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Pestome. BeedeHue. AyrmeHTaLMs MOMOYHbIX Xenes ABnsetcs Hanbonee 4acTbiM 3CTETUHECKUM XMUPYPrUYECKUM
BMeLlaTenbCTBOM. OfHAKO 3HAONPOTE3NPOBAHME C UCMONb30BAHNMEM CUIIMKOHOBbLIX UMMIAHTOB 3a4acTyH COMPOBOX-
[aeTcs pSAOM HeraTMBHbIX NOCNELCTBUN B NOCNEONEPALMOHHOM Nepruoe, CBA3aHHbIX B TOM YUCIIE C BbIpaXeHHbIM
6oneBbIM CMHAPOMOM. OfHWUM 13 BO3MOXHbIX NyTei pelleHns AaHHON Npobnembl SBNSETCH BHYTPUMbILLEYHOE
BBefeHue BOTYIOTOKCUHA C NOCMEAYIOLMM UCNONb30BAHNEM 3MIEKTPOMArHMTHOrO BO34ENCTBMS B 061aCTH 3HA0-
npoTeanpoBaHus. Ljesb uccnedogaHusi — OLEHNTb 3(PEKTUBHOCTL KOMOUHUPOBAHHOTO MPUMEHEHMS BHY TPUMbI-
LIEYHOro BBEeAEHUS BOTYNOTOKCMHA C NOCNEAYIOWMM UCMNONb30BAHNEM SNEKTPOMArHUTHOTO BO3AENCTBUS C LIENbIO
CHWXEHWS BbIPaXXEHHOCTM 6ONEeBOro CMHAPOMA Y NaLWeHTOK Nocne ayrMeHTaLum MOnoYHbIX xenes. Mamepuanbi
u memodsl. iccnefoBaHne 0CHOBAHO Ha pesdynbTatax 06cneaoBanus 89 nuL XeHCKOro nona, nepeHecLunx aHLo-
NPOTE3MPOBAHNE MOMOYHBIX Xene3 CUIMKOHOBLIMW UMNNaHTaMn. Bee xeHwuHbl bbinv pa3aeneHsl Ha 4 rpynnbl ¢
y4eTOM NOAX0Aa K MCNONb30BaHMK BOTYNOTOKCMHA TMNA A 1 3NeKTpOMarHMTHOro nons ¢ yactoton 448 k'L, B xoae
Habno4eHNs OLEHMBANMN MHTEHCMBHOCTL 601EBOrO CUHAPOMA MHTPAONEPALMOHHO, @ TakXe B PaHHEM W NO3AHEM
nocneonepayyoHHbIx nepuogax. Pesynbmamsi ucciiedogaHusi. YCTaHOBIEHO, YTO KYpC aNeKTPOU3nonornieckoro
Bo3fenctaus npenapatom INDIBA, npoBoAuMbIi B NepBYo Heento nocre 3CTeTUYECKOro S3HA0NPOTE3NPOBAHNS
MOIOYHBIX JKEeMes, CYLeCTBEHHO NoBbIlaeT 3hekTMBHOCTL 06e360MMBatoLLErO AENCTBMS BOTYNOTOKCMHA. YacToTa
1 BbIpaXeHHOCTb nerkoro 601eBoro CHAPOMa B 9TON NOArPpYnne NaLUMeHTOK Ha 1-e U 2-e CYyTKI OKa3bIBAETCH MEHb-
we Ha 51,7% (p <0,01) n Ha 41,8% (p <0,01) no cpaBHeHutO C pe3ynbTaTami UCMNOb30BaHNS NKLb BOTYNOTOKCUHA.
CTaTUCTMYECKMIA pacyeT NO3BOMNMUI BbISBUTL CUMbHYHO CBA3b MEXAY KYPCOBLIM UCMONb30BaHNEM 31EKTPOPU3NONO0-
rndeckoro Bosgeiictaus INDIBA nocne BBegeHNs BOTYNOTOKCMHA C BbIPaXXEHHOCTbH0 60MeBoro cuHapoma Ha 1-¢, 2-e
W 7-e CyTKM peabunntalymoHHOro nepuoga nocne aHAONPOTE3MPOBaHUSA MOMOYHbIX xenes (p <0,01). 3aknroyeHue.
MpeAnoXeHHbIA KOMMNEKC peabuniuTaLMoHHbIX MePONPUATIUIA NOCNE 3CTETUYECKOTO SHAONPOTE3MPOBAHNS MOMOY-
HbIX Xerne3 OKka3blBaeT CTAaTUCTUYECKN 3HAYMMBbIA NaTOreHeTUYEeCKN 060CHOBAHHDIN BbIPAXEHHBIN U AANTENbHBbIN
obesbonuatoLmin 3¢ deKT B NocneonepaLuoHHOM nepuoae.
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Abstract. Introduction. Breast augmentation is the most common aesthetic surgical intervention. However,
endoprosthetics using silicone implants is often accompanied by a number of negative consequences in the postoperative
period, including severe pain. One of the possible ways to solve this problem is the intramuscular injection of botulinum
toxin followed by the use of electromagnetic influence in the field of endoprosthetics. Purpose of the study: to evaluate
the effectiveness of the combined use of intramuscular injection of butolotoxin followed by the use of electromagnetic
influence in order to reduce the severity of pain in patients after breast augmentation. Materials and methods. The
study is based on the results of a survey of 89 females who underwent breast replacement with silicone implants.
All women were divided into 4 groups, taking into account the approach to the use of botulinum toxin type A and an
electromagnetic field with a frequency of 448 kHz. During the observation, the intensity of the pain syndrome was
assessed intraoperatively, as well as in the early and late postoperative periods. Results of the study. It was found
that a course of electrophysiological effects with INDIBA, carried out in the first week after aesthetic endoprosthetics of
the mammary glands, significantly increases the effectiveness of the analgesic effect of botulinum toxin. The frequency
and severity of mild pain in this subgroup of patients on days 1 and 2 is less by 51.7% (p <0.01) and 41.8% (p <0.01)
compared to the results using only botulinum toxin. Statistical calculations revealed a strong connection between the
course of use of the electrophysiological effect of INDIBA after the administration of botulinum toxin with the severity
of pain on the 1st, 2nd and 7th day of the rehabilitation period after breast replacement (p <0,01). Conclusion. The
proposed set of rehabilitation measures after aesthetic endoprosthetics of the mammary glands has a statistically
significant, pathogenetically substantiated, pronounced and long-lasting analgesic effect in the postoperative period.

Keywords: mammary gland augmentation, endoprosthetics, pain syndrome, butolotoxin, electrophysiological effect

BBEJEHUE

Xvpyprdeckasi onepauusi, npegycMaTpuBatoLlas yCTaHoBKY
CUIMKOHOBbIX MMMNIAHTOB B TKAHW TPYAM W MOSOYHON Xenesbl ¢
LeNbi YBENMYeHMs ux obbema 1 ynyyileHnst oopmbl, CunTaeTcs
O[HO M3 CaMblX 4acTO BbIMOMHAEMbIX NAACTUYECKMMM XMPYpramm
[9]. MeauuUmHcKve n3genums B BUAE UMMNMAHTOB MOMOYHbIX Xenes,
COZEPXaLLMX MMAPOrenb CUMKOHA, BOLLMM B PYTUHHYIO MPaKTUKY

XMpYproB 1 Hanbonee 4acTo NCMOMb3YITCS B HACTOSILLEE BPEMS
Y XEHLUMH Npu yBenuuMBaioLLeit Mammonnactuke [13].

HakannuBatoTcs cBefieHusl, YTO 3HLONPOTE3MPOBAHNE TPyaN
CUIMKOHOBBIMW UMMIA@HTaMM COMPSKEHO C PSAOM HEraTMBHbIX
nocneacTBAN B NOCMeonepaLyioHHoOM nepuoge, BnioTb 4O pas-
BUTUS OCMOXHEHWI [4].

VimMetoTcs Takoke faHHbIE 0 TOM, YTO B MOCMEONepaLoHHOM ne-
puofe nocrne ayrMeHTaLuy MOMOYHBIX Xenes C UCMoNb30BaH1eM
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OPUTMHAJIBHBIE CTATBI

CWIMMKOHOBBIX WMMMAHTOB Y JKEHLWMH KOHCTaTUpyeTcs 6oneBoil
CWMHAPOM Pa3fNYHOI CTEMEHW BbIPAXXEHHOCTH, UMEIOLNA CBS3b
C 0ObEMOM YCTAHOBMEHHbIX MMMTAHTOB M BO3PACTOM NaLMEHTOK.
3aKOHOMEpHO, YTO KIMHWYECKME NPOSIBIEHNS 6ONEBOrO CMHAPO-
Ma nocne onepauuu Ha rpyau CONPOBOXOAKOTCA CTPaxoM, YyB-
CTBOM HexBaTKW BO3AyXa, HEBO3MOXHOCTbKO BLOXHYTb MOMHOM
TPYAbl0, OObILIKOW, Taxukapauel, NOSbEMOM apTepuarnbHOro
[aBfeHusl, pasnnyHbIMKU BereTaTuBHbIMU NposiBneHnamu [3].

BoneBon cuHOPOM SBMSETCS XapaKTEPHbIM CMYTHUKOM MO-
CneonepaLyuoHHoro nepuoga nocne ayrMeHTauuu MOMOYHbIX
XEnes, Npu 3TOM €ro NpOSIBNEHUS CYLLECTBEHHO HApYLLAKT Kave-
CTBO XXU3HM 11 CHUXAIOT MO3UTMBHOE BOCMIPUSTHE [axe OTIINYHOMO
acTeTUYeckoro adekta, yAOBNETBOPEHHOCTb XEHLMH nocne
AaHHOro BUAa BMeLlaTenbCTaa [14].

[Mpu LeneHanpaBneHHON OLEeHKe UHTEHCUBHOCTM U BblpaXeH-
HOCTU DONeBbIX OLLYLLEHMI B NOCNeonepaLioHHOM Nepuoae no-
Cre pasnuyHbIX XMPYPrUYEeCcKnX onepaumii Ha MOMOYHON Xernese
BbINO yCTAHOBMEHO, YTO MOCMe PeAyKLUMOHHON MaMMOMIacTUKK
W KNaccu4ecko MacTIKTOMMM WX yactota cooTBeTctByeT 20 u
30% COOTBETCTBEHHO, B Cryyasx MacTaKTOMUM C NocnegyoLlen
PEKOHCTPYKLUMEN C 1CNONb30BaHWEM umnnaHTa — go 52% Ha-
onopeHwi [1].

K pa3sutuio nocneonepayyoHHoi 6011 B 06n1act MOOYHOM
Xenesbl NpUBOAUT NpsMas TpaBMaTM3aLMs HEPBHbIX CTBOJOB
(npn paspesax TkaHeW, HANOXEHWUN Y3MOBbIX LUIBOB), NOKaNuU3yk-
LMXCS B HEMOCPEACTBEHHON BIM30CTI OT ONEpPaLMOHHOTO Nons ¢
YYETOM XMPYPruyeCKOro JOCTyNa, a TakKe UX BTOPUYHAs TpaBma-
TM3aumMsa Npu (OPMUPOBAHMM OTeka, BOCMANUTENbHOM peakLum
B 006nacTu BMellaTenbCTBa, B pe3ynbrate B cpoku 1-7 cyTok
nocne onepauun BO3HWKAET CTOKWA OONEBON CMHAPOM B 30He
COOTBETCTBYHOLEN HHepBaLmu [10, 15].

B xome yrnybneHHbIx uccnegosanuii 661no NpoAEMOHCTPUPO-
BaHO, 4TO OCTPO BO3HMKLLAS MHTEHCWBHAs 60nb nocne onepawum
Ha MOMOYHOM Xenese W YCTaHOBKA WMNMIaHTOB sBNsieTcs obnu-
raTHbIM (aKTOPOM Pa3BUTUS XPOHUYECKOTO HONEBOro CUHLpOMa
B nocneonepaumoHHom nepuoge [11, 12]. [Ana npegoTBpaLlyeHns
TaKoro MOPOYHOTO MyTU W CHUXEHUS OCTPOM Bomm nocne mammo-
nnacTukW LenecoobpasHo 1CNonb30BaTh BECh apCeHan CPeacTs
KynupoBaHust 6oneBoro cuHapoma B 3T0T nepuog, [2, 7).

PasBuTre 60neBoro cHapoma B NocneonepaLmoHHoM nepu-
0fie NOCne XMpYPruieckoil ayrMeHTaLm MOMOYHbIX KENE3 BbisSiB-
NAeTCA y OBYX U3 TPEX KEHLUMH, NEpPEHECLUNX BMELLaTENbCTBO,
npn 3TOM 60NN 3HAYMMO CHUXKAIOT Ka4eCTBO XU3HWN peKoHBanec-
LIEHTOK W WX YAOBMETBOPEHHOCTb OT onepauuu. O4eBMaHO, YTO
MepOonpUsTHS, HaNPaBREHHbIE HA CHUXKEHWNE €0 MHTEHCHBHOCTM,
MMEIT MaTOreHeTNYeCKylo HanpaBIEHHOCTb 1 BECbMa BaXHbl B
nepeyHe KOMNeKca MeponpuaTUin peabunutaum.

Mocne 3CTETUYECKOro 3HLONPOTE3NPOBAHUS MOMOYHBIX XKe-
Ne3 CUNMKOHOBLIMM MMMNAHTaMM LieSTblo MEPONPUSTHIA Mo peabu-
NTaLMM NpU3HAKOTCA CKOpeiLas TpyaoBas v coumanbHas agan-
TaLus, NOBbILIEHNE Ka4eCTBa KN3HN PEKOHBANECLIEHTOK.

BaxHas ponb B nepeyHe MeTogoB U cnocobos peabunuTa-
UMM Mocrne XWpypruyeckoro 3HZOMPOTE3UPOBAHMS MOMOYHbIX
XENe3 NpUHaZNEeXUT NonHoLeHHOMY 06e360nMBaHNI0 1 MOMHO-

My KynupoBaHWio DoneBoro CUHApOMa B MOCREOnepaLyoHHOM
nepuode nocne nofoOHbLIX onepauuii Ha MOMOYHOI xenese [2].
VImeHHO ncyepnbiBatoLLee nocneonepaynoHHoe obesbonnsaHve
KynupyeT TWUMOBOW NaToNOrMYECKU NPOLIECC — CTPECC-0TBET Ha
OnepaLMoHHYI0 TpaBMy, YTO B pe3ynbTaTe 3Ha4YNMO CHUXAET Ya-
CTOTY FHONHO-BOCMANUTENbHBIX OCMOXHEHUIA, TEMaToOM U CepoM,
AblXaTenbHbIX PACCTPOICTB W APYTUX OCAOXKHEHWUIA, CYLIECTBEHHO
HapyLUaKLWMX Ka4eCTBO XKN3HN W YOOBNETBOPEHHOCTb OT BbINOM-
HEHHOTO 3CTETUYECKOro BMeLLaTensCTBa.

C uenbto obecneyverus peabunutaLnoHHbIX MepONpUsTA B
nocneonepayyoHHoM nepuoae, NpoUnakThkM U KynupoBaHus
foneBoro cuHapoma nocne ayrMeHTauuu rpyau CUAMKOHOBBIMA
nMnnaHTamMu LienecoobpasHo MCMonb3oBaHWe METOLOoB (nano-
Tepanuu, B 4YaCTHOCTU MWKPOTOKOBOE BO3AencTBHe. lMokasaHo,
YTO MWKPOTOKOBasl Tepanusi cnocobCTBYET YNyyLIEHUIO BHYTPY-
KNeTOYHbIX MPOLECCOB, OKa3biBaeT MNPOTWBOBOCMANMTENBHOE
JencTBue, HopmanuayeT rugpobanaHc, yBennyuBaeT CHHTE3
W HaKOMMIEHMe MaKpO3prMyeckmx coedunHeHun. C yyeTom TOro
takTa, YT0 6OMb B 30HE XMpYpruyeckoit onepauuu onocpeno-
BaHa pasBMTUEM BOCMANUTENBHON peakyuy, B naeanbHbIX ycno-
BMSX — CTEPUIbHOMO acenTU4eckoro BOCManeHusi, BbI3BaHHOIO
HEeM30EXHbIM paspyLIEHNEM KNETOYHbIX KOMNapTMEHTOB U MeM-
BpaH. MIMeHHO 3TV NpOAYKTHI, Coepxallme apaxmMaoHOBYIO KMC-
noTy n ee MeTabonuTbl-thoconunuapl, Hapsay ¢ Meguatopamu
BOCManeHus NPUBOAST K HEeU30EXHON BOCMANMTENbHOI peakuuu,
OTeKy ¥ TWMOBLIM HapyLIEHWUSIM MUKPOLMPKYNsLmu. MUKpoTOKo-
Bas Tepanus B 3TUX CIyyasix WMeeT BbIpaXEHHOE NaToreHeTu-
Yeckoe 3HayeHue, okasbiBas NPOTUBOBOCTANNTENBHOE LeNCTBHE,
Kynupys HapyLIEHUS MUKPOLMPKYNALMN B TKaHSX B 30HE onepa-
uum [5, 6].

B nocnepgHue rofbl Anst yCKOPEHHOTO KyMMpOBaHWS BOCHau-
TEnbHbIX M3MEHEHWI TkaHen u 6oneBoro CUHOpPOMa B nocneone-
PaLMOHHOM Nepuoae NPeanoXeHo MCMomnb3oBaHue anekTpomar-
HWTHOrO BO3aeicTBuMs YactoTom 448 Kkl'L, koTopas akTUBM3UpYET
NOHHbIN 0OMeH, B pesynbTaTe Yero eCTECTBEHHbIE PEreHepauy-
OHHbIE MPOLIECChI B KNETKax MPOTEKAIOT 3HAYUTENBHO AP dEKTUB-
Hee. Takue chmanoTepaneBTUYeCKe annapaTtbl 0becneynBarT B
nocneonepaLyoHHOM Nepuroge BOCCTAHOBMEHNE dNEKTPUYECKOrO
noTeHUMana KneTouHo MemOpaHbl, ynydyllalT ee npoHuLae-
MOCTb, aKTWBMPYKT BbIpaboTKy KonmareHa, ynyyiawT MUKpo-
LMPKYTIALMIO U TPOUKY TKaHEl, OKasblBalOT MPOTWBOOTEYHBIN
ahbekT, cnocobCTBYKT peopraHu3auuy rematom, a TaKke
nponudepauynn CTBOMOBLIX KneTok [8]. Yka3aHHble CBOWCTBA
NPeACTaBNSAOTCH BECbMA 3HAYUMbIMKU ANS LOCTUXKEHWS Lienei
peabunuTaLv nocne 3HLONPOTE3MPOBAHUS TPYAMN U HYXAAKOTCS
B M3Y4eHNM.

LESIN UCCNEAOBAHUA

OueHuTb 3DEKTUBHOCTL KOMOWHMPOBAHHOTO MPUMEHEHUS
BHYTPUMBILIEYHOTO BBEEHUS BOTYMOTOKCMHA C MOCreaytowmm
NCMONb30BAHWEM  3MEKTPOMArHUTHOMO BO3LENCTBUS C LENbio
CHWXEHMS BbIPaXXEHHOCTY GONEeBOro CHAPOMA Y MalUeHTOK Mno-
Cre ayrMeHTaLmy MOJTOYHBIX Kenes.
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MATEPWAIbI U METOAbl UCCNEAOBAHUA

HayyHas paboTa B pamkax HacCTOSLLEr0 AMCCEPTaLMOHHOTO
MCCNEeNO0BaHNS 3annaHnpoBaHa 1 BbiMofiHeHa B nepuop 2023-
2024 rr. Ha Kadeape xupyprdeckux 6onesHeint Ne 2 neyebHoro
thakynbTeTa CamapkaHZCKOro rocyaapCTBEHHOMO MeLULIMHCKOro
YHMBEpCHTETA.

Cbop matepwana ans pOpMUPOBaHUS TPYNM KIMHUYECKMX
HabnogeHnit ocywlecTeneH B nepnog 2021-2024 rr. B 0TAENEHMM
nnacTuyeckon xupyprim knunukn «Relax Med Servis», Camap-
kang, Pecnybnuka Y3bekucTtaH.

B rpynnbl HabmogeHust 6biny BKIOYEHBI 89 KEHWWH, nepe-
HeCLMX 3CTETUYECKOE 3HOOMPOTE3MPOBaHME MOMOYHbIX KEne3
CUIIMKOHOBBLIMU UMMIaHTaMM.

YcnosusiMu (KpUTEpUsIMU) BKIKOYEHWS! B HacTosILLee uccne-
JOBaHWe cuyuTanu: BospacTt 0T 25 ao 50 neT, Hannume KuHK-
YecKu 3HAYMMOW TUMOMACTWW, aCUMMETPUM MOJIOYHbBIX Kenes,
OTCYTCTBME paHee onepauuin B 0bmacTu rpyam 1 MOMOYHbIX Xe-
nes, 4OBPOBONbHOE COrnacue NaLMeHTKM Ha y4acTue B Hay4YHOM
“ccnefoBaHuM No oLeHke 3 deKTUBHOCTM peabunnuTaLmoHHbIX
MeponpuUsTAA B NOCHE0NepaLMOHHOM Neproge.

YCrnoBusMU (KpUTEPUSIMA) UCKITHOYEHUS M3 UCCTEJ0BaHNS SiB-
nanuce: BospacT 4o 25 u 6onee 50 neT, HanuuMe XPOHUYECKNX
WH(EKUMOHHbIX 3abonesaHnit, a Takke ux 06OCTpeHue, uile-
Muyeckas 6onesHb cepaua, 0OCTPyKTUBHbIE 3aboneBaHus ner-
KnX, AblxaTenbHas HeJoCTaTOMHOCTb MKOON CTEneHW, KOXHbIE
WH(EKUMOHHbIE M HeuH(EKUMOHHbIe 3aboneBaHunst B obrmacTu
rpyau, rnep- u runokoarynsauus, BWY, nepeHeceHHble renatu-
ol B, C, Ty6epkynes, 6epemeHHOCTb noboro cpoka, nakrauus,
CMONb30BaHNE KapaAMOCTUMYNSTOPOB, TpOMOODneduT, oTkas ot
B0OPOBOMBHOTO COrMacKs Ha y4acTue B Hay4HOM UCCIef0BaHNN
Mo oLeHke 3 EKTUBHOCTM peabunmTaLNoHHbIX MEPONPUSTUIA B
nocneonepaLyoHHOM nepuoge.

B rpynny knuHnyeckux HabniopeHnit Ne 1 6binu BKNOYeHb
23 XeHWwwuHbl (25,8%), nepeHeclune SHAOMPOTE3MPOBAHME MO-
NOYHBIX Xefe3 CUIIMKOHOBBIMW MMMaHTamu, y KOTopbix 3a 14 cy-
TOK 0O BMeLIaTenbCTBa OCYL|ECTBASANM BBeAeHWe B musculus
pectoralis major npenapata 60TynoTokcUHa TMna A Ans BocTu-
KEHWS ee [leHepBaLun W npeJoTBpalleHns 60neBoro cuHapoMa
nocne BMeLaTeNbCTBa.

B rpynny knuHndeckux HabniogeHnii Ne 2 by BKIHOYeEHB
24 xeHwwHbl (26,9%), Takke nepeHeclue 3HOOMPOTE3MPOBa-
HEe MOMOYHbIX Xene3 CUIMKOHOBLIMU UMMMaHTaMi U BBEAEHME
B musculus pectoralis major npenapata 60TynoTokcuHa Tuna A
3a 14 cyTOK 40 BMeLLATENbCTBA C LENb ee AeHEPBaLMM W Npea-
oTBpalLeHus BoneBoro cMHApoOMa, nMpy 3TOM B AaHHOW rpynne B
nepuog 1, 2, 3, 4, 5, 6, 7-e CyTKu nocneonepawyoHHOro nepuoaa
BONONHNTENBHO OCYLLECTBASANN (hU3N0TEpaneBTUYECKOE BO3aeN-
cteue annapatoM INDIBA — anekTpoMarHuTHbIM MOneM 4acto-
TON 448 KI'L.

