMOHATbHOM
aKTHMBHOCTH MOJ, Bo3JeicTBUeM pyabl (Ha 10-e cyTku
T/I0LIA/Ib LIMTOIIa3Mbl YMeHbLIMIach Ha 35 % U yenb-
Hasi CyMMapHasi ONTHYeCKasi IJIOTHOCTb LIUTOI/Ia3Mbl
Ha 27,5 %; Ha 20-e cytku —Ha 50 % u 31,7 %; Ha 30-e
cytkr — Ha 30 % u 10,8 %; Ha 45-e cyTku — Ha 25 %
1 13,3 %; Ha 60-e cytku — Ha 35 % u 35 % cooTBeT-
CTBEHHO T10 CPAaBHEHUIO C KOHTPOJIEM).

Bo Bce cpokH 3KcTieprMeHTa 0O0HapyKeHHOe HaMH
yBeMueHne pasMepa sijpa coueTanoch CO CHIKEHUEM

ONBMOMOMNA. SKCTTEPUMEHTANTBHAA OU3INON0T 1A
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ONTHUYECKOM MVIOTHOCTH I10 BCeM CIeKTpa/bHbIM /iha-
na3oHam (Tabs1. 2), cBuzieTenbCTBYS 0 peobpa3oBaHUU
BHYTPUSJEPHOU CTPYKTYPBI KJIETKU.

N3BecTHO, UTO pa3mepsl U popma sapa orpe-
JesISIF0TCA He CTOoMbKO KonmmuecTBoM JIHK, ckonbko
MogurKaleld xpomaryHa [12], npu 5ToM yBenuue-
HUe TUIOIIA/N sifipa 00yC/IOBIEeHO, IJIaBHBIM 006pa3oMm,
TipeBpallleHueM reTepoxXpoMaThHa B 3yxpomaruH [13].
YuuTsiBasi, UTO Mepexo/ reTepoxpoMaTriHa B bosee
PBIXJTYI0 ()OPMY 3yXpOMaTHHA COTIPOBOX/AETCs TIOBbI-
LIIeHreM IUIOLA/U s/pa U K/IeTKH, U3MeHeHUs ONTHYe-
CKMX CBOWCTB $i/ipa BO BCe CPOKH HUCC/IeJOBaHUSI MOYKHO
pacLieHUBaTh KaK OTpa’keHre U3MeHeHUs [IJIOTHOCTH
YHaKOBKH XpPOMaTHHA, TO eCTh TpaHC(HOpMaliK Heak-
THUBHOI'O reTepoXpoMaryHa B aKTUBHBIM 3yXPOMaTHH.
CoOTBeTCTBEHHO, MaKCHMa/bHas aKTUBHOCTD si/jpa
NIPUXOAN/IACH Ha 45-e CYyTKH, NIPOSIB/ISSCh B MUHUMAIIb-
HOW BeJTMYMHE ONTHUeCKOU TVIOTHOCTH B HAUOOJIbIIIeM
pasmepe si/ipa ¥ KJIeTKU B L[eJIOM.

[IpoBeseHHOe HCC/Ie[0BaHMe TTOKa3aao, uTo
VIHTOKCHKAaLMsl OpraHyi3Ma KpbIC, BO3HUKAIOL[asi [IpH
Bo3zeiictBur MLIKP, conpoBokzanack yBemueHuemM
KO/TMUeCTBa JIMM(OLIMTOB, U3MeHeHHeM UxX Mop(omeTpy-
YeCKHX U ONTUUECKUX NTapaMeTpoB. [loyueHHbIe JaHHbIe
COOTBETCTBOBA/IU CBEJIeHUsIM U3 JIUTepaTypHbIX UCTOY-
HHKOB O TOM, YTO OCHOBHYO /I0/F0 LIUPKY/IUPYHOIIAX
K/IETOK COCTaBJ/ISIIOT MeJIKKe U CpefiHre JTUM(OLIATHI [5].
Cypsi o (hopme rUcTorpamMm IIOLaAM U 00bema KIIeToK,
Ha 30-e 1 45-e CyTKU B MOMY/ISILIUUA TUM(OLUTOB MPO-
WCXO[WIIO0 TTepepacIipeie/ieHre B CTOPOHY YBeTNYeHHsI
nos 6oree KPYTIHBIX KJIETOK, COYeTasiCh Ha 45-e CyTKH
C BO3pacTaHueM Ux KosruecTBa. [IpoaHanv3upoBaB
MopdomeTprueCcKue MoKasaTelt, MOXKHO 3aK/TFOUUTh, UTO
3HauMMoe Bo3pacTtaHue SL Ha 45-e CyTKH COOTBETCTBOBaA-
710 Havbosiee BHIPAXKEHHOMY YBeTMUeHHIO pa3Mepa sifipa,
TIpY 5TOM pa3Mep LIUTOI/Ia3Mbl 3HAUMMO He OTIAYa/ICS.
CoriocTaBuB 3TOT (akT C yBeIMUeHHeM UMC/IeHHOCTH
KJIETOK B 3TOT CPOK, MOXKHO JIOMYCTUTb, YTO TOMYJISILIAS
JMQOLIMTOB, MOCTYTAOLIMX B LIUPKY/ISLHIO, TIOTO/THS-
JIaCh 3a CUET KJIETOK C YBe/IMUeHHbIM sijpoM. CoracHO
JIUTepaTypHbIM MCTOYHMKAM IIOIIO/IHEHUe TTOMYJISLUN
KJleTKamu 0os1ee KPYITHOTO pa3Mepa BO3MOXKHO 3a CUeT
He3peJIbIX TUMOLIUTOB U eCTeCTBeHHBIX KU/IepoB [4,
5, 14]. AnanornuHbie U3MeHeHUsI COCTaBa MONYJISALAN
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muMboLIMTOB reprudepryecKoil KpoBU T0/], BIUsSHAEM
BUTaMHHA A HabMIOAATUCE Y HOPOK, Y KOTOPBIX OBbLTH
BBISIB/IEHBI OOJIbIINE TPaHy/ISIPHbIE TUM(OLUTBI, OTHO-
CSLLMecs K eCTeCTBeHHbIM KujuiepaM [15]. BuyTpumno-
MY/ISLMOHHAsK TiepeCcTPorKa TMMQOLUTOB U MOsIB/IeHHe
TPYTIIT KJIETOK C Pa3HOU TJIOIMIAZbI0 U 00BEMOM, MOYKET
CBU/IETETbCTBOBATh O PAa3BUTUH UMMYHHOM peakLiu op-
raHr3Ma Ha BO3/IefiCTBHe TOKCUUeCKUX BellieCTB pyzbl [1].
YTouHUTH UH(GOPMALIUIO O XapaKTepe Hab/FoaeMbIX
TPOLIECCOB MO3BOJIA/IO U3yUYeHHe BHYTPUKIETOUHbBIX
KOMITOHEHTOB.

JyuHaMUUHBIMU U 0ObEKTUBHBIMU TOKa3aTe/si-
MM COCTOSIHUSI KJIeTKH SIBJISIFOTCS pa3Mep U OnTuye-
CKasi TJIOTHOCTSD sifipa [12]. X AuHaMuKa oTparkaeT
He TO/TbKO MOAU(UKALIMI0 XPOMaTUHA, HO U COCTOSIHHE
LUTOCKeJIeTa, siiepHOM MeMOpaHbl, 0CMOJISIPHOCTD
KyeTku [12, 16]. [Ipu akTUBaLMK KJI€TKU TIpeTeprie-
BaeT KOH()OpMaL[MOHHbIE MpeBpallleHus1 CTPYKTYpHast
yHopsiJ0YeHHOCTh XPOMAaTHHA, B pe3y/ibTaTe KOTOPhIX
M3MEHsTIOTCST eT0 ONTHUecKue cBoiicTra [17, 18]. B cuny
3TOro 0OHapy>KeHHOE B FKCIIEPUMEHTE yBeTUUeHUe
pasMepa sifjpa, CoueTarlUecs: CO CHUKeHUEM ero
ONTHUYEeCKOW MIOTHOCTH, MOXKET CBU/IeTeIbCTBOBATh
00 n3menenuu mnog BausinueM MLIKP crernenu KoH-
JleHcalluu XpoMaTuHa U COOTBETCTBEHHO yCUIEHUU
MaTtpryHoi aktuBHocT THK [12, 19].

Hapsiny c yBenvueHuem pa3mMepa sifipa noJ, Jem-
cterem MLIKP pyabl IpOMCXOAUIO CHUXKEHME ONThYe-
CKOW MJIOTHOCTU U MJIOIIAIA LUTOT1a3Mbl. [1py sTOM
BBISIBU/IACH MOJIOKUTE/IbHAST KOPPEJISILIUS MEXKAY STUMU
roKasare/siMd. Y UWThIBasi, UTO BeJIMUMHA MOKa3aTesist
TIpeJIOM/IEHUS HEITOCPeCTBEHHO 3aBUCUT OT KOHLIEH-
TpaLy XMMUUeCKUX KOMITOHEHTOB BHYTPUK/IETOYHOT'O
BELL[eCTBA U COCTOSIHUS KIETOUHBIX OPraHOU/0B, MOYKHO
MPeJIoA0XKUTh, UTO TIPA UHTOKCUKALIUU PYJOW CHUKa-
eTcsi QyHKLMOHA/IbHOE COCTOSTHUE LIUTOI/Ia3MaTHie CKUX
CTPYKTYp 1 00MeHHBIX mporeccos [20].

