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TTpusemcmaue eAaBHO20 pedakmopa

IIpuBeTcTBME TAABHOTO PEAAKTOPA

Irybokoysamaemvie korrezu!

ITepea Bamu Tpetuit B 2022 ropy HoMep XypHaaa «/IHTerpaTuBHas GpuanoAOT1sI», OAHA U3 BaXKHE-
VX LieAell KOTOPOTO — CII0COOCTBOBATb Pa3BUTUIO MHTErpaTUBHOM pusnororum. [Ty6AMKyst 0630psI
VI OPUTMHAABHBIE CTaTbM IT0 aKTYaAbHBIM BOIIPOCaM (GM3MOAOTMM U PUBNOAOTMUECKUX ACTIEKTOB CMEX-
HBIX HayK (TeHeTUKY, MOAEKYASIPHON 61oAoruy, 6moxumun, 6mopusnku, 300A0rUM, AHATOMUY, TUCTO-
AOTUM, SMOPMOAOTUM), )KYPHAA BHOCUT BaXKHBIN BKAAA B HayuHoe obOujeHue. Hapeemcs Ha To,
4YTO C MOSIBA€HVEM OOABILIEr0 KOAMYECTBA MYOAMKALIMIL, pACCMAaTPUBAOLINX KaKABI M3ydaeMblil
b13MOAOTMYECKHMIT TPOLIECC KaK YaCTh, MUHTETPUPOBAHHYIO B PYHKLIMOHMPOBAHME LEAOIO OPTaHM3Ma,
€CTEeCTBEHHBIM IIyTEM MCUEe3HEeT IPAHMLA MEXAY MyOAUKALMSIMU MO0 «BOIpOcaM (GU3MOAOTUM»
U «II0 BOTIpOCaM (pU3MOAOTMIECKMX ACTIEKTOB CMEXHBIX HayK». JKypHaA MPUBETCTBYET MOAQYY CTaTeN
0 MeXaH13MaX, KOOPAMHUPYIOIMX B3aIMOAENCTBIE CICTEM OPraHi3Ma 1 00eCeuynBaIOLINX €r0 LIEAOCT-
HOCTb.

JKypHaa «VIHTerparuBHasi Gpu3MOAOTMsI» BBICTYIAET 32 YKPENA€HMe MO3ULIMIT GU3UOAOTUM, OAHO
13 BXKHENIINX pYHAAMEHTAABHBIX HayK, O3 mporpecca KOTOpOil HEBO3MO>KHO IIPEACTABUTD YCTONYM-
BOE Pa3BUTHE MEAULIVIHBL. B TpeTbeM HOMepe )XypHaAa BHMMAaHUIO UNTATEAE IIPEAAATAIOTCS 0030pHbIe
CTaTbM, IOCBSIIIEHHbIE PETYASILIVY IIOTPeOAEHNS M METa0OAM3Ma YTAEBOAOB, PETYASILIMY BUCLIEPAABHBIX
(bYHKLMIT B YCAOBMSIX 9MOLIMOHAABHOT'O HAIIPSDKEHM ST, QHAAM3Y OIIBITa aBTOMATU3ALUY (PU3MOAOTMUECKUX
9KCIIEPMIMEHTOB, a TAK)Ke MICTOPUYECKOMY acIeKTy BOIIpOca O TepeAMBaHUM KpOBU. B aKcrieprMeHTaAb-
HBIX CTaTbsIX HOMepa IPeACTaBAEHBI pe3yABTAThI MICCAEAOBAHNI, HAIIPABAEHHBIX Ha BBISICHEHNE MeXa-
HU3MOB PErYASILIMM ABIXaHUS M KPOBOOOpAIlleHMs], HA M3Y4eHle BAUSHUS IPEKOHAULIVIOHUPYIOINX
TUIIOKCUYECKUX CTUMYAOB, MarHUTHBIX TIOA€H U (papMaKOAOTMYeCKNX MpenapaToB Ha PyHKLMOHUPO-
BaHMe OpraHu3Ma.

[TpuBeTCTBYS uMTaTEAEI TPETHETO HOMEpPaA XXypHaaa «/IHTerpaTuBHas GU3MOAOTUSI», BRIPAXKAIO Ha-
AEXKAY Ha TIOAy4YeHMEe PYKOIIMCell, COAEPIKALX HOBbIE 3HAHMS O PU3MOAOTMYECKMX IIPOLIECCaX Opra-
HU3Ma, SIPKO MAAIOCTPUPYIOLIVX 3HAUMMOCTb UHTETPATUBHOM PU3MOAOTUU AASI MEAMLIVHBL U 3APABO-
OXpaHEeHN:L.

C 6AaropapHOCTBIO KO BCEM, KTO CA€AA PEAABHOCTBIO BBIITYCK TPETbero HoMepa >KypHaaa «VIHTe-
rpaTuBHas pusnororus» 3a 2022 roa.

C yBaxmeHnuem,

21 ABHDLLL pe0aKmop
A. I1. Qurapemosa
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Letter from the Editor-in-Chief

Greeting from the Editor-in-Chief

Dear Colleagues,

This is the third issue of the journal Integrative Physiology in 2022. One of the key goals of this issue
is to encourage the development of integrative physiology. Our journal makes an important contribution
to scientific communication by publishing reviews and original articles on current issues in physiology
and physiological aspects of related sciences such as genetics, molecular biology, biochemistry, biophysics,
zoology, anatomy, histology, and embryology. We hope that an increase in the number of publications
focusing on physiological processes as an integral part of body functioning will blur the boundary between
publications on physiology and physiological aspects of related sciences. The Journal welcomes submissions
on the mechanisms coordinating body systems and their integrity.

Integrative Physiology supports the strengthening of physiology as one of the most important
fundamental sciences whose progress ensures sustainable development of medicine. The third issue
of the Journal offers review articles on the regulation of carbohydrate consumption and metabolism,
regulation of autonomic functions under the emotional stress, empirical analysis of the automation
of physiological experiments, and retrospective analysis of blood transfusion techniques. Experimental
articles focus on regulatory mechanisms of respiration and blood circulation. They also explore the effects
of preconditioning hypoxic stimuli, magnetic fields and pharmacological drugs on body functioning.

I welcome the readers of the third issue of the journal Integrative Physiology and invite manuscripts
containing new knowledge about the body’s physiological processes that highlights the importance
of integrative physiology for medicine and healthcare.

I would like to extend my appreciation to all those who made the third issue of the journal Integrative
Physiology for 2022 the reality.

Yours respectfully,
Editor-in-chief
Lyudmila P. Filaretova
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Aara yumuposanus: Myposew, B. O., AykuHa, E. A. (2022) Poab BKycoBbIx peiieniTopoB T1R B peryasiuy norpeoAeHus
Y MeTab0AM3MA YTAEBOAOB Y MAEKONIUTAIOIINX. VHmeepamusHas pusuoroeus, T. 3, N 3, ¢. 270-285.

https://doi.org/10.33910/2687-1270-2022-3-3-270-285 EDN VHFKOI

Ioryyena 13 noast 2022; poiaa penensupoBanye 21 ceHtsiops 2022; npunsita 22 ceHTs0pst 2022.

Dunancuposarue: ViccaeAOBaHYEe TIOAAEPKAHO IrpaHTOM MuHo6pHayku PO Ne 075-15-2020-921 ot 13.11.2020 paAs
cospanmst HLIMY ITaBaoBckuit eHTp «/IHTerparuBHas Gu3MOAOIMsI — IEPCOHAAM3MPOBAHHOI MEAULIVIHE,
BBICOKOTEXHOAOTMIUHOMY 3APaBOOXPAaHEHMIO I TEXHOAOTMSIM CTPECCOYCTONYMBOCTII».

Ilpasa: © B. O. Myposel, E. A. Aykuna (2022). Omy6AnKoBaHO POCCUIICKMM FOCYAQPCTBEHHBIM TIEAATOTMYECKUM
yHusepcuterom M. A. V. Tepuena. OTKpbITbIN AOCTyI Ha ycaoBuaAx autieHsun CC BY-NC 4.0.

Annomauus. BkycoBble penentopsl nepsoro tumna T1R, kopupyemble reHamMu 1asl, UTPAIOT KAIOUEBYIO
POAB B BOCIIPUSITUY BKYCa CAQAKOIO 1 aMUHOKMCAOT Y TO3BOHOYHBIX XMBOTHBIX. CyllleCTBEHHbIE pa3ANIMS
B [TMILEBBIX IPEATIOYTEHMUSX, ONIVICAHHBIE Y PA3HBIX TPYIIIT )KUBOTHBIX, MOT'YT OBITB CBsI3aHBI C TPeKpalljeHueM
9KCIIPECCUM KAKOT0-A00 113 TeHOB, KOAUPYIOLIEro 3T OeAKM. Y MAEKOIUTAIOLVX BBIIBAEHBI MHOTOYMCAEHHbIE
MOAMMOP}U3MBI 3TUX [€HOB, OOHAPY>KEHHbIE Y YeAOBEKa U MBILlIeil, KOTOpble IIPUBOASIT K U3MEHEHUIO
CTeIeHY PEATIOYTEHVSI M YPOBHS TOTPeOAEHNS CAAAKNX BEILIeCTB M BAUSIOT Ha YYBCTBUTEABHOCTD PeLienTopa.
ITO 00YCAOBAMBAET aKTYaABHOCTb MCCAEAOBAHUS AQHHOW CHUCTEMbI B CBETE€ COBPEMEHHON CUTYaLUN
¢ 3a00AeBaeMOCTbIO AnabeToM u oxuperueM. XoTst T1R n3HauaAbHO ObIAM BBISIBAE€HBI BO BKYCOBBIX KAETKAX,
MIOCA€EAYIOIIVe PAOOTHI CYLeCTBEHHO PACIIMPUAY IIPEACTABAEHMS 00 MX SKCIIPECCUY, UTO TIPEAITOAATAET KX
(bYHKLMOHAABHYIO POAD 3a TIPEA€AAMI POTOBOI MOAOCTH. VIX aKcIpeccust 0OHapyKUBaeTCst B CTPYKTYpax
SHAOKPMHHOM TKaHU U MMUILEBAPUTEAbHON CUCTEMBI (SHTEPOIHAOKPMHHBIE 1 BCAChIBAIOIIME KAETKU
KUIIEYHMKA, & U B-KAETKU OCTPOBKOBON TKaHU IIOAYKEAYAOUHO >KEAE3BI), AAUTIOLIUTAX, OCTEOLIUTAX, TeUEHN,
B oTAeAax LTHC, yuacTByIOIMX B peryAsiuy MeTab0oAM3Ma M IIMTAHMS, M OTOT CIIMCOK IIOCTOSTHHO PACLIMPSIETCSL.
B to >xe Bpems nmpobaema meTaboanueckux 3¢pHeKToB reHa MOKa OCTAETCSI MAAOM3YUeHHOI. B HacToseM
0630pe 06001eHbI HOBEIIIIINE AAHHbIE, CBUAETEABCTBYMOIME, YTO T1R perentopsl He TOABKO OKa3bIBAIOT
BAMSIHME HA BBIOOD IMILY, HO U 3aA€/ICTBOBAHBI B yIIPABAEHU) TOPMOHAABHBIMU PEAKLUSIMU, KOTOpbIe
PETYAMPYIOT IIOCTYIA€EHYE Y META0OAM3M YTA€BOAOB B TKaHSIX OPraHM3Ma, 8 TAK)Ke HaKOIIAEHME XX1pa.

Karouesvie croBa: oxxvipeHye, BKYCOBasi YyBCTBUTEABHOCTD, Tasl-reHsl, perientopel T1R, 6eTa-kaeTKH,
VIHCYAVH, IIOAJKEAYAOUHASI JKeAe3a, META00AU3M
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Abstract. Taste receptors type 1, T1R, encoded by TasI genes play a key role in sweet and amino acid taste

perception in vertebrates. Significant differences in food preferences, described in different groups of animals,
could be associated with interruption of expression of some genes encoding these proteins. Numerous
polymorphisms of these genes were found in mammals, including humans and mice. These polymorphisms
entail an increase in the preference and consumption of sweet substances and affect receptor sensitivity.
This makes the study of this system highly relevant in light of the current situation with diabetes and obesity.
Although T1Rs were originally cloned in taste cells, the subsequent studies have significantly expanded
the understanding of their expression and suggested they had a functional role in parts of the body other than
the oral cavity. Their expression is found along the digestive tract and in endocrine tissues (in enteroendocrine
and absorptive intestinal cells, a and -cells of pancreatic islet), liver, adipocytes, in brain structures involved
in metabolism and nutrition regulation, osteocytes, and this list is constantly expanding. At the same time,
metabolic gene effects still remain poorly understood. This review summarizes the latest data showing
that T1R receptors not only influence food choices, but are also involved in controlling hormonal responses

that regulate carbohydrate intake and metabolism in body tissues and fat accumulation.

Keywords: obesity, taste sensitivity, TasI genes, T1R receptors, beta cells, insulin, pancreas, metabolism

BBepenne

BocnpusTie cAaAKOro BKyca IPUPOAHBIX caxa-
POB, HEKOTOPBIX @MUHOKMCAOT Y MCKYCCTBEHHbIX
IIOACAACTUTEAEN BbI3bIBAET YYBCTBO YAOBOABCTBUS
VI CTUMYAMPYET 9BOAIOLIMIOHHO 3aKPEIIAE€HHBIN BbI-
60p BbicokokaropurtHoi iy (McCaughey 2008),
YTO pacCMATPUBAETCS KaK OAUH 13 (aKTOPOB pas-
BUTUS OXKMpeHus, auabera I1 Tuma, HeaAKOrOABHO
YKMPOBOII 60AE3HY TTIEYEHN, CEPAEYHO-COCYAUCTBIX
3a00A€BaHUI U T. A., 00YCAOBAMBasI HEOOXOAMMOCTD
yrAyOA€HHOTO ICCAEAOBaHMSI MEXaHM3MOB BKYCO-
BoI1 yyBcTBUTeAbHOCTU (Garcia-Bailo et al. 2009;
Liu, Manson 2001). B mocaepHee BpeMst AOCTUTHYT
CYIL[eCTBEHHBIV IPOrpecc B IOHMMAaHUY MeXaHU3-
MOB BKYCOBOI1 peLienijuu 1 B 60Aee MMPOKOM
CMBICAE — XeMOPeLEeINLY U TO! POAU, KOTOPYIO
OHa UrpaeT B MOAAEPKAHUIU TOMeoCTa3a. BeipABU-
TaAMCh VI AO CHX IIOP COCYII|ECTBYIOT ABE OCHOBHbBIE

Humeepamusuas pusuoroeus, 2022, m. 3, Ne 3

KOHLIEML[MM YYBCTBUTEABHOCTY BKYCOBBIX 1 IHBIX
KAETOK, pearnpymoux Ha HyTPUEeHThI: MeTa00AM-
yeckas, T. €, CBSI3aHHAs C IOCAEACTBUSMU MeTabo-
AMI3Ma AAHHOTO BeIeCTBa, U ONIPeAeAsieMast CIielu-
AAVBUPOBAHHBIM PELENTOPOM, KOTOPBI MOKET
pacroaararbCsi Ha MeMOpaHe AU BHYTPUKAETOY-
Ho (Craig et al. 2008; Herman, Kahn 2006; Hiriart,
Aguilar-Bryan 2008; Shuit 2001). Haanune moae-
KYASIPHBIX PELIe[ITOPOB, HEIIOCPEACTBEHHO pearu-
PYIOIIMX Ha IPUCYTCTBUE BEIECTB CAAQAKOTO BKY-
ca, MPEeANI0AAraA0Ch AOBOABHO AaBHO. Camo
CYILLIeCTBOBaHVE MAAO- MAYM HEKAAOPUITHBIX caxa-
pO3aMeHUTEeAEN TPEATIOAATAET HAAUYYIE PeLieTLINY,
He3aBUCUMOI1 0T MeTaboAusma. B 1960-e rr. ObiAu
BBIAEAEHBI OEAKOBbIE KOMITAEKCHI C CaxapaMu,
OAHAKO OKOHYATEABHO PELIENITOPbI OBIAY TOKA3AHBI
aunib B XXI Beke (Bachmanov et al. 2014). Ycra-
HOBAEHO, YTO y BCEX MO3BOHOYHBIX XMBOTHBIX
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TAQBHYIO POAb BO BKYCOBOM BOCIIPUSITUY CaXapoB
M B Pa3HON CTEINEeHU aMUHOKUCAOT UTPAET MEM-
6panHbIit 6eAKoBbIl perjenitop T1R, oTHOCAIIMITCS
K peLienTopam, CBsI3aHHbIM C G-OeAKaMu, KOAUPY-
eMblil reHaMu tas (oT taste — BKyc) IepBOIo TUIIA.
Ha AaHHbBII MOMEHT BBISIBAEHO HE MEHEE TISITU
HOATUIIOB PELIeNTOPa, U3 KOTOPBIX Y BBICIIVX I10-
3BOHOYHBIX BcTpevawrcs 3, Tas1R1-3 (T1R1-3),
MICCAEAOBAHUIO HM3MOAOTMYECKOTO 3HAYEHNUSI KO-
TOPBIX MOCBSIEH HAaCTOsLMII 0630p. Bropor,
poactBeHHbi1 emy tui, Tas2R (T2R) orBeuaer
32 BOCIIpUSATHE BKyca M30eraeMpIx BeIeCTB, OLy-
I1[aeMBbIX KaK TOPbKUE, Fopas3a0 boAee pasHoobpas-
HBIIT U COAEPXKUT AeCATKU mopaTunos (Bachmanov
et al. 2014; von Molitor et al. 2021). T1R nsHayaab-
HO OBIAM BBISIBAEHBI BO BKYCOBBIX KAE€TKAX, OAHAKO
MoCAeAyole PAaOOThI TOKA3aAU MX LIMPOKYIO
SKCIIPEeCCUIO 3a TPeAeAaMU POTOBOI MOAOCTH,
" ObIAU BBISIBA€HBI pusnororudeckue sbdexTo
B eaypouHo-kuitedHoM Tpakte (PKKT), mopxe-
AYAOYHOI1 5KeAe3e, TUTIOTaAaMYyCe 1 APYTUX TKaHsIX
(Kojima et al. 2014; 2015; Kokrashvili et al. 2009a;
2009b; Kyriazis et al. 2012; 2014; Laffitte et al. 2014;
Medina et al. 2014; Murovets et al. 2014; 2015; 2016;
Nakagawa et al. 2009; Reimann et al. 2008; Ren et
al. 2009). Bce 510 000CHOBBIBAET IOBBIIIEHHOE
BHUMAaHME K AQHHOI CUCTEMeE PELenTOPOB.

OusuoAornyecke MexaHmu3Mbl
BKYCOBOI penenuun

OrTxkpeiTre cuctemsl T1R pelienTopoB Bo MHO-
roM 00513aHO IIMPOKOMY UCIIOAb30BAHUIO UCKYC-
CTBEHHDBIX Caxapo3aMeHUTeAel, He KAAOPUIHBIX,
HO BBI3BIBAIOIIVX OIyIl[€eHMe CAAAKOro. B KoHIle
1970-x rr. 651A0 IIOKA3aHO, YTO IIPEAITOYTEHNE PaC-
TBOPOB CaXapyHa OIPeAeAseTCs Y MbIILEN AAA€AD-
HBbIMM BapMaHTaMM OAHOTO ayTOCOMHOI'O AOKYCa,
HasBaHHOTO Sac (ot saccharin). Ero poomyHaHTHas
aaAeAb Sac’, mepBoHAYaABHO OOHApY’>KeHHasi
y mblieit Auauy C57BL/6, onipepeAsieT NOBbILIEH-
HOe MpeANoYTeHEe caXxapuHa U, KaK ObIAO 3aTeM
MOKA3aHO, TaK)Xe U APYTUX CAQAKUX BelecTs,
a TaK)Ke AMUHOKHUCAOT, & PELeCCUBHAs aAAEAD Sac?,
nMemwowasca y auauit DBA/2, 129P3/] v ap., acco-
LUUPYETCSI C MX MEHBIIUM HOTpebAeHUuEeM
(Bachmanov et al. 2001a; Fuller 1974; Nelson et al.
2001). HakorAeHHbIe 3a TOABI ICCAEAOBAHUI AQH-
HbI€ IT0O3BOAMAY HECKOABKVUM MCCAEAOBATEAbCKUM
KOoAAeKTUBaM K HauaAay XXI Beka He3aBMCUMO IIO-
Ka3aTbh, UTO AOKYC Sac upeHTu4deH reny Taslr3 4-omn
XPOMOCOMBI MbIIIIY, KOAUPYIOLIEMY peLlelITOPHbIN
6eaok T1R3 (Bachmanov et al. 2001b; Li et al. 2001).
Y yeaoBeka opToAOr 3TOro reHa TASIR3 HaXoAUT-
Cs1 HA KOPOTKOM IAeye XpomocoMmel 1 (Bachmanov
etal. 2011).
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T1R npuHapAexaT K CeMelICTBY peLielTOPOB,
CBsI3aHHBIX ¢ G—0eAKaMU, U UMEIOT TUIIMYHOE AAS
HUX CTpO€HME — 7-BUTKOBBIN TPAHCMEMOPAHHbIIT
AOMEH, OOABIIION SKCTPAKAETOYHBIN AoMeH (N-KoHelr)
¢ xapakTepHoi1 KoHurypauuen Venus flytrap, or-
BETCTBEHHBII 32 PELIeNTOPHYIO PYHKLMIO; BHYTPHU-
KAeTOUHBbIN C-KOHel] MOAEKYABI obecreynBaeT
B3auMoaelicTBre ¢ G-6eakamu (Bachmanov et al.
2011; Masubuchi et al. 2013). @yHKLMOHAABHBIM
SIBASIETCSI AVIMEp PEeLielITOPOB, IIPU STOM 32 B3au-
MOAEVICTBYE C AUTAHAOM OTBEYAIOT Pa3HbIe y4acCT-
K1 pelieniTopa u pasHbie cyobeanHuipl. T1R3 sB-
ASIETCS OOIMM KOMIIOHEHTOM T€TEPOAUMEPHBIX
BKYCOBBIX PELIENTOPOB CaXxapoB ¥ aMUHOKUCAOT
(Chandrashekar et al. 2006). I'etepoaumep 13 cyos-
eanuntl T1R2 u T1R3 obecnieunBaeT pacrosHaBa-
HI€ CAQAKOTO UM aKTUBMPYETCsl HATypaAbHBIMU
caxapamu, CAQAKMMU aMUHOKUCAOTAMU U CIIUPTA-
MU, a TaK)Xe VICKYCCTBEHHBIMI Caxapo3aMeHUTe-
asmu (Nelson et al. 2001). I'arokosa, caxaposa,
CUHTETUYECKUI TIOACAACTUTEAD CYKPAAO3a, AMU-
HOKMCAOTBI CBSI3BIBAIOTCSI C 9KCTPAKAETOYHBIM
AOMEHOM pelienTopa, mpu 3toM T1R3 nmeer 60Ab-
mryio apdUHHOCTD K caxapose, yeM T1R2, k raro-
KO3€e K& COOTHOIIIeHMe OOpaTHOe; IIMKAaMaT
U CAAAKUI MENTUA MOHEAVH B3aMIMOAENCTBYeT
¢ Tpancmem6OpaHHbiM poomeHoMm T1R3 (Nie et al.
2005). Tetepoprmep T1R1/T1R3 obecneunBaeT
BOCIIPUATIE BKYCa aMUHOKVCAOT (BKYC «yMaMm»),
MpEeXA€ BCETrO TAyTaMaTa, M TaKUX YCUAUTEAEN
BKYCQ, KaK MHO3MH- U T'YaHO3MHMOHOpocdaT,
AOTIOAHSIST peaKLMIo APYTMX MeTAa0OTPOIHBIX pe-
LenTopoB K rayramary (Bachmanov et al. 2014;
Chandrashekar et al. 2006). HabAmopa0TCA TakKe
3aMeTHbIE MEKBMAOBBIE PA3ANYMSI B YYBCTBUTEAD-
HOCTHU K CAAAKMM BellieCcTBaM (B YaCTHOCTU, MbIIL
He pearupyioT Ha CaXxapo3aMeHUTEAb LIIKAAMaT)
1 aMUHOKIICAOTaM, HaTIpUMeED, YeAoBedeckast hop-
ma hT1R1/hT1R3 pacriozHaeT rAyTaMMHOBYIO KUCAO-
Ty L-Glu u L-Asp, a mpimmHass mT1R1/mT1R3 —
Apyrue L-amuuokucaotsr: Ala, Ser, Gln, Thr, Gly,
Met, Arg, Asn (Toda et al. 2013).

ITerepopumep T1R1/T1R3 man T1R2/T1R3
CBsI3aH C rerepoTprumMepoM G-6eAKOB, COCTOSIINUM
n3 Go cyObeAMHHULIBI racTAYLIMHA G ot (Gat3, ot-
HOCUTCS K TTopceMeitcTBy Gai/o; ren GNAT3),
KOTOPBIV CYMTAETCS CrielinpUIeCcKUM AAST BKYCOBOII
cucrempr; B-cybpeansmupl Go1 nan G3 (GNB1/3)
ny-cyopeannnub Gyl3 (GNG13) (Sainz et al. 2007;
von Molitor et al. 2021).

Kanonuyeckuil BKyCOBO/ BHYTPUKAETOUHbBIN
CUTHAABHBIN KACKAA HAUMHAETCS CO B3aUMOAEMCTBUS
peLienTopa ¢ aroHUCTOM, BbI3bIBaOIleM KOHbOP-
MalMIOHHbIE IBMEHEHMSI MOAEKYABI PELIENITOPA, YTO
IPUBOAUT K Accoumatiiv Gy-aAuMepa v akTuBa-
LY O-TACTAYLIMHA, KOTOPBIiT aKTUBMpYeT pocdo-
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B. O. Myposey, E. A. Ayxuna

aumnasy C-B2, pacijenaAsioumyo MeMOpaHHBbIN
dbochaTupnannosnuToa-4,5-6uchocdar (OVD2)
Ha AB€ MOAEKYABI, MHO3UTOA 1,4,5-Tpudocdar
(MD3) u onaumaransepoa (AAT). O3, akTuBupys
PUAHOAMHOBBIE PELIENITOPDI, BbI3bIBAET BHICBOOOXK-
AeHye Ca?* 13 BHYTPUKAETOYHBIX AETIO (9HAOIAA3Z-
MaTUYECKOTO PETUKYAYMA), AdA€e POCT BHYTpHU-
KAETOYHOTO KaAbLIVsI aKTUBUPYET HeCeAeKTUBHBIE
KaTMOHHBIE KAHAABI TPAH3UTOPHOTO PELIENITOPHO-
ro noreHyuasa TRPMS5, yTo NpMBOAUT K MOCTY-
naeHuio Na* B KAeTKY, reHepayuy MoTeHI[aAa
AeViCTBUA U BBIXOAY MepraTopa — ATO u3 cenu-
AAM3UPOBAHHBIX KAHAAOB, CPOPMUPOBAHHBIX
M3 ABYX IIOAYKaHaAOB OeAka pannexin 1
(Chandrashekar et al. 2006; Ishimaru 2009; Mar-
golskee 2002; Roper 2007; von Molitor et al. 2021).
O6pasyromuiicsa AAT Taxke MOXKET peaAr30BbIBATb
pasAnuHbie pusnoaoruveckue shPeKT, HAPU-
Mep, ClIOCOOCTBOBATh aKTUBAL[UM MPOTEMHKUHA3
C u D, 4TO PUBOAUT K CEKPELMM MHKPETUHOBbBIX
MENTUAOB B SHTEPOIHAOKPUHHBIX KAETKAX KHMIIIeY-
Huka (Rozengurt et al. 2006, Sternini al. 2008).
ITomumo a-ractayuuna, T1R MOryT OBITH CBSI3aHBI
U C APYTUMU O-CYO'bEAVHMLIAMHU, KaK [IPEACTABHU-
TeassMu Gati/0, B YaCTHOCTU O-TPaHCAYLIMHOM, Gai2,
Gai3, Tak u Apyrux noacemeiicts — Gaq, Gal2/13
uan GaS (Hubbard, Hepler 2006; Margolskee 2002;
Sainz et al. 2007; von Molitor et al. 2021; Zhang et
al. 2003). B yactHOCTH, 6eaoK Gol4 U3 moaceMent-
ctBa GOq 9KCIPECCUPOBaH B KOPHEBBIX OTAEAAX
si3bIKa BMecTO ractayuuHa (Shindo et al. 2008).
3a cyeT 3TOro MOXXeT 00ecrieuYnBaThCs CBsI3b
C VIHBIMM BHYTPUKAETOYHBIMM CUTHAABHBIMU Ka-
ckapamu. Tak, T1R pelienTopbl MOI'YT aKTMBUPOBAThb
U aAEHMAATLIMKAA3Y, CIocoOCTBYsI pocTy JLAMO®
(Margolskee 2002; Medina et al. 2014; Nakagawa
et al. 2009; 2013; von Molitor et al. 2021). [Tpeamo-
AQraeTcsi, YTO BBIOAHSATbh CEHCOpPHbIe QYHKLMU
MOTI'YT U TOMOAMMEpPHBIE BKYCOBbIE PeLIeNTOPbI
T1R2/T1R2 yan T1R3/T1R3 (Damak et al. 2003;
Delay et al. 2006; Kojima et al. 2014; Zhao et al.
2003), a TaK>Ke TreTepOAUMEpPDI C KAABL[MEBBIM pe-
penrropom CasR (Hamano et al. 2015).

dddexTs noanmopPuszma
BKYCOBBIX peLleNITOPOB

CpaBHUTEABHOE ICCAEAOBaHME BKYCOBBIX I€HOB
B Pa3HbIX I'PyMIax TO3BOHOYHBIX IT03BOASIET pe-
KOHCTPYMPOBAaTh 3BOAIOLIMIOHHbIE apalTaluU
K U3MeHeHMIo pauuoHa mutanus (Antinucci, Risso
2017), mpu aTOM B pOKyCe BHMMAaHMS OKa3bIBAIOT-
Cs1TeHBI C HAPYLIEHHO PYHKLMOHAABHOCTBIO, T. H.
IICEeBAOTE€HbI, C HAKOIIA€HHBIMM MYTaLUIMU,
He MO3BOASIOLUIIMI UM MPaBUABHO (PYHKLIMOHMU-
poBaTh. VccaepoBaHMA aKcIpeccun reHoB lasl
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B TAKMX 9KOAOT'MYECK! Pa3ANYAIOIINXCA TAKCOHO-
MMYEeCKMX I'PYIIax, KaK IaHABI, KYpUHbIe, KUTO-
o0pasHble, AACTOHOTME U KOLIAYby, BBISIBAO CBSI3b
BMAOBBIX 0COOEHHOCTEN IIPEATIOUTEHUI CAAAKOTO
VI BKyCa aMUHOKVCAOT C ITOTEpell 3TUX FeHOB, ANO0
¢ ux ncepporenmsayuent (Antinucci, Risso, 2017;
Bachmanov etal. 2011; Jiang et al. 2012; Zhao et al.
2003; 2015).

IToxasaHo, uyTO ypaaeHue reHoB las2 u Tas3
y MbllIeil 0CAA0AsIeT HeIPOHAAbHBIE peaKLu
Ha CAAAKMe€ BeleCTBa, TOAHOCTbIO OAOKUPYET I10-
BeAEHYECKOe MPEATTOYTEHNIE HATYPAABHBIX CaXapoB
1 HU3KOKaAOPUIHBIX ICKYCCTBEHHBIX caxaposa-
MEHUTEAEN NTPY aHAAM3€ B TECTe KPaTKOro AOCTY-
114, PV AAUTEABHOV SKCIIO3ULIMY K TECTUPYEMbIM
BellleCTBaM MCKAIOYAET IOTpeOAeHIe HEKAAOPUIL-
HBIX CaXxapO3aMeHUTeA€ll I CHUKaeT oTpebAeH e
HU3KMX KOHLIEHTpaLMJ1 HaTYPaAbHBIX CaXxapoB
(roBbBILIAET TeAOHMYECKUIL TOPOT), HO He BBICOKMX
koHueHTpauunit (Damak et al. 2003; Glendinning et
al. 2005; Murovets et al. 2015; Zhao et al. 2003).
ITocaepHee cBsI3aHO C TeM, 4TO nmomMumo T1R-
OIIOCPEAOBAHHBIX, CYIIECTBYIOT U aAbT€PHATHBHbIE
mytu yyBcTBUTeAbHOCTU (Ohkuri et al. 2009; von
Molitor et al. 2021). Kpome Toro, mocrabcop61iu-
oHHble 9P beKThI MUIIY HE MeHee BaXKHbI, YeM ee
IIepBOHAYAABHOE BKYCOBOE BOCIIPUSTHE, U CITIOCO0-
HbI 00YCAOBAMBATH NMOTpebAEHME M3HAYAABHO
He TPEATIOYUTAEMO KAAOPUITHON MUIIU Oe3 BbI-
PXXEHHOI'0 CAAAKOTO AU IHOTO IIPEATIOUNTAEMO-
ro Bkyca (Sclafani, Ackroff 2012; Sclafani et al.
2010). B to >xe Bpems ypraaeHue Tasl HECKOABKO
M3MEHsIET ITPEATIOUTEHVE AMUHOKMCAOT, HO He JC-
KAIOYAeT ero IOAHOCTBIO, TaK KaK MMEIOTCS APyTye
MYTU €T0 peLenLuy, MPEAOAOKUTEABHO CBSI3aH-
ubie ¢ MGLUR penenrropamu (Bachmanov et al. 20145
Chandrashekar et al. 2006; Maruyama et al. 2006).

CormnocTaBAeHEe TIPEAIOYTEHMSI caXxapuHa
VI BBISIBAEHHBIX TOAMMOPGU3MOB rena Iasir3
y 30 AMHMIT MBI1LIE} TIOKA3aA0, YTO €0 AAAEAbHbIE
BapMaHThI ONPEAEASIIOTCS TPeMSI HECUHOHUMMUY-
HBIMU €AVHUYHBIMY HYKAEOTUAHBIMU 3aM€HAMMU
(SNP), cpeaut koTopbix 3amena T179C, aMMHOKMC-
AOTBI U30AEMIMHA HA TPEOHMH B ITOAOXKeHUU 60
B akcTpakaeTouHoM N poomene 6eaka T1R3, nmeaa
HaubOOAblllee BAUSIHUE U, BEPOSITHO, SIBASIETCS OC-
HOBHOJ IPUYMHOI HAOAIOAQEMBIX PA3AMYMIT MEX-
Ay denorunamu Sac’ u Sac? (Reed et al. 2004).
In vitro 6p1a0 mOKa3aHo, uto T179C 3ameHa cka-
3bIBaeTcs Ha cBsAsbpIiBaHUM T1R3 ¢ caxaposor,
TAIOKO30J1 MAM CYKPaAO30ii, OrpaH1uMBasi KOHQOp-
MallVIOHHbIe I3MeHEeHMsI U CHIDKas abPUHHOCTD
9KCTPAKAETOYHOTO AOMEHA PeLielIToPa, YTO Cylile-
cTtBeHHO (B 10 pas AAsI caxapo3sbl) YBeAUUMBAET
s dexTuBHyI0 A03Y (Nie et al. 2005).
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B pab6ore 1o ¢ coaBropamu (Inoue et al. 2007)
a¢ddexTsl MoAMMOpPU3Ma Sac Ha BKYCOBBIE ITPeEA-
MOYUTEHNsI VI HEJIPOHAAbHBIE OTBETHI ICCAEAOBAAU
C VICIIOAb30BaHMEM KOHI'€HHOJ AVIHUM MBILIEN
129P3/].C57BL/6— Tas1r3. AuHus Obiaa BhIBEAEHA
B cepuM 0bpaTHBIX CKpelnBaHuii rubpupos F,
C57BL/6 (B6) x 129P3/] (129) ¢ pOAUTEABCKOIT
AvHMeN 129, 4TO COPOBOXXAAAOCH CeAeKLMen
oco0er1, Hecymyx ¢pparMeHT XpOMOCOMBI 4 C TeHOM
B6-1as1r3. bpiAo TOKa3aHO, YTO AAAEAbHbIE Bapu-
AHTBI OKA3bIBAIOT BAMSIHME Ha peakLM Ha caxapa
(caxaposa, raioko3a, GpyKTo3a), UCKYCCTBEHHbIE
caxapo3aMeHuTeAH (caxapyH, aliecyAbdpam KaAus,
CYKpaAo3a), HEKOTOpble aMMUHOKMUCAOTHI
(D-tpuntodan, D-bennsaranut, L-ipoAnn),
HO He BAVSIIOT Ha BOCIIPUSTHE IOAVMEDPOB IAIOKO-
3bI, ¥ TAKMX HECAAAKMX KOMIIOHEHTOB, KaK FAyTaMaT
HAaTpMsl, COAEHBIX KaK XAOPUA HATpUs, TOPbKUX
Kak ruppoxaopup xuHmsHa. Ilo cpaBHeHMIO
C HACAEACTBEHHBIMIU (HaKTOPaMU, BAUSIOIIVMU
Ha BKYCOBOE BOCIIPYSITVIE CAAAKMX BEleCTB, reHe-
TUYeCKasl apXUTEKTypa BUCLIEPAABHON YyBCTBU-
TEABHOCTU K I'AIOKO3€ U, BO3MOXXHO, K caxaposa-
MEHUTEASIM IPEACTABASIETCS ropaspo boaee
cAaoxHOIL. ITpu aTOM BAMsIHME TOAMMOpdU3Ma
T1R2/T1R3, ckopee Bcero, MacCKMpyeTcs Bapualiu-
stmu GOHOBOTO reHoTumna. B yactHoct, morpedAe-
HIle CAAAKMX BellecTs rubpupamu F, moayyeHHbI-
MM OT CKpelluBaHus AMHUIN Mbieit C57BL/6 x
129P3/], 6b1A0 cBsi3zaHO ¢ Bapuauusamu Taslr3
B 3HAUYUTEAbHO MeHbluein crenedu (10-35%), yem
npeanoytenne (64—96%) (Bachmanov et al. 1997;
Inoue et al. 2004).

Hepasao mbl (Murovets et al. 2018a; 2018b;
2020) mpeAAOKMAY CPABHUTEABHO ITPOCTON CIIOCO0
M3yuyeHUs BAMSAHUA noAuMmopdusma Taslr3
Ha BKYCOBYIO YyBCTBUTEABHOCTb ¥ META00AU3M,
OCHOBAHHbIN Ha CpPaBHeHUM peakuuii rubpupos F ,
ITOAYY€HHBIX OT CKpeIIVBaHNA AVHUM 129 ¢ AuHU-
et B6, 60 oT ckpemuuBanus AuHuu 129 ¢ Aunueit
HOKayTHoOI1 1o reny Iaslr3, B6-1as1r3KO. 2tu
rMOPUABIL, IMesI UAEHTUYHBIN (POHOBBI F€HOTUII,
Pa3AMYAIOTCS AULIb HAOOPOM AOKYCOB Sac: OAHU
HeCYT KaK AOMMHAHTHYIO, TaK U PeLjeCCUBHYIO
aaAeas, Sac? u Sac® (tubpuabt SacD/B), Apyrue —
TOABKO OAHY PeLieCCUBHYI0 aareAb Sac? (SacD/0).
B TecTtax KpaTkoro poctymna u 48-4acoBOM TecTe
C NMPOM3BOABHBIM BBIOOPOM 13 ABYX PacTBOPOB
OBIAO [TOKA3aHO, YTO HAAMYME AOMMHAHTHOM aA-
Aean SacBy F, rubpuaos SacD/B nipeponpepessieT
yBeAUYeHMe MIPEATIOUTEHNS HU3KVX KOHLEHTpaLyi
caxapos3bl (1-4%), a Tak’Ke BBICOKMX KOHLIEHTpALMil
HeMeTabOAM3MPYEeMBIX IOACAACTUTEAEN (caxapu-
Ha, CyKpaAo3bl 1 atiecyabdama K). Kontpoab ad-
¢dexTa reMU3UTOTHOCTU (CpaBHEHME peaKLui
y rubpupoB B6 x B6-Taslr3KO (SacB/0) ¢ poau-
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TEAbCKOV AMHMeN B6) BliepBble BbIIBUA HaAUYME
caaboro addekra SacB raraoHeAOCTaTOYHOCTHU
IIPU AAUTEABHOM IIPEABSIBAEHVM, HO HE ITPY KPaTKO
SKCIO3MLMY HU3KUX KOHLIEHTpaLMiI caxapo3bl
u caxapuHa. IToAyueHHble HAMIU AQHHbBIE CBMAE-
TEABCTBYIOT, UYTO y CBITBIX KMBOTHBIX HaAU4Me
AOMMHAHTON aAA€AU SacB peAOnpeAeAsieT IOBbI-
IIIEHHYI0 TOA€PAHTHOCTD K T'AIOKO3€, OBICTPYIO
YTUAU3ALUIO TAULIEPOAR, YBEAUUEHE BeCa TeAa.
BriepBble ObIA BbLsIBAEH 9 (DEKT rallAOHEAOCTATOY-
HOCTU Sdc: OTCYTCTBYE OAHOI aAAEAU MPUBEAO
K CHVDKEHUIO MOCTIPAHAMAABHOTO YPOBHS MHCY-
AVIHa, YBEAMUEHMIO BeCa TeAd, OKOAOTOHAAHOIO
)KMpa Y TIeYeH!, HO He TOBAMSIAO Ha TOAEPAHTHOCTD
K TAIOKO3€ U yTHAUM3aLuIo ranLepoaa (Murovets
et al. 2018a; 2018b; 2020).

B TASIR reHax yeAaoBeKa TaK)Xe BBISIBA€HBI
CMHOHMMWYHbIE 1 HecHOHMMMYHble SNP, paBHO
KaK U TalIAOTUIIbI, XapaKTepHbIe AASL OTAEABHBIX
HOITYASILIUIA, TIpY 3TOM reH TASIR3 60Aee 5BOAO-
LIMIOHHO KOHCEPBATVBEH, 8 MAKCUMAAbHAsI I3MEH-
YMBOCTDb XapakTepHa aast TASIR2, mpu sToM Hau-
0O0ABIIIEe YMCAO 3aMEH BBISIBASIETCSI B appUKAHCKOIT
nonyasunu (Kim et al. 2006). ABa BbIIBA€HHBIX
SNP-noaumopdusma B mpomorope TASIR3 (Fushan
et al. 2009) onpeAeAsIIOT pas3HYIO OLEHKY CAAAOCTHU
€axaposbl ¥ BCTPEYAIOTCS B PA3HBIX PerrvoHax
3eMAM C pa3HOI1 YaCcTOTOM, 00bsicHss1 16% Bapua-
LMY BOCIPUSTUS Caxapos3bl B IOIYASILIMU.
Ilpu aTom couetaHHOe nposiBaeHne C-3aMeH,
OIIpEeAEASIOLIVX IIOBBIIIEHHYIO PeaKLVIo, BCTpeya-
€TCsI BO BCeX pernoHax 3a uckadennem Adpuku,
ayvactora T aAAeAl C HU3KOM OLIeHKOM HalIMEeHbIIIast
B €BPOIIENCKOV MOMyAsILIMU. BbIsIBA€HHbBIE TTOAK-
mopousmbl TASIR2 BAUSIOT Ha TOTpebAeHME
YTA€BOAOB U IOPOTY pa3AMYeHUs CaXxapo3bl B 3a-
BUCUMMOCTU OT MHAeKca Macchl Teaa (Dias et al.
2015; Eny et al. 2010), a Tak)Ke Ha KOHLIEHTPALIXIO
TPUTAULIEPUAOB B KpoBU (Ramos-Lopez et al. 2016).
Kpowme Toro, mokasaHa CBsi3b MEXXAY TOAUMOPU3-
MoM TASIR2 v GLUT2 v yacToToOl Kapyueca 3y0oB
(Robino et al. 2015). IToanmopduam roxyca GNAT3,
KOAVMPYIOILLIETO o-TACTAYLIMH, TaK>Ke OKa3bIBaeT
BAVSHME Ha ITOTPeOAEHME CAAAKOTO y YeAOBeKa
(Fushan et al. 2010).

/130pITOYHOE IOTpeDAEHVIE BBICOKOKAAOPUITHBIX
COAEpP’KaIIMX B OOABIION KOHLEHTPALMMU caxapa
MIPOAYKTOB OIVCBIBAETCSI HAPSIAY C YMEHBIIIEH/EM
MMOABIDKHOCTM Y HaCA€ACTBEHHbIMU (paKTopaMu
B KaueCTBe OCHOBHOJ IPUYMHBI TAOOAABHOTO pac-
npocTpaHeHus oxxupenus. [unepdarus u oxupe-
HJI€e TECHO CBSI3aHBbI C pelelliliell HyTPUEeHTOB, KaK
BKYCOBOI1, TaK U IIOCT-BKYCOBOM (BucuepaabHOM),
OT KOTOPOJ 3aBUCSIT MEXaHM3MbI 00PAaTHO CBS3U
(Duca, Covasa 2012; Greenberg et al. 1999). Cpeaun
XeMOCEHCOPHBIX CUTHAAOB, BO3HUKAIOIIVX B MTPO-
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Ljecce TIUTAHVS, BEAYIIYIO POAb UTPaeT BKYCOBOE
BOCIPUSITHE CAAAKOTO. VI3BECTHO, YTO MPU OXMU-
PEHMM YyBCTBUTEABHOCTD K CAAAKOMY CHVKAeTCS,
YTO KOMIIEHCUPYETCS YCUAEHMEM IPUCTPACTUS
K KOHIIeHTpUpOBaHHbIM caxapam (Bartoshuk et al.
2006; Donaldson et al. 2009).

KopMmaeHre Aab0paTOpHBIX )KMBOTHBIX AVIETO
C MOBBIIIEHHBIM COAEP>KaHMEM >XMPa U YTAEBOAOB
OMMCaHO KaK OCHOBHAsI MOAEAD «3aMAAHOTO TUIIa»
MUTAHNSL, IPUBOASILIETO K O’KUPEHUI0. B 0TAeABHBIX
paboTax mokasaHo, YTO CBOOOAHBIN BEIOOP MEXAY
CTAaHAAQPTHBIM Aa0OPATOPHBIM KOPMOM U BBICOKO-
KaAOPUIHON muireir (Tak HasbIBaeMasl «AUETa
KadeTrepusi») npoBouupyert runepdarnio u Habop
MacChl T€AQ, IPEBBILIAOIIME TIOKa3aTEAY TIPU T10-
TpeOAEHUY CXOAHOI IT0 SHEPTeTUYECKOMY COCTaBY
AVeTBI 0€e3 BbIOOPa, U SIBASIETCSI AA€KBAaTHOM MOAE-
ABIO Pa3BUTUSA MeTAaOOAMYECKOTO CHMHAPOMA
y )KMBOTHBIX (Sampey et al. 2011). VM3BecTHO, uTO
U30BITOK GPYKTO30COAEPIKALLVIX YTAEBOAOB B ITMIIIE
JKMBOTHBIX BBI3bIBA€T OOA€e TsKEAble META00AU-
yecKue HapylleHUs, YeM caxapo3a, a MMEeHHO,
abAOMMHAABPHOE OXXMpeHUe, pe3UCTEHTHOCTD
K MHCYAUHY, AuabeTr 2 Tuma, AMCAUIIMAEMUIO
u runepronuio (Bizeau, Pagliassotti 2005; Bremer
et al. 2011; Martinez et al. 1994). B cBsasu ¢ sTum,
MeXaHU3M, IOCPEACTBOM KOTOPOro ¢GpyKTO3a Ipo-
BOLIMIPYET OXXMPEHNE, TIPUBAEKAET 3HAYUTEABHBIN
uHTepec. B 60ABLIMHCTBE TKaHel opraHmuaMa Gpyk-
TO3a He BKAIOYAeTCs B OOMEH BelleCTB 13-3a OT-
CYTCTBUS COOTBETCTBYIOLIETO MEMOPAHHOTO TPAHC-
noptepa GLUT5 (Tappy 2018). Takum obpasom,
ee MOXXHO pacCMaTpuBaTh KaK BHEKAETOYHBII
($bakTOp, B OCHOBHOM B3aIMOAENCTBYIOIMI C MEM-
OpaHHBIMU pelLielITOpaMy CAaAKoro Bkyca T1R2/
T1R3 u BAMAOMNI Ha PEryASILIMIO MIPOAYKLIVY
VIHCYAMHA Y MHKPETVHOB, a TaK)Xe aAUIoreHes
(Kokrashvili et al. 2009a; 2009b; Kyriazis et al. 2012;
Masubuchi et al. 2013).

ITomumo HaTypaabHbIX caxapoB, T1R2/T1R3
pelienTopbl 00eCcreunBaT BKYCOBOE BOCIIPUSATHE
U TIpeANIOYTEHME BelleCTB CAaAKOTO BKYCa,
He MMeIOLIX MeTab0ANYEeCKOVl LIeHHOCTU U 00-
AQAQIOLIVX KOMITA€KCHBIM BKYCOM, TaKMX KaK VIC-
KYCCTBEHHbIE TIOACAACTUTEAU U COAVL METAAAOB.
Bce uckyccTBeHHbIe caxapO3aMeHUTEAU VIMEIOT
XapaKTepHbIi HEPUSTHBIN IIPUBKYC (METAAAMYECKNIT,
XKT'Y4MiT) CO 3HAYUTEABHBIM TIOCAEAEVICTBUEM, YTO
OCAOYKHSIET VX UCITIOAB30BaHME B ITMIII€BOJ IIPOMBILII-
AEHHOCTM U SIBASIETCSI OAHVMM U3 TAQBHBIX CTUMYAOB
K [IOVICKY HOBBIX BellleCTB. AaHHbI 9P PeKT CBsizaH
C Bo3aelicTBMeM Ha xeMopeuerntopsl TRPV1 co-
MaTOCEHCOPHOI CUCTEMBI (TPOTHMYHOIO HEpBa
B POTOBOI1 MoAOCTH). [ToKasaHo, 4TO peAIOYTEHYE
HU3KMX KOHLEHTPALMil COAeII ABYXBAA€HTHBIX
METaAAOB, Takux Kak FeSO R ZnSO » BOCTIDUHU-
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MaeMbIX YeAOBEKOM KaK CAaAKMe, 3aBUcUT oT T1R3
n TRPMS5, a oTBepraHue BbICOKMX KOHLIEHTPALIi
AQHHBIX COAell U caxapo3aMeHuTeaert — or TRPV1
(Riera et al. 2008; 2009). BmecTe Cc TeM UCKYCCTBEH-
HbI€ TIOACAACTUTEAY CTUMYAMPYIOT BKYCOBBIE pe-
LenTophl 3¢ PeKTMBHEEe HATYPAABHBIX CaXapoB,
KOTOPBIX OHM CAQllle B COTHY pa3. AaHHbIe CTaTu-
CTMKM [TOKA3bIBAIOT, YTO C 1960-X IT. ynmorpebaeHne
KaK CMHTETUYECKMX HEKAAOPUIHBIX caxapo3aMe-
HUTeAeN, TaK M HaTypaAbHBIX (PPYKTO3bI)
VICIIBITBIBAAO APaMaTUYECKUIT POCT, OCODEHHO
¢ nanutkamu (Mattes, Popkin 2009), npu sTom
HAOAIOAQETCS XOpolIasi KOppeAsiLiMsl poCcTa Io-
TpebaeHus ¢ poctoM oxupenus (Swithers 2013).
OAHOJ 13 Ba)KHENIIX 0COOEHHOCTEN caxapo3sa-
MEeHUTeAeN, KOTopasl, KaK B HACTOsllee BpeMsI
IIPEATIOAATAETCSI, MOKET ChITPATh HETATUBHYIO POAD
IIPU VX CHCTEMATUYEeCKOM YIOTPeOAEHUM, SIBASI-
€TCs TO, YTO OHY ITOMMMO VIMUTALIMU CAAAKOTO
BKYyCa IIpU OTCYTCTBUY TAMKeMMU4YecKoro adpdexra
BBI3BIBAIOT BCe Te e (p131MoAOr1YecKre SHAOKPUH-
Hble PEryASITOpPHbIE peaKLMi, YTO U KaAOPUITHbIE
caxapo3a 1 rAI0Ko3a. AOCTaTOYHO AABHO ITIOKa3aHo,
YTO caxapo3aMeHUTeAU MOIYT IPOBOLMpPOBATh
roAoA U iepeepanue. K mpumepy, )keBaHue XBauKu
C HEKAAOPUITHBIM CaxapO3aMeHNUTEAEM aCIIAPTAMOM
Bbi3biBaeT roAop (Tordoff, Alleva 1990); poctyn-
HOCTb CaxapyHa IIPOBOLMpOBaAa OOAblilee TOTpe-
6enme uiu kpoicamu (Tordoft, Friedman 1989).
B HacTosllee BpeMs NpeAINIOAAraeTcs, 4TO
Ha YPOBHE OpraHM3Ma OTCYTCTBYE KAAOPUITHOCTHU
y caxapo3aMeHUTeAell MOKET IPUBECTHU K Pas3oo-
L[EHUIO BPOXKAEHHOI CBSI3 MEXKAY CAAAKMM BKYCOM
NOTpeOAsIeMO1 UILY U ee TUTATeAbHBIM 3G deKToM
(Swithers 2013). AelCTBUTEABHO, B OIbITAX
Ha KPbICaX U CO 3A0POBBIMU UCIIBITYEMbIMU OBIAO
MIPOAEMOHCTPUPOBAHO, UTO YIIOTpeOAeH1e HeMe-
TabOAM3UPYEMBIX CaxapO3aMeHUTEAEN MOXXeT
BbI3bIBATh HAPYILIEHNS d9HEPreTUYeCKOro basaHca
13-3a HapYLIEHMsI KAaAOPUITHOM KOMIIEHCALUy
(caloric compensation) (Swithers et al. 2010).

Poab penentopos B JKKT
Y1 B IOAJKEAYAOUHOII KeAe3e

T1R3 1 a-racTAYLIMH OKa3bIBAIOT HETIOCPEA-
CTBEHHOE€ BAMsIHME Ha BCAcCbIBaHME CaxapoB
B CAUBKCTOM 000AOYKE TOHKOTO KUIIIEYHVKA, CTU-
MYAUPYSI 9KCIIPECCUIO TPAHCIIOPTEPOB TAIOKO3bI:
HaTPUI-TAIOKO3HOTO KoTpaHcnopTepa-1 (SGLT-1)
¥y TpaHcropTepa ralokospl—2 (GLUT2) (Mace et al.
2007; Margolskee et al. 2007).

CoraacHO KAaCCHYeCKO! KOHLIEMLUU «MHKpe-
TUHOBOTO 3¢ (}eKTa» IepopaAbHbIN IIPUEM TAIOKO-
3bl CTUMYAMPYET BBIOPOC OOABILIETO KOAMYECTBA
MHCYAMHA, YeM BHYTPUBEHHAsI UHPY3UsI, U IPUBO-
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AUT K 00Aee OBICTPOMY CHVKEHUIO €€ YPOBHsI
B maasme (Rehfeld 2018). 3ot peHomeHn B 3Ha4u-
TEABHOI CTeNeHN 00YCAOBAEH ABYMsSI MHCYAVHO-
TPOIIHBIMY TOPMOHAM, BBIAEASIEMBIMY SHTEPOIH-
AOKpMHHBIMU L- u K-kaeTkaMu KullleyHuka:
IAIOKaroHomopo00Horo nentupa-1 (GLP-1) u rato-
KO303aBMICYIMOT'O MHCYAVHOTPOITHOTO IENTHAA
(GIP), cCOOTBETCTBEHHO, KOTOPbIE CTUMYAUDPYIOT
B-kaetku (Drucker 2013; Rehfeld 2018; Sternini et
al. 2008). Cuuraercs, 4TO COBMECTHOE AEICTBME
VIHKPETHHOB OMpeAeAsieT mpumepHo 50% ot ob1ie-
I'0 CEKPETOPHOT'O OTBETA MHCYAMHA IIOCAE ITpYieMa
nuiy. [ToAyyeHbl AaHHBIE, CBUAETEABCTBYIOLME,
yto T1R3, a-ractayuuH u TRPMS5 yuyactByioT
B CeKpeLuy MHKPeTUHOBbIX ropMoHoB GLP-1
n PYY B L-kaetkax (Jang et al. 2007; Kojima, Nak-
agawa 2011; Kokrashvili et al. 2009a; 2009b; 2014;
Rozengurt et al. 2006; Steinert et al. 2011). Y Tas1r3-
HOKAYTHBIX MBIIIEN 1 B 9KCIIAAHTAX MX TIOAB3AOLI-
HOM KMIKY BbIOpoc GLP-1 B OTBET Ha AIOMUHAAD-
HO€ BBeAEHMe TAI0KO3bI 3aMeTHO cHipKeH (Kokrashvili
et al. 2009a). Cykpaao3a, AooOaBA€HHasI B CPeAY
¢ kaetouHol avHMent GLUTag mbiiy n L-kaeTok
NCI-H716 yeroBeKa, ycranBaAa BoipaboTky GLP-1,
KoTopasi 0AOKMPOBaAaCh BUAOCIELMPUIECKUMU
VHTMOUTOPaMM PELIENITOPOB CAAAKOTO BKYCa, AAK-
TU30AOM U TYPMapMHOM, COOTBETCTBEHHO (Jang et
al. 2007; Margolskee et al. 2007). B xyabType aHTe-
POHAOKPMHHBIX KAETOK TOHKOI'O KUIIEYHMKA
Mmblm 6a0kapa T1R2/T1R3 rypmapuHoM npekpa-
maaa npoaykuuio GLP-1 u GIP (Sigoillot et al.
2012). BmecTe ¢ TeM, AO CUX TTOp HET MCYEepPIIbIBa-
IOIINX AOKa3aTeABCTB TOT0, uTo T'1R3-3aBucuMbIe
KULIeYHbIe SHAOKPVHHbIE MEXaHM3MbI AOCTATOYHO
MOIILHBI, YTOOBI OKa3bIBATh CYLL[ECTBEHHOE PETYASI-
TOpPHOE BAVSIHME Ha YPOBEHb IAIOKO3bI B KPOBU
in vivo, KaK IIPeANIOAAraAOCh PSIAOM aBTOPOB
(Margolskee et al. 2007). Kpome Toro, Ha BbIpakeH-
HOCTb MHKPETUHOBOTO 3 deKTa MOIyT BAUSITH
BMAOBBIE 0COOEHHOCTH: AOASI L-KAETOK, aKcIpec-
CUPYIOIIMX BKYCOBBIE OeAKM, KoreOAeTcs oT 15%
B TOlIeN KMIIKe MbIIIN A0 90% B ABEHaALLQTUIIEPCT-
HOI1 KuliKe yeaoBeka (Rozengurt et al. 2006; Steinert
et al. 2011; Sutherland et al. 2007).

IToAyueHbI AQHHBIE O IPSIMOM Y4aCTUY BKYCOBBIX
peLenTopoB B CEKpeLy NHCYAVHA B-KAeTKaMu
MaHKPeaTMYeCKNX OCTPOBKOB. DKCIIPECCUS T€HOB
TASIRI-3 v1 2AeMeHTOB BHYTPUKAETOUYHOTO Ka-
CKaAa TPAHCAYKLIMM BKYCOBOTO CUTHaAa OblAQ BbI-
SIBA€HA B [3-KAETKaX YeAOBeKa 1 MbIILY, O-KAETKaX
MBILIY, & TaKKe B KaeTKax MING6, rAIoKo30peax-
TUBHOU AVHUMU [-KA€TOK MHCYAVIHOMBI MBILIN
(Kojima et al. 2014; Kyriazis et al. 2012; 2014; Medina
et al. 2014; Nakagawa et al. 2009; Reimann et al.
2008). B B-kaerkax akcrnpeccus:i T1R3 HamMHOrO
npesbiiraeT T1R2, 4TO CBMAETEABCTBYET B TOAb3Y
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CylLIeCTBOBaHMs TaM (YHKIIIOHAABHOIO TOMOAM-
mepa T1R3/T1R3 m/uau rerepopumepa T1R3
¢ xaabpLueBpIM petenrtopoM CaSR (Hamano et al.
2015; Kojima et al. 2014; Medina et al. 2014). B To
’Ke BpeMs ypoBeHb akcnpeccun TASIRI rena
B OCTPOBKOBOJI TKQH! YeAOBEKA AUIIb HEHAMHOTO
Hwke TASIR3 (Kyriazis et al. 2012). [TokasaHo, 4TO
VICKYCCTBEHHBIE IOACAACTUTEAU CIIOCOOHBI CTUMY-
AVMPOBAaTh CEKpeLVIO MHCYAVHA B OCTPOBKAX MBI,
KoTopast ocaabasiercss TIR3-6A0kaTopom rypma-
punoMm (Kojima et al. 2014; Kyriazis et al. 2012;
Nakagawa et al. 2009). CooTBeTCTBEHHO, AAKTU30A,
AAAOCTEPUYECKUI MHTMOUTOP YeAoBeveckoro T1R3,
IIOAQBASIET BBI3BAHHOE (PPYKTO3011 TOTEHLIMPOBA-
HIi€e BBICBOOO>KAEHMSI MHCYAVHA B ITAHKPEATNYECKIX
ocTpoBKax yeaoBeka (Kyriazis et al. 2012). Ypaaae-
Hue reHoB Taslr2, Taslr3 v TrpmS5 NPpUBOAUT
K CYLIleCTBEHHOMY CHVDKEHMIO BAUSIHUSI MTOACAQ-
cTuteAeil U PPyKTO3bl HA BBIOPOC MHCYAMHA
B ocTpoBKax Mbium in vitro (Kyriazis et al. 2012).
Takum obpasowm, reH Taslr2, HeCMOTpS Ha HU3KMUIT
YPOBEHb 9KCIIPeCCUH, OTIPEAEASIET TOTEHLMPYIOIINI
apdext dpykrossl (Kyriazis et al. 2012). [ToaydeHst
TaK)Xe IepBble AQHHbIE, CBUAETEAbCTBYIOLINE
0 poau peuenrtopa amuHokucAoT T1R1/T1R3
B IIOAXKEAYAOUHOII >Keae3e. Tax, L-aMMHOKMCAOTEI,
TAyTaMaT Y apIMHVH, CTUMYAVPOBAAM BbIAEAEHME
MHCYAVMHA B KAeTKax MING, mpu aToM aKkcnpeccus
ero PHK yruetaaaceh aaktusoaom (Oya et al. 2011).
BbIAO TOKa3aHO BAMSIHME META0OAMYECKOTO CTa-
Tyca Ha onocpepoBaHHyo T1R-penentopamu
CeKpeLVI0 MHCYAVHA. 24-9acOBO€ IOAOAAHYE
Y MBIIIEN IPUBOAMAO K PE3KOMY YBEANYEHUIO CO-
Aepxanus 6eaka TIR3 B 6eTa-KAeTKax Mpu TOM
e ypoBHe MPHK uTO 11 A0 TOAOAQHMS; COAEPIKAHME
OeAaKa OBICTPO CHM)KAAOCH MTOCAE KOPMAEHMUSI.
ITpu aTOM OCTpOBKYM AaHrepraHca, B3siTble OT I'O-
AOAQBIIVX MBILIEN, BBIAEASIAY OOAbILIIE MTHCYAMHA
B OTBET Ha CTUMYASILIVIIO TAIOKO3011, YeM OT HETOAO-
AQBILVIX, Y MIX peaKLiMsi CMAbHee IToAaBAsiaach T1R3-
6AokaropoMm rypmapuHoM (Medina et al. 2014).
[neprarkemusi, HAIPOTHUB, OKa3bIBaAd HETATVBHBII
addexT Ha axcripeccuto Tasir2 v Tas1r3 B KA€TKAX
MINB6, a Taxoke B ocTpoBKax Mbiieit Aauauy C57BL/6],
COAEPIKaBILUXCST HA AVETE C MTOBBILIEHHBIM COAEP-
YKaHMeM >KMPOB. YAaaeHMe reHa 1as1r2 y MBIV AU
06AOKaAa peLienyy AAKTU30A0M B TKaHU YeAOBeKa
HapYIIaAa PEryAsILMIO 6a3aAbHOM CEKPELU NHCY-
AVIHA B OCTPOBKOBOJ TKaHU IPU TOAOAQHWY, BbI-
3biBas ero rumnepcekpenuio (Kyriazis et al. 2014).
MuTepecHo, yto ypoBenb T1R3 Geaka Takxe 1mo-
HIDKeH Y 0b/ob v db/db AviHuit Mblleit CO CKAOH-
HOCTbIO K oXupeHuio (Medina et al. 2014).
VI3BecTHBI TaK)Ke AQHHBIE OAHOTO MICCAEAOBAHMS,
BBISIBUBLIETO BBICOKYIO CTEIIeHb 9KCIIPeCCUM T€HOB
Tasir2, Taslr3, Gnat3 v ux 0EAKOBBIX IIPOAYKTOB
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B ApKYaTHOM M IapaBEHTPUKYASIDHOM SApax I'M-
noraaamyca mpiu (ctpykrypax LJHC, yuacTByro-
X B PEryAsiuy MeTaboAM3Ma U MUTAHUSA) U,
B HECKOABKO MEHbIIIel CTelleHY, B KOpe Y TUIIIIO-
KamIle. bpiao MMoka3aHo, YTO ypOBEHb 9KCIIPeccun
Taslr2 3aBUCUT OT METaOOAMYECKOTO CTaTyca —
PV TOAOAQHMY OH YBEAVUMBAACS B ABa pasa 1 ObIA
B 2,5 pasa Bbilite y 0b/ob avauu (Ren et al. 2009).
Kpowme ToTO, aBTOpBI i1 Vitro ¢ UCTIOAb30BAHUEM
5MOPMOHAABHBIX KAETOK TMITOTAAAMYCA, SKCIIPEC-
cupytomux laslr2, Taslr3 v Gnat3, moKa3aAu, YTo
yBeAndeHye KoHLeHTpauyy rarokossl ¢ 0,1 oo 10 MM
B CPEAE, 8 TAK)Ke AOOABKa CYKPAAO3bI K CPeAE, YKe
COA€epyKallel] FAIOKO3Y, YTHeTaeT aKcrpeccuio 1aslr2,
Ho He TasIrl v Taslr3 (Ren et al. 2009). K coxxaae-
HUIO, AQHHAasI TeMa MO BCEN BUAMMOCTU MOKA
He TIOAY4YMAa AOAPKHOT'O Pa3BUTHA.

B 10 Xe BpeMs AaHHbIe OLIeHK! (PYHKIIIOHAAD-
HOJ aKTUBHOCTU BKYCOBBIX PeLielITOPOB inl Vivo
BeCbMa OI'PaHMYeHbl. bpIAO ITOKa3aHO, 4YTO HOKAYT
reHa, kopupymouero a-ractayuus (Kokrashvili et
al. 2009a), 3amMeAAsIeT CeKpeLMIo MHCYAMHA B OTBET
Ha HarpysKy rAIOKO3011 B TAIOKO30TOA€PaHTHOM
tecre. Kupuasuc c coaBropamu (Kyriazis et al. 2014)
He BbIsIBUAM a3 dekTa yparenus: Taslr2 Ha Toae-
PAHTHOCTB K FAIOKO3€ IIPY €€ BHYTPUOPIOIIHHOM
BBeAeHuU y Mbliiteir AauHuy C57BL/6] nocae 18-ya-
COBOro roanopaHusi. Hamm uccaepoBanus, nmpose-
AeHHble Ha Taslr3 HOKayTHOM AVHUU MbIIIeN,
MOAy4YeHHOo1 Ha ocHoBe AuHuM C57BL/6] (Damak
et al. 2003), BriepBbI€ i Vivo ITOKa3aAH, YTO yAAA€-
HVI€e IeHa IIPY COAEP>KaHMM Ha CTAHAQPTHOM AMETE,
MOMMMO HapyLIeHNs BKYCOBOT'O BOCIIPUATHSI CAQA-
KOTO, TPUBOASIILETO K CHYDKEHUIO €r0 MOTpebAeHns
VI IPEATIOUTEHM ST, CH/DKAeT TOAEPAHTHOCTD K TAIO-
KO3e IPY TeCTUPOBaHUM C 18-4acOBbIM TOAOAAHU -
eM 1 0e3 FOAOAQHMS, YCUAMBAET MHCYAMHOPE3N-
CTEHTHOCTb, HapyllaeT TAIOKOHEOTeHe3s,
CIOCOOCTBYET YBEAMYEHMIO MACChI TEAQ U XKUPO-
BOTO AETIO U BbI3BIBAET AUCAUTIUAEMUIO, YTO MOYKET
paccMaTpuBaThCS KaK MOAEAb MeTabOANYECKOTrO
cunppoma (Murovets et al. 2014; 2015; 2016).
OueHKa MHKPeTUHOBOTO 3¢ deKTa, MpoBeAeHHas
HaMJ, [TOKa3aAa, YTO Y MBILIEN B 9yTAMKEMIYECKOM
COCTOSIHUM peleNnLys TAIOKO3bI KUIIIeYHNKOM,
onocpeposaHHas T1R-penenrtopamy, He urpaer
TaKOJ BaYKHON POAU B IIOAAEPXKAHUM PETYASLIN
rOMeOoCTasa TAIOKO3bl, I CeKpelus UHKPEeTUHOB
Y MBILLIEN 110 BCell BUAMMOCTY B TOPa3A0 OOAbILel
CTeIeHY OIIPEAEASIeTCSI KAACCUIEeCKMM MEXaHU3MOM
K, o-3aBUCHUMON MeTabOAMYECKO AeTeKLUU
(cm. HuKe).