B rpynny knuHndeckux HabniogeHnin Ne 3 6biny BKIHOYEHB
22 XeHWwHbl (24,7%), Takke nepeHeclue 3HOOMPOTE3MPOBa-
HWe MOMOYHbIX Xene3 CUMMKOHOBLIMU UMMMaHTaMi U BBEAEHME
B musculus pectoralis major 3a 14 cyTok JO BMeLlaTenbCcTBa

aKBMBaneHTHoro obbema nnauebo — 0,9% pactBopa HaTpus
xnopuza, a Takke B nepuog 1, 2, 3, 4, 5, 6, 7-e cyTku nocne-
OMepaLMOHHOro Neproaa UM NPOBOAMIM PU3N0TEPaNEBTUYECKOE
BosgencTemue annapatom INDIBA — anekTpoMarHUTHbIM Nonem
yacTtoTomn 448 kl'u.

B rpynny knuHuyeckux HabniogeHnit Ne 4 6binu BKMOYEHb
20 XeHWwH (22,4%), Takke NepeHeclnX SHAONPOTE3NPOBaHNE
MOJIOYHbIX Kefie3 CUIMKOHOBBIMM MMMNaHTaMn W BBELEHWE B
musculus pectoralis major 3a 14 CyToK [O BMeLLaTeNbCTBA 3KBU-
BasneHTHoro obbema nnayebo — 0,9% pacTBopa HaTpus Xnopu-
na. dusnotepanestuyeckoe Bo3aencTane annapatom INDIBA —
3NEKTPOMarHUTHLIM nonem yactoTon 448 k'l He BbINOMHANOCH
Mo OpPraHN3aLMOHHbIM MPUYKHAM.

pynny KnMHUYeckux HabnogeHnin Ne 1 cumtany KOHTPOSbHOM.

C uenblo [OCTMXEHWS [eHepBauun ¥ 06e3dBUXMBaHNS
musculus pectoralis major 1 yMeHbLUEHWS WHTEHCUBHOCTU 60-
NEBOrO CMHLPOMA B paHHWE CPOKM MOCne onepauun no xupyp-
TMYECKON ayrMeHTaLum MOMOYHBIX Xenes 3a 14 cyTok 4o BMeLLa-
TenbCTBa nayueHTkam 1-i u 2-i rpynn (Bcero 47 HabmogeHni)
BHYTPUMbILIEYHO B YKa3aHHYH MbILLly, B AECATU YCIOBHbIX CEK-
TOpax MblLULbI, COOTBETCTBOBABLUMX TOYKaM BBEAEHMS, BBOAWMN
npenapat GotynoTtokcuHa Tuna A «botoke» mo 200 E[ (100 Eg
cnpaea v crnesa) B koHUeHTpauuu 1:25 (1 mn npenapata B 25 mn
0,9% HaTpus xnopuaa) He Gonee 2,5 Mn B OfHY TOYKY BBEEHNS
(no Epmunosoi E.B. v ap., 2022). MaumeHTkam rpynn 3 u 4 (Bce-
ro 42 HabnoLeHNs) BBOAMICA NO TOW Xe CXEME 3KBUBANEHTHbIA
obbem nnauebo — 0,9% Hatpus xnopuaa.

B nocneonepaunoHHoM nepuoge y nauneHTok 3-i u 4-i rpynn
(Bcero 42 HabniogeHus) 4Ns yCKOpeHHoN peabunuTaumm n Boc-
CTaHOBNEHUS TKaHeW WCnomnb3oBany U3noTepaneBTUYEcKoe
BosgencTaue annapatom INDIBA active 801 (VMcnanus). lNpen-
Ha3HayeH Ans BO3OENCTBUS Ha KOXKY W MbIlueYHbIe BOMOKHA. Pe-
KOMeHaOoBaH Anst paboTbl C MOBEPXHOCTHBIMMU TKAHAMM, 0BUMBHO
CHabXeHHbIMK cocygamn. AnnapaT obecneynBaeT BOCCTaHOBIE-
HWe 3reKTPUYECKOro NoTeHLMana KneToqHon MembpaHbl, ynyuiue-
HWe MPOHWLIAEMOCTH KNETOYHON MeMOpaHbl, BOCCTAHOBMEHWE W
noaaepaHme HopMarbHOW KNeTo4YHON (PM3MONOrK, akTMBaLmiO
BbIPabOTKM KOMnareHa, ynyyweHne MUKPOLMPKYSLMNA 1 TPOUK
TkaHel. Mcnonb3oBaHne npubopa UMeno Tpu NPOTUBOMOKA3aHUS:
DepeMeHHOCTb, MUCMONb30BaHWe KapLMOCTUMYNSTOPOB, TPOMOO-
tbnebuT, KoTOpblE ObINN BHECEHLI B KPUTEPUM UCKITIOYEHNS.

Micnonb3oBaHHbI pexum paboTbl Npubopa y KEeHLWWH B no-
CreonepaLyoHHOM nepuoge Mocne 3HLOMPOTEe3NPOBaHUsS Mo-
NOYHbIX Xene3 obecneynBaeT BO3QEeNCTBME METOLOM pagmoya-
CTOTHOM KNETOYHOW anekTpoTepanun Ha vactote 448 klu. OH
NPUMEHSANCS B NEPBYIO HeAEeN Nocne onepaLui, eXeaHEBHO, Ha
obracTb rpyau, aKenosnuus 15 MuHyT.

Mocne onepauun B NepBylo Hedento exenHeBHO, BO BTOPYIO
HeZenw yepes AeHb, a Takke Ha 15-e u 30-e cyTku, u 3, 6, 9,
12 mecsiLeB CnycTsl BO BpEMS! KOHTPOIbHbIX OCMOTPOB 1 0bCne-
[OBaHW aHanuauposanu obLuee COCTOSHNE PEKOHBANECLEHTOK,
WHTEHCWBHOCTL GOMNEBOr0 CMHAPOMA, Hanuune W BbIPaXeHHOCTb
AblXaTenbHbIX PacCTPOCTB, BO3MOXHOCTb aKTUBM3aLuMK, Tpyao-
1 paboToCcnoCO6HOCTb.
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C Lenbk OLEHKM UHTEHCMBHOCTM GOMNEBOr0 CUHAPOMA MHTpa-
OnepawLyoHHO (aHaMHECTUYECKM) M B NOCINIEONEPALIMOHHOM Nepyo-
peHa1,2, 3,7, 14-e cyTku, Yyepes 1, 3 1 6 MecaLeB nocrne BMeLLa-
TENbCTBA MCMOMb30BanM aHKeTY-ONPOCHMK YMCMOBOIA LKanbl 6omn
(Numeric Pain Scale), npeanoxenHyio McCaffery M. n Beebe A.
B 1993 r., NO3BONSIHOLLYIO OLEHUTL NHTEHCUBHOCTb HOMEBBIX OLLY-
wenu B 6annax ot 0 go 10. Bermumuny 1-3 Ganna cuntanm 6o-
NEBbIM CUHAPOMOM NErkon CTeneHn (HempusiTHble Bonesble OLLy-
LieHns), 4-6 6annoB — CUHAPOM CpedHen CTeneHn (YMepeHHas
Bonb); BennuuHa 7-10 6annos cooTBeTcTBOBaNa 6ONEBOMY CUH-
[POMY BbICOKOIA CTEMEHU, CUNbHOR Bonn.

MonyyeHHble pe3ynbTaTbl 0bpabaTbiBany 0bLENpUHATLIMU
MeTof4aMn BapuaLMOHHON CTaTUCTUKN.

PE3YJIbTATbl U OBCYXOEHUE

/IHTeHCMBHOCTb GONEBOrO CMHAPOMAa B aHanM3vpyeMbix Mog-
rpynnax, a Takke B KOHTPOMbHOM NOATPYNMe NaLUMEHTOK B TEYEHNE
MecsiLja Mocne BbINOMHEHHOMO 3CTETUYECKOrO SHAOMPOTE3NPOBAHNS
MOJTOYHbIX JKENe3 CUMMKOHOBLIMM UMMNAaHTaMK NPUBOAMM B Tabnu-
Le 1, JaHHbIE KOTOPOIA MO3BOMSIOT 3aKMOYNTb, YTO CPEAN NOArpyn-
Mbl XEHLWH, Y KOTOPbIX BBEAEHME OOTYNOTOKCMHA Tvna A coyeTa-
NOCb C KypCOM 3MEKTPON3NONIOrMYECKOr0 BO3AENCTBIS, YXe K UC-
X0y NepPBbIX CYTOK NOCreonepaLmMoHHOro Nepruoaa npesanmuposan
©oneBo CUHAPOM NErkoi 1 yMepPeHHoI cteneHn — B 76,4 n 11,3%
HabnoaeHnin. OOHOBPEMEHHO B TOT Xe CPOK CPeau NaLMeHTOK, Mo-
NyYaBLUMX UL BOTYNOTOKCHH, YacToTa JIEerkoro n yMepeHHoro 60-
NeBOro CMHApOMa okasanack Ha 51,7% Hixe (p <0,01) n Ha 25,4%
Bbile (p <0,05) cooTeeTCTBEHHO. B KOHTpOMbHON rpynne, rae 6o-
TYNOTOKCUH HEe BBOAWIICS, ANeKTPOPM3MONOrN4eCKOro BO3AENCTBISA
He ObIno, npeobnagan BblpaXeHHbIN 1 yMepEeHHbIN BONeBoN CHA-
pom — B 45,7 1 36,8% KnnHU4eckux HabmoaeHnin COOTBETCTBEHHO
(tabn. 1).

OpOHOBpEeMEHHO B TOM € MacCuBe KIMHUYeckux Habnope-
HAW Ha 2-e CYTKM Mocrne 3CTeTUYECKOTO 3SHAOMPOTE3MPOBaHMS
MOJIOYHbIX KENe3 B noarpynne HabntoaeHun, roe peabunuraum-
OHHble MeponpusTUS BKMKOYanu BBeAeHWE npenapata GoTymno-
TOKCWHA W 3NeKTPOdU3NONOTMYECcKoe BO3AENCTBUE, OTCYTCTBUE
BoneBoro cuHapoma koHcTaTupoBaHo B 11,3% cnyyaes, a 6onb
NErKOM 1N yMEPEHHOW MHTEHCUBHOCTM — y 74,5 1 11,1% naum-
€HTOK COOTBETCTBEHHO. B TOT Xe Cpok B rpynne cpaBHeHWs, rae
1CNonb30BasCs NULb 6OTYNOTOKCHH, YacToTa nerkoro 6onesoro
cuHapoma okasanack Ha 41,8% meHbLe (p <0,01), a ymepeHHom
Bonn — Boiwe Ha 28,2% (p <0,05). Kak 1 B nepBble CyTKM, K UC-
X04y BTOPbIX B rpynne KOHTPONS, rae WCnonb30Bany Nuwb nna-
Lebo 6e3 anekTpoh3noNornieckoro Bo3aencTBIs, npeobnagan
BbIPaX€EHHbIN 1 yMepeHHbI 6oneBble CMHAPOMbI — COOTBETCT-
BEeHHO B 32,6 1 43,6% cnyyaes.

CnycTa Hefento nocreonepayuoHHoro nepuoga ©Gonesoi
CWMHAPOM B aHanM3upyeMon rpynne nalueHToK, B peabunntaum-
OHHble MeponpuATUS KOTOPbLIX BKITOYanM BBeAeHWe BOTYnoTok-
CWHA 1 KypC 3nekTpodr3N0oNornieckoro Bo3LencTems, npaktuye-
CcKku oTcyTCTBOBaN — 78,2% HabntoaeHuit. Manas MHTEHCUBHOCTb
BbisBNsnace B 21,8% cnyyaes. B ToT xe cpok B nogrpynne na-

LIMEHTOK, NOMyYaBLUMX TONbKO BOTYNOTOKCWH nepeq onepawyen,
Cnyyam oTcyTcTBMs 6ONeBoro cuHapoma BbisenAnuck Ha 21,9%
pexe (p <0,05), npu atom B 6,1% cnyyaes oTmevancs 6onesoi
CWHAPOM YMEPEHHOW MHTEHCUBHOCTH.

K ncxogy BTOpON W YeTBEpTON HeJenu nocneonepaLyoHHOro
nepuoga B MOArpynne XeHLWH, nofyyaBLumx npenapat 6oTyno-
TOKCUMHA U KypC 3MeKTPOdM3NONOrI4eCckoro BO3AENCTBIS, NOSTHOE
oTcyTcTBME 6ONEBOrO CMHAPOMAa OTMEYEHO COOTBETCTBEHHO B
89,2 n 94,5% cnyyaes, 4to okasanocb 6onbwe Ha 10,7 n 9,1%
(p >0,05) cooTBETCTBEHHO, YeM B Te Xe CPOKM B MOATPYnne XeH-
LWKMH, NOMyYaBLWMX NWWb BOTYNOTOKCWH. CTaTucTuyeckue pas-
NM4MS B 4acToTe U BbIpaKeHHOCTW Gonesoro cuHapoma cnaboi
VHTEHCMBHOCTW B 9TUX [BYX MOATpynnax nauneHTok Ha 14-e
30-e cyTku mocrne onepauun Takke JOCTUranM COOTBETCTBEHHO
10,7% (BenuumHbl napameTpos 21,5 1 10,8%) n 9,4% (BenuumHbl
napameTtpoB 14,9 un 5,5%), ogHako pasnuuus okasanucb Takke
CTaTUCTMYeCKN HeaHaunmbiMu (p >0,05).

PesynbTaTbl NPOBEAEHHbIX MCCIIEL0BaHUI MO3BOMSIOT 3aKMH0-
UNTb, YTO KYpC 3neKTPOdr3Nonornyeckoro BO3AENCTBAS npena-
patom INDIBA, npoBogumMbIin B NEPBYIO HEAENO EXEAHEBHO, T.€.
CeMb npoLeayp nocne 3CTETUYECKOro SHAOMNPOTE3NPOBAHNS MO-
NOYHBIX Xenes, CyLLEeCTBEHHO MOBbILAET 3PPEKTUBHOCTL 06e3-
BonvBarowero gencTBus BBeAeHUs npenapata GOTYNOTOKCMHA
Tuna A 3a 14 cyTok 40 BMeliaTenbCTBa. YCTAHOBIEHO, YTO Mpw
X COBMECTHOM MCMONb30BaHWM 4aCTOTa U BbIPAaXEHHOCTb NErkoro
BoneBoro cuHApoMa Ha 1-e 1 2-e CyTKM OKa3blBAeTCS MeHbLUe Ha
51,7% (p <0,01) n Ha 41,8% (p <0,01) COOTBETCTBEHHO NO CPaBHe-
HWIO C pe3ynbTaTaMm UCMOMb30BaHNS NNLWb BOTYNOTOKCHHA.

MaToreHeTnyeckn 0BycrnoBneHHbIM hakTopom, obecneumsato-
LM NPOTMBOBOCNANUTENbHOE 1 06e3bonuBatoLLee AeiCTBIe, paH-
HIOI0 peabunutauuio, SBNSETCs UCTOMb30BAHHOE HAaMM 3NeKTPOdM-
310MOrYeckoe BO3OEMCTBNE 3MEKTPOMArHUTHOMO Monst anmapara
INDIBA. YcTaHOBIEHO, Y4TO CPeay XeHLUWH, Y KOTOPbIX BBEAEHWE
BOTynoTOKCMHA COYETANoCh C KypcoMm 3MeKTpou3nonoriyeckoro
BO3MENCTBNS, YXKe K MCXOAY NepBbIX CYTOK npesan1posan 6onesoi
CUHZPOM NErKoii 1 ymepeHHow ctenenn — B 76,4 n 11,3% Habnioge-
HWIA. Ha BTOpbIe CyTKM MOCME 3CTETUHECKOTO 3HAOMPOTE3MPOBAHMS
MOMOYHbIX JKene3 B 3TOM e MaccvBe MaLyeHToK oTCyTcTame bone-
BOrO CMHApOMa KoHcTaTupoBaHo B 11,3% cnydyaes, a 6onb nerkon
UK YMEPEHHOW MHTEHCUBHOCTU — Y 74,5 1 11,1% naupeHTok.

CnycTs Hefeno B aHanW3vpyeMmoln rpynne nauueHTok, pea-
BunuUTaLnOHHbIE MEpONPUATUS Yy KOTOPbIX BKIKOYanM BBEAEHUE
BoTynoTOKCMHa 1 KypC 3neKTpoU3NONOrM4eCcKoro BO3LencTBus,
Bonb npakTuyecku otcytcTeoBana B 78,2% HabmogeHni, a Ma-
nasi ee WHTEHCUBHOCTb BbisBNsANack B 21,8% crnyyaes. K ucxo-
[y BTOPOW 1 YETBEPTOI HEAENM NOCneonepaLoHHOro nepruoaa
B MOATPYNNe KEeHLWH, NomnyyaBLwmMX npenapat 6oTynoTokcuHa 1
Kypc 9nekTpou3nOoNorMyeckoro BO34encTBus, MOMHoe OTCyT-
cTeue 6oneBoro cuHapoma otMeyeHo B 89,2 n 94,5% crnyyaes
COOTBETCTBEHHO.

PeaynbTaThl MPOBEAEHHBIX UCCNIEf0BaHMA NO3BONAOT 3aKMHo-
UWTb, 4TO KYpPC SMEKTPOCN3MONOrMHECKOro BO3AENCTBIS npenapa-
ToM INDIBA, npoBoAMMbIii B NEpBYO HEAENH NOCNe 3CTETUYECKOrO
3HAONPOTE3MPOBAHNS MOMOYHBIX XKENe3, CYLLECTBEHHO MOBbILIAET
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Tabnuuya 1
[uHamuka 60neBoro CMHEPOMa Nocne ayrMeHTaLum rpyam ¢ y4eToM aN1eKTpodM3noNornyecKoil Tepanmm
B nocneonepauuoHHOM nepuoae
Table 1
Dynamics of pain after breast augmentation, taking into account electrophysiological therapy in the postoperative period
0, 1 H 0,
CDch;Zt ig}:. Kypc npoueyp INDIBA/ Yactorta BbisiBneHus 6onesoro cuHapoma, % / Frequency of detection of pain syndrome, %
days ' INDIBA treatment course HeT / no nerkoro / slight yMepeHHoro / moderate | BbipaxeHHoro / severe
1 EcTb, 6e3 6oTynoTokcuHa / 58 24,7 36,7 32,8
Yes, without botulinum toxin
Ectb, Ha doHe 6oTynoTokcKHa / 4.6 76,4 11,3 7,7
Yes, with botulinum toxin
Het/ No 0 17,5 36,8 45,7
2 Ectb, 6e3 6oTynoTokcuHa / 8,9 32,7 39,3 19,1
Yes, without botulinum toxin
Ectb, Ha coHe 6oTynoTokcKHa / 11,3 74,5 111 3,1
Yes, with botulinum toxin
Het / No 0 23,8 43,6 32,6
7 Ectb, 6e3 6oTynoTokcuHa / 56,3 37,6 6,1 0
Yes, without botulinum toxin
EcTb, Ha (hoHe 6oTynoTokcuHa / 78,2 21,8 0 0
Yes, with botulinum toxin
Het / No 34,7 384 26,9 0
14 EcTb, 6e3 60TynoTokcuHa / 78,5 215 0 0
Yes, without botulinum toxin
Ectb, Ha dhoHe 6oTynoTokcKHa / 89,2 10,8 0 0
Yes, with botulinum toxin
Het / No 61,2 38,8 0 0
30 EcTb, 6e3 60TynoTokcuHa / 85,1 14,9 0 0
Yes, without botulinum toxin
Ectb, Ha doHe 6oTynoTokcuHa / 94,5 55 0 0
Yes, with botulinum toxin
Het/ No 67,9 32,1 0 0

appekTBHOCTL 06e3b0NMBatoLLEro AencTeus 6oTynoTokeuHa. Mpu
KOMBWHMPOBaHUM [aHHbIX METOLOB 4acToTa U BbIPaXeHHOCTb
nerkoro 6oneeoro cMHApoOMa Ha 1-e 1 2-e CyTKM OKasblBaeTcs
MeHbLLe Ha 51,7% (p <0,01) n Ha 41,8% (p <0,01) no cpaBHeHuI0 C
pesynbTaTamu UCMOMb30BaHUs Muwb BoTynoTokcuHa. CTatuctude-
CKIIA pacyeT NO3BOMWI BbISBUTb CUIbHYHO CBSI3b MEXIY KypCOBbIM
1cnornb3oBaHneM anekTpodumanonornyeckoro Bogenctans INDIBA
nocne BBeAeHWst BOTYNOTOKCUHA C BbIPXEHHOCTLI0 BONEBOro CiH-
Apoma Ha 1, 2 1 7-e CyTku peabunutaLmoHHOro nepuoga nocne aH-
[0NpOTE3MPOBaHMS MOSTOYHBIX xenes (p <0,01).

BbIBO[bI

nes3 ABNSETCS OCHOBHOM 3ajayel aCTETUYECKOI Xupypruu, obec-
neynBatoLLel CKOpenLwyto TPYAOBYIO U CoLMarnbHy agantauuio
navuWeHTOK.

2.Tpn  KOMOMHWPOBAHWM WHBLEKLUMOHHOMO BBEAEHNS 6o-
TYNOTOKCUHA U 3nekTpomarHuTHoro nons annapata INDIBA we-
TEHCUBHOCTb DONMEBOr0 CMHOPOMa B TEYeHWe MepBoro Mecsua
HabmogeHns 6onee yem B 90% cnyvaeB OTHOCKUNACH K NETKOM
CTENeHH, 4YTO CBUAETENbCTBYET 06 McyepnbiBaloLLein AeHepBaLmm
musculus pectoralis major, cONPOBOXAAKLLENCSH BbIPAKEHHBIM
aHanbreTn4yeckum aphexkTom.

3AKNIOYEHUE

1. AmekBaTHas aHanreaus B paHHeM W No3gHeM nocneonepa-
LMOHHBIX Nepuodax nocne SHAOMNPOTE3MPOBAHNS MOMOYHBIX Xe-

Takum 06pa30M, npveeAeHHble pPe3ynbTaTbl yGGD,VITeJ'IbeI B
nnaHe Toro, 4to I'IpeD,I'IO)KeHHbIVI KOMMIeKe pea6VIJ'IVITaLI,VIOHHbIX
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MEPONPUATAIA MOCMEe 3CTETUYECKOro SHAOMNPOTE3UPOBaHUS MO-
MOYHbIX Xene3 B BUOE MaApPEHTEPANbHOTO BHYTPUMBILLEYHOrO
BBEAEHNS npenaparta OOTYNOTOKCKHA, a Takke Kypca SnmekTpo-
(hM3nONOrMYecKoro BO3AENCTBIS SNEKTPOMArHUTHbIM NONEM OKa-
3blBaeT BbIPAKEHHbIN U ANUTENbHBLIA 06e360nMBatoLLMn ahdekT
B NOCEe0onepaLynoHHOM Neproge.

AONONHUTENbHAA UHOOPMALINA

Bknap aBTOpoB. Bce aBTOPLI BHECIM CYLIECTBEHHbIA BKNA
B pa3paboTKy KOHLENUWM, NpoBeAEHUE UCCNEA0BaHMS W NOATo-
TOBKY CTaTb, MPOYnM 1 ofobpunn (uHanbHyl0 BEPCUID nepea
ny6nmkaumen.