BbiBOAbI

Vcxops u3 npeficTaBieHuid 0 TOM, 4To Mopdome-
TpUUEeCKUe TlTapaMeTpbl 00beKTUBHO OTPaXKaroT (yHK-
L[MOHA/IbHOE COCTOsTHYE TMM(OLIUTOB, MOXKHO TOBOPUTh
0 TIeEPeCTPOMKe K/IeTOUHBIX 3BeHbeB MMMYHHOU CUCTEMBI
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niog, BvstHreM MLIKP. BrisiBiieHHOe yBenMueHre pasme-
POB si7jpa ¥ yMeHbLLIeHHe ero ONTUYeCKUX CBOWCTB yKa-
3bIBaeT Ha MOZM(UKALIMIO XPOMaTHHA, @ UMEeHHO T1epexof
reTepoxpoMariHa B 6osiee puIxyyto (hOpMy 9yXpOMaTrHa,
TIpY 3TOM ONTUYeCKasl IJIOTHOCTb LIUTOIIa3MBbI U ee
IOk B 3TOT MePUOZ, YMeHbIIAeTCsl, YTO CBSI3aHO
¢ ocstabieHeM MeTaboMYeCKo akTHBHOCTH LIUTOTIIA3-
Mbl. CriefioBaTe/IbHO, CTPYKTYPHO-(DYHKIJMOHA/IbHbBIE
nipeo6pa3oBaHysl B MOMY/ISILIMK TUM(OLIMTOB, HarlpaB-
JIEHHBIX Ha afianTaLuio opranusMa K jevictsuio MIKP,
3aTparvBaroT s/lepHbIl anrnapar, HO He peai3yroTcs
Ha YpOBHe LIUTOI/Ia3MaThyeCcKUX MpoLieCCOoB.
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Abstract: The article presents a case report of nontuberculous mycobacterial pulmonary disease. Nontuberculous mycobacterial
pulmonary disease is frequently underdiagnosed due to the absence of clinical signs, a nonspecific X-ray picture, as well as the
difficulties of using molecular genetic diagnostic tests in primary health care setting. Some patients especially those with underlying
respiratory diseases, are at increased risk of developing nontuberculous mycobacterial pulmonary disease. Identification of
patients at risk is essential to allow for prompt testing and diagnosis and appropriate management to prevent disease progression.
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Introduction

Mycobacteria other than Mycobacterium
tuberculosis and Mycobacterium leprae constitute
a large group of non-tuberculous mycobacteria (NTM).
Representatives of this group are found in water, soil,
food products, are opportunistic bacteria, and can
live on body surfaces or secretions without causing
disease [1-4]. The NTM group includes about 200
species and subspecies of microorganisms, the most
common and significant representatives of slow-growing
NTM are Mycobacterium avium complex (MAC) and
Mpycobacterium kansasii, and fast-growing NTM are
Mycobacterium abscessus.

Mycobacteriosis of the lungs is an infectious disease
caused by NTM in patients with chronic respiratory
disease and impaired immunological reactivity [5]. In
addition to lung infection, NMTB can cause damage to
the skin, lymph nodes, gastrointestinal tract and other
organs and systems.

The prevalence of infection with different types of
NTMB is unknown, since mycobacterioses are not subject
to official statistical reporting, and there are no registries of
patients with mycobacteriosis in the Russian Federation and
other countries. According to the few published studies, the
prevalence of non-tuberculous pulmonary mycobacteriosis
(NTML) in different countries ranges from 3.2 to 29 per
100,000 people [1, 2]. At the same time, the 5-year and
10-year survival rates of patients with NTMB caused by
MAS are 23.9 % and 46.5 %, respectively [6]. There is
a trend towards an increase in the incidence of NTML
worldwide, which may reflect both a true increase in the
incidence of NTML due to the widespread distribution
of NTML in the environment against the background of
an increasing incidence of chronic bronchopulmonary
diseases, the use of immunosuppressive agents, including
inhaled corticosteroids, and better detection of NTML due
to more advanced diagnostic tools [3]. The increase in

THERAPEUTIC DISEASES

prevalence and incidence is observed mainly due to elderly
patients and women. In the United States, the overall
annual incidence of NTML from 2008 to 2015 increased
from 3.1 to 4.7 per 100,000 person-years, among women
the increase was from 4.2 to 6.7 per 100,000 person-
years [4]. For individuals aged 65 years and older, the
annual incidence increased from 12.7 to 18.4 per 100,000
person-years.

The clinical symptoms of NTML is non-specific,
mainly manifested by symptoms of a chronic respiratory
disease, against which it occurs and depends on the type
of a specific pathogen [5]. In some patients, clinical
symptoms may be absent.

The absence of characteristic clinical symptoms
often leads to a delayed diagnosis of NTML. According
to published data, 88 % of patients were observed by
a general practitioner or pulmonologist for 2.3+2.3
years before the diagnosis of NTML was confirmed
for various chronic lung diseases [7]. Of these, 55.6 %
of patients were registered with a phthisiatrician and
received anti-tuberculosis therapy for disseminated,
fibrous-cavernous, focal pulmonary tuberculosis.

Given the difficulties in diagnosis and the increase
in the incidence of NTML in recent decades, we
present a clinical observation of this disease caused
by Mycobacterium avium in an 80-year-old patient
with no previous chronic lung diseases.

Clinical case

Patient R., born in 1944, from St. Petersburg. Body
mass index is 19.8 kg/m?2. Worked as an engineer,
retired by age, had no occupational hazards, denies bad
habits. Heredity for bronchopulmonary pathology is not
burdened. History of ischemic heart disease, chronic
gastroduodenitis, bilateral chronic sensorineural hearing
loss on the left of grade III, on the right — grade I'V.
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Denies previous pneumonia, tuberculosis and
contacts with tuberculosis patients.

According to the patient, in June 2022, during
a routine medical examination, changes in the
fluorogram of the chest organs were first detected,
which she cannot report. At the time of the
examination, she had no complaints. In July 2022,
chest X-ray revealed infiltration on the left in C4
and a round formation of 26 * 23 mm against its
background. Upon further examination in August 2022,
a computed tomography (CT) scan of the chest organs
revealed bronchiectasis C4, C5 on the right, bilateral
bronchiolitis. During examination at the tuberculosis
dispensary in St. Petersburg, no data on the tuberculosis
etiology of changes in the chest organs were found.
She was consulted at the oncology dispensary; no data
on the oncological process in the lungs were found.

From July 2022 to August 2023, she was observed
by therapists and pulmonologists in various healthcare
institutions in St. Petersburg with the diagnosis:
Bronchiectatic pulmonary disease, exacerbation.
Bronchiolitis of both lungs. Infiltrates of both lungs.
Tracheobronchial dyskinesia stage 1. Chronic bronchitis
with an obstructive component, mucopurulent, sluggish
exacerbation. Pneumofibrosis.

The clinical manifestations of the disease first
appeared in September 2022 in the form of complaints
of a rare cough with viscous sputum.

CT scans of the chest organs were performed
repeatedly, where various dynamics were noted:
migration of compaction areas, changes in their size
and shape, changes in the shape and number of dilated
bronchi. In general, the dynamics are negative, with
a slow increase in the severity of bronchiectasis, the
number and size of compaction areas (Table 1, Fig. 1-3).

Laboratory test results from August 2023: DNA
Mycoplasma pneumoniae, Streptococcus pyogenes,
Chlamydophila pneumoniae, Mycobacterium
tuberculosis complex — not detected. Microbiological
examination of sputum on dense nutrient media
for Mycobacterium tuberculosis — no growth.
Mycobacterium tuberculosis DNA — not detected.
Received courses of antibacterial (Table 2),
bronchodilator and mucolytic therapy. Inhalations of
thiamphenicol acetylcysteine (fluimucil antibiotic) 500
mg per day, budesonide 2 mg per day, ambroxol 45 mg
1-2 times a day were performed, acetylcysteine 600
mg was taken orally, tiotropium bromide 5 mcg / dose,
1 dose per day was used.

Table 1

Description of the chest computed tomography results of patient R. from August 2022 to March 2024

Bronchiolitis in C2, C4-C5, C8 of the right lung, C3-C5, C6, C8, C10 of the left lung. Cylindrical and varicose L} bronchiectasis

CT-signs of bilateral zones of diffuse infiltrative changes, peribronchial foci of the lower lobe of the right lung, bronchiectasis
of the right and left lungs. In comparison to 08/16/2022, there is a regression of changes in the type of «frosted glass» in

Peribronchial foci and rounded infiltrates by type of consolidation in the right lung polysegmental, in the left lung in C3-C5,

In comparison to 09/02/2022 — multidirectional dynamics in the form of the appearance of infiltrates in C8 and C6 on the

CT-signs of bilateral zones of diffuse infiltrative changes with predominant lesions of the basal segments, bronchiectasis
of the right and left lungs. Chronic bronchitis. In comparison to 07/20/2023, an increase in the size of previously determined
infiltration sites and the appearance of multiple new foci of consolidation on both sides is noted. A slight increase in the

CT-signs of bilateral zones of diffuse infiltrative changes with predominant lesions of the basal segments, bronchiectasis of
the right and left lungs. Chronic bronchitis. In comparison to 12/27/2023 — diverse dynamics in the form of the appearance

Date Computed tomography results
16.08.2022 in C4-C5 of the right lung. Pulmonary fibrosis of the basal regions.
02.09.2022
the lower lobe of the left lung, bronchiolitis in C4-C5, C6 of the right lung.
20.06.2023 | & C&C10.
right, a decrease in the size of infiltrates in C3-C5, C6 on the left.
27.12.2023
diameter of the right and left pulmonary arteries.
25.03.2024
of a new infiltration site in the lower lobe of the right lung and a decrease in the size of some foci.
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Fig.3. Computed tomography of the chest organs of patient R dated 03/25/2024

Table 2
Antibacterial therapy from July 2022 to September 2023
Date The drug and the dosage regimen Duration
July 2022 Clarithromycin 500 mg 2 times a day orally for 7 days
Ceftriaxone 1000 mg 1 time per day intramuscularly, then: for 7 days
August 2022
Moxifloxacin 400 mg 1 time per day orally for 14 days
Levofloxacin 500 mg 1 time per day, then: for 10 days
August 2023
Levofloxacin 500 mg every other day for 30 days
THERAPEUTIC DISEASES 119
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During the last long course of antibacterial therapy
with levofloxacin in August 2023, severe side effects
were observed: diarrhea, anorexia, nausea, general
weakness, hearing loss, frequent episodes of dizziness.
During the period of illness, weight loss of 6 kg was
noted.