Takum ob6pa3om, Ha OCHOBE aHAAM3a AUTEpA-
TYPHBIX ¥ COOCTBEHHBIX AQHHBIX MBI MOXKEM 3a-
KAIOUUTh, YTO B OCHOBHOM BAMSIHME SKCTPAOPAAD-
HBIX BKYCOBBIX penjenrTopoB T1R3 Ha MeTaboAM3M
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IAIOKO3bI OCYIIECTBASIETCS ITyTEM PETYASILIMU Ce-
Kpeuuy MHCYAMHA B 0eTa-KAeTKax, TA€ OHU BBI-
MTOAHSIFOT POAb MEMOPAHHBIX AETEKTOPOB 9KCTPa-
KAETOYHO TAIOKO3BI M APYTMX AUTAHAOB, BKAIOYASI
caxapa, ICKyCCTBEHHbIe HeKaAOPUITHbIe caxapo3a-
MEHUTEAU U AMUHOKMCAOTBHI.

CoOTHOlIIeHE MEXaHN3MOB, OTIOCPEAOBaHHBIX
BKYCOBBIMM peLieNITOPaMy, C KAQCCUYEeCK/M MeXa-
HU3MOM MeTabOAMYECKO AETEeKLIMM OCTAeTCs
B&)KHBIM AVICKYCCHOHHBIM BOIIPOCOM. MeTaboAu-
YyecKast AETEKLMS TAIOKO3bI B LIEAOM CBOAUTCS
K ITIOCA€AOBATEABHOCTU MTPOL[ECCOB, BKAIOYAIINX
IIEPEHOC TAI0KO3bI BHYTPb KA€TKU HU3K0adPVHHBIM
tTpaHcrnoprepom GLUT2, ee pochopuauposanne
C TIOMOLIBIO CIELMAAU3UPOBAHHON IAIOKOKMHASBI
(rexcoxunasa 1V; I'K) u rankoaus, B pesyabraTe
KOTOPOTO YBEAMYMBAETCSI BHYTPUKAETOUHOE OT-
HouteHre ATO/AA® (Craig et al. 2008; Herman,
Kahn 2006; Hiriart, Aguilar-Bryan 2008; Shuit 2001).
IToBbimenne koHueHnTpauuy AT® cTumyaunpyer
3akpbiTie ATD-uyBCTBUTEABHBIX MeMOPaHHbIX
KaAneBbIX KaHaAoB (K, . ), BhI3bIBaIOIee ACTIOAS-
pusaLuo MeMOPaHBI 1 BXOA B LIUTOIIAA3MY MOHOB
Ca?", mocae yero caepyet peakuysi Kaetku (Herman,
Kahn 2006; Hiriart, Aguilar-Bryan 2008). AaHHbIi1
['K—K, ,-3aBUCHMDbIVi MEXaHU3M B 3HAYUTEABHON
Mepe KOHTPOAMPYET CEKPELIMI0 MHCYAMHA B B-KAeTKax
HIOAKeAYAOUHON >KeAe3bl (Schuit et al. 2001), GLP-1
1 GIP B 5HTepO3HAOKPUHHBIX KAETKaX CAUZUCTOM
o6oaouky XKKT (Reimann et al. 2008; Wang et al.
2003), a TaK)Xe OMOCPEAYET PeaKLMI0 TAIOKOCEH-
COPHBIX HelTpoHOB runoTasamyca (Miki et al. 2001).
TeMm He MeHee y)Ke Ha HAUaAbHOM 3Talle UCCAEAO-
BaHum K A1 MEXAHM3MA TOSIBASIAUCH AQHHBIE, YTO
MeTabOAMYECKas AETEKLMS He MOXKET SIBASTbCS
€AVHCTBEHHBIM MEXaHU3MOM TAIOKOpeLenLnn
B MOA>KEAYAOYHOM KeAe3e, KUIIeUHVKe U B L[eH-
TpaAbHoIT HepBHOI cucTeme (Fioramonti et al. 2004;
Gembal et al. 1992; Straub, Sharp 2002; Wang
et al. 2003). MccaepoBaHus, ITOKa3aBlLIMe HOBYIO
poab T1R pelienTopoB B OCTPOBKOBBIX KAETKaX
Y BHTEPOLUTAX, TIOATBEPAVAU BaXKHOCTb U MeTa-
0OAMYECKMX MEXaHM3MOB. B KyAbTHBUpPYeMBIX
OCTPOBKAX MBILIN IOAOKUTEABHOE BAUSHYE PPYK-
TO3bl AV HEKAaAOPUMHBIX MTOACAACTUTEACH HA
CeKpeLIO MHCYAMHA TPpeOyeT HaAUYMSI ONITUMAAD-
HOTO YPOBHSI TAIOKO3BI B cpeae. Pe3koe cHIDKeHMe
KOHILIEHTPALIUU TAIOKO3bI B CPEAE OCTPOBKOB OT-
MEHSIAO NOoTeHLMpyoowuin 3¢pdekT GpyKTO3bI
(Kyriasis et al. 2012), a Tax>ke CTUMYAMPYIOILYIO
AKTVBHOCTb HEKAaAOPUMHBIX IIOACAACTUTEAEN
(Nakagawa et al. 2009) B kaeTkax MING6. C aApyroi
CTOPOHBI, PELIENTOPbI CAAAKOTO BKyca OBIAM He-
9 PEeKTUBHBI TOCAE MAKCUMAABHOI AETIOASIPU3a-
LY -KAETOK BBICOKMMU AO3aMM TOAOYTaMMAQ,
unrubutopa K,  -xanasos (Kyriasis et al. 2012).
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Tem He MeHee MBI ITOKa3aAl, UYTO B OTCYTCTBUU
TOAOAQHMS, KOTAQ B-KAETKI AOAXKHBI OBITh YaCTUY-
HO AEMOAApU30BaHbI 3a cyeT K,  -3aBuCcHMBbIX
mexaHusMoB (Kyriasis et al. 2012; Yee et al. 2011)
Yl IOAAEP>KMBAIOT Oa3aAbHBIN YPOBEHD CeKpeLun
MHCYAMHA, pAeaeliis T1R3 BbI3bIBaeT 3HaUMTeAbHOE
HapylleHle TOAePAaHTHOCTH K TAIOKO3€e KaK IIpU ee
BHYTPMOPIOIIMHHOM, TaK U NP/ I€POPAAbHOM
BBeaeHnu (Murovets et al. 20145 2015; 2016).

MO>XHO MIPEATIOAOKHUTD, UTO MeTaboAMYeCKast
AETEKLVS TAIOKO3bI CO3A2€eT HEOOXOANMYIO AEIO-
ASIpU3aLMIO KAETKHU, Ha pOHE KOTOPOI HYTPUEHTHI,
a TaKKe HeMeTaboAM3MPyeMble caxapo3aMeHNTe-
AVI MOT'YT YCMAMBATD IIPOAYKLVIO MHCYAVHA Yepe3
T1R-omocpepOBaHHbBIN CUTHAABHBIN Ty Th. llIupo-
K11 HAOOp AQHHBIX, IIOAYYEHHBIX 3a IPOILIEALIEe
AECSITUAETYS, TIOATBEP)KAAET TAKYIO BO3MOKHOCTD.
CAepOBaTEABHO, Y 3HAYUMTEABHOTO YJMCAQ TI03BO-
HOYHBIX, BKAIOUAs YeAOBeKa U I'PBI3YHOB, BO BCeX
CIEeLAAM3VPOBAHHBIX KAETKAX, YYBCTBUTEABHBIX
K CAAAKMM BellleCTBaM, COCYILIeCTBYIOT ABa MOAe-
KYASIPHBIX MEXQHM3Ma PeLleTL, OAVH 13 KOTOPBIX
(T1R2/T1R3-0moCpeAOBaHHBIN) OTIPEAEASIET Ha-
AMYME AUTAHAQ, 2 APYTOI — €ro MeTaboANYECKYIo
neHHocTb. Oba MexaHu3Ma MeTabOANYECKO
U crieludnuecKo peLeniuy AeiCTBYIOT CUHep-
rnyHo (Straub, Sharp 2002). Ilpu aTom oTcyTcTBIE
OAHOTO 13 HUX AUIIb AO HEKOTOPOIT CTENIEHU MOXKET
OBITH CKOMITEHCUPOBAHO OCTABUIMMCSL.

Bausune T1R Ha BHYTpuKAeTOYHbIE
peryasiropubie cuctembl (MTOR u ERK1/2)
11 OCTPOBKOBYI0 TKaHb OAKEAYAOYHON )KeAe3bl

CHIKeHMe CeKpeLyi MHCYAMHA BCA€ACTBUE
IIOTePY MaCChI [3-KAETOK MAM HapyleHMst QYHKLMI
B-KA€TOK 1 ITOBBIIIEHHAS] MTHCYAVHOPE3UCTEHTHOCTD
CUMUTAIOTCS ABYMSI OCHOBHBIMU (paKTOpamu, mpu-
BOASII[MMU K HAPYLIEHNIO TOAEPAHTHOCTHU K TAO-
Ko3e y ToXnAbIX Alopeit (Maedler et al. 2006; Szoke
et al. 2008). B cBsi311 ¢ 5TUM 0COOBIIT MUHTEPEC TTPEA-
CTaBASIIOT IepBble pAaHHble 00 yyactuu T1R-
OITOCPEAOBAHHOI PeLielLyi AMUHOKUCAOT B Pery-
Asiyyt akTUBHOCTU MTOR — BHYTPUKAETOYHOTO
MYABTMMOAEKYASIPHOTO CUTHAABHOTO KOMITIAEKCA
MUIIEH! pallaMULIIHA Y MAEKOTIUTAIOLINX, AKTUB-
HOCTb KOTOPOT'O PETYAUPYET POCT, A€AEHIE, CUHTE3
6eAka, aBTOArnio M BbDKMBaHMe KAETKU. AaHHbI
KOMITIAEKC 3aBUCUT OT MH}OpMaLMMU CO MHOTUX
BXOAOB, MUHTETPUPYS CUCTEMHBIE CUTHAABI (PaKTo-
PBI pOCTa ¥ TOPMOHBI, BKAIOYAsI MHCYAMH) C AO-
KAaAbHBIMU CUT'HAAQMU O AOCTYITHOCTY QMUHOKUC-
AOT, TAIOKO3BI U KMCAOPOAQ U COOCTBEHHOM
MeTab0AMYEeCKOM COCTOSIHUM KAeTKU. OrpaHnyeHye
AOCTYITHOCTY aMUHOKKUCAOT CTUMYAMPYET aBTO-
¢aruio kaeTok mocpeactBoM yraetenust mMTORC1,
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aKTMBALMsI AAHHOT'O KOMIIAEKCA 3aBepLIAeT AQHHBDII
npouecc (Meijer et al. 2015; Wauson et al. 2012;
2015; Zhou et al. 2016). YcTaHOBAEHO, YTO aKTU-
Bayyus mMTORCI y Mblieit Cmoco6CTByeT MPOAHK-
depaunmu -KAETOK U B TO )Ke BpeMsI yCUAUBAET UX
aroITo3, CTUMYAMPYET UX TMIepTPOPUIO, YBEAU-
YyeHye IAOIIaAM OCTPOBKOBOM TKAaHU U CPEAHETO
pasMepa OCTPOBKA, YAYUIIAeT TOA€PAHTHOCTD
K raiokose (Balcazar et al. 2009; Ding et al. 2017;
Mori et al. 2009).

In vitro onepaTuBHOE BbIKAIOUEHME peLielITopa
amuHoKMcAoT T1R1/T1R3 ¢ momoigpio siRNA
B KYABTYpax KaeTok (MIN6, HeLa, H9C2) cuuxa-
A0 cobcTBeHHYI0 akTUBHOCTH MTOR 11 ero crioco6-
HOCTb pearnpoBaTh Ha IPUCYTCTBYE AaMUHOKICAOT
B cpeAe, Tpu 3ToM Ha 50% CHIMKAAOCh CopeprKaHue
VIHCYAVHA B KAeTKax MIN6 1 HaOAI0AQAOCD yCUAE-
Hue aBrodaruu. baokarop TIR2/T1R3 aaktusoa
TaoKe noaaBasia akTuBanyo mI'ORC1 aMmuHOKNC-
AOTaMU Y KAeTOK HeLa. brino nokasaHo, uto T1R1/
T1R3 onocpeayet peakuyu MAP-kunaspr ERK1/2,
elle OAHOTO PEeryAsiTOpHOTO OeAKa, KOTOPBIN
B [B-KAETKax OIOCpeAyeT TPAHCKPUIILIMIO reHa
VMHCYAVMHA B OTBET Ha MPUCYTCTBYE HYTPUEHTOB
(Wauson et al. 2012; 2015). Taxxe 1 Ha KYABTYpe
muobaactos C2CI12 6p1A0 MOKasaHo, uto T1R1/
T1R3-onocpeaoBaHHas peLienLysi aMUHOKMCAOTEI
MeTroHMHa MpUBOAUT K akTuBaty mTORC1 (Zhou
etal. 2016). HokayT 7as1R3 npuBOAVA K CHVDKEHUIO
creneny pochopuanposanmss mTOR B ckeaeTHO
u cepaeuHon mbiiiie (Wauson et al. 2012).

IIpoBepeHHOE HaMU MCCAEAOBaHME C MCIOAD-
3oBaHueM Iaslr3-reH HOKQyTHOJ AVIHMM MBbIIIei
BIIEPBBIE BBISIBUAO POADb Oeaka T1R3 B peryasuun
PasBUTHS OCTPOBKOB AaHrepraHca oAYKeAYAOIHOI
JKeAe3bl MBIIIN. YAaAeHMe reHa laslr3 mpuBeAo
K CHVMPKEHMIO YMCAQ OCTPOBKOB U IX CPEAHEr0 pas-
Mepa, a TaK)Ke CTeIeHM allonTo3a, YTO MOXKET
CBUAETEABCTBOBATD O CHVKEHHOI ITpoAKdepaTns-
HOJI aKTMBHOCTM TKaHU. IloAyueHHbIe HaMy AQHHbIe
CBUAETEABCTBYIOT, 4TO oTCcyTcTBME T1R3 nmpusBoaut
K AUCTPOGUY OCTPOBKOBOI TKaHU ITIOAYKEAYAOUHO
YKeAe3bl M COIPSDKEHO C pa3BUTVEM ITATOAOTMYECKUX
M3MEHEHNI IIOAJKEAYAOUHO KeAe3bl, XapaKTePHBIX
AASL pa3BUTHUA AnabeTa 2 TUIA Y OXKUPEHNUS y de-
aoBeka (Murovets et al. 2019).

Bausnue T1R Ha poct u AudpdpepeHnpoBky
XUPOBON TKAaHU

Aanubie o poau T1R B AunimpAHOM oOMeHe
B 11eAOM HEMHOT'OUYVICAEHHBI, OAHAKO, OHI CBUAE-
TEAbCTBYIOT, UTO pelienTop T1R3 He TOABKO aKC-
IpeccupyeTcsl B )KMPOBOI TKaHU, HO U MeeT
onpepeAeHHOe QYHKLMOHAABHOE 3HaueHMe. JKC-
npeccusi reHa Taslr3 ObiAa BpISIBA€HA B AAUTIOLIK-
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TaX U3 Pa3HbIX OTAEAOB )KMPOBOI TKaHU Y MbIILIEN
avanit C57BL/6 i avauu ¢ oxxupeHuem Lepré®,
COAEP>KaBILIMXCS HAa CTAHAQPTHOI AveTe (Masubu-
chi et al. 2013; Simon et al. 2013). ITo AaHHBIM
Macy0yuu ¢ coaBropamu (Masubuchi et al. 2013),
B 3PEABIX AAMITOLIUTAX MBIV aKcnpeccust Taslr3
B AECATKU pa3 MpPeBBIIIAET TAKOBYIO BO BKYCOBBIX
COCOYKaX SI3bIKa U B COTHU pa3 MPEBOCXOAUT 9KC-
npeccuto Taslr2, 4To MpepnoAaraeT roMopuMep
T1R3/T1R3 Kak akTUBHYIO (pOpMY peLienTopa UAU
reTepoAMMED C MHBIM TUIIOM PELeNTopa, CBsI3aH-
Horo ¢ G-beakamu (Hampumep, CaSR); npu saTom
3A€Ch OH cBsi3aH ¢ Gas — cybbeanHmieit G-0eaka,
a He K-TaCTAYL[MHA, KaK BO BKYCOBBIX peLienTopax
pra. ViccaepoBaHUsA in Vitro Ha KYABTYpaxX KA€TOK:
3T3-L1 — smbpuoHaAbHBIX GUOPOOAACTOR MBIIIIH,
CcriocoOHBIX AP depeHNPOBATHCS B AAUTOLIUTEI
u eMSC — Me3eHXVMMaAbHBIX CTBOAOBBIX KAETOK,
B3STBIX 113 YXa MBIIIY, BBIIBUAO Y HUX 9KCIIPECCUIO
Taslr2 u TasIr3, KoTopas HapacTaaa npu Audde-
peHLIMPOBKe B 3peable apunouutsl (Simon et al.
2013). ITo panHbeiM CariMoH ¢ coaBTopamu (Simon
et al. 2013; 2014) auecyabdam KaAus 1 caxapuH
Croco6CTBYIOT AU depPEeHILIIPOBKE ITUX KAETOK,
a TAaK)Ke CTPOMAABHBIX BaCKYASIPHBIX KAETOK ITOA-
KOKHOTO Xupa yesoBeka (hSVC) B aAUIIONUTBI,
OAHAaKO, OHO He 3aBUCUT OT laslr2 n Taslr3, no-
CKOABKY HabAtopaeTcs u 'y eMSC-KAeTOK, B3SAThIX
OT COOTBETCTBYIOIMX I'€H-HOKAYTHBIX MBIILIEIL.
B To >Xe BpeMsI Apyrasi TpyIIa aBTOPOB BBISIBMAR
HeraTuBHBIN 5 (deKT CYKpaA0O3bl U caxapuHa
Ha Au¢p depeHLIpoBKY 373-L1 1 HAKOTIAEHME MU
TPUTAULIEPUAOB, IIPU 5TOM AAHHBI 3P PeKT CHU-
MaAcs cariAeHcuHrom 1zs1r3 ¢ momombio ShRNA
(Masubuchi et al. 2013; 2017). TTpeamoAaraembiit
MeXaHMU3M TAaKOV HEraTVMBHOV PeryAsLiiM CBsI3aH
co aktuBanueit T1IR3/T1R3 6eaxa Go, KOTODBII
CTUMYAMpPYeET pa3bopKy MUKPOTPyOOUYEK MmoKa
HEYCTaHOBAEHHbBIM He3aBUCUMbIM 0T HAMO nytem
(BO3MO>KHO HaIPSIMYIO CTUMYAUPYSI TYOYAVHOBYIO
['T®a3zy), uro BeI3bIBaeT aKkTMBaLyio RhoA/ROCK
KaCKaAQ, TTOAABASIOLETO AAUIIOTE€HHbIE TPAHC-
kpurnumoHHbie pakTopbl Akt u FoxO1 (Masubuchi
et al. 2017).

Vimeromuecs: AaHHbIe, IOAYYEHHBIE (71 ViV0, He-
MHOTOYMCAEHHBI ¥ OTYACTU IPOTUBOPeYMBbL. bpiaa
BBISIBA€HA YCTOMIMBOCTD T1R3-HOKayTHBIX »XN-
BOTHBIX K O>KMPEHUIO, BbI3BAHHOMY CIIeL{Ia AbHbIMU
AveTtamy, poBouupyoummu oxupene (Glendinning
et al. 2012). Tak, mpy KOPMAEHUY BBICOKOKAAOPUIL-
HOI1 AVI€TOI C NOBBIIIEHHBIM COAEpP>KaHMEM caxa-
po3bl y Taslr3-HOKayTHBIX MbIIIell OTMEYAaAOCh
3aMepAAeHMe Habopa Beca U KMPOBOIO AEIO, He-
CMOTPsI Ha BBICOKMI YPOBEHb NMOTpebAEHNs pac-
TBOpa caxapossl (Glendinning et al. 2012; Larsson
et al. 2015). ITo panubiM CaiftMOH C coOaBTOpamu,
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NpY1 KOPMAEHUY CIIELIMAAbHOM AVETOI, IPOBOLVIPY-
IOLIelT OKUpeHe (CopepoKallell caxaposy U TOBbI-
IIIEHHBII YPOBEHb >KUPOB, T. H. western diet),
MBIIIY C HOKAayTOM reHa 1aslr3 He OTAMYAAVCh
OT AMKOTO TUIIA ITO MaCCe TeAQ, OAHAKO, IMEAV MEHb-
LIIYIO MacCy >Kupa (110 AAHHBIM MarHUTHOV TOMOTpa-
¢$bun) u pasmep apAUNIOLUTOB pU OOIEM POCTE
UX 4YMCAQ; HOKAyT reHa Taslr2 Taxoke NPUBOAUA
K CHVDKEHMIO MaCChl XMPOBBIX AEII0 Y YMEHBIIEHUIO
pasmepa apunouutoB (Simon et al. 2014). ITpu sTom
HeIpsiMasi KAAOPMMETPUS He BBISIBMAA 3aMEeTHBIX
CABUTOB B MeTa00OAM3MeE KUPOB U YTAEBOAOB;
He pasAMYaACs YPOBEHb MHCYAMHA, CBOOOAHBIX
JKUPHBIX KUCAOT B KPOBU U 00'bEM MOTPEOAEHUS
Auetbl. Takum oO6pasoM, HaAM4Me TeHa Y MBILIEeN
AVIKOTO TUIIA MAM HVKaK He BAUSIAO Ha A depeH-
LVIPOBKY aAUIIOLINTOB, AY, HAIIPOTUB, AEVICTBU-
TEABHO OTPaHNUMBAAO AV ePEeHLIPOBKY Tpeau-
MOLIMTOB, HO B TO >X€ BPeMs CIIOCOOCTBOBAAO
HAKOIMAEHMIO TPUTAULIEPMAOB B HUX 3a CUeT yTHe-
TEHUST AUTIOAM3, AU >K€ HOKAYT reHa Cloco0CTBO-
BaA 1x AuddepeHLIPOBKe, HO MelLlIaA HAaKOTIAEHUIO
AunrAO0B. CTOUT OTMETUTD pa3HULY B SKCIIEPU-
MEHTaABHBIX IIOAXOAAX, TaK IPU MCCAEAOBAHUSIX
Ha KYAbTYpax KA€TOK MCIIOAb30BAaAU HU3KOKAAO-
pMIIHBIE CaXxapO3aMeHNUTEAV, & B OIBITAX C AVIETaMU —
HaTypaAbHble caxapa, ybM 3¢ deKTbl Ha META00AN3M
MOT'YT PE€aAM30BaTbCS TOPA3A0 OOABIIM KOAMYE-
ctBoM nyTeit. CaiiMoH ¢ coaBTopamu (Simon et al.
2014) peAIOAOKUAM, YTO OCHOBHOE BAUSIHUE
Ha aAUIIOreHe3 M AUMOAM3 oKasdbiBaloT T1R3 pe-
LETITOPBI MTOAXKEAYAOUHON >KeAe3bl U SIIUTEeANs
KMILIEYHVKA, & HE )KMPOBOI TKAHN.

B psiae uccaepOBaHMII TTOKA3aHO, YTO AeDULIUT
penenTopHoro 6eaxa T1R3 npuBOAXT K HApyILIEHVIO
AUIIMAHOTO OOMeHa MpU MUTAHUU CTAHAAPTHOI
auetoit, Xotsa peaenust T1R2 uau T1R3 He BAusiAa
Ha BEC TeAd y )KMBOTHBIX, IIOAYYABILIMX HOPMOKa-
AopuitHyio Anety (Murovets et al. 2016; Treesukosol
etal. 2011), y mbien autauu B6-Tas1r3KO HabAw0-
AQAVICh KaK YBEAMYEHME MaCChl OKOAOTOHAAHOTO
JKUPA, TaK ¥ 3aMETHbIE TPOSIBACHUS AUCAUTIVIAEMUY,
BKAIOYAs IMOBBIIIEHNE YPOBHS TPUTAULIEPUAOB
B ITAa3Me KPOBHU B CBITOM U B TOAOAHOM COCTOSTHUY
VI TIOBBIILIEHVEe KOHLIEHTPALIY TAULIEPOAQ Y CBITBIX
(Murovets et al. 2016). 9To B LleAOM COrAaCyeTCst
C in vitro panapiMu Macy6yuu ¢ coaBTopamu (Ma-
subuchi et al. 2013). MOXXHO MPEATTOAOXKUTb,
4YTO B CAy4ae AMeTDI, IPOBOLMPYIOILell OXKMPEHHE,
MOBBIIIEHHAS CTUMYASILIMSI BCEX CCTEM CaXapaMu
OyAeT CIToCOOCTBOBATH HAKOTIAEHUIO >KVMPA Y MBIILEN
AvKoro Tumna kak T1R-3aBrcuMpIMY, TaK He3aBU-
CHMMBIMJ M€XaHM3MaMM, YTO CHUMAET KaKyleecs
MIPOTMBOPEYNE MEXAY AQHHBIMU ABYX ICCAEAOBA-
TEeAbCKUX TPYIIIL
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3akAuenne

VccaepoBaHye BKYCOBBIX reHOB Tas] v ux OeA-
KOBBIX IIPOAYKTOB — MeMOpPaHHBIX PeLienTOpOB
T1R MO3BOAMAO CYIIIECTBEHHO PaCIIVpPUTh IIOHU-
MaHMe MeXaHM3MOB BOCIIPUATHS BKYyCa HATYPaAb-
HBIX CaXapOB 1 AMMHOKVCAOT, & TAK)KE YCTAHOBUTD
OCHOBBI BOCIIpUSTYS BKyca U (PU3MOAOTMIECKUX
9P EeKTOB MCKYCCTBEHHBIX HEKAAOPUIHBIX caxa-
posameHuTeAen. IToayueHHbIe AQHHBIE TOCAY KA
000CHOBaHMEM CYIL[€CTBOBAHMS CUCTEMbBI XEMO-
CEHCOPHBIX MEMOPaHHBIX PELIENITOPOB, HEMIOCPEA-
CTBEHHO pearupymolX Ha HaAMYMe BKYCOBBIX
BELIeCTB BO BHEKACTOUHOI CpeAe, ACVICTBYIOLINX
OTHOCUTEABHO HE3aBMUCUMO OT X KAETOYHOI'O
MeTtaboausma. [IpeArIoAOKeHNE, YTO AQHHAS pe-
LIEIITOPHAsA CUCTEMa AENCTBYEeT CUMHEePIrUIHO
C OCHOBHBIM YHMBEPCAABHBIM MEXaHM3MOM MeTa-
OOAMYECKOI AETEKLM TAIOKO3bI, OIIOCPEAOBAHHBIM
rarokokuHason u AT®-uyscTBuTeabHbiMu K KaHa-
AaMU, TIOAYYMAO CEpPbe3HOE IOATBEP>KAEHUE.
3a mocAepHUE ABa AECSTUAETISI OBIAO TAaKKe yCTa-
HOBA€HO, yTO T1R He TOABKO BAUSIOT Ha BHIOOD
NI, HO U IIMPOKO 33aA€/ICTBOBAHBI B yIIPAaBAEHUY
TOPMOHAABHBIMU peaKLIMU, KOTOPbIE PETYAUPY-
0T BCAChIBAHME Y METAOOAU3M YTA€BOAOB B TKAHSIX
OpraHM3Ma, a TakKe HakomaeHue xupa. Kpome
TOTO, YCTAaHOBAEHO, UTO OHM OKa3bIBAaIOT HEIo-
CPEACTBEHHOE BAUMsIHIE Ha MeTa0OAU3M, POCT
" BbDKMBaHMeE KAETOK psipa TKaHen. OpAHaKo He-
00XOAVIMBI AAAbHEIIIIINE ICCAEAOBaHMS, 0COOEHHO
B psAA€ HAIIPaBAEHMII, B YACTHOCTY OIIPEAEAEHHO
HEAOCTAaTOYHO MICCAEAOBAaHA X POAb B JKMPOBOI
TKaH! ¥ 0COOEHHO B TOAOBHOM MO3Te.

Takum 06pasom, BeCb 00beM IKCIIEPUMEHTAAD-
HBIX AQHHBIX, HAKOITA€HHBIX K HACTOSIeMY BpeMe-
HIU, TTIOKa3bIBAET, YTO 1as reHbI He TOABKO IIMPOKO
y4aCTBYIOT BO BKYCOBOJ YYBCTBUTEABHOCTU
K CAAQAKMM BelleCTBAM M aMMHOKMCAOTAaM,
HO 1 CTIOCOOCTBYIOT X META0OAM3MY Ha KAETOYHOM
"1 OPTaHM3MEHHOM YPOBHE.
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Annomayus. XIX BeK — BpeMsi CTAHOBAEHUS IT€PEAVBAHUS KPOBU, UCTOPUSI KOTOPOT'O YXOAUT BIAYOb
BEKOB. B aTOT nepuop nocae moAyTopaBekoBOro 3a0BeHsi BHOBb BO3POXXAQAETCS MHTepeC K reMoTpaHcdysun,
B YeM KAIOYEBYIO POAb ChIrpaA DAMHOYPICKUI YHUBEPCUTET, MMEHHO C €O BBITYCKHUKAaMU CBSI3aHO
CTaHOBA€HIe NepeArBaHysa KpoBu. CpeAr HUX IIPEXAE BCEro HeOOXOAMMO BbIAeAUTDb AjkeriMca baaHaeana,
ocyuiectBuBIIero B 1818 r. mepBoe nepeAnBaHue OT YeAOBEKA K 4eAOBeKY. PaboTsl BAaHA€AAA TIPEACTABASIAU
OAHO 13 MEPBBIX CUCTEMATUIECKUX UCCAEAOBAHNUI B 0OAACTY TIEPEAMBAHMUSI KPOBU U TIOAOXKMAY HAYAAO
HOBOJ1 3pe TPaHCPY3MOHHOI MEAVLIMHEL VIM 1 ero mocAeA0BaTEASIMU, MHOTHE 113 KOTOPBIX HE3aCAY)KEHHO
3a0bITbI, OblAQ AOKa3aHa OMTACHOCTb IeTEPOAOTMYHOTO IIEPEAVBAHNS KPOBY; BBIIBAEHO, UTO BEHO3HAasI KPOBb
TaK >Ke MMOAXOAUT AAS IEPEAVBAHY, KaK M apTepuaAbHasi; pa3pabOoTaHbl MOAXOABL K IPEAOTBPALIEHUIO
CBepTBIBAHM KPOBY, B TOM UMCAE IIOAOTPeBaHMe, AepUOPMHMPOBaHNE U UCIIOAb30BaHME AHTUKOATI' YASTHTOB;
YCOBEPIIEHCTBOBAHBI METOAMYECKIIe IIPYEMBL, IIPYMeHsAeMble IPU TPaHCPY3UAX MIHCTPYMEHTBI M YCTPOVICTBA;
OTMEYEHO, YTO B HUX HE AOAKEH ITONAAATh BO3AYX. OAHOBPEMEHHO C Pa3BUTMEM IeMOTPAHC(Y31M IPOBOAUANCH
MICCAEAOBAHMUS BHYTPUBEHHOI'O BBEAEHUS Pa3AMYHBIX )XMAKOCTEI U ra30B, ClIOCOOCTBOBABIINE Pa3BUTUIO
BHYTpUBeHHOI Tepamun. OAHAKO MepeArBaHNe KPOBU BHEAPSIAOCH B MEAMLIVHCKYIO IIPAKTUKY AOBOABHO
MeAAEHHO, TaK KaK HEPEAKO IIPUBOANAO K I'MOEAH IaLIeHTOB. DTO ObIAO 00YCAOBAEHO KaK HECOBEPLIEHCTBOM
MPOLIEAYPBI I MHCTPYMEHTAapHs, TaK ¥ HETIO3HAHHOCTBIO MPUUYMH HECOBMECTMMOCTY Y€AOBEYECKOI KPOBMU.
AaHHBII1 0630 OTpa’kaeT OCHOBHbBIE HAIIPABAEHSI Pa3BUTHs IepeAarBaHMst KpoBu B XIX Beke B 3apyOexHOI
dbusmoAOTUY U MEAULIUHE.

Karuesnte crosa: KpoBooOpallleHiie, lepeAuBaHe KPOBU, UCTOPUS PUBMOAOTUM, UCTOPUSI MEAULIMHBI,
Asxenimc baanaeaa
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Abstract. The 19" century witnessed the genesis of blood transfusion, whose history goes back several
centuries. Then, after a century and a half of oblivion, an interest in blood transfusion revived again.
The major contribution to the development of blood transfusion was made by the graduates of the University
of Edinburgh. High among them was James Blundell, who performed the first human-to-human transfusion
in 1818. His contribution is one of the first systematic studies in this field and ushered in a new era of transfusion
medicine. He, along with his followers, many of whom are undeservedly forgotten, proved the danger
of heterologous blood transfusions, found that venous blood was as suitable as arterial blood, developed
approaches to preventing blood clotting (warming, defibrination, anticoagulants), improved transfusion
techniques and equipment, and noted it was important to avoid air inside the transfusion set. The development
of blood transfusion encouraged research into the intravenous injection of various liquids and gases contributing
to the development of intravenous therapy. However, blood transfusion was being introduced into the medical
practice slowly, as it often led to the death of patients. This was due to the imperfection of the procedure and
tools and unawareness of human blood incompatibility. This review explores the key advances in the development
of blood transfusion in foreign physiology and medicine in the 19 century.

Keywords: blood circulation, blood transfusion, history of physiology, history of medicine, James Blundell

ubo 0yuia BcAK020 mead echib KPoBb €20
Nesum, 17:14

Beepaenue

C ApeBHENIINX BpEMEeH TIOHATYSI KPOBb 1 KU3Hb
HepasAeAuMBL. Vaen 0 Ae4eHnU pasAMYHbIX 3200-
A€BaHUI C MIOMOIIBI0 KPOBU U O MepeMeleHnn
KPOBH M3 OAHOTO OPTraHu3Ma B APYIOi BO3HUKAU
MHoro BekoB Hazap (Nikitina 2012). Panuue ctpa-
HUL[bI UICTOPUM [TEPEAUBAHMS KPOBU, SIPKUE, HEOXKM-
AQHHbIE, ADAMaTUYHbIE, A TIOPOIT U TParuyHbIE,
paccmorpennt Hamu rpeskAe (Nikitina 2020). Cerruac
)Ke 00paTUMCSI K IEPUOAY CTAHOBAEHUSI ITepeABa-
HISI KPOBU — BEKY AEBSITHAALIATOMY B 3apy0OeKHOI
dbusmoaoruu u MmeauiHe. Poccuriickue CTpaHUIbI
UCTOpUU TPAHC(HY3MOHHOI MEAULIVIHBI 3aCAY>KIBA-
10T OTA€ABHOT'O AQABHEIIIEr0 PACCMOTPEHML.

BospoxaeHue npeit o nepeAuBaHUM KpOBU

ITocae zamperuTeabHOro 3puKTa [Tamer Pum-
CKOro Ha nepeAuBaHue Kposu (1679 r.) paboTsl

Humeepamusuas pusuoroeus, 2022, m. 3, Ne 3

B 9TOI 06AacTu 3amepau 6oAaee yem Ha 100 Aer.
MHTepec K TOAOOHBIM ICCAEAOBAHUSAM BO3POXKAQ-
ercs Ha cThike XVIII-XIX BB. KoAbiGeAbto aTOTO
BO3pOXAEHUS cTaAa BeankobOpuranus. U Tyt
HY>KHO 0CO00 OTMETUTh POAb DAMHOYPrcKoro
YHUBEpPCUTETA. B TOT nepuop OH MOAb30BaACS
OTrPOMHOJ MOMYASIPHOCTBIO, 0OYCAOBAEHHON OT-
CYTCTBMEM PEAUTHO3HBIX OTPAaHNYEHUI] ¥ CDABHHU-
TEeABHO HEBBICOKOI ITAATOM 3a 00yueHue. Aekuun
B YHMBEPCUTETE UYUTAAM HA aHTAUICKOM SI3BIKe,
YTO NPUBAEKAAO OOABIIOE YMCAO CTYAEHTOB
He ToAbKO u3 Craporo, Ho u u3 HoBoro cBera.
B XVIII Bexe 117 aMepUKaHCKUX CTYAEHTOB ITOAY-
YMAM CTEIIEHb AOKTOPA MEAVLIVHBI B DAMHOYPICKOM
YHUBEPCUTETE, UMEHHO SAMHOYPICKasi MOAEAD
o6pasoBaHuUs ObIAA TIPUMEHEHA TIPU CO3AAHUU
MEAVLIMHCKMX IKOA B Ouaapeabdun, Hpo-Vopke
u Monpeaae (Schmidt 2004). Bo3po>xpeHue nnre-
peca K reMOTpaHC(y31UM OCHOBBIBAAOCH HA TPAAU-
LIMAX 9TOV IPOCAABACHHOM MEAVLIMHCKOM HIKOABI
(Shifman, Filippovich 2006). CranoBAeHue mepe-
AviBaHMs1 KpoBU B XIX Beke CBsI3aHO IpeXXAE BCEro
C ee MUTOMLAMMU.
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HEPEAMBdHue KpOBU: CIAHOBAEHUE

B 1796 1. 9pasm Aapsun (1731-1802) (puc. 1),
M3YYaBIINIT MEAULIMHY B DAMHOYPICKOM YHUBEpP-
CUTeTe, BBICTYIIMA 32 II€EPEAVBaHYE KPOBU B CAY-
yasiX, CBsI3aHHBIX C HEAOCTAaTOUYHBIM NUTAaHUEM
(Hajdu 2003). B 3HameHuTON KHUre «Zoonomia»
(1794-1796) oH MpPEAAOKUA TIPUIYAAUBOE 000-
PYAOBaHIe AASI IEPEAVBAHMS KPOBU B BUAE ABYX
I'YCUHBIX IepbeB, COEAVHEHHBIX KUIIEYHVKOM
KYPHULIbI, KOTOPOE, BIIPOY€EM, HUKOTAQ He UCITOAD-
3oBaA (Maluf 1954).

B DAMHOYprckoM yHuBepcuTeTe 00y4aAcs Me-
autHe u Yuabsim Toputon (1759-1828) (puc. 2),
poausiumiics Ha Toptoae (Buprunckue octposa).
15 pAexa0ps 1799 1. B Buppxunnu Yuabsim TopHToH
MPEAAOKUA VICIIOAB30BAaTh KPOBb SITHEHKA AAS
A€YeHMSI aMepUKaHCKOIO Ipe3yAeHTa A>Kopaska
BammHITOHA, XOTS 3TO NpPEAAOKEHME OBIAO
HECKOABKO 3aM03AaABIM. AXKOPAX BammHrroxn
IIPOCHYACSI paHO yTpoM 14 pexabpst 1799 r. ¢ ox-
PUITAOCTBIO ropAa. B 6 yacoB yTpa y Hero Hayaaach
AMIXOpaAKa, OH 3aAbixaacs. ITo HacTossHMIO MTaLy-
€HTa eMy OBIAO IPOBEAEHO 00MABHOE KPOBOITYCKa-
Hre (OKOAO 18 yHLMIT KPOBM, YTO COCTABASIET

T

T T
OONOMIA; ,

#
THE LAWS

ORGANIC LIFE
i .'I

Prluclglis coluns, s teras, camy

\ o,
R

Puc. 1. Opasm Aapsun. A — I[MoprpeT Dpasma
AapBuna. Axosed Paitr us Aepbu, 1750-1797 r.
Cobpanne XyAOXKeCTBEHHOI rasepen
ByaBepxamnrTona, Beankobpuranus

(Mcrounux: https://www.wolverhamptonart.org.uk/
collections/getrecord/ WAGMU OP528).

B — TuryabHas cTpaHuiia «Zoonomia or the Laws
of Organic Life» (Vicrounux: https://openlibrary.org/
books/OL6313445M/Zoonomia)

Fig. 1. Erasmus Darwin. A—Portrait of Erasmus
Darwin. Joseph Wright of Derby, 1750-1797.
Collection
of the Wolverhampton Art Gallery, UK
(URL: https://www.wolverhamptonart.org.uk/
collections/getrecord/ WAGMU_ OP528).
B—Title page of Zoonomia; or the Laws of Organic Life
(URL: https://openlibrary.org/books/OL6313445M/
Zoonomia)
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npumepHo 530 MA). 3aTpyAHEHHOE AbIXaHMe OBIAO,
OYEBUAHO, BbI3BAHO OAKTEpUAABHON MHPEKIINEN
HaATrOpTaHHMKA. DbIAM BbI3BaHbI Bpaun AsKenMc
Kperix u I'ycras bpayH (06a 3akoHuMAM DAMHOYpr-
CKUJ YHUBEPCUTET), U €ellle ABOXKABI OBIAO TIpOBe-
A€HO KpOBOITycKaHMe. Bo BTOpoil MOAOBMHE AHS
AOKTOp DAna AVK HOPeKOMEHAOBAA TPaXeOTOMUIO,
HO ApYIue Bpaull He MMEAU OIIbITa IIPOBEAEHUS
3TOV MPOLIEAYPBl U OTKa3aAMCh. BallMHITOHY
B YETBEPTBIi pa3 ObIAO IIPOBEAEHO KPOBOITYCKAHME,
B pe3yAbTaTe OH IMOTEPsIA OKOAO 2,5 A KPOBHU.
3aabIxasich, oH Bckope yMmep. K moayaHio caepyro-
11ero AHs npuobiAa Muccuc Aoy, BHyYKa Ipesn-
AeHTa BalHrroHa, BMecTe ¢ AOKTOPOM YUABSIMOM
TopuToHOM. TOPHTOH Ha MeCTe KOHCTAaTUPOBAA,
4yTO BallMHITOH yMep OT IoTepu KPOBU U HEAO-
crarka Bozpyxa. OH moaaraa, YTo IepeArBaHue
KpOBU MOTAO 6ObI criacTu npesupenTa (Schmidt
2002). CTOUT OTMETUTD, YTO MEAULIMHON TOPHTOH
3aHMMAACS 3MU30ANYECKY, B CMAY LIVPOKOTO pas-
Opoca MHTePeCOB U YBA€UEHNII, BKAIOYABIIVX B TOM
YIICA€ XUBOIIUCH, 1033110, G1A0CODMUIO, aCTPOHO-
MMUIO, APXUTEKTYPY, CyAOCTpoeHue. /I3BeCcTHOCTD

Puc. 2. IToprper Yuabsma TopHTOHa.
I'mabept Crioapr, 1804 .
Cobpanne HaijmoHaAbHOI raAepen MCKYCCTBa,
Bammnrron, CHIA (VMcrounuk: https://www.nga.gov/

collection/art-object-page.1119.html)

Fig. 2. Portrait of William Thornton. Gilbert Stuart, 1804.
Collection of the National Gallery of Art, Washington, USA
(URL: https://www.nga.gov/collection/art-object-

page.1119.html)
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E. A. Hukumuna

OH IPUOOPEA IIPEXKAE BCETO TEM, UTO ObIA IEPBBIM
apxutexTopoM Kanuroaus B BammHrrone, B 1793 1.
€ro MpOoeKT MoOeAMA B KOHKypce u3 17 mpeaAo-
eHHbIX. Kak TyT He BcmomuuTb Kprictodepa PeHa,
3aA0KMBIIETO OCHOBBI BHYTPUBEHHON Tepanuu
VI TIEpECTPOMBILETO LeHTP AOHAOHA ITOCA€ ITOKapa
1666 r. B 1802 r. mpe3upent CILIA Tomac Axed-
dbepcoH HazHauMA Yuabsima TopHTOHA KOMMCCAapOM
o Boripocam narenTtos (Shifman, Filippovich 2006).

BbIAQIoOIyIOCS POAD B Pa3BUTUM YUEHMSI O Ilepe-
AVIBaHMM KpoBHu cbirpasa A>xoH I'eHpy AMKOKK,
TaK)Ke 00Y4YaBIIUIICS MeAULIMHE B DAMHOYpre.
CeMbst AMKOKKOB ObIAQ B YMCA€ PAHHMX ITOCEAEH-
1eB Ha bapbapoce, npuoObIBIIMX TyAa B 1635 T.
(Schmidt, Leacock 2002). B axcriepumMmeHTaAbHbBIX
nepeAuBaHMAX B DAMHOypre AMKOKK B KauecTBe
PELMIIMEHTOB MCIIOAB30BaA CO0OAK U KOIUEK,
a B KayeCTBe AOHOPOB — C00aK 1 oBel]. AMKOKK
TJCAA, YTO KPOBb OT «KUBOTHOT'O TOT'O >K€ BUAQ 5IB-
ASIETCST AOCTQTOYHOM AAST TIOAAEPYKaHMSI XKU3HU»,
HO KPOBb OT >KMBOTHOTO APYTOTO BUAQ «CYASI IO
BCeMy, He oTBevaeT LeAn» (Schmidt, Leacock 2002,
1486). ITpoBeaenHsbit uM B 1816 r. psip aKcrepu-
MEHTOB IO IePEAUBAHMIO KPOBU MEXXAY XUBOTHBDI-
MU 3aBEPLIMA dMIIMPUYECKUI STAIl B PAa3BUTUU
yueHusi o remorpancdysuu. [IpearecTByrorne
VICCAEAOBATEAM ITEPEAVBAAU KPOBb MEXKAY KUBOT-
HBIMM pa3HbIX BUAOB. [lepearBaemMasi AIOASIM KPOBb
JKMBOTHBIX BbI3bIBaAd MHOTOYMCAEHHBIE, B TOM
4JICAE U CMePTeAbHbIe, 0CAOKHeHMsI. OAHAKO OT-
CYTCTBYE CUCTEMHOTO TIOAXOAQ U SIBHASI HEAOCTA-
TOYHOCTb MMEBLIUXCS 3HAHUI He MO3BOASIAU
MPEAIIOAOKUTD CYLIECTBOBAHME MEXBUAOBOM
HecoBMecTuMOCTH KpoBu (Schmidt, Leacock 2002;
Shifman, Filippovich 2006). PeBOAIOI[MOHHBII TTO-
CTYAQT O HEOOXOAMMOCTU MCIIOAB30BaHUS IIPU
nepeABaHUM KPOBM KMBOTHBIX OAHOTO BMAQ OBIA
BIIEpBBIE U3A0XKEH AsKOHOM IeHpu AMKOKKOM
B CBOEI AVICCEPTALIMIOHHOM PaboTe, OIyOAMKOBaH-
Hoit B 1817 1. (McLoughlin 1959). On ckentrnyHO
OTHOCHACSI K KpaliHe pacIpOCTPaHEHHOMY
B TO BpeMsI CIIOCO0Y AeueHVs MPAaKTUYeCKU Bcex
06oAe3Hel — KpOBOIYCKaHMIO, Bompoiast: «Ecan
MBI ITBITAEMCSI A€YUTDb OOAE3HM KPOBOITyCKaHUEM,
TO IOYEeMY MbI He IMeeM IIpaBa MPVMEHSITh Aeye-
Hie a0COAIOTHO IPOTUBOIMOAOXKHBIM CIIOCOOOM,
a uMeHHO reMoTpaHcdysuein?» (Schmidt, Leacock
2002, 1485).

VTaK, Mbl BHAOTHYIO MOAOLIAM K BaKHeNLIen
Bexe B ICTOPUU IT€PEAVBAHMS KPOBU — IIEPEAU-
BaHMIO OT YeAOBeKa K 4eAoBeky. [lepByio TpaHc-
¢by3u0 KpoBY OT YeAOBEKA K YEAOBEKY TIPUITMCHI-
BatoT Ouanmmy Cunry ®usuxy (1768-1837) (puc. 3).
OH poanacs B @urapeabduu (urrat [TeHcuabBanus,
CIIIA), okoHYMA B 1785 I. MEAVILIIHCKYIO LIKOAY
I[TeHCMABBAHCKOIO YHUBEPCUTETA, IEPBYIO

Humeepamusuas pusuoroeus, 2022, m. 3, Ne 3

MEAMLIMHCKYIO IIKOAY, OCHOBAHHYIO B CEBepoaMe-
pUKaHCKMX KoAoHUsIX B 1765 r. (Cooper 2000).
[Tocae Tpex AeT pabOThI TOA HAYAAOM M3BECTHOTO
Bpauya Apama Kiona (1741-1817) ®usux yexaa
B AOHAOH, TA€ ellle TPY ToAQ B rocriuTaae cB. [eop-
ra epeHrMaA a3bl MaCTEPCTBA Y 3HAMEHUTOTO
xupypra u anaroma AyxoHa XaHrepa (1728—-1793),
AASI KOTOPOT'O OH CTaA AI0OMMBIM yueHuKoM (Shel-
don 2012). ITocae sToro ®usmk MpoOAOAXKUA CBOE
00pa3oBaHMe Ha MEAULIMHCKOM daKyAbTeTe DAUH-
OYyprckoro yHuBepCuTeTa, 3aKOHYMUB €ro B 1792 1.
C IOAyY€HMEM CTEIEeHU AOKTOpPA MEAULIMHBL Bep-
HyBuuch B CIIIA B ceHTsi0pe TOro ke roaa,
OH NPUCTYIUA K NIPAKTUUYECKON MEAULVHCKOM
AESITEABHOCTY, AOCTUTHYB CTOAD 3HAYMMBbIX YCIIe-
XOB, UTO €r0 3aYaCTYIO Ha3bIBAIOT «OTLIOM aMepU-
KaHckoi1 xupyprun» (Middleton 1929; Shifman,
Filippovich 2006). [Tomumo BpaueOHOIT AesTeADb-
HOCTY, OH BHEC HEOLIEHVMBIN BKAQA B pasBUTHE

Puc. 3. TToprpet ®uanrma Cunra Ousrka. lenpu Vinman,
1785 r. Cobpanne MeKyHIBEpCUTETCKOMN
6nbanorexu 300poBbsi, [Tapiok, OpaHims

(McTounuk: https://u-paris.fr/bibliotheques/)

Fig. 3. Portrait of Philip Syng Physick. Henry Inman,
1785 Collection of the Inter-University Health Library,
Paris, France (URL: https://u-paris.fr/bibliotheques/)
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aMepUKaHCKOTO MEAMILIIHCKOro o6pasoBaHus,
BosraaBuB B 1805 r. nepByio B CIIIA xadeppy
xupyprum B IleHCMABBaHCKOM YHUBepCUTETe.
Ero aexuuu Aerau B ocHoBy nepsoro B CIIIA yue6-
HuKa 1o xupypruu (Smythe 2003).

HecoMHeHHO, 3HaMEeHUTOTO XMpypra, TaKkxe
OKOHYMBIIEro DAMHOYPICKUIl YHUBEPCUTET, HTE-
pecoBaAu Bonpocel remoTpaHcoysun. ITo HekoTo-
PBIM AQHHBIM IIEpBO€ IlepeAMBaHNe KPOBY OT de-
AOBeKa K 4eAOBeKY 6b1A0 nponsBepAeHo OusnKoMm
B CLIA yxe B 1795 r. OpHako nHpopmanus
00 aToM HUrA€ He ory6AaukoBata (Schmidt, Leacock
2002; Sturgis 1942). [TosToMy maabma nepBeHCTBA
Ha 5TOM Ba’KHeJillleM MOTpHIIe MO IPaBy MPUHAA-
A€XMT ellle OAHOMY BBIITYCKHUKY DAUHOYPICKOro
yHuBepcuteta Axernimcy baanpaeaay.

A>xeiimc baaHpaeAA — mepeAnBaHue KPOBU
OT YeAOBEKa K YeAOBEKY

VIMeHHO aHTAMICKMI aKYIIEP Y XUPYPT AsKertMc
Baanpeaa (1790-1878) Boirea B ucToputo pusuno-
AOTUY VI MEAMLIVIHBI KaK Bpay, BIIEPBbIE IIPOBEALLINIT
yCIlellIHOEe TepeAVBaHMe KPOBU OT YeAOBeKa
K yeAoBeKy (puc. 4). O poauacs B 1790 r. B AoH-
AOHE U OBIA NMAeMsIHHUKOM AjkoHa XelToHa
(1755—-1823), Bpaua, pusmoaora, yueHukKa yxe
ynoMmsiHyToro A>xoHa Xanrepa (Myhre 1995).
AsIpsL IPUBYMA IOHOMY BAQHAEAAY HEITOAAEABHBIN
uHTepec K pusnoaorum u mepuiyte. ITospHee
BaaHpeAA ¢ mpucyiyum GUANTPaHHBIM AUTEPATYP-
HBIM MaCTePCTBOM IICaA 0 HeM: «AOKTOpy Xeil-
TOHY 51 00513aH BCeM, YeM MOXXeT ObITb 00s13aH
4eAOBeK, KaK HaCTaBAEHMSIMMU, TaK U IPYIMEPOM. ..
OH OBbIA YEAOBEKOM C AOOPENIINM CEPALIEM U Be-
AVKOAYIIHBIM XapaKTepoM, 00pasLiom 6e3ynpedHoit
HPaBCTBEHHOCTH, BBIAAIOIUMCS GU3MOAOTOM
CBOEro BpeMeHM, BEAIKOAEITHBIM aHATOMOM, YyT-
KUMM U TaAQHTAVBBIM BPauoOM, LENETUABHBIM
B BOIIPOCAX VICTUHBI, YTO A€AAAO €TI0 HaOAIOAEHUS
AOCTOBEPHBIMU, KPMCTAABHO YECTHBIM, YTO I1O-
3BOASIAO 6€30rOBOPOYHO €My AOBepsiTh» (Young
1964, 159).

B 1813 r. Akeitmc BAaHAEAA OKOHUMA MEAVI-
LVHCKUI PaKyABTET DAMHOYPICKOTO YHUBEPCUTE-
Ta, IPEACTABUB B KaueCTBE AUTIAOMHON pabOThI
VICCAEAOBAHME PA3ANUUI B CAYXOBOM BOCIPUATUN
MY3bIKI. [0A cITyCTsl OH BepHYyACs B AOHAOH U IIpU-
CTYIIMA K TIPENOAABaHMIO GU3MOAOTUM U aKyLIep-
CTBa B 00bEAVIHEHHBIX MEAMLMHCKUX HIKOAAX
60AbHUL cB. QoMbI 1 [as1, TA€ KOTAR-TO YUMACS CaM.
A A€eBSATB A€T CIYCTs IIOCAE CMEPTU ASAU, BO3-
TAQBASIBILIETO B 3TUX LIKOAAX Kapeapy bpusnorornn
¥ aKyLIEPCTBA, CMEHMA €ro Ha 3TOM rocty (Jones,
Mackmull 1928). B 1818 r. cTaAa AuLIeHLIMATOM
KopoaeBckoro koarepxa Bpaueit (Young 1964).
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Aexuyu Asxerimca baanpeaaa, oryOAMKOBaHHbBIE
B )KypHaAe Lancet, Aerau B OCHOBY yuyeOHMKaA
«[TpMHLMITBI ¥ IPAaKTMKA aKyLIepCTBa», U3AQHHO-
ro B 1834 r. (Shifman, Filippovich 2006).

B sToT nepuop baaHaeAaa Bceppes 3auHTEpeco-
BaACs FeMOTPaHC)Y3VOHHBIMY MICCAEAOBAHUSIMMU.
Ha 3apo>xpeHMe 3TOro MHTepeca MOBAMSIAYU KaK
paHHMe SKCIIEPUMEHTHI ero ASIAU AKoHa XelToHa,
TaK U He3aCAY>KEeHHO 3a0bIThie upen AskoHa [enpu
AVIKOKKa, 0 4eM HEOAHOKPAaTHO YIIOMMHAA CaM
Baanpeaa (Myhre 1995). XoTst Ha TOT MOMEHT
VICTOPYSI IEPEAUBAHMS KPOBU Y)Ke HAaCUMThIBAAQ
MHOT'O KPAaCOYHbIX CTPAHMULI, TOCIIOACTBYIOIIVIM BCe

elne 0CTaBaAOCh IIPEACTABAEHIE O «KUBHEHHOCTU»
KpoBu. AskoH XaHTep B 1817 1. mucaa: «OpHO
13 BEAUKUX AOKA3aTEAbCTB TOTO, YTO KPOBb 00-
AAAAET KU3HBIO, 3aBUCUT OT OOCTOSATEABCTB, BAU-
STIOLLMX Ha ee Koaryasiuyio. Ecay Obl B KpoBY He ObIAO
>KM3HEHHBIX OCHOB, OHa ObIAA OBI AASI TE€AQ ITIOCTO-
ponHuM BerectBoM» (Jones, Mackmull 1928, 243).

Puc. 4. IToptpeT Axeitmca baanaeaaa. [enpu Pywm,
AxoH Koxkpan, 1847 r. HacTHast KOAAEKLIMS
(Mcrounux: https://www.bridgemanimages.com/en/
room/james-blundell-engraved-by-j-cochran-from-
the-national-portrait-gallery-volume-ii-
published-c-1820/nomedium/asset/285316)

Fig. 4. Portrait of James Blundell. Henry Room,
John Cochran, 1847. Private collection
(URL: https://www.bridgemanimages.com/en/room/
james-blundell-engraved-by-j-cochran-from-the-
national-portrait-gallery-volume-ii-published-c-1820/
nomedium/asset/285316)
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E. A. HukumuHa

B 1818 1. Axermca baaHaeAaAa TOIPOCUAYM IOCETUTD
JKEHIIMHY, CTPAAABLIYIO OT ITIOCAEPOAOBOIO KpO-
BoTeueHus1. HecMOTps1 Ha Bce ycuAMsI Bpaueil, OHa
yMepAa B TeYeHye ABYX 4acoB. Pa3MbliAsis 00 aTOM
IIEYaABHOM CAYYae, OH IIPEATIOAOXKMA, UTO IaLK-
€HTKY MO>KHO OBIAO OBI CIIaCTM ITyTeM IIepeAVBAHNS
KpoBU. baaHAEAA TIOAAraA, UTO HEYAQUM IIPY IIepe-
AVIBQaHUSIX 00YCAOBAEHBI TEXHUYECKVIMY MTpoOAe-
MaMU U AASI YCIIELITHOTO ITPOBeAEeHMsI TpaHCcdysun
HEeOo0XOAMMO CO3AQHME CIIELIAABHOTO MHCTPYMeH-
tapus (Blundell 1818).

OH pelIA MOBTOPUTD 9KCIIEPUMEHTHI AKOKKA
Ha co0akax, CyIeCTBEHHO yCOBEPIIEHCTBOBAB
METOAMKY ITpOBeAeHMs1. B mepBoit cepuu akcriepu-
MeHTOB bAaHA€AA UCITOAB30BaA COOAK B KauecTBe
AOHOPOB U PELIMIIVMEHTOB, IIEPEAVIBAaHMS OBIAU
ycIlelHbIMU. Bo BTOpOIJ1 cepuu OH pellaeT Iepe-
AUTB cODaKaM KpOBb APYTMX OpranusMos. [Tamsarys
0 Heypauax AVKOKKA, ICIIOAb30BaBIIEro B KauecTBe
AOHOPCKOJ KpPOBb SITHAT, bAaHAeAA TepeAyBaeT
JeAOBeYeCKYI0 KpOBb. Tp1 co6aKu, KOTOPbIM OblAa

IepeAuTa YeAoBeYeCKasi KpOBb, MOrMOAM; OAHA
4yepe3 HECKOABKO MUHYT, APyTasi — Yepes HECKOAb-
KO 4acoB. OTHOCHUTEABHO TpeTbell Co0aKy ObIAU
HaAEXABIL, YTO OHA BBDKMBET, OAHAKO U 3TO KUBOT-
HO€e YMepAO Yepe3 HECKOABKO AHell TI0CA€e IIPO-
LleAypBl. DKCIIEPUMEHTHI OTAUYAANCD €llle U TEM,
4TO AMKOKK ITIePEAVBAA XUBOTHOMY-PELIUITNEHTY
apTepuaAbHYI0 KPOBb, BAAHAEAA — BEHO3HYIO.
/1 HakOHell, TAABHOE OTAMYME, TI0 MHEHUIO BAaH-
AeAAa: «0c000e BHUMaHMeE HY>KHO 00paTuTh, YTO
[AVIKOKK] He TPUMEHSIA IIPU ITePEAVBAHUM LITTPULL»
(Blundell 1818, 63), a HamIpsIMy10 COEAUHSIA COCYADL
AOHODA U PELIUIIMEHTA, UCTIOAb3YSI IECTUAIMO-
BBIIT MOYeTOYHMK BoAa (Schmidt, Leacock 2002).
BAaHAEAA Ke MCIIOAB30BaA AKOO IPOCTON LITIPULL,
B KOTOPbIiT HA0MPaA KPOBb 113 BEHbI AOHOPA 1 3aT€M
BIIPBICKMBAA B BeHY peuumnueHTa (puc. 5), Aubo
CrieLiaAbHOE YyCTPOVICTBO AAsI TPaHCY31H, KOTO-
POe€ COCTOSIAO 13 YeThIPEeX YacTeil: IINPULIA, YaIIKY,
TpyOku u pamku (puc. 6). IToab3ysicb MeAHBIM
LINMPULEM Y YaLIKOI AASI cOOpa AOHOPCKOM KPOBH,

Puc. 5. VIHCTpyMEHTbI AAsI TIEPEAUBAHUS KPOBU. A — wmmpuly. B — TpybKa AAsI IPSIMOTO MepeArBaHMs
(Jones, Mackmull 1928)

Fig. 5. Blood transfusion tools. A—a syringe. B—direct transfusion tube (Jones, Mackmull 1928)

Puc. 6. YcrporicTBo Axeiimca baaHaeasa past iepeAnBaHus KpoBuU. 1 — mmpu,. 2, 3 — ABYXXOAOBBIN KPaH.
A a b — roaoska mmpuna. A D B (2) — kaHaa, 1o KOTOpOMY KpoBb 13rousiercst, Koraa ADC 3akpbiIT.
A D C (3) — xaHaa, 10 KOTOPOMY KpOBb nocTymnaet, koraa ADB sakpsit (Blundell 1818)

Fig. 6. James Blundell’s blood transfusion apparatus. 1—the syringe. 2, 3—the double way cock.
A a b—the head of the syringe. A D B (2)—the channel by which the blood is expelled while ADC is closed.
A D C (3)—the channel by which the blood enters while ADB is closed (Blundell 1818)
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BAaHAEAA B CBOMX BKCIEPMMEHTAX IEePEAUBAA
KPOBb He Cpasy MocAe ee 3a00pa y AOHOpa, a 3a-
A€p>KUBast HA HEKOTOPOe BpeMs B YallIKe, OTIpeAe-
ASIS TAKMM 00pa3oM HEOOXOAVMBIT OTPE30K Bpe-
MeHH, YTOOBI YCIIETh IIEPEAUTD KPOBb PELIUITUEHTY,
IIOKa OHA He CBEpHYAach. TIJaTEABHO OMMCHIBAsI
XOA 9KCIIEpMMEHTOB, baaHAeAA TOAPOOHO 3amum-
CBIBAA CIMIITOMBI, HAOAIOAQBIIVECS Y COOAK ITOCAE
TpaHC}y3un, 0COOEHHO BBIAEASIS T€, TOCAE MOSIB-
A€HUST KOTOPBIX )XMBOTHOE TOrn6aAo (HEpOBHBIN
IYABC, 3aTPYAHEHHOE ABIXaH!E, U3MEHEHWS TeM-
neparypsl, APOXb, ppota 1 T. A.) (Blundell 1818).

IIpu paccMOTpeHMM Pe3yAbTaTOB STUX JKCIIe-
puMeHTOB BAaHAEAA IPUXOAUT K CAEAYIOIIUM
BbIBOAAM: 1) CIIOAB30BaHMeE IIIPULIA TIO3BOASIET
BBOAMTD YEAOBEYECKYIO KPOBb B BEHBI; 2) HEYAQUU
IIpY [TEPEAVIBAHUY MOT'YT ObITh OOYCAOBAEHBI KO-
aryasiuyeyt Kposu. Taioke OH yKa3bIBaeT Ha apdex-
TUBHOCTb IIPY A€UeHUM KPOBOIIOTEPY KaK BEHO3HO,
TaK U apTepPUAAbHOI KpoBU: «BaXkKHO OTMeTUTD,
YTO BEHO3HAas KPOBb O)KMBASIET )KMBOTHOE TaK K€,
KaKk u aprepuasbHasi» (Blundell 1818, 64).
[Tpu mepeAMBaHMM KPOBU C IMOMOIIBIO LIIPULA
CYIIECTBYeT PUCK ITOMAAAHNA BO3AYXa B COCYABL
BaaHpeAA 3aMeyaeT, YTO «0eCCIIOpHO, MaAO€e KOAM-
4eCTBO BO3AYXa MOXKET IIOTTAAATh B COCYABI Oe3 y1iep-
6a aas xusHm» (Blundell 1818, 66). Boabiioe e
KOAMYECTBO IOIABLIETO BO3AYXa MOXKET IIOBAEYD
rnbeAb peLUIMeHTa, Kak HAOAIOAAAOCD B 9KCIIEPH-
MeHTaxX AOKTopa XeiToHa Ha Aomapsax. Ctout
YIOMSIHYTb AOHAOHCKVX IIPOM3BOAUTEAEI UIHCTPY-
MEHTOB, TAaKMX KaK AOHAM 1 AAOJIA, 0OeCIIeunBIIX
MPOM3BOACTBO IINpPHUILIEB 0€3 PUCKa BO3AYIIHONM
smboannu (Dzik 2018). KpartHe Ba)KHBIM SIBASIETCS
cyxaeHue Baanpeasa o HanboAbleit a¢pdexTus-
HOCTY 1 6€30I1aCHOCTY ITePEeAVBAHNS KPOBY Opra-
HU3MOB OAHOTO BUAQ.