KoHdnukt uHTepecoB. ABTOpbI AEKNapUpYT OTCYTCTBUE
SIBHbIX W MOTEHLMamnbHbIX KOH(PINKTOB UHTEPECOB, CBA3AHHbIX C
nyGrnukaumen HacTosILLen cTaTbi.

WUcTounuk domHaHcmpoBaHus. ABTOpbI 3asBAsioT 06 0TCyT-
CTBUM BHELIHEro (PUHAHCMPOBaHUS NpU MpOBELEeHUM Wccnepo-
BaHUs.

WHdopmupoBaHHoe cornacue Ha ny6nukaumio. ABTOpbI
MONy4YMnM NUCbMEHHOE Cornacue NauneHToB Ha nybnvkaumio me-
BVLMHCKUX OaHHbIX.
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Pestome. AkmyanbHocmsb. Nonck apdhekTBHbIX NpeanKTOpoB TskecTn TeveHnst COVID-19 aenseTtcs BaxHOM
npobnemMon MEANLIMHCKON HayKi Ha COBPEMEHHOM 3Tane. B maToreHese TAXenoro Te4eHNst HOBOW KOPOHABUPYCHON
NH(EKLMM CYLLLECTBEHHOE 3HAYEHNE UMEKT U3MEHEHMUS COCTOSIHUSA reMoanHamuki. Ljenb uccnedoeaHus — Bbl-
SBUTb N3MEHEHMS remoanHamukm y naumentoB ¢ COVID-19 npu nporpeccupytollei abixaTenbHOM HeJOCTaTOYHOCTU.
Mamepuanbi u memodsl. Viccnegosanue BuinonHuny y 100 nauneHToB 060€ro nona ¢ BHe60NbHUYHON NONNCErMeH-
TapHON BUPYCHO-6akTepnanbHon nHeBMoHuen Ha hoHe COVID-19. MNMpocneKkTnBHO NaLUMeHThl Obiny pa3aeneHbl Ha
2 Tpynnbl C Y4eTOM Pa3BUTMSA TSHKENOW AblXxaTeNbHOM HeJocTaTouHOCTH. B 1-10 rpynny Bownm 50 nayneHToB, KOTOPbIM
He noTpe6oBanacb MexaHM4Yeckas BEHTUNALMS, BO 2-10 BOLUMW NALMEHTbI, KOTOPbIM 1160 NpoBoAMnack Ha MOMEHT
NCCNEAOBAHMS MeXaHuyeckas BeHTUNauust, nnbo notpebyercs B byayuwiem. HabntogeHue ocyLecTsnsnm ¢ nomo-
L0 KOMMMeKca annapaTHO-NPOrpaMMHOr0 HeWHBA3MBHOTO CCNEeL0BaHUS LeHTpanbHON reMoguHaMUKN METOL0M
06bEMHOIN KOMMPECCUOHHOM OCUMINOMETPUN. Pe3ynbmamel. Y naluneHTOB C NPOrpeCCHpPOBaHNEM AbIXaTeNbHON
HEA0CTaTOYHOCTM Ha POHE HOBOW kopoHaBMpycHOM uHdekyn COVID-19 MeHbLe 3HaYeHUe yagapHoro obbema u
nHaekca B 1,27 1 1,16 pa3 cooTBETCTBEHHO 40 MPOH-N03nLMK, a Takxe B 1,3 1 1,23 pasa nocne npoH-No3uuumn co-
OTBETCTBEHHO MO CPaBHEHWIO C BoMbHbIMK rpynnbl 6naronpuaTHoOro TeveHuns. Momumo 3aTtoro, BO 2-1 rpynne nokasa-
Tenb 06bEMHON CKOPOCTM BbIOpOCa B MOMOXEHWN Ha CIMHE MeHbLue B 1,26, Ha xumBoTe B 1,22 pasa. [logatnmneocTb
COCYANCTON CTEHKM W peakLms npekanunnspoB y nauneHToB, KOTOpbIM NoTpeboBanack MexaHuyeckas BEHTMAALNS
nerkux, Hmxe B 1,19 n 1,81 pas cooTBETCTBEHHO A0 NPOH-N03unuuK, a Takxe B 1,28 n 2,04 pasa COOTBETCTBEHHO
nocne NPOHUPOBaHUS. BbI80o0dbl. Y NALMEHTOB C NPOrPECCUPOBAHNEM TSKENON AblXaTeNbHON HeJOCTaTOYHOCTH Ha
hoHe HOBOM KOopoHaBMpYcHoil uHgekLmn COVID-19 BbiSiBNEHbI N3MEHEHNS YaapHOro 06bema 1 nHaekca, 06 beMHON
ckopocTy Bbibpoca, NOAATANBOCTI COCYANCTON CTEHKU.

KnioueBble cnoBa: npegukTopbl, AblXxaTeNbHas HEAOCTAaTOYHOCTb, NPOoH-no3uums, COVID-19, remoguHamuka
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Abstract. Background. The search for effective predictors of the severity of COVID-19 is an important problem in
medical science at the present stage. In the pathogenesis of the severe course of a new coronavirus infection, changes
in the state of hemodynamics are essential. Aim: to identify hemodynamic predictors of decompensated respiratory
failure in patients with COVID-19. Materials and methods. The study was carried out on 100 patients of both sexes
with community-acquired polysegmental viral-bacterial pneumonia against the background of COVID-19. Next, the
patients were divided into 2 groups based on the development of severe respiratory failure. The 1st group included
50 patients who did not require mechanical ventilation, the second included patients who were either undergoing
mechanical ventilation at the time of the study or will be undergoing it in the future. The studies were carried out
using a complex of hardware-software non-invasive study of central hemodynamics using volumetric compression
oscillometry. Results. In patients with progression of respiratory failure against the background of the new corona-
virus infection COVID-19, the value of stroke volume and index is 1.27 and 1.16 times less before the prone position,
as well as 1.3 and 1.23 times after the prone position according to compared with patients in the favorable group. In
addition, in group 2, the volumetric ejection velocity in the supine position was 1.26 times less, and in the stomach
position it was 1.22 times less. The compliance of the vascular wall and the reaction of precapillaries in patients who
required mechanical ventilation were lower by 1.19 and 1.81 times before proning, and by 1.28 and 2.04 times after
proning. Conclusions. In patients with progression of severe respiratory failure against the background of the new
coronavirus infection COVID-19, changes in stroke volume and index, volumetric ejection velocity, and vascular wall

compliance were identified.

Keywords: predictors, respiratory failure, prone position, COVID-19, hemodynamics

BACKGROUND

MATERIALS AND METHODS

Coronavirus disease 2019 (COVID-19) is an extremely con-
tagious disease produced in humans by the severe acute respi-
ratory syndrome coronavirus-2 (SARS-CoV-2) [15]. Due to mild
symptoms and high contagiousness, the infection quickly spread
throughout the world [14]. 81 percent of COVID-19 patients had
cold-like symptoms and moderate pneumonia, 14 percent had se-
vere respiratory syndrome, and 5 percent had critical respiratory
failure, septic shock, and/or multiple organ dysfunction or failure;
the overall fatality rate was 1%. [18]. Approximately 17 to 35% of
hospitalized patients with COVID-19 are treated in the intensive
care unit, most often due to hypoxemic respiratory failure and the
development of ARDS, and between 29 and 91% of patients in in-
tensive care units require invasive ventilation. [7]. More than 75%
of patients hospitalized with COVID-19 require supplemental oxy-
gen. [12, 17]. A number of risk factors for severe COVID-19 have
been identified, among which the patient's age and comorbidity
are of leading importance — factors that determine the prognosis
of in-hospital mortality of hospitalized patients [2, 6]. Therefore, it
is extremely important to research the pathophysiological features
of patients, identify risk factors of disease progression, prognosti-
cate severity for clinical diagnosis and early initiation of adequate
treatment, which is crucial to improve the survival of critically ill
patients.

AIM OF THE STUDY

To identify changes in hemodynamics in patients with
COVID-19 with progressive respiratory failure.

A prospective non-randomized study was performed in
100 patients. The study was performed in the City Clinical Hospital
Ne 1 in Chita, Russian Federation. The investigation was carried
out after approval by the local ethical committee of Chita State
Medical Academy (protocol Ne 102 of 15.05.2020) according to
the local treatment protocols.

The study was carried out in two stages. First, a hemodyna-
mic study was performed in patients of both sexes with commu-
nity-acquired polysegmental viral-bacterial pneumonia against the
background of COVID-19, aged from 35 to 87 years, in intensive
care units, with various types of respiratory support. The diagnosis
was made according to the temporary methodological recommen-
dations of the Provisional Guidelines of the Russian Ministry of
Health on prevention, diagnosis, and treatment of novel coronavi-
rus infection COVID-19. The patients were diagnosed with at least
50% viral-induced involvement of lungs using chest computed to-
mography. The patients were prescribed the standard treatment
according to the current version of the Provisional Guidelines of
the Russian Ministry of Health on prevention, diagnosis, and treat-
ment of novel coronavirus infection COVID-19. During the study,
patients at various stages of respiratory support were randomly
recruited. Respiratory support through a face mask with a flow
of 57 liters was provided for 40 patients, death was recorded in
8 of them. Non-invasive artificial pulmonary ventilation was per-
formed in 41 patients, of which 23 died.Mechanical pulmonary
ventilation was performed in 19 patients who subsequently died.

Next, the patients were divided into 2 groups based on the
dynamics of respiratory failure (Table 1). The first group included
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50 patients who did not require mechanical ventilation, the second
group included patients who were either undergoing mechanical
ventilation at the time of the study or would be undergoing it in the
future. The need for mechanical ventilation during hospitalization
was a sign of decompensation.

The non-inclusion criteria included neoplastic diseases, se-
vere immunodeficiency, unstable hemodynamics, vasopressor
infusion, signs of hypovolemia, uncontrolled hypertension (SBP
above 200 mm Hg).

Hemodynamic studies of two groups of patients were per-
formed using the integrated hard- and software system for non-
invasive central hemodynamic study by volumetric compression
oscillometry «<KAP TsG Osm-Globus» (Russia).

The following sets of parameters were recorded: blood pres-
sure, cardiac activity and vascular parameters. The first block
included data on systolic (SBP), diastolic (DBP), mean (SBP),
oscillometric ‘true’ systolic (OTSBP), pulse (pBP) and stroke
(StBP) blood pressure, pulse blood pressure velocity (PBPV).
The second set consisted of indicators of pulse, cardiac output
(CO) and cardiac index (ClI), stroke volume (SV) and stroke in-
dex (SI), volume ejection rate (VER), left ventricular contractile
power (LVCP) and energy expenditure (EE) per 1 liter of car-
diac output per minute. The third block was presented by the
linear blood flow rate (LBFR) and pulse wave velosity (PWV),
vascular compliance (VC), total peripheral resistance (TPR) and
normalized peripheral resistance (NPR) as well as NPR actual/
NPR estimated ratio (FS). All parameters were obtained from
the software and hardware readings and calculated according to
the instructions. The indicators recorded in patients in the laying
position belong to the 1st group of parameters, the data recorded
on the stomach belong to the 2nd group.

The authors followed the International Committee of Medical
Journal Editors (IC MJE) guidelines and the Statistical Analysis
and Methods in the Published Literature (SAMPL) guidelines when
conducting statistical analyses. The normality of the distribution
of characteristics was assessed using the Kolmogorov—Smirnov
test. Taking into account the distribution of characteristics that dif-
fered from normal in all studied groups, the data obtained were
presented as the median, first and third quartiles: Me (Q1; Q3).
To compare two independent groups on one quantitative charac-
teristic, the Mann-Whitney test (U) was used. Nominal data were
described with absolute values and percentages. Comparisons
of nominal study data were made using Pearson’s x? test. For
small samples, preference was given to the Pearson chi-square
test with likelihood adjustment. If the number of expected obser-
vations in at least one cell of the four-field table was less than
10, the chi-square test with Yates’ correction for continuity was
used to compare two independent groups of nominal data. If the
number of expected observations in at least one of the cells of
the four-field table was less than 5, Fisher’s exact test is used to
compare two independent groups of nominal data. The prognostic
model was built using logistic regression [3]. To establish the dia-
gnostic value of the prognostic model, ROC analysis was used.
Statistical processing of the study results was carried out using

the IBM SPSS Statistics Version 25.0 software package (Interna-
tional Business Machines Corporation, license No. Z125-3301-14,
USA).

RESULTS

When comparing the indicators recorded before the prone po-
sition, it was found that in patients of the 1st group, systolic and
pulse blood pressure was higher than in patients of the 2nd group
by 1.04 times at p=0.05, 1.13 times at p=0.023. The values of
stroke volume and stroke index are also higher in patients who
did not require mechanical ventilation, 1.27 times at p <0.005 and
1.16 times at p <0.005 (Table 2 and 3).

The parameters of the volumetric cardiac output velocity and
left ventricular power are greater in group 1 by 1.26 times at
p <0.005 and 1.23 times at p <0.005 than in group 2. The comp-
liance of the vascular wall and the FS coefficient in the group
where respiratory failure did not progress were 1.19 times higher
at p <0.005 and 1.81 times higher at p <0.005, respectively.

When comparing the pulse rate measured before the prone
position maneuver, the indicators were 1.2 times lower in patients

of the 1st group than in the 2nd group with p <0.005.

Table 1
Characteristics of patient groups (M[25;75])
Parameter Group 1, Group 2, Statistical
n =50 n= 50 significance
Age, years 63,00 68,00 p=0,049
[58,19;62,70] | [64,05;67,46]
Height, m 1,67 1,67 p=0,812
[1,66;1,70] [1,66;1,69]
Weight, kg 80,00 80,00 p=0,364
[82,26;88,84] | [79,19;85,46]
BMI, kg/m? 30,04 29,24 p=0,266
[29,25;30,97] | [28,38;30,33]
Hypertension 36/50 (72%) 36/50 (72%) p=0,87
CHD 21/50 (42%) 33/50 p=0,011
(67,3%)
Chronic heart | 16/50 (32,7%) 30/50 p=0,005
failure (61,2%)
Chronic 6/50 8/50 p=0,742
obstructive (12%) (16,3%)
pulmonary
disease
Diabetes 8/50 (16%) 12/50 p=0,423
mellitus (24,5%)
Chronic kidney 4/50 (8%) 8/50 (16,3%) p=0,336
disease
Neurological 6/50 (12%) 16/50 p=0,011
diseases (33,3%)

p — statistical significance of indicators.
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Table 2

Comparison of vascular and cardiac performance indicators
in patients with critical respiratory failure

Group 1, Group 2,
Parameter n =50 n= 50 p
Systolic blood 128,00 123,00
pressure, [126,35;131,73] | [117,54;123,73] p=0,050
mm Hg. Art.
Pulse blood 52,00 46,00 p=0,023
pressure-1, [51,49;56,59] [44,20;48,90]
mm Hg. Art.
Pulse-1, 69,00 [68,70; 84,00 p <0,005
beats/min 73,83] [84,73;91,44]
Pulse-2, 73,00 88,00 p=0,001
beats/min [73,70;78,26] [86,57;94,20]
Stroke 89,00 70,00 p <0,005
volume-1, ml [85,43;93,10] [64,67;71,00]
Stroke 86,00 66,00 p=0,007
volume-2, ml [78,07;84,66] [65,83;74,70]
Stroke index-1, 44,00 38,00 p <0,005
ml/m? [44,67;48,96] [34,81;38,13]
Stroke index-2, 43,00 35,00 p=0,022
ml/m? [40,72;44,22] [35,14;40,00]
p — statistical significance of indicators.
Table 3

Comparison of vascular and cardiac activity parameters
in patients with critical respiratory failure

Parameter Group 1, n=50 Group 2, n=50 p
Volumetric 272,00 215,00 p <0,005
ejection velocity — | [277,56;309,86] | [203,44;221,13]
1, ml/s
Volumetric 244,00 200,00 p=0,016
ejection velocity — | [243,81;267,70] | [207,31;232,89]
2, ml/s
Left ventricular 3,20 2,60 p <0,005
contraction [3,38;3,86] [2,36;2,64]
power — 1, W
Compliance of the 1,52 1,28 p <0,005
vascular wall — 1. [1,51;1,63] [1,24;1,36]
ml/mm Hg. Art.
Compliance of the 1,47 1,15 p <0,005
vascular wall — 2. [1,42;1,53] [1,19;1,32]
ml/mm Hg. Art.
FS-1 0,58 0,32 p <0,005
[0,51;0,60] [0,21;0,32]
FS-2 0,55 0,27 p <0,005
[0,45;0,53] [0,17;0,30]

p — statistical significance of indicators.

When comparing the group of indicators recorded after the
prone position maneuver, stroke volume and stroke index were
higher in patients of the 1st group by 1.30 times at p=0.007 and
1.23 times at p=0.022 than in the 2nd group.

The value of the volumetric cardiac output rate and vascular wall
compliance was greater in the group where respiratory failure did
not progress, by 1.22 times at p=0.016 and 1.28 times at p <0.005.
We also found that in patients where mechanical ventilation was not
required, the FS coefficient was 2.04 times higher with p <0.005.

When comparing the pulse rate measured after the prone po-
sition maneuver, the indicators were lower in patients of the 1st
group than in the 2nd group by 1.21 times with p <0.005.

When comparing the group of indicators recorded after the
prone position maneuver, stroke volume and stroke index were
higher in patients of the 1st group by 1.30 times at p=0.007 and
1.23 times at p=0.022 than in the 2nd group.

The value of volumetric cardiac output velocity and vascular
wall compliance was greater in the group where respiratory fai-
lure did not progress by 1.22 times at p=0.016 and 1.28 times
at p <0.005. It was also found that in patients where mechanical
ventilation was not required, the FS coefficient was 2.04 times
higher at p <0.005.

When comparing the pulse rate measured after the prone po-
sition maneuver, the indicators were lower in patients of the 1st
group than in the 2nd group by 1.21 times with p <0.005.

DISCUSSIONS OF THE RESULTS

Previous studies have placed [8] importance on identifying
and confirming factors that predict COVID-19 progression. Fac-
tors including age, comorbidities, immune response, radiographic
data, laboratory markers, and indices of organ dysfunction may
individually or collectively predict worse outcomes. Not all facts
studied are conclusive evidence predicting severe disease, some
are presumptive, and others are still preliminary and need fur-
ther study. However, the difficulty of predicting the severity of
COVID-19 disease is underscored by the fact that SARS-CoV-2
appears to have tropism for several tissues, including primarily
the respiratory tract [9]. SARS-CoV-2 affects multiple organ sys-
tems, including the respiratory, cardiovascular and urinary sys-
tems, causing pneumonia and respiratory failure in patients [9,
11, 16].

Considering the fact that the treatment of respiratory failure is
closely related to the use of prone position, we decided to study
the hemodynamic state before and after proning of patients. Any
change in the position of a patient in critical condition can cause
different responses, which indicate a breakdown of adaptive
mechanisms.

Patients whose respiratory failure did not progress had lower sys-
tolic blood pressure, pulse blood pressure, and pulse. This is probably
due to changes in the block of cardiovascular parameters. Placing
patients in a prone position caused an increase in intrathoracic
and intra-abdominal pressure, which interferes with venous return
and likely reduces ejection volume flow (EVF) [5].
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Changes in stroke volume and index, the volumetric velocity
of ejection, were observed both before and after the prone po-
sition. Probably, a significant decrease in the indicators of this
block is due to the fact that patients in group 2 had more signifi-
cant changes in the lungs (Tables 2 and 3). Extensive pneumonia
caused by the new coronavirus infection COVID-19 led to damage
to many alveolar units and disturbances in micro- and macrocir-
culation. A common complication in such patients is the develop-
ment of pulmonary embolism [10, 13]. Often against this back-
ground, indicators of pulmonary hypertension increased [4], which
in turn affected the speed and indicators of stroke volume. Also,
against the background of a new coronavirus infection, ischemic
and inflammatory processes occurred in the myocardium, which
could also affect the indicators of cardiac block.

Compliance decreased statistically significantly both before
and after the prone position. SARS-CoV-2 has a destructive effect
on the cardiovascular system, which can be explained by both a
direct cytotoxic effect on the endothelium and immune-mediated
damage to endothelial cells. Angiotensin-converting enzyme 2,
expressed on the endothelium, serves as a receptor for viral en-
try into the cell. The result of this interaction is an imbalance in
the functioning of the renin-angiotensin system, which disrupts
the regulation of vascular tone, stimulates proliferation and has a
pro-inflammatory effect. Interleukin 6, which plays a key role in the
development of cytokine storm, mediates a wide range of inflam-
matory changes that cause disturbances in the structural and func-
tional organization of blood vessels [1]. An indirect sign of changes
in hemodynamics in group 2 is reflected by the FS coefficient; it in-
dicates the reaction of precapillaries to changes in cardiac output.

CONCLUSIONS

1. In patients with progression of respiratory failure against the
background of the new coronavirus infection COVID-19, the value
of stroke volume and index is 1.27 and 1.16 times less before
the prone position, as well as 1.3 and 1.23 times after the prone
position according to compared with patients in the favorable group.

2. In addition, in group 2, the volumetric ejection velocity in the
supine position was 1.26 times less, and in the stomach position
it was 1.22 times less.

3. The compliance of the vascular wall and the reaction of
precapillaries in patients who required mechanical ventilation
were lower by 1.19 and 1.81 times before proning, and by 1.28
and 2.04 times after proning.

AONONMHUTENBbHAA UHOOPMALINA

Bknap aBTopoB. Bce aBTOPbI BHECIN CYLYECTBEHHBIN BKNag
B pa3paboTKy KOHLENLWM, NpoBefeHne UCCNeaoBaHus 1 Noaro-
TOBKY CTaTbW, NpoYnM 1 ogobpunu duHanbHyl0 Bepcuio nepea
ny6nukaumen.

KoHchbnukt uHTEpecoB. ABTOPbI AEKNapupyloT OTCYTCTBUE
SIBHBIX W NOTEHLMambHbIX KOH(PAWUKTOB UHTEPECOB, CBA3AHHbIX C
nybrnukaumen HacTosLLen cTaTbi.

WUcTouHuk uHaHcMpoBaHus. ABTOpbI 3asBNsIOT 06 OTCYTCT-
BWM BHELLHETO (DUHAHCUPOBAHMS MY NPOBEAEHNN UCCIIELOBAHNS.

WHdopmupoBaHHOE cornacue Ha nyGnukaumi. ABTOpbI
MOJTyYMnn NUCbMEHHOE Cornacue nauneHToB Ha nybnukaumio me-
ONLMHCKUX JaHHbIX.
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ONMPEOENEHUE 3OPEKTUBHOCTU ABTOPCKOIO C[TIOCOBA
MONYYEHNA UOEHTUYHBIX PACTPOBbIX U3OEPAXEHWIA OKKNIO30rPAMM
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Ans yumupoearus: Yenypsiesa O.C. Onpeaenexne 3 ekTMBHOCTM aBTOPCKOro cnocoba nonyyeHust UAEHTUYHbIX PaCTPOBbLIX M300paxeHuii
okknosorpamm // Poccuitckne brnomeamnumnckue ncenegosanus. 2024. T. 9. Ne 1. C. 19-23. DOI: https://doi.org/10.56871/RBR.2024.31.87.003

Moctynuna: 09.01.2024 OpoGpeHa: 05.02.2024 MpuHsTa k nevatu: 04.03.2024

Pestome. [lnarHocTuke OKKNIO3MOHHbBIX KOHTAKTOB, @ TakXe X BOCMPOU3BEAEHNI0 CTOMATONOM NpuaatoT 60nbLioe
3HayeHne. IMEHHO OT TOYHOCTU BOCCTAHOBNEHUS OKKITIO3MOHHbBIX KOHTAKTOB 3aBWUCUT KA4YECTBO NPOBEAEHHOrO fle-
YeHuns. B HacTosLee Bpemsi HET cnocoba, KoTopbIn Bbl rapaHTUPOBas TOYHbIN, BbICTPLINA, 3PEEKTUBHBIA pe3ynbTart,
noaToMy Mbl pa3paboTtani 1 3anaTeHToBanu aBTopCkuiA Cnocod NonyyeHns pacTpoBbixX N306paXeHUI OKKT030rpaMm.
Mbl npoBENN NaTEHTHbIN NOUCK BCEX NMOXOXMUX CNOCOBOB OLEHKM OKKITO3UM U OKKITHO3MOHHbBIX B3aMOOTHOLLEHNI
B AOCTYMHbIX HAM UCTOYHMKAX NUTepaTypbl. [lanee Mbl CPaBHUAN HaLL aBTOPCKUIA CNOCOB NONyYeHUs pacTpOBbIX
n300paxeHui OKKN30rpaMm C Apyriumu N3BeCTHbIMU MeTogamu. B peynstaTe npoBEAEHHOrO UCCnefoBaHNS Hamu
Obina gokasaHa ahPeKkTUBHOCTb NPUMEHEHMS aBTOPCKOrO cnocoba nonyyeHns pacTpoBbIx M306pakeHUI OKK30-
rpaMm B KIIMHUYECKOW CTOMATONOIMYeCKON NpakTuKe.