In September 2023, due to the lack of a positive
effect from the therapy, a bronchoscopy was performed.
Endoscopic signs of bronchial mucosa atrophy,
tracheobronchitis of grade 3 inflammation intensity
were revealed. Bronchoalveolar lavage was performed.

In the bronchoalveolar lavage fluid, no growth
of bacterial flora was detected during culture, cells
with signs of atypia, fungal cells and mycelium, or
DNA of Mycobacterium tuberculosis. DNA of NTM
was detected during a qualitative study. Culture for
mycobacteria: growth of NTM was obtained. Result
of NTM identification: Mycobacterium avium. The
study was conducted twice. Result of drug susceptibility
testing: clarithromycin R, amikacin S, moxifloxacin R,
linezolid R.

Based on the examination results, the patient
was diagnosed with focal infiltrative pulmonary
mycobacteriosis, Micobacterium avium+ with
sensitivity to amikacin. Due to the presence of bilateral
hearing loss of grade III-1V, the patient and relatives
categorically refused treatment with amikacin due to
the side ototoxic effect of the drug. The patient was
prescribed azithromycin 500 mg once a day for 10 days.
The course of treatment with azithromycin also did not
lead to an improvement in the clinical manifestations of
the disease and positive dynamics according to CT of
the lungs dated 12/27/2023. In April 2024, she contacted
the JSC Meditsina clinic to determine further diagnostic
and treatment tactics. At the time of the visit, the patient
was bothered by a slight cough with mucous sputum
and general weakness. An additional examination was
carried out, including esophagogastroduodenoscopy,
colonoscopy, mammography, MRI of the pelvic organs,
and a consultation with a gynecologist to exclude an
oncological process. According to diagnostic studies,
no oncological pathology was detected. Laboratory test
results: CRP 7.95 mg / I; antibodies to HIV, HbsAg,
anti-HCV — negative. Humoral immunity indicators:
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total immunoglobulins of class G, M, A (IgG, IgM,
IgA) within the reference values. Cellular immunity
indicators: decreased cellular immunity indicators,
mainly due to regulatory T-lymphocytes (T-helper-
T-suppressor system); B-lymphocytes (CD-19),
insufficient activity of T-suppressors (increase in CD-4/
CD-8 index to 3.48).

Given the low efficiency and presence of
pronounced side effects of previous courses of
antibacterial therapy, the high risk of ototoxicity and
the unknown effect of amikacin, the torpid nature of the
disease, the patient was advised to refrain from further
antibacterial therapy. Recommendations were given
for diet therapy to eliminate nutritional deficiencies,
symptomatic treatment (mucolytic, bronchodilator
therapy), therapy for intestinal dysbacteriosis, dynamic
monitoring was recommended after 3 months. When
contacting the clinic doctors after 2 months, the
patient noted a significant improvement in her health,
regression of cough, weakness, sweating, increased
tolerance to physical activity, as well as improved
appetite and normalization of stool, weight gain of 3
kg. During physical examination, there are no clinical
manifestations of respiratory failure. When studying
the function of external respiration, all indicators are
normal.

Discussion

Researchers described a certain morphotype of
a patient with NTML — relatively healthy women
with a low body mass index, no fat deposits,
pathology of the skeletal system in the form of
scoliosis and funnel chest [5]. In the present
clinical case, there are also characteristics of this
morphotype — a female patient with a low body mass
index, who can be considered relatively healthy for
her age. The characteristic features of NTML are the
absence of clinical manifestations of the disease in the
patient and a long period (one year and three months)
from the moment of detection of changes on the
chest X-ray to the diagnosis of NTML. Tuberculosis
in the patient was excluded, but testing for NTML
was not performed.
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The diagnosis of NTML is based on the clinical
symptoms of the lung disease, the presence of focal or
cavitary changes on the X-ray, detection of multifocal
bronchiectasis in combination with multiple small foci
on CT, and microbiological criteria: two or more positive
sputum cultures for NTML from different samples or at
least one positive culture for NTML of bronchoalveolar
lavage fluid or bronchial washings [5]. In the presented
clinical case, the diagnosis was confirmed by examining
the bronchoalveolar lavage fluid, NTM DNA was
detected, mycobacterium culture yielded NTM growth,
and the NTM type was identified. Radiographic
changes in NTML are similar to the manifestations
of many chronic lung diseases. However, clinical and
radiographic syndromes that are highly specific for
non-tuberculous mycobacteriosis have been described.
Thus, the bronchiectatic disseminated form of NTML
is characterized by isolated lesions of the middle lobe
and lingual segments of the lungs and a combination
of multiple foci and bronchiectasis (Lady Windermere
syndrome) [8].

To determine the tactics of patient management,
assess the risk and benefit of the prescribed treatment, it
is necessary to evaluate the patient’s condition and the
radiographic picture in dynamics, laboratory markers
of inflammatory activity. The need for conservative
etiotropic treatment in the form of prescribing
multicomponent antibacterial therapy is one of the main
controversial issues to which there is no unambiguous
answer.

The effectiveness of etiotropic therapy for NTML
associated with MAC is 68.1 % (69 % for regimens
containing macrolides and 58.5 % for aminoglycoside-
containing regimens) [9]. There are published data
indicating that multicomponent antibacterial therapy
does not prevent complications such as hemoptysis,
respiratory infections, development of chronic
respiratory failure and does not affect the life expectancy
of patients with NTML infected with MAC [10]. Elderly
and senile age, concomitant diseases, adverse reactions
to the use of antibacterial drugs are factors in favor of
dynamic observation [5].

In the present clinical case, in an elderly patient
with minimally expressed symptoms that do not reduce
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her quality of life, with concomitant ischemic heart
disease, without clear negative dynamics according
to chest CT, the need for and benefit of antibacterial
treatment are questionable.

Conclusion

It is quite difficult to diagnose NTML at the
early stages of the disease due to the absence of
pathognomonic symptoms, non-specificity of the X-ray
picture, and difficulties in using modern molecular
genetic diagnostic methods at the primary health care
stage. Long-term course, frequent exacerbations,
ineffective treatment of chronic respiratory diseases
are signs of possible NTML. Such patients constitute
a risk group for NTML, they must be examined for
NTMB for early diagnosis and timely treatment.
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HeTy6epKyne3Hblit MUKO6aKTEpPUO3 NIerkux

I.E.Poittoepr” >, A.A. I'punait’

, A.IIL. TaBbigoBa®?

, H.A. Byn1anoBa®? >

! Poccuiickuii Hal[MOHA/IBHBIN KCCIeI0BaTeIbCKUN MeIULIMHCKUN yHUBepcuTeT umenn H.U. TTuporosa, 2. Mockea,
Poccutickas ®edepayus
2AxiuoHepHoe 061ecTBo «MeauiiuHax», 2. Mockea, Pocculickasi @edepayus
<) bulanovanatalia@outlook.com

AHHoTanus: B craTbe npeficTaBneH KIMHUYECKUH C/Tyyail HeTyOepKy/ie3HOro MUKoOaKTepro3a Jierkux. [JuarHocTika
HeTyOepKy/ie3HOr0 MUKOOAKTepro3a JIeTKUX Ha paHHUX JTarnax 3a0osieBaHus 3aTPyJHEHA B CBSI3U C OTCYTCTBHEM MaTOTHOMO-
HUUHBIX CUMITTOMOB, HeCIelM(pUUHOCTbIO PEHTTeHO/IOTMYeCKOM KapTHHBI, a TaK)Ke TPYAHOCTSIMU TIPUMEHEeHHs] COBPEMEHHbIX
MOJIEKY/ISIPHO-TeHeTUYe CKUX METO/[OB IMarHOCTHUKHM Ha 3Tarle TIePBUYHOTO 3BeHa 3/ipaBooxXpaHeHust. [Ipr3HakaMy BO3MO)KHOTO
TIpUCOeMHEeHHs HeTyOepKy/1e3HOro MUKOOaKTepro3a JIeTKHX SIB/SIIOTCS Hea(p(heKTUBHOCTD JIeUeHHsl XPOHUUeCKUX 3a00/1eBaHuM
JIETKUX, UX JJTUTeNIbHOe TeueHHe, uacTble 000CTpeHust. [TaliueHThl C STUMM MTPU3HAKAMU COCTaBJISIIOT IPYIINY PUCKa HeTyOep-
Ky/Ie3HOT0 MUKODAKTepHro3a U Hy>KJaloTCst B 00C/IeZloBAHUM Ha Ha/TMuMe HeTyOepKy/ie3HbIX MUKOOAKTepHi.