ITocAe poBepeHUsI cepUM SKCIIEPUMEHTOB
Ha )XMBOTHBIX bAaHAEAA pellaeTcs Ha mepeArBaHye
KPOBM OT YeAOBEKA K YEAOBEKY. DTO MOAOXKUAO
HA4YaAO COBPEMEHHOI 3pe TPaHCPY3MOHHO MEAU-
uuHbl (Giangrande 2000). ITepByto TpaHcdysuio
4eAOBEYECKOI KPOBM OH BBIMIOAHMA 25 CeHTAOps
1818 r. my>xumne 30—40 aeT no nmenu Bpasbe,
HalMeHTy 00AbHULBI [as, cTpapaBiIeMy OT paka
xeAaypaka. CoCTOsIHME ero ObIAO KpallHe TSDKEABIM,
TpaHcdy3ust ObIAA EAHCTBEHHBIM LIIAHCOM B 6OPb-
Oe 3a )X13Hb. BAQHAEAA B MPUCYTCTBUU MHOTUX
Apyrux Bpauen 60AbHuULbI [as1 mepearA 60ABHOMY
¢ momoupio mmnpuua 12—14 ynuni (opAHa yHLUSA
paBusieTcs 29,574 MA) kpoBu B Teuenue 30—40
MMHYT, accucTupoBaa AokTop enpu Kaaitn. ITpu
5TOM LIIpUL] ObIA IOAOTPET, TaK Kak baaHaeAA
B 9KCIIEPMMEHTaX Ha CO0aKax 3aMeTHA, YTO KPOBb
IIPM BBICOKOJI TeMIIepaType CBOPAUMBAETCS MeA-
A€HHee, yeM Ipu HU3KoM. [ToHavaAy manyeHT
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II0YYBCTBOBAA YAYYILIEHVE, OAHAKO Ha TPETMUI1 AeHb
IOCA€ NTepeAVBAHMS €My CTAAO XY>Ke, KOHEUHOCTH
ITIOXOAOAEAY, TYABC CTAA IIPEPBIBUCTBIM, CO3HAHNE
IMOMYTHUAOCH, 1 B 11 yacoB Beuepa 27 CeHTSIOps
bpasbe ckoHuaacs. HecMoTps Ha HEYAQUHBIN MICXOA,
BAaHAeAA TPOBeA TOAPOOHBIIT AaHAA3 STOTO CAYYas],
OTMeyasi, YTO caMa IIPOolieAypa MepeArBaHNS AETKO
OCYIIIeCTBMMA, U 3aAaBasICb BOIIPOCOM, IIPU KaKMX
3aboAeBaHuMsax ona mpumenuma (Blundell 1819).

bAaHpEeAA He OCTaBAsSIET CBOMX MOMBITOK.
OH IpOBOAUT BTOPOE IepeAVBaHNE KPOBU POAVUAD-
Hulle. OpAHAKO MOcAe nepeAuMBaHusa 16 yHUMIT
KPOBM MOAOAQS >KEHIVHA YMepAa B TeyeHUe
5-6 muHyT. TpeTuit Oe3ycHenHbll CAyYal TakoKe
CBsi3aH C OOABIIOIT KPOBOIIOTEPEN TIOCAE POAOB,
I0CA€ NTepeAVBaHNA YeThbIpeX YHIIUI KPOBU XKeH-
IIMHA yMepAa. B yeTBepTOoM cayuae baaHpaeaa
IepeAUBAET >XEHIIVHE C IIOCAEPOAOBOI AMXOPAA-
KO 1IeCTb yHI[UI1 KPOBY, MaLjieHTKa TAK)Ke CKOH-
yaaach (Jones, Mackmull 1928).

E1ie Bo BpeMsi aKCIIEPUMEHTOB HaA >KMBOTHBIMU
baAaHAEAA OTMETHUA, UTO 3aA€EPYKKA C IEPEAVBAHU-
€M KPOBU OT AOHOPa MOXXET MPUBECTU K CBEPTHI-
BaHMIO [TepPeAVBAEMOIT KpOBU. UTOOBI pelnTh 3Ty
npo0Aemy, B 1824 1. OH yCOBepILIEHCTBOBAA aIlIapar
AASI TIEpEAVBaHMs KPOBU, CKOHCTPYMPOBAB TaK
HasbiBaeMblit Impellor, B koTopoM KpoBb
MepeAnBaAach oA AaBAeHueM (puc. 7, 8). Ammapar
OBIA MPUKPYYEH K CTYAY C IIOMOLIBIO BUHTOB.

Puc. 7. Annapar Impellor, roTOBBIT AASI TEpEAVBAHMS
kpoBu (Blundell 1824)

Fig. 7. The Impellor ready for transfusion
(Blundell 1824)
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Puc. 8. IlepnieHpuKyAsipHOe ceuenre anmnapara Impellor. A C B — BHyTpeHH:AA yallIKa.

A D B — BHemHsis yalka, HamoAHeHHast BoAoit. D E — Tucku. a b — AMHUS Ha BHYTpEHHeI Yalike,
BbILIIe KOTOPOJ HE AOAKHA IIOAHMMATbCSI KPOBb. ¢ d — BEPXHUI KAATIaH, CHAO>KEHHDI ABYMSI MAU TPEMsI
CKAAKaMy MSTKOJ KBaCLiOBOM KOXXU. e f — HVDKHUI KAQIIaH, Tak Xxe. g /1 i k — mmnpu. / — mpobxa.

m n — rubkas Tpybka. n 0 — BeHo3Has Tpybka (Blundell 1824)

Fig. 8. Perpendicular section of the Impellor. A C B—the inner cup. A D B—the outer cup full of water.
D E—the vice. a b—a line on the inner cup above which the blood should not be suffered to rise.
¢ d—the upper valve armed with two or three folds of soft alum leather. e f—the under valve, idem.
g h i k—the syringe. [—the plug. m n—the flexible tube. # o—the venous tubule (Blundell 1824)

BHe1Hss1 yaika Oplaa HallOAHEHA TEIAOV BOAOV
(96°F) Takum 06pasom, 4TOOBI UCKAIOYUTD TIOMA-
AaHMe Bo3Ayxa. BeHy Ha mpealaeube malyeHTa
BCKPBIBAaAU U BBOAMAM TPYOKY. AUraTypsl He UC-
IIOAb30BaAM, TPYOKM YAEP>KMBAA aCCUCTEHT. AOHOP
CUAEA B KpecAe, BEeHY BCKPBIBAAM AAHLIETOM,
1 KpOBb CTeKaAa B yauKy. KpoBb nocrymnaaa B BeHy
peuuneHTa KOPOTKMMU Pe3KMMU TOAYKAMU
(Blundell 1824).

Oco0eHHOCTb METOAMKY, IpUMeHeHHO! baaH-
AEAAOM, 3aKAIOYAAACh B TOM, YTO B CIIELIIAAbHO
CKOHCTPYMPOBAHHOM ammapare KpoBb [IOAOTPeBa-
AaCbh ¥ TeM CaMbIM 3aMeAASIAACh ee CBEPThIBAEMOCTb.
C MCroAb30BaHMEM 3TOTO amnapara OpiAa MpoBe-
AeHa TpaHchysusa 16 yHUUIT KPOBU MOAOAOMY
MY>X4MHE C KPOBOTEUEHVEM BCAEACTBIE Pa3pbiBa
aprepunu. OAHAaKO OH CKOHYAACHA B TeyeHUe
3—4 munyT (Blundell 1824).

V1, HaKoHell, yAaua — IepBOe YCIIelLIHoe Iepe-
AVBaHVE KPOBM OT 4YeAOBeKa K YeAOBeKY!
OHo cocTosAock B aBrycte 1825 r. Aoktop Axecc
13 MaHuecTepa olnpocua Aokropa Yapansa Yoa-
A€pa OCMOTPETbh MALMEHTKY C CUABHENIINM Ma-
TOYHBIM KpoBoTeueHueM. Ee cocTosiHue 6bIAO
KpaliHe TSDKEABIM, U YOAAEp, PellyB, YTO €AVH-
CTBEHHas HapeXAa — 3TO reMoTpaHcdysusi, 06-
paTtuacs K Axenimcy baanaeaay. Ilocae ocmotpa
baanpeaa u YoaAep OCTaBUAM KEHIIVHY Ha 4ac,
4YTOOBI IPUHATD peliieHKe. [To Bo3BpaleHU OHU
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y>Ke He HaAesIAUCh YBUAETD ee KUBOI, CTOAD ITAa-
4eBHO OBIAO ee moAoKeHMe. OAHAKO >KEHIIHA,
XOTsI U ObIAQ OU€eHb CAa0a, ellje 60POAACh 32 KU3Hb.
bAaHAEAA C TOMOIIBIO IITTPUILIA TEPEAVA €11 YEThI-
pe YHLUM KpOBMU, B KaueCTBE AOHOPA BBICTYIIMA
MYX poAMABHMIIBL [locAe 3TOro oHa mocTeneHHo
CTaAa YyBCTBOBATH Ce0sI AyUllle, U Yepe3 HECKOAD-
KO AHel BbI3AOpOBeAa. BpickasbIBaAMICb COMHEHN,
YTO KOAMYECTBO MEPEAUTON KPOBU OBIAO HEAO-
CTaTOYHO AAS BOCCTaHOBAEHUs NAaLMEHTKH,
HO bAaHAEAA YTBEP)KAAA, UTO TOCKOABKY HUKAKOI
Apyroii Tepanuy (KpoMe 4aitHOM AO>KKM KaCTOPKHU
Ha YeTBEPThIil AEHb IIOCAE NPOLIEAYPHI) HE NpU-
MEHSIAY, TO BBI3AOPOBA€EHVE 00YCAOBAEHO IMEHHO
remorpancoysuen (Waller 1825).

Caepyroliiee TiepeArBaHye TAKOKe ObIAO YAQUHBIM —
28 ceHTsI6ps1 1825 I. OHO OBIAO IIPOBEAEHO MUCCUC
KokauH 29 aet. Muccuc KokanH poariaa A€BOUKY,
IIOCA€ Yero y Hee Ha4YaAOChb CMAbHO€ MaTO4YHOe
KkpoBoTeyeHue. [ [puHuMaBLMit popabl AOKTOp OpaHK
BBI3BaA AOKTOpa AabaAesi, KOTOPBIIL TOHSIB Cepbe3-
HOCTb IOAO’KEHUs, HEMEAAEHHO OTIIPaBMACAH
3a AxerimcoM baanpearoM. K cuacTbio, My>x
MaLIeHTK He TOAbKO COTAACHACS Ha IIepeAMBaHMe,
HO u ctaa AoHopoM (Pelis 1997). XKenuute nepe-
AVIAY C TIOMOIIBIO WIpyLa 14 yHIMiT KpoBY, NpU
9TOM accucTupoBaBLii baaHaeaAy DABapa Aab-
AA€I COODIIIaeT, YTO MOCAe NEPEAMBAHUS IECTU
YHLIMI OHA CKaszaAa: «fI 4yBCTBYIO cebsi CMABHOM
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Kak 0b1k» (Doubleday 1825, 382). [Tocae mpoBeae-
HUsSI TeMOTPaHCPy3UK TyAbC HOPMAAU30BAACSH,
JKEHII[HA TIOYYBCTBOBAAA Ce0s1 Ayyllle ¥ YCHYAAQ,
a BIIOCAEACTBUM OAQrOIIOAYYHO BBI3AOPOBEAA.
AoxTop DaBapa Aabapel ykas3blBaeT, YTO «ABa
IIOCAEAOBATEABHBIX YCIIELIHBIX CAYYasl IlepeArBa-
HUsI KPOBHU, KOHEYHO, He TIOKa3bIBAIOT, UTO OIlepa-
LIV IOAHOCTBIO 0€30IacHa; HO OHY MOT'YT BbI3BaTh
Y HaC pa3yMHYIO HAAEXKAY Ha TO, YTO 3TO MOXKET OBITh
npuMeHeHO B AaAbHertiem» (Doubleday 1825, 385).

Eire opHOV manueHTKe C MaTOYHBIM KPOBOTE-
JyeH1eM OBIAO IIPOM3BEAEHO NepeArBaHue 12 yHImit
KPOBU C MICITIOAb30BaH/EM YCOBEPIIEHCTBOBAHHO-
ro ammaparta Impellor, mocae yero oHa Tak)ke BbI-
3popoBeaa. B aTom cayuyae baaHpeAA HAAOXKMA
12 mysBOK KEHIIMHE Ha PYKY B O>XKMAQHUM BOC-
MaA€HUsI, KOTOPOeE, K CYaCThIO, He BOSHUKAO (Jones,
Mackmull 1928).

IToa BAMsiHMEM DAaHAEAAQ TIEpEAVIBAHME KPOBU
MOCTEIIEHHO CTAAO BXOAUTH B MEAULIMHCKYIO
1 0COOEHHO aKyLIepCKYIo MPaKTUKY. A)KOH Bpak-
CcTOH XMKC ITOCA€ TTOIBITKY IepEAUBAHMS KPOBU
c ycrpoiictBoMm Baanaeasa (BepositHo, Impellor)
3ameTuA: «Koaryasiiusi KpoBu Obp1Aa camMolt GOABLION
po0OAeMOT1, MellaBILe IPOBEAEHUIO TPOLIEAYPBI.
VIHCTpyMeHT HY>KHO OBIAO ITPOMBIBATh ABa MAU
TPpU pasa M3-3a KOATYASILIUY ... HO 51 CYUTAIO, YTO
HMKAKOTI'O CI'YCTKa He ObIAO BBEAEHO B BeHY» (Jones,
Mackmull 1928, 246).

B 1828 r. bAaHAEAA CKOHCTPYMPOBaA ellje OAVH
npubop AAsl lepeArBaHus KpoBu — Gravitator,
C TOMOIIbI0 KOTOPOTO TPAHC(Y3Ms OCYLIECTBASAACD
MOA AEMCTBUEM CHABI TsDKecTu (puc. 9). Taxk xe,
KaK U B MPEABIAYLIMX MPUOOpPax, B MPUEeMHUK
KPOBIU HAaAMBAAU TEIAYIO BOAY (Aydille TermAoe

Puc. 9. Annapar Gravitator, roToBbIi1
K ucnoAbsoBauuio (Blundell 1828)

Fig. 9. The Gravitator ready for use (Blundell 1828)

294

MOAOKO), 3alIOPHBII1 KpaH MPU 3TOM 3aKPBIT.
Ecau npoueAypy HEOOXOAMMO MPUOCTAHOBUTD,
BCIO KPOBb 113 aIlliapaTa Hy)KHO YAQAUTD, IPOMBITh
TPYOKU TEMAOV BOAOIL M HA4YaTh IlepeAMBaHMe 3a-
HOBO. Ha npoTsikeHnu npoueaypsl B IpYieMHUKe
AOAYKHO HAXOAUTHCSI TOABKO HEOOABIIIOE KOAUYE-
CTBO KPOBU AASI IPEAOTBPALLIEHMS €€ CBOPaYMBaHUSL.
YpoBeHb KPOBU HE AOAKEH TIOAHMMATBCS BbILIE
OrpaHMYUTEAbHOI AVHMY, KaK 1 B Impellor (xoan-
4eCTBO KPOBU B IPM€MHMKE TIPU STOM COCTABASIET
OKOAO ABYX YHLIMIT). Y MaLMeHTOB, KOTOPBIM Tpe-
OyeTcs remoTpaHcdysusi, paboTa CEpAEUHO-
COCYAVICTON CUCTEMBI YTHETEHA, BCAEACTBE YEro
Ype3MepHO ObICTPOE MePEAMBAHIE KPAITHE OTACHO.
B anmapare Gravitator sTa mpobaema pelreHa
C MOMOIIbIO CUCTEMbI TUOKUX KPOHIITEH-0IOP,
YTO TMO3BOASIET pasMellaTh anmapaT Ha PasHbIX
YPOBHSIX Hap PYKOJI NMaLIEeHTa, PETyAUPYs TaKUM
006pasoM CKOpOCTh MpuToKa KpoBu (puc. 10).
CKOpOCTb MPUTOKA KPOBU TAK)KE MOTAA OBITH OT-
peryArpoBaHa C IIOMOIIBIO 3alIOPHOTO KpaHa.
Kpome TOro, AAst mpuMeHeHus anmapara HeoOxo-
AVIMBI IITIPUL, CKAABIIEAD, AQHIIET U CePeOPSIHBIN
30HA AAsI 3a00pa KpoBu Y AooHOpa. KpariHe BaXHO
Ha MPOTSDKEHMUN BCEN MPOLIEAYPBl BHUMATEABHO
HaOAI0AATH 3a cocTosiHMeM nauyenTa (Blundell 1828).

Puc. 10. YcTpoiicTBo anmapara Gravitator.
a — BeHO3Has TpyOKa, b — yraosas aaryHHas TpyOKa,
¢ — cepebpsiHble TMOKYe KPOHIITEH-OIIOPBI,
d — rajifky KpOHILUTEH-OIIOP, € — BUHT,
f — nmpuemHUK, g — 3anopHbIi KpaH, h — map
M KOATIQUOK, i — OpacAeT VAU IPY>KUHHbIN 32)KUM,
k — xo3bIpeK, L — BUHT MAM IIPOYHBIIT 320KUM,
z — BuHT (Blundell 1828)

Fig. 10. The Gravitator device.
a—the venous tubule, b—the angular brass tube,
c—the silver flexible arm-support, d—the nuts of the
flexible arm-support, e—the screw, f—the receiver,
g—the stop-cock, h—the ball and the cap,
i—the bracelet or the spring clasp, k—the hood,
L— the strong clamp or the vice, z—the screw
(Blundell 1828)

https://www.doi.org/10.33910/2687-1270-2022-3-3-286-307



https://www.doi.org/10.33910/2687-1270-2022-3-3-286-307

E. A. Hukumuna

C ucnoab3oBaHueM amnmnapara Gravitator baan-
AEAAOM OBIAO TIPOM3BEAEHO ellle AB€ TeMOTPAHC-
¢ysun. C NoMo1 b0 3TOTO YCTPONMCTBA OblAa
CIlaceHa >KM3Hb MAaAbYMKA, YMUPABLIETO OT BTO-
PUYHOTO KPOBOTEYEHNS IIOCAE aMITyTallM HOTU.
Taxoke ycrnemHsIM OBIAO TEpeAVBaHVE BOCbMU
YHLMIT KPOBU B Te€YeHME TPeX 4aCOB >KEHILVHe
¢ MaTrouHbIM KpoBoTeyeHueM (Jones, Mackmull 1928).

WTtak, Axeitmc bAaHAEAA CO CBOMMMU aCCUCTEH-
TamM IposeA 10 nepeArBaHUI KpOBY NPY TOMOIL
IIMPULIA U YCOBEPILIEHCTBOBAHHBIX YCTPOIICTB AAST
reMoTpaHchy3uUn, U3 HUX IATb OBIAY YCIIELIHBIMMY,
a OCTaAbHbIE IISATh — HEYAQUHbIMU. B TO Bpems
OOABLIMHCTBO TeMOTPaHCPY3UIT OCYIIECTBASIAU
He B 00ABHMIIAX, @ B AOMAIIHMX YCAOBHMSIX, TaK KaK
3QYacTYIO 3TU IPOLIEAYPBI OBIAYM CBsI3aHBI C IO-
CAEPOAOBBIMIU KPOBOTEUeHUSIMU. Yuabsim Taitaep
Cwmur (1815-1873), ocHOBaTeAb AOHAOHCKOIO
aKylIepcKoro obuectsa, nmucaa: «Popbl — aTo
ApaMma, BecbMa 0OA€3HEHHAs] AASL YKEHIIVHBI ...
B OOABIIMHCTBE CAyYaeB OKaHIMBAOIIASICSI 0AAro-
MIOAYYHO, OAHAKO MOYXET UMETb U TParmvecKumn
dunaa» (Kibbie 2019, 16). TTpu 9TOM OUCK AO-
HOPOB COCTaBASIA HEMaAYIO TIpoOAemy. B kauecTBe
AOHOPOB KPOBU BBICTYIIAAU MY>KbsI I POACTBEH-
HUKY MAIMEHTOK MAM Xe camu Bpauu (Baskett 2002),
a TO U POACTBEHHUKU Bpaveil 1 A0OpocepAeyHbIe
cocepn. Tax, HapAb3 YOAAep ONMCBHIBAET, UTO OA-
Ha>KABI AOHOPOM BBICTYIIMIA €TI0 IAEMSIHHUK, KO-
TOPOTO OH B3s1A ¢ co6011 K manuenTtke (Kibbie 2019).

BeAuvaitimuin BkAap Askerimca Baanpaeaaa
B CTAHOBA€EHIE U Pa3BUTHE TEPEAUBAHIS KPOBU He-
ocriopum. I'yro Buasreasm ¢on Linmcen (1829-1902)
OTMeuvaeT, YTO BAaHAEAA cAeAaA IepBoe OAAMH-
Hoe nepeAuBaHue nocae JKana-barucra Aenn.
CoBpemennuk baanpeara A>xon Paccea PeitHoabAC
(1828-1896), aBTOp KanuTaABHOrO Tpyaa «Cucre-
Ma MeAMLIHBD», rcaa: «Co BpeMeH TpyAOB baaH-
AEAAR TIEpeAVBaHME HUKOTAQ He YITyCKaAU U3 BUAY
B AHrAMM MAM APYTHX cTpaHax» (Jones, Mackmull
1928, 247). Axenimc baaHpaeAA ObIA OAHUM U3
MepPBbIX, KTO UCCAEAOBAA TIEpEeAUBaHNe KPOBU
C HayYHBIX MO3ULMI; pa3paboTaA MHCTPYMEHTBI,
MOCAY’KUBIIIVE TPOTOTUIIOM COBPEMEHHBIX
YCTPOICTB; [TOKAa3aA, YTO KPOBb He TepsieT CBOUX
CBOJICTB, TPONAS Yepe3 TpaHC]y3MOHHBII TPUOOD;
YCTaHOBMA IPUHLIAII, COTAQCHO KOTOPOMY HEO0X0-
AVIMO UCITOAb30BaTh TOABKO KPOBb OAHOTO U TOTO
JK€ BUMAQ; BBISIBUA, YTO BEHO3HAsI KPOBb TaK JKe
MTOAXOAUT AAST TIEPEAUBAHMS, KaK U ApTEPUAAbHAS;
OTMETUA, YTO KPOBb HE CAEAYET BBOAUTD CAUIIKOM
OBICTPO; BBISICHYUA, YTO BO3AYX HE AOA’KEH MOIIAAATD
B YCTPOJICTBO AASI TPaHCPY3uM; OOHAPYKUA, UTO
nepeArBaHye TOT0 JKe KOAUYeCTBa KPOBU, KOTOPOe
OBIAO ITOTEPSIHO, SBASIETCS] HE TOABKO HEHY)KHBIM,
HO 1 HeXKeAaTeAbHbBIM. [ Ipy TpaHCdy3usix 3a4acTyio

UnmeepamusHas gﬁusuwloeu,q, 2022, m. 3, Ne 3

KOAMYECTBO NEPEAUTON KPOBU OBIAO HEBEAVKO —
YyeTblpe—1IeCTb YHLUI, YTO 5KBMBAAEHTHO
100-150 ma (Learoyd 2012).

bAaHpAeAA IpM3HABaA, UTO MepeArBaHMe KPOBU
SIBASIETCA TIOTE€HLIMAABHO PMCKOBAHHBIM, U YKa3bl-
BaA, UTO €r0 HEOOXOAVMO IIPOBOAUTD TOABKO B T€X
CAyYasiX, KOTAQ APYTOM Hap€KAbI Ha BbI3AOPOBAe-
Hue mauyenTa HeT (Blundell 1828). Caeayet oco60
OTMETUTB, YTO OH TLIATEABHO U TIOAPOOHO OTMCHI-
BaA BCe CAy4yay TeMOTPaHCPY3UM, YTO IIO3BOAVIAO
BBISIBUTD BR)KHEIIINVEe A€TAAU V1 3AKOHOMEPHOCTH
" OIMCATh KAMHMYECKVE CYMIITOMBI I€MOTPaHC-
($y3MOHHBIX OCAOXKHEHUM. TakK, B HEKOTOPBIX CAY-
YyasiX I0CA€ BAVMBAHMII NIEPBBIX NMOPLUI KPOBU
y OOABHOTO HaCTYIAAO OECIIOKOCTBO, TIOAEPIU-
BaHMe I'y0 U BeK, APOKb, TOIIHOTA. OH peKOMeH-
AOBaA TIPU NMOSIBAEHUM 3TUX NIPU3HAKOB IEepeAU-
BaHMe KPOBU cpa3sy Xe nmpekpawmars (Ivanov,
Petrenko 2012).

ITocae yBoabHeHUA U3 60AbHULEI [ast B 1834 1.
A>xeriMc bAaHAEAA YCIIeNIHO 3aHMMAACS YaCTHOM
MPAKTUKOI. AHEM OH IPOBOAVA KOHCYAbTaLIMM,
a TIO3AHMM Be4epOM OTIIPABASIACS C BU3UTAMU
K TTallIeHTaM B M3BECTHOI BceMy AOHAOHY >KEATOM
KOASICKe, OCHAIIleHHOM CIleLIIaAbHOM AaMIIOM, 10~
3BOASIBILIEI YMTAThb. BAAHAEAA HAIMICAA PYKOBOACTBO
IO HOPMAABHOI U TTATOAOTUYECKON PU3NOAOTMY,
TPU PYKOBOACTBA I10 aKYLIePCTBY, TMHEKOAOTUY
nneauarpun. B 1847 r. oH mpeKpaTuA MEAULIMHCKYIO
A€ATeAbHOCTD, IOCBATUB NocAaepHMe 30 AeT cBoelt
JKMU3HU U3yYeHHUIO IPOU3BeAEHUI aHTUIHOM AUTe-
paTypbl ¥ KOAAEKLMOHMPOBAHUIO PEAKUX KHUT
IO aKYIIePCTBY ¥ TMHEKOAOT UM, KOTOPBIe 3aBelljaA
Axymepckomy obiectBy Aonpona (Baskett 2002;
Ellis 2007).

Pasputne nepeanBanus kposu B XIX Beke

ITomumo baaHpeaAa U Apyrue aHTAMVICKME
aKyIIepbl OCTAaBMAU 3aMETHBIN CAeA B PasBUTUU
NepeArBaHNs KpOBU B IepBoii moAoBMHe XIX Bexka.
Ilpe>xxae Bcero, HY)KHO ellje pa3 YIIOMSAHYTb €ro
KoAAer u accucteHToB — KaaliHa, Yoaaepa,
ANabapes. O6 DaBapae Aabaaee (1810-1849), xu-
pypre Kopoaesckoro aazapera pas peteit, u Hapab-
3e YoaAepe, aKyliepe U IIpernopaBaTeAe aKyllepcTBa
B 60oabHMLIe cB. Tomaca, baaHaeAa mucaa: «Vx 3a-
CAYTU He HY)KAQIOTCA B MOEeM YIIOMMHaHWUY, HO MHe
ObI XOT€AOCh OTMETUTD, UTO MPENMYLIeCTBAM 3TOM
orepauuy [IIepeAMBaHUIO KPOBHU], Y4eAOBEYECTBO
OyAeT B 3HQUMTEABHON CTEIeHU 00S3aHO MIM»
(McLoughlin 1959, 508).

IIpedomspauieHue cBepmvLBaHUs KPOBU

Axon Bpakcton Xukc (1823-1897), Takxe
CAYXuBLINI B 60AbHULIE [asl, BriepBble A0OaBUA
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K AOHOPCKOI1 KpOBY (OCHOPHYIO COAY AASI IPEAOT-
BpallleHVs KOaryAsiLuy. XMKC pacTBOPSIA TPU YHLIUM
dbochopHOT COABI B OAHOJ MTMHTE BOABL, HATPEBAA
pPacTBOp, KOTOPBIN KPUCTAAAU3O0BAACS IIPU KOM-
HaTHoOV TemnepaType, Ao 100°F nepep ncrnoanso-
BaHUEM U AOOABASIA B KPOBb B COOTHOIIEeHMU 1:4.
B 1869 r. oH omucaa yeTbIpe cAy4as NpUMeHEHUs
3TOrO MOAXOAQ, KOTOpBIE, OAHAKO, 3aKOHUYMAMKCD
AETAABHBIM ICXOAOM BCAEACTBIE OU€HD TSHKEAOTO
aKyuepckoro KkpoBoteuenus (Baskett 2002).
XMKC He yyeA B3auMOoAelCcTBYS GpochOopHOI COABI
C KaAbBLIVIEM.

DTa HOBasi METOAMKA, KOTOpasl 3HAYUTEABHO
YIPOCTHAQ IepeAUBAHME, NTO3XKe CTaAa LIUPOKO
pacrpocTpaHeHa. OH OblAa BBEAEHA B MCIIOAB30-
BaHMe B DAUHOYpre B 1884 1. A>kozedpom MoHTerio
Korrepuaaom (1851-1933), mOMOIIHMKOM XUPYp-
ra npu KopoaeBckoMm aazapere, BIOCAEACTBUN
CTaBlIeM npe3raeHTOM KopoAaeBckoro koaaeaxa
xupyproB daunbypra. OH OTMeYaA, YTO UCIIOAb-
30BaHl€e aHTMKOATYASIHTOB II03BOASIET U30eXaTh
OOABIIMHCTBA TPYAHOCTEN ¥ OIACHOCTEN Iepe-
avBaHusa (McLoughlin 1959). B 1886 r. AxoH
AyHKaH, ellje OAMH XUpPypr DAMHOYPrcKoro Kopo-
A€BCKOT'O Aa3apera, TaK)Ke MCIIOAb30BaA 3TOT
MeToA. VImes oeAo ¢ TpaBMaMy, 3a4aCTYIO C aMITy-
TalUUsAMY, OH COOMPaA KpOBb U3 PaHbI BO BpeMs
ollepaLyy B YaLIKY, COAEP>KALLYI0 COAEBOI paCTBOP
Xukca. B xoH1le onepayuyu aTy KpOBb IOBTOPHO
BBOAVAM B BeHY. AyHKaH BBICTYIIAA 32 3TOT METOA,
IIOCKOABKY OH YCTPaHSIA HEOOXOAMMOCTb MOMCKA
AOHOPa B KOPOTKME CPOKM, He TIOAO03PEeBasi O TOM,
YTO TAKOI IOAXOA, KpPOME TOT0, TO3BOASIA U30eraThb
HecoMecTumocTU (Duncan 1886).

IIpeAnoAOKeHME O CBSI3U KAABLIUS CO CBEPTHI-
BAaeMOCTbIO KPOBU BIlepBble BbIABMHYA B 1890 .
Huxoaac Mopuc Aptioc (1862-1945), mpodeccop
$bM3MoAOTUM I MUKPOOMOAOTUM HIBEMLIAPCKOTO
yHuBepcuteTa Bo @pubdype. Bmecre c Ieitaxcom
OH 0OHAPYXXMA, 4YTO KPOBb HEe CBOPAYMBAETCS IPU
AOOaBAEHUM PAaCTBOPUMBIX COA€EN 1IjaBEAEBO
KUCAOTBHL. B 1894 1. cap Aamport DaBapp Pait
(1861-1947), aHTAMIICKMIT GAKTEPUOAOT U UMMY-
HOAOT, CO3AATeAb CUCTEMBI IPOTUBOTU(GHON BaK-
LMHALUY, COOOIIMA 00 YBEeAUYEHUY BpeMeHU
CBEPTBHIBAHNMS KPOBHU Y )XMBOTHBIX IIPY BBEAEHUU
HEOOABLINX KOAUYECTB LIUTPATOB, IPEABOCXUTUB
VICIOAB30BaHMeE LIUTPATOB Py TpaHCcPy3usix boaee
yeMm Ha 20 aeT (Wright 1894).

XoTs1 GOABIIMHCTBO UCCAEAOBAHUI TTPOBOAU-
Aoch B bpurtaHuy, nepeaBaHyie KpoBY pa3BUBAAOChH
U B APYI'MIX €BPOIIEVICKVMX CTPAHAX, IIPEXAE BCEro,
Opaniun 1 I'epmanun. Kak ormeuaetr baanaeaa
B CBOEM 0030pe MHOCTPAHHBIX ICCAEAOBAHNI, B SKC-
nepumenTax YKana-Barucra Anape Aroma (1800-1884)
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n JKana-Ayu IpeBo (1790-1850), xcTaTtu, ToXe
BBIMTYCKHMKA DAMHOYPICKOTO YHUMBEPCUTETA,
reMoTpaHC]y3us AASI )KMBOTHBIX OAHOTO BUAQ
B OOABIIVMHCTBE CAy4YaeB IPUBOAMAA K BBI3AOPOB-
A€HUIO, AASI )KUBOTHBIX Pa3HbIX BUAOB B OCHOBHOM
BBI3BIBAAQ YXYAIL€EHME COCTOSIHUSI U CMEPTh.
[Tpu nepeAMBaHMYM KPOBY OBEL] YTKaM UCCAEAOBA-
TeAU HaOAIOAQAM CHABHEIIIIe KOHBYABCUU U He-
mepAeHHyo riubeAs (Blundell 1828). TTpeso u Aroma
0OHApPY>XMAM, UTO B30MBaHNE KPOBU IPUBOAUT
K OTAOXKeHMI0 pubpyUHa Ha cOMBaOIIEM VHCTPY-
MeEHTe U MpeAOTBpallaeT cBepTbiBaHne. OHM OT-
MeTHUAM, 9TO AeprOpUHMPOBAHHAS KPOBb MOXKET
OBITP ICIIOAB30BAHA [PV PEAHMMALIY UCTEKAIOLINX
KPOBBIO KMBOTHBIX TaK )K€, KaK 1 HeoOpaboTaHHas1
KpoBb. VIM >Xe NMpUHaAAEXUT HaOAIOAEHME, YTO
AOOaBAeHVIe HEOOABLIOTO KOAMYECTBA KayCTUIECKOI
COABI CHIDKaeT Koaryasituio Kposu (Maluf 1954).

Mertoa AeduOprHIPOBaHNS IIPEATIOAATAA B30U-
BaHIe KPOBU MOCA€e cOOpa B YalIKe IIPOBOAOYHBIM
BEHYMKOM VAU CTEKASHHBIM MTECTUKOM, a 3aTeM
IpoLie)XBaHye Yepe3 CUTO M3 KOHCKOTO BOAOCA
AASL YAQA€HVISI MeAKVIX yacTuL] pubpuna. ITo Tpe-
60BaAO BpeMeHHU, YTO MIPEACTABASIAO CO00IT HEAO-
CTATOK IIPU MCIIOAB30BAHUN B XOA€ TpaHCHY3UH,
324aCTYI0 HOCHBIIIE CPOYHBIN XapaKTep.

ITop BAMsiHUEM sKcriepuMeHTOB [IpeBo 1 Aloma
Vorann @puppux Auddendax (1792-1847), xupypr
6oabHupl lllapute B Bepaute, B 1830 r. mepeauna
HOBOPOXKAEHHOMY € achuKcuen ABe yHUM Aedu-
OpMHMPOBAHHOM KPOBMU, OAHAKO PeOEHOK CKOH-
yaacs. B 1832 r. baasuyc nmoBTopua Ty npoleay-
pY, HO TakxKe Oe3dycneniHo. benHeke B 1867 r.
BEPHYA K )XU3HU HOBOPOXKAEHHOTO ¢ achuKcueit
IpY IIOMOIIM reMOTPaHChY3UM, OAHAKO APYTOi
MAQA€HeL] TIOCA€ aHAAOTMYHOTO IIepEAVIBAHNS YMep
(Maluf 1954). Cap Tomac Cmur B 1873 1. B rocmm-
TaAe cB. Bapdporomest mepeana oepuOpuHUpPOBaAH-
HYI0 KPOBb MA@AEHLY, CTPaAaBILIEMY FEMOAUTIYE-
CKoI1 60A€e3HBI0 HOBOpOXXAeHHOrO (Learoyd 2012).

Teopop AroaBur Buabreabm don bumodd
(1807-1882), anaTom u pusmoaor us [eitaeabbep-
ra, MHOCTPaHHbIN YAEH-KOppecroHAeHT [leTep-
OYprcKoyl akapeMuy Hayk, BAMBAA >KMBOTHBIM,
YMMPaBIIMM OT KPOBOIIOTEPU, UX COOCTBEHHYIO
AeprOPMHUPOBAHHYIO KPOBb, UTO IIPUBOAUAO
K BbI3AOpOBA€eHMI0. OH moAaraa, YTo CMepTh IpyU
IIepeAVBaHUY T€TEPOAOTMYHOI KPOBU O0YCAOBAE-
Ha HaAMuueM puOpyHa B IepeArBaeMoy KPOBMU.
@oH buiodd npeanoAroKna, 4TO 4eAOBEKY SKeAa-
TEABHO [IEPEANBATH YEAOBEYECKYIO IIPEABAPUTEAD-
HO AepUOPMHMPOBAHHYIO U MOAOTPETYIO KPOBb.
Kak n anarom Voraus [Terep Mroaaep (1801-1858),
K CAOBY, TaK)Ke MIHOCTPAHHBI YA€H-KOPPECIIOHAEHT
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[TerepOyprckoit akapemun Hayk, ¢pon buimodd
00OHapyXua, 4To AepuOpUHUpPOBaHME KPOBU
He HapyllaeT CTPYKTYPY 3pUTPOLUTOB (Zimmer-
man, Howell 1932).

Opanyysckuit pusnosor Opancya MaxkaHau
(1783-1855) npuaep>KMBAACS MHEHMIS, YTO Tepe-
AVIBaHVe KPOBU OT OAHOTO XMBOTHOTO K APYTOMY
OAHOTO U TOro Xe Bupa b6esomacHo. OH mokasaa,
YTO IPU MEPEAVBAHUYU MAEKOIMUTAIIUM KPOBU
OTUL MAY aMPUOUI SPUTPOLMTHI BAMBAEMOI KPO-
Bu ObicTpO paspyuratotcs (Coley 2001). TTopaTBep-
AVA BeIBOABI Makauam Hlapab Dayap bpoyn-Cexap
(1818-1894), n3BecTHbII GPaAHLY3CKIIT HEBPOAOT,
VIHTEepeCOBAaBLIUIICSA M BOIIPOCAMU TpaHCPy3uu
(Aminoff2017). B 1858 r. oH mpoBeA OpUrMHAABHOE
MCCAEAOBaHME, MBITASIC OOHAPY>KUTDH B KPOBU
peLunueHTa Yy>KepoAHble SpUTpoLuThL. Yepes
15 MUHYT MOCA€e NepeAVBaHUS UX ellje YAABaAOCh
HAlITH, @ Yepe3 Yac BBIABUTD OBIAO y)Ke HEBO3MOXK-
HO. OAHAKO OH YTBEP)KAAA, YTO BUAEA Ty)KEPOAHBIE
SPUTPOLUTHI B KPOBU PELMIIMEHTA CHOBA Yepes3
MeCsIll TIOCAE TepeAMBaHMsI, HA OCHOBAHUM Y€ero
BBICKa3aA IIPEATIOAOKEHME, YTO OHU MOT'YT MUT'PU-
poBaTb yepe3 KanmuaAsApbl. AeoHapas AaHpya
He CMOT OOHAPY)XUTb SAAUNITUYECKIE PUTPOLIUTHI
PbI0, 3eMHOBOAHBIX Y ITUL] B KPOBY MAEKOTIUTAIO-
IMX Yepe3 AeHb IIOCA€ T€TEPOAOTMYHOTO Iepe-
AuBanus (Maluf 1954).

Aarckun ¢usnoaor Ilerep Aropsur [Tanym
(1820-1885) B 1863 r. 3aMeCTUA TPAKTUYECKU BCIO
KPOBb cO0aKy AebMOPUHUPOBAHHOI COOaUbelt e
KPOBBIO U He OOHAPY)KMA HUKaKMX M3MEHEeHUI
B MOBeAEeHNM XMBOTHOTO. OH peKOMEHAOBAA
VICTIOAB30BaTh AePUOPUHUPOBAHHYIO KPOBb AASI
HepeAVBaHMS AIOASIM M OTKA3aTbCs OT T€TEPOAO-
TMYHBIX TpaHCPY3Uil KaK BeCbMa OIACHBIX,

32 ICKAIOUEHMEM TaKMX, 110 €[0 MHEHUIO, OAM3KIX
YKUBOTHBIX, KAK KOPOBA 1 OBL[Aa AU AOIIAAD U OCEA.
ITaHyM npepAaraA COXpaHsATb KPOBb Ha AbAY, TIPEA-
BOCXMILASI MAEI0 CO3AaHMs KprobaHkoB (Roper-Hall,
Jorgensen 2008).

CoraacHo MHeHMIO YiAbsIMa XaHTepa, yCIell-
HOCTb IlepeAVBaHMA KPOBU 3aBMCEAQ OT ABYX
dbakTOpOB: KOAMUYECTBA NMEPEAMBAEMOIl KPOBU
1 IPEAOTBpAallleHNs CBEPThIBAHMS BO BPEMSI TPAHC-
¢ysun. OH noaaraa, YTo KOAMYECTBO IIEPEAVBAEMOIT
KPOBU He AOAXKHO MpeBbIaTh 5% 0T 00111ero Ko-
AndectBa KpoBu B opranusme (Hunter 1889).

Annapambi 015 nepeAuBaHus Kposu

ITomuMo noucka myTen IpeAOTBpallleHs CBep-
TBIBaHUS KPOBM, Pa3BUTHeE NepeAVBaHMS KPOBU
IIAO U B HAIIpAaBAEHUY COBEPIIEHCTBOBAHNS METO-
AVIKM M IHCTPYMEHTapUsl.

Yapab3 Yoaaep B 1860 r. cKOHCTPyMpOBaA co6-
CTBEHHBIN anmnapar AAsl IepeAVBaHMsI KPOBU.
OH 0bIA TOpa3A0 MpoLE N0 KOHCTPYKLMHU, YEM
Impellor nam Gravitator 1 COCTOSIA 13 AQTYHHOTO
IIMTPULIA, BHYTPUBEHHO! KaHIOAY C COEAVTHUTEABHON
TPYOKOJI 1 COCyAQ AASI cOOpa KpoBU AoHOpa (puc. 11).
Kak n Baanpeaa, Yoaaep npriMeHsia nepeAnBaHue
€ 0c000i1 OCTOPO>KHOCTBIO, B KAYeCTBe KpariHeil Mepbl
B CAyYasIX TSKEAOro KpoBoTeueHMs1. OH cuuTaa, 4YTo
B OOABIIMHCTBE CAYYaeB AASI TIEPEAVBAHUS AOCTA-
TOYHO YeThIpeX YHLIMI KPOBY, HO ITOAAraA 0e3omac-
HbIM nepeABanyie Ao 12 yHumit (McLoughlin 1959).

B 1865 r. Ipertau XprontT (1828—-1893), momou-
HUK Bpaua-akyllepa B 60oAbHULe cB. Mapuu,
a 1mo3)e npodeccop aKkyuepcTsa B YHUBEPCUTET-
CKOM KOAAEAXKe, TPEACTABUA CBOII TPaHCHY3MOH-
HBIM amnmnapar, B KOTOPOM LIMAMHAD IINpuLa

Puc. 11. Ammapar Y. Yoaaepa aast nepeanBanust Kposu (McLoughlin 1959)

Fig. 11. Waller’s transfusion apparatus (McLoughlin 1959)
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VICTIOAB30BaACs B Ka4eCTBe eMKOCTU AASI cOopa
AOHOPCKOM KpoBU (puc. 12), YTO CHMXXAAO PUCK
Koaryasiuyu. LInpui ¢ KaHIOA€ M CKaABIIEAD OBIAU
YIaKOBAHbI B Y€XOA AASI IIePEHOCKU, M XbIOUTT
COBETOBAaA HOCUTD MX B aKylLIepCKOM MellIKe, YTO-
ObI IMETD BCETAQ TIOA PYKOII B CAyYae Ype3BbIvail-
Hoit cutyauuu (McLoughlin 1959).

B 1870 r. Pobept MakpaoHHeaA (1828-1889),
xupypr 6oapHuLBI AOKTOpa CTHBEHCa B AybOANHE,
IPEAAOXKMA IIPOCTON TPaHC(HY3MOHHBII aImapar.
OH COCTOSIA 113 CTEKASIHHO A€ TKY, CTEKASHHO
KOAODI, BMelllaBILel [eCThb YHLIM KPOBU, AAVHHOM
PEe3MHOBOI TPYOKM CO CTEKASTHHO BCTABKOV AAST
00OHapy>KeHMsI y3bIPbKOB BO3AYXa U cepeOpsiHOM
BHYTPUBEHHOI KaHIOAH (puc. 13).

MakAOHHEAA ObIA CTOPOHHMKOM MeTOoAQ Aedu-
OopuHupoBanus. OH yTBepXXAQA, YTO BCe Ba>KHbIE
9AEMEHTBI KPOBU (CBIBOPOTKA, COAY, SPUTPOLIUTBI)
npu aToM coxpanswrcs. [Ipusnasas, yro noreps
BpeMeHM Npu AePpUOPUHMPOBAHMY 3a4aCTYIO He-
OIIPaBAQHHA, B CAYYasX, TPEOYIOLIMX CPOYHOTO
nepeAMBaHMs KpoBU, MaKAOHHEAA NpeAAaTaA
MICIIOAb30BaTh aHTUKOAT yASIHTHBIN pacTBOp XMKca
(McLoughlin 1959).

B 1871 r. Aapdpep Xurruncon (1808-1884),
xupypr KO>xHoi 60ABHULIBI B AUBEPIIYA€, TIPEA-
CTaBMA OTYET O poBepAeHnM 13 remotpancdysuin
B nepuop ¢ 1848 r. 10 u3 saTux 13 cayuaeB O6biAu
aKYILIePCKMMMY, BKAIOYAs TsKeAble IOCA€POAOBBIE
KpOBOTEYEeHUsI, BBIKMABIII ¥ BHEMAaTOUYHYIO

Puc. 12. Anmmapar I. XplonTTa AASI IepeAVBaHMSA KPOBU
(McLoughlin 1959)

Fig. 12. Hewitt’s transfusion apparatus
(McLoughlin 1959)
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OepeMeHHOCTD. UeTBepo MallieHTOK BbIBAOPOBEAU
IIOCA€ ITepeAMBaHysl. XUITMHCOH, Kak ¥ baaHaeaa,
OTMeYaA OIIACHOCTb CBEPTBHIBAHUS KPOBU U IIO-
IaAQHMS BO3AYXA NP TIepeAVBaHMM. XUITVMHCOH
VI3BECTEH, IPEXAE BCET0, KaK 1300peTaTeAb KAU3-
MeHHoro uinpuua. Ha ocHoBe AQHHOTO IVAVMHADPY-
YeCKOTO pe3MHOBOrO IIIPULIA, COEAMHEHHOTO
C CUICTEMOV KAQIIAHOB, OH CKOHCTPYMPOBAA aIlla-
par AAs TpaHCdy3un. AnmapaT COCTOSIA U3 METaA-
AVYECKOI1 YallK/ AAsI cOOpa KPOBM, BMelljaBlIel
AO IIeCTU YHLMIT; BHEIIHEro Kopmyca, GyHKLO-
HUPOBABIIET0 KaK BOASIHAasI OaHs; 9AACTUYHOIO
Pe3MHOBOIO CTaKaHa eMKOCTBIO B OAHY YHLIMIO,
pU HEOOXOAUMOCTHU 3aKPBIBABIIETOCS TIPOOKOIT;

Puc. 13. Anmmmapat P. MakpOHHeAAQ AASI TIEpEAVIBAHUA
KpoBU. AB — CTeKAsSTHHasI IUIIEeTKa,
C — crekasiHHas K0AGa, D — pe3uHoBas TpyOKa,
F — crexasiHHas TpyOKa, E — cepeOpsiHas KaHIOAS
(McLoughlin 1959)

Fig. 13. McDonnell’s transfusion apparatus.
AB—the glass pipette, C—the glass bulb,
D—the rubber tube, F—the glass tube, E—the silver
cannula (McLoughlin 1959)

https://www.doi.org/10.33910/2687-1270-2022-3-3-286-307



https://www.doi.org/10.33910/2687-1270-2022-3-3-286-307

E. A. Hukumuna

pPe3MHOBOI TPYOKM, 3aKaHYMBAIOILENCSI METAA-
AVMYECKOV BHYTPUBEHHOU KaHIoAel (puc. 14).
[IlapoBble KAQMaHbI ObIAM PACIIOAOXKEHDI B BEPXHEM
M HUDKHEM OTBEPCTUSIX PE3UHOBOIO CTaKaHa,
3aKpbIBas BEpPXHEE OTBEPCTHE TPU HEOOXOAMMOCTH,
OAHAKO OCTaBASISI HUKHEE BCErAQ OTKPBITHIM.
OmnuceiBasi MOATOTOBKY K TpaHCysun, XUTTMHCOH
yKasbIBaA, UTO PUOOP ¥ TPYOKY HY>KHO IOTPY3UTh
B YMbBIBAAbHMK, HAaIIOAHCHHDBIV rOps4Yell BOAON,
OTKPBITb BUHT, 3alIOAHUTH BHEILIHUI KOPIIYC
U pe3VHOBYI0 TPYOKY 1 3aKpbITh MpoOKY. Koraa
KPOBb AOHOpa OblAa COOpaHa, KAHIOAIO BCTABASIAU
B BEHY PELIUITMEHTA, LIEHTPAABHBII CTAaKaH CKUMAaAK

Puc. 14. Anmapar A. XUITMHCOHA AAS TEPEAVBAHNSA

KpoBIU. A — yaIka AAsL cO6opa KpoBu,

B — BHemnui xopnyc, C — BuHT, D — mapoBoit

KAanaH, E — pe3uHoBbIi cTakad, H — mpo6xa,

F — orBepcTue cTakana, G — pe3uHoBas TpyOKa,
I — npo6ka, K — orBepcTue TpybKy,

L, M — kpenaenus npo6ox, O — BHyTpUBEeHHas

kaHioAs1 (McLoughlin 1959)

Fig. 14. Higginson’s transfusion apparatus.

A—a cup for collecting blood, B—an outer casing,
C—a screw, D—a ball valve, E—a rubber barrel,
H—a plug, F—an aperture, G—a rubber tube,
I—a plug, K—a tube opening, L, M—fastenings
of plugs, O—an intravenous cannula (McLoughlin 1959)
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OAVH VAU ABa pasa, 3aTeM Impubop paboTaa MmoA
AenictBueM cuabl Tshkect (McLoughlin 1959).

B 1884 r. Yuapsam YoATep, Xupypr 60AbHULIBI
CB. Mapuu AASI KEHIIVH U AeTell 1 MaHuecTepe
IIPEAAOXKMA TPaHCPY3MOHHBIN alllapaT Ha OCHOBE
MoAMUKALMM YCTPONCTB MaKkAOHHeAAQ U XUT-
rMHCOHa. Ero anmmapar coCTOsIA U3 CTEKASHHOM
TPYOKM, BMelIaBIIel YeTbIpe YHLUY KPOBY, COEAM-
HEHHOVI C pe3MHOBOII TPYOKOI1, Mo ¢popMe HaIo-
MMHaBIlIEeN 04eHb MaA€HbKUI INpUL, XUTTMHCOHA;
pe3nHOBast TPyOKa OKaHYMBAAACh BHYTPUBEHHO
kaHwoAen (puc. 15) (Walter 1884).

Moxenimc Xo6con ABeaunr (1828-1892), ocHo-
BaBmmii B 1870 r. B AoHAOHe BMecTe ¢ bapHcom
1 Yembepcom 60AbHMLYY UeACr AAST KEHIIVH, IbI-
TasCh U30eKaTb KOAryAsiiuy KpoBu, M300pea
IIPOCTOE YCTPOVICTBO AASI IPSIMOTO I€PEANBAHNS
KpoBU oT AoHOpa. OH HOCHA €ro ¢ CO0OM L[eAbIX
BOCEMb A€T, AO TeX IOP, TOKAa He ITOABEPHYACH
CAyYall AAS UCTIOAB30BaHuA. B 1872 1. c momomipro
9TOTO MPUCITOCOOAEHMST ABEAVHT TIEPEAUA OKOAO
250 MA KPOBMU )K€HIL[IHE C IOCA€POAOBBIM KPOBO-
TeuyeHleM, UCITIOAb30BaB B KAUeCTBE AOHOPa CeMell-
HOTO Ky4epa, IIOCAE YeTo Ta BEI3AOPOBeAd. YCTPOI-
CTBO COCTOSIAO U3 ABYX CEPEOPSHBIX KaHIOAD,
BCTaBASIEMBIX B BEHY AOHODA U PELIMIIVIEHTA, COEAV-
HEHHBIX PE3MHOBOI TPYOKOM CO CKMMaeMOou
IrpylIell IoCepeAVHEe AASl PeryAMpOBaHUS
TOKa KPOBU, CAY>KMBIIEN, II0 CAOBaM ABEAVHIAa,

Puc. 15. Anmmapat V. Yoarepa AAs TepeAnBaHNSA KPOBU
(Walter 1884)

Fig. 15. Walter’s transfusion apparatus (Walter 1884)
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BCIIOMOTaTeAbHBIM cepAlieM (puc. 16) (Aveling
1873). TTocae aToro cayvast ABeAMHr MoAUULN-
pOBaA CBOM armmapaT, AOOABUB CTOMOPHBIN KpaH
Ha KaXXAOM KOHLe TpyOku. Bcero ¢ momoipio
3TOTO aInmapaTa OH IIPOBEA CEMb FeMOTpaHCy3UIL.

Hemenxuii runekoaor dayaps Maptus B 1859T.
niepeArA AeprOpVHMPOBAHHYIO KPOBb NP IIOMOLIY

,..__.-

| "\“h’.i\.‘\\.\ | lﬁ

CTEKASHHOTO IINTPULIA, B OTAUYME OT METAAANYECKOTO
IITpULIA, UCIIOAB3YeMoro baanaearom (Maluf 1954).

HesaypsipHa MCTOpUS KOMMEPUYECKOro ycIiexa
YCTPOJMCTBA AASL IIPSIMOTO IIePEAVBAHUS KPOBU,
n3obpetreHHoro B 1864 r. mBeNIApCKUM BPauoM
Kosedpom-Antyanom Pycceaem (1837-1901)
(puc. 17). B pexabpe 1865 r. Pycceap ocyiecTBrA

Puc. 16. Armmapat Ax. X. ABeAMHra AASI IPSIMOTO TiepeAnBaHust Kposu (Aveling 1873)

Fig. 16. Aveling’s apparatus for direct blood transfusion (Aveling 1873)

Puc. 17. Anmapat AX.-A. Pycceast AAsl mepeArBaHuA KPOBU. 1 — XTYT, 2 — pyKa AOHOpPa, 3 — BeHa AOHOPA,
4 — BeHa peLUIIeHTa, 5 — pyKa peLUIMeHTa, 6 — COCYA C BOAOIL, 7 — KOAOKOA aCIUpaTopa, 8 — 3aropHbIN
KpaH, 9 — LIapuK AAS per'yAMpPOBaHMA YalKy, 10 — Hapy>KHBIN KOPITYC YallKy, 11 — BHYTPEeHHUIT LMAVMHAD
B yallike, 12 — AaHILIeT BHYTPU LMAMHAPA, 13 — BUHT, peryAupymouuit AauieT, 14 — Hacoc, 15 — Touka
oudypkauuy, 16 — KaHIOAS AASI BBIXOAQ BOABL, 17 — KaHIOAS, BCTaBA€HHas B pyKy nanuenTa (Roussel 1877)

Fig. 17. ].-A. Roussel’s apparatus for blood transfusion. 1—bandage for bleeding, 2—arm which supplies

the blood, 3—vein swollen for bleeding, 4—patient’s vein, 5—

arm which receives the blood, 6—vessel containing

water, 7—bell of the aspirator, 8—tap which shuts the water off, 9—round balloon to regulate the cupping-cup,
10—external envelope of the cupping-cup, 11—internal cylinder in the cupping-cup, 12—lancet inside
the cylinder, 13—screw which regulates the lancet, 14—balloon pump of the transfuser, 15—tap at the
bifurcation, 16—canula by which the water escapes, 17—canula inserted into the patient’s arm (Roussel 1877)
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C ero IIOMOLIBIO YCIIEIIHOE IepeArBaHNe KPOBU
YKEHILVIHE C TIOCAEPOAOBBIM KpOBOTe4YeHMeM. Brio-
CAEACTBUY OH COOOIIAA, YTO ICITOAB30BAA aIIIapar
npu 50 nepeauBaHusax (26 U3 KOTOPBIX IPUBEAU
K TIOAHOMY BbI3AOpOBA€eHMI0) (Roussel 1877).

B 1867 1. Pycceab nmpeacTaBuA anmnapart Ha Ila-
PYDKCKOJ MEXAYHapOAHOJ BBICTaBKe, OAHAKO OH
He MPUBAEK OOABLIOr0 BHUMaHUs. BoeHHble KaM-
naHuu B 1870 IT. XapaKkTepnu3oBaAlUCh CKOPOTeU-
HOCTBIO 00€BBIX CTOAKHOBEHUI I MHOTOYMCAEH-
HBIMU CMEPTSIMU OT KPOBOTEUEHMIT B pe3yAbTaTe
paHeHuit. PycceAb MoHsiA, 4TO HanboAee mepcreK-
TUBHOM 00AACTbBIO AASI MACCOBOTO IPYMEHEHUS €r0
n300peTeHMs SIBASIETCSI BOEHHAsl MEAULMHA.
B 1873 r. Ha BeHckoit BcemupHoit spmapke Pycceab
IIPEACTaBMA CBOJ alIapar Kak HOBOe yCTPOJCTBO,
HeOOXOAVMOE AASI BOEHHO-CAHUTAPHBIX LieAel
VI IIDOBEA €ro NepBble MyOANYHbIE AEMOHCTPALIVIN.
MexayHapOoAHasl MEAVLIVHCKAsl KOMUCCUS NIpU-
3HAAQ aIIapaT «MAEaAbHBIM YCTPOMCTBOM AAS
MPSIMOTO ITIepEAVBAHMS KPOBU» U PEKOMEHAOBaAA
€ro AAS MICIIOAb30BaHMSA B BOEHHOU XUPYPTUM.
B 1873-1876 rT. nusobperaTeAb akKTUBHO IacTpPO-
AVIPOBAA I10 €BPOIIEVICKMM I'OPOAAM, OPTaHU30BbI-
Basi MyOAMYHbBIE AEMOHCTPALIMK [TepEAUBAHNS
KPOBU U ITPOIAraHAUPYsi U300peTeHHOE UM YCTPOIL-
CTBO, B pe3yAbTare PycceAlo yAAAOCh OPraHM30BaTh

€ro nocTaBKy apmusiMm ABctpo-Beunrpuu (1874 1.),
Poccuu (1874 1.), Beabruu (1876 r.). @panuysckue
M HeMeLIKyie BAACTY He 3aKyIlaAu ammaparsl Pyc-
CeAsl HU AASL TPOKAQHCKMX OOABHUL], HU AAS
apMeVICKMX MEAULIMHCKIUX CAYXO (Sergeeva, Pano-
va 2021). OpHakKo HeT 0dULIMAABHBIX CBEAEHUIT 00
VICIIOAb30BaHMM anmapara Pycceas B BoeHHOM
MeAULVHe, 0cOOeHHO Ha rmoAe 60s (Berner 2020).
IlepeAnBaHMe KpOBY KaK CAOKHBIV XMPYPIUYeCKUI
METOA, TPeOOBABILNIT 0COOBIX YCAOBMIA, HE FapaH-
TUPOBAAO OAATONMPUSTHOIO UCXOAQ OT€paLIUM
1 He TIOAYYMAO IIVPOKOTO PYMEHEHN S B BOEHHOMI
MmeauiHe XIX Beka.

MeXXAY TeM HEKOTOPBIE VICCAEAOBATEAM BCe ellje
paTtoBaAu 3a TpaHcdysuu KpoBU >KMBOTHBIX. Tax,
@panu leseanyc, xupypr Kopoaesckoro o6biiectsa
Bpaueit BuapHo, B 1873 1. 1 Ockap Xacce, Bpay
n3 HopaxayseHna B [epmanuu, B 1874 1. onpomer-
YMBO BBICTYNMAU C OAOOpPEHVEM VICIIOAb30BAHU
oBeubel KpoBu AAS iepearBanust (Roux et al. 2007).
Te3eAmyc ObIA IPOTUB MCIOAB30BaHUA AebuOpU-
HMPOBAHHO KPOBH, ITOAAras, YTO 3TO AUIIAET
KPOBb KM3HEHHO Ba>KHBIX PYHKLMI. OH MpuAyMaA
OPUTI'MHAADBHBIN, HO OUEBYAHO TPaBMAaTUYHbIN all-
rapar AAS MOAYyYEHMs KallMAASIPHON KPOBY, MPO-
KaABIBaBIIMII KOXY AOHOpPa BO MHOI'MIX TOYKax
(puc. 18). KpoBb Kanasa B KOHTEHED, OKPY>KEHHBbII

Puc. 18. Anmmapar @. [eseanyca AAs mepeArBaHMSI KPOBU. A — METOAMKA TIOAYyYeHMS KallMAASPHOV KpOBU
OT AOHOPA; HACOC CO3AQET BAKYyM, MHOTOUVICAEHHBIE UTABI BBI3BIBAIOT MHOXXECTBEHHbBIE TIPOKOABL
B — caeBa K0Aba, coeAMHEHHAS C KAHIOAEI AASI BAMBAHMSI B BEHY PELIMIIMENTA; CIipaBa KoAba
C MIPUKPENAEHHBIMYU PE3MHOBBIMU HacocaMy 1 My Toii ¢ Ternaoit Boaoit (Maluf 1954)

Fig. 18. E. Gesellius’s apparatus for blood transfusion. A—technique for drawing capillary blood from a donor;
the pump creates vacuum and multiple spicules cause multiple bleeding points. B—figure on the left shows
a flask connected to a cannula in readiness for infusion into the vein of a recipient; figure on the right shows

a flask with rubber pumps and a jacket of warm water attached (Maluf 1954)
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MydTOI1 C TENAON BOAOIL, @ 3aTeM ee IlepeArBaAU
peuunueHTy Kak MOXHO OpicTpee (Maluf 1954).

Xacce omnucaa 15 nepeAuBaHuI OBeYbell KPOBU
yeaoBeKy (Berner 2020). TunmyHas peakiys BKAIO-
JaAa OABIIIKY, LIMaHO3, CUABHYIO OOAB B CIIMHE,
HeAOMOTaHMe, 0eCCO3HATEAbHOE COCTOSIHUE, CYAO-
pOTY, CMABHBIN 03HOO, PBOTY, AMapelo, KallleAb,
B HEKOTOPBIX CAyYasiX — CMepPTb. Xacce 0ObICHAA
CYAOPOI'M Ype3MEepHOM aKTHUBaLMel] ITaljieHTa CBe-
JKMMH COKaMU )XMBOTHOT'0, @ KPOBaBYIO MOUY — pa3-
pYlLIeH/EeM SPUTPOLIMTOB MaljMeHTa U BBICTYIIAA
3a MCIIOAB30BaHMe OBeYbell KPOBU IIPU «HEM3Ae-
yuMbIX O0Ae3HAX» (Maluf 1954).

IOmuab [Touduk (1844—1913), maToaoroaHaTom
u3 Pocroka (mo3xe paboraa B YHuBepcutere bpec-
Aay) 1 Aeonapp Aanpya (1837-1902), mpodeccop
¢usmororuu I'paitdcBaAbACKOrO YHUBEPCUTETA,
IIPeACTaBMAM OOIIVIPHBIE AQHHBIE O AT yOHBIX I10-
CAEACTBUSX NepeAVBaHUs KPOBY OPTaHU3MOB
pasHbix BUAOB. [ToHGUK TepeArBaA OBE€UbI0 KPOBb
cobakaMm, KOIKaM U KPOAMKAM, YTO IPU OOABLINX
A03aX IepeArBaeMOil KpOBYU IPUBOAUAO K rbeAn
>KUBOTHBIX. 28 Mast 1874 1. [ToHGUK C TOMOI[HUKOM
AokTopom bambeprom mpepctaBua Accoumanuu
0GaATMIICKMX Bpayell pe3yAbTaThl CBOMX MCCAEAO-
BaHMIL, TTOKa3bIBasl OMACHOCTb I€TEPOAOTMYHOTO
nepeanBaHus KpoBu (Roux et al. 2007). TTouduk
MepBbIM BBIACHUA, YTO KPOBaBas MO4Ya — Pe3yAb-
TaT He TeMaTypuy, a FeMOTAOOVHYPUY, UCTOYHYK
)Ke TeMOTAOOMHA B MOYe — 3PUTPOLIUTHI AOHOPA,
a He peLUIMeHTa.

BuedpeHue B MEOUYUHCKYI0 NPAKIMUKY

DTU MPUMEPBI HATASIAHO MAAIOCTPUPYIOT, YTO
upeu baaHaeara He ObIAM 6€30TOBOPOYHO IPU-
HSITBI MEAVLIMHCKUM COO0IIecTBOM. MHOTMe cun-
TaAU IPOLIEAYPY OIACHOI U, BO3MO>KHO, IOBAEKIIe]
cMepTh HeKoTopbIx manueHToB (Learoyd 2012).
HecMmoTps Ha oueBUAHBIE yCIIeX), IIepeArBaHNE
KPOBY BHEAPSAAOCH B MEAULIMHCKYIO TPAKTUKY AO-
BOABHO MeAAeHHO. B 1849 r. Hapabs [enpu @eankc
Poyt (1822-1909) paccMoTpea Bce OIyOANKOBaH-
Hble A0 11 aBrycra TOro ropa cAydau nepeAuBaHus
KPOBU B CTaTbe IIOA Ha3BaHMEM «3aMedaHUs,
CTATUCTUYECKIE U 001II1ie O TePEeAUBAHUY KPOBU».
EMy yAaAOCh OOHApY>KUTD TOABKO 48 3aperucTpu-
POBAHHBIX CAy4YaeB MEPEAMBaHUsI KPOBU (13 HUX
24 py TOCAEPOAOBOM KPOBOTEUYEHUM), 13 KOTOPBIX
18 uMeAUu AeTaAbHBIN UCXO0A. Takum ob6pasom,
CMEPTHOCTb COCTaBAsAQ MpUMepHO 1 u3 3, 4uro,
o caoBaM PoyTa, ObIAO CKOpee MeHbllle, YeM
Y TPBDXM, AU IIPMMEPHO TaK e, KaK IIpY aMITyTa-
yuu (Thompson, Strandenes 2020). B 1852 r. Askon
CoaeH cmor cobparb 36 cAydaeB MOCAEPOAOBOTO
KpOBOTEYEHMsI, IPM KOTOPBIX OBIAO POBEAEHO
nepeArBaHMe KpOBY, 29 13 HUX IPUBEAU K BbI3AO-
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poBAeHUIO MaLMeHTOK. [Ipy aToM OH obOpalaer
BHMMaHMe KaK Ha KOAMYECTBO IIepeAVBaeMOro
(ot 1 A0 24,5 yH1MII), TaK M HA €70 Ka4eCTBO (B He-
KOTOPBIX CAYYasIX CMEIIMBAAU KPOBb HECKOABKMX
AOHOPOB — OT ABYX AO ueTbIpex). COraacHo IoA-
cyeTaM AOKTOpa Yepumaasi, MOXKaAyil, CaMbIM
MOAHBIM, 13 630 cAyJaeB IepeArBaHMA KPOBYU NTPU
ITIOCAEPOAOBOM KPOBOTEUEHMM YMEPAO 111 poAnAb-
HULI, YTO COCTaBAsET OKOAO 1 13 5,5 (Soden 1852).
IToutu opHOBpeMeHHO ¢ paboramu IToHduka,
Aanpya B 1875 1. omybOAMKOBaA CBOIO MOHOTpaduio
«[TepeanBanue kpoBm». OH cMor cobpaTh CTATU-
CTUKY IO 478 cAy4asM IepeAuMBaHUI AO KOHLIA
1874 r. VI3 Hux 129 6bIAU BBITIOAHEHBI OT XKUBOT-
HOT'O K 4YEAOBEKY, 13 KOTOpbIX 42 malueHTa Bbl-
3A0pOBeAl; 62 — yMepAM, 10 25 OBIAM OINVCAHBI
COMHUTEAbHbIe pe3yAbTaThl. Taioke B 3TOM CIIMCKe
O6b1A0 347 TepeAVBaHMUII YEeAOBEKA YEAOBEKY:
150 mauueHTOB BBI3pAOPOBEAU, 180 — ymepan,
B 12 cAy4asix pe3yAbTaTbl ObIAVI COMHUTEABHBI, TPU —
HEV3BECTHBI, ABa MalLlMiEeHTa YMEPAU BO BpeMs
niepeanBanus Kposu (Maluf 1954). Hapab3 OreproH
AskeHHUHTC B 1883 . MpUBOAUT AaHHBIE O 243
CAyYasIX TePeAMBAHMI, U3 HUX 143 ObIAM yCIIel-
HeiMu (Jennings 1883).