KnioueBble cnoBa: okkntosorpadus, nnowlaab OKKM3NOHHbIX KOHTAKTOB, NMNaHWETHbIA CKaHep, ANarHoCThKa,
OKKJTH03MOHHbII 0TNEYaToK

DETERMINATION OF THE EFFECTIVENESS OF THE AUTHOR'S METHOD
OF OBTAINING IDENTICAL RASTER IMAGES OF OCCLUSIOGRAMS

© Olga S. Chepuryaeva
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For citation: Chepuryaeva OS. Determination of the effectiveness of the author’s method of obtaining identical raster images of occlusiograms.
Russian Biomedical Research. 2024;9(1):19-23. DOI: https://doi.org/10.56871/RBR.2024.31.87.003
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Abstract. Dentists attach great importance to the diagnosis of occlusive contacts, as well as their reproduction. The
quality of the treatment depends on the accuracy of the restoration of occlusal contacts. To date, there is no way that
would guarantee an accurate, fast, effective result. Therefore, we have developed and patented an author’s method
for obtaining bitmap images of occlusograms. We conducted a patent search for all similar methods of assessing
occlusion and occlusive relationships in the literature sources available to us. Next, we compared our author’s method
of obtaining bitmap images of occlusograms with other known methods. And as a result of the conducted research,
we have proved the effectiveness of the author’s method of obtaining raster images of occlusograms in clinical dental
practice.

Keywords: occlusography, area of occlusal contacts, flatbed scanner, diagnostics, occlusal fingerprint
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BBEOEHUE

[narHocTuka OKKMKO3MOHHBIX KOHTAKTOB, aHamm3 pasnnyHbIX
MOMOXEHWUI HWKHEN YemoCTh, UCCNEeAOBaHNe COCTOSIHUS MbILLL
1 BUCOYHO-HWXKXHEYEITIOCTHOrO CyCTaBa BaXHbl B CTOMATONOMye-
CKOW mpakTuke. Ha atanax obcnefoBaHust nauueHToB 40 U no-
Cne NpOBefEeHHOr0 CTOMATOMOrMYECKOrO fIeYeHUs CTOMAaTonor
npuaatoT 60Mbluoe 3HaYeHne BOCMPON3BELEHNIO OKKMHO3MOHHBIX
KOHTaKTOB. IMEHHO OT TOYHOCTM BOCCTAHOBIIEHNS OKKITHO3WMOHHBIX
KOHTaKTOB 3aBUCUT Ka4yeCTBO NPOBEAEHHOr0 NneyeHus [1-3].

®r3nNonornyeckyro OKkM3no 0becneynBaT OKKMHO3NOHHbIE
KOHTaKTbl eBaTerbHbIX 3yO0B, KOTOPLIE XapakTepu3ylTcs Hamnu-
uMeM Ha KeBaTeSlbHOM MOBEPXHOCTU 3yOOB BEPXHEN W HIDKHEN
cuccyp n Gyropkos [2, 4].

BoccraHoBneHue yHKLNUN XeBaHUS — 3TO OAWH U3 OCHOB-
HbIX Pe3ynbTaToB Ka4eCTBEHHO MPOBEEHHOr0 CTOMaTonornye-
CKOTO neyeHns, Oyab To OpTONeanYeCcKOe, OPTOLOHTUYECKOE WUITH,
B MeHbLUEN Mepe, TepaneBTuyeckoe neyenue [1, 7, 13]. Hapy-
LUEHWe WNM HenpaBUIbHOE BOCCTAHOBNEHWE penbedia OKKMio-
31OHHOTO naHAwadTa [11] BeOeT K YBENUYEHUIO TPEBOXHOCTH
naumeHTa n13-3a HapyLUEHUs KM3HEHHO BaXHOW (DYHKLMM XeBa-
Hus [4]. HecmoTpsi Ha MHOroobpasiie BO3MOXHbBIX COBPEMEHHbIX
1CCNeoBaHNA CTOMATONOMMYECKOro MauneHTa, CyLecTBYOLWNX
Ha faHHoe Bpems [8, 14], meToabl onpefeneHus xesaTenbHOM
3((HEKTUBHOCTU OCTAKOTCH MaKCUMarnbHO WHGOPMATUBHLIMU W
B NONTHOW MEepe XapakTepu3ylLWyMI Ka4yeCcTBO BOCCTaHOBMEHMS
yHKLMK xeBaHus [5, 6, 12]. To4HOe BOCCTAHOBIIEHWE OKKITHO3M-
OHHbIX KOHTAKTOB W OKOMOKOHTAKTHbIX 30H NP CTOMATONOrnye-
CKOM IeYeHnn, SBASETCS OOHOM M3 CMOXHENLUMX 3aaay B pabo-
T€ Bpaya-CcTomatorora, U A1 ee peleHns bbinu paspaboTaHbl
pasnnyHble YCTPOMCTBA, BOCMPOW3BOAALLME ABWKEHWS HUXKHEN
YenCcTy, a Takke NpeanoXeHbl pasnuyHbie cnocobbl onpeaene-
HWS 1 prKCaLW B3aUMOOTHOLLEHWI YentocTen. EcTb MHOXeCTBO
€nocob0oB perncTpaLm OKKI3uK, Takke eCTb HECKOMbKO Croco-
OoB nepeHoca penbeda OKKMO3MOHHON MOBEPXHOCTY HA NEPCO-
HanbHbIA KOMMbBIOTEP W Aanee B Nporpammy Ans onpegeneHus
MoWaamn OKKIT3MOHHOM noBepxHocTh. OpHako npobnema Bce
ele He peleHa. A.B. MalwkoBbiM npeanoxeH cnocob nonyde-
HWS1 pacTpOBbIX M300paXeHWA C MOMOLLbIO HeraTockona, oTo-
annapaTa u wratuea. M3obpaxeHne OKkN3orpamMmbl Mpu 3TOM
pasMelLanocb Ha Heratockone, ganee otorpacupoBanoch 1
MepeHocUnoch B NEPCOHANbBHBIN KOMMBIOTEP AN MOCneaytoLwero
aHanu3a [2, 9]. Ha Haww B3rnsg, 310 HeyaobHo, TpebyeT Hanuuns
LOMOMHUTENbHOrO 060pYyLOBaHNS B BiAE HEraTockona v kavect-
BEHHOro hoToannapara v BCe paBHO HE rapaHTUPYET NonyYeHue
MOEHTWYHBIX M300paxeHui.

/3 nutepatypbl N3BECTEH CNOCOD CO3A4AHMS OKKMHO3MOHHBIX
KOHTaKTOB 1 3yOHbIX MPOTE30B, UCMOMb3YIOLMIA MOMTYYEHHYO B
MOSIOCTM pTa OKKMO30rpaMmy, no KOToponl hopMUPYIOT Ha run-
COBOVl MOAENM MNOCKOCTb, B KOTOPOW NEXaT KOHTaKTHble TOYKM
nepneHanKynspHo ocy 3yba, 1 co3gatoT NMOLLaaM OKKMH3MOHHBIX
KOHTaKTOB B 3aBMCMMOCTM OT CTEMEHU aTpoum KOCTHON TKaHM
4entcTy, No KOTOPOW BOCCTAHABMBAIOT OKKMIO3MOHHbIE KOHTAK-
Tbl, UX MOKaNW3auuio M Nrowafb OKKMIO3NOHHON NOBEPXHOCTH

nckyccTBeHHbIx 3ybos [10, 11]. Hegoctatkom aaHHoro cnocoba
SBMAETCA METOA OKKI030rpaMMbl N0 OMPEAENEHMI0 MONOXKEHMS
OKKIMIO3WNOHHbIX KOHTAKTOB MpW MEPEHOCEe Ha TMMCOBYKD MOAEN,
Mo KOTOPOI MOMy4akT YCMOBHYK MIOCKOCTb C PacrnonoXeHeM
KOHTaKTHbIX TOYEK, YTO He obecneuynBaeT TOMHOE BOCMpOW3BE-
AEHNe OKKITIO3MOHHBIX MOBEPXHOCTEN MCKYCCTBEHHbIX 3y00B M
onpefeneHne napameTpoB MEXOKKMIO3NOHHOMO MpOCTPaHCTBa
napbl aHTaroHMpyloLLMx 3y6oB, a Takke He NO3BONSAET NoMmyvaTb
TOYHbIE NApaMEeTPbl MCKYCCTBEHHOrO penbedha OKKIIO3MOHHBIX
MOBEPXHOCTEN aHTaroHMpyioLLmMx 3y60B.

B cBs31 ¢ He0OXOAMMOCTbIO TOYHOMN ANArHOCTMKM, NONYYEHNS
Ka4yeCTBEHHbIX PacTPOBbIX N306paXeHWin OKKM30rpaMM, aBTop
nocunTana, YTo HyxHo paspaboTaTb HoBbI «Cnocob nonyyeHus
MOEHTWUYHBIX PACTPOBbIX M30BpaxeHuit okkosorpammy [12].

LENb UCCNEAOBAHUA

OnpegenunTb 3hheKTMBHOCTb aBTOPCKOro cnocoba nonyye-
HWS MOEHTWUYHBIX PACTPOBbIX M30BPaXEHWIT OKKITIO30rpamm.

MATEPWAIbI W METOAbl UCCNEOBAHUA

Ha kadenpe opToneanyeckon CTOMaToONoOrMn ¢ Kypcom Kiu-
Huyeckoi ctomatonornn ®re0Y BO «BonrTMY» M3 PO 6binu
npoBefeHbl UCCNefoBaHus, HanpaBneHHbIE Ha OLeHKY 3ddek-
TUBHOCTW pa3paboTaHHOr0 aBTOPOM AaHHOW cTaTbk «Cnocoba
MONyYeHUs WAEHTUYHbIX PacTPOBbIX W30OpaXEHW OKKIMO30-
rpammy» [10], @ Takke NpoBEPKYy BO3MOXHOCTU WCMOMb30OBaHNSA
nony4YeHHbIX 13obpaxeHuit B paspabotaHHon MawkosbiM A.B.,
Yenypsesoit O.C., Lemonaesbim B.W. n gpyrumu «lporpamme
ANS U3MepeHs NoLLazeil OKKIT3MOHHbIX KOHTAKTOB MO pacTpo-
BOMY M30bpaxeHnton» [12].

B kauecTBe MCxofHbIX AaHHbIX Ans pabotbl B «[lporpamme
AN M3MepeHns nnolageil OKKMIO3MOHHBIX KOHTAKTOB Mo pac-
TPOBOMY W300paXEHNO» MCNONMb3YIOTCH CKAHWPOBaHHblE W30-
OpaxeHns OKKMK30rpaMM MaumeHTa B LEHTParibHOM OKKITO3WM.
Okkrto3orpammy Mbl NOnyYany ¢ NOMOLLbK pa3paboTaHHOMO Ha
kacheape OpTONEAMYECKON CTOMATONOTMM C KypCOM KhWHWYe-
CcKoi cTomaTonoruu cnocoba [2]. [lanee B COOTBETCTBUM C pas-
paboTaHHbIM «CnocoboM nonyyYeHust MOEHTUYHBIX PacTPOBbIX
1300paxeHUn OKKIMH3orpaMm» AMs BbISIBMEHUS OKKITHO3WMOHHbBIX
KOHTaKTOB NpefBapuTEnbHO MOMyYanu B MONOCTM pTa OKKMK30-
rpaMMy KOHTaKTHbIX Touyek 3y6oB. B kauecTBe MaTepuana ans
PerucTpaLuu OKKIMIO3WNOHHBIX KOHTAKTOB McMonb3oBanu 6asuc-
Hblil BOCK TonwmHon 2,0+£0,2 MM B BMAE MNACTUHLI PO30BOrO
useta ¢ pasmepamu 180%90x1,8 MM, LBET 1 ONTUYECKIE CBOWCT-
Ba KOTOPOro JaloT BO3MOXHOCTb JOCTUMXKEHUS TOYHOW TapupPOBKM
TOMWWMHbI NNACTUHbLI MO U3MEHEHUSIM B COOTBETCTBUM C OKKITHO-
3MOHHBIMW MOBEPXHOCTSMU M MONYYEeHUs LIBETOBbIX XapakTepu-
CTWK MO Pa3HOBUAHOCTU TOJLLUMH Ha OTmeYaTke penbeda OKKIH-
3MOHHbIX NOBEPXHOCTEN aHTaroHupytowmx 3y6os. [Ansg npugaxns
XECTKOCTW BOCKOBYK MNacTUHY 3aKpennsiy Ha MPOBOSIOYHOM
kapkace, U30rHyToM no chopme 3y6HOro psiaa, NOTHO NpUKMMan
Mo KpasiM NPOBOJIOYHOrO Kapkaca. 3aTeM AaHHYI0 KOHCTPYKLWKO
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nogorpeBanu Ha BoasHoi 6aHe Ao TemnepaTtypbl NOMOCTW pTa
35,5-37,5 °C, obecneuuas nonyyeHue nerkogedopmMmpyemoro
oTmeyaTka OKKIHO3NOHHON NOBEPXHOCTYU aHTaroHMpyoLwux 3y6os.

Kapkac ¢ BOCKOBOW MiacTiHOW BBOAMAM B MONOCTb pTa #
NO3NLIMOHUPOBANM ero OTHOCUTENBHO 3yBHOro psifa BepXHel Ye-
NKCTK, 3aTEM NMALMEHT CMblkan 3yObl C MaKCUManbHLIM YCUneM
B MOMOXEHWN LIEHTPANbHOM OKKMKO3UM, MPYU KOTOPOM BO3MOXHO
MakCcyMasnbHOe COKpaLleHue KeBaTenbHON Myckynatypbl. Mony-
YEeHHYH OKKII030rpammy BbIBOAUMM U3 MONMOCTY pTa, OXMaxaanu
1 nonyyanu UKCUPOBaHHBIA OTMEYATOK OKKITHO3MOHHBLIX NOBEPX-
HOCTE M OKKMIO3MOHHBIX KOHTAKTOB aHTaroHMpYyHLLmMX 3y60B.

[anbHeniume onepauun No UKCaLmm U N3y4eHno OKKMIO3N-
OHHbIX KOHTAKTOB @HTaroHMpytoLwmux 3yboB npoBoguIM BHE nomno-
CTn pTa, 6e3 yyacTus naumeHTa.

Ons nonyyeHnst «MOaeHTUYHBIX PacTPOBLIX M306paKEHN
OKKIto30rpamMm» HeobxogumMo co3faTh 3aroToBKY. JTO MPOCTO
caoenatb Aaxe B AOMALUHWX ycrnosusx. Heobxognmo B3sTb nucT
nnoTHoi 6enon Bymary hopmata A4, onpeaennTb LEHTP NncTa n
HapucoBaTb KpecT. JMHUM JOMXKHbI GbITb CTPOrO NEPMNEHANKYNSP-
Hbl ApYT APYTY, TO €CTb Yribl Mexay NuHusmu ctporo 90°. Mocne
3TOro HeobXoAMMO MPOBECTM YEpe3 LiEHTP FOPU3OHTambHY0 K
BEpTUKaNbHYK IMHWM K Kpato NucTa, Aanee oTCTynuTb OT LEeHTpa
50 MM M NOCTaBMTb TOYKW Ha FOPU3OHTANM W BepTUKanu, nocrne
COEAMHNTL 4 TOYKW M NONYYMTb KBagpaT co ctopoHamn 100 mwm.

[anee B gaHHOM KkBagpaTe He0bGXOAMMO pa3MEeCTUTb MOMy-
UEHHYK paHee OKKMo3orpamMmy, 3akpenuTb ee Mpo3paqHon nnn-
KOW NEHTON W MOMECTUTb AaHHYK KOHCTPYKLMIO Ha CTEKMOo cka-
Hepa NNaHLETHOro HaCTONBHOMO AN CKAHWPOBAHNS JOKYMEHTOB
OKKITH030rpamMMON BHWU3 Ha CTEKNO, a nucT benoit Bymarn fomkeH
ObITb CBepXy. 3aTeM Hago OTKPbITL NPOrpamMmy st CKaHUPOBaHMS
1306paXeHNi Ha NepcoHanbHOM KoMmbloTepe. B Hawem cnyyae
Mbl WCMOMb30BaNM MAAHLIETHbIA HACTOMbHBIA CKaHep ANs cka-
HupoBaHusa fokymeHToB Kyocera ECOSYS M2530dn KX u npo-
rpammy Ans ckaHuposaHus nsobpaxeHun ABBYY FineReader 14/
FineReader.exe, Takxe MOXHO 1CNONb30BaTh NOBYI0 AOCTYMHYIO
nporpammy Ansi CkaHWpoBaHusl n3obpaxenns. Heobxognmo Bbl-
BpaTb B HacTpoitkax «[onHougeTHbIR», «PoTox. [lanee BbibpaTth
komanay «CkaHuMpoBaTby» U MONy4nTb «PacTpoBoe MAEHTUYHOE
1306paXkeHNe OKKMI30rpaMMbl» Ha 3KpaHe NepCOHANbHOro KoM-
nbloTepa. IonyyYeHHble N30OpaxeHNsi MOXHO MCMOMb30BaTh ANs
AMarHoCTUKN COCTOSIHUS 3y60B 1 3yGHbIX PAZOB A0, Ha aTanax
rnocne NpoBefeHHOro neyveHus. BockoBas nnacTuHka ckaHupyeT-
CSl Ha NPOCBET, B pe3ynbTaTe Yero Ha CkaHMpOBaHHOM u3obpaxe-
HWUW OKKMIO3MOHHbBIE KOHTaKTbl Pa3nnualoTcst o SpkocTu, KoTopas
3aBUCUT OT MIIOTHOCTW CMbIKaHWsl 3yOOB-aHTaroHNCTOB.

B xome wuccrnegoBanus 6bino obcregoeaHo 50 maumeHToB
B Bo3pacTe 18-35 net o6oero nona ¢ MHTAKTHbIMM 3yBHbIMK psi-
Aamy, 300POBbIM MapOLOHTOM 1 OPTOrHATUYECKUM  MPUKYCOM.
MonyyeHo 150 okkmto3orpamm, 3auKCMPOBaHO CpefHee Bpems
C MOMEHTA W3rOTOBIEHNUS OKKIIO30rpaMMbl 40 MOSTyYEHUs OKKITHO-
3MOHHOMO OTrMeYaTka Ha MOHUTOPE MEepCOHAaNbHOMO KOMMbIOTEPa,
MPUroLHOro Ans aHanusa B pa3paboTaHHON HaMu nporpamMme Ans
onpeaeneHus NnoLaan OKKMo3MOHHON noBepxHocTW. [lanee faH-
Hble 3aHOCMMNICh B TabnuLbl 1 aHanuauposanucs. CTatuctudeckas

obpaboTka pe3ynbTaToB UCCNEA0BaHNs NPOBOAMNACH C MOMOLLbK
nakeTa NpuknagHbIx nporpamm Statistica, Microsoft Office. Lindpo-
Bble AaHHble 0bpabaTbiBany Ha NepcoHanbHOM KOMMbOTEPEe METo-
AOM BapuaLmoHHoi cTatuctukn. Mcnonb3osann t-kputepuit CTblo-
AeHTa, KoadduumeHT koppensauun (r) MupcoHa. [loBepnTenbHbIN
WHTEpBan CO CryYalHbiM OTKIOHEHWEM cocTaBnsn He Gonee 5%
(p <0,05). IMpy M3y4eHNn pe3ynbTaToB UCCNEeL0BaHNS UCMONb30Ba-
NNCb NPUHLMMLI HAYYHO-A0Ka3aTENbHON MeanLMHbI [2, 6].

PE3YJIbTATbI U UX OBCYXAEHUE

[py Nony4eHU OKKKO30rpamMm B XOA€E NPOBOAMMOrO Mccne-
[0BaHus No pa3paboTaHHOW aBTOPOM METOAMKE W AanbHeWwen
obpaboTke ¢ nomoLbto «Cnocoba nonyveHns MAEHTUYHBIX pac-
TPOBbIX M306PaKEHNA OKKMIO30rpamMmy, MocneayLWero nepeHo-
ca nomnyYeHHbIX M30BpaxeHuii B «Mporpammy anst U3MepeHus
MnoLagen OKKIIO3NOHHbBIX KOHTAKTOB MO pacTpoBoMy 13obpaxe-
Huo» [12] B cpegHem Obino 3aTpayeHo 155 cekyHa, a npu pabote
no mMetoauke, npeanoxeHHon A.B. MalukoBbIM, Ha Ty xe paboTy
3aTpayeHo B CpepHeM 725 cekyHa, 4To Ha 570 cekyHa Gonblue,
4eM MonyyeHne pacTpoBbIX M30OpaKeHin OKKMO30rpaMM C UC-
nonb30BaHMeM aBTopckoro cnocoba. Mpu 6onee BbICOKO CKOpO-
CTV paboTbl KAa4eCTBO PacTPOBbIX M300OPaXKEHUI He MOCTpaaano
1 NOBTOPSIEMOCTb BbIpocna. To ecTb NonyyeHne n3obpaxeHnin ¢
CMOSb30BaHNEM aBTOPCKOro «Cnocoba nonyyeHns UAEHTUYHBIX
pacTpOBbIX N306PaXEHN OKKMO30rpamMm» MOXKET NOBbLICUTbL Mpo-
W3BOAMTENBHOCTb B 4,7 pasa No CpaBHEHMIO C OPYrUMM CMOCO-
6amu, ucnonb3yembimu paree (p <0,001), Hanpumep, cnocobom
JOLeHTa Kadeapbl OpPTONEAMYECKOW CTOMATOMOTMM C KYPCOM
KnuHu4eckoi ctomatonori BonrTMY A.B. Malukoga.

3AKNIOYEHUE

B pesynbTate npoBefeHHOMO uccneaoBaHus Oeina gokasaHa
adekTnBHOCTL aBTopckoro «Cnocoba MmomyyeHus pacTpoBbIX
1300paXeHNA OKKMO30rpaMM» [ns AMarHOCTUKM KeBaTenbHOM
3(hhEKTMBHOCTMU. Tak, Npu MOSy4YeHU PacTpoBbIX U30BpaXeHNN
OKKIH030rpamMm C NOMOLLblo cnocoba, NPeanoxeHHOro aBTopoM
[aHHON CcTaTby, BpeMs AN nepeHoca ¢ BOCKOBOW penpoayKLuu
penbeda OKKIIO3NOHHOW MOBEPXHOCTU B LUMGPOBY MOZenb
cokpalyaetcs Ha 570 cekyHa, 4To B 4,7 pasa BbiCTpee MUCrnosnb-
3yeMoro paHee mMetoga. Takum oBpasom, NpUMEHeHWe LaHHOro
aBTopckoro cnocoba nosbiwaeT K[ Bpava-cTomatonora, Cco-
KpallaeT BpeMeHHbIE 3aTpaThl, a paboTa B LIeNoM MOXET cTaTb
yaobHel, gewesne, npowle, apdekTuBHEN, JOCTYNHER. B cBA3mn
C 9TUM MOXHO PEeKOMEeHZOBaTb AaHHbll «Crmocob nonyyexns
MOEHTWUYHBIX PACTPOBbIX M30BpaxeHit OKKIo30rpammy 4ns aua-
THOCTWKM XeBaTeNIbHON 9P EKTUBHOCTY U UCMOMb30BAHNS B KK~
HWYECKON CTOMATONOrMYECKOM NpaKTUKe.