KnroueBble c/10Ba: HeTyOepKyJ/ie3HbI MUKOOAKTePHO3 JIETKUX, IMarHOCTHUKA, HeTyOepKysie3Hble MUKOOaKTepHH, KOMITbEO-
TepHasi ToMorpagus, KIMHAYeCKUM ciaydai

HNudopmarus o puHaHCHPOBaHUH. ABTOPBI He TI0/Ty4any (PMHAHCOBYIO MOMOILb Ha MIPOBe/IEHHE UCCIIel0BaHuUsl, 3a aBTOPCTBO,
3a HalMCaHKe 3TOM CTaThH a TaKXkKe ee MyO/IMKalIo.

Bkunap aBTopoB. Poiitoepr I'.E. — KOHCY/IbTHPOBaHHe U Be/leHe MallieHTa B OT/IeIeHUsIX, PYKOBOJUTEb PA0OTHI, HalTMCaHUe
TeKCTa, NpejocTaBienye dpotorpaduii, coop marepuana. I'puriaii A.A. — KOHCY/ILTUPOBaHYe U BeJleHHe MalieHTa B OT/eJIeHUsIX,
Hanvcanue Tekcra. JlaBeigoBa A.ILl. — c6op 1 06paboTka MaTepuasa, KOHCYJIETUPOBaHYE 1 BeJleHUe TIallMeHTa B OT/e/IeHUsIX,
HaricaHue Tekcra. bynaHoBa H.A. — HarnvcaHue TekcTa. Bce aBTOpBI OCYIIeCTBU/IM 3HAUMTEJIBHBIN BK/I/| B M/IEH0 CTaTbH, COOp
MarepHa’sia U MoAroTOBKY CTaTbH, MPOYUTAIN U Of00pUIN (UHAIBHYIO BEPCHIO CTaThU Tepe/] myOiuKatye.

HNudopmanysa o KOHQINKTe HHTEPeCcoB: ABTOPbI 3asiB/ISIFOT 00 OTCYTCTBUU KOH(IUKTA MHTEPECOB.

JTHuecKoe yTBepXKAeHue — HelIpuMeHHNMO.

Bnarouapuoc*.m — HEeIprMeHHMO.
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HudopmupoBanHoe coryiacue Ha My0/IUKaLuo. [Tal[eHT Mpe0CTaBu J0OPOBOIbHOE HH(OPMUPOBAHHOE COT/IacKe Ha 00-
paboTKy MepcoHa/IbHBIX JAHHBIX U Ty O/IHKaIHO.
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Ponb reHeTnuyeckux gedeKkTos remocTasa
B NaToreHe3e aKyLlepCKOoW NaTosiorum

A.B. Ka3zymoBa ™ H.B. Cam0ypoBa

ITepBblii MOCKOBCKMIA TOCYapCTBEHHBIA MeJULIMHCKIN YHUBepcuTeT uMeHn V.M. CeueHoBa, 2. Mockea, Pocculickas
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AnHoTanus. AkmyanbHocnmb. OcoKHeHYs1 6epeMeHHOCTH ¥ POJIOB SIBJISFOTCS aKTyaIbHOM MPo61eMOii B aKyIepCKO Mpak-
THKe. VI3yueHue CydaeB MMOBTOPHBIX MOTePh TJ10jd, MEPTBOPOXK/EHVs1, 3a/1ePKKH BHYTPUYTPOOHOTO Pa3BUTHS U MPeIKIaMIICHA
TIPUBOJMT K OTKPBITHFO HOBBIX acIieKTOB 3TOH matosioruu. Ocobblit MHTepec npecTasnseT cuHapoM Amioy — [lynemana (USS) —
penkast BpoxkZieHHast hopMa TpoMboTHUeCKOl TpoMOouToneHnueckoit mypriypsl (TTP), BeI3BaHHas MyTarusmu B reHe ADAMTS13.
OTOT reH KOAMpPYeT MeTa/UIONpOTenHasy, ClIoCOOHYI0 pacieruiiTe Gakrop ¢poH Bunnebpanza (VWF), uTo nMeeT BaxxHOe
3HaueHwe JIs TPOLIeCCOB CBepThIBaHUsI KPOBU. Lle/b ucciedo8aHuss — 0003HAUUTE 3BeHbsI MTAaTOreHe3a KIMHUYeCKHX MPOSIB/IeHHH
Y BbI/Ie/IUTh TeKYII[He TeHZeHLIMN Be/leHus TIalleHTOK, CTPaJaroliyX PerpoJyKTUBHOM HeJ0OCTaTOYHOCTBIO B aCCOLMALINN
¢ curgpomoM Amoy — [ynemaHa. 3abosieBaHye, BbI3BaHHOE 3a/1eP>KKOH yIbTPaBbICOKOMOJIEKY/ISIPHBIX MYJILTHUMepPOB VWF
B KDOBEHOCHOM pYCJie, TPUBOAUT K MUKPOTPOoMO03y cocyzoB. ITociesHue ncciie[oBaHusI, B KOTOPBIX IPUHUMAIIH Y4acThe
GepeMeHHbIe JKeHIIIMHBI, [T0Ka3a/iH, YTO HeOJHOPOJHOCTD MPOSIBIIEHUH YC/IOXKHSIeT JUarHOCTHKY JAaHHOMU raTtonoruu. 3abosieBaHue
BO3HMKaeT BHE3aITHO U CBSI3aHO C TIOBBILIEHHBIM PUCKOM CMepPTH KakK MaTepH, Tak ¥ Iiofa. B pamkax vcciefoBaHust Obimn
TI0CTaB/IeHb! C/IeAIYIOIMe 3a/jauk: aHa/In3 aKTya/lbHOCTH JUarHOCTUKK reHeTHueckoro Aedekra ADAMTS13 nipu cungpome
Anmoy — llynbmaHa, oripejiesieHre IPaKTUYHOCTH U 3P PeKTUBHOCTH TEXHOJOTHM Teparnyy BO3HUKAIOIINX aKylIepCKUX
OC/IOKHeHHH. B ipoBezieH 0630p COBPeMEHHOM POCCHUICKOI U 3apy0e)KHOM, TIPEUMYIIIeCTBEHHO aHIVIOSI3bIYHOM, JIUTEePaTyphl,
TOCBSIIIEHHOM MeTO/[aM /IMarHOCTHKHU U JiedeHHUs] BDOXKJIeHHOH TPOMOOLIUTOITeHYeCKOW TTyPITyphl, a TakKe NPO(UIaKTHKe
OC/IO)KHEHWH OepeMeHHOCTH U POZIOB. BbUTH M3yueHbl HOBelIIYe Ty OIMKALMK B CITeMaM3MPOBaHHBIX MeIULIMHCKIX U3[aHHsIX.
B naHHOM 0030pe OCBelieHbl 0CHOBHBIE MeXaHW3MbI Pa3BUTHS U TIPOTPeCCUPOBAHMS CHH/IPOMA, TEKYILe HarlpaB/IeH sl Be/|eHHsI
JKEHIIMH ¢ cuHapomoM Amoy — [llyneMaHa ¥ MeToZibl Tepariy acCOLMMPOBaHHOM PerpOAYKTUBHOM HeCOCTOSTe/IbHOCTH,
a Tak’ke TIpe/iCTaB/IeHbl COBPeMeHHbIe TPYIIIbI ()apMaKoIOrHueCKHX MpenapaToB BeiOopa. Bbigodbl. YcTaHOBMeHO, uTo B 30 %
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cydae (hakTHUECKOe JiedeHre TIePBOM JIMHUU 0CTaeTCst HeahPpeKTUBHBIM. O/IHAKO MPaBU/IbHAS CTPATErysl JIEUeHUS TTAallUeHTOK
C TIOBBIIIIEHHBIM PUCKOM HEBBIHAIIIMBAaHKsI O@PEMEHHOCTH MOYKET 3HAUUTE/TbHO CHU3UTh YaCTOTY MaTePUHCKOM U ITepUHATaIbHON
3a00/1eBaeMOCTH U CMEPTHOCTH, BbI3BAHHBIX FeHETHUECKUMU fieheKTaMK CHCTeMbI reMocTasa. bepeMeHHOCTh C CUHPOMOM
Ammoy— I[IysibMaHa CTaHOBUTCS OZJHAM U3 ITIaBHBIX BEKTOPOB MCC/Ie[OBAHUH B 00/1aCTH aKyIIIepCTBa, TO3TOMY Ba)KHO TIPOBECTH
Ja/TbHeHNIINe BBICOKOKAUeCTBEHHbBIE aCCOLMATUBHBIE UCC/IeJOBAHNS i1 pa3pabOTKU MHHOBAIIMOHHBIX TEPATIeBTHUECKUX METOZIOB
U BO3MOXKHOCTeH B OyyIieM.