OcAOXXKHeHMs IpU NTepeAVBaHUY KPOBU pas-
AVIYHBIE VICCAEAOBATEAU OOBSICHSIAU ITO-Pa3HOMY.
ITanym 1 AaHpya cuMTaAM, YTO MX IIPUYMHOI SIB-
ASIETCSI pa3pbIB KaMAASIPOB, [ToHPUK 00BICHSIA
OCAOXXHEH!S HepPaBHOMEPHOCTbIO BAMBAHMUA
kpoBu. B 1877 r. Apmun Keaep nmpoaua cser
Ha VMICTUHHYIO IIPUPOAY TAaKOBBIX OCAOKHEHUI],
MIPEAIIOAOXXUB, UTO PAa3ANYHBIE ITATOAOTMYECKME
VI3BMEHEHHUS C CONMYTCTBYIOUMMU CUMIITOMaMU
SIBASIIOTCSI pe3YABTAaTOM OOIIVMPHOTO KalMAASIPHO-
ro Tpombo3a (Hunter 1889).

AAst 6GoAee TOAPOOHOTO CCAEAOBAHUSI BOTIPO-
coB remoTpaHcdy3un B 1872 r. AOHAOHCKUM aKy-
HIEPCKUM OOIIEeCTBOM ObIA CO3AQH KOMUTET ITOA
npeacepareabcTBOM AjkoHa XoaAa AsBuca, aKky-
wepa 60AbHULIBI MMAACEKCA, TPOCYIIECTBOBABLINI
Ao 1878 1. IloueTHbIl1 cekpeTapb KoMuTeTa l'eHpu
Mbspax B 1874 1. cO06111A 00 OCHOBHBIX HallpaBAe-
HUSIX pabOThl KOMUTETA 1 OOPATUACS K UCCAEAO-
BaTeAsIM, MIMEBIIMM OIIBIT IIePEAVBAHMS, TPU3bIBASI
VX TIPEACTABUTH CBOM BbIBOABI (Madge 1874). OTot
KOMUTET AOAXKEH ObIA aHAAM3MPOBATH MHPOPMALIUIO
0 pasAMYHBIX acnekTax remorpaHceysum. [Ipu-
CKOPOHO, UTO €ro BBIBOABI, IIPEACTABASIOLIE
OTPOMHBII UICTOPUYECKUI UHTEPEC, 1I0-BUAUMOMY,
HUKOTAQ He IyOAMKOBAANCH.

MbaAX KpaTKO ONMCBhIBAET Pa3AMYHbIE ITOAXOADI
K OCYILIleCTBAEHUIO TpaHCHY3UHM, OTMeYas, YTO BO3-
MOXXHO IlepeAlBaHMe KaK 13 BeHbl B BeHY, TaK U3
apTepuM B BeHY. 3a4aCTYIO IIPEANIOAAraeTCsl, YTO
BHYTpUapTepMaAbHOE IIepeAVBaHYEe SIBASIETCS
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coBpeMeHHOI mpolepypoy. OaHako emje Kapa
Xrorep (1838—-1882), mpodeccop xupypruu B Ipaiidc-
BaAbAg, rae AaHaya 0biA mpodeccopom dpusnosoruy,
BBICTYIIAA 32 MHBEKLUMIO AepUOPUHMPOBAHHOM
KpOBU nepudepruecky B Ay4eBbIe AU 3aAHME
60AbILIEOEPLIOBBIE APTEPUY, UTO MTO3BOASIET BAU-
BaeMOJi KPOBU AOCTUIATh CepAlla MEAAEHHO
1 paBHOMepHO (Zimmerman, Howell 1932). Aanaya
COO0IMA 00 SKCIIEPUMEHTAABHBIX UCIIBITAHUSIIX
BHYTPUAPTEPMAABHOTO ME€PEAMBAHMS CoObaKam
B 1875 r. AMepukaHckuit xupypr Yuabsam Crioapt
Xoactep (1852—1922) mpuMeHsIA ero mpu mepe-
AvBaHuaAX B KoHue XIX Beka (Maluf 1954).

YromuHaHus o nepeauBanuy Kposu B XIX Beke
B HoBom Csete peaku. OnucaHbl cAydyay remo-
TpaHchy3un, NpoBeAeHHbIe A>KOpA’keM MaKkKAeA-
AaHoM B 1832 1. 1 Yuabsimom XaMMOHAOM B Hbio-
Mexkcuko B 1849 r. (Schmidt 1968). B 1854 r.
OBbIA OITYOAMKOBAH aHOHVMHBIN AOKAQA O Ilepe-
AVIBAHUMM KPOBHU, BbimoAHeHHOM B HoBoM OpAeane
(Learoyd 2012).

Ileperusarue kposu npu 3a001eBAHUIX

CoaeH TaKoKe 0TMeYaeT, YTO IlepeArBaHle Kpo-
BM MOXXET OBITb IPUMEHEHO IPU IOTEepPe KPOBU
13-32 Pa3AMYHBIX MPUYMH: KaK BCAEACTBME paH
Y oTlepalinit, YeMy AOKTOp POyT MpUBOAUT MHOTO-
YYCAEHHbIE NTPUMEDPBDI, TaK U MPYU 3a00AEBAHMSIX.
ITputuappom n Kaapkom omnucaH caydant nepe-
AVBaHMs 16 YHLUMIT KPOBY IIPU AUCIIETICUMU U He-
IpeKpaljamlleiics pBOTe, B pe3yAbTaTe Yero Ina-
LIVIeHT Yepe3 TPU Mecslja BbIBAOPOBeA. AOKTOp
PoyT nmpeamnoAaraa BO3MOKHOCTb IIPMMEHEHM S
remoTpaHcdysum mpu Tude u pnapee (Soden 1852).

VcnoAb3oBaHMe reMoTpaHcdysum mpu 3adoAeBa-
HISIX M OTPABAEHMSIX — ellle OAHO HallpaBA€HMe pa3-
BUTHA tepeAarBanmsi Kposu. Buaam Kiox (1837-1900)
n3 TamOypra nmpumMeHsiA rnepeAuBaHue KPOBU
co0aK npu oTpaBAeHMU yrapHbiM razom. Opaiipbepr
u3 KAuHuku Tpay6e 60apHuupbl llapute B Bepan-
He TepPEeAVA MALVEHTY, OTPABUBILIEMYCS YTapHBIM
razoM, BOCEMb YHLIMIT AeMOPUHMPOBAHHOM KPO-
BU. [TaLjieHTy CTaAO Ayullle, OAHAKO K Be4epy TOro
e AHsI OH yMep. AHaAOTMYHasl IOIBITKA CIACTH
13-AeTHero MaApuyKa IIOCAE OTPABAEHMS yTapHbIM
rasoM C IOMOIIbIO TIePEAVBAHMS [IECTU YHLIUI
KPOBU TaK)Xe He yBeHYaAach ycriexoM (Maluf 1954).

AeoHapp AaHAya IPOAEMOHCTPUPOBAA BMECTe
c Aapbeprom Ditaen6yprom (1840-1917), Hemer-
KUM MICUXUATPOM U papMaKoAOrom, 3PpPeKTUBHOCTD
IpVMeHEeHVs TIepeAVBaHMsI KPOBU y cO0aK, OTpaB-
AEHHBIX yTapHBIM Ia3oM, XAopodopmoMm, apupom,
CTpUXHUHOM, MOpduHOM U dpochopom. Bebep
u bAaasnyc npeAnpuHsIAY MOMBITKY NepeABaHMS
KPOBMU B CAyYae AeVIKeMUM, K CO>KaAeHMIo, Oe3ycrien-
Hyto (Maluf 1954).

Humeepamusuas pusuoroeus, 2022, m. 3, Ne 3

B 1840 r. onucaH nepsblil CAy4ail IpMMeHeHs
remoTpaHcdysuu npu remodpurnn. B cepeante
aBrycta B AoHpone Camioaa ApMcTpoHr AeliH
(1802-1892), mpenopaBaTeAab aHATOMUY U XUPYP-
Iy B MeAMLIMHCKOM IKOA€ OOABHUIIBI CB. AKOp-
AXa, orepupoBaA 11-AeTHero MaAbuMKa 0 MUMEHU
A>xoppx OUPMIUH AAS UICTIPAaBAEHMST KOCOTAQ3HUSL.
AeliH omMcaA cBOero nalyeHTa Kak CTPaAaroliero
«TeMOpparn4ecKuM AMaTe3oM» (T. €. paCCTPOVICTBOM
KpOBOTeYeHUs), ero onucanre OupmMuHa TOYHO
COOTBETCTBYET KAACCUYECKOI KapTHHE reMOGUANN.
[Tocae omnepary MaAbYMK OBIA OTIIPABAEH AOMOIA,
HO B TOT Xe Beuep /AeliHa BbI3BaAU K HEMY B CBSI31
C TOCAEOIIepallMOHHBIM KPOBOTEUYEHMEM 13 IAa3a.
C He3HaUMTEeABHBIMU IIepepbIBAMY KPOBOTEUEHME
MIPOAOAYXKAAOCH ellje TIATb HOuell U LIeCTb AHel,
HeCMOTPs Ha BCe IOIBITKM €ro OCTaHOBUTb.
CocTosiHMe MaAbuMKa ObIAO KpailHe TSDKEABIM,
OH ObIA ITpM cMepTHU. B aTuX 06cTOsITEABCTBAX A€iTH
pelIMACS Ha TTepeArBaHye KPOBU KaK eAVIHCTBEH-
HYI0 BO3MOJKHOCTb CrlaceHus KusHuU. [ [pexae uem
NPUCTYIUTb K IPOLIEAYPE, OH TOAPOOHO IMTPOKOH-
CYAbTUPOBAACs ¢ AXeiiMcom BaaHpearoMm.
Aast TpaHcdysuu AeiiH UCIIOAB30BaA MEAHBIN
IITTPUL, CHAOXKEHHBIN ABYXXOAOBBIM 3aIIOPHBIM
KPaHOM MEKAY BOPOHKOI AAsl cOOpa AOHOPCKOI
KPOBM U BEHO3HOV TPYOKOI. AASI 3aMeAA€HMs
Koaryasauuu AeiiH MepeAuA IMATb C TOAOBMHOM
YHLIMII KPOBU B YeTbIpe IIpyeMa, IpOMbIBas B Ilepe-
pBIBax anmnapar B Tenaoii Boae. [Tocae Tpancdysun
He OBIAO pPeLMAMBa KDOBOTEUEHM 13 I'Aa3a, 1 paHa
Ha pyKe 3a)KlAa NPUMEPHO 4Yepes3 AeCSITb AHEl.
Yepes Tpu HepeAM MaAbUMK OKOHYATEABHO I1O-
npaBuACia. A>KkopAXy PUpPMIHY HECOMHEHHO IIO-
Be3A0, HO (hakT ocTaeTcs GakToOM — LIeCTUAHEBHOE
KpPOBOTeUeHMe PEKPATUAOCh TOCAE OAHOKPATHO-
ro nepeayBaHusa Bcero 150 MA cBexell LIeABHOM
kposu (Farr 1981; Poon, Card 2019).

CraHoBA€eHMe BHYTPUBEHHOI Tepanuu

B XIX Bexe HapsIAY C OIIBITAMMU 110 TIEPEAVIBAHUIO
KPOBU MPOBOAMAM MICCAEAOBAHUS TI0 U3Y4YEHUIO
5¢$(deKTOB BHYTPUBEHHOTO BBEAEHNSI PA3AUYHBIX
JKMAKOCTEN U ra3oB. BpIAO AOCTaTOYHO pacrpo-
CTpaHEHO BBeAEHe COAEBBIX PACTBOPOB B KQUeCTBE
3ameHuTeAst kpou (Hajdu 2003).

VIHTepecHbI 3KCIIepUMEHTHI PPAHIY3CKOTrO
Bpaya IIpepa KO6epa Hucrena (1771-1818)
TI0 BBEAEHUIO PA3AMYHBIX [a30B B COCYABL BBeaeHme
60ABIINX 00BEMOB aTMOC(EPHOTrO BO3AYXA HEU3-
MEHHO IPUBOAMAO K I'O€AM )XMBOTHOTO, BbI3bIBAS
KpaliHee pacTsDKeHMe IIPaBOro XXeAyAOuKa. Beeae-
HUE Xe HeOOABIIOro 00'beMa aTMOCHEPHOTO BO3-
AyXa B COHHYIO apTepUIO He BBI3bIBAAO HMKAKOTO
sbdexra. Kucaopop, BBeAEHHBIT B OOABIINX

303



Hepe/luBaHue KpOBU: CIAHOBAEHUE

o0beMax B BeHbI, IPUBOAUA K TMOEAY )XUBOTHOTO,
MaAble ITOPLMK He BbI3bIBAAU 3HAYMMBIX ITOCAEA-
cTBUIL. BBepeHue a30Ta, Aa>Ke B HEOOABILIX KOAU-
yeCcTBaX, HEM3MEHHO IIPUBOAMAO K CMEPTH, apTe-
pUaAbHasi KPOBb B TaKMX CAyvasX puobpetasa
KOpMYHeBBIi 1jBeT. OKCUA a30Ta OBICTPO aACOpOM-
POBAACSI KPOBBIO, €T0 BBEAEHME He BAEKAO 32 CO00I
HUKaKMX 3(pdeKToB. YTOABHAsI KMCAOTA TaKXKe
abcopOMpoBaAach KpOBBIO, BBEAEHNE ee HEOOABLINX
00'P€MOB >KMBOTHbIE MIEPEHOCHUAU AETKO, @ BOT
OOAbBILIVIE AO3BI BBI3BIBAAU OOAU U B KOHEYHOM
uTore CMepTh. BBeAeH1e B COHHbIE apTEPUN YTAE-
BOAOPOAOB BbI3bIBAAO ITPAKTUYECKN HEMEAAEHHYIO
CMepTb, UH'bEKLIVSI MAABIX AO3 BOAOPOAA U CEPHU-
CTOTO BOAOPOAA TaK)Ke NMPUBOAMAQ K TMOEAN.
HucreH Ha OCHOBaHMM MHOTOYMCAEHHBIX KCIIe-
PUMEHTOB IIPUIIEA K BBIBOAY, YTO YaCTh BBOAMMO-
rO ra3a BBIBOAUTCS A€TKVMMMU BO BpeMs BbIAOXA,
00ABIIIas )Ke YaCTh OCTAETCS B COCYAUCTOI CUCTe-
Me (Blundell 1828).

OpaHcya MakaHAM [TOAAraa, YTO UHBEKLUS
B BEHBI SIBASIETCSI AYYIIMM CPEACTBOM BBEAEHUS
pacTBopa. B ero skcreprumenTax Ha cobakax 6b1A0
M0Ka3aHO, YTO MOPQUH, OIINYM, KPOTOHOBOE Mac-
AO VI CUHMABHAsI KMCAOTA BbI3bIBAAU Te Ke apdek-
ThI IIPY UH'BEKLUY, YTO U MPU IPOTAATHIBAHUM.
MaskaHAM TPOOOBAA BBOAUTD IIOCAE KPOBOTEUEHNS
YyTb TEIAYIO BOAY, OAHAKO 3TO IPUBOAVAO K CYAO-
poram u rubeau cob6ak (Blundell 1828). ITepcu
1 AopaH yTBEP>XAAAY, UTO BBIAEUMAY CTOAOHSK
IyTeM MHBbEKLVY HACBIILIEHHOTO OTBapa AypMaHa.
B sxcniepuMeHTax [acrapa MHbeKLMA COACN PTYTU
B BEHbI IPUBOAMAA K TO€AH, HO He Cpasy, CMepTh
HacTymnaaa Ha GOHE CUMIITOMOB TSDKEAOIT THEBMO-
Huu. [Ipy 5TOM He HAOAIOAQAOCH PA3AMIMIT MEXKAY
MAOTOSIAHBIMU U TPABOSIAHBIMY KMBOTHbIMMU. BBe-
A€HV€ HaCBII[EHHOTO 0TBapa KOPbI Ay0a BbI3bIBAAO
CUABHYIO OABILIKY 11 CMEPTbh, €CAM >K€ OTBAp ObIA
cAaOBIM, OH MOYTU He MPOU3BOAVA AEVICTBUSL.
VIHbeKys CeMEHHO )KUAKOCTY YeAOBEKA TPUBO-
AVIAQ K Avicharuy, AUCITHO3, PBOTE, CAIOHO- U MO-
4eOTAEAEHVIO, OAHAKO, )XBOTHBIE B UTOT€E BBI3AO-
posean. [TpakTuuecku te ke a¢hdeKThl HAOAIAAAUCD
NPU MHBEKLUY )KEAYN TPABOSIAHBIM >KMBOTHBIM;
OAHAaKO, AASI TIAOTOSIAHBIX €e BBeAeHIe OObIYHO
npuBOAMAO K cmepTu. Kpome Toro, Tacnap skc-
MEePUMEHTUPOBAA C BBEAEHMEM aljeTaTra CBUHLA
(13 rpaHyA yOuBaAu co6aKy HEMEAAEHHO), OTBapa
CHOpPBIHBY (TIOATOPBI YHLMM BBI3BIBAAU TIOTEPIO
afIeTuTa, pBOTY, AUCIIHO3 U CMEPTH Yepes3 CYTKU
MMOCA€ MHBEKINN), MOAOKA U chiBOpOTKU (Ancell
1840). Mnpexiysi 60AbLIEN YACTY BBIILIEYITOMSIHY-
TBIX BEIIECTB B HEOOABIIINE apTEPUN TIPUBOAYNAR
K BOCITAaAEHMIO.

VI Tyt He 0601IAOCH 6€3 BBITYCKHUKOB DAUH-
6yprckoro yHuBepcuteta. )KeHeBckuit Bpay JKaH-
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Opancya Konnps (1774—-1834), OKOHUMBIINI
B 1797 1. QAMH6yprc1<M17[ YHUBEPCUTET, II0KA3AA,
4YTO BBEAEHME KPEIIKOTO AAKOTOASI B BEHbI COOaKaM
MIPUBOAVAO K UX TMOEAUM, UHBEKIIUN )Ke pa3DaBAEeH-
HOTO CIUPTA BbI3bIBaAU MHTOKCHUKaluio (Blundell
1828). Aoxtop CumIicoH u3 AMHOYpra mbITaACs
aAaNTMPOBATh IIPOBEAEHHbBIE UM I€PEAVBAHUS
COAEBOTO pacTBOpa IIPYU XOAEpe AASI CAyYaeB Ma-
TOYHOT'O KPOBOTEYEHNSI, OAHAKO TP ITOAOOHBIX
TpaHcdy3uM HOBAEKAM 32 COOOV TMOEAD MALIMIEHTOK
(Soden 1852).

Bo Bropoin noaoBuHe XIX Bexa B CeBepHol
AMepuKe IPOBOAVAY 9KCIIEPVIMEHTHI IO ITEPEAU-
BaHUIO KOPOBBETO U KO3bEr0 MOAOKA B KayecTBe
3aMEeHUTeAs] KpOBU. BHyTpuBeHHas1 MHbEKU S
MOAOKA YEAOBEKY BIIepBble ObIAA TIPEATIPUHSITA
Asxeitmcom BoBearom (1817-1880) u Dayapaom
Maabeppu Xoaaepom (1810-1878) B ToponTo,
Kanapa, Bo BpeMsi anuaeMum XoAepol B uioae 1854 1.
OHu nepeanan 12 yH1ui KopoBbero MoAaoka 40-aet-
HEMY MY’KUMHE, a Yepe3 ABa AHSI ellje OAHOMY I1a-
LIeHTY, 00a Be13AOpoBeAn. Ho ABoe Apyrux pewu-
IIMEHTOB IocAe TpaHcdysun ymepau. B 1873 r.
B Hbro-Vopke Axozed X0y mepeAna MOATOPBI
YHLIMU KO3bEr0 MOAOKa 00ABHOMY TYOEpKyA€30M,
KOTOPBIVI CKOHYAACSI. AHAAOTMYHOE BAVBaHUeE
MOAOKA APYTOMY ITALIEHTY C TYOEPKYA€30M TaKKe
puBeAO K cMepTu. HanboAb1nM npuBepKeHLieM
MOAOYHBIX UHbeKLUiT 6bIA poKTOp T. I. Tomac
u3 Hoto-Vopka. B 1875 I. OH epeAnA mecTb YHLMit
KOPOBBETO MOAOKA >KEHIIMHE C TSHDKEABIM MaTOYHBIM
KPOBOTEeUYEeHMEM, IMallMeHTKa BBI3AOPOBeEAA.
B Teyenue Tpex aetr Tomac mpoBeA mopA0OHbBIE
nepeAMBaHus ceMu mauyeHTaM. Ero mopaepsxua-
an Ax. Tpyt u Ax. BpunTon us Hewo-Vopka,
A. XamAuH u3 wrata Mah, Ax. bpucon ns CeHr-
Ayuca. OpHako dpanuysckue pusnororu Pobepr
Myrapa-Maptus (1850-1926) u lllapab Pobept
Puie (1850-1935) B 1879 1., kak u Y. T. [eapmyT
B CIIIA mpuiiAM K BBIBOAY, YTO TaKue MHbEKLUN
06€eCII0Ae3HbI U OITACHBI U AOAYKHBI ObITH A0COAIOT-
Ho 3arnpeiieHsl. B 1880 r. Xoy nmocae 6e3ycrnentHoi
MOTIBITKY TIepEeAVIBAHNISI J)KEHCKOT'O MOAOKA 3aKAI0-
YMA, YTO OHO TaK >K€ HEIIPUTOAHO AASL TPAaHCPyY3uH,
KaK KOPOBbE MAM KO3b€, ¥ COTAACUACS, UTO 3Ta
IPOLieAYPA OIIACHA U HU B KOEM CAy4ae He 00AaAa-
€T LIEHHOCTBIO NepeArBaHys KpoBU. OKOHYATEAD-
HBIVl OTKa3 OT IepeAVBaHMs MOAOKA HACTYIIMA
C IOSIBA€HMEM U30TOHNYECKX COAEBBIX PACTBOPOB
AAsI BHyTpuBeHHOro BBepaeHust (Oberman 1969).

WV cHoBa npuxoAAT Ha maMATb onbIThl Kpucro-
¢bepa PeHa 1o BHYTpUBEHHBIM BBEAEHMSIM COOaKaM
Pa3sAMYHBIX PACTBOPOB, OAYUYMBLINE IPOAOAXKEHYE
ciycTs cTo AeT. Takum 06pa3om, mapaAA€AbHO
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CO CTAHOBAEHMEM IlepeAMBaHMA KPOBU IIPOUCXO-
AVIAO ¥ Pa3BUTHME BHYTPUBEHHOI Tepanuim.

3akAuenne

AeBATHaALIATBIN BEK O3HAMEHOBAACS Cylije-
CTBEHHBIMU AOCTVKEHUSIMU B 00AACTU TTEpEAUBa-
Hus KpoBU. OCYI[eCTBAEHO 1 BBEAEHO B MEAMIIVIH-
CKYIO IIPAaKTVKY IIEPEAVBaHYE KPOBU OT YEAOBEKA

YY)KEPOAHBIX OEAKOB (aHTUTE€HOB) IPOUCXOAUT
00pasoBaHIe 3aIUTHBIX BEMECTB (AHTUTEA) C TIO-
cAeayIoLeit puUKcalen 1 CKAeMBaHNEM aHTUTE€HOB.
Beabruiicknit 6akTepmoaor aaypeatr Hobeaesckoit
npemuu YKroab JKan Batuct Bercan Bopae (1870-1961)
3aMeTHA, YTO UHbEKLUS 3PUTPOLIUTOB )XUBOTHOTO
APYTOro BMAQ BBI3bIBA€T 0Opa3oBaHMe aHTUTEA
B CBIBOPOTKe 1 reMoAu3 sputpouutos (Hajdu 2003).
OKa3aA0Ch, UTO CKAeMBaHMe (arTAIOTUHALIVS) SPU-

K YEAOBEKY; AOKa3aHa OITaCHOCTb FeTEPOAOTMYHO-
IO NepeAMBaHMA KPOBY, BBISIBAEH AU3VC 3PUTPO-
LIUTOB AOHOPA IIPY TOAOOHBIX FeMOTPaHCPY3UIX;
TI0Ka3aHO BBICBOOO>KAEHNE KaAVIS U3 AVIBPOBAHHBIX
3PUTPOLMTOB U ONIACHOCTDb I'MIIepKaAVieMUl; Ilepe-
AVIBaHME KPOBM >KMBOTHBIX AIOASIM IIPEeKpalleHo;
OIMCaHBI Y OXapPaKTEPU30BAHBI T€eMOTAOOMHEMMS
Yl TeMOTAOOVHYPUS; IPU3HAHA BaKHOCTD KaAbLIVS;
paspaboTaHbI TOAXOABI K TPEAOTBPALIEHNIO CBep-
TBIBAaH!UsI KPOBHU, B TOM 4MCA€ ITIOAOTPEBaHUe, Ae-
¢buOpuHMpOBaHMEe U VICIIOAb30BaHVe aHTHKOAry-
ASIHTOB; YCOBEPILIEHCTBOBAHbI METOANYECKNIE
IpHYeMbl U TIpMMeHsieMble IpU TpaHCPy3UIX MH-
CTPYMEHTBI 1 YCTPOIICTBA. B 3TOT meprmop yxe 66140
IIVIPOKO PaCIpOCTPaHEHO yueHre 00 UMMYHUTETE,
COTAACHO KOTOPOMY IIpY IIONAAQHUM B OPraHMU3M

TPOLIUTOB NEPEAUTON KPOBU U €CTb OAHO U3 IIPO-
SABACHUI MMMYHUTETA — 3alAThl OPraHK3Ma OT
IMPOHMKHOBEHNS Yy>KepOAHBbIX OeAakoB. Hayka
BIIAOTHYIO TIOAOIIAQ K BBISICHEHMIO IIPUYMH HECO-
BMECTUMMOCTY Y€AOBEYECKOM KPOBML.
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Cratbs IpeaCTaBAsieT OO0 TeOpeTUUECKUIT 0630p COBPEMEHHBIX B3TASIAOB Ha MPOLIECC PETyASLIUU
BUCLIEPAABHBIX QYHKLUI YeAOBEKa B YCAOBUAX (GOPMUPYIOLIETOCS SMOLMOHAABHOTO HANPSDKEHNS U
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Abstract. An interest in the regulation of human autonomic functions in various functional states has been
abiding. This is due to the important role they have in ensuring proper body functioning and effective
performance (inter alia, in a professional setting) under different conditions. The article contains a review
of modern theories of the regulation of autonomic functions under the emerging emotional stress. Visceral
reactions in response to external factors can be viewed as a major indicator of temporary changes in mental
and psychomotor processes as well as systemic characteristics of changes in the functional state. The analytical
review identified and evaluated the criteria of psychophysiological reactions under the emotional stress.
They reflect the optimization of the interaction of functional systems. Optimization and interpretation
of psychophysiological reactions under the emotional stress is done from the perspective of the resource
theory. The theory focuses on the nature of resources and body reserves and their consumption. The resource
theory is deemed a useful tool for psychophysiologists as it explains how human autonomic functions are
regulated during various functional states.

Keywords: emotional stress, self-regulation, autonomic regulation, resource theory, resources, functional

state

TTpo6AeMOT ICUXUYECKUX COCTOSTHUI YeAOBe-
Ka 3aHMMAIOTCS y)Ke AOCTaToYHO AaBHO (Boapos
2006; Maxkaakos 2001; Msacuies 1996). 3a sTo
BpeMsI BBIAEAVAVICH HECKOABKO KAIOUEBBIX IIO3ULUA
B OTHOLIEHM! KOHLIETILINY TCUXNUYEeCKOTO COCTOSIHYS,
a TakoKe psiaa PyHAAMeEHTAABHBIX TOHATUI, CPEAU
KOTOPBIX: GYHKIIMIOHAABHOE COCTOSIHYE, SMOLIIO-
HAAbHOE HaIpsDKeHUe, PeryAsaLus GyHKLMOHAAD-
HBIX CUCTEM U T. A.

OAHOJ 113 COBPEMEHHBIX U MPaKTUKO-OpUeH-
TUPOBAHHBIX MMO3ULIUI B 0OBSCHEHUN MTPOL[ECCOB
OTNITUMU3ALUN TICUXODUUOAOTUYECKUX PEAKIINIA
B YCAOBUSIX BO3AENCTBMSI BHEIIHUX (PaKTOpOB
MOJKET OBbITh IIPMIMEHEHMe TOAOKEHUIT PeCYyPCHOM
Teopun, CHOPMYAUPOBAHHBIX IIPEACTABUTEASIMU
HayYHBIX IIKOA IICUXOAOTUY U PUBUOAOTUY TPYAQ.

B cB#I31 € aKTyaABHOCTBIO TPOOAEMBI, CBSI3aH-
HOII C BAUSIHVIEM 9MOLIMIOHAABHOT'O HaIPsDKEHUS
Ha 5GPEKTUBHOCTD AESITEABHOCTHU CIIELMAAUCTOB

Humeepamusuas pusuoroeus, 2022, m. 3, Ne 3

pasHbIX chep, B TOM YKCA€E ONepaToOpoOB, npodec-
CMIOHAABHBIX CIIOPTCMEHOB, cOTpyAHUKOB MYC,
BOEHHOCAY)KAll[IX, aBTOPOM AQHHOI CTaTbU BbI-
IIOAHEHO AMICCEPTALMOHHOE nccAepoBaHme (CuBa-
4yeHKO 2022) C 11eAbI0 BbISIBACHUS U MHTEPIIPETALUN
0COOEHHOCTEN AMHAMUKY IICUXO(U3MOAOTNYECKIX
XapaKTepUCTUK B YCAOBUSIX SMOLMIOHAABHOIO Ha-
NpsDKeHUs,, 00yCAOBAEHHOTO KOTHUTVMBHON Ha-
I'PY3KOIL.

AaHHas CTaTbs ABASETCSA U3AOKEHUEM TIPEA-
CTaBAEHHDBIX B YKa3aHHOM AVCCEPTALMIOHHOM MC-
CA€AOBAHUM CBEAEHUII O 3HAUYeHUU peCypCHOM
Teopuu B MHTepIpeTaunu Gpu3noAOruyecKux pe-
aKLUI B YCAOBUSIX SMOLMIOHAABHOTO HANIPsDKEHUSL.

OMOLMOHAAbHOE HANIPsDKEHNe U er0 OTPakeHue
Ha YPOBHE PeryAsiM BUCLEPAABHBIX QYHKIMI

IlonsATNE «5MOLIMOHAABHOE HAIIPsDKEHUE»
UICIIOAB3YeTCsI B MIEPBYI0 oyepeAb B GM3MOAOTUU
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TPYAQ KaK COCTOsIHME MOOMAM3aLuu GU3MOAOTH-
yeckuX (PYHKUMI OopraHu3Ma, BO3HUKaIOIlee
B YCAOBMSIX PeLleHNs TPYAHOM 3aAa4M AU B OIac-
HOI cuTyauuy. HanpspkeHre — coCTOsIHME CHCTe-
MBI, XapaKTepu3yolljeecsl HapyLIeHeM paBHOBECH L.
BriocaeACTBUM TOHSATHE «9MOLIIOHAABHOE HATIPSI-
JKEHIEe» CTAAO MCIIOAB30BAaTbhCs B pu3MoAOrun
VM TICIXOAOT VM TPYAQ KaK CMHOHMM IIOHSITVISI HEPBHO-
ncuxmieckoe HanpspkeHue (Asxkebpanaosa 2005;
Kprouxosa 2007; ITpokomneHko, Yeprjosa 2016).

DMOLMOHAABHOE HallpsDKeHMe Kak popma ICK-
XMYECKOT'O COCTOSIHVS POPMUPYETCS B pe3yAbTaTe
BBITIOAHEHHSI YeAOBEKOM CAOXHOI 3apauu. OHO
IIPEACTaBASIET CO00T HeCTTeLIPUYECKYIO PEAKLINIO
MoOMAM3aLMM OPTaHK3Ma Y AUMHOCTU B OTBET
Ha IIpeADbSIBAsSIEMbIE YCAOBUSI CAOSKHON CUTYaLUN.
DMOLMIOHAABHOE HAaIPsDKEHVE 3aBYICUT OT CAEAY-
Io1MX PaKTOPOB: XapaKTepa YCAOBUIL; CTENEHU
BOCIIPUMMYMBOCTY K HUM KOHKPETHOI'O YEAOBEKa;
VIHAVIBUAYAABHBIX OCOOEHHOCTEN COOCTBEHHOTO
OTPa)KEHMS CUTYaLUM YeAOBEKOM U PeryAsLuu
dbopmbr moBepeHust (boapos, Opaos 1998).

B AeTeAbHOCTM YeAOBEKa OCHOBHO€E BHUMaHMeE
IpUBAEKAET POOAEMa BO3AEIICTBYSI 3HAUUTEABHBIX
Harpy3okK Ha (QyHKLIMOHAAbHYI0 aKTUBHOCTH
Yl UTOTOBYIO Pe3YABTAaTUBHOCTD paboTel (PKypaBaes
2009; KysnewoBa 2009). CocTosiHME SMOLIMIOHAAD-
HOTO HAaIIpsDKeHMsI BO3HUKAEeT BCAEACTBIE ITIOMEX
AASL OCYIIIECTBASIEMOV A€SITEAPHOCTH, IIPMBOAUT
K IIOSIBAEHUIO OLIIMOOK, OTKa30B 1 T. A. HanboAb1ee
KOAMYECTBO aBapMIHBIX CUTYALUIl BO3HUKAET
B IIEPMOA PA3BUTHS HETTOCPEACTBEHHON peaKLn
Ha IpeAbsiBAsieMble Harpy3ku. Ha mepBom artame
peakuyy pa3BuBawlieecs: SMOLMOHAABHOE HaIpsi-
JKEHVEe UT'PAET POAb A€30praHN3aTOPA IIOBEAEH,
0CO0OEHHO B CAy4Yae HECOOTBETCTBIS SMOLIMI LIEASIM
1 3apa49aM AeATeAbHOCTU. [[poucxoauT HapyleHne
Ipoliecca OLeHK U GOPMUPOBAHMS AESTEABHOCTH,
BbIOOpA ONTMMAABHOIL €€ CTPAaTEerni.

Ousnoaornyeckyie MposIBAEHNS SMOLMOHAAD-
HOTO HaIlpsDKEeHMsI 3aTParuBaloT MOUTH BCe CHCTe-
MBI OPTraHOB YEAOBEKA, B TOM 4MCAE CEPAEYHO-
COCYAVICTYIO, ABIXaTE€ABHYIO U MUIeBAPUTEABHYIO
(IJep6atpix 2006). Bce 00beKTUBHBIE TPOLIECCHI
HAXOAAT OTPa’KeHME B CyOBEKTUBHBIX, BHYTPEHHUX
MIEPEKMBAHNSIX YEAOBEKA, VICTIBITBIBAOLIETO ITPEAD-
sIBAsIeMble HarpysKku. YeAoBeK, HAXOASICh B COCTO-
SIHUM SMOL[VIOHAABHOT'O HANPsDKEHUS, MOXKeT UC-
IBITBIBATh PAa3AMYHbIE IPOSIBAEHMSI AICKOM$OpTa
B TEA€, B TOM UMCA€: 3aTPYAHEHME ABIXaHUSI, CKO-
BAHHOCTD B MBILIIIAX, HEIIPUSATHBIE BUCLEPAABHBIE
OILIYIIEHNMS U AaXKe OOAUM pa3AMYHOI CTeleHu
n Aokaauzanuy. CoraacHo pe3yAbTaTaM Hay4YHBIX
nccaepoBanmit (byarakosa 2010; ITapun 2001;
Cemenona 2016; ll]ep6aTeix 2006) sMoOLMOHAABHOE
HaIlpsDKeHMe U, KaK CAEACTBMeE, BO30Y)KAeHMe
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HEPBHBIX LIEHTPOB, 00eCIeuNBalOLIMX BUCLIEPAABHbIE
bYHKLIMY, SIBASIETCS] 3BEHOM [TATOT€HETUYECKOI LIETH,
B KOTOPOM aKTMBM3aLVsI HEIPOT'YMOPAAbHOM CUCTe-
MBI PETYASILIMM MOXXET NPUBECTU K CTPYKTYPHBIM
VI3BMEHEHMSIM B OpraHax M TKaHIX. DTU U3MEHEHs],
B CBOIO OY€PEAD, OKa3bIBAIOT BAMSIHYE Ha IICHX03MO-
LIIOHAABHYIO Cepy YeAOBeKa U OTIOCPEAYIOT AVIC-
6aAaHC B paboTe Pr3MOAOTMUECKIX Y OMOXUMUYECKIX
CHCTEM, YTO MOYKET IIPUBOAUTB K ITOBBIIIEHVIO YTOM-
ASIEMOCTH, YXYALIEHIIO Ka4eCTBa )KU3HU U 3A0POBbSI,
M3MeHEeHMIO Macchl TeAa 1 Ap. (Byarakosa 2010).
Caab0BbIpa)KeHHOE SMOLIMIOHAABHOE HATIPsIKe-
Hye KPaTKOCPOYHO U poTeKaeT beccaepAHo. CHAb-
HO€ U TIPOAOAKUTEABHOE HAIPSI)KEHNE MOXKET
BBI3BAaTb AOCTaTOYHO AAUTEAbHbIE HeOAAromnpu-
saTHble ocaeAcTBUs (PKypasaes 2009). Dmonmo-
HaAbHOE HaTIpsDKeHVE OTIPEAEASIETCS KAK HOPMaAb-
Hasl apanTalMoHHasl peakuus yearoBeka. OHO
MO3BOASIET MOOMAM30BaTh PU3MOAOTUYECKYE
bYHKLMM YeAOBeKa AAST AOCTVKEHMSI AYYIIErO
pesyabraTa paesiteAbHOCTH (AskeOpamaoBa 2005).
[Tpu 5TOM CMABHOE AU TIPOAOAYKUTEABHOE SMO-
LIIOHAABHOE HATIPSDKEHME MOKET CIIOCOOCTBOBATh
Aesopranusaiuu pesateabHoctu (Hemunn 1983;
Izard 1983) u dpopmMupoBaTh MPEATOCHIAKM K Ha-
PYILIEHMIO MEXaHM3MOB CAaMOPETYASILIY Hanboaee
CAa0BIX QYHKIIMOHAABHBIX CUCTEM, TEPSIS AAQITHB-
HYIO POABb U CTAQHOBSICh IIPUYMHON IaTOreHesa
HEKOTOPBIX IICKXOCOMATUYECKMX 3a00A€BaHUIA.

NudopMaTUBHOCTH NCUXOPUZUOAOTUYECKUX
noKa3aTeAeil NPy OLeHKe MeXaHN3MOB
peryasuun Gu3noAOrnuecKnX QyHKImim

CoraacHo cBepeHusam H. V. Haenxko (1976)
u T. A. Hemuuna (1983), cocTosiH1e HanpsKeHUs,
pasBuBaloleecss B YCAOBUSX Aeduuinra BpeMeHU
1 MHGOPMALUY TIPU TIPEABSBAECHUN TOBBIIIEHHBIX
TpebOBaHMIT K KAUeCTBY U 00'beMY pe3yAbTaTOB
A€SITEABHOCTU, XapaKTepu3yeTCsl TpeMsI yPOBHSIMMU:
cAaboe, yMepeHHOe (KAacCuuecKoe HalpspKeHUe)
¥ BBIpa)KeHHOe (CKopee HanpsDKeHHOCTh). Caabas
¢dbopma HampsHKeHMsI OTIPEAEASIETCST YCAOBHO, TaK
KakK, B CYIJHOCTY, B 3TOM CAy4ae IIPMU3HaKY HaIlpsi-
JKeHUs1 AMOO He HAOAIOAQIOTCSI, AUOO UX TIPOSIBAE-
HUSI HACTOABKO HE3HAYMMBbl, YTO PECIIOHAEHTbI
He CKAOHHBI CYMTATh CBOE COCTOSIHME HAIpsDKe-
HueM. B pe3yabrare, pu MCCAEAOBAHNN COMATH-
YeCKMX CUCTEM U IICUXIYECKON CHephl UCITBITYEMBIX
XapaKTEPUCTUKU UX COCTOSHUS HE OTAUYAIOTCS
OT ITOBCEAHEBHbIX. XapaKTepUCTUKU BTOPOM CTe-
MEeHU HATIPsDKeHMs 60Aee 0TYeTAUBBL. OTMEYaoT-
Csl MOOMAM3AMST TICUXUYECKON AEATEABHOCTH,
MOBBIIIeHVe PU3UUECKOI AKTUBHOCTH, TIOSIBASIET-
cs oliylieHye 001ero noAbeMa MOPaAbHO-TICUXH -
YeCKMX, AYIIEBHBIX U ¢pusnyeckux cua. ITpu aTom

https://www.doi.org/10.33910/2687-1270-2022-3-3-308-317



https://www.doi.org/10.33910/2687-1270-2022-3-3-308-317

. B. Cusauenxo, O. A. ArbawuHa

B MICUXUYECKON AESITEABHOCTU MOXXET BO3PaCTaTh
9(bPeKTUBHOCTb OCHOBHBIX ITPOLIECCOB BHUMAHMS,
HAaOAIOAATBCST UBMEHEHUSI B AMHAMUKE HEPBHbIX
MPOLIECCOB, KOTOPBIE B LIEAOM MOKHO PacClLieH/BaTh
Kak ycuaenue (Harapos, Hemunn 1988).

B CAOXXHOV MAM 3KCTPEMAAbHOM CUTYaLIUU
dbopMupoBaHie SMOLVOHAAPHOTO HAMPSI)KEHUS
COTMPOBOXKAQETCS M3MEeHEHVSIMU PU3NOAOTMIECKUX
IOKasaTeAel, KOTOpble OTPAXXAIT MEePeCTPONKY
B3alIMOAENCTBUSI QYHKLIMOHAABHBIX CUCTEM.
V3ameHeHMsI TPOSIBASIIOTCS B BUCL[EPAABHBIX Peak-
LIMSIX, @ UMEHHO: B YBEAUYEHIY YaCTOTbI CEPAEUHBIX
COKpaIlleH!I1, yMEeHbIIEeHUY BapuabeAbHOCTY cep-
AEYHOTO PUTMA, MOBBIIIEHUN UHTEHCUBHOCTU
BHEIIHErO ABIXaHUsI, BBIPA)KEHHOCTU KO>KHO-
raAbBaHUYeCKoi peakuuu u Ap. [Tokasanubie dhu-
3MOAOTMYECKYE CABUTU COMPOBOXKAAIOTCS M3Me-
HEHUSIMU Pe3yAbTaTUBHOCTY MHTEAAEKTYAaAbHON
AESATEABHOCTH, a TAK)Ke OMPeAeAeHHbIMU 0COOeH-
HoOCTsIMU oBepeHust (AskeOpanaosa 2005). Vme-
IOTCSI CBEAEHMST, YTO B COCTOSTHUY SMOL[MIOHAABHO-
rO HaIpsDKeHMs YBeAUU€eHe YaCTOThI CEPAEUHBIX
CcoKparteHuin coctaBasier 17,2 + 1,6% (AeBaes,
CyBopos 2010). DTu pe3yAbTaThI TOATBEP)KAQIOT-
cs Apyrumu aBropamu (ILllepbareix 2006), Taxoke
OTMeYaIUMI U3MeHEHNE YaCTOThl CEPAEUHBIX
COKpAlLleHUI TPY MPEAbSIBACHUN YCAOBUIL CTPecca,
oTpakalolljee aKTUBALIMIO CUMITATUYECKOV CICTEMBIL
VameHneHnne ToHUYECKOIT GOPMBI KOXXHO-TaAbBa-
HUYECKOV peakLuy Py SMOLIMOHAABHOM HaIpsi-
>KEHUM MOYKET BapbUPOBATh B AOCTATOYHO LINPO-
KoM pmanasoHe (or 300-600 kOm a0 1-0,1 xOMm
COTMPOTUBAEHUS).

CTpyKTYypHO-(YHKIUMOHAABHBIE OCOOEHHOCTI
BBIPA)KEHHOT'O HAMIPSIKEHUS MPOSIBASIIOTCST B CAe-
AVIOLIVIX peaKkLysxX:

¢ peopraHusalus ICUXUYECKOI AESITEABHOCTH;

¢ V3MEHEHMUsI CO CTOPOHBI IIPOLIECCOB BUCLIE-

PAABHOJ PeryAsiuy, B YaCTHOCTY BAMSIHUE
Ha AEATEABHOCTb ABIXaTEABHOI, CEPAEYHO-
COCYAVICTON U BBIAEAUTEABHOI CHCTEM;

¢ CYLeCTBEHHbIE OTKAOHEHNS B IICXOMOTO-

pUKe;

¢  3HAUUTEABHbIE CABUTU B HelpOAMHAMUYE-

CKUX XapaKTePUCTUKAX U SIPKO MPOSIBASIO-
1jeecsi YyBCTBO 00111ero ncuxopuanieckoro
ArckomdopTa;

¢ CHIDKEHUE KOTHUTUBHBIX CITIOCOOHOCTEN.

B. H. IpuropbeBa nmoppasaeAraa ypoBeHb BbI-
PaXeHHOT 0 HATIPsDKEHMS Ha 9MOLIMOHAABHOE ITepe-
HaIpsDKeHMe U MCTOLeHNEe, COOTBETCTBYIOLE
«AECTPYKTMBHOMY» COCTOSIHUIO U OTIpEAEAsieMbIe
crietiubnIecKM HaOOPOM IIPU3HAKOB A€3aAaITa-
yuu (Ipuropsera, Txoctos 2009).

AnHaAu3s myOAMKaLMil COBPEMEHHBIX aBTOPOB
MMO3BOASIET OTIPEAEAUTH OCHOBHBIE PU3UOAOTMYE-
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CKV€ KOPPEeASITbl SMOLMOHAABHOTO HANPSDKEHNUS.
Ectb muenne (ITapun 2001), 4TO sMOLIMOHAABHOE
HaIpsDKeHYe, CTPECC U LIOK — 3TO He MPUHLIUITN-
AABHO pa3Hble MTPOLIECCHI (COTAACHO COBPEMEHHBIM
AUTEPATYPHBIM CBEAEHUSIM), @ IICUXO0(PU3UOAOT Y-
YecKoe COCTOSIHME PAa3AUYHOV CTENEHU U CUABI
BbIp@&)KeHHOCTU. DU3MOAOrMYeCK e MeXaHU3Mbl
BOBA€YEHBI B Pa3HOI CTEIIEHM, OAHAKO MX CTPYK-
Typa OAMHAKOBa AASI KQXKAOTO Ipoliecca.

A. B. Beppauukos ¢ koaseramu (bepaHUKOB,
BobeinueB 2012) npoBeAu cepun cOOCTBEHHOTO
MCCAEAOBAHUS Ha BBIOOPKe 13 122 AOOPOBOABIIEB
(88 >xeHIIVMH 1 34 MY>KUMHBI) BO3PACTHOV IPYIIIIbI
18-26 AeT. OHU BBIACAMAM KOPPEASLIM MEXKAY
0COOEHHOCTSIMU peryasiuum GyHKLIMOHAABHBIX
CHUCTEM, peakLsIM/ BereTaTVBHOV HEPBHOM CH-
CTeMbI M BOCIIPUATYEM NTOCTYTaloIIel MHGOPMALMNL.
ABTOpBI TOKa3aAM, YTO aKTUBALVS BEreTaTUBHOM
HEPBHOJI CUCTeMBbI 00ecrieunBaeT peakTMBHOCTD
(bYHKIMOHAABHBIX CUCTEM, BBICOKYIO TAQCTUYHOCTD
peryasitiun. COrAaCHO AQHHBIM KAMHUYECKMX Ha-
6aropennit (Llepbatpix 2006; Brenner et al. 1998;
Karmakar et al. 2010) 1 sxcriepuMeHTaAbHBIX pabOT
(AxmepoBa 2015; TaBpuaoBa 2014; Illep6atsix 2006),
CepAEYHO-COCYAMCTAsI CUCTEMA B IIEPBYIO OYEPEAD
pearupyeT Ha HarpysKy, a TAK)Ke CTAHOBUTCSI OAHOV
13 IIepBbIX MUILIEHEN SMOLIMOHAABHOTO HaTpsDKe-
HUS Ha GU3MOAOTMYECKOM YPOBHE.

BAusiHMe Harpysku Ha COCTOSIHME CEPAEYHO-
COCYAVICTOVI CICTEMBI Ha AQHHBIII MOMEHT M3y4YeHO
AOCTATOYHO IMOAPOOHO, KaK B OTHOILIEHNY YAaCTOTBI
CepAEYHOro pUTMa, TaK U GOPMbI KAPAMOLIKAOB.
ITpu AAUTEABHOM M30BITOYHOM BAMSIHUM CHMIIA-
TUYECKOIO KOMIIOHEHTA BereTaTVBHOV HePBHOM
CHUCTEMbI Ha CEPAEYHO-COCYAUCTYIO cucTeMy pop-
MUPYEeTCS HAaTOAOTMYECKUIT AATOPUTM YIIPABAEHUS
ero (AxmepoBa 2015). DTo MPOSBASETCS B PUKCALIUM
MOBBIIIEHHOTI'O APTEPUAABHOTO AQBAEHVS B COCYAAX,
CHVDKEHMY DAACTUYHOCTY KallMAASIPOB U CTEHOK
60Aee KPYITHBIX COCYAOB. VIMeeTcs CBsI3b MEXAY
VIHTEHCUBHOCTBIO, IIPOAOAKUTEABHOCTBIO, ITUKO-
BBIMM XapaKTEPUCTUKAMU CAOXKHBIX BHEILIHUX
YCAOBUI U CTENEHBIO MX BAVSHMS Ha CEPAEYHO-
COCYAUCTYIO U APYTUe€ CUCTEMbl OpraHM3Ma.
Kak ¢akTOp OCHOBHOI1 OIIACHOCTU U pUCKa 000-
3Ha4aeTCsi AAMTEABHOCTD Harpy3ku. Pes3kue nuku
SMOL[MIOHAABHOI HAarPy3KM He SIBASIIOTCSI CTOAb
3HAYMMBbIMU AASI OPTAaHM3MA, CKOAb AAUTEABHBIE.

B uccaepoBanusx T. A. Aske6panaoBoit (Axe-
6panaoBa 2005) mpeACTaBAEHbI pe3YABTATHI OLIEH-
KM MIPOSIBAEHUII SMOLMIOHAABHOTO HAIPsDKEHUS
Y IIKOABHMKOB B YCAOBMSIX KOTHUTVBHOM Harpy3KH.
Pe3yAbTaTUBHOCTD BBIIIOAHEHMSI 3aAQHUIT OLIEHN-
BaAlM IO BapMabEeAbHOCTY PUTMa CEpPALIA U BbI-
3BaHHOI aKTMBHOCTU TeTa-putma IDII. Y 77%
IIKOABHMKOB IIOKa3aHO M3MEeHeHMe XapaKTePUCTUK
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KapAMOPUTMa, @ UMEHHO: CHIDKEHVE AATEABHOCTH
u koa¢ddurmenTa Bapuauyu R-R-uHTEpBaAOB, pOoCT
MHAEKCa HalpsDKeHMsI Ha TIepBOM aTare paboTsl
(He obycaroBA€HO pOpMUPOBaHMEM YTOMAEHMS).
ABTOp paboThl IpOBeAa KOPPEASILIMOHHBII U pe-
I'PECCHOHHBIV aHAAW3, KOTOPBIiI T03BOAUA BBISIBUTD
CBSI3U ITAPAMETPOB CEPAEYHOTO PUTMA Y LIKOAb-
HVKOB C Pa3AMYHBIM YPOBHEM 3MOLVIOHAABHOTO
HaIpsDKeHMs B YCAOBMSIX BBIIIOAHEHVSI YMCTBEHHOM
3aAQ4M C MCXOAHBIMM IOKa3aTEASIMU KOXXHO-
raAbBaHMYECKON peaKkLuy U 5AeKTpOosHLehar0-
rpaMMBl. Y IIKOABHMKOB C HU3KOJ CTETIeHbIO 9MO-
1IMIOHAABHOTO HalIPsDKEHMs 3HaUeHN s II0Ka3aTeAel
pUTMa cepALia COIIPOBOXXAAANCH MEHBIIIEN BbIpa-
JKEHHOCTbIO KOXXHO-TaAbBAaHUYECKO peaKLun
Y1 He KOPPEAMPOBAAM C TApAaMETPaMU TETA-PUTMA
¢dboHOBOI aaeKTpO3HLIedparorpammbl. [Ipu aTom
B3aMIMOCBSI3b C ICXOAHBIMY 3HAUEHUSIMM TI0Ka3a-
TeAell CEpAEYHOIO pUTMa He 0OHapyXeHa.

B pabore A. A. CeBepona (CeBepos 2009) mpea-
CTaBA€HbI AQHHbIe KO)KHO-TaAbBAHIYECKOII PeaKLn
00CcAeAyeMBIX HA MOAEAVPYEMOe SMOLIMOTEHHOE
BO3AENICTBUE — CHVDKEHE DAEKTPUYECKOTO CO-
HpoTuBAeHMs KOXK1. OAHOHAIpaBAEHHbIE PeaKLn
OTMeYeHbI U 110 TI0Ka3aTeASIM BeTeTaTVBHOI pery-
ASILIUM TIPU SMOLIVOHAABHOM HAIPSDKEHUU. DTO
HPOSIBASIAOCH B BO3PACTaHUM MHAEKCA HAIIPSKEHS
PEryASITOPHBIX CUCTEM, YTO CBUAETEABCTBYET
0 peobAaAQHNM CUMIIATUYECKOTO BET€TATVBHOTO
pearupoBaHus y 00CAeAyeMBbIX. YBEeANYEeHE 3Ha-
YeHMIT SAEKTPUUECKOV IPOBOAMMOCTH KOKY pac-
CMaTpMBaeTCs pasHbIMM aBTOPaMU KaK MapKep
Pa3HOIAAQHOBBIX M3MeHEHMI: BOSHUKHOBEHMS
5MOLIMY, MOOMAM3ALIMY OPraHM3Ma Ha BOCIIPUSITIE
HOBOT'O Pa3APa>KUTEAs], aKTUBALIMY OpraHK3Ma Ipy
3HAUUTEABHOM BO3AEVCTBYIOIEM CTUMYAE, BO3-
HUKHOBEHNSI BHYTPEHHETO BO30Y>KAEHMSI, TIOBBI-
1LIEHNs] YPOBHS JHEPTOOOMEHA, «9MOLIMIOHAABHOT0»
peleHus 3aAauy, GOpMUPOBAHUS CUTYATUBHOM
TPEBOXKHOCTY, POPMUPOBaHUS NTATTEPHOB TOBe-
A€HVS IPUTOTOBAEHMSI K MIHTEHCUBHBIM (pU3MUeCKUM
VIAL MIHTEAAEKTYaAbHBIM YCUAMSM, A TaK)Ke MHO-
»KeCTBa KOTHUTMBHBIX Y 9MOLMIOHAABHBIX IIPOLIEC-
COB, BbI3bIBaeMbIX cTuMyAoM (KoabeneBa 2014).

CoraacHo pesyabrataMm nccaeaosanus A. C. Kau-
MoBa 1 coaBTopoB (Kanumos u Ap. 2012), xapakTe-
PUCTMKY 4aCTOTBI CEPAEUHBIX COKPALLIEHNIT, KOXKHO-
raAbBAaHMYECKON peaKLVy, COCTOSIHUSI CTEHKU
COCYAOB U peaKLIM ABIXaHVSI O’)KUAQEMO MEHSIIOT-
Cs1 B 3aBUCUMOCTU OT CTeIleHU, MUHTEHCUBHOCTH
Y KQ4eCTBEHHBIX 0COOEHHOCTEN MPEABSBASIEMbIX
MICUXOAOTMYECKUX VAU PU3NUeCcKuX GaKTOPOB.
/I3MeHeHMsI MOT'YT IIPOMCXOAUTD HE TOABKO B ITPO-
1jecce HEIOCPEACTBEHHOTO IPEOAOAEHMS CAOKVB-
IIeICsl CUTYaLu, BO3AENCTBYIOIero ¢pakropa,
pellleHMsI HENMPOCTOJ YMCTBEHHOM 3aAaun,
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HO U Ha dTaIe MOATOTOBKU MAU O>KUAaHUSL. B riep-
BYIO OU€peAb YBEAMYMBAETCA 4YaCTOTa CePAEYHBIX
cokpaieHuni. B Hanboaee 3HaYMMbIe TTEPUOABI
Harpy3KM CHIPKAeTCA 3AeKTPUYeCKOoe COIPOTUB-
A€Hle KOXXHBIX IIOKPOBOB, YBEAUMBAETCA TOHYC
COCYAOB, yualraeTcs: AbixaHue. OAHaKo, peakLuu
Ha IIpeAbsIBAEHVE AO3VPOBAHHOII HAIPY3KY He OBbIAU
OAVMHAKOBBIMMU B BbIOOpKe McIbITyeMbIX. COOT-
HOIIIEHME AVL] C BBIPQ)KEHHOV peaKLyel TOBbILIe-
HISI YaCTOTBI CEPAEYHBIX COKPAIIEHUIT B IIEPMOA
03HAaKOMAEHMSI C MHCTPYKLMen (IIOATOTOBKM)
U B IEPUOA HEMTOCPEACTBEHHOTO BBIIIOAHEHMS 3a-
AaHUM cocTaBAsiAa 74,2% k 25,8%. BoccTaHoBAEHUE
YaCTOTBI CEPAEYHBIX COKpAIlleH!i K KOHLY IIPo-
LieAYPbl TECTMPOBAHNA OTMEYaAOCh TOABKO Y 36,5%
Y4YaCTHUKOB NPOTUB 63,5% Aul. Y mocaepHux
3HAYeHMsI UTOTOBBIX IIOKa3aTeAel ObIAU AOCTOBED-
HO BBIIIIE UICXOAHBIX.

Takum 06pa3om, 0COOEHHOCTU BUCLIEPAABHBIX
peaxiLuil B YCAOBUSX BO3AEVICTBYS BHELTHUX aK-
TOPOB MOT'YT SIBASAITbCSI MHTET PATUBHBIMY XapaK-
TEePUCTUKAMU M3MeHeHUI PYHKIMOHAABHOTO CO-
CTOSHMSA, a TaKXXe BBICTYIIAaTh CUCTEMHBIMU
MHAUKATOPaMU U3MEHEHUIT B ICUXUYECKUX U TICU-
XOMOTOPHBIX ITPOLIECCAX TP PEAAU3ALIUY TOV UAU
VHOV KOTHUTUBHOM AESITEAbHOCTMU.

PecypcHas Teopus B MHTepIpeTanuu
Gu3nMoAOTNUECKUX peaKIMil B YCAOBUSX
9MOLMOHAABHOTO HANPSHKEHUS

OnTuMusayst nCUxoPU3NOAOTMIECKUX PeaKLit
B YCAOBMSIX 9MOLIMIOHAABHOT'O HAIIPSKEHNST MOXKET
ObITb 00bsICHEHA TOAOKEHVSIMY PECYPCHOV TEOPUIL.
CpeAM HayYHBIX IIKOA Y OTAEABHBIX YYEHBIX CYlIle-
CTBYIOT pa3Hble TPAKTOBKM U KAacCUpUKALIUU
«pecypcoB», a TAK)Ke pasHble KOHLIENLUM Pa3BUTH,
aKTyaAM3aLUM 1 UCTOLeHUsI peCcypcoB. B Teopusix
MIPEOAOAEHNS CTPeCca «Pecype» 4acTo pacCMaTpu-
BaeTCs KaK (PyHKLMOHAABHBIN MTOTEHLMAA, 00e-
CIIEeYMBAOLMI YCTOVYMBBIN YPOBEHb pPeaAn3aLun
AKTUBHOCTU YEAOBEKA U AOCTVIKEHMUS €€ 3aAaHHbIX
mapaMeTpoB Ha MPOTSIKEHUN OTIPEAEAEHHOTO OT-
peska BpemeHnu (BopombsiHosa 2015).

B pa6ote A. C. Kysuerosoi1 (Kysueunosa 2009)
OIMCAH MOAXOA K MHTepIIpeTauu GyHKLMOHAAD-
HOT'O COCTOSIHUSI TOCPEACTBOM COOTHOLLIEHMUSI pe-
3YABTATa U PECYpPCOB, 3aTPAYEHHBIX AASL €0 AO-
cTiKeHMsi. baaaHC MexXaHM3MOB aKTyaAbBHOU
PEryAsiLiM MOKET SIBASITHCSI MAPKEPOM «L[€HBI»
9D PEKTUBHON AESITEABHOCTU. DTa UAEST ABASIETCS
Ba’KHBIM Y HOBBIM METOAMYECKUM ITIOAXOAOM, OC-
HOBAHHbBIM Ha KaYECTBEHHOM U KOAUYECTBEHHOM
BBIpR)KeHUM 00ecrieuyeHnss AesITeAbHOCTU He3a-
BMCVMO OT IEPUOAQ BPpEMEHU. DTO CTPYKTYPHO-
VIHTET PaTVBHBIN IIOAXOA AASI OLIEHKV MOAYAVIPYIO-
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X BO3MOXXHOCTEN CUCTEMBI PEeTryAsITOPHBIX
MeXaHM3MOB.

P. Xokku u Il. XamuabpTon (bopapos 2006)
Ha OCHOBAHMM aHaAM3a AQHHBIX ICTOYHUKOB AU-
TepaTyphl U Pe3yABTaTOB IIPOBEAEHHBIX COOCTBEH-
HBIX MICCAEAOBAHUI CpPeAV TIPOLIECCOB, A€XKALVX
B OCHOBE Pa3BUTHMSI COCTOSIHUSA 9MOLMIOHAABHOTO
HAIPsDKEHMST, 0003HAUMAY KOHLIENTyaAbHbIE IPYH-
LIUIIbI, KOTOPbIE B 001eM BMAE MOXKHO ITPEACTaBUTD
TaK:

¢ YMCTBEHHbIE ITPOLIECCHI 00eCeunBarTCs
OIIpeAEAEHHBIMU pecypcamu;

e pecypchl OIPEAEASIOT CKOPOCTHbIE XapaK-
TEPUCTUKU GUSMOAOTUIECKUX (TCUXUYECKIX)
IIPOLIECCOB, a TAIOKe IIOTEHLMAA Y BO3MOX-
HOCTU;

¢ VHTETPAAbHBIN BBICHIMI LIEHTP KOHTPOAS
oOecrieunBaeT yrnpaBAeHle U Iiepepacrpe-
A€A€eHIe PeCcypCoB;

+  aBTOMAaTM3aLMsI IPOLiecca BOBA€UEHNS He-
0OXOAVIMBIX 1 AOCTATOUYHBIX PECYPCOB AASI
5 deKTHBHOIO BBITOAHEHUS AESITEABHOCTH;

+ 1pu GOHOBOM COCTOSTHUY 00eCIeuynBaOTCS
AAUTEAbHbIE CTAOMABHBIE TOKA3ATEAN;

¢+ SMOLMOHaAbHOE HAIlpsDKeHUe BAUSET
Ha AMHAMMYECKe 0COOEHHOCTH.

YKasaHHbIE Pecypchl YeAOBEKa MOI'YT paccMa-
TPUBATHCS KaK KOAMYECTBEHHO M3MepsieMBLI pe3€epB,
VICIIOAB30BaHMeE€ KOTOPOTO B IIPEADBSIBASIEMON
CUTYyalMM TIO3BOAUT KOMIIEHCHPOBATb HebOAAro-
IPUSITHOE BO3AEVICTBYE BO3HUKILX OOCTOSITEABCTB.
B pecypcHOII MOAeAY B3aIMOCBSI31 IIPEADSIBASIEMOI]
AKTYaAbHO Harpy3KU C BUCLIEPAABHBIMU PeaKLIY-
sIMM LIEeHHOW SIBASIETCSI BO3MOXXHOCTb OLI€HUTD
YPOBEHb dMOLIMOHAABHOTO HATPsDKEHUA yepes
KaTeropmum «pacxoA PecypcoB», «3aTpaTbl»,
«motepu» (BoapoB 2006; 3otoB u Ap. 2009;
KpuBoaamuyk, YepHoBa 2016). OaHako, B pecypc-
HOIl TEOPUU OCTAETCS «UYEPHBIM SIIUKOM» POAb
VICXOAHOTO YPOBHS peCypCOB, IlepepacipeaeAeHe
pecypcoB, cocTaB TpeOyeMbIX PECYpCOB B pa3Any-
HBIX YCAOBMSIX (GOPMMUPOBAHMS SMOLIOHAABHOTO
HaIpsDKEHUA.

B ncuxoAorum crnopTa, a Takxe IMCUXOAOTUU
TPYAQ, PECYPCHI U pe3epBbl OPTaHNM3Ma aHAAU3U-
pOBaAM Kak paKTop yCIeIHOCTY PO eCcCrOHaAb-
HOU AeATEAbHOCTHU. Pecypchl 1 pe3epBbl OTPaKaIOT
«LIEHY» AEATEAbHOCTY U ITO3BOASIOT OL[EHUTD KaK
MICUXMYECKIE, ICUXOAOTMYECKIE «3aTPAThI» YEAO-
BeKa Ha AOCTIKEHME LieA€el], TaK M YCAOBHBIE «AO-
XOABD» OT AOCTIDKeHUIL. B maaHe GpyHKIMOHAABHBIX
COCTOSIHMII IPOOAEMA PECYPCOB AOCTATOYHO ITOA-
pobno mnccaepoBana B. A. boapossim (boapos
2006). ABTOp BbIAEASIET «pe3epPBbl», CBSI3bIBAS UX
¢ GU3MOAOTMUECKMMY BO3MOKHOCTSIMY OPTaHM3-
Ma, @ PeCypchl C 0COOEHHOCTSIMU MH(POPMALIMIOHHBIX
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IIPOLIECCOB, YPOBHEM pa3BUTUS IPOPECCHOHAABHO
OpUEHTMPOBAHHBIX PYHKLMIL. ABTOP [I0AAraeT, YTO
Pecypchl COCTaBASIIOT HEKOTOPBIN QYHKLMOHAABHBbII
HOTEHLIMAA, 00€eCIIeuMBaIOIUIT PeaAn3aLMIo aKTy-
AABHOI AESITEABHOCTY C HEOOXOAVMOII pe3yAbTa-
TUBHOCTBIO. TeM CaMbIM IIOCTYAMPYETCS CUCTEMHAS
OpraHu3alys pe3epBoOB U PeCYPCOB.