AONONHUTENbHAA UHOOPMALINA

ABTOp npountan 1 ogobpun (UHanNbHyl Bepcuio nepen
nybnukaupen.
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WUcTouHuk douHaHcupoBaHus. ABTop 3asBnseT 0b oTcyTCT-
BMM BHELLHETO (DUHAHCUPOBaHMS MW NPOBEAEHNN UCCTIEfoBaHNS.

WUHdopmupoBaHHoe cornacue Ha nyb6nukaumto. ABTop no-
NYYNIM MMCbMEHHOE COornacue NauMeHToB Ha nybnukauuio Megn-
LIMHCKMX aHHBIX.
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B pPa3BUTUN KOTHUTUBHOTO CHUXEHWS. HanmeHee n3yyeHHbIM B COBPEMEHHON HellpoHayke 0CTaeTcs BONpoC 0
BIMSIHMM Ae30praHn3auny BEpPTUKanbHO OPUEHTUPOBAHHLIX CTPYKTYP | byHKUMOHaNbHOro 6oka mosra (PEM) Ha
(bopMUpOBaHNE HENPOKOTHUTUBHOIO AedmumnTa Npy NCUXMYECKOR NaTonorum WidopeHnyeckoro cnekTpa. Lenas
uccnedogaHus 3aknoyanach B OLEeHKe (YHKLMOHANbHOrO COCTOSHUSA NEPBOro 3HepreTnyeckoro 6noka mosra u
onpegeneHny ponu HapyLeHUn HenpogUHaMNYEeCKNX KOMMNOHEHTOB EATENbHOCTU B Pa3BUTUN HEMPOKOTHUTUBHOTO
Aeduumta npu ncuxonatonorin. Mamepuansi u memodsi. O6cnenosaHo 40 nauneHToB, CTPagaLLMX XPOHNYECKON
napaHougHON LWu3odpeHnen, n 38 30opoBbIX UCMbITYEMbIX, CONOCTABUMbIX MO BO3PACTY, FEHAEPHOMY COOTHOLLEHMIO
1 obpasosBaTenbHOMY ypoBHI0. Pernctpaums 330 ocywecTBnsanace MOHOMONSPHO N0 MeXAyHapOAHOW cucteme
10/20 ¢ nomoLybto 21-KaHanbHOro annapaTHO-NPOrpaMMHOro komnnekca «Tenenat-1». C NOMOLLbIO BU3yanbHOMo 1
CneKTpansLHOro MeTo4oB aHanuaa u3yyannuch kak Hecneuuguyieckue usndeckue napameTpbl a-putmMa — UHAEKC,
yactoTa M amnnnTyaa, Tak 1 husnonornyeckne 0CoBEHHOCTM o-OCLUMNAALUA — PerynspHoCTb, aBTOPUTMUYHOCTD
(Mogynsauum) n cTabunbHOCTb ai-putMa. PYHKLMOHANBHOE COCTOSHME PeTUKYNsapHoi hopmauumn (P®) onpepensnu
no napameTpam naTeHTHbIX NePUOLOB CUHXPOHM3ALIMKN, [ECUHXPOHNU3ALNN U TMyBKUHBI AEeCUHXPOHN3aLMK B npobe
C OTKpbITUEeM/3aKkpbiTeM rna3. TOHyC Kopbl onpeaensny No COOTHOLEHNIO 3HaYeHN NHOEKCOB anbda- u AenbTa-
puTMOB. lopor Cya0POXHON FOTOBHOCTM MO3ra pacCYUTbIBANM NO KOMYECTBY 3apernCTpMpPOBaHHbIX BCMbILIEK B
cdoHoBomn J3I. KonebaHust yacToTbl 6a30Boro anbda-putma, npesbiwatowme 0,5 M, pacLueHnBanich kak npuaHak
HeCcTabunbHOCTM OCLMNAATOPHOM aKTUBHOCTW MO3ra. Pe3yibmamabl. YCTAHOBMEHO, YTO HapyLLEHMs NO3HaBaTeSNbHbIX
(OYHKLMIA NpU LUM30MPEHUM CBSA3aHbI HE TOMbKO ¢ AucdyHKUmMen kopbl (I n Il ®BM), Ho Takxe ¢ AesopraHusayuen
BepTUKaNbHO OPUEHTUPOBAHHBIX CTPYKTYp | ®BEM. BbisBNeHa fe3opraHnsaLms peTukynspHomn hopmaLnm u anbga-
perynupytoLLen CUCTeMbl, CHKEHUE TOHYCA U akTUBaLu Kopbl Mo3ra. O60CHOBaHO BO3MOXHOE NaTOreHeTUYeCcKkoe
BIMSIHWE 3TWUX NATOU3NONOrMYECKUX hakTOPOB Ha POPMMUPOBAHNE HENPOKOTHUTUBHOTO aedmumnTta. OnpeaeneHsl
Hanbonee MHMopMaTUBHbIE AnarHocTuyeckne AAM-NpU3Hak HapyLLEHNS HEMPOANHAMUYECKNX KOMMOHEHTOB [esi-
TENbHOCTU MO3ra.

KntoueBble cnoBa: napaHomaHas LWM30gpeHns, anekTpoaHuedanorpadus, CnekTpansHbli aHanus, HeMpPoaNHaMUKa,
HEMPOKOTHUTUBHBIN Leduumnt
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Abstract. The relevance of this article is due to the variability of scientific ideas about the mechanisms of development
of neurocognitive deficit associated with a line of psychopathological conditions. Many questions remain about the
functions of individual brain structures and systems, as well as central neurodynamics in the development of cognitive
defects. The question of the influence of the disorganization of vertically oriented structures of the first brain functional
block (BFB) on the formation of neurocognitive deficit in mental pathology of the schizophrenic spectrum remains the
least studied in modern neuroscience. The present research was aimed to assess the functional state of the first brain
energy block and to determine the role of disorders in the neurodynamic components of activity in the development
of neurocognitive deficit in psychopathology. Materials and methods. 40 patients with paranoid schizophrenia and
38 healthy subjects matched in age, gender ratio and educational level were examined. EEG by monopolar according
to the international system 10/20 using a 21-channel system “Telepat-1” was registered. With the help of visual and
spectral methods of analysis, both nonspecific physical parameters of the a-rhythm — index, frequency and amplitude,
and physiological features of a-oscillations — reactivity, regularity, autorhythm (modulation) and stability of the a-rhythm
were studied. The functional state of the RF was determined by the parameters of the latent periods of synchronization,
desynchronization, and the depth of desynchronization in the eye opening/closing test. The tonus of the cortex by the
ratio of the values of the indices of alpha- and delta-rhythms was determined. The threshold of convulsive readiness
of the brain was calculated from the number of recorded flashes in the background EEG. Fluctuations in the frequency
of the basic alpha rhythm exceeding 0.5 Hz were regarded as a sign of instability in the oscillatory activity of the brain.
Results. It has been established that impairment of cognitive functions in schizophrenia is associated not only with
cortical dysfunction (Il and Ill BFB), but also with disorganization of vertically oriented structures of the | BFB. Revealed
disorganization of the reticular formation and alpha-regulating system, decreased tone and activation of the cerebral
cortex. The possible pathogenetic influence of these pathophysiological factors on the formation of neurocognitive deficit
has been substantiated. The most informative diagnostic EEG-signs of disorders in the neurodynamic components of
brain activity were determined.

Keywords: paranoid schizophrenia, EEG, spectral analysis, brain functional block, neurocognitive deficit

BBEJEHWE

CoBpeMeHHas UMBUNM3aLMS GasupyeTcs Ha 3HaHUAX W
06paboTke 3HauMTEMbHLIX 06BHEMOB WMHopmauun. Mpu aTom
00bEM M CKOPOCTb HAKOMMEHUS! HOBbIX 3HaHWA, HEOBXOAUMbIX
ANS YCMELIHOro (hyHKLUMOHNPOBaHUS 06LLeCTBa U AEATENbHOCTH
OTZeNbHOT0 MHAMBMAA, SKCMOTEHLMANBHO Bo3pacTaeT. iIMeHHO
Mo3TOMY COBPEMEHHOMY YeNOBEKY NS TOT0, 4Tobbl 0CTaBaThCs
npoeccnoHanbHO KOMNETEHTHLIM W pa3BuUBaTb CBOW MHTEN-
NEKT W NHHOBALMOHHOE MbiluNeHue, Heobxoaumo npuobpeTaTh

Bce Oonblume 0ObEMbl 3HAHUA Ha MPOTSHKEHUM BCEW KU3HU
[1,10, 11].

Mpu 3aTOM coBpemeHHast cuctema obpas3oBaHus npuobpe-
TaeT XapakTep JMYHOCTHOOPUEHTUPOBAHHOTO 0OYyYEHWs, npu
KOTOPOM KOTHUTUBHOE Pa3BWUTWE HanpaBneHO Ha KayeCTBEHHOe
npeobpa3oBaH/e BCeX MO3HaBaTEMbHbIX MpoLeccoB. B Bek uH-
(POPMALMOHHBIX TEXHOMOTWMIA YenoBeKy HeJOCTaTOMHO BfadeTb
TOMbKO 3HAHMAMM 1 YMEHWUsMUW, HeobxoaMMO Takxe obnapatb Ta-
KMMW Ka4eCTBamU BbICLUEN HEPBHOM LEATENLHOCTY, Kak TMOKOCTb
MbILLTIEHNS, BbICOKAs afanTUBHOCTb K U3MEHSIOWMMCS YCMoBM-
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fiM, CTPEMNEHME K CaMOOByYeHWN0 M BONEBbIMU KayecTBamu B
[OCTUXeHWUM nocTaBneHHoi uenu [17].

BmecTe ¢ Tem aHanu3 nuTepaTypbl Moka3biBaeT, YTO Hapy-
LUeHWe No3HaBaTemNbHbIX (YHKLIMIA aCCOLUMPYETCS CO 3HaUNTENb-
HbIM KOMMYECTBOM HEBPOIIOTUYECKNX, NCUXUYECKNX U NCUXOCOMa-
TUYecknx 3aboneBaHuii, X pacnpoCTPaHEHHOCTb YBENMYNBAETCS
B CBSA3M C MocTapeHnem HaceneHns. MHorve opmbl ncuxonaTo-
noruu, OTHocALMecs k cepe Tak HasbiBaeMon 6OMbLLON NCUXK-
aTpuun, B BOMbLUMHCTBE Cry4YaeB TakKe acCoLMMPOBaHbl C Hen-
POKOTHUTUBHBLIM LeULIMTOM, KOTOPbIA HEPEAKO HOCUT XPOHWYe-
CKUIA WHBANMAM3VNPYIOLLWIA XapakTep 1 NPUBOAMT K BbIPaXEHHOM
npodeccroHanbHoOM U coumanbHoi aesagantauun. Haubonee
pacnpocTpaHeHHbIM 3aboneBaHneM 13 3TON KaTeropum SBseTcs
KN30 peHus.

B HacTosiLiee BpeMmst B MUpe HACYMTLIBAETCA 0KOMo 50 MIH
YenoBek, CTpafaloWMX pasnmyHbIMK hopMamm LemeHummn. Yuc-
N0 NALMEHTOB C BbIPAXEHHBIMU KOTHUTUBHBIMI PacCcTpOCTBaMN
kaxzble AecsTb neT Bo3pacTaeT B ABa pasa, U k 2050 rogy ux
obuiee yncno Bo Bcex ctpaHax mupa gocturHet 130 mnH [13].
HapyLueHns nosHaBaTenbHbIX GyHKLUMA BCTpeyatotes y 20% fe-
TEN W MOAPOCTKOB. ATO MPUBOAMT K TPYOHOCTAIM B 00YyYeHuw,
[EBYAHTHOMY MOBEAEHMI0, NMCUXO3MOLMOHAMBHBIM HapyLLEHNSM
W, KaK CNeacTBme, K couuanbHoi aesagantauun [2, 3, 14].

B 370N CBSA3M B KOTHUTWMBHOW NCUXOU3NONOMAN PacTeT UH-
TEepeC K U3yYEeHUID MeXaHU3MOB HapYLLIEHWUS! KOTHUTUBHBIX (DYHK-
Wi, @ TakKe WX POnM B pa3BUTUM TpygHoCTel 0by4eHns u me-
XaHW3Max PasBUTUS HEMPOKOTHUTMBHOTO Aedmuuta. Npobnema
U3yyeHus BGMOMOrMYEecKNX OCHOB HapyLUEHUs MO3HaBaTeNbHbIX
(OYHKLMIA (0COBEHHO Npu Tsxenbix hopMax MCUXonaTonorum)
BbIJBMHYNach B HelipoHayke B yncrno Haubonee akTyanbHbix [10,
11]. dopMmpoBaHME HENPOKOTHUTUBHOMO AeduunTa, BO3HMKAKD-
LLEro B Xofe passuTHS LWIM30(PEHNYECKOTO npoLecca, SBNsAeTcs
OQHOM M3 Hanbonee CMOXHbIX 1 ManousyyeHHbIX npobnem co-
BPEMeHHOMN Helipobuonorum.

CornacHo DSM-V, K KOTHWUTVBHLIM PacCTPOCTBAM OTHOCAT
CHUKEHWE NO CPaBHEHMIO C NPEMOPONAHBIM YPOBHEM OLHOW MK
HECKOIbKIX BbICLLMX MO3rOBbIX (PYHKLWIA, 06ecneynBaloLmx npo-
LiecCbl BHAMaHUS, BOCMPUATWSA, COXpaHeHWs, npeobpa3oBaHus
1 nepegayn nHgopmauum [27].

C no3uuuit KOHLenUun 0 Tpex CTPYKTYPHO-PYHKLMOHAMBHBIX
onokax mo3sra no A.P. Jlypusi B hopMmUpOBaHUM HEMPOKOTHUTYB-
HOro AeuumTa 3aMHTEPECOBaHbI CTPYKTYPbI BCEX BI0KOB MO3ra,
OfiHaKo cneuuduka n MexaHu3Mbl HapyLLEHWNA Ha YPOBHE Kaxzao-
r0 U3 HWX 0CTalOTCS Mano u3yyeHHsiMu [14, 19]. Mo 3Toi npuimHe
YCTaHOBIEHWE 3aKOHOMEPHOCTEN W paclundpoBKa MEXaHM3MOB
[Ee30praHn3aLn  KOrHUTUBHO-MbICIIMTENbHBIX  (DYHKLWA, yyac-
TME B WX naToreHese BepTukanbHo (I ®BM) u ropusoHTanbHoO
(Il'w 1l ®BM) opraHn3oBaHHbIX OTAENOB MO3ra SBASETCH OAHOM
“3 Haubonee CMOXHbIX M WHTEPECHbIX Npobnem HeAponcuxo-
norumM, UMEHoLLeR Kak TeOpPETMYECKOe, TaK W NpaKTUYecKoe 3Ha-
YeHue.

AHanms [OCTYNHOM HEMPONCHUXOMNOrMYECKON NuTepaTypbl no-
kasblBaeT, YTO MaTOreHeTMYeckoe 3HayeHWe [e3opraHusauun
LleHTparnbHON HelpoarHamukL, kotopas ocyluectensetcs | ®bM,

B MEXaHu3Max pasBuTUS HEMPOKOTHUTUBHOMO AeduumTa npw Ln-
30(hPEHNUN 1 APYrMX NCUXONATONOTMYECKNX COCTOSHUSAX SBNSETCS
Takke ManousyyeHHoi npobnemoit. B nutepatype cywiectByet
HeMHOro myBrukauui, MOCBALLEHHBIX UCCMEfOBaHNI0 HeNpoau-
HaMWKKN NPU HapYLIEHUU KOTHUTUBHBIX PYHKLMIA [2, 18].

MapagurMa «HEeWpOKOTHUTUBHOTO AeduuuTay, NPeanoxeH-
Has B KoHUe XX Beka A. Breier, paccmaTtpuBaeT HapyLUeHue Kor-
HWUTWBHBIX (OYHKLMIA KaK «TPETBI KITKOYEBYHO FPyNMy CMMMTOMOBY
WK3odpeHnn, Hapsgy C NO3UTUBHBIMU W HEraTUBHBIMU KITMHWYE-
CKMMU cumnToMamu [26)]. B nocneaHee Bpems yCTaHOBMEHO, YTO
HEeMPOKOrHUTUBHBIA AeduUmUT Npy LWM30dpeHun HabnogaeTcs y
94% naumeHToB, NPOSBNSETCS HA PaHHUX CTaausX, NePCUCTUPY-
€T Ha MPOTSHKEHNUN BCero nepuofa 3aboneBaHus U CoXpaHseTcs
B COCTOSIHUM pemuccin [13].

B npakTnyeckon HeMponcuxonornn W3y4yeHuio MexaHW3MoB
HENPOKOTHUTUBHOTO CHWXEHWUS W, B 4ACTHOCTU, PONN Henpoau-
HaMWYECKMX acNEKTOB HapyLIEHWS MO3HABATENMbHbIX (OYHKLMIA ¥
MauMeHTOB C NCUXONATONOMeN OTBOAMTCS HE3aCIY)XEHHO Maro
BHUMaHus. OGBEKTMBHOE HeMpOonCUXOnorMyeckoe Kccrnesosa-
HWe paboTbl MO3ra Ha OCHOBE CUCTEMHOMO HEMPOLUHAMWUYECKOTO
NoAXoAa, OCHOBOMOMOXHUKOM KOTOPOro B 06n1acT ncuxogmamno-
norum Bbin A.A. YXTOMCKMIA, OCTaeTcs HeODOCHOBAHHO Mano
BOCTPeOOBaHHbIM COBPEMEHHbIMW  WUCCIEAOBaTENsMM, a cam
TEPMWUH «HEMpoaMHaMuKay ynoTpebnseTcs B HEMpOHay4HON nu-
TepaType BCe pexe.

MpoJyKTUBHOCTbL UCCNER0BaHMI LepebpanbHbiX ANChYHKLMIA
B HEMPOMNCHUXONOrM CBA3LIBAKT C CUCTEMHBLIM MOAXOLOM, CyLU-
HOCTb KOTOPOro COCTOWT B MOCTPOEHNN LIENOCTHO KapTUHbI 06b-
eKTa uccnefoBaHus Ha OCHOBE BblABMIaeMoro CUCTEMHOTO MPWH-
Lj“na v OCYLLECTBINEHNS UCCMES0BAHNS HA OCHOBE 3TOr0 NPUHLK-
na. HaunHasi ¢ knaccuyeckux pabot A.A. YXTOMCKOro, nokasaHo,
4TO TOMOBHOM MO3r MpeAcTaBnsieT cobOi CROXHYK Helpoau-
HaMWYECKYKD CUCTEMY, MOCTOSIHHO CTPEMSILLYIOCS K WHTerpauum
1 K CTEPEOTUMHOCTM 00beANHEHHON fesTenbHOCTH [6, 24].

CornacHo COBPEMEHHbIM MPEeLCTaBNEHNAM FONOBHON MO3T
paccMaTpuBaeTCs Kak CroxHas MHOPMaLMOHHO-BbIYMCIINTENMb-
Has cuctema C DOMbLUMM YMCTIOM PABHOBECHBIX, HO M3MEHYM-
BbIX COCTOSIHMW. YCTOMYMBOCTb MO3ra B MNpegenax HeKoTopo-
0 (PYHKUMOHANBbHOTO YPOBHS SBMSETCS HEMPOLMHAMMYECKMM
NpOLIECCOM, MOAAEPXMBAOLMM (DU3NONOTMYECKME NapaMeTpbl
nocpeacTBOM roMeocTaTudeckoil perynsayui. lNpoueccsl romeo-
CTaTMYeCKON perynsauum KOppekTUpyoT BCe BHYTPEHHME (DITHoK-
Tyauum COCTOSIHUS LieHTpanbHol HepeHo cuctembl (LIHC) okono
cpeaHero ypoBHs [9].

HayuHo-TeopeTuyeckolt 0asoli HaCTOSILIErO WCCnefoBaHMs
HEeNpONCUXONOTMYECKMX MEXaHW3MOB Pa3BUTUS HEMPOKOTHWUTMB-
Horo gecmunta aBunuch: KoHuenuus A.P. Jlypus o Tpex CTpykTyp-
HO-(pyHKLMOHanbHbIX 6nokax mosra [14, 19], yyenue W.IM. Mae-
noBa 06 OCHOBHbIX HEMPOAMHAMUYECKMX 3aKoHax [23] u Teopus
LoMuHaHTbI ALA. YxTomckoro [24].

CornacHo koHuenuuu A.P. Jlypus, Bce ncuxuyeckue npouec-
Cbl W Pa3NMyYHbIE BWAbI CO3HATENbHOW OEATENbHOCTM YernoBeka
B HOpMeE ¥ Mpy naTonorin LenecoobpasHo paccMaTtpusath ¢ no-
3ULMIA YHKLMOHATBHOM PONK TPEX CTPYKTYPHO-(DYHKLMOHAMBHBIX
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Bnokos mosra: | ®bM — 6ok, obecneunBatoLLmMin perynsumuo To-
Hyca n ypoBHsi bogpcTeoBaHus; || ®BM — ok nony4yenus, ne-
pepaboTku 1 XpaHeHust nHdopmauuy; Il @bM — Gnok nporpam-
MUPOBAHWS, PErynsLmm 1 KOHTPOMS NCUXUYECKONA AEeATENBHOCTH.

UTobbl 06ecneunTb HOpManbHY CKOPOCTb M KauyeCTBO Hel-
POKOTHUTUBHBIX NPOLECCOB, HEODXOAUMbI ONTUMANbHBIA TOHYC
KOpbl M afeKBaTHbI ypoBeHb BogpcTBOBaHNS. TONBKO NpU TakoM
HEeNpOAMHaMNYECKOM COCTOSIHWM FONTOBHOM MO3T MOXET Haumyy-
wum obpa3om npuHumaTb U nepepabatbiBaTbh MHMDOPMALMIO,
BbI3blBaTb B NaMsATU HyXHble U3bupaTenbHble CUCTEMbI CBSA3EN
1 accoupaLm, NporpaMMmUpoBaTh AEATENBHOCTb.

O TOM, YTO ANS OCYLIECTBMEHUS OpraH130BaHHOM 1 addek-
TUBHOW KOTHWTUBHOM [AESTENbHOCTM HEOOXOAWM OMTUMArbHbINA
TOHYC kopbl, ykasbian eue V.M. MaBnos, onuMcaBLLMIn OCHOBHbIE
HeMpoAMHaMUYEeCKe 3aKOHbl. Tak, COrMacHO HerpoauHamuye-
CKOMY «3aKOHY CWUIbl», B COCTOSIHUM CHUXEHHOTO TOHyCa KOpbI
HapyLUaeTcs HOpManbHOe COOTHOLUEHME BO30YANUTENbHBIX W TOp-
MO3HbIX MPOLIECCOB, @ TaKXKE WX MOABWKHOCTb, HEObX0aMMbIe AnS
OCYLUECTBNEHUS OPraHM30BaHHOMO NPOTEKAHWS NMCUXNYECKON es-
TenbHOCTU [23].