KiroueBbie cioBa: TpOMOOTHUECKasi TPOMOOL[MTONIEHWYeCKast Iypriypa, CuHgpom Arioy — [lyaemana, Gakrop dhoH
Bunne6panga, ADAMTS13, cocyaucTbiii MUKPOTPOMO03, 6epeMeHHOCTh, TIalieHTa

Nudopmanus o puHaHCHpOBaHUH. ABTODPHI He 1T0/TyYa v HUKAKOH (UHAHCOBOM MOJ/1€PKKH.

Bkuajg aBropoB: Kasymora A.B. — 0630p nuTepatypsl, HarmicaHue Tekcra; Cambyposa H.B. — MoJroToBka u pejlakTHpOBaH1e
pykorvcH. Bce aBTOpBI BHEC/IN CYIleCTBEHHBIN BK/a/ B Pa3pabOTKy KOHLEMLIWH, TIOATOTOBKY CTaThH, TIPOUIA U 0f00pmIn
(bmHaBbHYIO BEpCHIO Tiepe]] My O/Karuen.

Nudopmanys o KOHQINKTe HHTEPeCoB — aBTOPHI JIeK/IapUPYIOT OTCYTCTBHE KOH(IMKTAa HHTEPECOB.
JTHUecKoe yTBep)KAeHue — HelIPUMEeHUMO.
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Inherited disorders of hemostasis in the pathogenesis
of obstetric pathology

Aglaya B. Kazumova = Natalya V. Samburova

Sechenov University, Moscow, Russian Federation
P aglaya.kazumowa@yandex.ru

Abstract. Relevance. Complications of pregnancy and childbirth are a pressing issue in obstetric practice. The study of cases
of repeated fetal loss, stillbirth, intrauterine growth retardation and preeclampsia leads to the discovery of new aspects of this
pathology. Of particular interest is Upshaw— Shulman syndrome (USS), a rare congenital form of thrombotic thrombocytopenic
purpura (TTP) caused by mutations in the ADAMTS13 gene. This gene encodes a metalloproteinase capable of cleaving von
Willebrand factor (vWF), which is important for blood clotting processes. The aim of the study is to identify the links in the
pathogenesis of clinical manifestations and highlight current trends in the identification of patients suffering from reproductive
insufficiency in association with Upshaw — Shulman syndrome. The disease caused by the delay of ultrahigh molecular weight
vWF multimers in the bloodstream leads to vascular microthrombosis. Recent studies involving pregnant women have shown that
the heterogeneity of manifestations complicates the diagnosis of this pathology. The disease occurs suddenly and is associated with
an increased risk of death of both mother and fetus. As part of the study, the following tasks were set: to analyze the relevance of
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the diagnosis of the ADAMTS13 genetic defect in Upshaw— Shulman syndrome, to determine the practicality and effectiveness
of technologies for the treatment of emerging obstetric complications. A review of modern Russian and foreign literature, mainly
in English, devoted to the methods of diagnosis and treatment of congenital thrombocytopenic purpura, as well as the prevention
of complications of pregnancy and childbirth, was conducted. The latest publications in specialized medical journals were studied.
This review highlights the main mechanisms of development and progression of the syndrome, current directions of management
of women with Upshaw — Shulman syndrome and methods of therapy for associated reproductive failure, as well as modern
groups of pharmacological drugs of choice. Conclusion. It was found that in 30 % of cases, the actual first-line treatment remains
ineffective. However, the correct treatment strategy for patients with an increased risk of miscarriage can significantly reduce the
incidence of maternal and perinatal morbidity and mortality caused by genetic defects in the hemostasis system. Pregnancy with
Upshaw— Shulman syndrome is becoming one of the main vectors of research in the field of obstetrics, so it is important to conduct

further high-quality associative research to develop innovative therapeutic methods and opportunities in the future.
Keywords: thrombotic thrombocytopenic purpura, Upshaw — Shulman syndrome, von Willebrand factor, ADAMTS13,

vascular microthrombosis, pregnancy, placenta
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BeepneHue

YpoBenb ADAMTS13 (A Disintegrin And
Metalloproteinase with a ThromboSpondin type 1 motif,
member 13) B opraHu3Me KOHTPOJIMPYeTCs Upe3Bblyaii-
HO TILIaTe/IbHO, TIOCKOJIbKY HeXBaTKa MeTa/lJIoNpOTen-
Ha3bl ADAMTS13 MoKeT NpUBECTU K BO3HUKHOBEHHIO
TPOMOOLIUTOTIEHHUN U TeMOJINTUUECKON aHeMUH, BbI-
3bIBasi pa3/IMuHble KIMHUYeCKHe OCI0KHEHUS, BKJIFO-
yast TpoM603 [1]. TpomboITOIIEHNUECKast Iy prypa
CUMTaeTCs peAKUM, HO CMepTe/TbHbIM 3ab0sieBaHHeM,
XapaKTepU3yHOL[MMCSl CBOUM arpeCCUBHBIM XO/[OM.
[TprunHa 5TOM NMaTo/Moruu — AeekT B MeTaslI0npo-
TerHaze ADAMTS13, oTBeuarolijeli 3a paciiieriyieHe
takropa ¢on Bunnebpanga (VWF). ADAMTS13 —
KPUTUYECKU Ba)KHBIN (DePMEHT, KOTOPbIN CUHTE3UPYeTCs
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B 3Be3/]UaThIX K/IeTKaX reyeHu (NepucrHyCOMJanbHbIX
sunonuTax Mrto) [2].

Cungpom Amnmoy — [lllynbmaHa npeficTaBaseT
co00ii BpoXKAeHHYI0 (hHOpMYy TPOMOOTHYECKOH TPOM-
OorUTONeHNYe CKOU MypITyPhl, MPOSIB/STFOIIYIOCS MO/,
Bo3zielicTBMeM MyTaLmii B reHe ADAMTS13 [3]. ccre-
JIOBaHUS C yyacTrieM OepeMeHHBIX YKeHILMH TI0Ka3asiy,
4yTo HegocTarouHOCTh ADAMTS13 moxeT npuBeCcTu
K YBeJIMUEHHUIO C/Ty4aeB MUKPOTpoMO03a COCy/10B 13-3a
3a/1eP)KKH Y/IbTPaBbICOKOMOJIEKY/ISIPHBIX MY/IbTUMEDOB
vWF B KpoBeHOCHOM pyciie [4]. DTa maTo/iorys MOXXeT
BO3HUKHYTh BHE3aIHO U YBEJMUUTh PUCK CMEPTH KakK
MaTepu, Tak u moza [5]. [ToauepkrBaeTcsi BaXKHOCTh
peryasipHOro MOHATOpUHra ypoBHst ADAMTS13 nnis
npeaynpeXxAeHus: peLIuBOB, Be/lb NPO(uIaKTUKa
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UrpaeT KJIFOUeBYIO POJib B TIPeJOTBpallieHUH MaTepHH-
CKOM 1 BHYTpUYTPOOHOI cMepTHOCTH [1, 2, 6].

Tpomb6oTuyeckas TpOM6OLUTONEHMYECKASA
nypnypa

[TonoBuHa KeHIWH, cTpagaroumx ot TTP, bepe-
MeHHbI W1 TIPOXO/ST TIOC/IePOZI0BOM TIepro/l, COTJIaCHO
3MKIeMH0JIOTMUe CKUM AaHHbIM Ha 2023 ro. HenapHuii
ME>KOTPAC/IeBOM MeTaaHa/n3 MoKa3asl, YTO pacripocTpa-
HEHHOCTb 3TOTr0 3ab0/ieBaHUsI COCTaB/sieT 13 ciyuyaeB
Ha 1 MuUAIMOH yesioBeK B Poccuiickoit ®esepaiiyumn
1 19 cnyuyaeB Ha 1 MWIIMOH 4YesioBeK B COeMHEHHBIX
[[Itarax Amepuku [7, 8].

[MTatoreHeTnueckuii Mmexanu3m TTP MoxeT ObITh
BbI3BaH ie(PUIIUTOM TIPOTea3sbl, 00yC/IOBIEHHBIM MyTa-
et reHa ADAMTS13 (cungpom Amoy — Hlynbma-
Ha), WK BEIPaOOTKOM crieruiue CKUX MHTHOMPYIOLLX
ayTOAHTHUTeJI, UTO CBS3aHO C IMMYHHOM ayToarpeccrei.

Ctpoenne ADAMATS13

ADAMTS13 — 3T0 BayKHbIM O€/I0K, OTHOCSIIUIACS
K CeMeHCTBY LIUHKOBBIX IIPOTEeHHAa3 U SKCIIePCCUPY-
eMblil B pa3/IMYHbIX THIAaX KJIeTOK, BK/toUas mneye-
HOUHbIe 3Be3/19aThble KJIeTKU, TPOMOOLIUTHI, TIO[|OLUTHI
TOoYeK ¥ HeHpOHBI F0JIOBHOTO Mo3ra. Ero Hanvuue
B TJIaljeHTapHOM KPOBOOOpallleHuH MOXKeT CTaTh
TPUTTepOM [jisi 00pa30BaHUsI AyTOAHTUTENT Y MaTepu
¥ TIPUBECTH K OCIOKHeHUsIM 6epeMeHHOCTH. Hu3kuii
ypoBeHb ADAMTS13 (<10 %) B coueTaHuu C ayTo-
aHTUTe/IaMU — YacCToe MPOosIBJIeHUe ITOr0 COCTOSTHUS.
lenetnueckasi hopma 3a00/ieBaHUS TAaK)Ke IMPOKO
pacrpocTpaHeHa [9-11].