B yacTHOCTH, AVHaMMKa [TOKa3aTeAell CepaeY-
HOT'O pUTMa BO BpeMsl 9K3aMEHAal[MIOHHOIO IIPO-
1jecca U B Iepuop MexAy ceccusimu (AaekceeBa
u Ap. 2010; Murberg, Bru 2007) oTpakaeT BbIpa-
JKEHHO€ CMellleHle PeryAsiLiY C aBTOHOMHBIX
MEXaHM3MOB Ha LIEHTPaABHBI KOHTYP, YTO IpO-
SIBASIETCSI B YCUAEHUM CUMIIATUYECKVX BAMSIHUIA,
BOBA€YEHUN HAACETMEHTAPHBIX MEXaHU3MOB pe-
T'YASILIMY CepAEUYHON AessTeabHOCTU. [Ipu aToM
IIPOVICXOAMT yBeANueHMe AepULTa SHEpreTnye-
CKOTO 0becreyeHns1. YkazaHHbIE TPOLIECCHI AEMOH-
CTPUPYIOT U PaKTUUYECKU SIBASIOTCS MapKepamu
BAVISTHUS 9K3aMEHAL[MIOHHOTO IIpoliecca KaK CTpec-
coreHHoro ¢axkTopa. Bo3pacraloT 3HaueHus mno-
KasaTeAell TaKMX, KaK YaCTOTa CEpAEYHBIX COKpa-
IIeHWIT, UHAEKC HampspbkeHus (1o baeBckomy),
CHUCTOAMYECKOE U AMACTOAMYECKOE AABAEHME, CO-
CTOsIHME COCYAOB (1mpuHa npocseta). [TokasaHo,
YTO BarOTOHMKM XapaKTEPU3YIOTCS BBICOKUMU
3HAUEHMSIMU MHAEKCA HAIpPsDKEHNST B YCAOBUSIX
9K3aMeHa (POCT OTHOCUTEABHO MEXCECCUOHHOTO
neproAa B 2,9 pasa). Ilpy aToM y An1L| C HOPMOTO-
HUel MHAEKC HallpsDKeHMs yBeAnurBaeTcs Ha 41%
110 CPAaBHEHMIO C UICXOAHBIMU 3HAaYeHUSIMU. YKa-
3aHHbIe 3HAYVTEeAbHbIe I3MEHEHN S Y BATOTOHMKOB
AEMOHCTPUPYIOT BbIpa)KeHHOE HaIllpsDKEeHe pery-
ASITOPHBIX CUCTEM U aKTYaAM3aALMIO MMEIOIVXCS
byHKLMOHaABHBIX pecypcoB. Takum oOpa3om, atu
MapKepbl TAK)Ke XapaKTepU3yIOT MHAUBYAYAaAbHbIE
pe3epBbl KOHKPETHOTO YeAOBEKa.

B nmy6amkanumu FO. A. XaHuHa o mepepacmpeae-
AeHMM QYHKLMIOHAABHBIX PE3€PBOB B OpraHu3Me
(0630p B: Xanun 1983) aBTOp OMUCHIBaeT N30Mpa-
TeABHOE ITOHVKEHVE ITICUXOAOTUYECKUX TTI0OKa3aTe-
A€Vl 110 Mepe HAaKOIIAEHMSI Y AeTUUKOB YTOMAEHUS
M pa3BUTHSL COCTOSIHMSI HaNpsDKeHMs. B nepByro
ouepeAb YXYALIQIOTCSI MAAO CBSI3QHHBIE C BBIIIOA-
HSIEMOM A€SITEAPHOCTBIO ITOKa3aTEeAM — KauyeCTBO
BBIIIOAHSIEMBIX MTAPAAAEABHO TECTOBBIX 3aAAHUI.
3aTeM CHIDKAAUCH ITOKA3aTeAU Pe3yABTaTMBHOCTU
VIX OCHOBHBIX 3aAa4, [PV 3TOM A€TUMKH ellje XOpO-
IO CIPABASIAUCbH C COTAACOBAHMEM AEMCTBUM 110
MUAOTUPOBaHUIO camoAeTa. Kak mokasaao uccae-
AOBaHMe, CylllecTByeT HeKasi popMma n3bupareAb-
HOCTU B AMHaMMKe TICUXOAOTMYECKMX ITOKa3aTeA€ll.
AoAbliIe COXpaHSIOTCS Te Ka4eCTBa, KOTOPBIE Me-
10T 0OAblIIee MOTUBALIMOHHOE TIOAKPEIAEHME.

B Apyrom nccaepaoBanuu (0630p B: XanuH 1983)
B IIpoLiecce MPOBEAEHNS y4eOHO-TPEeHPOBOYHbIX
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3QHSTUI B ABDKHBIX BUAQX CIIOPTA IIPOBOAVAU
IICUXOAOTMYECKOE TECTUPOBAHME U OLEHKY pusm-
4eCKOI IIOATOTOBKY CIIOPTCMEHOB. 3HaUNTEAbHBIE
HarpysKyu B Te4YeHVe AECSITHAHEBHOTO IePHOAA
Ha (oHe pocTa pPe3yAbTAaTMBHOCTY BBI3BAAU
Y YYaCTHMKOB CYIL|€CTBEHHbIE BUCLiEpaAbHbIE pe-
aKLV, CBUAETEABCTBYOLVE O GOPMUPOBAHUN
5MOLIIOHAABHOTO HaTIpsDKeHMsL. Tak [0 pesyAbTaTam
IPOOBI «CTEM-TECT» Y PSIAA AOOPOBOABLIEB IIOHM3M-
AVICb UTOTOBBIE ITOKA3aTEAH, BBISIBASIAUCH CAYYan
AUMQOTIEHNM U 03MHOIIEHUY, OTMEYEHO Pe3Koe
CHIDKeHMe Beca. B rpyIimne AbDKHIKOB K KOHLY LIVK-
A2 OTMEYEHO YXYALlleHe KOTHUTYBHBIX IIPOLIECCOB,
a MIMEHHO CHIDKeHMe Ha 15% nmokasaTeAell IaMsTU.
B T0 >xe BpeMsl yAYyUIIMAMCH TOKA3aTeA TOYHOCTH
ABVDKEHUI1, ABUTATEABHOM NTAMSATH, COPa3MEPHOCTH
YCUAMI, TO €CTh IOKa3aTeAel-UHAMKATOpOB
9 PEKTUBHOCTHU BBITOAHIEMON MPOdeCCUOHAAD-
HO 3HaYMMOM AesiTeAbHOCTU. OCOObIN MHTEpeC
IIPEACTABASIET TO, YTO IPYU YAYULIEHUY ABUTATEAD-
HOJI MTaMSITU CHU3MAACh PE€3YABTaTUBHOCTb APYTMX
HEIITPAABHBIX TE€CTOB, T. €. Ha (OHe peaKuui
Ha BO3AENCTBME BHEIIHEro GakTopa Mpou30IIAO
nepepacrpepeAeHe pe3epBHbIX BO3MOXKHOCTEN
(oAHOTO 3a CUeT APYroro).

Takum 06pa3om, KpuTepun MCUxoHUanOAOTU-
YeCKMX peaKLMil MOTYT SIBASITbCSI MHAVIKQTOpaMU
BICLIEPAABHOI PETYASILIMM B YCAOBUSIX SMOLIMO-
HAABHOTO HaNpsDKeHMs, 9P PeKTUBHOCTY B3aIMO-
AEVCTBYS QYHKLIMOHAABHBIX CUCTEM U Ilepepac-
IIPEAEAEHMsI pe3ePBOB U PECYPCOB C TOUYKM 3pEHMsI
pecypcHoi Teopun. IIpuMeHeHMe TOAOKEHU

pecypCHOIT TeopuM AASL 0ObSICHEHNS IIPOLIECCOB
peryAsiiuy BUCLiepaAbHBIX QYHKLMI YeAOBeKa
B IEPMOABI aKTYaAU3ALUY PA3AUYHBIX PYHKLVO-
HaAbHBIX COCTOSIHUI MOXXET ObIThb ITOA€3HBIM
B IIPaKTUYECKOM AESTEABHOCTH ICUXO0(DU31OAOTOB
B 00AACTV MH>)KEHEPHO TICUXOAOT MY, 3PTOHOMYKY,
IICUIXOAOTUM U (PUBNOAOTUM TPYAQ, B YACTHOCTYU
IIpY OLlEHKEe HAAEXHOCTU YeAOBEKa-oIeparopa,
MPEAYIIPEXAEHMSI OLIMOOUHBIX AEVICTBUI.
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Abstract. The article describes experiences accumulated over the past decades by I. P. Pavlov Institute
of Physiology RAS. They are related to the development and implementation of automation systems for
physiological experiments. The article provides examples of developing hardware tools for measuring signals,
converting them into digital form, data entry and accumulation to be used on general-purpose computers
as well as systems of mini-computers, micro-computers, personal computers and custom-made problem-
oriented hardware modules for automating physiological experiments in the main areas of research conducted
at Pavlov Institute of Physiology. The article also focuses on the conceptual development of problem-oriented
software, data base management systems, and graphical display of results. In particular, it discusses several
cases of the development of hardware and software modules for various physiological experiments: modules
used in the system for the assessment of the functional state of human respiratory muscles, the examination
of contractile function of blood vessels and nodes of the circulatory and lymphatic systems, for monitoring
changes in the frequency of impulse activity of neurons, for organizing a controlled electrical effect
on a laboratory animal in behavioral experiments, for measuring the vital parameters of laboratory animals
in experiments on the mechanisms of visceral pain.

Keywords: automation of scientific research, hardware and software, automated physiological experiment,

processing of electrophysiological signals

BBepenne

I[Top aBTOMaTH3aLMel GU3MOAOTUYECKOTO IKC-
HIepYMeHTa HAMM TIOHMMAETCS] OPraHM3ALIMST BBIYMC-
AUTEABHBIX TPOLIECCOB 1 pa3paboTKa arrmapaTHo-
IPOrPaMMHbIX CPEACTB BBIYMCAUTEABHON TEXHUKMY,
obecrmevyunBaroias moppieHre 3HheKTUBHOCTA
Hay4YHBIX (PU3MOAOTUIECKUX MCCAEAOBAHUIM.
ABTOoMmaTu3auyst pu3NOAOrMIeCKUX SKCIIEPUMEH-
TOB B [IEPBYI0 OY€PEAb BKAIOYAET BOIPOCHI CheMa
CUTHAAOB C 00bEKTa UCCAEAOBAHMS, U3MEPEHNS
VI PETUCTPALMY CUTHAAOB, XPaHEHUS AASI AAABHE-
et dpoBoit 06paboTky, GopMUPOBaHUS yIIpaB-
ASIIOILMX BO3AEVCTBUM HAa 0OBEKT MICCAEAOBAHYISL.

LleAbI0 AQHHOIT CTAThU SIBASIETCSI KPATKOE OITH-
CaHue annapaTHO-IPOrPaAMMHBIX CPEACTB, pas-
paboOTaHHBIX AASI aBTOMATU3aLMK Psipa Aabopa-

Humeepamusuas pusuoroeus, 2022, m. 3, Ne 3

TOPHBIX 9A€KTPO(U3NOAOTMIECKIX IKCIIEPVIMEHTOB,
KOTOpBbI€ 00€eCIIeunBaIOT METOANYECKOE EAVHCTBO
MHOTOIIAQHOBBIX pabOT, IPOBOAMMBIX B VIHCTUTY-
te ¢pusuosorvu uMm. V1. I1. ITaBaoa PAH. Ob6ecrne-
4MBAETCS TEXHUYECKAsI CTOPOHA MHTETPATMBHOIO
IIOAXOAQ K MICCAEAOBAHMIO (PYHKLVIOHMPOBAHMS
LIEAOCTHOTO OpraHu3Ma.

CaeAyeT OTMETUTD, YTO OOABLIOE KOAUYECTBO
pOOAEMHO-OPUEHTUPOBAHHBIX Pa3paboTOK OBIAO
BBIMTIOAHEHO AASI 9KCIIEPYMEHTAABHOTO VICCAEAO-
BaHUSI CEHCOPHBIX CUCTEM, OCOOEHHO AASI MICCAE-
AOBAHUS 3DUTEABHOTO BOCIIPUSTISI, OAHAKO BCAEA-
CTBME 3HAYUTEABHOTI0 00'beMa OIKCaHNe PUMEPOB
paspaboOTKM aInapaTHO-IPOrPaMMHBIX CPEACTB
AASL 9TVIX CUICTEM SIBASIETCS IPEAMETOM OTAEABHO
TyOAMKALIUNL.
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KpaTtkuint ucropuyeckmit akCKypc

ITpeacTaBAsIeMbliT OTIBIT Pa3paboOTKU CUCTEM
aBTOMaTM3aLM GpU3MOAOTMIECKOTO SKCIIEPUMEH-
Ta HAaKallAMBAACs HAaMU B TeYeHle HeCKOABKUX
AECSATKOB A€T, HaUMHAasl C VICIOAb30BaHMS AASI
sToro OBM ob6uiero HazHaueHus: (MantHPppeitma),
opraHmsaLuy paboThl IKCIIEPUMEHTAABHOT0 0060-
PYAOBaHUS B TaK Ha3bIBAEMOM PEXXIME «Ha AVHUU
¢ 9BM (on line)». B Takom pexume, Hanpumep,
OBbIAM aBTOMATM3MPOBaHBI (PU3MOAOTMYECKIIE DKC-
IepUMEHTBI 110 ICCAEAOBAHMIO MEXaHU3MOB TEPMO-
peryasuuu, MHGOPMALMOHHBIX XapaKTepPUCTUK
VIMITYAbCHOM aKTUBHOCTY HEMIPOHOB IIPU MICCAEAO-
BaHUY 3PUTEABHO CUCTEMBI, U3YYEHUIO eCTECTBEH-
HBIX P€YEBBIX CUTHAAOB C L|€ABIO BBISIBA€HUS IIO-
A€3HBIX IIPYI3HAKOB BOCIIPVSITYS peyuy, IPOBEAEHNS
MCUXOPU3NOAOTUIECKUX SKCIIEPUMEHTOB C CUHTe-
3MPOBAaHHBIMU PEYETIOAOOHBIMYU CUTHAAAMMU U AP.
(BentioB u Ap. 1990; Taesep 1993; ViBanos, Kaeien
1975; I'lepmuy, Yuxman 1978; TToaoBUruH u Ap.
1986; YucroBuy u Ap. 1981; Ynxman 1975; 1979;
Yuxmat u Ap. 1974; llleaenuu 1982). Tlpu ncmoAb-
3oBaHuM DBM ob61iero HasHayeHus («AHenp-21»,
«M4030») 6b1AM pa3paboTaHbl U OPraHU30BaAHbI
BBIYMCAUTEADBHBIE IIPOLIECCHI AASI aBTOMAaTH3aLUN
9KCIIEpPUMEHTOB, IIPOBOAVMBIX B pAMKaX OCHOBHBIX
HanpaBAeHU GU3MOAOTMYECKOI HAyKU — M3Yy4e-
Hlie BBICIIIe}l HEPBHOI AeSITEABHOCTH, ICCAEAOBA-
Hle VIHTerPAaTUBHBIX MOAEKYASIPHO-KAETOYHBIX
Yl TEHETUYECKMX OCHOB aAQNITMBHOTO ITOBEAEHNS,
MICCAEAOBaHME MEXAaHM3MOB PaCllO3HABAHUA CEeH-
COpHBIX 00PasoB, MpeobpasoBaHMs CEHCOPHOIT
yH(pOpMaLVY Ha YpOBHE OPraHOB YYBCTB, HEPBHBIX
MEXaHI3MOB A€SITEABHOCTY BHYTPEHHVX OPTaHOB.

ITo Mepe MHTEHCUBHOTO pa3BUTUS BBIYMCAU-
TEeAbHOI TeXHMKH, TTOSIBACHM MaAbIX DBM, a 3aTem
u MmukpoOBM, pacnpocTpaHuacsa kaacc OBM,
OCHOBAHHBIX Ha MMKPOIIPOLIECCOpax, CTaBIINX
OCHOBOJI COBPEMEHHBIX MH(OPMALMIOHHBIX TEXHO-
aoruit. B IHctutyte dusnoaorum um. V. I1. Tlas-
AoBa B 1980-e roab! ObIAY BBITTOAHEHBI IIPUOPUTET-
Hble pa3paboOTKM CUCTeM aBTOMAaTU3ALUU
bM310AOrMYECKOTrO SKCIIEPUMEHTa, 0a3UpyoIn-
ecst Ha MUHUDBM CM-4 (Bepumnuna u aAp. 1991;
AaHnaos u Ap. 1984; 1987; AyakuH, I'ayseabmaH
1979; JKaxos u Ap. 1984; Koneiikun u Ap. 1988;
Opea 1 Ap. 1988), a Taxoke ABYX TUIIaX BBIITyCKae-
MBIX B TO BpeMsI IPOMBILIA€HHOCTbI0 MUKPpOOBM
«DAexTpoHuKa 60», «A3-28» u anmaparypst KAMAK
(Auk 1 Ap. 1993; llleaenun u Ap. 1985).

B a1 roab! 6b1Aa pa3paboTaHa ¥ IPUHSITA KOH-
LMLV TOCTPOEHVS TPOOAEMHO-OPYEHTHPOBAHHBIX
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CUCTEeM aBTOMATU3alMM SKCIIEpPUMEHTA, obecrie-
yyBaroLias Ha 6a3e HOBOI APXUTEKTYPbl MUHUDBM
C peaAu3anuel MexaHu3Ma MpepbIBaHMIT IPe0d-
pasoBaHUe U BBOA B KOMIIBIOTED CUTHAAOB,
ux 00paboTKYy, coxpaHeHMe B ba3e AaHHBIX, rpadu-
yecKoe MpeACTABAEHE Pe3yAbTAaTOB, AMAAOT
C 9KCIEPUMEHTATOPOM C TOMOIIbI0 YAOOHOTO MH-
tepderica (MoaoaoB 1 Ap. 1999).

B 2000-€e ropbl NOSIBUAUCH MUKPOCXEMBI C IIPO-
IpaMMMPYeMOI AOTUKOI, CIIeLaAU3MPOBAHHbIE
CpeACTBa pa3paboTKM CXeMOTEXHUYECKMX PeLIeHNI
Ha ux 6aze. [TosiBAeHMEe MUKPOCXEM C IPOTPAMMMU-
pyeMoI AOTMKOI 03HaMEHOBAAO COO0I0 HaYaAO
Ba)KHEVIILETr0 HallpaBAEHUs pa3BUTHUS LUPPOBO
KOMITOHEHTHO 0a3bl, B paMKaX KOTOPOTrO CTaAO
SKOHOMMYECKY BO3MOYKHBIM IIPYIMEHEHe MUKPO-
CXeM BBICOKOI'O YPOBHS MHTETrpalMy B IIPOEKTaX
yMepeHHO! TUPaXHOCTU. Pa3zpaboTka OOABLION
mHTerpaabHon cxemsl (VIC) ¢ mporpammupyemoit
CTPYKTYpPOI1 IpMBeAa K HOBBIM 3G EeKTUBHBIM
CpeACTBaM CO3AaHUs crienraAnsupoBaHHbix VIC,
Hanpumep, TakuM Kak: CPLD (Complex Program-
mable Logic Devices). YcrporicTBa nporpaMmmupy-
emoi1 Aoruku (PLD—Programmable Logic Device)
HapsAy ¢ SMD komnonentamu (Surface Mounted
Device) MUHMMMBUPYIOT YMCAO SAEMEHTOB, YBe-
AVYMBAIOT HAAEXKHOCTbh 000OPYAOBaHUSL.

B To Bpems Hamu ObIA pazpaboTaH U peaAnso-
BaH psIA alIapaTHBIX MOAYAe€N, BCTPayBaeMbIX
B BBIUMCAUTEABHBIE cUCcTeMbl Ha 6asze IBM PC.
3Ito anaaoro-udpossie mpeobpasosarean (ALITT)
Pa3AMYHON Pa3pSIAHOCTU U OBICTPOAEVICTBUS AAS
wmHbl [SA (MD42, MD142, MD70, MD88, MD93,
MD32), pasHooOpa3Hble YCUAUTEAN CUTHAAOB
(MD90, MD95, MD42U), 6A0K BBOAA MEXKMMITYAbC-
HBIX UHTEPBAAOB (MD79), KHOIIOYHBIIT TyABT BBO-
A2 OTBETOB MUCIIBITYEMBIX B IMCUXODU3NIECKUX
3pUTeABHBIX aKcriepuMeHTax (MD74). Moayaun
XapaKTepu30BAAKCH BBICOKMMU METPOAOTUIECK -
MI XapaKTepUCTUKAMU. YCUAUTEAN OMOTIOTEHLIN-
aAOB 00eCreyrBaAyl YCUAEHVE CUTHAAOB aMIIAU-
TYAOI AO 25 MB B 4acTOoTHOM apnamnasoHe A0 15 kI1r.
B 6A0ke yripaBasieMbIX GUMABTPOB Ha IEPEKAIOYA-
€MBIX KOHAEHCATOpax ObIAY peaAl30BaHbl GUABTPBI
BocbMoOro nopsiaka becceasi, YebblieBa, bartep-
BOpTa C NPOrPaMMHOV IepeCcTPOVKOM YaCTOThI
cpesa B pnanasoHe ot 30 I'y oo 10 xI1y. BerHOCHOM
IYABT C KHOIIKAMM, YAQASIEMBINI OT KOMIIbIOTEpA
Ha paccrtosinne Ao 50 M, nmea sdpdexTUBHYIO
CUCTEMY ITOAABAEHNS Apebe3ra KOHTAaKTOB.

Ha ocHoBe 5Tux pazpaboTok OpIAU peaAn3oBa-
HBI, HallpUMEP, CUCTEMBI AASI ICCAEAOBaHUM

https://www.doi.org/10.33910/2687-1270-2022-3-3-318-335
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01109AeKTPUIECKOI aKTUBHOCTH INEPEXXMBAIOIX
Cpe30B MO3ra, aHAaAM3a AMHAMUKU MeMOpaHHO-
CBSI3aHHOTO KaAbLiMs B HEPBHBIX KAeTKaX MO3ra
C IOMOMIBIO CIIEKTPO(POTOMETPUIECKOTO METOAR;
peaAn3soBaHa perucrpauus HechoOpMUPOBAHHOM
VIMITYAbCHOJ aKTMBHOCTY U YIIpaBA€HMEM CTUMY-
astopamu (Epmoann u Ap. 1992; ViBaHOB U AD.
2000; KysHeroBa 1 aAp. 2007; ArobumoB u Ap. 2001;
[TanTeAeeB u Ap. 1996).

Opra}msaunﬂ BbIYMICAUTEABHBIX IPOLIECCOB
AASA ABTOMATU3NPOBAHHOIO IKCIIEPUMEHTA

B cooTBeTcTBMY C pa3pabOTaHHOI paHee KOH-
Ljeniueil ObIAO peaA30BaHO OOCAY>KMBaHUeE
YCTPOJICTB MOA YIIpaBA€HMEM OIlePaLMIOHHON
cpepbt Windows, peaAn3oBaHbl ApaiiBEPhI C UC-
IIOAB30BaHMEM MeXaHM3Ma IIpepbIBAHMI U IIPSIMO-
ro AOCTYIIA B MaMsITh, C UHGOPMALMOHHON CThI-
KOBKO «3alIMILEHHOTO» U «PEaAbHOT0» PEXMMa
paborsl npoueccopa DBM, obecneunBaroniye
MaKCHMaAbHbIe XapaKTePUCTUKHY, PeaAVi30BaHHbIE
B anmaparype. bplAu CO3AaHBI IPOrpaMMHbIE MO-
AYAM AAST HACTPOJIKYM ITapaMeTPOB U KaAMOPOBKYU
aBTOMATU3MPOBAHHOTO SKCIIEPVIMEHTA B MHTEPaK-
THBHOM peXXVUMe; BU3yaAu3aLyi BBOAUMBIX, 00-
pabOTaHHBIX M XPAHAIIMXCS B MAMATHA CUTHAAOB
C BO3MO>KHOCTBIO M3MEHEHMsI MacLITa0OB 110 aM-
IIAUITYAE U II0 BpEMEHM, BO3MOXHOCTbBIO IPOCMOTPa
Yyepes IAaBaolljee OKHO, MapKUpPOBaHUs 0TOOpa-
YKaeMbIX CUTHAAOB.

AAsL XpaHeHMSI ¥ MaHUITYASILIVY 9KCIIEpVIMEH-
TaABHBIMU AQHHBIMU CYIIECTBYET ABa CIocoba:
XpaHeHMe AQHHBIX B (paiiaax v opraHusanys 6aspl
aauHbIX (BA), KOTOpas mpeacTaBasieT co60it Habop
OpPraHM30BaHHBIX AQHHBIX. OCHOBHbBIE pa3ANYNs
MeXAY 6a30i1 AaHHBIX U (aitaamu caepytomive. bass
AQHHBIX MEIOT IIPEeMMYILeCcTBa repea ¢paitaoBbIMU
cucremamiu. BA obecrieunBaeT 00AbIIYIO IMOKOCTD
B XpaHEHUU U U3BAeYeHUU MHPOPMALIUY, TOTAQ
Kak ¢arnA obecrieurBaeT MeHblie BO3MOXKHOCTM.
dariroBas cucTeMa MPUBOAUT K TAaKUM ITpobAeMaMm,
KaK L[eAOCTHOCTb AQHHBIX, HECOTAACOBAaHHOCTD
AQHHBIX, 1X 6e30omacHoCTb. bA mo3BoasieT n3dexarpb
5TUX pobaeM. B oranuue ot $paitA0BoI CUCTEMBI
6a3bl AQHHBIX 3¢ PEKTUBHBI, TOTOMY YTO ITOCTPOY-
HO€ YTeHue He TPeOyeTC sl U CYLIeCTBYIOT ONpeAe-
AEHHbBIE MEXaHV3MBI yIIpaBAeHMs. PasHu1Ia MeXAY
dhaitAoBOII cuCTEMOI 11 6a30iT AAHHBIX 3aKAIOYAET-
Cs1 B TOM, 4TO BaiAOBas CUCTEMA YIIPABASIET TOAb-
KO GU3NYECKUM AOCTYIIOM, TOTAQ KaK 0a3a AQHHBIX
yIpaBAsieT KaK GpU3UYeCKUM, TaK ¥ AOTUYECKUM

UnmeepamusHas gﬁusuwloeu,q, 2022, m. 3, Ne 3

AOCTYIOM K AaHHbIM. CrcTeMa yrpaBAeHus 6a3a-
mu paHbIX (CYBA) obecnieynBaeT COrAaCOBaHHOCTh
AQHHBIX, TOTAQ KakK ¢aila He MOXeT 00ecrneynThb
aT0. baza pAaHHBIX O0Aee Oe30MacHa 1o CpaBHEHUIO
¢ daimaamu. CYBA obecrnieynBaeT MEHbILIYIO U3-
OBITOYHOCTb AQHHBIX. [ IpU MCTIOAB30BAHUY MEAU-
adaitaoB (BuAeo, 3ByKoBbIe ¢dariabl) BA BKkao4aeT
TEeru AASL CBSI3bIBAHMSL «BHELIHMX OOABILX ABOMY-
HBIX OOBEKTOB» C 3amUCsSIMU B BA.

Takum 06pasoMm, AASL XpaHEHUsI SKCIIePUMEH-
TaAbHOU UHGOpMAL[MK B PaspabOTaHHBIX HAMMU
CUCTeMax aBTOMATU3aANU PUSUOAOTUIECKOTO
9KCIepUMeHTa ObIAO pelieHo ncrnoabzoBatb CYBA.
OTAnunTEABHASI 0COOEHHOCTD TOCTPOEHHBIX HAMU
BA cocTosiaa B TOM, YTO OTCYETHI CUTHAAOB U CO-
POBOAUTEABHASI MHGOPMALIMSI — MHAEKCHI, KAIO-
YeBble CAOBA, TPOTOKOA SKCITIEPUMEHTA COCTABASI-
AV pa3HbI€, B TOM YMCA€ ABOMYHBIE ITOASI TAOAULIBI
PeASILIMOHHON 6a3bl AQHHBIX, YTO 00ECIeYnAO
9KOHOMMIO AVICKOBOTO IIPOCTPAHCTBA U OTIePaTUB-
HOJI TaMSITU AASI 3aTPY>KaeMOT0 T€AA TPOrPaMMBl,
YMEHBIIMAO BpeMsI AOCTYINA K MHOpMALMHK, TTO-
BBIIIIAsI TEM CAMBIM OBICTPOAENCTBUE U PEAKTUB-
HOCTb CUCTEMBI 32 CUeT OTCYTCTBMs Ipeobpaso-
BaHISI YMCEA U3 CUMBOABHOTO BUAQ BO BHYTPEHHMIA
dbopmat IBM, 4TO OOBIYHO UCITOAB30OBAAOCH TIPU
peaausauny GanAOBBIX CUCTEM.

Cxema, oTpakamlasi B3aMOAEIICTBIE TIPO-
TPAMMHBIX MOAYAE CUCTEM aBTOMATU3ALUU 9KC-
IIepYMEHTA B PA3AMYHBIX PEXKMMaX paboThI U Ty TH
SKCIIePUMEHTAABHBIX AQHHBIX B COOTBETCTBUU
C paspaboTaHHOI KOHLIEMLMEN TPeACTaBAeHa
Ha pucyHke 1. PazpaboraHHble TpOrpaMMbl Xapak-
TEPUBYIOTCSI OAMHAKOBOI CTPYKTYPOI sIApa, 00e-
CIIeYMBAIOIIEN COMTPOBOKAEHME 6a3 AQHHBIX, Xpa-
HALMX MHGOPMALIMIO 00 UCIIBITYEMBIX, TECTOBBIX
1300pakeHUsIX, IapaMeTpax UX MMPeAbSIBACHU
Y OTBETHI UCIBITYEMBIX Ha IPEABSIBAEHUS 130-
OpakeHniT-cTUMYAOB. KoMnoHeHTHI rpadmyecko-
ro uHTepdeiica nporpaMm (OKHa, KHOTIKY U T. I1.)
IIPEAOCTABASIIOT BO3MOXXHOCTD YIIPaBA€HNsI ITapa-
MeTpaMU SKCIIepUMEHTA, OTOOpaXkalT MHPopMa-
LMI0 00 MCIIBITYEMBIX, CUTHaAQX, ITapaMeTpax
IIPEeADbSIBAEHNSI, OTBETAX UCIIBITYEMBIX.

[Ipo6AeMHO-OpUEeHTUPOBaHHbIE
anmapaTHO-MpPOrpaMMHbIe MOAYAU

PaccMOTpyuM IprMepbI TOCAEAHUX Pa3paboToK
NMpoOAEMHO-OPMEHTVMPOBAHHBIX alIlapaTHO-
MPOrPaMMHBIX CPEACTB aBTOMaTu3auuu pusno-
AOTMYECKOT0 5KCIIePVMEHTA.

321



Onbvim asmomamusayuu ¢M3MO/[O€M’4€CKM?C IKCNEePUMEHN OB

SLIPO

VIIPABJISIFOIIU MOYJIb

MOZY.JIb
KCIIPECC
OBPABOTKH

9KCIHEPUMEHTA

MOAYJIb TIPOBEJEHUS

PABOYAS BA3A
JAHHBIX

MOJIY.JIH

OTCPOYEHHOM
OBPABOTKH

/

MOJY.JIb
OBCJIYKUBAHHUS
BA3BI JAHHBIX

APXWB BA3
JTAHHBIX

Puc. 1. CTpyKTypHasi cCxeMa OPraHM3aLM BBIYMCAUTEABHBIX IPOLIECCOB, B3AVMOAENCTBISI IPOrPAMMHBIX
MOAYAEI1 U IIyTEN AQHHBIX. YIIPABASIOIINIT MOAYAD — T'OAOBHAsSI IPOTPAMMAa, YIIPABASIIOIAS MOAYASIMU boAee
HUBKOTO YPOBHsI. MOAYADB IIPOBEAEHVST SKCIIEPUMEHTA PEaAl3yeT METOAMKY KOHKPETHOTIO SKCIIEPYMEHTA.
MoayAb sKcrIpecc 006pabOTKY BBITOAHSIET 00PabOTKY CUTHAAOB B PEAaABHOM BPEMEHU 0 XOAY SKCIIEPUMEHTA.
MoayAb 06CAYKUBaHUS 6a3bl AAHHBIX OTBEYAET 32 COXPAHEHUE U U3BAEYEHE MH(POPMALMY, XPAHSILENCs
B paboueit 0a3e AQHHBIX U B apXuBe. MOAYAb OTCPOYEHHOIT 00pabOTKM BBITOAHSIET 0P dAAH MATEMATUYECKYIO

00paboTKy nHbOpMaLK

CONTROL UNIT
CORE

EXPRESS

EXPERIMENTAL MODULE

PROCESSING
MODULE N

WORKING
DATABASE

DELAYED
PROCESSING
MODULES

__

DATABASE
SERVICE
MODULES

DATABASE
ARCHIVE

Fig. 1. A Structure diagram of computing processes, the interaction of software modules and data paths.
The control unit is the head program that controls the lower level modules. The experimental module
implements the methodology of a particular experiment. The express processing module performs real-time
signal processing during the experiment. The database service modules are responsible for saving and retrieving
information stored in the working database and in the archive. The delayed processing module performs offline

mathematical processing of information
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Mooyrb MD155

Yerpoiictso MD155 (puc. 2) mpepHasHau€eHO
AASL U3MepeHus U TIpeobpasoBaHusl B 1 pPOBOIt
KOA CHUTHAAOB OT HM3KOYPOBHEBBIX AQTYMKOB Ha-
IPsDKEHNS II0 BOCbMM KaHaAaM, @ TAKXKe AASI BBO-
AQ Y BBIBOAQ AMICKPETHBIX CUTHAAOB C YPOBHSIMU
5B KMOIT aoruku. OCHOBHBIM 9A€MEHTOM YCTPOI-
CTBa SIBASIETCSI MUKpOcxeMa curma-peabra ALTT
AD7731 (Analog Devices). Ocob6eHHOCTbIO cUTMa-
aeabta ALITT sBAsieTCs GOABILON AMHAMUYECKUI
AMATIa30H, CYLeCTBEHHOE YBeANYEHV€ OTHOIIEHNS
CUTHAaAQ K LIYMy KBaHTOBAHMSI 110 CPAaBHEHUIO
¢ Apyrumu Bupamu ALITT 3a cuet dyHkumu nud-
poBoOI1 GUABTpaLMU. YIPaBAE€HME YCTPONCTBOM
OCYIIeCTBASIETCS C IOMOILbI0 MUKPOKOHTPOAA€EPA
ATMEGA (Atmel). Co cTopoHbl KOMIBIOTEPA
yIIpaBA€HME YCTPOVICTBOM peaAl30BaHO yepes
unTepdeiic USB.

Ha 6ase ycrpoiictea MD155 Obiaa peaansoBa-
Ha CUCTeMa IPOBEAEHVS SKCIIEPYMEHTOB I10 MC-
CAEAOBAHMIO COKPATUTEABHOI (PYHKLIMM COCYAOB
¥ Y3A0B KPOBEHOCHO ¥ AMM(ATUUECKOI CUCTEM
(TTanpkoBa u Ap. 2011). B xope axcriepumeHTa
OCYILIECTBASIAY M3MepeHye OMOMOTEHLaAa Y CUABI
COKpallleHUsI TAAAKMX MBIIIL], TeMIlepaTypbl
($bM3MOAOrMYECKOTO pacTBOPa. DAEMEHTHI IIPO-
rpaMMHOTO rpaduiecKoro nHTepderca mo3BoAs-
AV BBIOMPATh IIapaMeTpPbl aHAAOTOBO-1I1IPPOBOTO
1peoOpa3oBaHMsI 110 K&KAOMY KaHaAy (AManasoH
CHUTHAAQ, YaCTOTA AICKPETM3aL1M), yCTAHABAUBATD
MaciiTab rpadpuueckoro 0TooOpaXkeHusI IpoLiecCoB
10 BDEMEHHOM OCU ¥ OCY aMIIAUTYAHBIX 3HAYE€HU.
Briaa obecrieueHa BO3MO>XXHOCTb BbIAEAEHUST «00-
AACTell MHTepeca», 0TOOpaKaIoIMX IOBEAEHMe
PErucTpUpyeMsbIX MPOLIECCOB IPU OTPEAEAEHHDBIX

BHEIIHUX BO3AENCTBUSX, HAIPUMED, BBEAEHUN
0110AOTMYECKY aKTUBHBIX XMMUYECKUX [IPErapaToB
(HOpappeHaAMH, aLleTUAXOAMH U Ap.). [Iporpamma
9KCIIEpUMMEHTA BKAIOYAAA MIPOLIEAYPBI LidPOBOI
buAbTpaLIY AAST YAQAEHUST BBICOKOYACTOTHBIX
IIYMOB, TIOACYETA AOKAABHBIX MaKCUMYMOB, U3-
MeHeHus1 MacuITaba oceit (HOpMaAbHbII — AOra-
pudMIYeCKuit), OrpeAeAeHNs BBIOOPOYHBIX Y4acT-
KOB rpamyecKoro oToopakeHus IMpoLeCCoB.

Mooyav MD226

Ycrpoiicteo MD226 nsmepsieT CUrHaABI C Iepe-
Aauell pe3yAbTaTa II0 PaAMOKAHAAY B KOMITBIOTEP.
MD226 npeacTaBAsieT co00iT BOCbMUKaHAABHBI
24-paspsaHbiii curma-peabra ALITT, ynpaBasieMbli
CO CTOPOHBI KOMIIbIOTEpa Yepe3 uHTepdeiic Blue-
tooth. Moayap MD226 co3pan Ha 6asze ALITT
ADS1298 (Texas Instruments), OpMeHTUPOBAHHO-
ro Ha MEAVIKO-O1oAoruveckoe npumenenue. ALTT
COCTOUT 13 BOCbMM HE3aBUCHMBIX KaHAAOB, CO-
CTOSIIUX 13 aHAAOTOBOrO MYABTUIIAEKCODA,
BXOAHOI'O YCUMAUTEASI C IPOrPpaMMHUPYEMbIM
K03} PULIMEHTOM YCUAEHUS U CUTMA-A€AbTa IIpe-
obpasoBareasi. YCUAUTEAD ITO3BOASIET YCUAUTD
BXOAHOI curHaa B 1, 2, 3, 4, 6, 8 uanu 12 pas.
VaMepeHMs MOT'YT IPOM3BOAUTHCS CO CKOPOCTBIO
250, 500 nam 1000 pas B cexkyHAy. B xauecTBe
YIIPaBASIIOIEr0 KOHTPOAAEPA IIPMMEHEH MUKpPO-
KoHTpoAAep ATtiny167 (Atmel). MUKpOKOHTpPOA-
A€p IPMHMMAaeT KOMaHABI OT KOMIIbIOTepa, YIIpaB-
asiet pexxumamu pabotsl ALIIT (c6poc, crapt
M3MepeHNI1, OCTAHOBKA M3MepeHuit), mepepaet ALITT
KOMAaHABI OT KOMITbIOTEPA, IIepeAaeT B KOMITbIOTEp
AanHble ot ALITL. YcTpoiicTBO MMeeT MaAble raba-
PUTBL, YTO MIO3BOASIET Pa3MeLlaTh €r0 Ha TOABVDKHOM
obbexTe nccaepoBanust (MoAaoaLioB u Ap. 2013a).

BEL o

Puc. 2. BHemnuit Bup ycrpoiictea MD155

Fig.2. MD155 device

Wnmeepamusnas ¢u3u0/103u;1, 2022, m. 3, Ne 3

323



Onbvim asmomamusayuu ¢M3MO/[O€M’4€CKM?C IKCNEePUMEHN OB

Mooyrv MD236

Ycrpornictso MD236 npepHa3Hau€HO AASI KOH-
TPOASI 3BMEHEHMS YaCTOTbI VMITyAbCHOV aKTVB-
HOCTY HEPOHOB MPU BO3AEMCTBUU HA OMOAOTHU-
yeckuim 006bekT (MoaoauoB u Ap. 2013b).
YCTpONCTBO MOACUUTBIBACT MMIYABCHI, KOTOpPbIE
MIMEIOT aMIIAUTYAY OOABILYIO TOPOrOBOrO HAIPSI-
JKEHUSI, TIOCTYIMBIINE HAa BXOA 32 OIPEAEAEHHBIN
NPOMEXYTOK BpeMeHU. BXOAHbBIE MMIIYABCBHI
MOAQIOTCSI Ha TOPOTOBBIN AUCKPUMUHATOP.
IToporoBoe HanpspKeHMe BbIpabaTbIBAa€TCs YIIPaB-
ASIEMBIM AEABTA-CUI'Ma MOAYASITOPOM C BBIXOAHBIM
GUABTPOM HU3KMX 4acTOT. Brixop KommapaTopa
nmoAKArwueH K Mukpocxeme CPLD EPM570T100C5
(Altera), Ha KOTOPOJT BBITOAHEHBI OCHOBHBIE Y3AbI

ycrporicTBa. [Toab3oBaTeAb MOXXET 3aAaBaTh I10-
pOroBoe HalpsDKeHNe ACKPYMIHATOPA, 3aIlyCKaTh
1 OCTQHABAMBATD IIOACYET IMITYAbCOB. AASI CBSI3U
ycrporictBa ¢ 9BM uepes USB ncnoab3yeTcs mpe-
obpasosareap USB-FIFO FT245RL (FTDI). Ctpyk-
TypHas cxeMa yctpoiictBa MD236 npeacTaBaeHa
Ha pUCYHKe 3.

Pa3paboTaHbl IporpaMMHbIe CPEACTBA, 00e-
crevyuBamplgue nmpoBepeHne Ha 6asze MD236
HelPO3KCIEePYMEHTOB 10 ICCAEAOBAHMIO papMa-
KOAOT'MY CHAIITMYECKO IIepeAayy B peLielTopax
BeCcTUOYAsipHOro anmapara Asarymku (PepkoBa
u Ap. 2016; Coanyukus, Ynxman 2015). AaHHbie
MCCAEAOBAHNA IIPEANIOAAraI0T AaHAAN3 M3MEHEeHNs
YaCTOThI MMIIYABCHOM aKTUBHOCTU HEPBHBIX

EPM570T100
OBM  k———] FT245RL  k————
dopmuposaTenn
BpeMeHHBIX
HHTEPBAJIOB
HeapTa-curma
PHY MOJTYJIATOP ~
:> CyeTunk
HMIYJIbCOB
Bxoanoi
CHTHAJI OnnoBudparop

Puc. 3. CrpykTypHas cxema ycTpoiicta MD236

EPM570T100
Computer <:’> FT245RL <——_>
Time
slot generator
Loiv_vi Dass Delta sigma | 1
M modulator
::> Impulse
counter
Input - . .
signal Single flip-flop
+

Fig. 3. A structure diagram of MD236 device
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BOAOKOH B 3aBMCHMOCTY OT BO3AEMCTBUS HA UC-
CA€AYEMBIIT 0OBEKT ONPEAEAEHHOTO OMoXMuye-
CKOTO BellleCTBa. B xoAe 3KCIeprMeHTOB BBIITOA-
HSI€TCSI KOHTPOAD M3MEHEHMS YaCTOThI MMITYAbCHOI
AKTMBHOCTU HEVIPOHOB C OAHOBPEMEHHON peru-
CTpaLelt HeCKOABKMX OMOXMMMYECKIX BO3AEVICTBUI
Ha 0OBEKT.

B nporpaMMe BBIAEASIETCS TPU PeXXMMa PabOTBhIL:
«9KCIIEPUMEHT», «00paboTKa pe3yAbTaTOBY,
«paboTa c apxuBamMu». B pexxume «9KCrepuMeHT»
YCTaHABAMBAIOTCS [TAPAMETPbI U3MePeHMII (AMITAY-
TYAHBII1 TOPOT MUMITYABCOB; BEAUY/HA BPEMEHHOTO
MHTEPBaAa AASI IOACUYETA MMITYAbCOB; BEAUYMHA
MHTEpBaAa 0TOOpakeHUsI pe3yAbTaToB). B mpo-
rpaMmMe obecrieueHa BO3MOXKHOCTb BBbIAEAEHMS
Y4YaCTKOB PeruCTpUpPYeMbIX IIPOLIECCOB, COOTBET-
CTBYIOIVIX MOMEHTAM BHEIIHUX OMOXMMUYECKIX
BO3AEVICTBUI (HarpyMep, HOPAaAPEHAAVH, ALIETHAXO-
AVIH U Ap.) Ha MCCAeAyeMbIll 00beKT. PeaanzoBaHa
BO3MOYXHOCTD (pMKcaLy rpahyecKyX METOK HauaAa
¥ KOHLIa (papMaKOAOTMYECKOTO BO3AEVICTBYS B BUAE
L[BETHBIX TOPU3OHTAABHBIX AMHUI Ha rpaduxe

#. OBpsborea

Easza

M3MEHEeHMs YaCTOTbI HEMIPOHAABHOV MMITYAbCALIVNL.
B pexxnme «00paboTKa pe3yAbTaToB» (puC. 4) UCXOA-
Hble AQHHbIE AASI BBITIOAHEHVS IBMEPEHNI U3BAEKa-
10TCs1 U3 0asbl AaHHbIX. Ha Auicriaee oToOpaskaroTcs
BpeMeHHbIe MOMEHTbI HaHeCeHVsI papMaKOAOTMYECKIX
BO3AEVICTBUI, BBIBOAUTCS IPadVIK M3BMEHEHVSI 4aCTO-
TBbI BXOAHBIX VIMITYABCOB Y BEPTMKAAbHBIE PeIephl,
0003HaYaroIIVe HAYAAO U KOHEL] OITPeAeAEHHBIX (ap-
MaKOAOTMYECKIX BO3AENCTBUIL Peaar3aoBaHO yrpas-
AeHye puAbTpalyent rpaguKoB (HUBKOYaCTOTHAS —
BBIYMTaHVE IIOCTOSIHHOV COCTaBASIOLLEN, YAQAE€HVe
apTedakTOB — HEMPABAOIIOAOOHBIX 3HAYEHUIT).
Ha rpaduike MO’KHO BBIAEAUTD «00AACTY MHTEPECAY.
Aast 6oaee IOAPOOGHOTO pacCcMOTpeHMs «o0bAaCTU
VIHTEpEeCa» BIHECEHDI B OTAEABHBIE IpaduuecKiie OKHa
B YBEAMUEHHOM MacLITade.

Mooyav MD228

YcrpoitctBo MD228 npeacTaBasieT coboit mpo-
rpaMMUPYEMbIl YeTbIpeXKaHAAbHBIV IeHepaTop
MIPSIMOYTOABHBIX MITYAbCOB, KOTOPBIN MCTIOAB3YEeTCS
AASI OTAAAKM UM TeCTUPOBAHUS almapaTHbIX
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Puc. 4. [pumep rpaduueckoro unrepdeiica i
B BepxHeM rpaduueckoM moAe sKpaHa 0TOOpakeHbI
BO3AeNCTBMIL. B cpepHeM moAae — rpaduk uaMeHeHus

pOrpaMMbl B peXXrMe «00paboTKa pe3yAbTaTOB».
BpeMeHHbIe MOMEHTbI HaHeCeH!sT PapMaKOAOTMIECKUX
4aCTOTBI BXOAHBIX MMITYABCOB U BEPTUKAAbHBIE PeIlepsl,

0603Haqa10u11/[e HAYaAO 1 KOHelLl OITPEACACHHDBIX q)apMaKOAOFI/I‘{eCKV[X BOSAeﬁCTBI/Iﬁ. B HibKHEM AeBOM U InpaBoM

MIOAYTIOASIX TIOKa3aHbI O0Aee TOAPOOHO BBIAEAEHHBIE 00AACTHU HA CPpeAHEM ToAe (cepoe)

Fig. 4. An example of the graphical interface of the program in the Results Processing mode.
The upper graphical field of the screen displays the time of pharmacological interventions.

The middle field is a graph of changes in the frequency of input pulses and vertical benchmarks.
It indicates the beginning and end of certain pharmacological interventions. The lower left and right half-fields

provide a more detailed view of the middle field (highlighted gray)
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MOAYAe€iT BBOAA CUTHAAOB. LIudposas yacts ycTpoit-
CTBa BBITOAHEHA Ha MUKpocxeme FPGA cemeiicTBa
Cyclone I EP2C5T144C7 (Altera). IToab3oBaTeAb
MO>KeT 3aAaBaThb HAIpsDKEHMe BEPXHET0o U HIXK-
Hero ypoBHeil UMITYyAbCOB (0T —5B a0 +5B), nepu-
0A CAEAOBAHMSI U AAUTEABHOCTb VMIMITYAbCOB
(o1 10 HC A0 16,78 Mc ¢ warom 10 He). VimeeTcs
BO3MO)XHOCTb MOAYASILIMY BEPXHETO YPOBHS AU-
HeJHO M3MeHsUMcs HanpspkeHueM (AVIH).
Aas reneparopa AVIH M0>XHO 3aAaTh CKOPOCTU
HapacTaHMA U CIIaAQ HAIIPSDKEHMS, a TAKXKe Bepx-
HIOIO VM HVDKHIOIO TPaHMLIbI M3MEHEHM s HallpsDKe-
HHUA. YCTPOMCTBO YIIPABASIETCS CO CTOPOHBI KOM-
nbioTepa yepes uHtepderic USB nmocpeacTBOM
MUKpocxembl mpeodpasoBateast USB-FIFO FT245RL
(FTDI). Buemnnit Bup ycrpoiicta MD228 nipea-
CTaBA€H Ha PUCYHKe 5.

Mooyib M D245

YcrporictBo MD245 mpepHasHaueHO AAS UICTIOAD-
30BaHMS B CUCTEME OLIeHKM (PYHKLIMOHAABHOIO
COCTOSIHMSI ABIXaTeAbHBIX MbIILL yeAoBeKa. Lindpo-
Basl YaCTb YCTPOJCTBA BBIIIOAHEHA HA MUKPOCXeMe
CPLD EPM570T100C5 (Altera). YcrpoiicTBo nmeet
AB€ OCHOBHBIX (PYHKLIVIM: CHSITME TIOKa3aHMI C AQT-
ynka paBaeHust MPX53GP (Freescale Semiconductor)
BCTPOEHHOT'O B PUOOP AAST MEAUKO-(PU3UOAOTIYE-
CKVIX ICCA€AOBAHMII ABIXQHNS, & TAKXKe yIIPaBA€HME
BAEKTPOMAarHUTHBIM KAQITaHOM IEPEKPBITUS BO3-
AYLIHOTO NoToKa. VI3MepeHye AaBA€HUST OCYILeCT-
BASIETCSI C TIOMOIIIbI0 curMa-aeAabra ALITT AD7192
(Analog Devices) c mocaeayroen Bbipaueit iugppo-
BOro pe3yAbraTa 1o uurepgericy USB B kommbroTep.

Ha pucyHke 6 mpeacTaBA€H BHEIIHUI BUA YCTPO-
CTBA C TPUOOPOM AAST ICCAEAOBAHUS ABIXaHUSL.

A AL 5KCIIEpVIMEHTOB IO MICCAEAOBAHMIO ABIXAHNS
paspaboTaHo nporpaMMHOe obecIieyeHne, KOTopoe
ocyujecTBAsieT rpaduyeckoe oTobOpakeHue
PerucTpupyeMoro AaBA€H!s BO BpeMeH!, oIpeAe-
A€HMe Pa3sAMYHbIX BpeMEHHbBIX ITapaMeTPOB AbIXa-
TEAbHOT'O LIMKAQ, COXPaHeHMe ITapaMeTPOB JKCIle-
pPMMeHTa U PErMCTPUPYEMBIX CUTHAAOB B Oa3e
AQHHBIX, BBIUMCAEHUE PSIAA CrielubUIeCcKUX MoKa-
3ateaeil (AaexcaHpapoBa u Ap. 2013; COAHYIIKMH,
Ynxmau 2017). B pexxnme «9KCIepuMeHT» OCYILeCT-
BASIETCS PErvICTPALVs 9KCIIEPUMEHTAABHBIX AQHHBIX
B peaAbHOM BpeMEHH, T. €. U3MepeHNe AABAEHM
B ABIXaTEABHOM TPAKTe BO BpeMsI aTara CBOOOAHO-
ro ABIXaHMs, 3Tala OKKAK3UM (IepeKphITHs
BO3AYILIHOTIO MOTOKa B mepseie 100 Mc BpOXA)
" 9Tala ¢ NpUMMeHeHMeM CIeLIMaAbHbIX YCAOBUIA
AbIxaHus (MaHeBp Mioaaepa). BHauaAe ycTaHaBAM-
BaIOTCs BPeMEHHble HTePBaAbl, COOTBETCTBYIO-
1jMie pa3HbIM 3TallaM MCCAEAOBAHMUS AbIXaHUA
B TeUeHMe SKCIIePUMMEHTA: AAUTEABHOCTH B CEKYHAAX
BbIIIIEHa3BAaHHBIX TPEX 3TANIOB — CIIOKOJHOE AbIXa-
HMe, OKKAIO3Ms, MaHeBp MIoAAepa; KOAUYEeCTBO
LIKAOB CTIIOKOMHOTO ABIXaHVS ITePEA BbITIOAHEHVIEM
MmaHeBpa Mioaaepa. Ha sTane «pbixaHue ¢ nepe-
KpbITHEM» (OKKAIO3MsI) POrpaMMa BbIAQET YIIpaB-
ASIOLIVE CUTHAABI HA KAQTIAHHBI MeXaHU3M Iiepe-
KPBITUSI UHCIIUPATOPHOTO KaHaAa (uepes 50 mc
MIOCAE HayaAa BbIAOXA KAATIaH 3aKpbIBAeTCs U Uepe3
100 Mc mocae HauaAa BAOXA KAQIIAH OTKPbIBAETCS).
Bo Bpems MaHeBpa MIoaAepa KAallaH 3aKpbIBaeTCs
yepe3 50 Mc TOCAe HayaAa BbIAOXA, 2 OTKPbIBAeTCs
yepes 50 MC mocae AOCTVIKEHMSI MaKCMMAaAbHOTO
AQBAEHNs B MHCITUPAaTOPHOM KaHaAe. B 6ase AaHHBIX
COXPAHSIETCS 3aMUCh, COAEPIKAILAsI 3aperUCTPUPO-
BAHHDIJ MHCIIMPATOPHBIN CUTHAA Ha BCEX dTamax
VICCAEAOBAHMSI ABIXaHUS, BpeMEeHHble 3HAaYeHMA
MOMEHTOB OTKPBITUA U 3aKPbITHA KAAIIAHA, COTIPO-
BoAuTeAbHass mHbopmanus (para, Bpems,

Puc. 5. BHemnuit Bup ycrpoiictea MD228
CO CHATOM KPBILIKON

Fig. 5. MD228 device with the cover removed
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Puc. 6. BHemHuit Bup ycrpoiictBa MD245

Fig. 6. MD245 device
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KOMMeHTapuii). B pexxume «o6paboTka n3mepeHnit»
BBIITOAHSIETCSI MATEMATUYECKUI pacyeT PyHKLIMO-
HaAbHBIX OLIEHOK ABIXaHUS 10 AAHHBIM, HAKOITA€H-
HbIM B Oase. [Ipu BbpI3OBe M3 6a3bl 3amuCH,
COOTBETCTBYIOILEN OMPEAEAEHHOMY CYOBEKTY
Y OTIPEAEAEHHOMY 9KCIIEPUMEHTY C 3TUM CyObeK-
TOM, TOSIBASIETCSL O0II[ast KapTUHA U3MEPEHUs
MHCIIMPATOPHOTO CUTHAAQ Ha BCEX HTAMax MCCAe-
AOBAHUS C OTMEYEHHBIMY BpEMEHHBIMI MOMEHTA-
MU U TAOAUIEN BBIYMCAEHHBIX OL[€HOK (puc. 7).

B TabAuiie IpMBOASTCSI 3HAYEHUS OLIEHOK,
Ha OCHOBaHMY KOTOPBIX MO>KHO OIIEPAaTUBHO CYAUTh
0 QYHKLMOHAABHOM COCTOSIHMM MHCIIMPATOPHbIX
Mo (CernsbaeBa, AaekcaHpposa 2014).

T, — cpepnsas panTeabHOCTb BAOXA; T, — cpea-
HSSI AAUTEABHOCTb ABIXaTEABHOI'O LIMKAQ;
P, — cpeaHee 3HaUeHMe POTOBOTO AABAEHMS TIPU
BAOXe B MOMEHT OKKAI031H B riepBble 100 Mc mocae
HauaAa Bpoxa; MIP — makcumaabHOE poTOBOE
AQBAEHIE ITPU BAOXE BO BpeMsi MaHeBpa MoaAepa
(MakcuMaAbHOE MHCIMPAaTOPHOE YCHUAME);
OTHOILIEHVe [TOKa3aTeAell, XapaKTepU3YIOLINX pa-
60Ty abixareabnout cuctempr: T, / T, P, / MIP;
TT,, — vHAEKC HanpsKeHMe-BPeMs, PaCCIMTAHHbII
HAa OCHOBE U3MePEHUsI OKKAIO3MOHHOTO POTOBOTO
AaBaenus P, TTQ1 P, / MIPxT, / Tt ;
TT, — nHAEKC HanpsKeHYe-BpeMsl, PAaCCYUTAHHbII
Ha OCHOBE U3MEePEHNS MHCITMPATOPHOTO POTOBOTO

aaBaenus, TT =P_/MIPxT, /T, rae P, — cpea-
Hee 3HAYEHME POTOBOTO AABAEHUsI MIPU BAOXE Ha
asramne cBobopHoro apixanus; TT,= (5x P xT,)/
MIP x (T,/ T) mHAeKC HampsKeHMe-BpeMs,
OTPa’KaIIUIT BBIHOCAMBOCTDb Avadparmsl npu
Pe3MCTMBHBIX Harpyskax (tention-time index).

Mooyib MD280

B noBepeHueckyx Gp1U3MOAOrMUECKUX SKCIIEPU-
MEeHTaX NPUMEHAIOT IAeKTPUUeCKoe BO3AEICTBYEe
Ha AabopaToOpHOE )XMBOTHOE ITyTEM ITOAQUM DAEK-
TPMUYECKOTO HAaNPSDKEHMSI Ha MeTaAAMYeCKue Mpy-
Tbs ITOAQ 3KCIIEPVIMEHTAABHOM KAETKU.

HeobxoArMO obecrieunThb CO3pAaHME DAEKTPU-
4eCKMX MMITYAbCOB C OIpeAEeACHHBIMY ITapaMeTpa-
MU, T. €. C 3AAAHHOM AMIIAUTYAOV, AAUTEABHOCTBIO
U 4YaCTOTOM CA€AOBaHUs, opAady MMIIYAbCOB
Ha NPYTbsl KATKIU.

C 27011 LIeAbI0 OBIAO Pa3paboTaHO 1 peaAnso-
BaHO ycTponictso MD280, copepkalljee 5AeKTPOH-
HbIe KAIOUM, PETVCTP YIPABAEHMS KAIOYAMY, YIIPaB-
AsIeMBINl MUCTOYHUK MOCTOSIHHOT'O HAaIPsDKeHUA.
KaxAblil 2AeKTPOHHDI KAIOY B yCTPOICTBE COCAU-
HEH C ONpeAEAEHHBIM Pa3psAOM PerucTpa, a Kax-
ADBIVL TIPYT ITOAQ KAETKM Yepe3 SAeKTPOHHBIN KAIOY
COEAVHEH C YTIpaBAsieMbIM ICTOYHMKOM IIOCTOSIHHOT O
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Puc. 7. 3anmuch sKCIiepuMeHTa 13 6asbl AAHHBIX B PeXXUMe «00paboTKa UsMepeHui» («CHUMOK dKpaHay)

Fig. 7. Record of the experiment from the database in the Processing Measurements mode (a screenshot)
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HanpspkeHus. Ha pucyHke 8 mokasaH o01imit BUA
3KCIePMMEHTAAbHOM TTOBEACHYECKOV YCTAaHOBKU
¢ ycrporicteom MD280 (Uuxman u Ap. 2019).
B peaAan30BaHHOM BapMaHTe IIOAQUM Pa3Apakaro-
MIMX MUMITYAbCOB Ha Ka’KABIN IIPYT KACTK! ITOAQIOT-
Cs UMITYABCBI € yacToToil 1 I1] ¢ AAMTeAPHOCTDIO
umnyabca 125 mc.

BsaumoaeiicTBe C yCTPOVICTBOM OCYILeCTBAS-

€TCsI C MOMOIIBI0 KOMITbIoTepa ¢ nHTepdeitcom USB
2.0 Full-Speed.

Puc. 8. OO1imit BUA SKCIIEPUMEHTAABHOM
MOBEAEHYECKOI YCTAaHOBKM C ycTpoyicTBom MD280

Fig. 8. General view of the experimental behavioral
equipment with MD280 device

|

Pesur

T PyuHoi

* ABTOYEENHUEH
 ABTOYMBHEWER

Paspaborana mporpamma, obecreqnBaroIas
Ha 6a3ze ycTporictBa MD280 npoBeaeHMe nccAep0-
BaHNI1 IOPOrOBOI 0OAEBOI YyBCTBUTEABHOCTY KPBbIC.

I'padpmuecknit nuutepdeiic nporpamMmmsi (puc. 9)
MO3BOASIET B HauaAe paboOThl IPOBOAUTDH BbIOOP
IapaMeTpPOB IIPOBeAEHMS SKCIIEPMMEHTA: BapUaH-
Ta 9AEKTPOCTUMYAUPYIOIIETO BO3AENCTBUS (ITO-
CTOSIHHO€, UMITYAbCHOE, (pa3poBaHHOE U T. A.),
YCTAQHOBKY 3HAU€HMI [1apaMeTPOB BO3AENCTBUS
(aMIAMTYAQ HATIPSDKEHMSI, AAUTEABHOCTD UMITYAb-
ca, 4acToTa), Crocoba M3MeHeHVsI TapaMeTpoB
(aBTOMATMYECKU MAM B PyYHOM PEKUME).

BriocaeacTBUM ObIAM CO3AQHBI MOAMDUKALIMK
yCTpOJiCcTBa, pa3paboTaHbl MoaAyAu MD286 ¢ yBe-
AVYEHHBIM 3HaYeHMeM HaIpsDKeHMs], T0AABAaeMOTO
Ha NpyThsa KaeTKM 1 MD287, mocTpoeHHOTO
Ha OCHOBEe I'eHepaTOPOB TOKA, 00eCIeuBaOIIero
CTaOMABHBIN TOK NPV MU3MEHEHVM BHEIIHUX YCAO-
But (Yuxman u Ap. 2020).

AASI IPOBOAUMBIX B VIHCTUTYTe 5KCIIEPUMEHTOB,
B KOTOPBIX M3Y4alOTCs MeXaHM3Mbl 00paboTKu
Y MOAYASILIMM BUCLIEPAABHBIX OOAEBBIX CUTHAAOB
B siApax cTBoAa mo3ra (Awbammua u Ap. 2021),
YKEAATEeABHO, HapSIAY C perucTpalyel HeIpOHaAb-
HOJI aKTUMBHOCTY, ITaPAAAEABHO OCYILIECTBASITD
KOHTPOADb YPOBHS CUCTEMHOTO apTepUaAbHOTO
AABAEHUS U ABIXaTEAbHBIX ABYDKeHMIL. IIpearo-
YTUTEABHO pPeaAl30BaThb BO3MOXXHOCTb OLIEHKU
B peaAbHOM BpeMeH! I3MeHeHU 9THX [TapaMeTpOB
BapuanT BoznefcTEMA

1 uepes 1 HEYET HMNYECE
1 yepez 1 4eT UMNYNLCE

HanpasxeHue

MepareTpel Bo30EACTEWS

&+ PazoBEwIi COBME

OnvteneHocTs MC Kon-eo B cepuu Kon-eo cepui

Myck |

¥ Mayza I100 = IB i‘ I5 j
'—:acrmal'il T m =
14
Mayza I Cron |

SaHDMHMTbl

CoxpaHnTE B ﬁaael

Puc. 9. Ipaduueckuit nurepdeiic aKcrepumMeHTa [0 NCCAEAOBAHUIO TIOPOTOBOIT HOAEBOIT YyBCTBUTEABHOCTHU
(«cHEMOK 3KpaHay)

Fig. 9. Graphical interface of the experiment as part of the research in threshold pain sensitivity (a screenshot)
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IIPY BUCLIEPAaABHOM 0OAEBOM BO3AEVICTBUN U DAEK-
TPOCTUMYASILIMY PA3HBIX CTPYKTYP MO3Ia.

Moodyab MD300

AAsl U3MepeHMsT TapaMeTPOB >XKU3HEAESITEAD-
HOCTM AQ0OPaTOPHBIX JKUBOTHBIX B XOA€ IKCIIEPH -
MEHTAa Ha CYLeCTBYIOLEN ACVICTBYIOIEN YCTAaHOB-
Ke pa3paboTaHo 1 peaAn3oBaHo ycTpoyictso MD300,
coAeprKalllee ABa KaHAAA AAS perMCTpaliuy CUIHa-
AOB, CHIMAEMBIX C MOCTOBBIX AQTUMKOB AAQBAEHUS,
VI BBIXOAHOM KaHaA GOpMMPOBAHMS UMITYAbCA AAST
3amycka ctumyasitopa (puc. 10).

AAsl perucTpanuy apTepUaAbHOTO AaBAe-
HMS HaMU MCIHOAb30BaH pAaTuumk MLT0670
(ADInstruments, Australia), a AAst perucTpanuu
napaMeTpoB AbIXaHUsi — pAaTuuk MPX53GP
(Freescale Semiconductor, USA), ycraHaBAVBaeMblit
B ABIXaT€AbHOM TPaKTe KPbIChI (TPaXeoCTOMUYECKO
TpyOKe). YcTpoiictBo MD300 kpome naMepeHus
CUTHaAOB AQBA€HMS obecrieuyBaeT GOpMUpPOBaHMEe
U BBIAQUY IO KOMaHAE KOMIIbIOTepa MMITYyAbCa
YIIPaBAEHMS AAS 3aITyCKa CIIELIMAAM3MPOBAHHOTO
aaekTpocTumyasitopa A320 (World Precision
Instruments, USA). CurHaAbl, CHUMaeMble C AQT-
4YMKOB AaBAeHUs, B ycTporictBe MD300 auckpe-
TU3UPYIOTCSI OAHOBpPEMeHHO ¢ yacTortoi 125 I
AAST AUCKpeTU3aLy CUTHAAOB MICTIOAb30BaH 8-Ka-
HaAbHBIN curma-peAbra ALITT ADS131MO08 (Texas
Instruments, USA), umerouuit Habop koadpduiim-
eHTOB ycuAeHus ot 1 po 128 (1, 2, 4, 8, 16, 32, 64,
128), uto obecmeurBaet paboty ¢ parunkom MLT0670
C YYBCTBUTEABHOCTBIO 16,5 MKB/MM pT. CT.
Haanune B xaxkpom Kanaae ALITT ADS131MO08
OTAEABHOTO YCUAUTEASI IO3BOASIET IPU AVICKPETH-

[EHEPATOP,

No®

Puc. 10. YcrpoitctBo MD300 B KoMmnaexce
9KCIIEPMMEHTAABHOTO 000PYAOBaHMS

Fig. 10. MD300 device in the system of experimental
equipment

UnmeepamusHas gﬁusuwloeu,q, 2022, m. 3, Ne 3

3alMM He IepPeKAIYaTbhCsI MEXAY KaHaAaMu
(T. e. peaanzoBaTh pexxum Simultaneous sampling)
" 130€eXXaTb BPEMEHHOI 3aA€P)KKM YCTaHOBKM
paboyero pexmma CUrMa-AeAbTa MOAYASITOpPA.
OcHoBHBIM y3A0M ycTpoiicTBa MD300 saBasieTcs
MukpokoHTpoasep STM32F042F4 (STM,
Switzerland), o6ecneunBaoImit mepeAady BBIXOA-
HbIX KoAOB AL[IT B KOMIIbIOTEP B COOTBETCTBUU
¢ nporokoaoMm untepderica USB. Mukpoxkoa
AAST PYHKUMOHUPOBaHMSI MUKPOKOHTPOAA€EPA
paspaboran Ha si3bike C++ B cpepae IAR Embedded
Workbench for ARM (IAR, llIBenjus) ¢ UCIIOAB3O-
BaHueM 6ubAnoreku USB, cospaHHOM dupmoit
STM.

Aast cBsisu ¢ komnbioTrepom MD300 npeacTas-
asiet co6o1t USB Custom HID ycrpoiicTBo, 06MeH
AAQHHBIMY, C KOTOPBIM OCYILI€CTBASIETCSI ITyTeM
oTnpaBKu U noayuenus ordyetos (HID_Reports)
B peXuMe 3arpoc-oTBeT. AAsI ONEPALIOHHON CU-
CTeMbl 3TO CTaHAApTHBIN Kaacc USB ycTpoiicTs,
He TpeOYyHOIIUX CIEeLVaAbHBIX ApailBEpPOB.
AAs perucTpanuy MMIIYAbCHOM aKTMBHOCTY Hell-
POHOB (MaKCHMaAbHasl YaCTOTA MMITyAbCALIN
He 60Aee 1 KI1]) MCTOAB3YeTCsI MUKPOQOHHBIN BXOA
3BYKOBOJI KapThl KOMIIBIOTEPA, 00eCreunBaoInit
6e3 notepu nHpOpMaLIMK AUCKPETU3ALIUIO BXOA-
HOTO CUTHAaAa C 3aAaBaeMbIMM pa3pelleHVeM
1 9aCTOTOM.