MepBblii SHEpreTYecknin OOk Mo3ra BKMKOYAET CTPYKTYpb
MO3roBOro CTBona, 0bpa3oBaHunsi MEXYTOYHOrO Mo3ra ¥ Meamo-
BasanbHble oTAenbl TOBHON 1 BUCOYHOMN Kopbl (puc. 1).

Ha pasHbix ypoBHsX nepBoro Grioka mMosra BbIAENAT Tpu
OCHOBHbIX 3HEPreTUYeCKMX MCTOYHWKA, 0DecneymBatoLLmMxX pery-
NMpYyIOLLME BNNSIHUS Ha KOPY Mo3ra, noaaepxaHne paboyero To-
Hyca 1 ypoBeHb BOAPCTBOBAHNS.

Puc. 1. MepBbliii hyHKUMOHANBHBIN Gnok mo3ra: 1 — Kopa ronos-
HOro Mo3ra; 2 — 3puTenbHbIA Oyrop; 3 — runotanamyc;
4 — mocT; 5 — npogonroBatbii Mo3r; 6 — Bocxoaswas PO
CTBONA MO3ra; 7 — MO3Xe4oK

Fig. 1.  The first functional block of the brain: 1 — cerebral cortex;

2 — visual tubercle; 3 — hypothalamus; 4 — brainstem;
5 — medulla oblongata; 6 — ascending brainstem RF; 7 —
cerebellum

OCHOBHbIM WMCTOYHWUKOM MOALEPXaHWS TOHyCa M akTWBaLuu
Kopbl Mo3ra sBnsieTcs peTukynspHas dopmauus (P®) creona
mo3ra. Bocxopsilas M HUCXOLAWAs PETUKYNSPHbIE CUCTEMbI
CTBOM@ MO3ra COCTaBAOT eAVHbIA CamMoperynvupyloLLminca anna-
paT, obecneynBalowuit nepepacnpeseneHne ToHyca u akT1BaLum
KOpbl MO3ra B 3aBWCUMOCTW OT YPOBHS €r0 (hyHKLIMOHANBbHON aK-
TUBHOCTM B ONpefeneHHbI Nepruos BpeMeHu. Ipu 3ToM akTuBu-
pylOLLME 1 TOPMO3HbIE BNUSIHMS PO 3aTparmBatoT BCe CEHCOpPHbIE,
ABUraTenbHble, PEYEMbICTIUTENBHBIE U MHbIE (PYHKLM MO3ra.

BTopon knioyeBoit CTPyKTypoi nepBoro 6noka mMosra, OTBET-
CTBEHHOWN 3a MOAAEPKaHWE 3HEpPreTUYEeckoro cratyca mMosra, To-
HyCa W aKT/BaLuMM KOpbl, SBASETCS HEMPOHHbLIA annapar runoTa-
namyca, perynupytLuin 06MeHHble MPOLIECCHI OpraHn3ma.

TpeTuin aHepreTM4ecKuii UCTOYHUK CBSA3aH C TanaMM4ecKoi
CUCTEMOM, KOHTPONMPYIOLLEN NOCTYNMEHWe B MO3T NONMMOZanb-
HOW WHopmaumu. CeHcopHble MOTOKM BepbanbHoit U HeBep-
BanbHo NHGopMaLK, Bo-NePBbIX, MOAAEPKUBAKOT aKTUBALMOH-
Hbl€ MPOLeCChbl U TOHYC KOpbI, @, BO-BTOPbIX, 3pUTENbHbIA Byrop
MOPOMYHKLUMOHANTBHO TECHO CBSI3aH C IMMOUYECKUM KpYyrom
Melneva, N0 KOTOPOMY NPOUCXOANT LIMPKYMALNS SHEPreTUYECKNX
UMMYNbCOB, CBA3AHHBIX C KOPOW rorfioBHOro mMosra [19, 25].

Bocnpustve nmobor uHdopMaLmm Bbi3biBaeT pearnpoBaHue
B BMAE OPUEHTUPOBOYHOTO pedbriekca, koTopblid no W.M. Masnosy
SBNSAETCH BaXHeWLeM (PakTopoM No3HaBaTeNbHOW AeATENbHOC-
TW, TECHO CBSA3aHHbIM C paboTon kak P®, Tak u Tanamuyeckon
CUCTEMbl MO3ra. BaXHbIM MCTOYHMKOM akTMBaLWW W nopnepxa-
HWS TOHyCa KOpbl MO3ra CIyXUT Takke pevyeMbICrnTensHas aes-
TENbHOCTb YEnoBeka, ero MeHTanbHble MaHbl 1 OCMbICTEHNE
nepcnekTuBbI, KOTOpbIE POPMUPYIOTCS B MpoLiecce LieneHanpas-
NEHHOMN KOTHUTUBHOW AesTeNbHOCTH.

Takum 06pa3om, B HOPMe BCE YPOBHY NepPBOTro (PYHKLMOHAb-
Horo 6roka mo3ara W BCe €ro SHEpreTM4eckne UCTOYHWKM TECHO
B3aMMOCBS3aHbl W paboTalT BO B3aWMOAENCTBUM C BbICLLUMU
oTaenamn kopbl. OHW He TOMbKO TOHW3WPYKT KOPY, HO U Camu
UCMbITBIBAOT CO CTOPOHbI KOPKOBbLIX OTAENOB MO3ra MOAynupy-
tolme BnusiHWA, obecneynBas Takum obpa3oM afekBaTHbI ypo-
BEHb KOTHUTUBHOTO (DYHKLIMOHNPOBAHNS.

KorHMTWBHBIN pecypc paccmaTpuBaeTcs B NCUXOU3MONOrum
kak o6LLMA (PaKTOp YCMELIHOCTU PELIeHNs KOTHUTWUBHBIX 3afad,
koTopblit 0BecneunBaeT BocnpusiTue BepbanbHoit U HeBepbanb-
HoW 0BpasHol MHOpMaLMK, aHanu3 N COOTHECEHWE BOCTPUHU-
MaeMOoW MHGOPMaLMK C XpaHsiLLencs B 4ONTOBPEMEHHO NaMATH
n npuHaTue pelwenus [6, 8, 9, 20]. CornacHO aKTMBALWMOHHOM
Teopuu aHca Ali3eHka YpoBEHb TOHYCa W akTMBaLuM Mo3ra siB-
NAETCA LeHTpamnbHbIM OOBACHUTENbHEIM MOMEHTOM  BRUSIHUS
UHOMBUAYaNbHBIX Pasnuyuin Ha 9P EEKTUBHOCTL KOTHUTUBHO Ae-
aTenbHocTy [4, 25)]. 3akoH Mepkca—[lofcoHa ycTaHaBNMBaeT M-
BepTMpoBaHHyto U-06pasHyto 3aBUCUMOCTb MeXAY YCNELHOCTbH
BbINOMHEHUS KOTHUTUBHOM 3ajayn U YPOBHEM TOHYCa U aKTWBa-
U mosra. OnTUManbHbLIM YCHOBUEM KOTHUTWUBHOW YCNELIHOCTY
SBMNSAETCS HEKOTOPbIA CPeJHWA YpOBEHb TOHyCa UM aKTMBauuu
KOpbl M03ra, YTO MOMy4urno NOLTBEPXAEHWE B paHee NpoBEAEH-
HbIX HaMu UCCNefoBaHNAX SPEKTUBHOCTM BOCMPUATAS CRYXO-
BOW HeBepbanbHol nHgopmauum [7].
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Mo AaHHbIM [, Ali3eHKa, Npy HeLOCTAaTOYHOM aKTUBALMM KOpbI
MO3ra KONMYeCTBO OLIMOOK Y UCMBLITYEMBIX MPK NpeabsBneHun
KOTHUTMBHbIX 3aday yBenuuuaeTcs B 3 pa3a Nno CPaBHEHUIO C
naumeHTamu ¢ ONTUMasnbHbIM YPOBHEM TOHYCa U akTuBauum [4].

A3BECTHO, YTO OKpYXaloLWin MUP, KakUM Mbl ero 3Haem, 6a3u-
PYETCA Ha HaLUMX KOTHUTUBHBIX CTPYKTYpaX, KOTopble NpeAcTaBns-
toT coboi HecneLmndunyeckine, Ho YNopsAOYEHHbIE penpe3eHTaLmum
npeALecTsyloLero onbita. ChopmMupoBaHHbIe B MpoLiecce MHau-
BMAYanbHOrO pasBuUTWS MO3HaBaTeNbHble CTPYKTYPbI NOALEPXKU-
BalOT NMPOLIECCHI KOTHUTUBHON CaMOperynsaLuu U BHYTPEHHUE Me-
XaHU3Mbl CaMOKOHTPOnS. [poLecc KOrHUTUBHOWM caMoperynsum
npegnonaraeT pa3BuTue 1 COBEPLUEHCTBOBAHME NO3HABATENbHBIX
CTPYKTYP W MOHATUIA, KOTOPbIE ABMNSIOTCH NPOLYKTOM HayveHus.
OyHKUMOHANbHAsA POfib CUCTEMbI KOTHWUTMBHOM Camoperynsuum
3akntoyaetcs B ee cnocobHocTv obecneumath LenecoobpasHyto
[edaTenbHOCTb B TOM HarpaBlieHWW, KOTOpPoe Mbl CYMTaeM npa-
BUIbHBIM B KOHKPETHBIX YCrioBusx. To eCTb Mbl BefieM cebsi Tak,
KaK MpesnucbIBalOT HALLW KOTHUTUBHbIE CTPYKTYpbI. [py 3TOM Kor-
HWTMBHbIE KaYecTBa NCUXUYECKU 3A0POBOTO MHAMBMAA [AOT HaMm
BO3MOXHOCTb YNpaBnsTb COGCTBEHHbIM NOBeeHMEM 1 obecneyu-
BalOT MHOroobpasane MeXNMYHOCTHOTO B3aUMOAENCTBIS U KOPPEK-
LM HeaEKTUBHBIX KOTHUTUBHBIX CXeM [5].

Mpu WwusopeHnn 1 apyrux opmax ncuxonaronoruu B pe-
3ynbTaTe [e30praHu3auun uU3nNonornyecknx MexaHu3moB Hei-
POKOTHUTMBHOTO CaMOKOHTPONS CHUXAKTCS CMOCOBHOCTY K KOTHU-
TUBHOM camoperynsuun. CchopMmnpoBaBLLascs B Xo4e pa3BuThs
LUM30PPEHNYECKOTO NPpoLiecca KOrHUTUBHAs CUCTEMA CTAaHOBUTCA
VHBApWaHTHOW, [eiCTBYET, HEPEAKO, aBTOMATUYECKN, MarnoanHa-
MWYHa M HecnocobHa BOCMPUHUMATB OMbIT W npucnocabnneaTbes
K MeHstowmMMes 06CToATeNbCTBAM. YTpaunBaeTcs cnocobHOCTb
npUOEepXMNBaTbCA CTaHLAPTOB MOBEAEHUS, AENCTBUS NalueHTa
NOAYMHEHDBI, CKOPEE, BHELUHUM CTUMYNam, YeM MexaHu3mam mno-
3HaBaTenbHoON camoperynsuum [12].

LENIb UCCNEAOBAHUA

Llenb nccnegoBanus 3akmoyanack B AO-oLegHke (yHKLMO-
HaNbHOrO COCTOSIHWUS OCHOBHBIX CTPYKTYP SHepreTnyeckoro 6noka
Mo3ra 1 060CHOBaHWW NAaTOTEHETUYECKOTO 3HAYEHUSI HapYLLEHWIA
HeMpOANHAMNYECKNX KOMMOHEHTOB [EeSTENbHOCTM B PasBUTUM
KOrHUTMBHOO AeuLnTa Npy NCUXONATOMOTUN.

MATEPWAIbI U METOAbI

ObcnegoBaHo 78 uvenoBek, W3 koTopbix 40 NaLUMEHTOB,
CTpajalLMX XPOHUYECKOW NapaHOMAHOW LWK3odpeHnen, ac-
COLIMMPOBAHHOW C HEWpOKOTHUTMBHBIM Zeduuyntom, n 38 3g0-
POBbIX MCMbITYeMbIX. CpeaHuit BO3pacT nUL, OCHOBHOW pynmibl
coctaBun 37,7+3,3 roga, cpedHsis ANMTENbHOCTb 3abonesa-
Hus — 13,4 rofa, XeHWwmHbl cocTaBunm 55%, MyxunHbl — 45%.
KoHTponbHas rpynna coctosina us 38 340pOBbIX WUCMbITYEMbIX,
COMOCTaBNMbIX MO BO3PACTY, reHAEPHOMY COOTHOLLEHWIO U COLN-
anbHOMY MONOXEHWIO: CPEAHUIA BO3PACT MCMbITYEMbBIX COCTaBMN
38,6+3,7 neT, MyxuuHbl coctaBunm 52,6%, xeHwuHbl — 47,4%.

B kayecTBe OCHOBHOrO MeToAa WUCCNEA0BaHMUs LieHTpanbHOM
HeNpOAMHaMMKM W TOKamnbHbIX AMHAMUYECKVUX LiepebpanbHbix
CMCTEM WCMONb30Banach KOMMbTEPHAs 3MeKTpo3Huedanorpa-
tust. B3I perncTpupoBanu ¢ NOMOLLbIO 21-kaHanbHOro annapar-
HO-NpOrpaMMHOro kKoMnnekca «Tenenat-1» 0Te4ecTBEHHOro Npo-
“3BOACTBA C YacToTomn auckpeTtusauuu 400 'y Peructpauuns 330
OCYLLECTBMIANACh MOHOMOMSAPHO MO MEXAYHAPOAHOW CcucTeMe
«10%-20%» oT poHTanbHbix (F3-F4), ueHtpanbHbix (C3-C4),
TemeHHbIX (P3-P4), 3atbinoynbix (01-02), nepesHeBUCOYHbIX
(F7-F8), cpenHeBucouHbix (T3-T4) u 3agHeBUCOYHbIX (T5-T6)
KOPKOBbIX 30H. PethepeHTHbIM 3IEKTPOAOM CIyXUnu 00benHEH-
HbI€ YLUHbIE KITUMCBI.

B noctpeasnbHbl nepuof NpoOBOAWIICS BU3yanbHbIA U CEk-
TpanbHbl aHanu3 BesapTedakTHbIX y4acTkoB J3I, AnuTens-
HOCTb KOTOPbIX yCTaHaBNMNBanachk 3KCnepuMeHTanbHo. YuuTbiBas
WUCKIIOYUTENBHYI0 POfb aL-pUTMa B MHGOPMALIMOHHO-aHanuTnye-
CKOV JesTEeNbHOCTM MO3ra, a Takke ero TeCHyt0 MopdodyHKLmMo-
HarnbHyt CBSA3b C (PPOHTOTaNaMUYECKON CUCTEMON — KITHOYEBONA
CTPYKTYpOW nepBoro 6oka mo3ra, OCYyLLECTBAANCS AeTannanpo-
BaHHbI aHanu3 napameTpoB anbda-4acToTHOrO AuanasoHa Kak
OfHOW 13 ©6a30BbIX PErYNMPYIOLLMX CUCTEM MO3ra. AHanM3npoBa-
NMCb Kak Hecneuuduyeckme uanyeckne napameTpbl o-BOJSIHO-
BOro npouecca (MHAeKe, YactoTa v aMnnnuTyaa), Tak 1 dusmono-
rmyeckme 0CobeHHOCTW o-OCLUMNNALMIA (PErynspHOCTb, aBTOPUT-
MWUYHOCTb (MOAYNSLMN) U CTABUNBHOCTb OL-PUTMA).

®yHKUMoHanbHoe cocTosiHne PO onpenensnock no napame-
TpaM NaTeHTHbIX NeprUogoB CHxpoHu3auum (B Hopme 0,4-1,0 ¢),
pecuHxponusaum (8 Hopme 0,01-0,03) v rnybuHbl 4eCUHXPOHM-
3aumm (B Hopme 5-6-kpaTHas) B npobe «OTKPbITb rnasa — 3a-
KpbITb rnasan.

TOHYC KOpbl MO3ra OMPEAEensncs N0 COOTHOLIEHMIO YacToT-
HbIX WHAEKCOB anb(a- M AenbTa-puTtMOB. B HOpme 3HaueHus
TOHyCa KOpbl MO3ra BapbupylT B guanasoHe 12-15. UHpaekc
NapoKCM3MarbHOCTK OLEHMBANCA MO KOMWUYECTBY BCMbILEK B
thoHoBol O3I. bonee fByX BCMbILIEK B MUHYTHOM OTpe3ke 3l -
3anucy MpUHATO paccMaTpuBaTh Kak MpW3HaK MOBbILEHMS CTe-
MEeHN MapoKCU3ManbHOCTA WK CHKEHUS Mopora CyLOPOXHOM
FOTOBHOCTW MO3ra. ®PYHKLMOHaNbHas CTabunbHOCTb OCLUNNATOP-
HOW aKTWBHOCTM MO3ra OLieH1Banach no CTENeHN YCTONYMBOCTY
tboHoBOI yacToThl anbda-putma: konedaHusi anbha-4yacToThl,
npesbiwatowye 0,5 'y, pacLeHnBaloTCs Kak Mpu3Hak HecTabunb-
HOCTM OCLMNNATOPHOM akTUBHOCTM Mo3ra [15, 16, 21, 22]. Ans
06paboTku faHHbIx O3 UCnoNb30Banock NporpaMmHoe obecne-
yeHne WIN-EEG, Bepcusi 1.3, paspabotaHHas B IHCTUTYTe Mo3ra
yenoseka PAH. CtaTucTnyeckuii aHanms BCex NOMyYeHHbIX 4aH-
HbIX npoBoauncst nocpeacteom naketa STATISTICA, Bepcusi 6.0.
[loCTOBEPHOCTb MOMYyYEHHbIX PesynbTaToB OlEeHWBanach no t-
kputepuio CTblogeHTa.

PE3YNbTATbl UCCNEOBAHUA

®yHKLMOHamNbHOE COCTOSIHWE KMKOYEBbIX BepTUKamnbHO Op-
raHnsoBaHHbIX otgenos | ®BM ouenuBanock anddepenLm-
POBaHHO C Y4ETOM WX (DU3MONOrNYECKO PONK B NOALEPXaHUM
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TOHyCa KOpbl 1 ypoBHs 6ogpcTBoBaHUs. CpaBHWUTENbHAs OLeH-
ka HeMpoLMHaMMKN MO3ra B OCHOBHOM M KOHTPOMbHOI rpynnax
npoBoAMNach Ha OCHOBe KOMMbloTepHoW O3l Kak CUCTEMHOrO
MEeTOAA MUcCneaoBanus Mosra. PesynbTatel 93M-nccnenosaqus
(PYHKLIMOHAMNBHOTO COCTOSHUS HECMeUUMDUYECKNX CUCTEM, TOHY-
ca Kopbl W Mopora CyJOpOXHOM rOTOBHOCTW MO3ra nNpeacTaBsne-
Hbl B Tabnuue 1.

Y UCMbITYEMbIX OCHOBHOW BbIOOPKM NATEHTHBIA NEpUog
AecvHxpoHmsaum npu OF mpeBbllan HOPMATUBHbIE 3HAYEHUS
B 2,3 pa3a (p <0,05), a naTeHTHbI Nepuos CUHXPOHM3ALIMM OKa3an-
€S BblLLe HOPMaTUBHbIX 3HayeHuit B 1,6 pasa (p <0,05). Mpu aToM
rnybuHa CUHXpOHW3auMn y GOMbHBIX LWM30PEHNER Okas3anach
B 1,22 pasa Huke HOpMbl. COBOKYMHOCTb MOMYYEHHbIX GaHHbIX
CBMAETENbCTBYET O HapyLeHWn (YHKLUMOHANBHOMO COCTOSHUS
BOCXOZALLEN aKTUBUPYIOLLEN U BOCXOASLLEN TOPMO3SLLEN CUCTEM
CTBONA Mo3ra.

Mcxoas u3 cpegHux HOPMaTMBHBIX 3HAYEHWI anbga-nHAEeK-
ca 'y 300poBbix ucnbiTyembix 50-60% 1 HOPMATUBHbIX 3Ha4YEHWI
JenbTa-uHaekca 4-5%, 3HaveHne ko3adhduLneHTa ToHyca U ak-
TUBALMK KOPbI MO3ra COCTaBNAT B HopMe 12,2. B npoBefeHHbIX
HaMW 1CCNeS0BaHNAX Y UCMbITYEMbIX KOHTPOMBHOW rpynnbl cpea-
HWe 3HayeHNs koaduLMeHTa TOHyCa W aKTUBaLMKU KOpbl MO3ra
coctaBum 12,5, 4to CoOTBETCTBYET (HU3MOMOrNYECKON HOPME.
Y UCMbITYEMbIX OCHOBHOW TpYNMbl 3HAYeHUs Ko3pduumeHTa
TOHyCa KOpbl MO3ra cOCTaBuUnu 4,5, 4TO JOCTOBEPHO HUXE HOp-
MaTWBHbIX 3HauyeHuit B 2,3 pasa (p <0,001). CHuxeHne 6a3oBbix
3HaYeHWi1 TOHyCa Kopbl MO3ra CO34aeT NpeanochInku Je30praHu-
3aUun  Henpohn3MONOrMYeCckUX MeXxaHu3MOoB WHGOPMALMOHHO-
aHarnMTMYecKon LesTenbHOCTU MO3ra.

®yHKLMOHAmNbHOE COCTOSIHIWE MOHTO-TMNOTaNaMU4ECKOr0 OT-
Jena Moara OLeHMBanoCh Mo KOMNYECTBY BCMbILLEK, 3aperucTpu-
POBaHHbIX B (oHOBOI J3I. B HOpMe KOMMYeCTBO BCMbILLEK Ha
3NeKTpOSHLedanorpamMmme He NpeBbIlaeT 2 3a 1 MUHYTY 3anuciu.
Y nauueHToB ¢ NCKUXONATONOrMen cpefHee KONMYECTBO BCMbILLEK
cocTaBuno 5,1 B MUHYTY, YTO NpeBbILANO HOPMATUBHbIE 3HAYe-
HWS1 KOHTPOIbHOW rpynnbl B 2,5 pasa (p <0,04) u ykasbiBano Ha

TEHOEHLMI0 K YMEPEHHOMY, HO [OCTOBEPHOMY MOBbILLIEHUIO CTe-
NeHU NapoKCM3MarbHOCTH Mo3ra.

YunTbiBas WCKIMHOYMTENbHYIO POMb a-puTMa B WHGOpMa-
LIMOHHO-aHaNNTNYECKO JesTeNbHOCTU MO3ra, a Takxe ero Tec-
HY MOPMOGYHKLUMOHAMNBHYIO CBA3b C (DPOHTOTaNaMUYecKomn
CUCTEMOI — KITIOYeBOW CTPYKTYpOI nepBoro 6roka mosra, npo-
BeJeH AeTann3vnpoBaHHbIi aHann3 napameTpoB anbga-4acToT-
HOrO [uanasoHa kak 04HON M3 6a30BbIX PEryNMPYHLLMX CUCTEM
moa3ra.

AHanusaupoBanuchb kak Hecneumduyeckue usndeckne na-
pameTpbl 0.-BOSIHOBOMO npouecca (MHAEKC, yactoTa W amnnu-
Tyga), Tak u duanonornyeckne 0COOEHHOCTW CL-OCLMNMALMIA
(perynsipHoCTb, aBTOPUTMUYHOCTb (MOZYNALMM) N CTABUNBHOCTD
o-puTMa).