ADAMTS13 vMeeT HeCKO/ILKO Oe/TKOBLIX JOMEHOB
[10, 12, 13]:

® CUrHaJ/IbHBIW MEMNTH/I, KOTOPBIM 0becrieurBaeT
cekperLuto, GoNAUHT U CTaOMIBHOCTE KOH(OpMaLin
ADAMTS13, B3auMoieiCTBYsI C MeMOpaHHBIMH (oC-
¢bomunmgamu 1 6eIKOBBIMU KOMIIOHEHTaMU BHYTPH
KJIeTOK;

e aKTUBHbIM caiT VWF-A2, KOTOpBIY pacliervisier
vWF B omeHe A2;

®  (IieiiCepHbIN I0MeH, KOTOpbIi pacro3HaeT VWE,
yBennuurBasi cpogctBo ADAMTS13 k vWE;

OBSTETRICS AND GYNECOLOGY

® le3MHTEerpruHOIOL00HBIN JOMeH, KOTOPbIN
obecrieurBaeT HHU3Koa((HUHHOE CBSI3bIBAHUE;

e TioBTOpHI TSP1 le3uHTerpriHa, KOTopble orocpe-
JYIOT B3aUMOZIeMCTBYSI MeXXy Oe/lkamy BHEK/IETOUHOTO
MaTpHKCa;

e J0MeH, OoraThIi [UCTEMHOM, KOTOPBIM OTBeUaeT
3a NpUKpeIvieHye, HarlpuMep, K UHTerpUHaM pas/IMuHbIX
K/IeTOYHbIX MeMOpaH;

e nomenbsl CUB, KOTOpBIe TIPUHUMAIOT y4yacTHe
B 0e/10K-0e/TKOBBIX B3aMMO/IECTBHUSIX C aKTUBHBIMU J10-
MeHaMH ¥ yuacTBYIOT B cekpeliuu 6enika ADAMTS13.

MHOXeCTBO pa3HOOOpa3HbIX MyTalLWii B ITpOTease
ADAMTS13 obHapy>X1BaeTCsl BO BCEX ee JOMEHax,
BbI3bIBasi CUHZApPoM Amnioy — [llynbmaHa nyTeM Ha-
pyuienus cekpeiuu ADAMTS13 [14]. CyiiecTByeT
6osiee 120 U3BeCTHBIX MyTal[Ui, KOTOPbIe MOTYT
V3MEeHUTb aKTUBHOCTb 3TOM IpOTeasbl, a TakxKe
MHO>XeCTBO OJJHOHYK/IEOTUAHBIX MOJUMOP(PHU3MOB.
IIpy HEKOTOPBIX U3 3TUX MyTalUli aKTUBHOCTb
ADAMTS13 coxpaHsieTCd Ha OCTaTOYHOM YPOBHe,
YTO NMPUBOAMT K Oosee mo3gHeMy Hauamny 3abomneBa-
Husi. HayuHoe coo01ijecTBO TakKe Tpejrioaraer,
YTO HEKOTOPbIe MOJUMOP(PU3MbI B3aUMO/,eHCTBYIOT
MeXXJy coO0M, Biusis Ha 00IIYI0 aKTUBHOCTb 3TOU
nipoTteassl [12, 14]. Ba)kHelilliHasi U, BEPOSITHO,
efuHcTBeHHas1 PyHkusas ADAMTS13 3akitouaetcs
B pa3pylueHuu MmynbtTumepoB VWF [10].

ITaToreHe3 TPOMOOTHUYECKOI
TPOMOOIUTOIEHUYECKOH MypPIyphbI

B ycnoBusix moBpexaeHus CcoCyla U reMoiu-
HaMHUUeCKoro cTpecca (pusuonoruyeckasi PyHKIUs
MyabTUMepHOTO VWF 3aK/rouaeTcs B oOecriedeHuu
a/ire3uu TpOMOOIIUTOB K Cy03H/I0Te/TMaIbHOMY MaTPHK-
cy [9, 15, 16]. MHOXeCTBeHHbIe MeCTa CBsI3bIBAHUS
myabTUMepHOTO VWF ¢ Ib-perientopamu TpomOo0I111-
TOB 00€CITeYrBalOT 3HAUNTE/ILHOE YBeTMUeHHe CHJTbI
B3aUMO/IENCTBUS MeXAY HUMH, XOTd apPUHHOCTh
OT/e/IbHBIX CyObeauHuL] VWF K TpoMOOIMTaM KpatiHe
Hu3Kas [4]. To ecThb cs1abast CTOCOOHOCTE CBA3BIBAHUS
C TPOMOOITUTaMH U OTCYTCTBHE FeMOCTaTHueCKOU
AKTUBHOCTU XapaKTePHbI UCK/IIOUUTENBHO /17151 HU3KO-
MOJIeKY/ISIpHBIX hparMeHToB VWF, [IUPKY/IUPYIOLIUX
B CCTEMHOM KPOBOTOKE.

127



Kasymosa A.B., Cambyposa H.B. Becthux PYJTH. Cepusa: Menuumna. 2025. T. 29. Ne 1

MynbsTHMepHble «eHTb» VWF (pukcupyrorcs
Ha TIOBePXHOCTH MeMOpaH 3H/]0Te/TMa/IbHBIX K/IeTOK
Grnarofapsi oiHOBpeMeHHOM ceKpelu u3 Tesiel] Weibel-
Palade P-cenektrna u vVWF. Takum o6pa3om, ripu
rnosiHoM otcyTcTBUM ADAMTS13 vWF nocTtosgHHO
HaXOJUTCS B CBePXKPYITHOM My/IbTUMEPHOI HeoOpa-
boTaHHO opMe 1 MUKPOCOCY/IbI OKa3bIBAIOTCS Tepe-
KPBITbl TUTAHTCKHMMU Y/IbTPaBbICOKOMOJIEKY/ISIPHBIMU
komriekcaMu VWE, KoTopble MpyrB/IeKatoT Ha CBOXO
TIOBEPXHOCTh BCe BO3pacTarolee KOIuuecTBO TPOMOo-
LIUTOB, 00pa3yst GJIOKMPYIOLIFe MUKPOCOCY/UCTOE PYC/I0
TpoMOorTapHbie TpoMOkI [4, 9, 16]. ViccnemoBanust

TpomboTHYeckasd
TpoMOoUUTONEHNYECKas

nypnypa

ToKa3asiv, uto obpa3oBaHue IU30LUTOB U (hparMeH-
TalUsi S3PUTPOLIUTOB MOTYT BO3HUKATh BC/Ie/ICTBHE
MUKpoaHrvonatuu [11].

NuemMrueckrie moOBpeXXAeHYsI, TIPOSIBSIOIIHECS
TaKWMU TepPBbIMU KJIMHWYECKUMU Tipru3Hakamu USS,
KaK 0CTpasi MUKPOAHTMOTIaTHs1, OT/IMYUAROIIAsICS TsHKeI0k
TpomboruTorneHuei [4, 11], MUKpoaHrMoTIaTHUeCKOM Tre-
MOJIUTUYECKOM aHeEMHeH 1 COCYMCTHIMUA MUKPOTpOMOa-
MU, UTPAIOT K/IFOUEBYHO POJib B MIaTOreHe3e aKyllepCcKou
MaTo/IOTHH, TaK KaK MUIalleHTa, KakK OfJUH U3 OPTraHoB,
Mo/BEP)KeHHBIX BO3I€HCTBUIO 3TOTO COCTOSTHUS, TaKKe
MOyKeT ObITh TIOBpeXKaeHa [17, 18] (Puc. 1).

dunanonormyeckas
HOpMa

®

No
LiMpkynupyioume LiApkynApyoLLME
YNETPABLICOKOMONEKYNAPHEIE ADQMTS“:".' \ ADAMTS13 ‘ HOPMAMNEHBIE
MY NETHME P ‘ My NETMMERL
thakTopa thaH ' d hakTopa dioH
BunnefpaHaa — . : - ~ Bunnedpanga
SHAOTENMHA
’ AAMTROLMT "4
o %
TROMEOLMT T . o9
pemRed K p0Bm - e Lunsoyntsl

WK OCOCYD

Lo (Masok)

>

MukpoTpomobl
(rncTonaTonorns)

Puc. 1. MaToreHes v KnHWYeCKmne NpusHaKkn TPOMBOTUYECKON TpoMboLmMTONeHYeckoin nyprypbl ([3], ¢ UsMeHeHnamMm)
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Thrombotic
Thrombocytopenic
Purpura

Physiology

Ultralarge VWF multimers

secreted from endothelial cells

®

No
Cilrtcullatlng ADAMTS13 /™, ADAMTS13 ' ‘ Circulating
ultralarge . normal
VWF multimers _ . ?: - ~ VWF multimers
Endothelium

G-

¥ %!
o> S
« / 2 Schistocytes
' o ® (blood smear)
o g
S Microthrombi

r!-‘- (anatomopathology)

Fig.1. Pathogenesis and clinical signs of thrombotic thrombocytopenic purpura ([3], modified)

['mcronarosoruueckoe UccaesoBaHue MJIaleHTh
MOJKEeT MPeJ0CTaBUTh Ba)KHbIe CBEJIeHUs O MpoLiecce
TpoM003a COCy/|0B M XapaKTepPHOW MUKPOAHTHOTIaTHU
nipu TTP [19, 20]. [Ipu ucnonb30BaHUM CTaHAPTHOTO
OKpallBaHWs reMaTOKCHUIMHOM U 303UHOM T'MCTO-
TaTOJIOT s TIJIalleHTHI BBISIB/IsieT 00TypaljioHHbIe
M3MeHeHUs] B KDOBOTOKe, yallje BCero CBs3aHHbIe
C BHYTPUBEHHBIM TPOMO030M, KOTOPBIA PUBOJUT
K MILIeMHUeCKOMY HeKpO3y BOPCHHOK, 00pa30BaHHI0
JUCTPO(UYeCKUX JUCITPOTEHUHO30B C OT/IOKEHUSIMHU
¢bubprHOUIa ¥ y4acTKaMU MeKBOPCHHOBBIX KPOBO-
n3nusHui [18, 20, 21] (Puc. 2).