PaspaboraHa nporpamma, obecreymBarolas
Ha 6ase ycrporictBa MD300 npoBepeHue aKce-
pPUIMEHTA 110 MICCAEAOBAHMIO MEXaHU3MOB BMCLie-
paabHOI 60AU. BAOK peructpanum mo3BOAsieT
BBITIOAHSITh HACTPOVIKY OOIMX ITapaMeTpPOB Mpo-
BEAEHMsI SKCIIEPVIMEHTA U 3aAaBaTh HauaAbHbIE
YCTaHOBOYHbBIE 3HAYEHUS AASI IIPeoOpa3oBaHuA
curHaaoB. Ha pucynke 11 nokasaH rpadpuyeckuit
MHTEpderc 6AOKa perncTpanuy CUTHAAOB.

BAOK mpoCMOTpa 3aperucTprpOBaHHBIX CHUTHA-
AOB (puc. 12) CAY>KUT AAsT 0TOOpaKeHM ST HAKOIIAEH-
HOJ1 BO BHYTpeHHell 6a3e 3KCIepuMeHTaAbHOM
nHpopMaLun.

I'padmuecknit uHTEpQENIC BKAIOYAET TPY OKHA,
0TOOPaKAIOIINX CUTHAABI HEPOHHO AKTUBHOCTH,
AQBAEHMSI U AbIXaHUs. B rpaduueckom okHe
«aKTMBHOCTb» B IIOAHOM OO'beMe BPEMEHU peru-
CTpauuy MPEACTaBAEH 3aperucTpPUpPOBAHHBIN
B 0ase CUTHAA HEMPOHAABHON AKTUBHOCTMU.
B rpadmueckmx okHax «AaBAEHME» U «AbIXaHUE» —
3aperucTpUpPOBAHHBIE CUTHAABI C AATUYMKOB (AeBOe
rpaduyeckoe 1moAe) ¥ aMIAUTYAHO-4aCTOTHbIN
CIIEKTP COOTBETCTBYIOIETO CUTrHaAa (ImpaBoe
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Puc. 11. I'padpuueckuit uurepdeiic 6A0Ka perucTpanuy CUrHaAOB («CHUMOK 3KpaHa)

Fig. 11. Graphical interface of the signal registration block (a screenshot)
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Puc. 12. OKHO 6AOKa ITPeABAPUTEABHOI 0OPaOOTKM U IPOCMOTPA 3aPErMCTPUPOBAHHBIX CUTHAAOB («CHUMOK SKPAHa))

Fig. 12. A window of the pre-processing block and display of registered signals (a screenshot)

rpaduueckoe MoAe), BBIYMCAEHME 1 OTOOpaXkeHe
CIIEKTPOB CUTHAAOB Ha 9KPaHe MO3BOASIET SKCIIe-
PUMEHTATOPY OIEPATUBHO OLEHUTb AMHAMUKY
ABIXaTEABHOTO pUTMa (BAOX-BBIAOX), YaCTOTY ITYAb-
Ca, YTO SIBASIETCS IOKA3aTEAbHBIM TP 00paboTKe
0MOAOTMYECKMX CUTHAAOB.

3aKkA4YeHue

Pa3paboTKa 5AEKTpUYECKUX CXEM BBILIENEpe-
YVICAEHHBIX YCTPOJCTB, IIPOEKTUPOBAHME U pas-

330

BOAKA MEYATHBIX IAQT BBIIIOAHEHA COTAACHO U3-
BECTHBIM alpOOMPOBAHHBIM CXEMOTEXHUYECKUM
pelleHsAM C IOMOIIBIO CPEACTB IIPOEKTVPOBAHMSA
CAD Altium Designer (Altium Europe GmbH).
BeieonycanHble pUMepb! pa3pabOTKM Mpo-
OAEMHO-OPMEHTVPOBAHHBIX IPOrpaMM OBIAK BbI-
noAHeHBI B cpeae Delphi v.7.0 ¢ ncroabzoBaHnem
o6ubanorexu ¢pyuxkumit Windows API u DirectX,
oubanorexu komrnoneHtos JEDI VCL, peaaunsyromnpix
aoctyn Kk HID coemectumbiM USB ycrpoiicTBam.
AAs BbIBOAQ TPadMKOB MICIOAb30BaHA KOMIIOHEHTA

hitps://www.doi.org/10.33910/2687-1270-2022-3-3-318-335
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SL Scope us pacnpocTpaHsemMoit CBOO0AHO O1OAK-
OTEeKM BU3yaAbHBIX KOMIIOHEHTOB Mitov Software.
PaccmoTpeHHble Bblllle pa3paboTaHHble ara-
paTHO-IIPOrpaMMHbIe CPEACTBA YCIIEIIHO UCIOAD-
3YIOTCSI AASI aBTOMAaTU3aLuM GpU3MOAOrMIECKOTO
9KCIIEPUMEHTA B AaOOPaTOPUSAX 1 00EeCIeunBaoT
METOAUYECKOE EAVHCTBO MHOTOIIAQHOBBIX 9KC-
IePYMEHTAABHBIX MICCAEAOBAHMIL, TPOBOAVMMBIX
B lHcTuTyTe Pusnosorvy um. V1. T1. [TaBaoBa PAH.
Tem cambIM 0becieunBaeTCsi TEXHUYECKAs CTOPO-
Ha MHTETPAaTUBHOTIO MMOAXOAA K MCCAEAOBAHUIO
bYHKLMOHUPOBAHMSI LIEAOCTHOTO OPTraHU3MA.
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Abstract. 5-fluorouracil (5-FU), which is widely used as an anticancer drug, causes enteritis due to disruption
of mucosal tissue, resulting in diarrhoea and body weight loss. Ginsenoside Rd (GRd) and ginsenoside Re
(GRe) are two of the saponins contained in carrots. Their anti-inflammatory effects on the digestive system
have been reported, but their effects on small intestinal mucositis have not been studied much. This study
investigated the effect of GRd and GRe on 5-FU-induced mucoenteritis. GRd and GRe did not affect weight
loss or exacerbation of diarrhoea due to 5-FU administration in mice. Histopathological observations showed
that 5-FU reduced the shortening of intestinal villi and the number of crypts and cells compared to the
vehicle group. However, co-administration of GRd and GRe, significantly suppressed the decrease in the
number of small intestinal crypts and cells in the crypt by 5-FU treatment. It indicates that 5-FU-induced
enteritis is attenuated by the co-administration of GRd and GRe. The expression of NF-kB was increased
by 5-FU administration and this increase was clearly suppressed in the group that was co-administered GRd.
Although the anti-inflammatory effects of GRd and GRe have been reported based on various mechanisms
in many models, the mechanism of their enteritis-suppressing action in anticancer drug-induced enteritis
has not been clarified. It was reported that the anti-inflammatory effect of GRd was due to the suppression
of NF-«B expression; we concluded that NF-kB may be one of the molecules involved in the suppression
of 5-FU-incuced enteritis.

Keywords: 5-fluorouracil, anticancer drug, Ginsenoside, mucositis, enteritis, NF-xB
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Introduction

5-Fluorouracil (5-FU) is the most widely used
antimetabolite anticancer drug in cancer
chemotherapy. Its main mechanism of action is
to exert antitumor effects by inhibiting thymidylate
synthase (TS) and disrupting the intracellular
deoxynucleotide pool required for DNA replication.
In addition, it is said to act on RNA uptake, inhibition
of RNA synthesis thereafter and fragmentation
by uptake into DNA (Vodenkova et al. 2020).
5-FU is widely indicated for gastric cancer, colorectal
cancer, breast cancer and pancreatic cancer. In fact,
according to the National Database of Health
Insurance Claims and Specific Health Checkup
of Japan (NDB) in FY2018, the number of prescriptions
for 5-FU treatment was 1,273,300, including
the forerunner and generic products, making it
the most prescribed drug among antimetabolites,
and its sales reached 672,860,362 JPY.

However, 5-FU acts not only on cancer cells but
also on normal cells with high growth rates, such
as intestinal mucosal epithelial cells, hair root cells
and blood cells. As such, patients treated with 5-FU
have side effects such as stomatitis, leukopenia,
thrombocytopenia and intestinal mucositis, with
intestinal mucositis occurring in 50—-80% of patients
(Benson et al. 2004). Intestinal mucositis is
problematic because it causes vomiting, abdominal
distension and diarrhoea, which interferes with
treatment. Indeed, dose reduction and discontinuation
of treatment is often required, as well as increases
in medical expenses due to extended hospital stays
(Dranitsaris et al. 2005).

Anticancer drugs can cause early- or late-onset
diarrhoea. Early-onset diarrhoea occurs within
hours of drug administration through stimulation
of parasympathetic nerves with topoisomerase
inhibitors such as irinotecan and activating intestinal
peristalsis. Late-onset diarrhoea occurs about one
week after drug administration due to intestinal
mucosal damage caused by 5-FU as well as other
chemotherapeutic agents such as doxorubicin,
cisplatin, etc. In addition, diarrhoea caused
by immune checkpoint inhibitors such as nivolumab
and pembrolizumab, which have been attracting
attention recently, occurs about 2 weeks after drug
administration, but the mechanism of onset remains
unclear.

Although the molecular mechanism of 5-FU-
induced intestinal mucositis has not been clarified
yet, it has been reported that apoptosis is involved,
in addition to inhibition of cell proliferation, resulting
in shortening of small intestinal villi and destruction
of intestinal crypts (Benson et al. 2004; Duncan,
Grant 2003; Hamouda et al. 2017; Inomata et al.
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2002). Villous epithelial cells are made up of crypt
cells and move upwards in a spiral. Since the villi
are worn by the passage of food, destruction
of intestinal crypts causes the villi to shorten
and the function of the villi deteriorates, causing
diarrhoea and bleeding.

It was reported that traditional Kampo medicines
such as Hangeshashinto were used to prevent side
effects of anticancer drug treatment and alleviate
diarrhoea in patients treated with irinotecan (Mori
etal. 2003). The reduction of 5-FU-induced stomatitis
(Ozawa et al. 2020) and preventive effect on cisplatin-
induced small intestinal mucosal damage (Mori et
al. 2003) were studied too. Many Kampo medicines
such as Hangeshashinto, Daikenchuto and
Rikkunshito contain ginseng, which is a crude drug,
and ginsenoside is a saponin glycoside extracted
from ginseng. Ginsenosides have a sugar moiety
structure bound to the structure of oleanane and
dammarane and are classified into protopanaxadiol
(PPD) and protopanaxatriol (PPT) according to the
position of the carbon bond of the sugar chain.
Among ginsenosides, Ral, 2, Rb1, 2, 3, R¢c, Rd, Rf2,
Rg3, Rh2 are classified as PPD and Re, Rf, Rgl, 2,
Rh1 are classified as PPT. It was reported that
ginsenoside Rd (GRd) had a protective effect in
DSS-induced colitis models and TNBS-induced
colitis models and balances the intestinal flora
in autoimmune disease model mice (Jin et al. 2020;
Liuetal. 2018; Yang et al. 2012). In addition, it was
reported that ginsenoside Re (GRe) had an anti-
neuroinflammation effect in addition to a protective
effect against colitis (Lee et al. 2012; Zhang et al.
2016). Natural compounds in Kampo medicines
attract attention as therapeutic agents for diseases
with high efficacy and low toxicity (Khan et al. 2019;
Yin et al. 2019).

In this study, we developed a mouse enteritis
model and investigated the effects of GRd and GRe
on 5-FU induced enteritis to evaluate their usefulness
in the prevention and treatment of anticancer drug-
induced enteritis, particularly small intestinal
mucositis.

Materials and methods

Animals

Eight-week-old male C57BL/6N mice (20 to 25
g) (Japan SLC, Inc.) were used. In all experiments,
4 to 6 animals were used per group. All animals
were housed in cages with free access to food and
water and kept at 22 + 1 °C with a 12-h:12-h light/
dark cycle. The experimental protocol was carried
out in strict accordance with guidelines for
experiments involving animals.
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Drugs

5-FU (Sigma) was dissolved in physiological
saline, while GRd and GRe obtained from natural
product library of Kyoto Pharmaceutical University
were suspended in 0.5% carboxymethyl cellulose
CMC (Nacalai Tesque, Japan) before use. 5-FU,
GRd and GRe were prepared immediately before
use, in readiness to intraperitoneally or orally
administer a volume of 0.1 mL/10 g body weight.

Preparation of 5-FU-induced enteritis

Enteritis was induced by intraperitoneally
administering 5-FU (50 mg/kg) once daily for 7 or
8 days (day 0-6 or 7) to the mice. GRd (60 and
100 mg/kg) and GRe (100 mg/kg) were orally
administered 30 min before 5-FU administration.
The body weight of the animals was measured, and
extent of diarrhoea was daily observed, throughout
the period of 5-FU administration. The degree
of diarrhoea was assigned a 5-point score, specifically
one of 0: Normal stool, 1: Soft stool, 2: Severely soft
stool, 3: Diarrhoea and 4: Severe diarrhoea.

Hematoxylin & Eosin stain

Twenty-four hours after the last 5-FU dose,
the mice were euthanised, their small intestines
removed and washed with physiological saline. The
small intestine was incised along the opposite side
of the mesentery and fixed overnight in 10% formalin
solution. The small intestinal tissue was dehydrated
with a tissue dehydration solution (Fuji Film Wako
Pure Chemical Industries, Ltd., Japan) and the
alcohol in the tissue was replaced with xylene (Fuji
Film Wako Pure Chemical Industries, Ltd.) as
an intermediate solvent. After replacing the
intermediate solvent in the tissue with paraffin (Fuji
Film Wako Pure Chemical Industries, Ltd.), a paraffin
block was prepared and sliced to a thickness
of 4 ym using a microtome (Leica, Germany).
H&E staining was performed, and the small intestinal
tissue was observed under an optical microscope
(40 X to 400 X Olympus, Japan) to measure
the length of villi, the number of intestinal crypts
and the number of cells in the intestinal crypts.

Measurement of MPO activity

Twenty-four hours after the last 5-FU dose,
the mice were euthanised, their small intestines
removed and washed with ice-cooled physiological
saline, before cryopreserving approx. 5 mm of small
intestinal tissue sections in a freezer (-30 °C). Then,
the small intestinal tissue sections were homogenised
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in 50 mM phosphate buffer containing 0.5% hexa-
decyltrimethylammonium bromide (pH 6.0; Fuji
Film Wako Pure Chemical Industries, Ltd.) and
subjected to 3 rounds of freeze-thawing before
centrifuging (at 20 °C and 3,000 rpm). The resulting
supernatant was used as samples. Sample volumes
of 5 uL were placed in a 96-well microplate. There-
after, 95 puL of 10 mM phosphate buffer and 50 pL
of 20 mM o-dianisidine hydrochloride: 0.44 M
hydrogen peroxide were added. The changes in
absorption at a wavelength of 450 nm were measured
using a microplate reader (CORONA Electric Co.,
Ltd.). The protein level in the sample was determined
using the Pierce BCA Protein Assay Kit (Thermo).
The MPO activity was calculated using the follow-
ing equation: MPO activity (nmol H,O, /min/mg
protein) = (OD/min) / (OD/min H,0,) x mg protein.

Quantitative analysis of TNF-a mRNA
expression

Twenty-four hours after the last 5-FU dose,
the mice were euthanised, their small intestines
removed and washed with ice-cooled physiological
saline. Approximately 5 mm of small intestinal
tissue section was cryopreserved in a deep freezer
(—80°C). Then, small intestinal tissue sections were
homogenised in Sepasol-RNA I (Nacalai Tesque)
and centrifuged at 20°C and 12,000 rpm for 15 min-
utes to extract total RNA. The extracted total RNA
was mixed with PrimeScript™ RT Master Mix
(Perfect Real Time) (Takara) and complementary
DNA (cDNA) was synthesised using a thermal
cycler (Takara Thermal Cycler Dice Touch).
The cDNA was mixed with Power Up™ SYBR Green
Master Mix (Thermo) and primers and the mRNA
expression levels were measured by real-time PCR
(Step OnePlus Real-Time PCR System; Applied
Biosystems). The primers used in this experiment
are shown. [TNF-q; forward: 5'-ACTCCAGGCG-
GTGCCTATGT-3'; reverse: 5'-GTGAGGGTCT-
GGGCCATAGAA-3', GAPDH; forward: 5'-TGT-
GTCCGTCGTGGATCTGA-3" reverse:
5-TTGCTGTTGAAGTCGCAGGAG-3'].
The mRNA expression level in each group was
standardised by the expression level of glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) in each
group and further expressed as a ratio to the mRNA
expression level in the vehicle group.

Immunohistochemical staining

Twenty-four hours after the last 5-FU dose,
the mice were euthanised, their small intestines
removed and washed with ice-cooled physiological
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saline. A 2 cm section of small intestinal tissue was
fixed overnight in 4% paraformaldehyde/phosphate
buffer (Fujifilm Wako Pure Chemical Industries,
Ltd.). Moisture in the tissue was replaced with 10,
20 and 30% sucrose phosphate buffers. The tissue
was then embedded in Tissue-Tek® O.C.T. Compound
(Sakura Finetek, Japan) and cryostat (Leica) was
used to prepare frozen slices with 15 um thickness.
The localisation of NF-«B p65 in the small intestinal
tissue was studied using mouse monoclonal NF-xB
p65 antibody (Santa Cruz Biotechnology, Inc., CA,
US) as the primary antibody. After blocking with
a mouse IgG blocking reagent (goat serum),
the primary antibody reacted at 20 °C for 30 min
and then the biotin-labeled anti-mouse IgG antibody
was used as the secondary antibody. A Mouse
on Mouse (M.O.M.) Immunodetection Kit (Vector)
was used as the blocking reagent and secondary
antibody. Nuclear staining was performed using
the Mounting Medium with DAPI (Vector).
Localisation of NF-kB was observed under a confocal
laser scanning microscope (FV10i; Olympus).

Statistical analysis

The data are shown as a sample mean * standard
error (SEM) for 4 to 6 animals per group. Statistical
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significance was determined with GraphPad Prism
software version 8 (San Diego, CA) using
the Student’s t-test and results were considered to
be significant when p < 0.05.

Results
Effect of GRd on 5-FU-induced enteritis

Body weight and diarrhoea

The body weight decreased over time
by continuous administration of 5-FU and a significant
decrease was observed from day 4 as compared
with the vehicle group. The body weight at day 8
of continuous 5-FU administration was 82.9 + 0.9%
of the body weight before 5-FU administration.
The animals co-administered GRd (60 and 100 mg/kg)
also showed progressive weight loss from day 4
of continuous 5-FU administration. The body weight
of the GRd (60 mg/kg) group on day 8 of continuous
5-FU administration was 84.0 + 0.6% of the weight
before 5-FU administration, while that in the GRd
(100 mg/kg) group was 84.6 + 1.6% of the weight
before 5-FU administration (Fig. 1A).

B
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“O=Vehicle N=8
-&-Control
3 GRd (80 magikg)
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Diarrhea score
(%]

—
1

Fig. 1. Effect of co-administered GRd on body weight loss, and diarrhoea due to 5-fluorouracil (5-FU).
Animals received an intraperitoneal injection of 50 mg/kg 5-FU once daily for 8 days (days 0-7), with 60 mg/kg
GRd (n = 6) and 100 mg/kg GRd (n = 6) co-administered once daily. Control animals were administered 5-FU
with 0.5 % CMC (vehicle for GRd). Body-weight was measured daily (A), while diarrhoea was scored daily using
a 5-point scale (0-4) (B). Data are expressed as a mean + S.E.M.
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Continuous 5-FU administration also showed
progressive exacerbation of diarrhoea, and
a significant at p < 0.05 exacerbation of diarrhoea
was noted in the 5-FU-treated groups from day 4
of continuous administration relative to the vehicle
group. The degree of diarrhoea score on day 8
of continuous 5-FU administration was 2.8 + 0.3.
The degree of diarrhoea was noted on day 4
of continuous 5-FU administration even in the GRd
groups. On day 8 of continuous 5-FU administration,
the diarrhoea score was 2.4 + 0.5 in the GRd (60 mg/
kg) group and 2.6 + 0.5 in the GRd (100 mg/kg)
group (Fig. 1B).

Histological assessment

The length of the small intestinal villi in the
vehicle group was 203.2 + 13.6 um. The length
of the small intestinal villi on day 8 of continuous
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5-FU administration was 115.0 £ 10.4 um, which
was significantly shorter than that in the vehicle
group. When GRd was co-administered, the length
of the small intestinal villi on day 8 of continuous
5-FU administration was 134.0 + 8 um in the GRd
(100 mg/kg) group, which was significantly shorter
than that in the vehicle group (Fig. 2A, B).

The number of intestinal crypts in the vehicle
group was 18.2 + 1.4 crypts/mm. The number
of intestinal crypts on day 8 of continuous 5-FU
administration was 7.7 £ 0.6 crypts/mm, which was
significantly at p < 0.05 less than in the vehicle
group. When GRd was co-administered, the number
of intestinal crypts on day 8 of continuous 5-FU
administration was 8.7 + 0.5 crypts/mm in the GRd
(60 mg/kg) group and 10.7 + 1.0 crypts/mm in the
GRd (100 mg/kg) group, both significantly lower
than in the vehicle group. Compared to the animals
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Fig. 2. Effect of co-administered GRd on intestinal mucositis due to 5-fluorouracil (5-FU). Animals received
an intraperitoneal injection of 50 mg/kg 5-FU once daily for 8 days (days 0-7), with 60 mg/kg GRd (n = 6)
and 100 mg/kg GRd (n = 6) co-administered once daily. Jejunum tissues collected on day 7 were stained with
hematoxylin/eosin and imaged at x40, x100, and x400 (A). The height from the top of the villus to the villus-
crypt junction (B), the number of crypts per millimeter (C) and cells per crypt (D) were measured by light
microscopy. *p < 0.05 versus untreated animals from vehicle (not treated with 5-FU, n = 6); #p < 0.05 versus
animals treated with 5-FU only (n = 6).
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administered only 5-FU, those co-administered
with GRd (100 mg/kg) showed significant suppression
of the reduction in the number of intestinal crypts
by 5-FU (Fig. 2C).

The number of cells in the intestinal crypts was
18.0 + 0.4 cells/crypt in the vehicle group. In addition,
the number of cells in the intestinal crypts on day
8 of continuous 5-FU administration was
7.9 + 0.8 cells/crypt, which was significantly lower
than in the vehicle group. When GRd was co-
administered, the number of cells in the intestinal
crypts on day 8 of continuous 5-FU administration
was 9.9 £ 0.7 cells/crypt in the GRd (60 mg/kg)
group and 11.0 + 0.7 cells/crypt in the GRd (100 mg/
kg) group, both significantly lower than in the vehicle
group. Compared to the animals administered only
5-FU, those co-administered with GRd (100 mg/kg)
showed significant suppression of the reduction
in the number of intestinal crypt cells by 5-FU (Fig. 2D).

Changes in MPO activity

The MPO activity in the vehicle group was
21.7 £ 3.5 (nmol H,0,/min/mg protein). The MPO
activity 24 h after the last 5-FU dose increased
to 45.8 £ 3.0 (nmol H,O,/min/mg protein) and
significantly increased relative to the vehicle group.
When GRd was co-administered, the MPO activity
on day 8 of continuous 5-FU administration was
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Fig. 3. Effect of co-administered GRd on 5-fluorouracil
(5-FU)-induced increase in intestinal myeloperoxidase
(MPO) activity. The animals received 50 mg/kg
5-FU by intraperitoneal injection once daily for 8 days
(days 0-7), with 100 mg/kg GRd (n = 6)
co-administered once daily. The jejunum was obtained
on day 7. The MPO activity was measured with
o-dianisidine. Data are expressed as a mean + S.E.M.
*p < 0.05 versus vehicle (not treated with 5-FU, n = 6);
#p < 0.05 versus the animals treated with 5-FU only (n = 6).
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33.1+5.3 (nmol H,0O,/min/mg protein) in the GRd
(60 mg/kg) group and 31.9 + 2.9 (nmol H,0,/min/
mg protein) in the GRd (100 mg/kg) group.
The animals co-administered GRd (100 mg/kg) had
a significant increase in the MPO activity compared
to the animals administered only 5-FU (Fig. 3).

TNF-a mRNA expression

The TNF-a mRNA expression 24 h after the last
5-FU dose was increased to 1.4 + 0.2-fold that
of the vehicle group; however, it was not significant
statistically. When GRd (100 mg/kg) was administered,
the TNF-a mRNA expression was 0.7 + 0.3-fold
that of the vehicle group, which meant there was
a significant suppression of the increase in the
TNF-a mRNA expression compared to the animals
that were administered only 5-FU (Fig. 4).

NF-xB localisation

There was a clear increase in the expression
of NF-kB in the small intestine 24 h after the last
5-FU dose compared to the vehicle group. When
GRd (100 mg/kg) was co-administered, there was
a clear suppression of the increase in the NF-xB
expression relative to the group of animals
administered only 5-FU. The NF-kB expression
in the 5-FU monotherapy group particularly
remarkably increased around the intestinal crypts,
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Fig. 4. Effect of co-administered GRd on 5-fluorouracil
(5-FU)-induced increase in intestinal TNF-a mRNA
expression. The animals received 50 mg/kg 5-FU by

intraperitoneal injection once daily for 8 days

(days 0-7), with 100 mg/kg GRd (n = 4) co-administered

once daily. The jejunum was obtained on day 7.

The TNF-a expression was quantified by real-time
RT-PCR. The expression was normalised to GAPDH
and to the mean value in the vehicle mice not treated

with 5-FU. Data are expressed as a mean + S.E.M.

#p < 0.05 versus animals treated with 5-FU only (n = 4).
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and co-administration of GRd (100 mg/kg) was
suppressing this increase (Fig. 5).

Effect of GRe on 5-FU-induced enteritis

Body weight and diarrhoea

The body weight decreased over time
by continuous administration of 5-FU,
and a significant decrease was observed from day
2 as compared to the vehicle group. The body weight
at day 7 of continuous 5-FU administration was
84.9 + 1.4% of the body weight before 5-FU
administration. When GRe (100 mg/kg) was

co-administered, there was a gradual decrease
in the body weight from day 2 of 5-FU administration,
and the body weight on day 7 of 5-FU administration
was 86.2 + 0.2% of the body weight before the start
of 5-FU administration (Fig. 6A).

Exacerbation of diarrhoea was noted from day
2 of 5-FU administration, with the degree of the
diarrhoea score being 2.7 + 0.3. Even in the animals
that were administered GRe at 100 mg/kg, diarrhoea
was observed from day 2 of 5-FU administration,
with a score of 2.6 + 0.2 (Fig. 6B). Diarrhoea was
observed on day 3 in the GRe group; therefore, GRe
administration delayed the diarrhoea.

MNF-xE | DAPI

Vehicle

Control
(5-FU)

5-FU +
GRd (100 mg/kg)

Fig. 5. Immunostainig of NF-«B in the small intestinal mucosa with or without 5-FU and GRd. NF-«xB
was determined immunohistochemically using anti-NF-«B antibody 24 h after 5-FU injection.
Immunohistochemical images of stained intestinal tissues were observed. Arrows show NF-kB positive cells.
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Fig. 6. Effect of co-administered GRe on body weight loss, and diarrhoea due to 5-fluorouracil (5-FU).
The animals received an intraperitoneal injection of 50 mg/kg 5-FU once daily for 7 days (days 0-6), with
100 mg/kg GRe (n = 6) co-administered once daily. The control animals were administered 5-FU with 0.5 %
CMC (vehicle for GRe). The body-weight was measured daily (A), while diarrhoea was scored daily using
a 5-point scale (0—4) (B). Data are expressed as a mean + S.E.M.
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Histological assessment

The length of the small intestinal villi in the vehicle
group was 180.6 + 14.1 pm. The length of the small
intestinal villi on day 7 of 5-FU administration was
102.2 + 9.1 pm, which was significantly shorter than
that in the vehicle group. When GRe was co-
administered, the length of the small intestinal villi
on day 7 of 5-FU administration was 168.7 + 10.8 um
in the GRe (100 mg/kg) group, and the shortening
of villi was significantly suppressed compared to the
5-FU monotherapy group (Fig. 7A, B).

The number of intestinal crypts in the vehicle
group was 14.7 + 0.8 crypts/mm. The number
of intestinal crypts on day 7 of 5-FU administration
was 9.5 £ 0.6 crypts/mm, which was significantly
lower than in the vehicle group. When GRe (100 mg/
kg) was co-administered, the number of intestinal
crypts on day 7 of 5-FU administration was
11.7 + 0.8 crypts/mm, which was significantly lower
than in the vehicle group (Fig. 7C).
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The number of cells in the intestinal crypts
in the vehicle group was 17.9 + 1.0 cells/crypt.
Furthermore, the number of cells in the intestinal
crypts on day 7 of 5-FU administration was
9.7 £ 0.5 cells/crypt, which was significantly lower
than in the vehicle group. When GRe (100 mg/kg)
was co-administered, the number of cells in the
intestinal crypts on day 7 of 5-FU administration
was 10.7 £ 0.8 cells/crypt, which was significantly
lower than in the vehicle group (Fig. 7D).

Changes in MPO activity

The MPO activity in the vehicle group was 28.6
+ 1.3 (nmol H,0,/min/mg protein). Furthermore,
the MPO activity 24 h after the last 5-FU dose was
85.8 £ 9.9 (nmol H,O,/min/mg protein). When GRe
(100 mg/kg) was co-administered, the MPO activity
24 h after the last 5-FU dose was 58.9 + 6.0 (nmol
H,O,/min/mg protein) and significantly (at p < 0.05)
lower than in the vehicle group as well as showing
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Fig. 7. Effect of co-administered GRe on intestinal mucositis due to 5-fluorouracil (5-FU). The animals received
an intraperitoneal injection of 50 mg/kg 5-FU once daily for 7 days (days 0—6), with 100 mg/kg GRe (n = 6)
co-administered once daily. Jejunum tissues collected on day 6 were stained with hematoxylin/eosin and imaged
at x40, x100, and x400 (A). The height from the top of the villus to the villus—crypt junction (B), the number
of crypts per millimeter (C) and cells per crypt (D) were measured by light microscopy. *p < 0.05 versus
the untreated animals from vehicle (not treated with 5- FU, n = 6); #p < 0.05 versus the animals treated
with 5-FU only (n = 6).
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a significant suppression in the increase in the MPO
activity relative to the 5-FU monotherapy

group (Fig. 8).

Discussion

Previous studies reported that administration
of 5-FU caused weight loss and diarrhoea (Benson
et al. 2004; Hamouda et al. 2017). The mechanism
of anticancer drug-induced enteritis has not been
elucidated yet, but in addition to the inhibitory
effect of anticancer drugs on cell proliferation,
it was reported that apoptosis is involved and causes
enteritis by shortening the villi of the small intestine
and destroying the intestinal crypts (Duncan, Grant
2003; Hamouda et al. 2017; Inomata et al. 2002).

In this study, continuous administration of 5-FU
reduced the body weight of the mice over time.
In clinical practice, side effects of 5-FU include
anorexia due to nausea and vomiting (Shih et al.
2007). Anticancer drugs are known to stimulate
the secretion of 5-HT and substance P proteins
in the gastrointestinal tract which bind to 5-HT3
and NK1 receptors to generate nerve impulses;
these signals are transmitted to the vomiting centre
to cause a vomiting reaction (Xi et al. 2021).
The weight loss of mice by 5-FU administration
observed in this experiment was considered to be
due to the decrease in food intake caused by anorexia.
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Fig. 8. Effect of co-administered GRe on 5-fluorouracil
(5-FU)-induced increase in intestinal myeloperoxidase
(MPO) activity. The animals received 50 mg/kg 5-FU
by intraperitoneal injection once daily for 7 days
(days 0-6), with 100 mg/kg GRe (n = 6)
co-administered once daily. The jejunum was obtained
on day 6. The MPO activity was measured with
o-dianisidine. Data are expressed as a mean + S.E.M.
*p < 0.05 versus vehicle (not treated with 5-FU, n = 6);
#p < 0.05 versus the animals treated with 5-FU only (n = 6).
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The occurrence of diarrhoea was associated with
abnormal intestinal and intestinal water secretion
and reabsorption. Aquaporin (AQP) is a family
of water channel membrane proteins with a molecular
weight of approximately 30 kDa. There are 13 AQP
subtypes (AQPO, 1,2, 3,4,5,6,7,8,9, 10, 11, 12)
involved in water secretion and absorption pathways
(Lv et al. 2022). Abnormal AQP expression causes
impaired water absorption and secretion in the
intestine, which affects intestinal membrane
permeability and fluid transport, resulting
in diarrhoea (Engevik et al. 2018). In fact, there are
reports that the expression of AQP4 and AQP8 was
reduced in the transverse and distal colons of mice
in the 5-FU-induced diarrhoea model (Sakai et al.
2013). In this study, the co-administration of GRd
and GRe did not affect the occurrence and
exacerbation of diarrhoea due to continuous
administration of 5-FU, but there is no report
focusing on the relationship between ginsenosides
and AQP in the small intestine. It is necessary
to investigate the AQP expression level in the small
intestine when 5-FU and ginsenosides are used
in combination.

It was histopathologically confirmed that
continuous administration of 5-FU shortened
the villi of the small intestine and reduced the
number of intestinal crypts and the number of cells
in the intestinal crypts. Villous epithelial cells are
made up of crypt cells and move upwards in a spiral.
Since the villi are worn by the passage of food,
destruction of intestinal crypts causes the villi to
shorten, resulting in deteriorating functioning
of the villi. The co-administration of GRd and GRe
significantly improved the destruction of intestinal
mucosal tissue structure, which is considered to be
due to the anti-inflammatory action of GRd and GRe.
In addition, GRd and GRe did not affect weight loss
due to continuous administration of 5-FU, but the
intestinal absorption capacity decreased due to the
destruction of the intestinal mucosal tissue structure
by 5-FU such that the protective effect of GRd and
GRe may have decreased. Therefore, it is necessary
to consider prophylactic administration of GRd and
GRe before treatment with 5-FU.

There is a report which suggests that continuous
administration of 5-FU to mice upset the balance
of intestinal flora, reduced the abundance of gram-
positive phylum Bacillota and increased
the abundance of gram-negative phyla Bacteroides
and Verrucomicrobia (Hamouda et al. 2017).
The intestinal flora is involved in many functions
such as maintenance of immune homeostasis and
improvement of metabolic capacity and it is said
that its imbalance will adversely affect health (Frank
etal. 2007). Akkermansia muciniphila, which belongs
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to the phylum Verrucomicrobia, was reported
to break down mucin (Derrien et al. 2011) and it is
possible that the enteritis caused by the administration
of 5-FU was associated with a decrease in the
intestinal epithelial barrier due to a decrease
in mucus volume and lipopolysaccharide (LPS)
derived from Gram-negative bacteria. GRd was
reported to balance the intestinal flora in an
autoimmune disease model in mice (Jin et al. 2020).
In this study, the MPO activity that increased after
the continuous administration of 5-FU was
significantly suppressed by co-administration
of GRd and GRe. This suggests that ginsenosides
may be involved in improving the balance of intestinal
flora.

Continuous administration of 5-FU increased
the TNF-a mRNA expression. According
to the report by Chang et al. (2012), the expression
of NF-kB was increased by administering 5-FU
to mice and in this study, the expression of NF-kB
was also confirmed by immunohistological
examination. When NF-«B is activated by LPS or
cytokines, it increases inflammatory cytokines such
as TNF-a which further activate NF-«B.
The deterioration of inflammation from this repetition
is thought to destroy crypt cells and cause enteritis.
The co-administration of GRd suppressed the
increase in the TNF-a mRNA and NF-kB expression
by 5-FU. It was reported that GRd exhibited
an anti-inflammatory effect by blocking the NF-xB
signalling pathway in a carrageenan footpad oedema
model (Wang et al. 2012), while GRe suppressed
the inflammatory cytokine expression and activation
of NF-«kB, their transcription factor, by binding
competitively to the TLR4 receptor on macrophages
(Lee et al. 2012). Taken together, the data suggest
that the NF-kB pathway may be involved
in the suppression (by GRd and GRe) of the
inflammatory response caused by continuous
administration of 5-FU seen in these experiments.
By conducting a detailed study on the expression
and localisation of NF-kB and its related molecules
IkB, TLR4 and MyD88 involved in signal transduction
in the pathophysiology of 5-FU-induced enteritis,
the mechanism of enteritis and the action mechanisms
of drugs that protect against it may be clarified.

The anti-inflammatory effects of dexamethasone,
a synthetic steroid, are associated with reduced
levels of NF-kB (p65) and decreased levels of TNF-a
in gastrointestinal disorders (Yousefi-Manesh et al.
2020). In addition, dexamethasone regulates several
signalling pathways, including NF-kB, TLR4,
and IRAK-M signalling (Ribeiro et al. 2017).
It is suggested that corticosterone could contribute
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to the suppression of the 5-FU-induced inflammatory
response by GRd and GRe.

On the other hand, it is also possible that
the protective action of GRd and GRe observed
in this experiment is due to the attenuation
of the anticancer effect of 5-FU or the inhibition
of uptake. However, a report indicated that GRd
suppressed tumour angiogenesis through increased
coverage of pericytes around micro-vessels and
decreased the VEGF expression in vivo and enhanced
antitumor effects when used in combination with
5-FU (Zhong et al. 2020).

The results obtained in this study suggest that
GRd and GRe show an anti-inflammatory effect
against 5-FU-induced enteritis and that NF-kB is
involved in their action.
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Abstract. Hypoxic preconditioning (HPC) represents an effective tool to increase high altitude tolerance but
requires rather severe conditions of hypoxic interventions. We aim to investigate the possibility to reduce
the intensity of the HPC factor without losing its effectiveness. Adult male rats were divided as follows: one
group was subjected to severe hypoxia (SH); other groups before SH were treated with: three trials of HPC
at 5,000 m “altitude” for 2 hours daily (originally proven effective mode); HPC with three trials at 5,000 m
“altitude” for 1 hour; HPC with three trials at 3,500 m for 2 hours; HPC with one trial at 5,000 m for 2 hours;
HPC with one trial at 5,000 m “altitude” for 2 hours on the background of glucocorticoid administration.
In addition, the effects of the non-hypoxic preconditioning with two injections of sodium valproate (a histone
deacetylase inhibitor) were studied in a separate group. The survival rate of animals, neuronal loss, neurological
status, and behavioral and hormonal reactions were assessed. It was found that all tested modes improved
the survival of the rats and their neurological status to a varying degree, but only one trial of HPC
in combination with glucocorticoid injection was comparable in efficacy with the original mode
of preconditioning proposed by us earlier and produced no side effects. Based on the experimental findings,
we suggest a new effective mode of HPC based on a single exposure to the altitude of 5,000 m combined
with an injection of dexamethasone.

Keywords: glucocorticoids, high altitude, hypobaric hypoxia, hypoxic tolerance, preconditioning, Wistar rats
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Introduction

Preconditioning is a pre-exposure to brief or
mild repetitive episodes of hypoxia or ischemia
to increase brain and body resistance to more severe
hypoxic or ischemic insults (Murry et al. 1986).
Numerous techniques of preconditioning have been
elaborated, including different protocols of subliminal
ischemic episodes produced by transient artery
occlusions interrupting the blood flow (Gempp,
Blatteau 2010; Salvador et al. 2016; Vinciguerra et
al. 2018), normobaric hypoxic treatments
by inhalation of reduced oxygen gas mixtures
(Hobbins et al. 2017; Serebrovskaya et al. 2013)
or remote ischemia (Heusch et al. 2015). Application
of ischemic preconditioning techniques in humans
has stalled due to considerable risk factors.
In particular, ischemic preconditioning by artery
occlusion requires surgery and is potentially risky
itself, whereas a relatively safe remote ischemic
preconditioning by compression of a limb has
comparatively low efficacy (Berger et al. 2015;
Hausenloy et al. 2015). The hypoxic preconditioning
(HPC) techniques lack these disadvantages, but still
rather severe hypoxia (SH) is needed to achieve
notable and sustained protective effects, which
might provoke undesirable pathological processes
or be accompanied by subjective feelings of ill health.
Thus, both the efficacy and safety depend on the
dose of hypoxia, and a very important practical
challenge is to decrease the dose without reducing
the benefits (Navarrete-Opazo, Mitchell 2014;
Serebrovska et al. 2016).

In our studies, we developed a highly effective
mode of HPC by three 2 h episodes of hypobaric
hypoxia corresponding to the altitude of 5,000 m
simulated in a barochamber. Such exposure improved
survival of rats in conditions of SH (5% of oxygen),
prevented neuronal injury and loss as well as
behavioral and hormonal abnormalities in surviving
animals (Rybnikova et al. 2006; 2008). In addition,
such HPC induced development of cross-tolerance
to psychoemotional and traumatic stress (Rybnikova
et al. 2007; 2008).

Although the exposure of humans to the altitude
of 5,000 m is relatively safe, it can be tolerated poorly
and produce unwanted side-effects including
headache, chest pain associated with decreased
blood flow to the heart, palpitations, and dizziness
(Farinelli et al. 1994). For these reasons we continue
to search for milder but effective preconditioning
techniques. The aim of the present study was to
decrease a dose of hypoxia by reducing the “altitude’;
duration, or a number of HPC sessions in our model
of hypobaric hypoxia. We also considered
administration of a histone deacetylase inhibitor
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sodium valproate as a preconditioning factor since
epigenetic regulation processes are involved in the
processes of adaptation to high altitude (Julian
2017). We also revealed that activation of histone
acetylation processes represents a key mechanism
of neuroprotective HPC action on vulnerable brain
neurons (Samoilov et al. 2016). In the present study,
we test whether activation of histone acetylation is
sufficient to confer neuronal protection from
the SH. Another hypothesis is based on our earlier
study which demonstrated that the effective three-
trial HPC compared to the non-effective one trial
HPC had significantly higher peak amplitude of the
corticosterone response to SH (Rybnikova et al.
2008). Taking this into account, we hypothesise that
addition of exogenous glucocorticoids to the one-
trial HPC in order to reach peak levels of three-trial
HPC could increase the efficacy of the one-trial
HPC mode. To test this hypothesis, we combine
the one-trial HPC with injection of glucocorticoid
in a dose calculated as a subtraction of the peak
concentrations observed in the effective and non-
effective modes of HPC. Summarising the above,
the aim of the present study was to examine several
preconditioning modes including milder hypoxic
exposures, or administration of pharmacological
agents, or combining both approaches.

Materials and methods

The study was performed on Wistar male rats
weighting 220-250 g. The rats were divided into
eight groups, including the control group and sev-
en experimental ones (Fig. 1).

The animals of Group 1 were subjected to severe
hypobaric hypoxia (SH) for 3 hours in a flow-type
pressure chamber (180 mmHg, 3 hours, equivalent
to altitude of 11,000 m). Such parameters were used
successfully in our previous studies as a valid rat
model of SH (Rybnikova et al. 2006). The rats
of Group 2 were preconditioned by pre-exposure
to three episodes of moderate hypobaric hypoxia
(2 hours at 5,000 m, 360 mmHg, spaced at 24 hours)
(the effective protocol). The new HPC modes for
testing were designed to decrease the dose of the
hypoxic factor by reducing the “altitude’, duration,
or the number of HPC trials in our model of hypo-
baric hypoxia. Consequently, they included HPC
with three trials at 5,000 m “altitude” lasting for
1 hour (Group 3, shorter duration), HPC with three
trials at 3,500 m “altitude” for 2 hours (Group 4,
lower “altitude”), HPC with one trial at 5,000 m
“altitude” for 2 hours (Group 5, fewer trials), HPC
with one trial at 5,000 m “altitude” for 2 hours
in combination with administration of glucocorti-
coid (dexamethasone, 4 mg/kg, i. p.) immediately
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Injurious hypoxic
challenge Group 1 SH 11 000 m,3h
Original effective HPC Group 2 5000m, | 24h| spoom, | 24N sooom, | 24h
mode p 2h 2h 2h
Shorter duration HPC 5000m, | 24h| spoom, | 24h| sooom, | 24N
mode Group3 1h 1h 1h
Lower “altitude” HPC G 4 3500m, | 24h| 3500m, | 24h| 3500m, | 24N
mode | 2MOUP 2h 2h 2h
Less number of HPC trials 5000m, | 24h
mode Grou p 5 2h
Combination of one HPC 5000m, | 24N
trial with injecting Group 6 2h
glucocorticoid
Glucocorticoid injection
(dexamethasone, 4 mg/kg, i.p.)
Pharmacological 12h
preconditioning Group 7

!

Sodium valproate
(250 mg/kg,i.p.)

Fig. 1. The experimental design of the study. Groups 1-7, the experimental groups of rats subjected to different
treatments. Grey boxes represent preconditioning hypoxic trials with parameters of hypobaric hypoxia
(altitude and duration). Black boxes represent severe injurious hypoxia (SH), applied to test the level
of tolerance. The arrows indicate timing of the injections. Control group with no treatments is not shown

after the HPC trial (Group 6). In addition, in Group 7
we applied pharmacological preconditioning which
consisted of two injections of sodium valproate
(250 mg/kg, one in 12 hours and another just before
SH). The control group included the rats placed
in the barochamber for 3 hours without hypoxia.
In all experimental groups the survival rates after
SH, post-SH neurological status of rats, their be-
havioral reactions as well as blood levels of corti-
costerone were analysed. Each experimental group
consisted of 12 animals.

Neurological test

The neurological status was evaluated using the
Julon-Courvoisier pull-up test that makes it possible
to assess the ability of an animal to hold on
a horizontal rope with its forepaws and pull
the hanging hind limbs onto the rope (Boissier et
al. 1960), which reflects muscle strength and
coordination. A rope with a diameter of 0.5 cm was
placed horizontally at a height of 70 cm from a cloth
hammock. The front legs of an animal were placed
on the rope and its hind limbs were released.
The number of successful pull-ups out of three
attempts when the animal pulled both hind limbs
onto the rope was counted.

350

Behavioral tests

Testing in the elevated plus maze was applied
to assess the level of anxiety of animals (Pellow et
al. 1985). On the fifth day after SH the rats were
tested one at a time for 5 min in the maze appara-
tus, located at a height of 75 cm above the floor,
and consisting of two open illuminated and two
enclosed arms with exits. The time spent by
an animal inside and outside the closed arms,
the number of transitions between the arms,
and the dynamics of the “peeping” behavior were
evaluated. The anxiety behavior of the animal
is characterised by the preference for the closed
arms over the open ones and over the centre
of the maze (Pellow et al. 1985; Walf, Frye 2007).

The open-field test, as a classical method
of assessing the level of locomotor activity of rodents
in an unfamiliar environment (Hall 1936), was
carried out in a 90 x 90 x 45 cm chamber without
a roof whose floor was divided into 15 x 15 cm
squares and lit from above with a 60 W lamp.
On the sixth day after the final trial with SH in each
tested mode a rat was placed in the centre of the
open field, and the latent period before the start
of its movement, the number of crossed lateral and
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central squares, and the duration of rearing, groom-
ing, and freezing were recorded during 5 minutes.

Blood corticosterone assay

Evaluation of the levels of circulating glucocorticoid
hormones (corticosterone as a rat analogue
of cortisol in humans) in the blood was performed
on days 1 and 7 after SH. The corticosterone levels
were determined by enzyme-linked immunosorbent
assay with Corticosterone-ELISA reagent kits (Hema,
Russia) in two parallel samples.

Histology

To assess the extent of neuronal damage and
loss, animals were decapitated on the seventh day
after SH and their brains were quickly removed.
The hippocampal regions with the adjacent areas
were isolated, fixed in 4% buffered paraformaldehyde,
and embedded in paraffin. Brain sections were made
and stained according to the classical Nissl protocol.
The cresyl violet stained paraffin sections were
analysed using an image analysis system (VideoTest
Master Morphology, VideoTest Ltd., Russia).
The number of pyramidal neurons with clear
undamaged morphology in the CA1 hippocampal
field (area of 350 um in length) was counted.

Statistics

Statistical processing was performed using the
ANOVA one-way analysis of variance (Statistica
7.0) with a posterior comparison using the Fisher
method if the distribution of the sample was normal
and the group variances were equal. Otherwise,
the non-parametric Kraskel-Wallis ANOVA test
was used. Differences between groups were

considered significant at p < 0.05. The results for
the experimental subgroups are expressed as a
percentage of the average value of the control group,
taken as 100% + standard error of the mean.

Results

Average data on survival of rats in the experi-
mental groups were, respectively, 8% in the SH
group, 83% in Group 2 (the initial mode), 92%
in Group 6, 50% in Group 5 and Group 3, 17%
in Group 4 and 42% in Group 7 (Table 1).
Thus, judging by the survival rate, only the HPC
mode of Group 6 (the combination of a single HPC
trial with the dexamethasone injection) was com-
parable in efficacy with the effective protocol
(Group 2). All other tested modes of precondition-
ing, including the pharmacological one (Group 7),
improved rat survival after SH to some extent
compared to the non-preconditioned animals.
Lowering the altitude was the least protective mode.

The histological analysis revealed that SH
resulted in injury and loss of more than 30% of the
CA1 neurons, which was a statistically significant
difference to control (Fig. 2, Fig. 3). All the precon-
ditioning modes improved neuronal survival except
for the mode in Group 4, which showed the same
statistically significant neuronal loss as the non-pre-
conditioned Group 1. However, only two modes
prevented the neuronal death completely—
the original effective mode (Group 2) and exposure
to one HPC trial combined with glucocorticoid
administration (Group 6). In these two experimen-
tal groups the injurious effects of SH were prevent-
ed totally and statistically significantly.

Table 1. Survival rates for the groups exposed to SH

Experimental groups % of survived rats Number of survived rats
SH 1
3PC + SH 83% 10
3PC(1h) + SH 50% 6
3PC(3.5 km) + SH 17% 2
1PC + SH 50% 6
1PC + GC + SH 92% 11
2Valp + SH 42% 5
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Fig. 2. The number of neurons in the CA1 field of the hippocampus seven days after SH. OY axis indicates the
number of pyramidal neurons with unaffected morphology in a randomly selected area of 350 um.
Data presented as mean + SEM; *—changes are significant compared to control, p < 0.05; **—changes are
significant compared to the non-preconditioned SH group, p < 0.05
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Fig. 3. Microphotographs illustrating the injurious effect of SH on vulnerable neurons of the hippocampal CA1
field in non-preconditioned (B) and preconditioned (C, D, E, F, G, H) rats. A—control; B—Group 1; C—Group 2;
D—Group 3; E—Group 4; F—Group 5; G—Group 6; H—Group 7. Scale bar, 100 um
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In rats which were treated with SH only, a seri-
ous neurological deficit was detected. It was observed
that total and statistically significant exposure
to SH impaired the performance of successful pull-
ups. HPC in the effective mode (Group 2) reduced
the percentage of errors in the neurological test

to the control level. In other tested HPC modes,
the rats showed a level of successful attempts to
pull-up in the range of 30-56%, which indicated
their improved neurological scores compared to
the non-preconditioned animals in the SH group,
although they were lower than in Group 2 (Table 2).

Table 2. Neurological scores of the rats

Experimental groups Successfu;tlzglllll—pltlgstyf ol Successful pull-ups from 3 attempts
)
Control 0.61% 1.7+0.5
SH 0.0£0
3PC + SH 77% 2.3+04
3PC(1 h) + SH 56% 1.7+ 0.5
3PC(3.5 km) + SH 33% 1.7+1.4
1PC + SH 50% 1.5+0.7
1PC + GC + SH 56% 1.7+0.7
2Valp + SH 47% 1.4+0.7

By monitoring the horizontal activity in the open
field, we revealed that lowering the “altitude” in the
HPC trials (Group 4) worsened rat behavior after
SH and statistically significantly reduced the num-
ber of squares crossed compared to control (Fig. 4, A).
Similar but non-significant changes were observed
in the groups with reduced number of HPC expo-
sures (Group 3) and injected with valproate (Group 7).
Similar results were also obtained in the elevated
plus maze test where statistically significant chang-
es were observed only in Group 3 and Group 7,
suggesting some anxiogenic effects (Fig. 4, B).

To study the hormonal status of the animals and
the activity of the pituitary-adrenal system (HPA),
we measured the levels of glucocorticoid hormones
(corticosterone) in the peripheral blood in the
early (one day) and delayed (seven days) periods
after SH. Selection of these specific time-points for
the analysis was aimed at the assessment of such
important parameters of HPA functioning as its
feedback regulation in the acute period and baseline
activity in the delayed period after SH. It was found
that, 24 hours after the exposure to SH, the levels
of corticosterone in the blood of the non-precon-
ditioned animals remained statistically significant-
ly elevated above the baseline (Fig. 5). This finding
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apparently indicates a weakening of the glucocor-
ticoid feedback and correlates with our earlier
published data (Rybnikova et al. 2008). On the
seventh day after SH, serum corticosterone levels
in the SH animals (Group 1) did not statistically
differ from the baseline. The animals preconditioned
in the initial HPC mode (Group 2) showed a simi-
lar statistically significant elevation of corticoster-
one levels on the first day which, nevertheless,
persisted for seven days. These data confirm that
application of the original mode of HPC used
in our studies persistently up-regulates the baseline
activity of HPA, which is also consistent with our
previous report (Rybnikova et al. 2008). All other
modes of HPC tested in this study did not result
in the statistically significant elevation of corticos-
terone levels in the early period after SH. Hence,
it might be suggested that these modes preserve
normal functioning of the HPA feedback mecha-
nisms by switching off the acute response. Howev-
er, the modes of HPC applied in Group 3 and Group 4
caused an abrupt HPA up-regulation in the remote
period (on the seventh day after SH) when corti-
costerone levels increased over 300—500% of the
control. This might be considered as a manifestation
of impaired glucocorticoid feedback observed
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Fig. 4. Behavior of rats in the open field (A) and elevated plus maze (B) tests. A—locomotor activity
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Fig. 5. Corticosterone levels in blood plasma on the first (white bars) and seventh days (grey bars) after SH.
Data presented as mean + SEM and expressed as a percent of the control group level taken as 100%.
*—changes are significant compared to baseline, p < 0.05; #, *—hormonal levels on the seventh day after SH
significantly differ from the levels on the first day in the same experimental group, p < 0.05
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in depression (Pariante, Lightman 2008) or other
disruption of the HPA regulation. Comparatively
much lower but still statistically significant increase
in the levels of corticosterone (220-320%) on the
seventh day after SH was also observed in Group 6
and Group 7, suggesting some enhancement of the
HPA baseline activity similar to that induced
by our original HPC mode.

The data obtained by this comparative analysis
demonstrate that amongst all tested modes of HPC
only a single HPC exposure to the altitude of 5,000 m
for 2 hours combined with the glucocorticoid
injection was as effective as the original mode
of the three-trial HPC at 5,000 m for 2 hours and
produced no side-effects.

Discussion

Although hypoxic training of pilots in
a barochamber was suggested by Holdein as early
as in 1919, the increase of high altitude tolerance
produced by physical exercise and high altitude
acclimatisation was convincingly described later,
in the middle of the 20th century (Balke, Wells
1958). Since that time intensive research has been
performed on the phenomenon of cross-adaptation
between various training techniques, mainly hypoxic
ones, and increased resistance to high altitude
(Meerson 1984; Meerson et al. 1994). For a long
time, such research was in line with the development
of various types and modes of the hypoxic training,
including the normobaric intermittent hypoxic
training, the hypoxia-hyperoxia training, and the
barochamber training (Karash et al. 1988; Meerson
et al. 1994; Serebrovska et al. 2016; Serebrovskaya
2002; Serebrovskaya et al. 2003; 2013; Strelkov,
Chizhov 2001).

Upon the discovery of the phenomenon of HPC,
it became clear that it provides a different but
perhaps more promising approach to increase high
altitude tolerance. At first glance, it may seem that
the phenomena of the hypoxic training and HPC
have a lot in common, since in both cases pre-
exposure to non-injurious doses of the harmful
factors is used. However, over the years basic research
has accumulated evidence that the underlying
mechanisms of enhanced tolerance involved in
these two approaches differ significantly. Hypoxic
training methods are based on a so-called “training
reaction” triggered under the influence of a wide
variety of active factors in a small, weak, threshold
dose (Garkavi 2015). The key stage of the training
reaction—the stage of passive resistance—develops
not due to an increase in the activity of the protective
subsystems of the body but to a decrease in their
sensitivity, so that the stimulus is perceived as less
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intensive, below the threshold. The training-induced
resistance to hypoxia is associated with increased
efficacy of oxygen delivery and utilisation allowing
cells and tissues to function under the conditions
of hypoxia and accompanied by enhanced antioxidant
defences, remodelling of mitochondrial processes
with increased efficiency of ATP production (Levine
2002; Serebrovskaya et al. 2003; 2013). These changes
are similar to the changes underlying genetic
adaptation or acclimation to high altitude in the
populations of residents or newcomers living at
such altitude (Moore 2017).

In contrast to the training protocols, HPC requires
a more intensive stimulus which induces the “reaction
of activation” that represents acute mobilisation
of the adaptive resources. The reaction of activation
significantly and quickly increases the resistance
of the body by increasing the activity of all subsystems
of the body up to the intracellular structures and
primarily the activity of the protective subsystems
of the body (Garkavi 2015). When such an activation
reaction develops, changes in the central nervous
system, endocrine and immune systems, plasticity
and energy metabolism indicate a high functional
activity within the upper half of the comfort zone
to its upper limit. At the molecular level, the reaction
of activation in HPC starts from the immediate
expression of transcription factor HIF-1a induced
by succinate that reflects a key role of succinate-
dependent signalling for immediate and delayed
molecular adaptation and increased body resistance
to oxygen deficiency (Lukyanova, Kirova 2015;
Lukyanova et al. 2018). After termination of the
activating stimulus, the reaction of activation transits
into the stage of persistent activation and is
maintained there for a rather long time. The evidence
described above indicates that HPC-based therapeutic
approaches could be successfully implemented as
a mode of activation therapy, but as already
mentioned, it requires a rather high intensity of the
preconditioning factor that creates additional risks
and/or is worse tolerated. For this reason, we set
a task to reduce the intensity of the HPC factor
by applying such stimuli which are targeted at
additional stimulation of the endogenous mechanisms
of tolerance.

In our previous work we studied the mechanisms
mediating the development of high altitude tolerance
induced by three trials of hypobaric HPC (our
effective protocol of HPC) and revealed persistent
activation of the pro-adaptive resources, including
stabilisation of HIF-1q, activation of MAP kinases,
transcription factors CREB, NF-kB, c-Fos, NGFI-A,
increased acetylation of histones, and neuronal
expression of neuroprotective proteins and
antioxidants (Rybnikova, Samoilov 2015; Samoilov
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et al. 2016). In addition, the wave-like rhythm
of moderate activation of the HPA in response to
each of three HPC trials allowed the multi-level
rearrangement of HPA regulation resulting in its
enhanced reactivity to the hypoxic or other stresses
(Rybnikova et al. 2008). Having analysed our own
experimental data, we suggested that in the complex
coordinated response induced by HPC the key roles
belonged to three critical steps: activation of HIF-
1 followed by up-regulation of its target genes,
enhanced HPA reaction to high altitude stress, and
relaxation of chromatin due to histone acetylation.
In the present study, we designed more experimental
paradigms to examine the importance of each step
individually. Milder hypoxic exposures with shorter
duration (Group 3) or lower altitude (Group 4) were
supposed to be enough to stabilise HIF-1q, as in
response to any hypoxic exposure. The earlier
reported ineffective mode of a single HPC trial was
also taken as a group for comparison for the new
mode of single HPC combined with a supplement
of exogenous glucocorticoids imitating thereby
the enhanced glucocorticoid response to the altitude
stress. The final experimental group (Group 7) was
designed to examine the role of chromatin relaxation
due to increased histone acetylation induced
pharmacologically by injecting a histone deacetylase
inhibitor, sodium valproate.

The results of this study demonstrate that
the combined effect of a single HPC with the injection
of exogenous corticosteroids was the most effective
in terms of the sum of beneficial outcomes,
while the least protective effect accompanied
by manifestation of the side effects was observed
in the three-trial HPC with a reduced “altitude”
(3,500 m). It is interesting that the changes in the
HPA functioning differed between the original and
the new effective modes in such a way that
the animals from Group 6 showed better feedback
regulation in the early post-hypoxic period (24 h)
since their levels of circulating corticosterone did
not differ from the baseline. Regarding the effects
of other new modes of preconditioning studied,
although they did not improve the survival of rats
after SH significantly, their application notably
reduced the severity of the post-hypoxic pathology.

These data appear to support the key role
of HIF-1 in the activating mechanisms of HPC,
since all the modes with decreased hypoxic dose
(reduced altitude, duration or number of trials)
were less effective. Earlier the dose-dependent
activation of HIF-1 was demonstrated in the brain
neurons (Sidorova et al. 2013). It was shown that
neuroprotection is conferred by using HPC exposures
which induce more than 60-70% up-regulation
of HIF-1a levels, whereas no protection was seen
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after HPC exposures which up-regulated HIF-1a
levels only by 20-30%. Accordingly, the present
data suggest that all the modes with reduced altitude,
duration, or the number of hypoxic trials did not
activate HIF-1 sufficiently to increase the body
resistance. Nevertheless, even slight activation
of HIF-1 by lower doses of hypoxia might still
contribute to better recovery of the animals after
SH observed in those HPC modes.

The highest efficacy observed in the combination
of one-trial HPC with glucocorticoid injection
(Group 6) allow us to suggest that the interaction
between HIF-1 and glucocorticoids might be
extremely important for mediating the protection
induced by HPC, even compensating presumably
low activation of HIF-1. This suggestion is strongly
supported by the data reporting that glucocorticoids
limit the expression of Von Hippel Lindau protein
(pVHL), a negative regulator of HIF-1, and thereby
can stabilise HIF-1a and activate HIF-associated
transcriptional responses (Vettori et al. 2017).
It was also shown that HIF-1 and glucocorticoid
receptors are co-assembled on the promoters
of some genes in response to either hypoxia or
dexamethasone (Anderson et al. 2016). Hence,
HIF-1 and glucocorticoids can functionally interact
at multiple levels, from stabilisation of HIF-1a to
joint regulation of their target genes.

The experiments on animals injected with sodium
valproate (Group 7) showed that simple activation
of the histone acetylation processes without
any external hypoxic factor was not sufficient to
achieve hypoxic tolerance. A possible explanation
of this observation might be that de-compaction
of chromatin caused by enhanced histone acetylation
facilitates access to multiple gene promoters
but lacks specific transcriptional activators, such
as HIF-1, not allowing up-regulation of desired
target genes.

In summary, possible ways to reduce the severity
of the HPC factor without reducing its effectiveness
as well as the possibility of pharmacologic
preconditioning by administration of sodium
valproate were studied. As a result, it has been
demonstrated that only one of the introduced new
modes, namely a single hypoxic trial at 5,000 m for
2 hours combined with dexamethasone administration,
is as effective as the original mode of three trials
of HPC at 5,000 m for 2 hours. The findings open
new perspectives for development of effective and
safe HPC techniques based on a combination
of the hypoxic factors and hormonal therapy.
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AxHomauus. AKTyaAbHOI IPOOAEMOIT HACTOSILIETO BPEMEHM SIBASIETCSI BBIICHEHME POAY TPOBOCIIAAUTEABHBIX
LIUTOKMHOB B PasBUTUM OCTPOTO pecnypaTopHoro auctpecc-cuapoma (OPAC) ¢ conyTcTByIOLIei TSHKEAON
TUITOKCEMUEN IIPY CUCTEMHON BocraauTeabHou peakuuu (CBP). Panee Hamu GBIAO YCTAHOBAEHO, YTO
HOBBILIEHHBI YpOBeHb LupKyaupyommux VA-1B u @HO-a, moaaBAsia KOMIIEHCATOPHYIO PeaKLMIO AeTOYHOI
BEHTUASALMY HA TUIIOKCUIO, ABASIETCSI OCHOBHOI IIPUYMHOM ABIXaTE€ABHOV HEAOCTATOUHOCTU U CHYDKEHUSA
BBDKMBAEMOCTHY MTOCAE TUIIOKCUYECKOTO antHO3. VIA-6, HAIPOTUB, He BbI3bIBAET AEKOMIIEHCALIMIO ABIXaHVS
IPU TSDKEAOV TMIIOKCUY, OAHAKO MIPUBOAUT K MTOBBIIIEHUIO YPOBHS A€TaABHOCTHU 1O cpaBHeHuo ¢ MIA-1f
n ®HO-a. MbI IPEATIOAOXKMAM, YTO PAa3AMYHBIN XapaKTep PeCHMpaTOPHBIX PeakLMil MOXeT 3aBUCeThb
OT IPOTUBOIIOAOXKHBIX OMOAOTMYECKUX 3P PEeKTOB LUTOKMHOB Ha IeHepaLMio MHCIMPATOPHOIO YCUAMS,
OTPaXKAIOLEr0 AKTUBHOCTb ABIXaTeAbHBIX MblIL,. C LI€AbIO IIPOBEPKU 3TOTO NMPEAIOAOXKEHV S HaMU OblAa
MIPOBEAEHA CPAaBHUTEAbHAsl OLieHKa BAMAHUA BHYTpMBeHHOro BBepeHMs VIA-6 u ®HO-a Ha reHepaumio
MHCIIPATOPHOTO YCUAVSI (BHYTPUTPYAHOTO AABAEHMST) M IIATTEPH ABIXaHUSI TIPU TSKEAOU TUITOKCUM. OTIBITBI
IIPOBEAEHBI HA HAPKOTU3MPOBAHHBIX KPbICAX, TMITOKCHIO BOCIIPOM3BOAMAY METOAOM «BO3BPAaTHOTO ABIXaHMSI»
OT HOPMOKCHU AO aITHO3, AAHHbIe aHaAusuposaau ipu F O, 8%. Perncrpuposaan abixareabHbiit 06bem (AO),
yactory abixanus (UA), munytHsi 00beM Abixanusi (MOA), BHyTpurpyaHoe pAaBaenve (BI'A), mpouent
BBDKVBAEMOCTMU IIOCA€ TMITOKCMYECKOTO AITHO3. YCTAHOBAEHO, YTO MAaKCMMAABHBIN pupoct BI'A Ha runoxcuio
y kpbic c DHO-a coctaBasa 30%, a B koHTpoae 1 ¢ VIA-6 cooTBeTcTBOBaA 200% IO CpaBHEHMIO C HOPMOKCHET,
4TO0 criocobcTBOBaA0 pocTy MOA,. BDXrBaeMoCTb MOCA€ IMITOKCUYECKOTO AITHO3 Y KpbIC ¢ VIA-6 cHmKarach
B 5 pas no cpaBHeHuio ¢ @HO-a. Takum 06pasom, npu Tsxeao runokcuu VIA-6 He mopaBAsieT reHepaLnio
VIHCIIPATOPHOTO YCUAMS U aKTUBHOCTD ABIXaTEABHBIX MBILIILI, YTO He IPUBOAMT K AeKOMITeHcaLuy GyHKLUM
AbixanHust. DHO-a criocoOCTBYeT pasBUTHMIO OCTPOIL ABIXaTEABHON HEAOCTATOUHOCTH B PE€3YAbTAaTE OCAAOAEHMS

reHepauy MHCIIYPATOPHOIO YCUAVA U €I0 BKAAAQ B CI)OpMI/[pOBaHI/Ie MaTTepPpHA AbIXaHUS.