OyHKLUMOHaMbHBLI  CTATyC Tanamuyeckon CucTembl Mo3ra
ONpefensncs Ha OCHOBE aHanu3a OCHOBHbIX NapaMeTpoB anbda-
4aCTOTHOWN PErynupytoLLen cuctembl Moara: anbga-uxaexca (%),
cpegHei yactotbl (Fy) u amnnutygsl (MkB) anbda-putma, wi-
puHbl anba-auanasoHa (M), rnybuHbl aecuHxpoHusauun 3T,
perynspHocT anb®a-putma, MOAYNALMM 1 cTabunbHOCTH anb-
tha-putma.

CpaBHUTENbHbI aHannM3 napameTpoB o-puTMa, MpeacTas-
NeHHbI B Tabnuue 2, oTpaxaeT PC KMoYEBbIX KOTHUTUBHBIX OT-
AEenoB MO3ra B HOpPME W Mpu1 naTonoruy.

Y nuy ¢ ncuxonaTororuer Bce napameTpbl anbda-akTue-
HOCTU CYLLECTBEHHO M3MEHEHbI. 30HAINbHOE CHKEHUE YacTOoThl
o-putMma Hike 9,15 KOCBEHHO CBMAETENLCTBYET O Ae3nHTErpa-
UMM HEMPOGYHKLMOHAMbHBIX CTPYKTYP, WUrPaloWnX KM4eByk
ponb B paboTe mo3ra. Konebanns yactotbl 6a3oBoro anbda-puT-
ma, npesblwatowpe 0,5 I, ykasbiBatoT Ha HeCTabuUnbHOCTL OC-
UMNNSTOPHO aKTUBHOCTMW, 0DecneymBatoLLel B roNOBHOM MO3re
Ba)XHEMLLNe PEerynsTopHbIe NPOLEeCCsI.

Hapsimy ¢ aTum, Ha O3l BbISIBNEHO yBENMueHne B 2,5 pasa
(p <0,04) konmyecTBa BCMbILIEK, YTO YKa3blBAET Ha TEHAEHLMO
K MOBBILIEHWIO NPU LUM30MPEHNN CTENEHN NAPOKCU3MANLHOCTY
rONIOBHOTO MO3ra.

Tabnuuya 1

CpaBHMTeanbIVI aHanu3 Knw4eBbiX napameTpoB HeﬁPOAMHaMMKM y nuy OCHOBHOW U KOHTpOﬂbHOVI rpynn

Table 1

Comparative analysis of key parameters of neurodynamics in persons of the main and control groups

[TokasaTenu HelnpoanHaMukm /
Indicators of neurodynamics

HopmatunBHble 3HayYeHus /
Normative values

OcHoBHag rpynna /
The main group

KoHTponbHas rpynna /
The control group

TN pecnHxponnsaumu / LP desynchronization

0,01-0,03 ¢

0,070,002

0,020,012

NN cuHxpoHnsauuu / LP synchronization

0,4-10c

1,610,009

0,75+0,03

KoathdnumeHT rnybuHbl fecuHxpoHuaamm /
Depth factor desynchronization

5-6-kpaTHoe CHuxeHue /
5-6-times reducing

3—4-kpaTHoe CHuxeHue /
3-4-times reducing

5-6-kpaTHoe CHuxeHue /
5-6- times reducing

KoachpmumeHT ToHyca n akTueaLum 12,2 4,50+2,58 12,50+2,15
kopbl mosra / The coefficient of tone
and activation of the cerebral cortex

Benbiwkw / Flashes He 6onee 2 ¢/ No more 2 sec 5,140,85 1,8%0,25
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Tabnuua 2
CpaBHuTeNbHbIN aHanu3 hoHoBLIX napameTpoB A anbda-pUTMa y NUL, OCHOBHOI U KOHTPONLHOW Fpynn
Table 2
Comparative analysis of background parameters of the EEG alpha rhythm in individuals of the main and control groups
MapameTpsbl o-putma / o-rhythm parameters OcHosHas rpynna / The main group KoHTponbHas rpynna / The control group
WHpeke, % I Index, % 38,646,6 65,7
Yacrora, 'y / Frequency, Hz 8,8 10,1
Llnpura anbta-guanasona, Iy / 7,2-12,1 8-13
The width of the alpha range, Hz
Amnnutypa, MkB / Amplitude, uV 49,8 62,2
PerynsapHocTb, 'y / Regularity, Hz 1,9 0,47
Mogynsuum / Modulations -— ++
CrabunbHocTb / Stability -— +++

OBCYXAEHWE PE3YIIbTATOB

B CcOBpemMeHHON Hempomncuxonorim cTpaTerisi UCCNenoBaHms
MeHTasnbHbIX PECYPCOB YeroBeka 6a3npyeTcs Ha OCHOBE MOHUMa-
HWS MO3ra Kak rnobarnbHoN HePOAMHaMNYECKON CUCTEMBI, COCTO-
SLLEei U3 MHOXECTBA HEMPOHHBIX CETEN, PeXMMbI (DyHKLMOHUPOBa-
HWS KOTOPBIX MoAynupytoTes cTpykTypamu | ®BM. AHaTomuueckm
HeMpOCeTN COCTOST 13 MHOXECTBA HEMPOHOB PasnyHbIX MO3rOBbIX
MOZynel, B3aMMOENCTBYOLLMX Takum 0Bpa3om, 4Tobbl B pesynb-
TaTe UX (yHKUMOHMPOBAHMS CO3AaBasNCs OMTUMArbHbIA KOTHUTUB-
Hblit pe3epB, obecneynBatoLLMi LieneHanpaBneHHyto no3HaBaTeb-
HYI0 W MOBEAEHYECKYI0 aKTMBHOCTb WHAMBMAA. VIMEHHO moaTomy
HelpoaMHaMM4yeckas cucTema SIBMISIETCS OCHOBOW NS MCCreAoBa-
HWS HapYLLEHWIA MCUXNYECKMX MPOLIECCOB, MEXAHM3MOB Pa3BUTUS
KOrHUTUBHOTO AedpuumMTa, HEraTMBHOM W MO3UTUBHOM CUMMTOMATK-
kv, HabniogaeMoil B pamkax (pOPMMPOBaHMS LLIM30(PEHNYECKOTO
npoLiecca v Apyrux Nc1xonaTornornyeckux coctosHum [20].

CornacHo ByXKOMMOHEHTHO Moaenu, cymmapHas 33T pac-
CMaTpuBaeTCs Kak pesynbTaT B3auMOAENCTBUS CUHXPOHU3NPYHO-
el N OEeCUHXPOHU3MPYIOLLE cucteM Mo3ra. Ha anekTposHLe-
(harorpamMmme oTpaxaeTcs akTUBHOCTb HEMPOHOB KOpbI, KOTOPbIE
HaxoL4ATCS NOA MOCTOSHHBIM BIUSHUEM 3TWUX PETYMMPYIOLLMX CU-
CTeM moa3ra.

®yHKLMOHamNbHOE COCTOSIHME KOpbI FOMOBHOMO MO3ra onpeje-
nseTca 6anaHcoM peLmnpokHO B3aMMOLENCTBYIOLNX AECUHXPO-
HWU3WPYHOLLMX M CUHXPOHU3MPYIOLLMX CYBKOPUTUKANBHBIX CTPYKTYP.
CKOpoCTb B3aMOZENCTBUS aKTUBUPYIOLMX N TOPMO3SLLMX BRMSI-
HUA PO Ha KOpKOBble FOPU3OHTASIbHO OpraHW30BaHHbIe CTPYK-
Typbl Mo3ra (Il ®BM u lIl ®BM), onpegensembie N0 NaTEHTHbIM
nepuoaam CUHXpOHW3aLWM U AECUMHXPOHU3aLuW anbga-putMma,
oKasanacb CyLLECTBEHHO CHWKeHHOI. [JoCToBEpHOE yBENUYEeHNE
NaTEHTHbIX NEPVUOZOB MPY BbINOMHEHUM MPOObI HA OTKPbIBAHME W
3aKpbIBaHWe a3 B COYETaHWN C HEMOMHbIM MOAABIEHNEM allb-
ha-putMa y 6ONbHbIX WKM30(PEHNEN YKa3bIBaIOT Ha HapyLUeHue
(DYHKLMOHANbHOM CHanaHCUPOBAHHOCTN [ECUHXPOHU3UPYIOLLEN
(aKkTUBMpYIOLLEI) U CUHXPOHW3MPYIOLLEN (TOPMO3SILLEN) CUCTEM

ctBona Mo3ra. CHuxeHue (YHKLUMOHANBHOTO COCTOSHUS 3TUX
0a30BbIX MOZYNMPYIOLMX CUCTEM CO3AAET NPEANOCHINKK ANs 3a-
MeZJIeHNs CKOPOCTU NMCUXMYECKMX MPOLIECCOB.

Y 10 ucnbiTyeMbix OCHOBHOM BbIBopkyn (25%) Ha I3l peru-
CTPMPOBanMCL MaTTEPHbI AU3PUTMUM, KOTOPLIE XapaKTepu3oBa-
nnuck 6€300MUHAHTHBIM COYETAHUEM BOMH Pa3fiNyHbIX YaCTOTHbIX
AnanasoHoB. MaTTepHbl AM3pUTMIKN 0BYCNOBMEHBI OOHOBPEMEH-
HbIM MOBbILLIEHVEM aKTUBHOCTW CUHXPOHM3NPYIOLLEN U JECUHXPO-
HU3MpYtOLLEN cucTeM. Takue HenpoauHaMWUYECKe COCTOSHUS
006bIYHO MPOSBAAKTCA BbIPAXEHHBIM KOTHUTUBHBIM CHIKEHUEM.

CpepHue 3HayeHuMs WHOeKkca o-puTMa Yy  WUCMbITYEMBIX
KOHTPObLHON rpynMnbl OKa3anuch B AUana3oHe HOPMaTHUBHbIX 3Ha-
YeHun — 65,7%. Y nuy OCHOBHOWM BbIOOPKN CPeaHME 3Ha4eHNs
anba-nHaekca He npesbiwany yposHs 38,6%, yto B 1,7 pasa
HUXe, YeM B rpynne 300POBbIX UCTBITYEMBIX.

YMeHbLUeHWe npefcTaBneHHocTn B O3 JOMMHMpYKOLLEro
anba-puTMa kak yHKLMOHANBHOrO SiApa OCUMINATOPHON ak-
TMBHOCTW MO3ra NpaBOMEPHO TPaKTOBAaThb kak (hakTop, HeraTna-
HO BIUSIIOLLMIA HA KOTHUTUBHbIE (hYHKLMK. JTtobble HapyLleHns B
rOMNOBHOM MO3re MOP(ONOrMYECKOro 1nm HyHKLIMOHANBHOrO Xa-
pakTepa NpuBOAAT B NEPBYID 0YEPEAb K CHKEHUIO UHAEKca o
puTMa, 00bI4HO Hke ypoBHS 50%, Unn NOMNHO ero pegykuum.

3BECTHO, YTO YacToTa oi-puUTMa SBRSIETCS HEelpodu3noso-
TMYECKIM YCIIOBMNEM W NPESNOCHINKON 3PAEKTUBHOCTI KOTHUTUB-
HOW [EeATENbHOCTH, a ee 3ameaneHue obycrnoBneHo Ae3opraHu-
3aLuen Tanamuyeckor CUCTEMbI MO3ra U HapyLLEHUEM KOPTUKO-
Tanammyeckux B3auMoaencTBuil.

MokasaTenu WWpUHbl o-AnanasoHa W BapuabenbHOCTH ero
amMnIMTyabl SBMSAKOTCS Mapkepami HEMpOAMHAMMYECKOM nna-
CTUYHOCTH, a CnefoBaTenbHO, 3GhEKTUBHOCTM NO3HABATENBHON
[esATenbHOCTW. B rpynne naumeHToB, CTpafatoLmx Wn3odpeHrm-
€, faHHble NoKa3aTesNn CyLeCTBEHHO OTNMYAKTCS OT HOpMaTHB-
HbIX 3HA4YEHW B CTOPOHY 3aMeAfeHUs 1 IEBOCTOPOHHENO YacToT-
HOro cABUra o-puTMa.

Mogynsauun a-putmMa SBASKOTCH BaXHENLUWM KayeCTBEHHbIM
KpUTEPUEM 3NEKTPO3HLedhanorpaMmm, OTHOCSLLMXCS K OpraHu3o-

& RUSSIAN BIOMEDICAL RESEARCH

VOLY9 N1 2024

ISSN 2658-6584




OPUTMHAJIBHBIE CTATBI

31

BaHHOMY anbga-Tuny. Hanuume mMoaynsuui B COCTOSHAN OTHO-
CWTEMNbHOTO MOKOSI CBUAETENbCTBYET 006 ONTMManbHOM B3anMo-
JENCTBUM TpexX PErynsaTopHbIX CUCTEM MO3ra: akTUBMPYHLLEN
LECUHXPOHM3MPYIOLLER CUCTEMbI CTBOMA MO3ra, CUHXPOHU3UPYHO-
Le TOPMO3HOWM CUCTEMBI Tanmamyca W HUXHUX OTAENoB MOCTa,
a TaKKe CUCTeMbl HEOKOPTUKanbHOrO KOHTPOMS MpoLeccoB Ae-
CUHXPOHM3aLMM 1 CUHXPOHM3aLuu [14].

10T napameTp A3 TOHKO OTpaxaeT AMHaMUKY aHcambne-
BOW OpraHn3auui KOPKOBOM HEMPOHHOW aKTUBHOCTU, 0OBEM K
«BPEMS XWN3HW» HEMPOHHOrO aHcambns, YTO SIBMSETCS BaxHOM
NPEANOCHINKOA AN HOPMANbHOTO KOTHUTUBHOTO (hYHKLMOHMPO-
BaHust Mo3ra. B npoBeaeHHbIx Hamu 3l -1ccrnefoBaHnsx y Bcex
WCMbITYeMbIX OCHOBHO BbIGOPKM MOAYNALMM ai-puTMa nubo non-
HOCTbIO OTCYTCTBOBaMNM, MO0 HOCUNN HENOCTOSHHBIN, (parmeH-
TapHbIA XapakTtep.

CnepoBaTenbHO, CHWXEHWE YacTOTbl, PETYNSAPHOCTM, OTCYT-
CTBUE MOAYMSALMNA, HapyLIeHUe NPOLECCOB CUHXPOHU3ALWMN-ae-
CWHXPOHU3aLUuK anba-puTMa CBUAETENBbCTBYIOT O Oe30praHu-
3auumn anbda-perynmpytoLei cucTeMbl Mo3ra, TECHO CBSI3aHHON
C NepBbIM (OYHKLMOHANbHLIM BI0KOM Mo3ra. BbisiBneHHas Hamm
MHOrOBEKTOPHasl Ae30praHnsauus anbda-putma nveet Gesyc-
NOBHOE 3HAYEHNE B MEXaHN3Max PasBUTHSI KOTHUTUBHOTO CHIXe-
HUS Npu WK3odpeHun, a Takke Npu Apyrvx ncuxonaTtonornye-
CKWX COCTOSIHMSIX.

YBenuyeHue Ha 3T KonnyecTsa BCMbILLEK B 2,5 pasa BhllLe
HOPMAaTMBHbIX 3HAYeHWUt yKkasbiBaeT Ha AWUCKYHKLMIO CTBOMO-
Bo-Tanamuyecknx otaenoB | ®BM. CormacHo COBpeMEHHbIM
npefCcTaBNeHNaM, HeMpoaMHammyeckas CTpyktypa, obycnoenu-
BatoLLash BO3HWKHOBEHME BCMbILLEK, (DOPMUPYETCS B pesynbTaTe
CHWXeHMs! (PYHKLMOHANBHOrO COCTOSIHUS 3afHUX OTAENOB runo-
Tanamyca 1 CTBOMOBbIX CTPYKTYP W rUnepakTuBaLm Hecrneuugm-
Yeckux 1 cneumduyecknx agep 3putenbHoro Gyrpa [6, 25].

Takum 06pasom, pesynbTaTbl NPUBEAEHHBIX Hamu Wccne-
[0BaHUI MOKa3blBaKOT, YTO Yy MaLUMEHTOB, CTpajaloWmux LWK30-
(bpeHnen, NMeeT MecTo (DyHKLMOHATNBHOE CHUKEHNE KITIOYEBbIX
0TAENoB nepsoro 6noka moara, 06ecneynBaloLLnX akTUBALMOH-
HO-3HepreTuyeckie (PYHKLMM B AESTENBHOCTW FOIOBHOTO MO3ra.
Mockonbky cTpykTypbl | ®BM AeTEPMUHMPYIOT (YHKLMIO BHUMA-
HWSI, UHOMBUAYANbHbIE NEPLENTUBHbIE BO3MOXHOCTU, NaMATh U
BOCTYN K KOTHUTWMBHbIM pecypcaM Yepe3 perynsuui ToHyca W
aKTVUBAaLMIO KOpbl MO3ra 1 ONpeaensioT, Takum obpasom, addek-
TUBHOCTb KOTHUTWUBHOTO (PYHKLMOHUPOBAaHUS, TO Ae30praHun3anns
3TVX OTAENOB MO3ra Co34aeT NPEeLNOChINKA CHUKEHUS KOTHUTUB-
HOro pecypca.

OnbIT paboThbl C NauMeHTamMu NCUXOHEBPONOrNYECKOTO CreK-
Tpa MoKasbiBaEeT, YTO [N HUX XapaKTepHbl WHTEMNMeKTyanbHas
MacCUBHOCTb, HECMOCOOHOCTb K «MCUXMYECKOMY HAMPSKEHMIOY,
OTCYTCTBWE MOTMBOB W Li€Nen B NOBELEHUM, «aTOHUYHOCTbY NCH-
XWKK, 6narogyline, acrnoHTaHHOCTb, PAacCTPOCTBO BHUMaHUS B
COYETAHWM C MPOSIBNEHUEM WHEPTHOCTM, CKIIOHHOCTU K CTEpeo-
TUNWAM, (haHTa3MpOBaHUIO M paccyxgaTenscTsy. Hapsagy ¢ aTum
Y NauMeHTOB, CTPaAatoLLmMX LUM30(PEHNEN, SpKO NPeACTaBNEHbI
CTPaHHOCTU MbILUMEHMUS U NOBEAEHMS, HEAaAEKBATHOCTb BbICKa3bl-
BaHWI N OEACTBUN.

[MaTocusnonorns 3TUX NCUXONATONOTMYECKUX (PEHOMEHOB
0CTaeTCa HeJoCTaTOYHO WM3yYeHHOW. PesynbTaThl MpOBELEHHbIX
HaMW 1CCreJoBaHNA MO3BONSIOT CAENaThb BbIBOA, YTO YKa3aHHbIE
HapyLleHna B 3HAYUTENBHON CTENEHU onpeaenanTca I'IGpBVNHOI?I
LeeKTHOCTbIO MOLKOPKOBBLIX CUCTEM, COCTaBMAKLLMX SHepreTu-
YECKYH0 OCHOBY MCUXWYECKOW AeATernbHOCTU. B TepMuHax Hei-
POMCHXONOMAN COBOKYMHOCTb YKa3aHHbIX MPU3HAKOB XapakTepu-
3yeT HEMpPOKOrHUTUBHbIA JeuLNT, CBA3AHHbLIN C (YHKLMOHAMb-
HbIM CHVXEHWEM 3HepreTuyeckoro Groka mosra M CHUXEHUEM
YPOBHs1 BOLPCTBOBAHNS.

3AKNIOYEHUE

MpoBefieHHbIE HaMK UCCNeJoBaHUs BbISBUIM HEM3BECTHbIE
paHee CBeAEHUs O 3HAYEHWUM HapyLUEeHU HepoaMHAMUYECKNX
KOMMOHEHTOB AESATENbHOCTA B PasBUTUM KOTHUTWBHOMO Aedu-
uuTa npy napaHOUAHOW LWM30PEHNN, UMEIOLME HE TOMBKO Te-
OpPEeTNYECKOE, HO W MPaKTUYECKOE 3HAYeHWe. YCTaHOBMEHO, YTO
Mpu1 NcUXonaTonorum UMeeTcsi MHOrOYpOBHEBAs 1€30praHn3aLms
| ®BM, obecneumBatoLLero Becb cnekTp 6asoBbix HENPOANHAMM-
Jeckux npoueccoB. CHUXeHUE aKTUBALMOHHO-3HEPreTU4ECKMX
W APYTMX HeMpOLMHAMWYECKMX COCTaBMsLMX paboTbl mMo3ra
CO3Aa€eT NMPEAnoChINKNA K HapYLIEHWNIO KOHLEHTPaLMW BHAMaHWS,
BOCMPUSATUS MHGOPMALWK, YXYALEHUIO NaMSATH, CHUKEHUIO CKO-
POCTM NCUXWYECKUX MPOLLECCOB. [le3opraHu3auns aTux cocTap-
NSALWMX KOTHUTUBHOTO pe3epBa Hen3bEXHO NpuBOAMUT Kk hopMu-
POBAHMIO rNyBOKON KOTHUTUBHOM AeULMTApPHOCTH.

BbIBOAbI

1. BbisIBNIEHbI JOCTOBEpPHble MPW3HaKM Ae30praHu3aunm He-
cneunduyecknx CUCTEM MO3ra: NaTeHTHbIA Nepruog AECHHXPO-
HW3aummn yBenuyeH B 2,33 pasa; naTeHTHbIN Nepuog nepexoga B
PErucTp CMHXpPOHM3aLmMmM yBenuyeH B 2,14 pasa, a ko3thULMEHT
rny6uHbI JECMHXPOHN3aLMK CHUKEH B 1,22 pasa, YTO ykasbiBaeT
Ha CYLLEeCTBEHHOE HapyLUEHWe aKTMBALMOHHbBIX MPOLECCOB KOpbI
moa3ra.

2. [okasaTenu TOHyCa U 3HEPreTHKM KOpbl FOSIOBHOTO MO3ra
B OCHOBHOI1 BbIBOpKe Oka3anuch B 2,8 pasa Huxe HOPMaTUBHbIX
3HaYeHWit, YTO SABNSAETC OOBEKTUBHLIM MPU3HAKOM CHUKEHMS
YpOBHS B0pCTBOBAHMS.

3. Y nauueHToB C MCUXOMATONOrVEN BbISBIEHA YMEPEHHas,
HO [JOCTOBEpHAs TEHOEHUMS K YCWNEHUI0 NapoKCU3MasnbHOM
akTuBHOCTU. KonuyecTBo Benbllek Ha O3 npeBbillano Hop-
MaTWBHble 3Ha4eHWs B 2,5 pasa, YTO yKasblBaeT Ha CHUXEHUE
(DYHKLMOHANBHOTO COCTOSIHWS 3a[HWX OTAEMNOB runoTanamyca u
HWKHE-CTBONOBBLIX CTPYKTYp MPU akTWBALWW Hecneunuieckmx
1 cneumduyeckux agep aputensHoro byrpa.

Takum 06pazom, I3 -nccnenoBaHe 0CHOBHLIX HEMPOAUHAMM-
YeCKMX KOMMOHEHTOB AeATENbHOCTY MO3ra, OMpeaesntLX KOTHN-
TUBHbIN PECYPC U YMCTBEHHYH paboTOCNOCOBHOCTL MHAMBKAA, MO-
XET 0Ka3aTbCs BeCbMa Mome3HbiM B 06BbEKTUBM3ALMU HapYLLEHWI
KOrHUTUBHO-MbICTIMTENbHBIX (hYHKLMA 1 BbIOOPE NaTOreHeTUYeCcKM
LienecoobpasHoil Tepanuy NCUXonaToNornyecknx paccTponcTa.
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AOMONHUTENBbHAA UHOOPMALIUA

Bknap aBTOpoB. Bce aBTOPbI BHECIM CYLLECTBEHHbIN BKA4
B pa3paboTky KOHLenuuu, NpoBeAeHNe UCCneaoBaHUs U Noaro-
TOBKY CTaTbW, NpOYNU 1 0f00pUAM (hUHANBHYI0 BEPCUO Nepeq
nybnukayuen.