AHanu3 pe3y/nbTaToB THCTOXUMUYECKUX U UM-
MYHOTUCTOXUMUYECKHUX METO/ 0B, TPOBEJEeHHbIX

OBSTETRICS AND GYNECOLOGY

C IpMMeHeHueM TPUXPOMHOTI0 OKpaluuBaHusg Mac-
coHa u aHtuTen K uutokepatuHam (CTK) AE1/
AE3, 6eTa-XxopHOHUYECKOMY FOHAJOTPOTIUHY YeJio-
Beka (B-XI'Y) u rnukonporenny CD31, mo3Bomun
BBISIBUTH BBICOKYIO CTeleHb OMAaCHOCTHU JaHHOTO
cocTosiHus. [laTonorust xapakTepusyeTcsi HaJuuuem
MHOTOUMCJ/IEHHBIX UH(APKTOB MJalleHThl, Ipej-
CTaB/SIIOLIUX YIPO3y Kak AJs1 30pOBbs IMJ10/a, TaK
u Ay1s1 matepu. CyliecTByeT BepOATHOCTb pa3BUTUS
OCJI0O’)KHEHUM, TaKUX KaK MPe3KIaMIICHs, TeMOU3,
MOBBIIIeHWEe YPOBHS NeYeHOUHbIX (JepPMEeHTOB,
tpoMmbouutornenus (HELLP-cungpom). I'nbenn
1JI0/la MOXKeT NPOU30UTH U3-3a UHAYLIMPOBAaHHOMN
runokcuu [18, 20, 21].
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Puc. 2. lnctonatonorua nnaueHTbl
([20], ¢ nameHeHMAMN)

Cocyael
nNoAwbI

B mocTtymHO# my6ivKalyy OMyMcaHo, UTo MaToru-
CTOIOTMUeCKUM aHam3 00pasL[oB TUIALeHT >KeHIINH
¢ TTP BbIsiBUI TPOMO03, MH(DAPKTHI U pEMO/Ie/TMPOBaHHEe
COCYZMCTBIX CTEHOK B BOPCHUHKAaX XOPHOHA U JieLu-
JlyanbHOM 000/104Ke, UYTO YKa3biBaeT Ha HapyllleHHe
KPOBOCHAOXKeHUsI TIJI0fa U MaTepH, Hab/rogancs
CUHJPOM TPOMOOTHYECKOTO ¥ MUKPOCOCYAUCTOTO
noBpexxaenus [18, 20, 21].

B pesynerare nposezieHHoro B Vitamu ucciesiosa-
HUs1 ObI7I0 0OHAPYYKEHO, UTO TIaTO/IOr0-TUCTOIOTMIe CKUH
aHan3 o0pasioB niareHT keHIWH ¢ TTP mokasan
Ha/M4y¥e CUH/IPOMa TPOMOOTUYECKOTO U MUKPOCOCY-
JIMCTOTO MOBPEKEHNs], UTO CBUeTeIbCTBYeT O Hapy-
IIIeHNY KPOBOCHaO)KeHHsI KaK Y 1/10/ja, TaK ¥ Y MaTepy.
B BopcuHKax XOpHoOHa U AeluAyanbHoi 00010uKe
HabsroamMck TpoM003, HH(PAPKTHI M peMO/Ie/TPOBa-
HHe COCYJUCTBIX CTeHOK. AHa/N3 T’MCTOIOTMYeCKUX
W3MeHeHUH B TjlalieHTax KeHUMH ¢ TTP BoisiBUA
HaJ/Tlume TI0[0CTPOro TpomM603a 1 OOLIMPHBIX HH Ap-
KTOB [MAPeHXUMBbI C UHTEPBU/IJIO3UTOM B BOPCHMHKAX

130

3
g
=
3
o
a

Thrombosis
Placental

infarct

Fig. 2. Histopathology of the placenta
([20], modified)

XOpHOHA. OTU W3MeHeHUs yKa3bIBaloT Ha COCYAUCTYHO
Masnbrepdysuto rinoga (FVM) i MaTepuHCKyO COCy-
aucTyio Masbiiepdysuto (MVM). BaKHO OTMETUTB, UTO
TIaLIeHThI KOHTPOJTBHBIX JKEHIIWH He eMOHCTPUPOBAIN
THUCTOJIOTMUYeCKUX U3MeHeHuid [18, 20, 21].

B nmapeHxuMe BOPCHMHOK XOpHWOHA ObII0 TIpOa-
Ha/TM3MPOBAHO KOJIMYECTBO KeTok Xod0ayspa, Ko-
TOpBbIe SIB/SIIOTCS (peTa/bHBIMU Makpodaramu, AJsi
oripe/ie/ieHus1 YPOBHSI BOCIaieHus ryiatieHThbl. OfHaKo
He ObI7I0 0OHAPY’KeHO TIPHU3HAKOB BOCITA/TUTE/TbHBIX
nsMeHenu# [12, 20, 21].

JleueHue u BeieHHEe MAI[HEHTOK
¢ TPOMOOTHYECKOH TPOMOOIUTONIEHHYeCKOM
nypuypoi
[Ty6mMKarym, OrleHHBaoIIIe BepOsITHOCTh pa3BH-
Tus TTP, yKa3bIBatoT Ha CeTCUC, HeoI1a3uto, TIpueM
AHTUKOATY/ISTHTHBIX MPerapaToB, TPAHCIJIAHTALUIO
OpraHoB ¥ 6epeMeHHOCTb KaK Ha OCHOBHbBIE ()AKTOPBI
pucka [1-3, 6, 17-19]. ®usronornyeckre U UMMY-
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HOJIOTUUeCKHe U3MeHeHHs B Tiepro/; 6epeMeHHOCTH
MOTYT OBITh IPUUMHON YHUKA/IbHBIX TIposiBieHni TTP,
MCCJIe/IOBAHMS B 9TOM 06/1aCTH TPeOYIOT MeXKJUCLIUTIIH-
HApHOTO TOAXO0/A U YYaCTHs CIIeLIaIuCTOB Pa3/IMUHbIX
obmacreli — aKy11epoB, reMaTo/I0roB, aHeCTe3HOJIOT0B,
Bpayeii-1abopaHToB U HeoHaTosoroB [1-3, 6, 17-19].

Y KeHI[MH, POXKaBILIMX PeKO, PUCK OC/I0KHEHUN
npu akymepckoi ¢opme TTP 3HauMTeNbHO BhILIE
13-3a YPOBHS 3CTPa/ivio/1a, KOTOPBIM MpeBbILIaeT IoKa-
3aTe/id y TeX, KTO 4acTo poxaeT [22]. BepemeHHOCTb
¥ [10CJIepO/I0BOM MepUOoJ, C TOUKU 3peHUs HU3U0/I0rUU
XapaKTepU3yIOTCS KaK COCTOSIHUS POKOAry/ISILUN, UTO
MOXKET CTI0COOCTBOBATh BO3HUKHOBEHHIO 0CcTpoit TTP.
B nepuio 6epeMeHHOCTY U3MeHeHUsI B CUCTEMe TeMO-
CTa3a MOT'YT [PUBECTH K TUIIepKOarysIsaLuu, OLHaKoO
3TU U3MeHeHUs 00BIYHO HOPMAaJTU3YIOTCSI TPUMEPHO
yepes LIeCTh HeJeJb [10CJe pofoB. B nocnenHue
HeJen OepeMeHHOCTH HaOJTioflaeTCst 3HAUUTe/TbHOe
yBenuueHue KoHLeHTpanuu VWE, B To Bpems Kak
ypoBeHb ADAMTS13 cHW>KaeTCd HaUMHAs CO BTOPOTO
TpHYMeCTpa ¥ BOCCTaHaB/IMBAeTCsl TOJIBKO Uepes He-
CKOJIBKO HeJleJb 110CJIe pOZioB. Ba)kHyt0 posib B 3TOM
T1IpolLiecce urpaeT 3CTPOreHHbIN KOHTPOJIb ITPOTeasbl
[1-3, 6, 17-19].

OcnoxxHeHus1, TaKWe Kak 3a/lepykKKa pocTa IUIoza,
TpeXX/ieBpeMeHHbIe POAibl, TUbesb T104a U UHCY/IBT
y MaTepy, 4aCTO BO3HUKAIOT y MaljueHTOK U MOT'yT
OBbITb TSDKETBIMU AJ151 >KeHIUHBI. YacToTa perjujuBoB
B TaKux ciayuasix gocruraet 100 % [5, 23, 24].