Karouesbie cr0Ba: IpOBOCIIAANTEABHBIE LIUTOKMHBI, OCTPBIN PECIIMPATOPHBIN AUCTPECC-CUHAPOM, TMIIOKCHS,

VHCIIMPATOPHOE YyCHANE, BHYTPUITPYAHOE AABA€HME, TAaTTEPH AbIXaHUA
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Abstract. Today, it is paramount to clarify the role of proinflammatory cytokines in the acute respiratory
distress syndrome (ARDS) with severe hypoxemia and systemic inflammatory reaction (SIR). Previously,
we found that an increase in the number of circulating IL-1f3 and TNF-a suppressing the compensatory
reaction of pulmonary ventilation to hypoxia is the main cause of respiratory failure and reduced survival
after hypoxic apnea. IL-6 does not cause respiratory decompensation in severe hypoxia, instead, it increases
the risk of mortality compared to IL-1f and TNF-a. We suggested that this difference in the nature of respiratory
reactions may be due to the opposite biological effects that cytokines have on the generation of inspiratory
effort which is indicative of the activity of respiratory muscles. We conducted a comparative assessment
of the effect of intravenous administration of IL-6 and TNF-« on the generation of inspiratory effort (intra-
thoracic pressure) and the breathing pattern in hypoxia. In anesthetized rats hypoxia was reproduced by the
rebreathing method from normoxia up to apnea. The data were analyzed at F O, 8%. The recorded parameters
include respiratory volume (Vt), breathing frequency (BF), minute lung ventilation (MLV), esophageal pressure
(Pes), and survival after hypoxic apnea. It was found that in severe hypoxia IL-6 does not suppress the generation
of inspiratory effort and the activity of the respiratory muscles, hence, it does not lead to decompensation
of the respiratory function. TNF-a contributes to the development of acute respiratory failure due to the
weakening of the inspiratory effort and its contribution to the formation of the breathing pattern.

Keywords: proinflammatory cytokines, acute respiratory distress syndrome, hypoxia, inspiratory effort,

intra-thoracic pressure, breathing pattern

BBepenne

B pa3BuTHM HapylleHUIi, XapaKTEPHBIX AAS
TSI>)KEAOU ABIXaTEABHOU HEAOCTAaTOYHOCTU C CO-
My TCTBYIOLIEN TUIIOKCeMMEN, CYLIeCTBEHHYIO POAD
UT'PAET MOBBIILIEHHAS TIPOAYKLIS IPOBOCIAAUTEAD-
HbIX 1IMTOKMHOB (Behrens, Koretzky 2017). ITpo-
BOCIIAAUTEABHBIN LIUTOKUH UHTEPAENKUH-6 (A-6)
SIBASIETCST OAHUM 13 MHOTOYMCAEHHBIX MEAUATOPOB
cucTeMHoI BocraauteabHou peakuuu (CBP), ko-
TOpasi yCyryOAsIeTCsl pas3BUTHEM OCTPOTO PeCI-
patopuoro Aucrtpecc-cuHppoma (OPAC)
C IPOTPEeCCUBHO HapacTalollell IUIoKCeMUeNt,
B OOABIIVHCTBE CAy4YaeB IIPUBOASIILEN K HebAaro-
npusTHoMy ncxoay (Liu et al. 2020; Somers et al.
2020). IA-6 xaaccudpuumupyeTcs: Kak MUOKMH,
BBICBOOO>KAQIOLINIICS IIPU YCUAEHHON paboTe
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CKEAETHBIX MBIIIIL], B TOM YMCA€E ¥ UHCITUPATOPHBIX,
00AAAQIOIIU TIPO- U TIPOTUBOBOCIIAAUTEABHBIMMU
csonctBamu (Petersen, Pedersen 2005). VIA-6 aB-
ASIETCSI HE TOABKO MapKepOM BOCIAaAEHMUS,
HO U TIPEAUKTOPOM TIPOrpecCHpoBaHMsl matodu-
3MOAOTUYECKUX TIPOLIECCOB MPU CEPAEYHON HEAO-
crarouHoctu (Dall’Ago et al. 2006; Park et al. 2001),
cerncuce (Jiang et al. 2015), obocTpeHnn xpoHnie-
CKOI1 06CTPYKTUBHOM 60Ae3HY, THeBMOHMU (Trushi-
na et al. 2019).

Kak 13BeCTHO, TUTIOKCUYECKIE COCTOSTHUSI He-
3aBUCHMO OT BbI3bIBAIOLIMX VX ITPUYMH, COIIPOBO-
JKAQIOTCST UBMEHEHMEM TaTTEePHA ABIXaHUs, KOM-
IIEeHCAaTOPHOI TUIIEPBEHTUAALIMEN, B IEePBYIO
ouyepeAb 3a CUEeT YBEAUYEHMSI ABIXaTEABHOTO 00'b-
eMa U YaCTOTBI ABIXaHUsSI C YCUAE€HHBIM COKpaliie-
HUeM AbixaTeAbHbIX Mbliil (Vaporidi et al. 2020).
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B TO e Bpems aKTMBM3ALUMA MHCIIMPATOPHBIX
MBIIIL], 00eCIeunBaIUX 00Iee UHCIIUPATOPHOE
YCHAME, T. €. CUAY COKpAllleHUI1 MBIIIL], Y4aCTBYIO-
I[MIX BO BAOXE, MOKET NMPUBECTY K UX aTpodum.
Tak B pabote fHccena c coaBropamu (Janssen et
al. 2005), mpoBeA€HHO Ha KpbIcaX, ObIAO YCTAaHOB-
A€HO, UTO A2)Ke KpaTKOBPEeMEeHHOe BAMSIHIE pe-
KOMOMHAHTHOTO YeAoBeuecKkoro VIA-6 Bbi3biBaeT
CHIKEHME MacChl 1 KPOBOTOKA B OCHOBHOI AbIXa-
TEABHOM MblliLle — Anadparme, HO Oe3 HapyIIeHNIT
ee COKpaTUTeAbHOU criocobHocTu. CyllecTBYIOT
CBEAEHUs, YTO MOBBIIIEHHbI ypoBeHb VMA-6
B CBIBOPOTKe KpoBU y nmanyeHToB ¢ OPAC u Tsxe-
AOI T'MIIOKCEMMEN KOPPEAPOBaA C A€TAaAbHBIM
JICXOAOM B pe3yAbTaTe AeKOMIIEHCALIY AbIXaHUS
(Henry et al. 2020; Liu et al. 2020; Somers et al.
2020). HexoTopble aBTOpbI AUCHYHKLMIO AbIXa-
TEABHBIX MBIIIL] IIPY PeCTPUKTVBHOM HapyLIeHUN
BEHTMASILIY AETKMX CBSI3BIBAIOT C ITOBBIIIEHHBIM
ypoBHeM Lupkyaupytouux VIA-6 u ®HO-a (Jiang
et al. 2015; Spiesshoefer et al. 2021). ITpoBepeHHas
HaMU paHee CPaBHUTEABHAS OLIEHKA BEHTUASTOP-
HOJ peakLy Ha HApaCTAIOLYI0 I'MIIOKCUIO M CIIOH-
TaHHOE BOCCTAHOBAEHME ABIXaHMSI IIOCAE TUITOK-
CMYECKOro allHOd N0Ka3aAa, uyTo VIA-6, HecMoTps
Ha OTCYTCTBME IPU3HAKOB ABIXaTEABHOM AEKOM-
IeHcaluuy, B 5 pa3 CHM)KaeT BbDKMBAEeMOCTH
no cpaBHeHy0 ¢ ODHO-a (Donina et al. 2021). 9to
MO3BOAVAO HaM IIPEATIOAOKUTD, 4TO VIA-6 1 ODHO-a
OKa3bIBAIOT pa3HOHAIIPaBAEHHOE (IIPOTUBOIOAOX-
HOe€) BAMSIHME Ha QYHKLMOHAaABHOE COCTOSIHME
ABIXaTEABHBIX MBIIIL], OT KOTOPBIX 3aBUCUT TAYOU-
HA, 4YaCTOTa AbIXaHMS Y COOTBETCTBEHHO A€TOYHAS
BeHTUAsILUsL. COrAQCHO OCHOBaM OMOMeEXaHUKU
ABIXaHUSI CYMMapHas CYAQ COKpPAIeHMII MBIIILI,
Y4YaCTBYIOLIUX BO BAOXE, T. €. 001ilee MHCIMPATOp-
HOe yCUAMe, XapaKTepu3yeTCsl BEAUYMHOMN IIA€B-
PaABHOTO AABA€HNs], B KAUeCTBe aHAAOr'a KOTOPO-
ro npu (QPpYHKLMOHAABHOM AMarHOCTUKE
ABIXaTEABHOM CHICTEMBI MICIIOAb3Y€eTCsI BHYTPUIIU-
1[eBOAHOE AaBAeHMe (BHYTpurpyaHoe, BI'A). Oa-
HAKO HeT YCTOSIBLIETOCSI MHEHUS O COUeTAaHHOM
BAVISTHUY TMIIEPLIUTOKVMHEMUN Y TUITIOKCUM HA CO-
KPaTUTEABHYIO CIIOCOOHOCTD ABIXaT€ABHBIX MBIIIIL]
U CTEIeHb YYaCTUS BHYTPUTPYAHOTO AABAEHUS
B GOpMUPOBaHMY NIATTEPHA ABIXaHMSI.

1leAbro HacTOsIIIEN PAaOOTHI IBUAACH IPOBEPKA
TMIIOTE3bl O pa3HOHAIPaBAEHHOM BAMsHUM VIA-6
1 ®HO-« Ha MHCTIMPAaTOPHOE yCuAMe (BHYTPUTPYA-
HO€e AaBA€HMeE) VM TATTEPH AbIXaHWS PYU TSDKEAOV
TUITOKCUM.

Mertopuka

Pabota npoBeaena Ha kuBoTHbIX 13 LIKIT «Buro-
KoAaAexysi VIO PAH AAst uccaepOBaHMS MHTeErpa-
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TUBHBIX MEXaHU3MOB AESITEAbHOCTU HEPBHOM
1 BucLepaabHbIX cucteM» (CaHKT-ITeTepOypr).
Pabora BeIoAHEHA B COOTBETCTBIUY C «][paBraamu
IIpOBeAEHMsT paboT C MCIIOAb30BaHMEM DKCIIepU-
MEHTAABHbIX XMBOTHBIX» (EBpoITerickas KOHBeHI S,
19.07.2014) u tpeboBanusimu Komuccuu mo KoH-
TPOAIO 32 COAEP>KaHMEM U VICTIOAb30BaHMEM Aa0O-
PaTOPHBIX JKUBOTHBIX ITpu VIHCTUTYTE pusnororun
M. V1. IL. ITaBaoBa PAH. J)KuBoTHBIX copepkaau
B CTAHAQPTHBIX YCAOBMSIX BUBaPUSI IIPU CBOOOAHOM
AOCTYIIe K BOAE U THILe TI0 6 0cobeit B kKaeTKax T4
Ha CTAHAQPTHOI AADOPATOPHOI AM€TE B YCAOBUSIX
MCKYCCTBEHHOTO OcBeleHms (LuKa: 12 4 cBet/12 4
TEMHOTA).

OmnbIThI OBIAY TIOCTaBAEHBI Ha 24 KpbICaX CaMLjax
Wistar maccont 280—300 r, HApKOTU3MPOBAHHBIX
ypetaHoM (1000 mr/xr, BHyTpUOPIOLIMHHO). )KMBOT-
Hble ObIAM pa3AeAeHbl Ha 3 rpynmbl: 1-0i1 — (KOH-
TpoAb) BBoAUAM 1 MA 0,9% Pr3MOAOTUUECKOTO
pactBopa (NaCl), 2-0it — paxTop HEKpo3a OITyXOA€l-a
(OHO-q, 40 mr/xkr, Sigma, CIIIA), 3-ei1 — unTep-
AenkuH-6 (VMIA-6, 50 mkr/kr, Sigma, CIIIA).

DoHOBBIE TOKA3aTEAN PETUCTPUPOBAAU B YC-
AOBVISIX HOPMOKCHUM, 3aT€M BBOAMAM VICCAEAYEMble
npenapaTrbl B OEAPEHHYIO BEeHY, 110 UCTEeYEHUN
70 MVH >)KMBOTHBIM IIPEABABASIAU IMIIOKCUYECKOE
BO3AEICTBUE, VICTIOAb3YSl METOA «BO3BPaTHOI'O
ABIXaHMSI» C HETIPePBIBHBIM HapaCcTaHMeM I'MIIOKCUY
oT HopMoOKcuu A0 amHos (Donina et al. 2021).
ITocAae OCTaHOBKM ABIXaHMS KPBICY OTKAIOUYAAU
OT TMITIOKCUYECKOTO BO3AEVICTBUSA U PErUCTPUPO-
BaAM BPeMsI CIOHTAHHOT'O BOCCTAHOBAEHUS AbIXa-
HUSI AU A€TAABHOCTD B IIOCTITUITOKCUYECKOM IIe-
pUOA€E B TIPOLIEHTAX IO OTHOLIEHNIO K KOHTPOABHO
rpynme. I IpekpaieHne ApIxaTeAbHOM aKTMBHOCTH
B TeyeHMe 1| MUH PMPaBHUBAAY K THOEAU XUBOT-
HbIX. Perucrpanmio Bcex rmokasaTeaen IpOBOAVAU
HETIPEPBIBHO B XOAE BO3AECTBYS], @ CDABHUTEABHYIO
OLIEHKY AQHHBIX II0CA€ OKOHYAHMsI SKCIIEpVIMEHTA
NPOBOAMAM Ha ypoBHe 8% O,.

MeTopoM nHeBMOTaxorpaduu perncTpyupoBa-
AV 00BEMHYIO CKOPOCTb MHCIIMPATOPHOTO IIOTOKA.
DAEKTPOHHAs MHTETpaLsl THEBMOTAaxorpaduyecKoi
KPMBOJ II03BOASIAQ IOAYYNUTD KPUBYIO ABIXaT€ABHBIX
00beMOB — CIIMPOTPAMMY, BBIYMICAUTD ABIXaTEAb-
Hb1i1 00beM (AO) u yactory pAbixauust (UA). Mu-
HYTHBI1 00beM AbixaHus (MOA) paccuuTsiBaAn
kak nmpousBeaeHue YA u AO. Aast usmepeHus
BHYTPUTPYAHOTO (BHYTPUIIAEBPAABHOTO) AQBAEHUS
(BT'A), KOCBEHHO OTPa’KAIOILETO CYMMAPHYIO CUAY
COKPALeHUI ABIXaTE€ABHBIX MBIIILI, ICIOAB30BAAU
6aaroHOrpaduueckuit MeTop. OpakiMOHHOE CO-
Aepxanue O, BO BAbIXaeMOV CMeCu (FIOZ) n3Mepsi-
A aHaAnzaTopoM kucaopoaa ITI'K-06 («/HcoBT»,
CaHkT-IleTepOypr). DBTaHa3UIO )XMBOTHBIX OCY-
IIeCTBASIAY IIePEAO3MPOBKOM ypeTaHa.
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CurHaAbl THEBMOTAaXOTPAMMBI Y BHYTPUTPYA-
HOTO AaBA€HUSI 00pabaTbiBaAu MPU MOMOIIN
armapaTHO-IpOrpaMMHOr0 KOMIIAeKca cbopa
6noaormuecknx paHubix Biograf-7 (I'YATIT, CaHkT-
[TeTepOypr, Poccus).

AASL CTaTUCTNYECKOTO aHaAM3a AAHHBIX MC-
MOoAB30BaAu nporpammer Statistica 10.0 (Windows)
u Microsoft Office Excel 2020. OuieHKy AoCTOBeEp-
HOCTY Pa3AUYMIT IPOBOAMAU C UCIIOAB30BaHMEM
HellapaMeTpU4yecKoro Kpurepus MaHHa-YUTHU.
PasAnyms IpUHUMAAY 32 CTATUCTUIECKM 3HAYMIMbIe
npu p < 0,05. AaHHble Ha pUCYHKax U B TabAMiie
IIPEACTABAEHBI B BUAE CPEAHET0 3HaUeHMsI + O1I0-
Ka cpepaneit (M + SE).

Pe3yabTarnl

Kak caeayeT 13 mpeACTaBAEHHON TaOAULBI,
B YCAOBMSIX HOPMOKCHUY TIOCA€ MHBEKLMM KPbICaM
MICCAEAYEMBIX IIPerapaToB AOCTOBEPHBIE I3MEHe-
HVsI TapaMeTPOB HaOAIOAQAYM TOABKO B IpyIIIIe
¢ ®HO-a. Tak, yepes 70 MUH BCAeA 32 BBEA€HUEM
OHO-a yBeanunBaaucb AO 1 MOA npu HesHa-
yuTeAbHOM cHIpKeHun YA. B rpynmne ¢ VIA-6 po-
croBepHbIx pazanunit AO, YA u MOA 1o cpaBHe-

HUIO C KOHTPOABHOM TPYIIIION He OBIAO BBISIBAEHO.
BI'A B 06eux s3KCIHEepUMEHTAABHBIX TPYIIIIaX
He3HauuTeAbHO (Ha 20%) MOBBIIIAAOCH.

Apixanue runokcuyeckoit cmecoio F O, 8% Bbr-
3BIBAAO AOCTOBEpHbIE, HO Pa3HOHAIIpaBAEHHbIE
VI3MEHEHNs ITIapaMeTpOB BHEILIHEro AbIXaHUS
B 00euX 3KCIIepMMEHTAaABHBIX rpymnmax. Tax,
Y KOHTPOABHOV I'PYIITbI KOMITIEHCATOPHBIN IIPUPOCT
MOA Ha runokcuio coctaBasia 36 + 7% (p < 0,05)
II0 CPaBHEHMIO C HOPMOKCHel (puc. 1), B OCHOBHOM
3a cuer yBeandenust AO na 115 + 11% (p < 0,001)
B pesyabraTe pocta BI'A Ha 200 + 11% (p < 0,001)
(puc. 2), 4TO CBUAETEABCTBOBAAO 00 YyCUMAEHUU
AKTMBHOCTY VIHCIIMPATOPHBIX MBIILL],

Y xpbic ¢ BBepeHreM OHO-a KoMITeHCaTOPHBbIN
npupoct MOA Ha rmnokcuio NpakTUYeCKU OT-
CYTCTBOBaA B pesyabraTe napenus YA (puc. 1)
n AO (puc. 2). IIpupoct BI'A B aTOI rpymme ObiA
MUHUMaABbHBIM. Y KpbIC ¢ VIA-6 mpu runoxkcuu
MPOUCXOAUAY TIPOTUBOMOAOKHbBIE M3MEHEHUS.
ITpupoct MOA npeBblliaA o4ty B 2 pasa 3Hade-
HUSI KOHTPOABHOI TPYIIIBI, YTO COCTABASIAO
72 + 8% (p < 0,05), mpu aTom yBeanuyeHue BI'A
Ha 200 + 10% (p < 0,001) mpuBoaMao K pocty AO
Ha 113 + 10% (p < 0,001) mo cpaBHeHUIO

Tabauua. Bansinne ®HO-a 1 VIA-6 Ha mapaMeTpbl BHEIIHETO ABIXaHMSI KPBIC B YCAOBMSIX HOPMOKCUM

Yepes 70 MUH IIOCA€ BBEAEHUSI IPeNapaToB
IToxa3arean
NaCl (koutpoap) (n=8) | ®HO-a (n = 8) NA-6 (n=8)
AbIXaTeAbHbIT 00bEM, MA 1,0 £ 0,2 1,4 +£0,2 1,2+0,1
YacToTa AbIXaHMs, MUH -1 83 +4 78 £1 79+0,1
MMHYTHBIT 00bEM AbIXaHUS, MA/MUH 92,3 £6,5 120,5 £ 5,4* 95,2 £4,3
BHyTpUrpyAHOE AaBA€HME, CM BOA.CT. 0,5+0,1 0,6 +0,1 0,6 +0,1

/A aHHbIe TIPEACTABAEHBI B BUAE CPEAHETr0 3HaYeHUs 1 ommoku cpeaHert (M+SE). * — p < 0,05, 1o cpaBHEHMIO C KOH-

tpoaem (NaCl)

Table. The effect of TNF-a and IL-6 on the parameters of external respiration in rats at normoxia

70 min after the administration of drugs
Parameters
NaCl (control) (n = 8) TNF-a (n = 8) IL-6 (n = 8)
Respiratory volume, ml 1.0+0.2 14+02 1.2+0.1
Breathing frequency, min -1 83 +4 781 79 +0.1
Minute ventilation, ml/min 92.3+6.5 120.5 + 5.4* 95.2 +4.3
Esophageal pressure, cm H,O 0.5+0.1 0.6 £0.1 0.6 £0.1

Data are expressed as the mean+SE, (n = 8 in each group). *—p < 0.05, compared with the control (NaCl)
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Fig. 1. Effect of TNF-a and IL-6 on compensatory response of minute lung ventilation (I) and breathing frequency

(IT) at hypoxia of 8% O,. X-axis—experimental groups. Y-axis—an incremental growth in percent from normoxia,
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O,. Io ocu abcumce — sKCrnepuMeHTaAbHbIe IPYIIIbL. Y-axis—an incremental growth in percent from
ITo ocu OpAMHAT — NPUPOCTHI B % OT HOPMOKCUM normoxia (normoxia is taken as 100%).
(nHopmoxkcus npunsaTa 3a 100%). ITo ocu opamHar: Along the Y-axis: left panel—esophageal pressure
A€Basl IAaHEeAb — BHYTPUTPYAHOE AaBAEHME (*—p < 0.05 compared to normoxia,
(* — p < 0,05 o cpaBHEHUIO C HOPMOKCHEIL, **__p < 0.001 compared to normoxia);
** _ p < 0,001 mo cpaBHEHMIO C HOPMOKCHUEN); right panel—tidal volume
rpaBasi MAHEAb — ABIXaTEAbHbI 00'beM (#—p < 0.05 compared to normoxia,
(# — p < 0,05 1o cpaBHEHMIO C HOPMOKCHEIA, ##—p < 0.001 compared to normoxia)

## — p < 0,001 O CpaBHEHUIO C HOPMOKCHEIN)
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C HoOpMoOKcueln. Hapsay co 3HauUTeAbHbIM pOCTOM
MOA, AO u BT'A, ypexxenue YA y atoit rpynmnbt
6b1A0 MeHee BbIpa)keHHbIM. CIIOHTaHHOE BOCCTa-
HOBAEHME ABIXaHUS (BBIKMBAE€MOCTbH) MOCAE I'-
MoKcHuyeckoro anHoa B rpynne ¢ ®HO-a cocras-
Asia0 50%, a ¢ VIA-6 Toabko 10% mo cpaBHeHUIO
C KOHTPOABHBIMH KPBICAMMU, Y KOTOPBIX BbIKMBae-
MOCTbB cocTaBasiaa 100%.

Oo6cyxpaeHne

IToAydeHHbIe pe3yAbTaThbI IPOAEMOHCTPUPOBA-
AV pa3HOHAIIPpaBAEHHOE BAMSIHME LIUTOKMHOB
OHO-a u MIA-6 Ha KOMIIEHCAaTOPHBIN MTPUPOCT
AETOYHON BEHTUASILIMY B OTBET HA TUITOKCUYECKOe
BO3AeiicTBIe. Kak ObIAO YCTaHOBAEHO, IPU TSDKEAON
runokcuy ®HO-a yrueraer npupoct MOA B TO
BpeMs], KaK y KpbIC ¢ BBepeHueM VIA-6 komneHca-
TOPHbI IPUPOCT AETOUHOM BEHTHAALIMA BO3PaCTaA
B 2 pa3a 10 CPaBHEHUIO C KOHTPOABHBIMMU )XUBOT-
HBIMM U B 7 pas 1o cpaBHeHuIo ¢ rpymnnoi c ODHO-a.

ITpu 06cyXpAeHMY TPUYMH HAaOAIOAQEMBIX pa3-
AVYMI B peaKL/sIX BHELIHEIO ABIXaHUS CAEAYeT
IPUHATD BO BHMMaHMe, yTo JUTOKMH OHO-o axc-
IIPECCHPYETCsl HAa TAOMYCHBIX KAeTKaX KApOTUAHO-
IO TeAQ, CHVDKasI X YyBCTBUTEABHOCTb K Aepuiin-
Ty Kucaopoaa (Liu et al. 2009) u nopaBasis
KomneHcaTtopHbi npupoct MOA. Kpome Toro,
ycraHoBAeHO Haanuue perienrropoB PHO-a B siape
COAUTAPHOIO TPaKTa X BEHTPOAATEPAABHOM OT-
AeAe TIPOAOATOBATOrO MO3Ia, T. €. B 30HaX MO3Ta,
peryaupyouux abixanue Ha yposHe LJHC (Hsieh
et al. 2020; Probert 2015). /13 aToro caeayer, 4To
OHO-a MOXXET BOBAEKATHCSI HE TOABKO B LIEHTPAAb-
Hble 1 eprepriecKyie 3BeHbsI XeMOPELeIITOPHON
PEryASILIIY ABIXaHMSI, HO M YTHETATh SIAEKTPUIECKYIO
aKTUBHOCTb AMadparMaAbHBIX HEMIPOHOB U AMa-
dparmbl. B oTAM4Me OT APYTYIX TPOBOCITAAUTEABHBIX
uutoknHoB (MA-1p u ®HO-«a), yposens VIA-6
He MOBBIIIAACS HU B TKAaHU A€TKOT0, HU B OPOHXO0-
AABBEOASIPHOV )XUMAKOCTY IPU MOAEAVPOBAHUU
ocTporo BocmaAenust Aerkux (Jacono et al. 2011).
B 10 xe Bpems VIA-6 kaaccuduumpyeTcs Kak Mu-
OKVH, 00AaAQIOIINIT TPO- Y IPOTUBOBOCIIAAUTEAD-
HBIMM CBOWCTBaMU, KOTOPBII BBICBOOOXKAQETCS
13 QYHKLUMOHMPYIOLIEN MBIIIEYHON TKaHU, B TOM
qucae u Auadparmsl py GU3MUECKON HarpysKe
(Pedersen et al. 2007; Petersen, Pedersen 2005).
ITporuBOBOCHaAMTEABHBIE CBOVICTBA VIA-6 mpo-
SIBASIIOTCS PV aKTMBHOM COKPAIL[€HMY MBIIIEYHBIX
BOAOKOH, ITIPU 3TOM AOTIOAHUTEABHO 3KCIIPECCU-
pyeTcst 60A€ee MOIHBII TPOTVMBOBOCIAAUTEABHBII
uutokuH VMIA-10 u mopaBasiercst cuntes OHO-«
(Pedersen et al. 2007).

Kax BUAHO 113 IOAYyYEHHBIX PE3yABTATOB, B 00€-
VX 9KCIIEPYMEHTAABHBIX IPyIIax HabAIAaAACH
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BBICOKAs CTeleHb KOPPeAALIN MeXAY AeTOYHOMI
BEHTMASILIMEN U BHYTPUIPYAHBIM AaBA€HMEM.
Y xppic ¢ OHO-a npy runokcuy oTMevyasoch
He yBeAnueHue BI'A, KaK y KOHTPOABHOJ I'DYIIIBI
(na 200%), a ero cHkenue, BI'A Bozpocao auiib
Ha 20-30% ot ypoBHs HOpMoKcuu. VIA-6 He oka-
3pIBaA BAUsSHUSA Ha BI'A, cooTBeTCTBEeHHO,
He OrpaHMyMBas runokcuyeckuit npupoct MOA.
10 o3Hauaet, 4yTo VIA-6, B otAnune or ®PHO-a,
He TIPUBOAUT K AUCHYHKLIMU ABIXaTeAbHBIX MBI,
B TOM 4MCAe U AuadparmMbl — OCHOBHON MHCIIVIpa-
TOPHOJT MBILILIBI, TEHEPUPYIOLIeN 00liiee yCuAMe
AAST GOPMUPOBAHUS ABIXaTEABHOTO OObeMa U Ae-
royHoy BeHTUASILMU. CA€AOBATEABHO, MOKHO
MPEANIOAOKUTD, UTO BBICOKAsI CMEPTHOCTD,
HaOAIOAABIIASICS Y MALVIEHTOB C TSDKEABIM T€YeHM -
eM OPAC Ha ¢oHe nmoBbIIIeHHOTO YpoBH: VIA-6,
He ObIAQ ACCOLIMMPOBAHA C AeKOMITeHcaLyell PyHK-
uuu AbixaHus (Somers et al. 2020). B moap3y Tako-
'O MIPEAITOAOKEHVSI CBUAETEABCTBYET U TOT (aKT,
4T0 VIA-6 MOXXeT CrtocOOCTBOBATb YCUAEHUIO AU-
MOAM32, YBEAUUMBAIOLIET0 SHEPTUIO, HEOOXOAUMYIO
AASL TIOBBILIEHMST BBIHOCAMBOCTY pabOTAIOIINX
ABIXaTEABHBIX MBILIL] B YCAOBMSIX ABIXaT€ABHOI
Harpysku. V3BecTHo, uTO VIA-6 cniocobeH mpo-
SIBASITH NIPOTUBOBOCIIAAUTEABHOE AEVICTBUE, VH-
rnbupyst npoBocnasuTeAbHsbli uTokuH OHO-a,
KOTOPpBIiT, Kak 1 VIA-1[3, BbI3bIBAa€T OCTPYIO AbIXA-
TEABHYIO HEAOCTATOYHOCTD B pe3yAbTaTe Hapylie-
HVSI COKPATUTEABHON CITIOCOOHOCTYU AMadparmbl
(Vassilakopoulos, Hussain 2007). CAeayeT oTMETHUTb,
4yT0 VIA-6 mpeacTaBAsieT cOO01 He TOABKO MapKep
BOCIIAAUTEABHON peakLy, HO U SIBASIETCST OMO-
MapKepOM IIPOTHO3MPOBAHMSA PUCKA CEPAEUHO-
cocyaucToix 3aboaeBanuit (Moriya 2019). [Tokasza-
HO, YTO IIpU MH(APKTe MUOKapAA B 3HAUUTEABHON
cTerneHu MoBbllieH ypoBeHb VIA-6 (Zhang et al.
2005), TaK)Ke CYLECTBYET KOPPEASILIVISI MEXAY 110-
BBIIIEHHBIM ypOBHeM VIA-6 1 cMepTHOCTBIO OT
CepAEeYHO-COCYAUCTBIX 3aboaeBanmit (Harris et al.
1999). CaepoBaTeAbHO, HeraTuBHOE BAMsHMUE VIA-6
Ha CEepPAEYHO-COCYAVICTYIO CUCTEMY C COIYTCTBY-
I0llle}l AQpTePUAADPHOM ITMIIOKCEMMEN MOTAO IIpU-
BeCTy K HeoOpaTtuMbiM nocaepcTBysiM (Takagishi
et al. 2010; Verity et al. 2020).

Taxum 00pa3zoM, Ha OCHOBAHUY MOAYYEHHBIX
AQHHBIX MOY>XHO CAEAaTh BBIBOA O TOM, YTO CO-
BMmecTHOe AeictBre ODHO-a 1 TSHKeA0V TUIIOKCUN
CIIOCOOCTBYeT PasBUTUIO OCTPOI ABIXaTEABHOM
HEAOCTAaTOUYHOCTY B pe3YAbTATE CHVPKEHUS aKTVB-
HOCTU ABIXaTE€AbHBIX MBIIIL], TOrAA KakK VIA-6
He OKa3bIBaeT BAMSIHMS Ha IeHepalMio MHCIMpa-
TOPHOTI'O YCUAVS M He IIPUBOAUT K AKOMITEHCALIVN
¢byHKuUMM AbixaHus. boaee BpICOKasi CMEPTHOCTD
KpoIc B rpyne ¢ VIA-6, uem ¢ ®HO-q, o Bcen
BEPOSITHOCTU, MOTAQ OBITh CBsI3aHa CO CTPEMUTEAD-
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AnHomayus. VI3ydaau Bo3pacTHble n3MeHeHus poau NO, CUHTe3MpyeMOro pasAUYHbIMYU pOpMaMy CUHTa3
okcnaa asota (NOS), u sk30reHHOro L-apruHmuHa B alje TMAXOAMH-OIIOCPEAOBAHHON AMAATALIMM COCYAOB
FOAOBHOTO Mo3ra y Kpbic. C MCIIOAB30BaHMEM METOAQ MPVDKM3HEHHON MUKPO(OTOCHEMKI IIPOBEAEHA
CpaBHUTEABHAs OLIeHKA peaKLiil MMaAbHBIX apTEPUN PA3ANYHBIX AVAMETPOB Ha BO3AENCTBIE alleTUAXOAVNH
xaopuaa (AX, 1077 M, 8 Mmun) B orcyTcTBunM 1 Ha poHe 6A0Kkapbl NOS 1 BO3AEICTBYS 5K30r€HHOTro L-apruHuHa
(0,25 MM, 30 muH) y kpsic Sprague-Dawley B BospacTe 4 u 18 mecsiieB. Baokaay NOS npousBopman nyrem
npumMeHeHus HeceaekTuBHOro nHruburopa NOS (L-NAME, 10-* M, 12 MuH) 1 MUHTUOUTOPA MHAYLIMOEABHO
NOS (amunoryanupus, 1 MM, 10 mun). OLeHUBaAM M3MEHEHNE YMCAA U CTEIIEHU AMAATaLMU apTepui,
M3Mepsisl LIMPUHY OTOKA SPUTPOLIMTOB B TPEX OTAEABHBIX IPYIIIAX apTePUil: MEAKMX (AMaMeTp MeHee
20 MKM), cpepHux (20—-40 MKM) 1 KpynHbIX (6oAaee 40 MKM). YCTaHOBAEHO, 4TO K 18 MecsuaMm y KpbIC
cHmKaeTcss poab NO, cuHTe3npyeMoro KOHCTUTYTUBHbIMU dopmamu NOS, B ocyliecTBAeHUHU
AX-omocpeAOBaHHbBIX SHAOTEAUII-3aBYICMMBIX AVAQTAaTOPHBIX PeaKLMI MMAABHBIX apTePUI MEAKVX M CPEAHNMX
AVaMETPOB U YCUAMBAETCSI POAb AQHHOTO MEXaHM3Ma B AVAQTALIMY KPYITHBIX TMAAbHBIX apTepuil. OAHOBpeMEHHO
MOBBILIAETCSI poAb UHAYLMOeabHOM NOS B pAMAaTaliuu apTepuil BCeX MCCAEAOBAHHBIX AIAMETPOB.
DTU MPOLIECCHI COIIPOBOXKAAIOTCS CHIDKEHIEM OMOAOCTYIHOCTY 3K30reHHOro L-aprunmHa aas NOS.
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Abstract. The article reports the results of the study focusing on age-related changes in the contribution
of NO, synthesized by various forms of nitric oxide synthases (NOS) and exogenous L-arginine in acetylcholine-
induced dilation of cerebral vessels in rats. A comparative assessment of the responses of pial arteries
of various diameters to acetylcholine chloride (ACh, 107 M, 8 min) was carried in the absence and in the
presence of NOS blockade and exogenous L-arginine (0.25 mM, 30 min) in Sprague-Dawley rats aged 4 and
18 months. NOS blockade was performed by using a non-selective NOS inhibitor (L-NAME, 10* M, 12 min)
and an inducible NOS inhibitor (aminoguanidine, 1 mM, 10 min). The change in the number and degree
of arterial dilation was assessed by measuring the width of the erythrocyte flow in three separate groups
of arteries: small (<20 pm in diameter), medium (20-40 pm), and large (>40 pm). It was found that
in 18-month-old rats, the contribution of NO, synthesized by constitutive forms of NOS, decreases in the
implementation of ACh-mediated endothelium-dependent dilatatory reactions in small and medium pial
arteries, while an increase was observed for pial. At the same time, the contribution of inducible NOS
to dilation of all types of arteries is on the increase. These processes are accompanied by a decrease
in the bioavailability of exogenous L-arginine for NOS.

Keywords: aging, endothelial dysfunction, pial vessels, NO-mediated dilation, nitric oxide synthases

BBeaenue

Llepebpo-BacKyAsipHble 3a00A€BaHUS SIBASIFOTCST
BEAYIIMU TIPUYMHAMY CMEPTHOCTU U MHBAAMAM-
sauuu HaceaeHus (Cuadrado-Godia et al. 2018).
DIUAEMUOAOTUYECKIE UCCAEAOBAHUSI OAHO3HAYHO
nokasbiBaioT (Arvanitakis et al. 2016; Ungvari et al.
2018; Xu et al. 2022), uTo AOMUHMPYOIMM PaKTOPOM
PUCKA UX Pa3BUTKS SBASIETCSI BO3PACT. MexaHM3MBbl,
KOTOpble MHULMUPYIOT U3MEHEHMS B CTapelolLel
COCYAMCTOJI CETH, B HACTOsIIIjee BPeMsI HaXOASITCS
B LIEHTPe BHUMAaHUsI BCe OOABIIIEr0 KOAUYECTBA MC-
cAepOBaTeAeil. BOKHBIM MOAYASITOPOM CBSI3aHHBIX
C BO3PaCTOM COCYAMCTBIX M3MEHEHUI Mpr3HaHa
AuchyHKUMs cocyancToro sHporeans (Cuadrado-
Godia et al. 2018; Xu et al. 2022). OcHOBHbIE KA€-
TOYHbBIE I MOAEKYASIPDHbIE MEXaHU3MbI PA3BUTHUS
SHAOTEAMAABHOM AUCHYHKLIMY B CTAPEIOIeM Opra-
HU3Me AO KOHIIa He BbIsICHEHBI. OAHUM 13 OCHOBHBIX
ee TPOSIBAEHU SIBASIETCSI CHVDKEHME PeaKLn CO-
CYAOB Ha COCYAOPACIIVPSIOLIE areHTbl 1, B 4acT-
HocTu, Ha aneTuaxoaumH (AX). CHuxeHue
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SHAOTEAUN-3aBUCHUMON Ba3OAMAATALIMY IIPU CTa-
peHNV BO MHOTOM CBsI3bIBAIOT ¢ HapyieHneMm NO-
OIIOCPEAOBAHHOI PEryAsILINY COCYAUCTBIX peaKkLui,
B OCHOBE KOTOPOI'O AE€KUT M3MEHEHNE YPOBHS
u/vau cHmkeHue buopoctynHocty NO (Mistry et
al. 2002; Sindler et al. 2009). OrpanuyenHas 61o-
AocTtynmHOoCcTb NO MO’KeT OBITH OIIOCpeAOBaHa
M3MeHEeHMEeM aKTUBHOCTU CUHTAa3 OKCHAAQ a30Ta
(NOS) (Luiking et al. 2012; Mistry et al. 2002; Sindler
et al. 2009). B HacTosi1[ee BpeMsI BBIAEASIIOT TPU
nzodpopmer NOS (Fujii et al. 2016; Gambardella et
al. 2020; Pozhilova, Novikov 2015). ABe KoHCTUTY-
TuBHBIX (HerpoHaAabHast (NNOS) 1 SHAOTeAMaAbHAS
(eNOS)), KoTOpbIe MOCTOSIHHO MPUCYTCTBYIOT
B COOTBETCTBYIOLIMX KAETKAX, I TPETbsI MHAYLIU-
6eapHas (INOS), koTopasi CMUHTE3MPYeTCs B OTBET
Ha OIpeAEAEHHOE BHEIIIHEE BO3AEVICTBYE Ha KAET-
Ky. B HOpMe B 93HAOTEAUM COCYAOB I'OAOBHOTO
Mmosra NO npeumyliecTBeHHO reHepUpyeTCsl IIpu
yuactuu eNOS (Cernadas et al. 1998; de Silva,
Faraci 2020). OpHaKO B KpPOBEHOCHBIX COCYAAX
CTapeX >KUBOTHBIX OblAa MTOKa3aHa CIoCo0-

hitps://www.doi.org/10.33910/2687-1270-2022-3-3-367-377
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O. IL Iopwikosa

HOCTb npoayuupoBaTb NO u B IpUCYTCTBUU
Apyron nszodopmer NOS — uHAyLMOEABHOM
(Cernadas et al. 1998; Fuijii et al. 2016). B To Bpemst
Kak aktuBaLysi eNOS renepupyer HeOOABIIIVIE KOAU-
yectBa NO B TeueHe KOPOTKMX ITIEPUOAOB BpeMEH,
ctumyasitya iNOS NpUBOAUT K 3aMEAAEHHOMY
Y AAUTEABHOMY BBICBOOOXKAEHNIO OOABILIX KOAU-
yectB NO. HekoTopsie aKcriepuMeHTaAbHBIE pa-
60TBI MOKa3aAHu, YTo aKTMBHOCTh eNOS 3amMeTHO
uHrnbupyercs camum NO, Torpa Kak akTUBHOCTb
iNOS B MeHb11I€el1 CTEIIEeHN 3aBUCUT OT KOHILIEHTPa-
uuu NO (Cau et al. 2012; Cernadas et al. 1998).
[Toatomy NO, BbICBOOOXXA2EMBIIT B OOABIINX KO-
AndectBax npu ydactun iNOS, MOXeT OBITH BO-
BA€ueH B CHIDKeHMe akTuBHOCTY eNOS 1 Hapy1e-
Hue NO-omocpeAOBaHHON Ba3OAMAATALIMY IIPU
crapeHn. BaxHpIM HpaKTOPOM BO3PACTHOTO CHU-
xeHus1 akTuBHOCTU eNOS MOXXeT ObITh TaK)Ke
n3meHeHue B cucreme L-apruaun/NO. L-apruany —
AMMHOKMCAOTA, KOTOPasi B SHAOTEAUM COCYAOB
MeTaboAU3MPYETCsI CMHTA30i1 OKCHAQ a30Ta C 00-
pasoBanreMm NO u L-uutpyaanHa (Bierhansl et al.
2017; Mazlan et al. 2017; Morris 2007; Shin et al.
2011). HepocTarounoe cHabxeHne L-aprunuHom
MO>KET MPUBOAUTD K CHIDKeHMIo Bbipabotku NO,
YBEAMYEHUIO reHepaLy CYIIEPOKCUAA SHAOTEAU-
aapHOM NOS 1 pasBUTUIO SHAOTEAUAABHO AVIC-
¢ynkuuu (Berkowitz et al. 2003; Katusic 2007;
Santhanam et al. 2008).

CunTaeTcst, YTO OTHOCUTEABHBIN BKAAA AMC-
PETYAVPYIOIMX MEXaHM3MOB B COCYAUCTYIO IIATO-
AOTHIO TIPY CTaPEHUM MOKET OBITh BUAO3aBUCUMBIM.
Kpowme Toro, Bo3pacTHble U3MEHEHMSI BKAAAQ Pa3-
AVIYHBIX MEXaHM3MOB B PETYASILIMIO COCYAMCTBIX
peakLuii MOT'YT BapbUpOBaTh B 3aBUCUMOCTHU
OT COCYAUCTOTO pyCcAa M pasMepa COCYAOB
(de Silva, Faraci 2020; Santhanam et al. 2008).
B aaHHOI paboTe 13y4aAr BO3pacTHbIE U3MEHEHNsT
poau NO, cuHTe31pyeMoro pa3aAnuHbIMU popMamMu
CUHTAa3 OKCMAQ a30Ta, M 9K30T€HHOro L-apruHuHa
B AX-0nocpeaOBaHHOV AMAATaLMM COCYAOB FOAOB-
HOT'O MO3ra y KpbIC. B 3apaum nccaep0BaHMSI BXOAU-
AO CpaBHEHME peaKLMI1 MMAAbHBIX ApTEPUIL pa3AUY-
HBIX AMaMeTPOB Ha Bo3AelicTBMe AX B OTCYTCTBUM
1 Ha poHe OAOKaABl KOHCTUTYTUBHBIX M MHAYLIM-
6eapHon dpopm NOS 1 BBepAeHUsT 9K30TE€HHOTO
L-aprunuHa y kpbIC B Bo3pacTe 4 u 18 mecs1iieB.

MeToauKa

DKCIIePUMEHTDI IPOBEAEHBI HA CaML[aX KPbIC
Sprague-Dawley us LIKIT «buokoaaexuus 1O PAH
AAST ICCAEAOBAHMSI MUHTETPATUBHBIX MEXaHU3MOB
A€SITEABHOCTY HEPBHOI 1 BUCLIEPAABHBIX CUCTEM»

Humeepamusuas pusuoroeus, 2022, m. 3, Ne 3

(CankT-Iletep6Oypr) B Bo3pacte 4 (n = 27, maccon
290 + 60 r) u 18 mecsaues (n = 29, maccoi
450 + 70 r). Bce mpoLjeAypbl, BBITIOAHEHHBIE B UIC-
CA€AOBAHMM C yYaCTVEM >KUBOTHBIX, COOTBETCTBO-
BaAM dTUYECKMM CTAaHAAPTaM, YTBEP)KAEHHBIM
npaBoBbIMu aKkTamu PO, npuniunam baseabckoit
AekAapaiuu u TpeboBanusm Komuccun mo KoH-
TPOAIO HaA COAEP>KaHMEM U UCIIOAb30BAaHMEM Ad-
60OpaTOPHBIX KMBOTHBIX Npu VIHCTUTYTE duU3MO-
Aoruu uM. V1. T1. ITaBaoBa PAH.

Xupypeuveckas no020mosKa MUBOMHLLX

KpbIC HapKOTH3MPOBaAYM 30A€TUAOM (BHYTPU-
6promnHHO, 20 Mr/kr, Virbac, ®paunus). Aas
obecrieueHrsi CBOOOAHOTO ABIXaHUS )KMBOTHOMY
yCTaHaBAMBAAM TpaxeocTomy. B mpaByio OeapeHHy0
apTepUI0 BBOAMAM KaTeTep, 3alI0AHEHHBIIT rerapu-
HU3MPOBAHHBIM (PU3MOAOTUYECKUM PaCTBOPOM
(50 ea/maA). [oAOBY KMBOTHOTO PUKCUPOBAAU
B TOPM30HTAABHOM MOAOKEHUU. B TeMeHHOIT 00-
AaCTU Yepera BbICBepAMBaAu oTBepcTHe (S = 1 cm?),
TBEPAYIO MO3TOBYIO 000AOYKY B IIpEAEAaX KOTO-
pPOTO YAQASIAUM, TEM CaMBIM OTKPBIBAsI IOAE AAS
AQABHEIIIEro nccAepoBanus. TemmepaTypy Teaa
JKMBOTHOTO ITOAAEP>KMBAAU Ha ypoBHe +37 °C.

Pezucmpayus apmepuaibHo20 0ABAEHUS

Ha npoTskeHnn Bcero sKCriepyMeHTa Y )KUBOT-
HBIX IIPOBOAVAM IIPSIMOE M3MepeHNe apTepUaAb-
HOro AaBAeHus (AA) yepes karetep B GeApEHHOI
aprepun. Karerep coepntsian ¢ parunkom DTXPlus™
(Argon Critical Care Systems, CuHramyp), moa-
KAoueHHBIM K ALITT, BxopsileMy B cOCTaB MUKPO-
KoHTpoAAepa pupmbr STMicroelectronics (CIIIA),
BBIXOA KOTOPOTO OBIA MOAKAIOUEH K KOMIIBIOTEPY
yepes nopt USB. AAst paboThI yCTPOIICTBA C KOM-
IbIOTEPOM ObIAa pa3paboTaHa OpUIMHAABHAS IPO-
rpamMMa Buadyaamsauuu sHadeHnuin AA. Pacuer
cpepHero AA B peaAbHOM BpeMeHM IIPOV3BOAVAU
C TIOMOIUIBIO IIPOTrPaMMBbI IO KAACCUYECKON

dbopmyae:
P_=P +1/3(P-P),

rae P — cpeatee apTepuaAbHOe AaBAEHME (MM
pT. cT.), P_ — cucroanyeckoe pAaBAeHne (MM pT. CT.),
P — amacroamueckoe pAaBaeHue (MM pr. CT.).

B TeyeHMe Bcero skcriepyMeHTa ITOKa3aTeAU
cpeaHero AA ocTaBaAMCh IPUMMEPHO HAa OAHOM
YPOBHE U y KPBIC B BO3pacTe 4 MeCs1IeB COCTABASIAU
138 £ 5 MM PT. CT., 2 B Bo3pacTe 18 mecsiieB —
143 £ 4 MM pT. CT.
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IIpumcusHenHas MUKpoghomocvemka cocyoos

[TnasbHBIE apTEPUM BU3YaAU3MPOBAAU Yepe3
OTBEpCTHE B TEMEHHOI 00AaCTY Yepera C IOMOIbIO
OPUTMHAABHOM YCTAHOBKY, BKAIOYAIOLIIEN CTEPEO-
ckormueckuit Mmukpockorn MC-2ZOOM («Muxkpo-
MeA», Poccist), LIBETHYIO KaMepy-BUAEOOKYASIP AAS
mukpockomna Basler acA 4600 — 10uc (Tepmanus)
U TIEpCOHAABHBIN KoMnbloTep. Ilpy perucrpanum
(OHOBBIX 3HaUEHMIT TOBEPXHOCTh MO3ra Helpe-
pbIBHO opoiaau pactBopoM Kpebca (B MM: NaCl
120,4; KCI 5,9; NaHCO, 15,5; MgCl, 1,2; CaCl, 2,5;
NaH,PO, 1,2; rarokosa 11,5; pH 7,4), aspuposan-
HOTo KapboreHOM. PacTBOp AASI OpoILIeHMs, KaK
¥l BCE APYT'M€e ITpUMeHsIEMbIE PACTBOPBI, B TEYEHIE
BCETO0 9KCIIEPUMEHTA COAEP’KAAK B BOASIHOM Tep-
mocrate (TW-2, SIA «<ELMI», AarBus) npu tem-
neparype +37 °C.

IKcnepumeHmarbHblii NPomoKo

Y Bcex KPbIC UCCAEAOBAAY PEAKLIUIO MTMAABHBIX
apTepuil Ha opolieHe TOBEPXHOCTU TOAOBHOTO
Mmosra pactBopoMm AX (Acetylcholine chloride,
Sigma-Aldrich, 10”7 M, 8 mun). [Tocae Bo3peCcTBUSA
AX moBepXHOCTbh TOAOBHOTO MO3ra B TeueHue
15 muH oTMmbiBaAu pactBopom Kpebca. DToro
BpeMeHM ObIAO AOCTATOYHO AASI TIOAHO OTMBIBKU
U AOCTVKEHUSI UCXOAHBIX 3HAUEHUIT Pa3MePOB UC-
CcAeAyeMbIX COCYAOB. VIHaynpoBaHHy0 AX AlAa-
Taiuio cantaAu 6azosoit peaxiuen (100% anaata-
1IMi1), ¥ C HEJl CPaBHUBAAY PE3YABTATBI, TOAYYEeHHbIE
IIPM AQABHEJIIIEM MCCAEAOBaHUY. VI3yyeHne poan
NOS u L-apruans/NO-onocpeAOBaHHOM CYCTEMBI
B AMAAQTAL[MV MTMAABHBIX apTEPUI Ha BO3AEICTBUE
AX IpOBOAMAM B OTAE€ABHBIX CEPUSX IKCITEPUMEHTA.

Ouyenka poau NOS
8 AX-onocpedosanHoti Ouramayuy

Y xpsic B Bozpacte 4 (n = 8) u 18 (n = 10) me-
CsLIeB TOCA€ BO3AENCTBYUA AX U OTMBIBKY PacTBO-
pom Kpebca mpoBOAMAM OpOIIIeHEe TTOBEPXHOCTI
TOAOBHOTO MO3Ta PaCTBOPOM HECEAEKTUBHOTO
6aoxaTopa NOS metuaoBoro a¢upa HUTpo-L-
aprunuHa (L-NAME, ICN Biomed. Inc, 103 M)
B TeueHye 12 MMH C OCAEAYIOLIM AOOaBAEHNEM
AX (8 muH) B pacTBop 6aokaropa. CpaBHMBaAK
peakuuu aprepuit Ha AX A0 1 Ha HOHe TpUMeHeHN s
L-NAME.

Oyenka poru iNOS
8 AX-onocpedosaHHoti Ouramayuu

Y kpbic B Bospacte 4 (n = 7) u 18 (n = 7) mecs-
11eB ITOCA€ BO3AeNCTBYS AX ¥ OTMBIBKM PaCTBOPOM
Kpebca nmpoBoAMAY OpOLiIeHMEe TOBEPXHOCTU MO3-
ra pacCTBOpOM CeAeKTUBHOro 6aokaropa iNOS
amuHoryaHuamHa (AG) (ICN Biomed. Inc, 1 MM)
B TeueHue 10 MIH C TOCAEAYIOLIM AOOaBAEHNEM
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AX (8 muH) B pacTBop 6aokatopa. CpaBHMBaAU
peakuuy MuaAbHbIX apTepuil Ha Bo3aencTeue AX
AO 1 Ha poHe npumeHeHust AG.

Hccredosanue poru L-apeunun/NO-
0nocpedoBAHHOLL CUCMeMbL B OUAAMAUUY
8 omsem Ha Bo3deticmsue AX

Y kpoic B Bospacte 4 (n = 7) u 18 (n = 6) mecsi-
L[€B ICCAEAOBAAM BAUSIHYE SK30T€HHOTO L-apruHuna
Ha xapakTep AX-0mocpeAOBaHHBIX AAATATOPHBIX
peakuuit maAbHbIX apTepuil. CpaBHUBAAU peaKLinu
apTepuit Ha AX AO U IIOCAE BO3AECTBUSI PaCTBO-
pa L-aprunumua (ICN Biomed. Inc, 0,25 MM, 30 mun
(Xiong et al. 2014)).

OtaeAbHO y Kpbic B Bo3pacTte 4 (n =5) 1 18 (n = 6)
MecsiLeB uccaepoBasu AX-omocpepoBaHHbIe pe-
aKLMM COCYAOB, IIOABEPIHYTBHIX BO3AENCTBUIO
L-aprununHa, Ha pOHe TPeABAPUTEABHOTO MPUMe-
HeHus1 6aokaropa iNOS. TTocae BospeiicTBus AX
1 OTMBIBKU pacTBopoMm Kpebca mpoBOAMAU Opo-
IIIeH/e TIOBEPXHOCTU Mo3Ta pacTBopoM AG B Te-
yeHMe 10 MMH C TOCA@AYIOIMM TOCAEAOBAaTEAbHBIM
aobaBaennem L-aprununa (30 mun) u AX (8 muH)
B pacTBOp OaoKaTopa.

V3mepenus u oyeHKa peakyuy cocyo0os

AvaMeTp COCYAOB M3MEpPSIAM Ha CTaTM4eCKUX
U300pAKEHUSIX C TOMOIIBI0 KOMITBIOTEPHOI MTPO-
rpammsl At poTomeTpun «Blood Vessel Media
Analyzer» (© Denis Chouvaev, llIBenus). B mpo-
rpaMMe MPEeAYCMOTPEHBI PEXMMbI YBEAUYEHNUSI
" KOHTPACTUPOBAHUS U300 paskeHNs U KaAUOpOB-
KU AAST TIEPECUYEeTA BCEX KOOPAMHAT B METPUYECKIE
epnauibl. C MCITOAB30BaHMEM MTPOTPAMMBI 3Me-
PSIAM IIMPUHY TIOTOKA 3PUTPOLIUTOB, COOTBETCTBY-
IOLIYIO BHYTPEHHEMY AMaMeTPY COCyAQ. VI3meHneHne
BKA2AQ MICCAEAYEMBIX MEXaHU3MOB B AMAQTALIMIO
OLIEHMBAAM ITyTEM CPaBHEHUS YMCAQ AMAATUPO-
BaHHBIX aPTEPUI U CTETIEHUN UX AUAATALIUU B OTBET
Ha Bo3AericTBue AX A0 U TTIOCAE TIPVMIMEHEHMS
6Aa0xaTopoB u L-apruHuHa.

VI3MeHeHMe KOAMYECTBA PaCUIMPUBIINXCS
VI CY3MBIIVXCSI apTEPUIT Ha BO3AEIICTBIE BbIpaXka-
AU B MPOLIEHTAX OTHOCUTEABHO OOIIEro 4mcAa
JMICCAEAOBAHHBIX apTepuil B rpynme. CTeneHb
AvaaTauuy A/ olLleHMBaAM KaK Pa3HOCTb MEXAY
3HaueHusAMU Auametpa mocae (A2) u po (A1)
B03AeNCTBISI AX OTHOCUTEABHO AIaMeTPa COCYAQ
A1l nepep BozpenictBueM AX, %:

AA = (A2 - A1) / Al x 100

V3ameHeHMs1 AMaMeTpa B IOKOe He TIPeBbIIIaA
5,0 + 0,5%, moaTOMY NIpU TAKUX 3HAYEHUAX CUUTA-
AU, YTO peaxl/sl Ha BO3AENICTBYE OTCYTCTBYeT.

https://www.doi.org/10.33910/2687-1270-2022-3-3-367-377
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O. IL Iopwikosa

ITpoBeaeHo nsmepenne 898 yuacTKOB MMAABHBIX
apTepull AMaMeTPOM OT 9 A0 78 MKM Y KPbIC B BO3-
pacre 4 mecsueB 1 864 yuacTKOB — y 18-MeCsSUHbIX
KpbIc (AnameTp oT 10 A0 63 MKM). Y Ka>KAOM Kpbl-
bl ObIAO MBMepeHO oT 30 A0 65 y4acTKOB COCYAOB.
B AauTepaType UMEIOTCS CBEAEHUA O TOM, UTO BO3-
pacTHble n3aMeHeHMs BKAapa NO-omocpeaoBaHHbBIX
MEXaHM3MOB B PeryASLIMIO COCYAMCTBIX peaKLun
MOT'YT BapbMpOBaTh B 3aBUCMMOCTM OT pasMmepa
COCYA2 B MICCAEAYEMOM COCYAUCTOM pycae (San-
thanam et al. 2008). ITosToOMYy AASI TOCAEAYIOLLETO
aHaAM3a M3MepPEeHHbIE YYaCTKM COCYAOB ObIAY pas-
A€AEHBI Ha I'PYIIBI B COOTBETCTBUU C UX AMaMe-
Tpamu: MeAaKue (AraMeTpoM Ao 20 MKM), CpeAHME
(ot 20 a0 40 MxM) u KpynHble (6oaee 40 MKM).
AaHHbIe IT0 OTAEABHOJ IPYIIIIe COCYAOB YyCPEAHSIAU
AAST K&XXAOT'O )KMBOTHOTO U MCIIOAb30BaAU AAS
CTaTUCTUYECKUX CPaBHEHMUIL.

Cmamucmuueckuil aHaAU3

CraTUCTYeCKMiT aHAAU3 AQHHBIX IPOBOAVIAU
C UCTIOAB30BAHMEM MMAKeTa CTATUCTUYECKUX IIPO-
rpamm Microsoft Excel 2019 u nporpammsi InStat
3.02 («GraphPad Software Inc.», CIIIA). [TpoBepky
9KCIePUMEHTAABHBIX AQHHBIX HA HOPMAABHOE pac-
npeAeAeHye TPOBOAVAM C VICTIOAb30BaHNEM KpH-
Tepust Koamoroposa-CmupHoBa. Bo Bcex cayvasax
VICCAEAOBaHVE HA HOPMAABHOCTb PacCIpeAeAeHNs
II0Ka3aA0 €ro OTCYTCTBME XOTs ObI AASI OAHOI U3

CpaBHMBAeMbIX BBIOOPOK, [I03TOMY CTATUCTUIECKUI
AQHaAM3 ITIOAYYEHHBIX AQHHBIX IIPOBOAMAMU C VIC-
IIOAB30BaHVEM HellapaMeTPUUeCKIX METOAOB. AAsT
CpaBHEHMS CPEAHMX AQHHBIX HEe3aBVICVMBbIX BbI-
OOpOK IIpM CpaBHEHUY OOA€€e ABYX I'PYIIIT MCITOAB-
3oBaau U-kpurtepunt Manna — Yutuu. Ilpu cpas-
HeHUM OOABIIEro 4YMCAa TPYIMI NPUMEHSIAU
kputepuit Kpackeaa — Yoaauca ¢ mocAeAyoImmum
HONIAPHBIM CPaBHEHVEM I'PYIIII COTAACHO KPUTEPUIO
AanHa. AOCTOBEPHBIM yPOBHEM OTAMUMIL CIUTAAU
BEpPOSITHOCTH He MeHee 95% (p < 0,05).

PesyAbTaTbl

VY kpbpIC B Bo3pacTe 4 MecsLeB OpolleHue Mo-
BEPXHOCTU TOAOBHOTO MO3ra pacTBopoM AX BbI-
3bIBAAO AMAaTauuio 52,81% + 5,73% nccaep0BaHHBIX
NMMAABHBIX apTepuilt. IIpenmyliecTBeHHO pacilu-
pAAMCh apTepuu AuamMeTpoM MeHee 20 MKM
(56,33 + 4,08% 1ccAeAOBaHHBIX apPTEPUIT AAHHOTO
AnameTtpa) (puc. 1A). AMIAUTyAQ peakuun co-
craBAsiaa B cpeaHeM 32,47 +0,9% (puc. 1B). Yucao
pacCIIMpUBIIMXCSA CPEAHUX U KPYIHBIX apTepuit
COCTAaBMAO B cpepHeM okoao 40% (puc. 1A).
AmnauTypa AuaaTaTopHOM peakuyy Ha AX c yBe-
AMYEHMEM AMaMeTpa AOCTOBEPHO CHMXXAAACHh
M y KpYNIHBIX apTepuit cocTtaBasAa 13,79 + 1,01%
(xputepuit Kpackeaa — Yoaauca, KW = 12,3,
p < 0,001, puc. 1B).
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Puc. 1. AuaataTropHast peakiiusi IMaAbHbIX apTepuit Ha Bo3aercTBue AX. A — uncao pnaataiuii (% ot obiero yncaa
JICCAEAOBAHHBIX COCYAOB B IpyIre), b — aMmanTyaa AAaTaTOpHOI peakuym (AlaMeTp COCYAQ IIOCAE BO3AEVICTBUS
AX, % ot ncxopHoro pAuametpa). CBeTAast 3aAMBKA — KPBICHI B BO3pacTe 4 MeCsILIeB; TEMHasl 3aAMBKa — KPbIChI
B Bo3pacTe 18 mecsueB. "— pasAnumst CTaTUCTMYeCK 3HauMMBl ripy p < 0,01 (U-kpurepuit ManHa — YuTHn)
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D, % of the initial diameter

Less than 20 my
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more 40 mu
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Less than 20 mp
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Fig. 1. Dilatory response of pial arteries to ACh. A—number of dilatations, % of the total number of examined
vessels in the group, B—vascular diameter after ACh exposure, % of the initial diameter. White columns—
4-month-old rats; dark columns—18-month-old rats. “—significant differences; p < 0.01 (Mann—Whitney U-test)

INpumenenne L-NAME ymMeHbIIAAO YMCAO AM-
AaTaLyil apTEePUI BCeX MCCAEAOBAHHBIX AAaMETPOB
Ha Bo3pericTBMe AX B cpepAHEM ITPUMMEpPHO B 2 pa3a
(puc. 2A). Y MeAKux apTepuit TaK)Ke CHIDKaAaCh

100

% oT oBlWero YMcna MecreoBaHHsIx
COCYI0B B Tpyrne

D, % oT uoxodHore AuameTpa

140

120 4

40 4

204

AMIIAUTYAQ AMAQTATOPHOM peakumu (B CpeAHEM
Ha 35,11%, puc. 2B). AG AOCTOBEpHO He U3MEHSIA
YMCAO U aMIAUTYAY AX-OMOCPEAOBAHHBIX AMAR-

tauit (puc. 2).
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Ipynnkl cocynoe

Puc. 2. VI3MeHeHIe AUAATATOPHOI peaKLMM ITMAABHBIX apTEPUIT PA3HBIX AaMETPOB Ha Bo3aericTBre AX Ha poHe

npumMeHeHus1 6a0kaTopoB NOS. A — uncao auaaraimit (% oT 001LIero 4ncAa MICCAEAOBAHHBIX COCYAOB B IPYIIIE),

b — aMIIAMTYAQ AMAQTaTOPHOM peakLuy (AraMeTp cocyaa nocAe Bo3pencTBust AX, % OT MCXOAHOTO AMaMeTpa).
AVHUS — AMAQTaTOpHAsI peakLusi COCYAOB B Ipymie Ha BBepeHue AX 0e3 nmpuMeHeHus: 6A0KaTopa, pUHATAs
3a 100%." — pasAnumsi CTaTUCTMYeCKH 3HauMMbL; ~ — p < 0,05, ™ — p < 0,001 (U-xpurepmit ManHa — YutHu)
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Fig. 2. Dilatory response of pial arteries of different diameter to ACh in the presence of NOS blockers.
A—number of dilatations, % of the total number of examined vessels in the group, B—vascular diameter after
ACh exposure, % of the initial diameter. Solid line—reaction of vessels group to the introduction to ACh without
a blocker, taken as 100%. "—significant differences; *—p < 0.05, ""—p < 0.001 (Mann—Whitney U-test)

IlpepBapuTeabHOE OpoOllIeH/e ITOBEPXHOCTHU
TOAOBHOT'O MO3ra pacTBOpoM L-apruHuHa y moao-
ABIX KPBIC M3MEHSIAO AVIAQTaTOPHYIO peaKLUIo
Ha Bo3pericTBMe AX TOABKO Yy KPYIIHBIX apTepuil
(4MCAO pacUIMPUBIINXCST apTEPUIl YBEAUUMAOCH
B cpepHeM Ha 31,52%, aMIIAUTYAQ AMAQTALIUY YBe-
AVYVIAACh B CpepHeM Ha 68,29%, puc. 3). [Ipy aTom
AobaBaenne AG B pactBop AX He U3MEHSIAO YNC-
AO V1 aMITAUTYAY AX-0ITocpepOBaHHBIX AMAQTALIVN
IMAABHBIX aPTEPUIL, IPEABAPUTEABHO 0OpaboTaH-
HBIX pacTBOpoM L-aprununa (puc. 3).

CrapeHye YMEHBIIAAO AVAATATOPHYIO PEeaKLIIO
MMAABHBIX apTepuil Ha Bo3aelicTBue AX. Y KpbIC
B Bo3pacTe 18 Mecs1ieB, 10 CPaBHEHUIO C 4-Mecsu-
HBIMU KMBOTHBIMY, OBIAO OTMEYEHO YMEHbLIEHIEe
yucaa (B cpepHeM Ha 35%, puc. 1A) 1 aMIAUTYABI
AX-omocpepOBaHHBIX AuAaTauuii (B CpepAHEM Ha
30%) MeAKMX U cpepHMX apTepuit (puc. 1B).

Ilpumenenne L-NAME y xpbic B Bo3pacTe
18 MecslieB BbI3bIBAAO YMEHDbIIEHE YMCAQ AMAQ-
tauuit Ha AX TOABKO y apTepuil AuaMeTpoM boaee
40 MxM (B cpepaHeM Ha 65,55%) 6e3 naMeHeHMs
aMITAUTYABI AuAaTauuu (puc. 2). AG ymeHbIIaA
4ncAo (B cpepAHeM Ha 65-70%) M aMIAUTYAY

Humeepamusuas pusuoroeus, 2022, m. 3, Ne 3

(B cpearem Ha 40%) AX-0moCpeAOBaHHBIX AMAQ-
TaTOPHBIX peaKLivii apTepuil BCeX NUCCAEAOBaHHbIX
AUameTpoB (puc. 2).

OpollleHrie TOBEPXHOCTY MO3Ta PaCTBOPOM
L-aprunmHa y 18-MecsYHBIX KPbIC YMEHBIIAAO
4MCAO AMAQTaLMil Ha Bo3aelicTBue AX aprepuil
BCEX AMaMeTpOB B cpepHeM Ha 40% (puc. 3A).
Y MeAKMX U KpYIHBIX apTepuil TaK)Ke CHMYXKAAACh
aMrauTyaa aAuaatauui (Ha 20% u 45% cootBert-
cTBeHHO, puc. 3B). AobaBaeHne AG 1M3MeHSIAO
AX-omocpeAOBaHHYIO AMAQTALMIO MMMAABHBIX ap-
Tepuit, TPeABapUTEABHO 00PaOOTAHHBIX PACTBOPOM
L-apruHuna. Y MeAKUX apTepuil yBeAUYMBAAOCH
YMCAO AMAQTaLMIl Ha Bo3aelicTBue AX A0 YPOBHA
3HAYEHWIA, TOAyYeHHBIX 0e3 pYMeHeHys L-apruHuHa.
Yucao AMaaTaLmil CPeAHMX apTepUil YBEAMUMBAAOCh
B CpepHeM Ha 25%. AMIIAUTYAQ AVAQTALIMM MEAKMX
U CPeAHUX apTepuil IpU 3TOM AOCTOBEPHO He U3-
MeHsiaach (puc. 3). Uucao AX-omnocpesoBaHHbIX
AMIAQTALUIT KPYITHBIX apTepuit Ha GOHe pYMeHEeHs
AQG cHIDKaAOCh TPVIMEPHO B ABa pa3a, a aMIIAUTYAQ
AVIAQTallM YBEAMYMBAAACh U AOCTUTAAQ 3HAUYEHUI
B cpepHeM Ha 40% mpeBbIIAIIMX TOKA3aTeAH,
IIOAy4YeHHble 0e3 puMeHeHus L-apruxmHa (puc. 3).
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Fig. 3. Dilatory response of pial arteries of different diameter to ACh in the presence of L-arginine. A—number
of dilatations, % of the total number of examined vessels in the group, B—vascular diameter after ACh exposure,
% of the initial diameter. Solid line—reaction of vessels group to the introduction to ACh without L-arginine,
taken as 100%. "—significant differences; "—p < 0.05, ”"—p < 0.001 (Mann—Whitney U-test)
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O. IL Iopwikosa

OO6cyxAeHe pe3yAbTaTOB

VccaepoBaHME ITOKA3aA0, UTO CTapeHMe MpU-
BOAMT K HapyuleHuo AX-0MocpeAOBaHHOM AMAQ-
Taluy NMAaAbHBIX apTepuit y kpbic. K 18 mecauiam
YICAO M AMITAUTYAQ AMAQTaTOPHBIX OTBETOB Ha AX
cHIDKaTCA B cpepaHeM Ha 30-35%. AX cTumyan-
pyet NOS, renepupyromye NO, koTopbii AudPyH-
AVIPYET B HIDKeAeXXalljyie TAQAKOMBIIIeYHbIe KAeT-
KM, BbI3bIBasl paccaabAeHye 3a CYeT YBeANYEHUS
npousBopcTBa UI'M®, yto npuBoput K AX-
uHAyumpoBanHon Basopmaarauuu (Olchanheski et
al. 2018). B auTepaType UMEITCsI CBEAEHMUSI O TOM,
YTO yMeHbIIIeH/e Ba3OAMAQTALMY IIPY CTapeHun
MO>XeT ObITb CBsI3aHO ¢ HapyulieHreM NO-3aBucumoit
peryAsiLiuu cocyAucThIX peakimit (Mistry et al. 2002;
Sindler et al. 2009). B ocHoBe sTOro0 HapyumeHus
MOJKET A€XaTb CHIDKeHMe OmopocTynHocTu NO,
OII0CPEAOBAHHOE I3MEHEHVEM aKTMBHOCTY CVHTA3
OKCHMAQ a30Ta: CHVDKeHMeM akTUBHOCTU eNOS
u ycuaenueM aktuBHocTy iNOS (Cau et al. 2012;
Cernadas et al. 1998).

B Haumx skcriepumeHTax npuMeHenne L-NAME
(HeceaexTnBHOrO MHrK6UTOpa NO-CMHTa3) y MO-
AOABIX KPBIC YMEHBIIIAAO YMCAO Y AMIIAUTYAY AU-
AQTATOPHOM peakuuy Ha Bo3aericTere AX aprepuit
BCeX MCCAEAOBAHHBIX AMAMETPOB IPUMEPHO
B paBHOI cTeneHn. B To >xe BpeMsi AG (ceAeKTrB-
ueit uHrn6uTop iNOS (Cinelli et al. 2020)) socTo-
BEPHO He I3MEHSIA AMAATALMIO IIMAAbHBIX apTepuil
Ha AX. B Hopme B aHpOTeAnu cocypoB NO npeumy-
IIIeCTBEHHO I'eHepUpPYeTCs NpPU yYaCTUM OAHOM
13 pOPM KOHCTUTYTUBHBIX CMHTa3 OKCHAQ a30Ta —
eNOS (Cernadas et al. 1998). Vicxoast U3 moaydeH-
HBIX Pe3YAbTAaTOB, MOXXHO yTBEP’)KAATb, UTO
Y MOAOABIX KPBIC 3HQUUTEABHYIO POAb B AX-
OINOCPEAOBAHHOI AMAQTALMY MMAABHBIX apTepui
BCEX MCCAEAOBAHHBIX AnaMeTpoB urpaet NO,
cuHTe3upyemblit eNOS.

Y kpuic B Bo3pacTte 18 mecaues L-NAME ymeHb-
IIIaA YVICAO AVMAQTaTOPHBIX peakLii Ha AX TOABKO
Yy KpPYHIHBIX apTepuit. [IpyyeM 1o cpaBHeEHUIO
C peakLusIMHU Yy 00Aee MOAOABIX JKMBOTHBIX CHVDKe-
Hue AX-0roCcpepOBaHHON AMAATaLMM KPYIHBIX
aprepui Ha poHe npumeHenusi L-NAME y crape-
IOLIVIX KPBIC OBIAO BBIPQ)XEHO B OOABIIIEN] CTENIEH.
Poap NO, cuHTE3MpyeMOro KOHCTUTYTUBHBIMU
dopmamu NOS, B Bazopnaarayuy Ha AX apTepuit
MEHbIIVX AUAMETPOB y 18-MeCAYHBIX KPBIC,
10 CPaBHEHMIO ¢ 6OA€e MOAOABIMU )XUBOTHBIMU,
cHIDKaAach. AG yMeHbIIAA YMCAO (B CPeAHEM Ha
65—-70%) 1 aMnAUTYAy AX-OIOCPEAOBAHHBIX AM-
AQTaTOPHBIX peaKLMI1 BCeX CCAEAOBAHHBIX apTe-
puit (B cpeprem Ha 40%). CAepOBATEABHO, B OT-
AVUVIE OT IIOAYYEHHBIX APYTVMU UCCAEAOBATEASIMU
pesyabraToB (Cau et al. 2012; Cernadas et al. 1998;
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Gambardella et al. 2020; Toth et al. 2017), koTopsie
yKa3bIBalOT Ha CHIDKeHe poart NO-oIrmocpeaAOBaHHBIX
MEXaHU3MOB B AVAQTALIIY MO3TOBBIX apTepU IIpU
CTapeHny, HaMM 0OHapY)KeHO, YTO y KPbIC B BO3-
pacre 18 mecsieB poab NO B AX-onocpeAOBaHHOI
AVIAQTALIM KPYITHBIX MMAABHBIX apTepuil (Arame-
TpoM OoAee 40 MKM) ycuauBaeTcs. Takue mpoTuBo-
peunst MOr'yT ObITb CBSI3aHBI C BUAOBBIMU VAU pe-
TMOHAPHBIMU pasAMuMAMU. TaxKe HepaBHUE
nccaeposanus (Toth et al. 2017) mokasaau, 4To
SHAOTEAMaAbHASI AMCYHKLIMS UTPAeT PeLIaioulyo
POAD B BBI3BAHHOM CTapeHMEM HapyIIeHU) MI'HO-
BEHHOJ apanTalMy PerMoOHAAbBHOTO MO3IOBOTO
KPOBOTOKA K I3MEHEHVSIM aKTMBHOCTY HEVIPOHOB.
B03MO>KHO, 4TO B yCAOBUSAX CHIDKeHUs poau NO-
OIIOCPEAOBAHHOI PETYASILIMM B SHAOTEANII-3aBU-
CUIMOV AMAQTallMI MEAKVX IMAABHBIX apTepuil
oOHapy>xeHHOe Hamu ycuaeHre poan NO B pnaa-
Tauyuy 6oAee KPYITHBIX COCYAOB MOXKET OBITh ITPO-
SIBAEHMEM aAANTMBHBIX IIPOLIECCOB, HAIIPaBAEHHBIX
Ha MOAAEP>KaHle HOPMaAbHOT'O KPOBOCHAOKEH ST
CTaperolero Mo3ra.

Ycuaenne aktusHocTy iINOS 1 mpoAyLipoBaHue
ype3MepHOro Kkoandecrsa NO Mo>XeT IPpUBOAUTD
K OTpaHUYEHMIO AOCTYITHOCTY L-apruHuHa, ob1ie-
ro cyocrpara aast Bcex pepmentoB NOS (Fujii et
al. 2016). ITpoussoactBo NO u3 eNOS B nepsyio
o4epeAb OIIPEAEASIETCSI BHEKAETOYHOI OMOAOCTYII-
HocTbio L-aprununa (Tang et al. 2009; Xiong et al.
2014). B Halmx sKCriepuMeHTax mpeABapUTEAbHOE
OpOILieHe IOBEPXHOCTY TOAOBHOT'O MO3I'a PacTBO-
poM L-apruHuHa y MOAOABIX KPBIC IPUBOAUAO
K AOCTOBEPHOMY YBEAMYEHUIO UMCAQ V1 AMIIAUTYADI
AX-onocpea0BaHHBIX AMAAQTALIMI TOABKO KPYITHBIX
MMAABHBIX apTepuil. Y KpbIC B Bo3pacTe 18 mecslieB
YMCAO U AaMIIAUTYAQ AVIAQTAaTOPHBIX PeaKLiMil
Ha AX Bcex MCCAEAOBAHHBIX apTepuil Ha (poHe
npuMeHeHys L-apryHyHa CHIDKAANCh. DTO MOXKET
OBITh CBSI3AQHO C TEM, YTO Y CTAPEIOIIMX KMBOTHbIX
AOTIOAHUTEABHOE BBeAeHMe L-apriuHuHa, IoM1uMo
akTuBalyy eNOS, criocoOCTBYeT TakKe YCUAEHUIO
BbIpaboTku NO, cunresupyemoro iNOS. NO, BbI-
CBOOOXXAQEMBIIT B OOABLINX KOAMYECTBAX IIPU
y4yactuu iNOS, MO>XeT OBITb BOBA€YEH B CHVDKEHME
akTuBHOCTM eNOS 11 CBI3aHHOE C 3TUM yMeHbIIIe-
HUe AMAaTaToOpHOM peakuuu cocyaoB (Cau et al.
2012; Cernadas et al. 1998), 4To TOATBEP>KAQIOT
pe3yABTAThl, IOAYYeHHbIe HAMM B KCIIEPMMEHTE
¢ npumenenuem AG. AobaBaenne AG B pacTBOp
AX y xppICc B Bo3pacTe 18 mecsleB, B OTAUYNE
OT 4-MeCsAYHBIX >XMUBOTHBIX, YCUAUBAAO AX-
OIIOCPEAOBAHHYIO AVAQTALIMIO MMAABHBIX apTEepUI,
IpeABapUTEAbBHO 0OpPabOTaHHBIX PaCTBOPOM
L-aprunnna. OpHaKoO, eCAM Y MEAKUX apTepuil
YBEANUMBAAOCH YMCAO AMAQTALIMI HA BO3AEVICTBYE
AX AO YpOBHS 3Hau€HUM, IIOAYYEHHBIX 0e3 Ipu-
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MeHeHUs L-apruHuHa, TO YMCAO AVIAQTALIUIL CPEeA-
HUX apTepuil BO3PacTaAO0 B CPeAHEM TOABKO
Ha 25%. A y apTepuit AuamerpoMm 6oaee 40 MKM
YBEAUUYMBAAACh TOABKO aMIIAUTYAQ AMAATALUN
(A0 3HaUYEHMII, AOCTOBEPHO IPEBBIIAIIX 3HaYe-
HUS, IOAYYeHHble 0e3 mpuMeHeHus L-apruHmHa).
Yucao pAmaaTtauuil KPyMnHbIX apTepuil IpU 3TOM
AOCTOBEPHO CHIDKAAOCh. Takoe siBAeHNe, BO3MOXK-
HO, CBSI32HO C OIMICAaHHBIM B AUTEpaType BO3pacT-
HBbIM YBEeAMYEHMEM B 9HAOTEAUN COCYAOB aKCIIpec-
cuu 1 akTuBHOCTU aprunassl (Clemente et al. 2020;
Katusic 2007), pepmeHTa, KOTOPBIiT TAK)KE UCTIOAB-
3yeT L-apruHuH B KauecTBe cyOCTpaTa U MOXKET
KOHKypupoBatb 3a L-aprunun ¢ NOS (Fujii et al.
2016; Katusic 2007).

TakuMm 00pa3oM, pe3yAbTaThl HAIIETO ICCAEAO-
BaHMA MOKAa3bIBAIOT, YTO K 18 MecALaM y KpbIC
cHIpKaeTcs poab NO, CMHTe3MPyeMOro KOHCTUTY-
tuBHbIMK popmamu NOS, B AX-ormocpepoBaHHBIX
AVIAQTaTOPHBIX peaKLMAX IIMAAbHBIX apTEepPUil Ana-
MeTpoM MeHee 40 MKM U YyCUAUBAETCSI POAb AQH-
HOTO MeXaHU3Ma B AMAATalMU O00oAee KPYIIHBIX
MMAABHBIX apTepuil. B ocHOBe aTUX M3MeHeHUuN
MOJXKET AeXXaTb 0OHapY>KeHHOe HaMy IOBBILIEHE
poan iNOS B puaaTayum apTepuil BceX UCCAEAO-
BaHHBIX AIAMETPOB 1 CHIDKEHVE OMIOAOCTYITHOCTHU
9K30reHHOro L-apruHuHa. BospacTHoe HapyleHue
MexaHn3MoB NO-0mocpeAOBaHHOM peryAasauumn
COCYAMCTOIO TOHYCA, ABAAIOLMXCS OAHUM U3 OC-
HOBHBIX MOAYASITOPOB PeaKLiii MO3TOBBIX COCYAOB,
MOJKET SIBAATDHCS IPUYMHON Pa3BUTHUS SHAOTEAU-
AABHOV AMCOYHKIIMM, A€Kalllell B OCHOBE CHVKEHNS
LepeOpaAbHOTO KPOBOTOKA, pa3peXXeHnsi MUKpPO-
COCYAMCTOTO PyCAQ ¥ BOSHMKHOBEHUS LiepebpoBa-
CKYASIPHBIX Y HEMIPOAETeHePAaTUBHBIX 3200A€BaHMIL.
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um. V1. IT. ITaBaroBa PAH c npuBaeuyenriem pecypcos LIKIT «brokoaaexuyss VIO PAH AAst uccaeAOBaHMSI MHTET PATUBHBIX
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Ilpasa: © T. I. 3ayenuao, K. B. VicakoBa, A. K. ITpubsiumna, H. I. Kambiures, H. I. AomatuHa (2022). Ony6AnkoBaHO
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AHnHomayus. DBOAIOLVIS KVBOTO AAUTEABHOE BPeM:I IIPOTeKaAa IIPY OIIPEAEAEHHBIX TapaMeTPaxX IeOMarHUTHOTO
1oAsl. MHOTI'Vie OpraHM3Mbl YyBCTBUTEAbHbI K 9AEKTPOMArHUTHBIM ITOASIM U MICIIOAB3YIOT MX AASI OPMEHTALM
B IIPOCTPAHCTBE U HaBUTaLUM NpU MUrpauusx. MepoHocHast mueAaa Apis mellifera L. — apexBaTHast
9KCIIEPMMEHTAABHASI MOAEAD AASI U3YUY€eHMsI OMOAOTMYeCKUX 3P PEeKTOB SIAEKTPOMArHUTHBIX ITOA€I. B cBoeit
JKM3HEAESTEeAbHOCTU IMYEAbl ICIIOAB3YIOT MarHUTHOE IOoA€ 3eMAM AASL ODMEHTALMM B IIPOCTPAHCTBeE
¥ MOOMAM3ALMY Ha B3ATOK. B mocaepHMe AecaTrAETYS Ha 3eMA€ IOSBUAMCH MHOTOUMCAEHHbIE QHTPOIIOTeHHbIE
MICTOYHVKY SA€KTPOMArHUTHBIX M3AYyYEeHMIT, KOTOPbIE, BEPOSITHO, IBASIIOTCS CTPECCOPAMM AASI ITUEA U APYTUX
HaceKOMbIX. VI3BeCTHO, UTO IPM PasBUTUIN CTPECC-PeaKkLy N3MeHsIeTCsl YPOBEHb TPaHCKPUIILIMOHHON
aKTUBHOCTH, A alleTUAMPOBaHMe TMCTOHOB CBA3aHO C aKTUBaLMell TPAaHCKPUIILIMM. B cTaTbe npeacTaBAeHbI
AaHHBIe 00 aleTampoBaHuu rucrona H3K9/14 B HeiipoHax (BHyTpeHHMX KAeTKax KeHboHa) KaAMKCOB
TPUOOBMAHBIX TeA (CTPYKTYP, OTBEYAIOLIMX Yy HACEKOMBIX 32 O0y4eHMe U NMaMATb) Y MEAOHOCHOI! ITYEABIL.
ITokasaHo, UTO yCHA€HME eCTeCTBEHHOIO T€OMarHUTHOTO TIOASI IPUBOAUT K YMEHbLIEHUIO alje TUAMPOBAHUS
ructoHa H3K9/14, 4To cB1AETEABCTBYET 00 yMeHbIIEHNY TPAHCKPUITLIVIOHHO AKTUBHOCTH B IPUOOBMAHBIX
TEeAaX, YTO MOXXET CKa3bIBATbCsI HA KOTHUTUBHOIL U IMIIEAOOBIBATEABHOI AESITEABHOCTY MTUEABL.

Karoueswoie crosa: 9AEKTPOMArHUTHDBIE ITOASL, MAarHUTHOE ITOA€, HACEKOMbBIE, MEAOHOCHAS ITYEAQ, A€ TUAVPOBaHNE
IT'MCTOHOB, I€EHTPAAbHA HEPBHAA CHUCTEMA
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Abstract. Living things have been evolving under certain parameters of the geomagnetic field. Many organisms
are sensitive to electromagnetic fields and use them for spatial orientation and navigation during migration.
The honeybee Apis mellifera L. is a convenient experimental model to study the biological effects
of electromagnetic fields. The honeybees use the Earth’s magnetic field for orientation in space and mobilization
for foraging. Recent decades have seen an emergence of numerous anthropogenic sources of electromagnetic
radiation. They are likely to be stressors for bees and other insects. It is known the transcriptional activity
changes as part of stress response, while histone acetylation is associated with transcription activation.
The article reports the results of the study into H3K9/14 histone acetylation in the neurons (inner Kenyon
cells) of mushroom body calyxes (structures responsible for learning and memory in insects) in the honeybee.
It was shown that an increase in the natural geomagnetic field leads to a decrease in H3K9/14 histone
acetylation. This indicates a decrease in transcriptional activity in mushroom bodies, which may affect cognitive
and foraging activities of the honeybee.

Keywords: electromagnetic fields, magnetic field, insects, honeybee, histone acetylation, central nervous
system

Beepaenue

MarHutHOe noae 3eMAY, MAY T€OMarHUTHOE
TIOA€, SIBASIETCSI OAHMM 13 [IOCTOSIHHO AEVCTBYIOLIMX
Ha >K1BOE a0MOTNYECKIX SKOAOTIECKMX (PaKTOPOB.
VI3MeHeHMsI B €T0 MapaMeTpax MOT'YT IPUBOAUTH
K HapyIIEeHVSIM B paboTe pU3MOAOTrMYeCcKIX 1 6110-
XMMUYECKMX MEXaHU3MOB opraHusma. B otanune
OT APYTMX 9KOAOTMYECKUX (PaKTOPOB, U3MEHEHUS
B [TapaMeTpax eCTeCTBEHHOTO SAEKTPOMArHUTHO-
ro oAst (OMIT) MPUBOAST K AOCTATOYHO OTPAHU-
YEeHHbIM AAQNTALVSIM. XOTsI HEKOTOPbIE OPTaHM3MbI
HAY4MAUCh MCIIOAB30BATh M3MEHEHVSI MATHUTHOTO

Humeepamusuas pusuoroeus, 2022, m. 3, Ne 3

MOASI 3€MAY AASI OPMEHTALIMM B IIPOCTPAHCTBE
y Murpanuit (HEKOTOpble MTULBI I HACEKOMBIE).
K Takum opraHusmMam OTHOCSITCSI MEAOHOCHbIE
ITYeAbl — OCHOBHbBIE OIIBIAUTEAU CEAbCKOXO3SIi-
CTBEHHBIX pacTeHuil. Tak, MEAOHOCHBIE ITYEABI
VICTIOAB3YIOT MH(OPMALIMIO O TEOMarHUTHOM ITOA€
KaK OAVH 13 3HAYMMbIX MICTOYHUKOB MHMOpMaLmu
IIpY OPMEHTALMK B IPOCTPAHCTBE (MarHUTHASI Ha-
Buraiusi). [TueAbI-pasBeAYUIIbI TIEPEAAIOT UHGOP-
MaLMIO O HAaIIPaBAEHUU K MICTOYHUKY KOpMa C I0-
MOLIBIO TAHIIEB HA YABEBBIX COTaX. B TaHIle, B TOM
4ICA€, 3aKOAMPOBaHa U nHpopmauus o6 opueH-
TaLV OTHOCUTEABHO MarHUTHBIX AMHUI 3€MAM.

379


https://www.elibrary.ru/author_profile.asp?id=138043
https://www.scopus.com/authid/detail.uri?authorId=6506211770
https://orcid.org/0000-0001-6350-7050
mailto:polosataya2@mail.ru
mailto:karina140998@gmail.com
mailto:alisa_pribyshina@mail.ru
https://www.elibrary.ru/author_profile.asp?id=73448
https://www.scopus.com/authid/detail.uri?authorId=6603773316
https://www.webofscience.com/wos/author/record/653542
https://orcid.org/0000-0002-3611-7417
mailto:kamyshevng@infran.ru
https://www.elibrary.ru/author_profile.asp?id=80461
https://www.scopus.com/authid/detail.uri?authorId=35526198700
https://orcid.org/0000-0003-1392-4002
mailto:lopatina_ng@infran.ru
https://doi.org/10.33910/2687-1270-2022-3-3-378-384
https://www.elibrary.ru/fyrsmy
https://creativecommons.org/licenses/by-nc/4.0/deed.ru

BausHue MazHumHbLX noAeil Hd...

OaHako 3Ta MHPOpMaLVS He SIBASETCS IEPBUYHBIM
HaBuranoHHbiM curHaaom (Fleischmann et al.
2020).

B nocaepHue AeCSTUAETHS HA 3eMAE TOSIBUAKCD
MHOTOYMCAEHHbIE AaHTPOIIOTE€HHbIE UCTOYHUKYI
9AEKTPOMAarHUTHBIX U3AY4YEHU, KOTOpPbIe, BEPO-
SITHO, SIBASIFOTCSI CTPECCOPAMU AASL ITYEA Y APYTHX
HACeKOMbBIX. VI3BeCTHO, 4TO BBICOKO- M HU3KOYa-
CTOTHBIE 9AEKTPOMAarHUTHbIE U3AYYEHUS] MOTYT
HEraTUBHO BAUSTDH Ha IMPOLIECCHI XUBHEAESITEAD-
HOCTU ITYEAVHBIX CEMEIT, PETIPOAYKTUBHBIE CITOCO0-
HOCTY MaTKMU, MAIIeBOe IIOBEAEHME U OTIbIAEHUE
pactenun pabounmu myeaamu (Favre 2011; Kumar
et al. 2011). B yacTHOCTH, YXyAllaeTCs MuileBas
BO30YAMMOCTD U KOTHUTUBHASI AESITEABHOCTD Me-
AoHocHoit myeabl (Lopatina et al. 2019; Greggers
et al. 2013; Shepherd et al. 2018). 3a o6yuyeHue
Yl IAMSATH Y HACEKOMBIX OTBEYAIOT IPUOOBUAHBIE
TeAa — BBICIIME MHTErPaTUBHbIE LIEHTPbI MO3Ta.
Y MeAOHOCHOIT mYeAbl TPUOOBUAHBIE TEAQ — ITO
IapHble CTPYKTYPBI, COCTOSIIINE 13 HOXKKM (TTeAYH-
KYAIOCa) 11 yaireuek (KaAukcoB). [pnuboBupHOE TEAO
peACTaBAsIeT COOO0I HEMPOIMAb, 00Pa30OBaHHBIN
OTPOCTKaMI HEMIPOHOB, PACIIOAOXKEHHBIX BHYTpU
(BHyTpeHHMe AeTKM KeHbOHA) 11 cHapyXu (HapyX-
Hble KaeTKu KenboHa) kaaukcoB (Mobbs 1982).

C ApYTOJ1 CTOPOHBI, U3BE€CTHO, YTO IIpU pas-
BUTUM CTPECC-PeaKLMY U3MEHSIETCS YPOBEHD TPAHC-
KPUIILMOHHOI aKTUBHOCTH, a alleTUAMPOBaHME
TMCTOHOB CBSI3aHO C aKTMBaLMel TPAHCKPUIILIUN.
B cTarbe mpeACTaBAEHBI AQHHBIE 00 alleTUAKPOBa-
HuM rucrtoHa H3K9/14 B HellpoHaxX KaAMKCOB
IPUOOBUAHBIX TeA (CTPYKTYp, OTBEYAIOIMX Y Ha-
CEeKOMBIX 32 00y4eHMe U MaMsATb) Y MEAOHOCHOM
ITYEABL.

MarepuaAbl 1 METOADBI

Mamepuan uccredosaHus

DKCIIEPUMEHTHI MPOBOAMAM Ha 10—15-cyTouHBIX
pabounx 0co65IX MEAOHOCHOII MMYeAbl KPalHCKOI
pace Apis mellifera carnica Pollm (otpsip nepe-
NoHYaTOKpbIAble Hymenoptera). ITuea pa3BoAUAU
Ha raceke VHcturyTa dpusmororvm um. V. I'l. TTas-
AaoBa PAH. VzyyaAu Tpy rpynmnel myeA: KOHTPOAD
(nHTaxTHBIE MueAbl), YMIT (ycraeHHOe MarHUTHOE
oAe), OMIT (ocaabaeHHOE MarHUTHOE TIOAE).

MaeHummbie Bo30eticmBus

AAst 0cAabAEHMS TEOMarHUTHOTO TIOAS MICITOAD-
30BaAM METOA SKPAHVPOBAHMS C IOMOIIbIO LIMAVH-
APVYECKOI KaMepPhl 13 HEMAarHUTHOTO MaTepuaAa
C TOKPBITUEM M3 MarHUTOMSITKOTO MaTepuaa
AMAT 172 (o6ecrnieunBaeT yMeHbliIeHVe 3HAUEHNS
MHAYKLIMY MarHUTHOTO MoAs 3eMau A0 0,1 MxTa
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BHYTPU KaMepbl, GOHOBOe 3HaYeHME CHAPYXU
Kamepsl — 45 MKTA). VIcrioAb3yemblit AAST SKpaHU-
pOBaHMs MaTepuaA, 10 AAHHBIM M3IOTOBUTEAS,
3¢ PeKTUBHO d3KpaHUPYyeT OMoAOrMYecKue 00b-
€KTbI OT Pa3ANYHBIX lepeMeHHbIX BHeIHuX DMIL.
KoHTpoAb — MMUTHUpYOLIAs KaMepa U3 TOro e
HEeMarHUTHOTO MaTepraAa, MOKPbITHUE — YePHBIN
MMOAMBTUAEH. Pa3Mepsl HUAMHAPOB: AUaMeTp —
10 cm, BeIcOTa — 25 CM. LIMAMHAPBI OBIAY 3aKPBITBI
C OAHOTO TOPL{A K OTKPBITHI C APYTOTO TaK, YTOOBI
B TAYOMHY KaMepbl Ha CEPEAUHY €€ OCU AETrKO I0-
MeIaAaCh ceTyaTas mpobupka ¢ maeaamu (pasmep
MpoOupKU: AAMHA — 6 cM, AuameTp — 2,5 cm).
[Tpo6upKy ¢ mueAaMy IOMeEIAAHK B LIEHTPE, T10 OCU
KaMepbl AAS AOCTVDKEHMSI MYMHMMAABHOTO IPaAU-
€HTa IOCTOSIHHOI'O MarHUTHOTO IIOASI BHYTPH Ka-
Mepbl. AAs CO3AaHMSA TTOBBILIEHHOTO MarHUTHOTO
MOASI, HAKAQAbIBAa€MOI'O Ha reOMarHUTHOE T0Ae
B MeCTe IIPOBEeAEHMsT SKCIEPVIMEHTOB, OBIAU MC-
MTOAB30BaHBI 2 KOABLIEBBIX MarHUTA, IIPU Pa3ABU-
YKEHUU KOTOPBIX TI0O OAHOW OCU B HEKOTOPOI 00-
AACTU MEXAY HMMM, COTAACHO IIPOBEAEHHBIM
U3MEPEHUSIM, OBIAO TOAYYEHO CYMMapHOe IOCTO-
sIHHOe MarHuTtHoe noae ¢ nuAykuuent 200 MxTa,
KYAQ U IOMeIaAK IPOOUPKY ¢ mueaamu. Beanun-
HY MHAYKLMY MarHUTHOTO TIOASI U3MEePSIAU TpeXx-
KOMIOHEHTHbIM MaruutomeTrpom HB0302.1A (OOO
«MaruuTtHbie pubopbi», Poccust) ¢ AnamasoHoOM
namepenui 0,1-100 MxTA ¥ TPeXKOMIIOHEHTHBIM
marHutomerpom HB0305.2A Ha ocHOBe AQTYMKOB
Xoaaa (OOO «MaruutHbie pubopsi», Poccus)
¢ pnanasonamu usmepenuit 10 MmTa n 100 mTa.
HakaHyHe aKcIlepMMeHTa MYeA U30ANPOBAAU
13 yAbsI, IOMeLaAu B 4 ceTyaTble IPOOUPKU
¢ KopMoM, 1o 7—10 ocobeit B Ka’KAOIL, U AaAee
IMOABEPTaAl ONMCAHHBIM BbIILIE BO3AENCTBUSIM
B Tevenue 12 yacoB (20:00—8:00). ITeprioa BO3AEMCTBISE
COBITAAAA C TEMHOBOIT (ha30i1 LIUPKAAHOTO PUTMA.

HmmyHogproopecyeHmHoe OKpAumUBaHue cpe3os
2010BH020 M0324

YTpoM IT4eA OXAQXKAQAM Ha ABAY, U3BAEKAAU
MO3T. Aasee MO3T PUKCUPOBAAU, 00€3BOKUBAAU
u napaduuusupoBasu. [oToBuan mapaduHoBbie
cpesbl (ToAHa 10 MKM) IO CTAHAQPTHOW METO-
AVKe. AenapaduHU3ALMIO CPE30B IMIPOBOAUAU
B KCcMAOAe (2 x 15 MUH) U B ciMpTax ¢ yObIBaroIein
KoHUeHTpauueit (96%—70%—-40% o 10 muH). Aasee
AerapapuHU3MPOBAHHBIE CPe3bl IPOMbBIBAAU AVIC-
TUAAVPOBAHHOU BOAOV. VIHKyOupOBaAu cpessl
10 mun B 0,03 M uutpatHom 6ydepe (pH = 6)
B MUKpOBOAHOBOU mneun (450 Br). [TpombiBaAu
AVICTUAAMPOBAHHOV BOAOV U Aasee Oypepom PBT
(PBS + 0,2% Triton). bBAokupoBaau HecneLuduye-
CKO€ CBsI3bIBaHIEe Ha Cpe3ax C IOMOIIBIO CHIBOPOT-
kv Normal blocking serum (Vectastain ABC Quick
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https://www.doi.org/10.33910/2687-1270-2022-3-3-378-384

T. I 3auenuno, K. B. cakosa, A. K. I[Ipubviwuna, H. I. Kamviuwes, H. I. Aonamuna

kit, Vector Labs) Bo BAa)XHOIT KaMepe B TedeHle
2 vacoB nipu 25 °C. VIHKyOMpOoBaAy C TepBUYHBIMU
aHTUTeAaMU K atjeTuAupoBaHHomy H3K9/14 (San-
ta Cruz) Bo BA2)KHOJI KaMepe B TeueHVe HOUM TIpU
+4°C. IpompiBaau cpesnsl PBT. MukyOoupoBaau
C BTOPUYHBIMU QHTUTEAAMM, KOHBIOTVPOBAHHBIMU
¢ ¢ayopecuentom (Santa Cruz) npu 25 °C 1 gac
BO BAakHOU Kamepe. [TpombiBaau PBS. Kontpa-
ctupoBaau ripu nomoiy DAPI (Sigma). 3akarouaan
IperapaThl I0A TIOKPOBHOE CTEKAO B TAMLIEpUHE.

MMKpOCKO}’lI/l’/leCKMIZ aAHAAU3

[ToAyuyeHHbIe BpeMeHHbBIE IIpernaparhbl aHAAU3K-
pPOBaAM C NMOMOILBIO PAIOOPECLIEHTHOV MUKPO-
ckommu (Mukpockon Aapramu AIOM 1) u ycra-
HOBKH, copepkaient uupposyio CCD-kamepy
u Komrbiotep. Aeraau poTorpadum MHTEPECYIOLMX
obAacTeit (KaAUKCOB TPUOOBUAHBIX TEA), KOTOPbIE
Aaaee aHaAM3upoBaau B mporpamme Image] (NCBI).
OTAeAbHbBIE TIpEnapaTbl AOIIOAHUTEABHO ObIAY
IIPOAQHAAM3VPOBAHbI HA AA3€PHOM CKaHMPYIOIIeM
mukpockore LSM 710 (Carl Zeiss).

AHAAU3 OGHHDLX

O1lleHMBaAM MHTEHCMBHOCTb OKPALIVBaHUS
(omTMyecKasi MAOTHOCTDb) UMMYHOIIO3UTUBHBIX
o0AacTell B KAAMKCaX IPUOOBUAHBIX TEA TOAOBHO-
IO MO3Ta ITYeAbl B KOHTPOABHOM U OIIBITHBIX IPYII-
nax. BeipeaeHre 06AacTy MHTEpeca — BHYTpeHHMe
HeVPOHBI IPUOOBUAHBIX TeA (KaeTku KeHpoHa) —
MOKa3aHO Ha pUCYHKe 1.

Puc. 1. BeipeaeHue aHaausupyemoit 06aacT —
BHyTpeHHUe KaeTKu KeHboHa.
3eA€eHbll — OKpallVBaHUE C aHTUTEAOM
Ha anetuaupoBanbii H3K9/14, cunmit —
okpaumBanue ssipep DAPI

Fig. 1. Marked area—intrinsic Kenyon cells.

Green—staining with antibody for acetylated
H3K9/14, blue—nuclei staining by DAPI

UnmeepamusHas gﬁusuozloeu,q, 2022, m. 3, Ne 3

KoAnuecTBeHHYI0 OLIEHKY ONTUYECKOI ITAOT-
HOCTY IIPOBOAVAM T10 HVKEOIIMICAHHOM METOAMKE.
BbIp€ASIAM MHTepeCYIOIyIo 06AaCTb KAaAMKCOB.
AAs1 IBMepeHUsT OITUYECKOI ITAOTHOCTY VICIIOAD-
3oBaayu uHCTpyMeHT ROI Manager (Region of Inter-
est — MeHepXep obaacTu uHTepeca). [Tocae us-
MepeHUsI AAHHble HOPMAaAM3OBBIBAAU ITyTeM
A€AEHNS KOAMYeCTBA OKPALIeHHBIX MUKCeAel
Ha MAOILaAb KAAMKCOB, IMOAYYAaAM MHAEKC.
PaccunTpiBaAu CpepAHUI MHAEKC Ha Ipernapar.
AaHHbIE 3aHOCUAU B TaOAUIBI 1 OTOOparkaAu
Ha rpadukax. CpaBHeHUEe AQHHBIX IPOBOAVAY
C IOMOLIBIO HeTlapaMeTPUYECKUX METOAOB CTaTU-
cTuKy — MaHHa-YutHu (c nonpaskoit boudeppo-
Hu) u Kpackeaa-Yoaaeca B nporpamme Past 4.03.

Pe3yAbTarsl 1 00CyKAEHME

Ha pucyHke 2 npuBeAeHbI pe3yAbTaTbl CDaBHE-
HJS HOPMAAM30BAaHHOM ONTUYECKOV MAOTHOCTU
AASI BHYTPEHHVX HEMIPOHOB (BHYTPEHHUX KAETOK
KeHboHa) KAAMKCOB IpMOOBHUAHBIX TEA TOAOBHOTO
MO3ra MEAOHOCHOMN MYeAbl. PMCyHOK 2a AeMOH-
CTpUpYeT CyMMapHble 3HaueHM: [0 BCeM KaAMKCaM,
26 — pa3AeAbHBIN aHAAM3 OKPALIMBAHMS U CPaB-
HEHUsI TPABbIX M A€BBIX KAAMKCOB (aHAAM3 HA BO3-
MO>KHYIO aCUMMETPUIO MO3Ta), 2B — pa3AeAbHBII
AQHAAM3 OKPALIMBAHNS U CPABHEHMS AAT€PAAbHBIX
Yl MEAVIAABHBIX KaAMKCOB (aHAAM3 HA Pa3AMYHYIO
4yBCTBUTEABHOCTb KaAUKCOB).

BbiAM BBISIBAEHBI AOCTOBEpPHBbIE pa3sAUYUA
[0 YPOBHIO OKpAaLIMBaHUA MEXAY TPYIIION C UC-
KYCCTBEHHO YCAEHHbIM MarHUTHbIM oAeM (YMIT)
1 KoHTpoAeM (kputepuit Kpackeara — Yoaseca —
p = 0,0003; xputepuit MaHHa — YUTHU —
p = 0,0001). Takske ObIAM BBISIBAEHBI AOCTOBEp-
HbI€ PA3AUYMA MEXAY IPYIIIAMU C 0CAAOAEHHBIM
Y YCUAEHHBIM MarHUTHBIM moAeM (OMIT u YMIT)
(xputepuit Manna — Yutuu — p = 0,0231). Pas-
ayanit mexxpy rpynnamu OMIT n koHTpoAeM
He 0OHapy>keHo. [ToAy4yeHHbIe pasAnuls B ypOBHE
alleTMAMPOBAHM CBUAETEABCTBYIOT, YTO YCUACHHOE
MarHMUTHOE ITOA€ OKa3bIBaeT O0Aee 3HAUUTEABHOE
BAMsIHME Ha KAeTKM KeHboHa, yeM ocaabaeHHOe.
CHIDKeHHBIN yPOBeHb alleTMAMPOBAaHMA TMCTOHA
H3 nocae 12 yacos BosperictBus Y MIT ykasbiBaer
Ha CHIDKEHMe TPaHCKPUIILIMOHHON aKTUBHOCTU
9TUX HEVPOHOB, U, BO3MOXXHO, U3MEHEeHNe UX
(bYHKLMOHAABHOI aKTUBHOCTM.

CoraacHo paHee TOAYYEHHBIM AQHHBIM (Shvetsov
et al. 2013), y MEAOHOCHBIX ITYeA HAOAIOAQIOTCS
pPasAMYMs 110 YPOBHIO OKPAILIMBAHMS HEIPOHOB
IPaBbIX U A€BBIX KaAVKCOB I'PUOOBMAHBIX TEA
Ha Apyrue anureHetrnyeckre Mmapkepol: H3K4me2+3
n H3S10ph. B cBsi3u ¢ 3TUM MBI IPOBEPUAY,
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Fig. 2. Effect of strengthened (SMF) and weakened (WMF) magnetic fields on H3K9/14 acetylation in the
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HAaOAIOAQIOTCSI AV TIOAOOHBIE Pa3AUYMS B 9TOM
MICCAEAOBAHUU: HE OBIAO TIOAYYEHO AOCTOBEPHBIX
Pa3AMUMIT MEXAY ITPAaBBIMU U A€BBIMY KAAVKCAMI.
ITpu cpaBHEHMU A€BBIX KAAMKCOB MEXAY CO00I
B Pa3HBIX IPYyIMIIaX ObIAY MOAYYEHBI PA3ANYMS
MeXAYy KoHTpoAeM 1 YMIT (xpurtepuit Kpackea-
Aa — Yoaneca — p = 0,003; xpurepuit ManHa — Yurt-
HU — p = 0,0006). [Tpu cpaBHEHUY MTPABbIX KAAUK-
COB MeXAY CO00J1 B pasHBIX Ipynmnax ObIAU
MOAYYEHbl pa3AnuMsa MeXAy KOHTpoAeM u YMII
(xputepun Kpackeara — Yoaaeca — p = 0,045).
YpoBeHDb aLleTUAMPOBAaHMS CHIDKAACS B IPYIIIe
YMIT 0OTHOCUTEABHO KOHTPOAS U B AQT€PAABHBIX,
Y MEAVIAABHBIX KaAMKcaX. TakyKe ObIAY TOAYYEHBI
pasanuns mexay OMIT u YMIT (xputepuit MaH-
Ha — YutHu — p = 0,0127). To ecTb HabAOAQETCS
Ta )K€ HaIIpaBA€HHOCTb peaKLMM, UTO U IIPU CyM-
MapHOI1 06paboTKe AAHHBIX.

MBI IPEATIOAOXKMAY, YTO AATEPAAbHBIE VI MEAU-
aAbHbIEe KAAVKCBI MOT'YT Pa3AMYAThCS 110 QYHKLM-
OHAAbHOJ AaKTMBHOCTU U, KaK CAEACTBUE,
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IO M3y4yaeMOMY IIOKasaTeAlo. B Kakpoll mape
AQTepPAAbHBIN-MEAVAADBHbIN KAAVKCBI ALIeTUAUPO-
BaHMe He Pa3ANYaAoCk. [ Ipy cpaBHeHUM AaTepaAb-
HBIX KAAMKCOB MEXAY CO00I1 B pa3HbIX IPYIIIax
OBIAM TTOAYYEHBI PAa3AUYMS MEXKAY KOHTPOAEM
n YMIT (xpurtepuit Kpackeara — Yoareca —
p = 0,015; kputepuit Manna — Yutuu — p = 0,013).
Ilpu cpaBHEeHUM MeAMAABHBIX KAAMKCOB MEXAY
co0011 B pasHBIX IPYIIaX OBIAM IIOAYYEHBI PA3AU-
4usi MeXAY KoHTpoaeM u YMII (kputepuit
Kpackeaara — Yoaaeca — p = 0,006; kpurepuin
Maunna — YurtHu — p = 0,003). YpoBeHb aueTuan-
poBaHus CHIDKAACA B rpynne YMIT oTHOcuTeABHO
KOHTPOAS U B AQT€PAABHBIX, U MEAVIAABHBIX KaAVK-
cax. Takxe ObIAY ITOAYU€eHbI pazanynst Mexxay OMIT
u YMIT (xputepuit ManHa — Yutuu — p = 0,0127).
Takum 00pasoM, MOAyYEHHbIE PA3AUYMSI TaKXKe
MOBTOPSIIOT CYMMapHble AQHHbIe, HO He AE€MOH-
CTPUPYIOT PasHbIM XapaKTep alleTUAUPOBAHUA
TVICTOHOB.
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ITpu conocTaBA€HUY TOAYYEHHBIX PE3YABTATOB
C HAllMMM PaHHVMMMU AQHHBIMU IO U3YyYEHUIO
NaMsATU Y ITYEABl (MOAEAD YCAOBHOTO OOOHSITEAD-
HOTO TUINEBOro pedAeKca BHITATMBaHMS X000TKa,
proboscis extinction reflex, PER) (Lopatina et al.
2020), mb1 BUAUM, uto OITM BAMSIET Ha KpaTKoO-
BpeMeHHYI0 naMsTh (1 MuH), cuapHee, yem YMIT.
ITo-BMAMMOMY, TPAHCKPUIILIMOHHBIE IIPOLIECCHI
MeHee BaKHBI AAST GOPMUPOBAHMS KPaTKOBPEMEH-
HOJ MMaMsATH, a BaXKHEe BKAAA COCTOSIHUS OEAKOB
1 poBopuMocTy MeMbpan. Ha ooAroBpemMeHHYI0
(3 4) )xe mamsTh yrHeTawie AenctByior 1 OMI],
n YMIL. CxopHoe AelicTBMe Ha 3-4aCOBYIO TaMSTh
OMIT okasbiBaro y pAposoduasl (Nikitina et al.
2017). VI3BeCTHO, YTO AASL STOTO TUIIA TAMSTU He-
00XOAVMBI TPAHCKPUITL[MOHHBIE TIPOLIECCHL.

CpaBHUTD [TOAYYEHHbBIE PE3YABTATBHI 1O ALleTH-
AvpoBaHuto rucroHa H3 ¢ poanHbiMu HukntmHon
c coaBTopamu (2017), mOAyYeHHBIMM Ha APO30dU-
A€, 3aTPYAHUTEABHO 13-3a TOTO, YTO ObIAU U3yYe-
HBI KAETKM Pa3HbIX OPraHOB: HEMPOHBI y MMaro
ITYeA, KAETKV CAIOHHBIX JKEAE3 Y AMYMHOK APO30-
dbuABL

MoAeKyAsipHble MeXaHN3MBbI AeVICTBMSI MarHUT -
HBIX TIOA€V Ha OPraHuU3M UM MarHUTOPeELeNnu
OCTAIOTCSI HEAOCTATOYHO M3yUYeHHBbIMU. [TueAr!
CITOCOOHBI PACIIO3HABATH HEOOABIIINME PA3AUINS
B MHTEHCUBHOCTU MarHUTHOTIO NMoAs. B sakcnepu-
MeHTax YoAkepa u burtepmana (1989) mpukpemnae-
HYle MarHUTOB K OPIOIIKY HAPYIIAAO CIIOCOOHOCTD
IMYeA pa3AMYaTh M3MEHEHUSI MAarHUTHOIO ITOAS,
HO He crtocobHocTh K HaBurauuu (Fleischmann et
al. 2020).

VcnoAb3ys Ty ke MopeAb 00y4yeHMs, AuaHr
C COaBTOpaMM OOHAPYKUAY, YTO MAaTHUTOPEL|EMLIs
y IUYeABbl IPOMCXOAUT 3a CYeT YaCTUL, MarHeTUTa
B Oprouike (Liang et al. 2016). B skcnepumeHTe
ITYeABI aCCOLIMMPOBAAY MAaTHUTHBIN CTYMYA C BO3-
Harpa>kAeHueM caxapHbIiM cupomnom. [1pu nepe-
pe3Ke HEPBHBIX BOAOKOH, COEAVHSIIOIVIX TOAOBHbBIE
TaHTAUY C OPIOIIHBIMMY, TYE€ABI TPECTABAAY CBSI3bI-
BaTb MarHUTHBIV CTMMYA C BO3Harpa>kAeHueM
caxapo30ii, HO pearupoBaAll Ha OOOHSITEABHYIO
3apauy. AaMOyuHe C KOAAeraMy IPOBEPUAM T'UIIO-
Te3y O YyBCTBUTEABHOCTU MEAOHOCHBIX MUYeA

K IMOASIPHOCTU MarHuTHOro noasi (Lambinet et al.
2017). B ycTtaHOBKe pa3MeljaAul KOPMYIIKU
C CaXxapHbIM CHPOIIOM ¥ BKAIOYAAUM MarHUTHOE IIOAE
1,5 Ty pa3Hoit moAsipHOCTU. B KOHTPOABHOM 3KC-
HepVMeHTe NPy 00y4YeHNN MOCEIeHNST KOPMYLIKI
VI TECTVPOBAHMY HalIpaBA€HMeE ITOASI OBIAO OAMHA-
KOBBIM; B OIIbIT€ — Pa3HbIM, YTO MPUBOAMAO
K 3HaUMMOMY CHVDKEHMUIO ITOCelleHNs] ITYeAaMu
KopMyUIKU. [ToAydeHHbIe pe3yAbTaTbl CBUAETEAD-
CTBYIOT, O TOM, YTO MEAOHOCHbIE ITYEABI 00AAAQIOT
MarHUTOPELIeIITOPOM, YyBCTBUTEABHBIM K ITOASIP-
HOCTY MarHUTHOTO MOAsL. Takum 06pa3om, BAUsIHIE
MarHMTHBIX [TOA€ HA KOTHUTUBHYIO U IUILEAOOBI-
BaTEAbHYIO A€ TEAbHOCTD ITY€ADBI MOKET OCYIIeCT-
BASITBCS C TOMOLIBIO ITepudeprIecKrx MeXaHu3MOB
11 0COOEHHOCTEN CAaMMX MOAEL.
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Annomayus. VIHTepec K BOOOpa)kaeMbIM ABVDKEHMAM CBsI3aH C UCIIOAb30BaHMEM VX B MHTepdericax Mo3I-
KOMIIBIOTED U B peabMAUTALIMOHHOM NpakTuKe. [T0Ay4eHO MHOIO AOKa3aTEABCTB TOTO, YTO B OPraHU3aLUN
peaabHOro ¥ BOOOPa)kaeMOro ABUTaTEAbBHOTO aKTa IMPMHMMAIOT Y4aCTHe OAHM U T€ )K€ CTPYKTYPBI MO3ra.
BereTaTuBHBIE peaKkLMy OpraHK3Ma CONYTCTBYIOT PEaAbHOMY ABVKEHMIO, BOZHUKAIOT IlepeA CTapTOM
ABVDKEHMS 1 He Cpasy yracaroT 0CAe OKOHYAHUS ABVDKeHUs. B paboTe 1ccAeAOBaHbI peakLyl CEPAEYHOro
PUTMa 1 apTepUaAbHOTO AaBAeHMI (A /) Ha BOOOpaskeH e ABVDKEHMI B CDABHEHMH C PeaKLVSIMU HA peaAbHbIe
ABIKeHus. VicnbiTyemsre (n = 20, 35—45 AeT) COBepIIAAU PeaAbHbIE IPUCEAQHNS B ObICTPOM TeMIte (n = 23),
HA CAEAYIOIIUIT AeHb — BoOOpakaemble. [Tepep peaabHbIMIU 1 BOOOPaXkaeMbIMU IIPUCEAQHUSIMU OTIPEAEASAK
AA 11 4acToTy CepAeUHBIX COKpallleHU1. VI3MepeHust MOBTOPSIAY Cpasy ITOCAE U Yepe3 5 MUH ITOCAE OKOHYAHMS
peaAbHBIX M BOOOpa)kaeMbIX ABIDKeHUIL. [ToAydyeHO AOCTOBEpHOE yBeAlYeHIEe CUCTOANYECKOTO AABAEHNS
(CA) Ha 5 MM PT. CT. HOCA€ BOOOpaKEHUS ABVDKEHUIT; IPUPOCT ObIA MeHbllle, yeM yBeandeHne CA mocae
peaabHbIX npucepannit (17 mm pT. ct.). Uepes 5 MuH nocae BoobpaxxeHus aBvokennit CA yMEHBIINAOCH
Ha 4 MM PT. CT. [10 OTHOIIEHMIO K HauaabHOMY 3HaueHuio CA (p < 0,05), aToT 2 deKT 0TCyTCTBOBaA ITOCAE
PeaAbHBIX IPUCEAAHUIL. AHAAM3 3aBUCUMOCTY UHAMBUAYaABHBIX U3MeHeHuit CA ot HavaabHOro CA BBISBUA
HAAEKHYIO OTPULIATEABHYIO KOPPEASILIMIO ITOCAE PeaAbHbIX ABMDKeHu (r = —0,35 u r = —0,81 mocae u yepes
5 MMH ITOCA€ ABVDKEHUI, COOTBETCTBEHHO) U OTCYTCTBUE 3aBUCUMOCTU MOCAE BOOOP>KEHUS ABVDKEHUI.
TakuM 0b6pasoM, BereTaTuBHas CUCTEMA pearupyeT Ha BOOOpa>keHUe ABVDKEHUI, OAHAKO B peaAn3aluy
peaAbHbIX I MBICAEHHO BBIIIOAHSIEMBIX ABVDKEHUI aKTUBUPYIOTCS pasHble GM3MOAOIYECKIe TIPOLIECChI.

Karouesvie crosa: husuyeckue yrpaskHeH1s:, BOOOpaXkeH1e ABUKEHUI, CUCTOAUYECKOE AABAEHIIE, YaCTOTA
CEpAEYHBIX COKpallleHUIT, UHTeP(dEiC MO3T-KOMITBIOTED
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Abstract. An interest in imaginary movements is associated with their use in brain-computer interfaces and
rehabilitation. The obtained evidence shows that the same brain regions are involved in the organization
of a real and imaginary motor act. Autonomic reactions of the body that accompany the real movement occur
before the movement starts and do not immediately diminish after the movement ends. We investigated and
compared the responses of heart rate (HR) and blood pressure (BP) to real and imaginary movements.
The study involved 20 subjects aged 35 to 45. On the first day they did real squats at a fast pace (n = 23),
the next day they did imaginary squats. Before real and imaginary squats, BP and HR was measured.
Measurements were repeated immediately after and 5 min after the end of real/imaginary squats. HR showed
an upward trend after imaginary squats. A significant increase in systolic pressure (SP) by 5 mm Hg was
obtained immediately after the imaginary movements; SP increase was less than the increase after real squats
and amounted to 17 mm Hg. Pressure significantly decreased 5 min after imaginary movements by 4 mm Hg
relative to initial SP. There was no such effect after real squats. The analysis of the dependence of changes
in SP after real movements and the initial SP revealed a significant negative correlation (r = —0.35 and
r = —0.81 immediately after and 5 min after squats, respectively) and no dependence after imaginary movements.
Thus, the autonomic system reacts to imaginary movements, however, real and mentally performed movements
activate different physiological processes.

Keywords: physical exercise, motor imagination, systolic pressure, heart rate, brain-computer interface

HaxonaeHo 60AbIIIOE KOAMYECTBO AQHHBIX,
AEMOHCTPUPYIOIIX CXOACTBO MEXAaHM3MOB 1 00111~
HOCTb LiepeOpaAbHBIX CTPYKTYP, 00€eCeuynBaromxX
peaAunsauno BOOOpaXkaeMbIX 1 pEaAbHbIX ABIKE-
Hui (Stolbkov et al. 2019). PeaapHbie pusmueckme
yIpa)KHEHUsI BCETAQ BBI3BIBAIOT BereTaTuBHbBIE
peakuuu. Lleapio nccaepoBaHMsT OBIAO U3YIUTH
peaxkuuu CepAEeIHOTO PUTMa U aPTEPUAABHOTO
AaBaenuit (AA) Ha BOOOpa>keHUsT ABVIKEHUS
VI CPaBHUTb MX C pEaKLMsSIMU Ha PeaAbHBIE ABVDKEHUSL.

Mertoppbl

B nccaep0BaHMM yUaCTBOBaAM 3A0POBbIE AOOPO-
BoAbLBI (9, 35-45 AeT, n = 20). VcnibiTyeMbie cu-
A€AV, B COCTOSIHMM IOKOS UM uaMepsiau AA
1 4acToTy cepaeuHbix cokpartenuit (UYCC) aBTo-
MATUYEeCKUM TOHOMETPOM, 3aT€M UCIIBITyeMble
BCTaBaAU U MPUCEAAAU B OBICTPOM TeMIIE, MbIC-

386

AEHHO CUMTasl YUCAO Tpucepanunt (puc. 1). Aau-
TEABHOCTD TIPUCEAAHUN PErUCTPUPOBAAU. 3aTeM
VICTIBITYeMble CHOBA CAAMAMCB U M BO BTOPOM pa3
usmepsarn AA n YCC. VicnibiTyeMble CUAGAM 5 MUH,
1 y HUX B TpeTuint pa3 onpeaeasian AA n YCC.
Ha caepymo1uit AeHb OIIMCAHHYIO IOCA€AOBATEAD-
HOCTb IIOBTOPSIAY, B IOAOXKEHUY CTOSI UCIIBITYEMble
BOOOPa)kaAu CBOU IIPUCEAAHUS B OBICTPOM TEMITE,
CYMUTasE YMCAO BOOOpa>kaeMbIX MPUCEAAHUI.
PeaabHble 1 BOOOpakaeMble ITPUCEAAHMUS UCIIBITY-
eMble COBEPIIIAAK C 3aKPbITHIMU IOBSI3KO TAQ3aMIL.
Uucao npucepaHuit — 23, MOTOMY YTO TaKas Ha-
rpy3Ka BbI3bIBaeT yBeAaudeHue A/ y 3A0pOBBIX
Atoaeit B Bospacte 30—50 Aet (Belina 1997). Boo6-
pajkaeMble ABIDKEHUS AEAAAU TIOCAE PEeaAbHBIX,
4TOOBI CTAHAAPTU3UPOBATH BOOOPasKeHIeE, CAEAATD
MBICAEHHBIE ABVDKEHUS TIOXOKMMU Ha peaAbHbIE.
Anaansuposaan sHaueHus YCC, cuctoanyecko-
ro paBaenus (CA), AmacToAmdeckoro pAaBaeHus (AA)
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Puc. 1. CxeMa MpOTOKOAQ C peaAbHbIMU (BBEPXY) U BOOOpaskaeMbIMI (BHI3Y) ABVIKEHUSIMU

Fig. 1. The structure of the protocol with real (above) and imaginary (below) movements

U AAUTEABHOCTD PEeaAbHBIX 1 BOOOpakaeMbIX IIPU-
cepanmit. CTaTUCTUYECKUIT AaHAAU3 IIPOBOAVIAU
B nporpamme Microsoft Excel. AocTroBepHocTb
Pa3AMYMII ONPEAEASIAY C IIPMMEHEeHEM ITapHOTo
t-xputepuss CTbIOAEHTA, PAa3AMUYMS CUUTAAU
AocTtoBepHbiMU 11pu p < 0,05.

Pe3yAbTars 1 00CyKA€HME

ITocae BbIIOAHEHUSI peaAbHbBIX IPUCEAAHUN
YBEAUYUANUCh ycpepaHeHHble 3HadyeHus YCC

Ha 19,6 ya/muH (p = 1,5E-05) u CA Ha 16,8 MM pr. CT.
(p = 4,5E-05). Yepes 5 MUH ITOCAE OKOHYAHUS TIPU-
cepaHull ycpepHeHHble 3HaueHust YCC, CA
1 AA He OTAMYAAUICH OT 3HAUEHUI, 3aPETUCTPUPO-
BaHHBIX [T€PEA BHITOAHEHUEM ABVDKEeHMI (TabA. 1).

CpeAHsIsT AAUTEABHOCTD BOOOPasKeHUs TIpu-
cepaHUi1 ObIAa Ha ~10 cek OoAble, YeM AAUTEAD-
HOCTb peaAbHbIX npucepannii (p = 0,002).

Cpasy nocae BooOpakeHMsI TPUCEAAHNIT YCPeA-
HenHast YCC yBeanunaacyo Ha 3,3 ya/MUH, OTANYMA

TabA. 1. 3HaueHMsI MapaMeTPOB NP BBIITOAHEHN! PEAABHBIX 11 BOOOPA)KAaeMBIX ABIVDKEHUII(CPEAH .+ CTAHA.OTKA.; n = 20)

Aan-
TeAb- yccl | 4ce2 4yCes CAL CA2 CA3 AAL AA2 AA3
ABIDKeHns HOCTD
(cek) (ya/mun) (MM prT. CT.)
PeaAbHble 37,2492 744+96 | 940+137 | 753+107 | 1239+190 | 1407+19,3 | 1252+123 | 763+103 | 771%1L1 76,3 12,7
Boobpasxa- 46,8 +12,15 | 735+94 | 768+10,9° 74,1 +9,7 1220+ 114 | 1269+129°% | 1185+13,8°% | 754+126 | 774107 | 747+11,7
eMble

* — p < 0,05 10 CPaBHEHUIO C AHAAOTUYHBIM 3HAYEHVEM AO ABIDKEHUIT; * — P < 0,05 Ipu CpaBHEHUU C AHAAOTUYHBIM

3Ha4Y€HMEM IIPpU BBIIOAHEHVV PEAABPHOI'O ABVDKEHNS

Table 1. Parameter values when performing real and imaginary movements (average + s.d.; n = 20)

Dura-
tion HR1 HR2 HR3 SP1 SP2 SP3 DP1 DP2 DP3
Squats
(s) (beats per min) (mm Hg)
Real 372492 744+ 9.6 94.0 +13.7 753+107 | 1239+19.0 | 1407+19.3 | 1252+123 76.3 +10.3 77.1+11.1 76.3 +12.7
Imaginary | 46.8+121° 73.5+ 9.4 76.8 +10.9% 74197 1220+ 114 | 1269+12.9% | 1185+13.8% | 754+12.6 77.4+10.7 74.7 +11.7

*—p < 0.05 comparison with the same value measured before squats; *—p < 0.05 comparison with the same value

measured when performing a real movement
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OT U3MepeHusI A0 BOOOpaskeHUsI Ha YpOBHE TeH-
Aenunn (p = 0,065). CA yBEAUYMAOCH AOCTOBEPHO
Ha 4,9 MM pt. cT. (p = 0,001). ITpupoct CA nocae
BOOOpakaeMbIX IIPUCEAAHNI ObIA 3HAYMMO MEHb-
1le, YeM I0cAe peaAbHbIX. Uepes 5 MuH mnocae
BooOpakeHust npucepaunit CA CTaAo 3HAYMMO
Mmenblire, yeM CA A0 BOOOpaskeHMs, yMeHbIlIeHEe
coctaBuao 3,5 MM pr. cT. (p = 0,02) 1 661A0 HA 6 MM
PT. CT. poocTOBepHO MeHblue (p = 0,001), yem CA
4yepe3 5 MUH [TOCA€ PeaAbHbIX PUCEAAHMIL.
AoctoepHocTb usmenenuss CA mocae Boo0-
paKeHUsI TIPUCEAAHUIT IPOBEPUAHU, TPOAHAAUBH-
poBaB BeAMuYMHBI U3MeHeHUT MexAy CA mocae
BooOpakeHus npucepanuit u CA Ao BooOpaxeHus
AASI KQXKAOTO VCIIBITYeMOTO. AHaAOTUYHBIM
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Puc. 2. iamenenns CA mocae peaAbHbBIX
¥ BOOOpa>kaeMbIX ABVDKEHUIL. A — PasHOCTY MEXAY

CA cpasy 1mocAe ABVDKEHUI U TIepeA ABVDKEHUSIMU
(CA2-CAL), n mexxay CA depes 5 MuH 1ocae
ABvokeHuit u iepep, Apwkennsivu (CA3-CAL);

IIOKa3aH AOBEPUTEABHBIN MHTEPBAA.

b — 3aBucumocTtu pasHoctu CA mnocae peaabHbIX
ABVDKEHUII U TIEPEA PEAABHBIMU ABVKEHUSIMU

ot HayaAbHOTO CA, n = 20; 0603HaYeHs KaK B A.

B — Tak ke, kak b AAst BOOOparkaeMbIX ABVDKEHUI
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CI0COOOM MTPOAHAAMBHPOBAAU AQHHbIE, TOAYYEH-
HbI€ C PEAABHBIMU ABIDKeHUsIMU (puc. 2A). DTOT
aHaAM3 BOCIIPOM3BEA ONMCAHHBII BBIIIE PE3YABTAT:
cpasy nmocae peaabHbix mpucepannit CA yBeanun-
Aoch Ha 16,9 mMm pr. cT. (p = 4,5E-05), mocae BooO-
paxenuss — Ha 4,9 mm pT. cT. (p = 0,002), yepes
5 MyH nocae Boo6pakeHusi ABYKeHui1 CA yMeHb-
mMAOCh 1o cpaBHeHnio ¢ CA A0 BOOOpaskeHUsT Ha
3,5 MM pT. cT. (p = 0,045). [ToAyueHHbIe pe3yAbTaThI
CBUAETEABCTBYIOT B IIOAB3Y OOIIIHOCTY CTPYKTYP,
OTBETCTBEHHbIX 32 OPraHU3aL[MI0 PEAABHBIX U BO-
obOpaxaeMbIX ABVDKeHUI. [Ipu4nHON M3MeHeHMsT
CA tipu BoOOpakeHUn ABUXKEHUsI, BEPOSITHO,
SIBASIETCSI TO, YTO MBICAUTEAbHbIE TIPOLIECCHI
3alporpaMMMPOBaHbl KaK Ha COMAaTUYECKOM,
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Fig. 2. SP changes after real and imaginary
movements. A—differences between SP immediately
after and before movements (SP2-SP1);
between the values five minutes after and before
movements (SP3-SP1);
with the confidence interval. B—SP difference after
the end and before real movements relative
to the initial SP, individual data, n = 20;
see A for designations. C—designations taken
from B for imaginary movements
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TaK ¥ Ha BEreTaTMBHOM YPOBHSIX LIeHTPAABHON
HepsHoi1 cuctemsl (Collet et al. 2013).

OpaHako cHmkeHne CA yepes 5 MUH mocAe
BOOOpaKeHMsI TIPUCEAQHMIT HVDKE 3HAUEHU, TIOAY-
YeHHBIX AO BOOOPa’KeHUsI, I OTCYTCTBME TAKOTO
a¢dexTa IoCAe peaAbHbIX IIPUCEAAHUIT AEMOHCTPU-
PYeT, YTO, BEPOSITHO, MEXAaHV3MbI OpPraHU3ALUM pe-
AABHBIX M BOOOPa’KaeMbIX ABVKEHUIT OTAUYAIOTCSL.
DTO MPEATIOAOXKEHIE TTIOATBEP)KARET TOT (PAKT, UTO
n3MeHeHre CA 1ocae peaAbHBIX NIPUCEAAHMI 3a-
BUCUT OT McX0AHOTOo ypoBHA CA, a B cAyuae ¢ BOOO-
pa>keHVeM ABVPKEHUN TaKasi 3aBUCUMOCTb OTCYT-
ctByeT (puc. 2B, B). Y MCHBITyeMbIX C HU3KUM
HavyaAbHBIM CA IpUpOCT ObIA OOABILIE, YEM Y UCIIbI-
TyeMbIX C M3HAYaAbHO BBICOKMM CA, 1 Takymo
3aBUCUMOCTbD ITOATBEPXKAQET BeAndrHa Koabbulim-
€HTa KOPPEASILINY U TEHAEHLIVS K 3HAYMMOCTH 3TOTO
koadPuimenTa (r = 0,35, p = 0,064). Yepes 5 mux
IIOCA€ PEeAABHBIX IIPVCEAAHNIA Y VICIIBITYEMBIX C BbI-
cokuM HavaabHbIM CA (> 140 MM PT. CT.) AQBA€HUE
YMEHBIIIAETCS, Y UCIIBITYEMBIX C HUBKVIM VICXOAHBIM
CA (< 120 MM pT. CT.) AQBAEHVE YBEAUYUBAETCSI, YTO
OTpa)kaeTcsl B 3HaueHu1 K03 duliieHTa KOppeAsiLium
U B ero BbICOKOU pAoctoBepHocTu (r = —0,81,
p = 8,6E-06). 3aBucumoctp nsmenenuss CA
oT ucxopHoro 3HaueHust CA mocae BooOpaskeHus
ABVDKEHUI OTCYTCTBYeT.

3akAuyeHue

BereTaruBHas cucTeMa akTUBMPYETCS B IIPOLieC-
ce BOOOpaKeHMst ABIDKeHMIL. B peaAnsaiiiy peaAbHbIX
VI MBICAEHHO BBIITOAHSIEMBIX ABVDKEHUII YYaCTBYIOT
pasHble (PU3MOAOTUYECKME MeXaHU3MBI.
Vcrioab3oBaHye BOOOPaXKeHVsI ABVDKEHUIT AAST pea-
OMAMTALIVIOHHBIX LIEAET! U AAST OITYMU3ALIK PeaAb-
HBIX ABUTATEABHBIX (PYHKLIMI MOXKET IPUBECTU
K 3QdeKTy, OTAMYaoIEMYCs 0T 3P PeKTa peaAbHbIX
ABVDKEHMIA.
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Cnncok cokpaueHmit

AA — aprepuaspHoe paBAeHMe, AA — anactoanueckoe paBaeHue, CA — cucroanmyeckoe paBaenne, YCC — yactoTa
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Abbreviations

BP—blood pressure, DP—diastolic pressure, HR—heart rate, SP—systolic pressure.
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