BaxxHo 060pyznoBaTh 60BHULIBI COBPEMEHHBIMU
TeXHOJIOTUSIMU [i/IS1 TOUHOT'O JiMarHo3a naToJ0rumn
ADAMTS13, Tak KaK 3TO MOXKEeT CIaCTH JKU3Hb TaLu-
eHTKe U ee pebeHKy [25]. VIHTerparist TeCTOB Ha TPOTIO-
HUH U D-Z¥iMep B IMarHOCTUYeCKUIA KOMIIEKC, a TaKKe
oripe/iesieHre akTMBHOCTU JI/II™ ¥ 11301 TOB B Tieprde-
pUYeCKOi KPOBU HEOOXOMMBI [I/1s1 OLIeHKU WUILIeMHUU TTPU
TTP. Pa3paboTka mpoCToro pyKOBOJCTBA C a/ITOPUTMOM
i depeHLIaTBHOM AUAarHOCTUKY Oblia ObI TI0/Ie3HOM
A71s1 Bpaueid. OfHako oMOKY B OTpeiesieHHH 1aToIOTHid
ADAMTS13 mMoryT npuBeCTH K 3a/iep>KKaM B IIPUHITAN
TeparieBTHUeCKUX PellieHHH, UTo 0COOeHHO OTacHo st
6epemennbIx [1-3, 6, 17-19, 25].

JleyeHue 1iepBOii TMHUU BK/IIOYaeT B cebsi ipu-
MeHeHHe Iy1a3Madepesa U BBeleHUe CBeXel UIn
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3aMOPOJKeHHOH I1J1a3Mbl HA OCHOBe KJIMHUYeCKUX
JlaHHBIX.

Ins npodunaktuku Tpombo3a He06X0AMMO
VICII0/1b30BaTh TEPANUI0 HU3KOMOJIEKY/ISIDHBIM rerna-
puHoM (LMWH) Bo Bcex cnyyasix. [Ipu pucke Kpo-
BOTEUEHUS] PeKOMEHIyeTCs IPOBeZieHe Tepe/iBaHus
TpomMboLMTapHOU Macchl [3, 26, 27].

ViMmyHOCyTIpeccHst MrpaeT KITFOYeBYHO POJIb B JIEUeHNH
Y IOCTUTaeTCst 3a CUeT IPUMeHeHUs [TTFOKOKOPTUKOCTepO-
W/THBIX TIPeriapaToB WK KOHKYPETHOTO MHTMOMPOBAHUS
aytoantutes K ADAMTS13 ¢ momoIipio putykcumada
B KayeCTBe Haua/IbHOTO 3Tara Tepariu [26—29].

MoHoK/I0Ha/IbHOe aHTHUTEJIO0 Karialu3yMal, Bbize-
JisileMoe M3 I1JIa3Mbl J1aM, NTpefoTBpalliaeT CBI3bIBaHUE
VvWF c TpomboruTamu. OTOT Tpemnapar CrelraabHO
opobpen asist nedenusi TTP Ha paHHUX CTaAusIX elle
TOJIbKO TIPY BBeJIeHUH MeTOZ0B (hapMaKoI0ruuecKoi
KOppeKLIMY B IPAaKTUKY Tepanuu. [lokazaHo, 4TO Ka-
niany3yMab 3HaYMTeTbHO YCKOPsieT BOCCTaHOBIIeHHe
YPOBHS TPOMOOIIMTOB ¥ YMeHbIIIaeT BePOSITHOCTh
obocTpenus [26, 28].

MykomuTHK N-areTU/IIUCTenH CIocobeH pa3py-
IUTh AucyabhuaHble cBsi3u B VWF, uTo mpuBOAUT
K YMEHBIIEHUI0 Pa3Mepa My/JIbTUMEpPOB, CHH)XKEHHUIO
IPOTPOMOOTHYECKOTO MOTeHLMaMa U CrocobHoCTH
TPOMOOIIMTOB K (haTOp-3aBUCUMOM Koarperaijuu.
OpHako Ha JaHHbIK MOMEHT (hapMmalleBTHUeCKue
WCIBbITAHUS TTPOBOJAUIUCH TOMBKO Ha JKUBOTHBIX
[26, 28].

[1pu paccMOTpeHHH XUPYPrudecKoro yieueHust Oblia
OLleHeHa BO3MOKHOCTb CITJIEHIKTOMUH Z1JIS1 [TaL{eHTOB
C XPOHMYECKUM pPeLIMJUBOM. YCOBepIIeHCTBOBaHHbIE
MeTOAMKU XHUPypPruvecKruX BMellaTe/bCTB, 0COOeHHO
JIariapoCKONAYeCKasi, 3HaUMTe/IbHO CHIKAKOT PUCK BO3-
HUKHOBEHHUsI OCJIOKHEHWUH, XOTS paHee CIUIeHIKTOMUS
COTIPOBOYKZA/1aCh TTOBLIIIEHHBIM PUCKOM TTOOOUHBIX
s¢dekToB [26, 28-30].

7151 3¢ ¢deKTUBHOTO KOHTPOJISI COCTOSIHUSI BaXKHO,
yToOBI Bpau yunThiBas ypoBeHb ADAMTS13 u peakiiuto
NaLMeHTKY Ha jiedeHre. VIHTerpauus TeneMeauLMHCKUX
MeTO/|0B IMarHOCTUKY Y HCII0/Ib30BaHKe MHOIOIIPO-
(bUIBEHOTO MOAX0/A CTAHOBATCS HEOOXOAUMBIMU TSI
TLIaTe/IbHOrO Y MIOCTOSIHHOTO aKyLlIepCKOIro BefleHHUs.
Bpau-HeoHaroJs10T [/11 OL|eHKHU COCTOSIHHASI HOBOPO-
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JK/IEHHOTO SIB/IIETCSI HE0OXOUMBIM 3BEHOM B TeUEHHE
TpeThero TpumMecTpa bepemeHHocTH [26, 28].

KitoueBoe 3HaueHue uMeeT HabJItoieHYe 3a To-
cneayouuMu 6epeMeHHOCTSIMU U e’KeMe CSTUHBIN
MOHUTOPUHT ypoBHeld ADAMTS13 /s BbIsiB/IeHUS
BO3MOXXKHBIX peluiuBoB [1, 2, 6, 18, 26, 28].

B coBpemeHHOl CUTYyal[i¥ BO3HUKAIOT TIPOO/IEMBI
C orpejieJieHUeM T0C/e/[0BaTeTIbHOCTU JIeMCTBUM MPH
oripeZie/IeHUM MeTo/ja Tepariu, HeJjoCTaTOYHO UH(OP-
Malyu /i1 BeIOOpa Hanbosiee ONMTUMAILHOTO TIOX0/A
B eueHuH. HeoOX0JUMOCTh B MEXJUCLIMTIMHAPHBIX
peKOMeH/aLMsAX U HOBATOPCKUX METOZAX CTAHOBUTCS
Bce OoJsiee aKTyaabHOM, HECMOTPSI Ha OrPAaHUUEHUS
B [IOCTYTIE K KaueCTBEHHbIM [JaHHbIM O MOCAeJHuX [1,
2,6, 18, 26, 28].

BbiBogbl

[17151 yCIIeIIHOTO UCXO0/a BayKHO, UTOOBI aKyIIIephI
Y TUHEKOJIOTH OBbI/T 0CBeJIOMJIEHBI O PeIKOM U CMep-
TeJbHOM 3a00/ieBaHUH, CBSI3aHHOM C CUHAPOMOM
Amnmmoy — IIlynbmana — TpomMbOOTHYe CKOM TpoMOOo-
LMTOIIeHnYeCcKou nyprype. IlpaBruibHas ocTaHOBKA
AyarHosa, OCHoBaHHas Ha aHaau3ze ADAMTS13
Y NIPOBeJleHUH COOTBeTCTBYIOLIUX TeCTOB, UrpaeT
OTIpe/IeISIFOIIYI0 POJib. [is MpeAoTBpaltieH st OIMO0K
B IMarHOCTHKe HACTOSITe/IbHO peKOMEeH/lyeTCs MCTI0/Ib-
30BaHUe MeXAUCLUIUIMHAPHBIX NTOAX040B. BaykeH
akLeHT Ha po(rIaKTUKe, BK/I0Yast KOHTPOJIb YPOBHS
ADAMTS13 B CEIBOPOTKE KPOBH IPH JTAHUPOBaHWUU
OGepeMeHHOCTH.

Heob6xomumo yuuThiBaTh, uto nipu TTP mMoryT
BO3HUKHYTH [JOJIFOCPOYHbIe OC/I0KHEHUs], TaKue Kak
WIIeMUYeCKUe WHCY/IbTh, BTOPUUHbIE TUIIePTOHUH,
KOTHUTHBHbBIE OTK/IOHEHHsI, ullieMrudecKasi 60sie3Hb
cepALia U yXyZLlIeHde KayeCTBa KU3HU.

B 6mkaiimue rozsl 6epeMeHHOCTb C CHHPOMOM
Ammoy — IllyneMaHa cTaHeT OfHUM M3 BeJYILNX Ha-
TIpaBJ/IeHUH MCCIe[j0BaHNM B 00/1aCTH aKylIepCTBa.
[nst dopMupoBaHUs TepaneBTUYeCKUX MePCIeKTHB
U OTIpe/iesieHusi HOBBIX METOZIOB JieueHHst He0OX0AUMO
TIPOBECTH Jla/IbHeNIINe acCoLMaTUBHbIE BbICOKOKaue-
CTBeHHbIe UCCIeloBaHus B OyAyIIieM.
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