KoHchnuKkT uHTepecoB. ABTOPbI AEKNapupyloT OTCYTCTBUE
SIBHbIX U MOTEHUManbHbIX KOH(IMKTOB WHTEPECOB, CBSA3AHHbIX
¢ nybnvkayueit HacTosILER cTaTbi.

WUcTouHmnk mHaHcupoBaHus. ABTOpbI 3a8BNAKOT 06 OTCYTCT-
BMM BHELLHETO (DUHAHCUPOBaHMS MY NPOBEAEHNN UCCIIELOBAHNS.

WHdopmupoBaHHoe cornacue Ha ny6nukaumio. ABTOpbI
MONy4YMnM NUCbMEHHOE Cornacye NayyueHToB Ha nybnvkaumio me-
OVLMHCKUX AAHHbIX.
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Abstract. Critical limb threatening ischemia (CLTI), the most advanced form of peripheral artery disease, is associated
with significant morbidity, mortality, and health care resource utilization. It is a clinical syndrome of ischemic pain at rest
or tissue loss, such as non-healing ulcers or gangrene, related to peripheral artery disease. CLTI has a high short-term
risk of limb loss and cardiovascular events. Non-invasive or invasive angiography helps determine the feasibility and
approach to arterial revascularization. An “endovascular-first” approach is often advocated based on a lower procedural
risk; however, specific patterns of disease may be best treated by open surgical revascularization. Balloon angioplasty
and stenting form the backbone of endovascular techniques, with drug-eluting stents and drug-coated balloons offering
low rates of repeat revascularization. Combined antegrade and retrograde approaches can increase success in long
total occlusions. Below the knee, angiosome-directed angioplasty may lead to greater wound healing, but failing this,
any straight line flow into the foot is pursued. Hybrid surgical techniques such as iliac stenting and common femoral
endarterectomy are commonly used to reduce operative risk. Lower extremity bypass grafting is most successful
with a good quality, long, single-segment autogenous vein of at least 3.5 mm diameter. Minor amputations are often
required for tissue loss as part of the treatment strategy. Major amputations (at or above the ankle) limit functional
independence and their prevention is a key goal of CLTI therapy. Medical therapy after revascularization targets risk
factors for atherosclerosis and assesses wound healing and new or recurrent flow limiting disease.

Keywords: peripheral artery disease, endovascular, vascular intervention, vascular disease extremities, vascular
surgery, critical limb threatening ischemia, drug coated balloons, drug-eluting stent

Tabnuua 1

Knaccudmkauus cumntomoB 3abonesaHuii nepucepruyecknx
aptepun: ®oHTeHa, Pesepdopaa u A.B. MokpoBckoro

INTRODUCTION

Critical limb threatening ischemia is a clinical syndrome of
ischemic pain at rest and/or ischemic tissue loss such as non- Table 1

healing ulcers or gangrene, related to peripheral artery disease Peripheral artery diseasg symptom classification: Fo.n.tain_e
of the lower limbs. It differs from acute limb threatening ischemia, ~ stages, Rutherford categories and A.V. Pokrovsky classification

which is a sudden loss of limb perfusion (defined as within Fontaine classification Rutherford classification

14 days) typically due to embolus or in-situ thrombus. In contrast, Stage Symptoms Category Symploms
critical limb ischemia occurs over several weeks to months, but

is at the extreme end of the spectrum of chronic limb ischemia ! Asymptomatic 0 Asymptomatic
(Rutherford classification 4-6, Fontaine IlI/IV, A.V. Pokrovsky I Intermittent 1 Mild claudication
IV — Table 1). Its importance is due to the much higher risks claudication 2 Moderate claudication
of limb loss and cardiovascular events than asymptomatic —
peripheral artery disease and intermittent claudication [1, 2]. 3 Severe claudication
The poor prognosis demands more rapid assessment, a greater Il | Ischemic rest pain 4 Ischemic rest pain
role for wound care, and the earlier use of revascularization [3]. v Ulceration 5 Ischemic ulceration
As a result, a multidiscipline approach involving specialists in or gangrene (minor tissue loss)
endovascular revascularization, open surgical revascularization, 6 Ischemic gangrene
podiatry, wound care, and other specialties is often required to (major tissue loss)

maximize patient outcomes.

A.V. Pokrovsky classification

DEFINITIONS Stage Symptoms

Definitions of CLTI aim to identify patients who are risk of ! Asymptomatic or pain in calf muscles (>1 km)

major limb amputation without specific treatment such as revas- IIA Intermittent claudication (>200 meters)
cularization or wound care. Traditionally CLTI is defined as rest IIB Intermittent claudication (>200 meters)
pain or tissue loss (ulcers, or gangrene) supported by ischemia
defined by the hemodynamic criteria of low ankle or toe pressures,
or low transcutaneous oxygen (TcO,) values. Ankle pressure cri- v Ulceration or gangrene

]} Intermittent claudication, rest pain
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teria range from less than 40-70 mmHg, toe pressures less than
30-50 mmHg, TcO, less than 20-40 mmHg. Higher cut points are
often used for tissue loss on the assumption that greater perfusion
is required for wound healing, but expert consensus on these he-
modynamic criteria differs between guidelines [2, 4-7]. The original
definitions were designed to standardize entry criteria for clinical
trials of CLTI in patients without diabetes to permit comparisons
across studies [4, 6] or to assess the likelihood of wound hea-
ling [8]. However, their value as diagnostic tests of CLTI in clini-
cal practice are more controversial [2, 5, 9]. Defining specific cut
points of toe pressure or TcO, for the clinical diagnosis of CLTI is
difficult because of the considerable overlap in values among CLTI
patients who do or do not progress to major amputation or cardio-
vascular events (Figure 1) [10, 11]. One trial suggests they don’t
impact the decision for revascularization [12]. Other definitions of
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% Il Toe Pressure <38 mmHg
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L |
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or amputation
Puc.1. PesynbTaTbl nepekpbitna TcO, U AaBneHus Ha nanew cTo-

Nbl Yy NauMeHTOB, HYXAAKOWMNXCA B peBacKynspusauuun
unu amnytauumn no nosoay KUHK, n y naumenTos, nony-
YawLmx MeauKaMeHTO3HOe neyeHune (no JaHHbIM Y66uHka
u ap. [11])

Overlap in TcO, and toe pressure results between patients
requiring revascularization or amputation for CLI and
patients managed medically (from data in Ubbink et al. [11])

Fig. 1.

CLTI incorporate wound infection and osteomyelitis in addition to
ischemia [13].

For clinical purposes rest pain or non-healing wounds may
suffice as a definition to justify the use of expensive techno-
logy (angiography and revascularization) which are fundamental
to the clinical treatment of this condition.

NATURAL HISTORY OF CLTI

Patient outcomes in critical limb ischemia are largely deter-
mined by morbidity and mortality due to cardiovascular events
and functional impairment due to limb loss. Although, over the
whole spectrum of PAD, cardiovascular events such as myocardi-
al infarction and stroke occur in 30-50% of subjects over a 5 year
period, patients with CLI face this risk over a one year period [1, 2,
14] — an outcome worse than many cancers or severe heart fai-
lure. Similarly, although the risk of major amputation (at or above
the ankle) is less than 5% over 5-10 years in patients with clau-
dication, it is at least 30-50% in the first year in patients with CLI
who do not have revascularization [2].

ASSESSMENT AND INITIAL TREATMENT

The clinical presentation of CLI depends on the degree of
ischemia, the presence of infection, and co-existing neuropathy
[1]. Ischemic pain is usually worse when the patient is supine and
often requires narcotics for analgesia. It may waken patients from
sleep and prevent them from walking. Infection can increase pain
even without severe ischemia. Neuropathy can contribute to tis-
sue injury or mask pain from an ulcer.

Current guidelines recommend measuring the ankle pressure
or ankle brachial index [1, 2, 5], although medial calcinosis may
yield artificially high values in which case toe pressures may in-
dicate arterial obstruction. TcO, or skin perfusion pressures may
indicate the likelihood of wound healing.

The primary goal is to preserve limb function. Revasculariza-
tion is a fundamental strategy to limb preservation, but in some
patients, this does not improve limb function and mobility. For
example, cognitive impairment, non-ambulatory status prior to
CLI, and severe comorbidities portend a poor prognosis even with
revascularization [15]. When revascularization is considered, ar-
terial imaging identifies the targets and mode of revascularization.

Duplex ultrasound, and non-invasive angiography with com-
puterized tomography (CTA) or magnetic resonance (MRA), can
demonstrate arterial obstruction. Duplex ultrasound does not re-
quire contrast but requires specific training and may not image
the tibial arteries very easily. In infra-inguinal disease, vein map-
ping is required to determine the feasibility of surgical bypass with
autogenous vein.

CTA requires iodinated contrast and may cause contrast
nephropathy in patients with impaired renal function. Heavily arte-
rial calcification can create artefacts that limit CTA particularly in
distal disease. Non-contrast time-of-flight MRA is prone to artifact
with non-laminar flow typical of atherosclerotic plaque, and con-
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cerns of nephrogenic systemic fibrosis from gadolinium contrast
limit its use in advanced kidney disease [16]. CTA and MRA are
sometimes inadequate to assess the smaller tibial arteries. Ne-
vertheless, CTA and MRA can help localize disease targets and
help plan the mode and approach to revascularization.

Due to limitations in imaging distal arteries non-invasively, in-
vasive angiography is often used to clarify the potential for revas-
cularization and should be considered prior to major amputation.
Invasive angiography uses iodinated contrast and provides the
highest spatial resolution. Diagnostic cases can use as little as
30 mL of contrast for both legs with conventional and digital sub-
traction angiography.

Initial treatments include control of pain, which may require
narcotics, pressure relief of ulcers, sheepskin boots to increase
superficial collateral supply, and tilting the bed downward to in-
crease limb dependency and perfusion [2]. Pain relief may re-
verse sympathetic-mediated vasoconstriction. Although some of
these measures only marginally improve perfusion, they may re-
duce the discomfort associated with CLI while planning definitive
treatment.

ENDOVASCULAR REVASCULARIZATION

In many centers, endovascular revascularization is the fa-
vored approach to CLI, because of lower morbidity and morta-
lity compared to open surgery (Figure 2). The optimal treatment
strategy (endovascular versus open surgery) will depend on ana-
tomical factors, comorbidities, patient preference and operator
experience and skill. Although claudication can be relieved by in-
flow revascularization (aorto-iliac and femoral), CLI is often asso-
ciated with multilevel disease and usually requires outflow (tibial)
revascularization as well as treating inflow disease. Much of the
evidence for endovascular treatment of inflow disease is based
on studies of patients with claudication or a mix of claudication
and CLI [52].

INFLOW AND FEMORAL-POPLITEAL DISEASE

Aorto-iliac disease can be approached from the ipsilateral or
contralateral common femoral arteries, or brachial and radial ar-
teries. Rarely a retrograde approach from the popliteal artery can
assist crossing superficial femoral artery occlusions which cannot
be traversed antegrade [3] (Figure 3). The retrograde popliteal
approach requires access from above from the contralateral or
antegrade common femoral artery, then turning the patient prone
on the table and using ultrasound with a micro puncture needle to
access the popliteal artery at or just above the knee joint. Small
sheaths (4-5 French) provide access for a wire which can be
snared from above once it traverses the occlusion. A wire that
is exteriorized above and below and occlusion provides a rigid
rail to assist pushing catheters and balloons through an occlusion
(the “dental floss” technique).

Avariety of systems are used to cross lesions including 0.035",
0.025",0.018", and 0.014" diameter wires and balloons. Concerns
of recoil of ostial lesions and dissections associated with occluded
or calcified disease has led to the almost universal practice of pri-
mary stenting in iliac disease [17]. Balloon expandable stents of-
fer greater radial force and a more precise deployment (especially
useful in ostial locations), whereas nitinol self-expanding stents
may useful in long tapered lesions. Covered stents are useful for
life-threatening perforations of the iliac artery during endovascular
treatment. Their value in preventing restenosis is uncertain [3],
due to concerns of increased rates of stent thrombosis and the
potential to jail and occlude branch vessels.

Common femoral disease often involves the profunda and
SFA origins. Endovascular treatment alone can achieve durable
results with acute dissection of the common femoral artery from
arterial closure devices. Stents are avoided in this region due to
the repeated flexion and extension of this artery and potential for
stent fracture, as well as jailing the profunda artery — an important
collateral in the event of SFA occlusion [84-86, 91-93]. Preserva-

| Critical limb Ischemia. Non-Healing Ulcer. Rest Pain |

'

| MRA, CTA or invasive angiography shows lesion treatable by endovascular approach |

Yes

Y

Yes

No

v
| Lesion treatable by open surgery at acceptable operative risk |

No

/ A

Endovascular revascularization | |

Surgical revascularization

Consider primary amputation |

\ 4

| Wound care & atherosclerosis risk factor modification |

Puc. 2.
Fig. 2.

Anroput™ noaxoAa k peBackynsipusaunm y 60nbHbIX C KPUTUHECKON ULLEMMEN KOHEYHOCTEN
Algorithm for the approach to revascularization in patients with critical limb ischemia
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Fig. 3. Approach for arterial access for endovascular revascu-

larization of the lower limbs

tion of both branches with balloon angioplasty alone can be difficult
with complex calcified plaques, and often surgical endarterectomy
with patch angioplasty offers a more durable result. Hybrid endo-
vascular-surgical approaches using endovascular approaches for
iliac or superficial femoral disease and endarterectomy for common
femoral disease are increasingly used [18]. New developments in
atherectomy and drug coated balloons have renewed interest in
endovascular approaches for common femoral disease, although
this paradigm needs formal testing in clinical trials.

The SFAis the longest artery in the leg and subject to flexion,
compression and torsion. These forces are particularly important
close to the knee and the common femoral artery. Balloon angio-
plasty offers similar results to stenting in short lesions (<100 mm)
when there is good arterial expansion without flow limiting dissec-
tions [19]. Minor dissections often heal without long-term sequela.
Nitinol self-expanding stents offer better long-term patency in
longer lesions [20] and re-expand after external radial compres-
sion. Stent fracture is thought to increase instent restenosis, but is

much rarer with the newer self-expanding stent platforms [20-23].
Recent drug-eluting stents designs offer a lower rate of restenosis
compared to bare-metal self-expanding stents [24].

Drug-coated balloons offer lower rates of restenosis than bal-
loon angioplasty alone in patients with SFA disease and claudica-
tion [25-27]. Drug-coated balloons also prevent restenosis when
used prior to bare-metal stent deployment [28], and offer more du-
rable treatment of instent restenosis of the femoral artery[29]. The
evidence supporting drug-eluting stents and drug-coated balloons
is much stronger than for covered-self expanding stents, which
have uncertain effects on restenosis and stent thrombosis [30].

Chronic total occlusions of the SFA are common in sympto-
matic PAD [87-90]. A variety of techniques and devices for cross-
ing total occlusions and re-entering the true lumen in the distal ar-
tery are available, but few have been tested in randomized trials.
These include hydrophilic wires to dissect through the intima or
the medial (“subintimal”) layers of the artery. Specialty catheters
include those with dissection devices, vibrational energy, drilling
heads, and laser capabilities to penetrate the fibrous cap and
length of occluded plaque. Intravascular ultrasound can confirm
an intraluminal location of a wire in an occlusion (Figure 4), and
other devices to redirect a 0.014" wire from a dissection plane
into the distal true lumen can facilitate crossing femoral artery
occlusions. A number of atherectomy devices are also available
to debulk lesions and may have utility in niche areas such as
heavily calcified lesions resistant to balloon and stent dilation
[3]. However, a meta-analysis suggested no clear benefit from
using atherectomy devices alone compared to balloon angioplas-
ty [31]. Recent interest in the use of atherectomy combined with
drug-coated balloons requires further testing, particularly in areas
where stents are avoided (over the knee and hip joints). Given
the high risks of major amputation, stenting over the knee joint is
sometimes required to maintain patency. A number of specialty
stents with greater durability to repeated flexion are designed for
the popliteal artery in particular [23].

TIBIAL DISEASE

There is rarely a justification for tibial interventions in clau-
dication. However, wound healing and relief of CLTI is more de-
pendent on establishing straight-line flow into the foot. Therefore
below-knee popliteal and tibial artery interventions are more com-
monly pursued in CLTI.

Access is more limited for distal tibial disease as a contrala-
teral common femoral approach or brachial approach are often too
distant for most equipment based on 130-150 mm shaft lengths.
An antegrade femoral approach also gives more “pushability” to
drive through long occlusions. The retrograde tibial approach
can be used for tibial and popliteal occlusions which cannot be
crossed antegrade (Figure 3), but if unsuccessful may create a
non-healing ulcer at the access site. The retrograde pedal or ti-
bial artery approach uses ultrasound and a micropuncture need-
le for access and the dilator of the micropuncture kit or a small
sheath for wire access. Access from above (e.g. antegrade
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BryTpucocyaucToe ynbTpa3sykoBoe uccrenosanme (BCY3HN)
ucnonb3yeTcs AN OLEHKM BHYTpUapTepuanbHOro pac-
MONOXeHUa Npu NpPoxXoXpeHuu AJWITeanOﬁ OKKITHO3UU:
A — katetep BCY3U (C) BupeH yepe3 metneobpasHyo
NPOBOJNIOKY B OKKMIO3UPOBAHHOM CerMeHTe cpepHeii no-
BEpPXHOCTHOW GeapeHHOI apTepuu. Npunerarowmin nposoa
ABNAETCA BHeapTepUuanbHbIM. HOBerHOCTHaﬂ Gep,peHHa;l
aptepua (MBA) ykasbiBaeT Ha AUCTanbHYH MOBEPXHOCT-
Hylo 6epeHHyl0 apTepuio 3a npegenamu okknosuu; B —
u3obpaxenue BCY3W, nokasbiBatouiee katetep (C) B cepe-
LMHe apTepuu, pagom ¢ 6eapeHHoli BeHow (BB). luametp
apTepum coctaBnsan 6,1%x6,2 MM, 4TO COOTBETCTBYET Cpeae
W UHTUME WU, BEPOATHO, 3aBblliaeT 3TanoHHbIN AnameTp
npocBeta; C — packpbITUe CTeHTa nocrne yCnewHoro ne-
peceyeHuns OKKNO3MpOBaHHO apTepumn; D — okoHyaTens-
HbIIA pe3ynbTaT aHrmorpadgum

Intravascular ultrasound (IVUS) used to assess the intra-
arterial location while traversing a long occlusion: A — the
IVUS catheter (C) is seen over a looped wire in an occluded
segment of the mid superficial femoral artery. An adjacent
wire is extra-arterial. SFA indicates the distal superficial
femoral artery beyond the occlusion; B — IVUS image
showing the catheter (C) in the middle of the artery and
adjacent to the femoral vein (FV). The diameter of the artery
was 6.1x6.2 mm, which represents to media and intima
and likely overestimates the reference lumen diameter;
C — stent deployment after successfully traversing the
occluded artery; D — final result on angiography

Fig. 4.

femoral) allows a retrograde wire to be snared and exteriorized
above and below the tibial or popliteal occlusion to provide a
rigid rail to drive catheters and balloons through an occlusion
(Figure 5, 6, 7).

The value of angiosome directed revascularization versus
restoring any straight-line flow into the foot is debated. The for-
mer assumes that revascularization of a tibial artery supplying the
angiosome of the ulcer or gangrenous region (Figure 8) is more
likely to promote healing than non-angiosome revascularization

6/b

i

B/C r/d

Puc. 5. AHTerpagHbiii 6eapeHHbIN JOCTYN Yepes obuyto 6eapeH-
Hyto apTeputo (OBA) cnpaBa. UHTpaonepauuoHHas aHruo-
rpacdmsa: a — OBA, rny6okas G6eppenHas aptepus (FBA),
NpPoKCMManbHbIA aHacTomMo3 rnyboko GeapeHHO-NOAKO-
neHHoe wyHTMpoBanue (F6MMLW); 6 — MGMLL, auctanbHbI!
aHacToMO3; B — CFenoil CerMeHT NOAKONEHHOW apTepumn
(MkA); r — nepepHan Gonblwebepuosas aptepus (MBBA),
OKKII031sA apTepUi roneHn

Antegrade femoral approach through CFA on the right
side. Intraoperative angiography: a — CFA, DFA, proximal
anastomosis DfPB; b — DfPB, distal anastomosis; ¢ —
blind segment of PopA; d — ATA, occlusion of the arteries
of the leg

Fig. 5.

which relies on increased collateral flow to an ischemic region. In
observational studies, wound healing was greater and amputation
lower with angiosome-directed compared to indirect (non-angio-
some) tibial revascularization [32]. However, these observations
may be confounded. Indirect revascularization, may be a marker
for more complex tibial disease, which may be associated both
with no option for angiosome directed revascularization and poorer
limb salvage. In one study, changes in foot microcirculation as-
sessed by skin perfusion pressure improved regardless of whether
the angiosome related tibial artery or the non-angiosome related
artery was revascularized [33]. Although it makes intuitive sense to
use an angiosome directed treatment wherever possible, if this is
not successful, any straight-line flow should be better than none.

Primary balloon angioplasty of tibial disease provides a
good response in most situations. Long balloons are specifically
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Puc. 6.

JTanbl onepauun: a — pekaHanusauns nepegHen 6onbleGepLOBON apTepui ¢ UCNOSNbL30BaHNEM MOANMULIMPOBAHHOTO KaTeTepa;

6 — TpaHcKonnaTepanbHas pekaHanu3aums 3agHen 6onble6epLyoBON apTepun Yepes KOMMYHUKAHTHYO BeTBb Masiol 6epLoBon
apTepuu; B — peTporpagHas pekaHanusauus 3agHen 6onble6epLoBoi apTepum; I — pekaHanu3auus UcToka 3agHen bonbliebep-
LIOBOM apTepun BCTPEYHLIMM NPOBOAHWKaMMU NPy nofaAepkKe MoAUDMLIMPOBAHHOTO KaTeTepa; A — pekaHanu3auus natepanbHou

NaHTapHOM apTepuu
Fig. 6.

Stages of the operation: a — recanalization of the anterior tibial artery using a modified catheter; b — transcollateral recanalization

of the posterior tibial artery through the communicating branch of the small tibial artery; ¢ — retrograde recanalization of
the posterior tibial artery; d — recanalization of the origin of the posterior tibial artery with counter conductors supported by
a modified catheter; e — recanalization of the lateral plantar artery

designed to treat the often diffuse tibial disease with prolonged in-
flations. Stents are reserved for poor balloon results (re-occlusion,
recoil to more than 50% stenosis, flow-limiting dissection). Tibial
arteries are about 2.5-3.5 mm in diameter, and are usually trea-
ted with balloon expandable coronary stents with a spot-stenting
philosophy. Proximal lesions are somewhat protected by the bulk
of the calf muscle, but can theoretically be crushed by external
compression. Stent crush is more likely with extensive stenting
and stents in the distal calf. Poor outflow theoretically increases
the risk of stent thrombosis and may reduce the enthusiasm for
stenting. Randomized studies in tibial arteries show better paten-
cy and less need for reintervention with drug-eluting compared to
bare-metal coronary stents [34-36], with one trial showing lower
rates of amputation [35].

Compared to conventional balloon angioplasty, drug-coated
balloons for tibial interventions provided promising results in ear-
ly series and single center trials [37]. However, restenosis rates
were higher than drug-eluting stents in one small trial [38], and
the multicenter randomized IN.PACT DEEP study raised concerns
because of a trend to more amputations in the drug-coated versus
standard balloon angioplasty arms (8.8% versus 3.6%, p=0.08)
[39]. Reasons for the lackluster results compared to femoral-
popliteal disease include reduced drug delivery due to drug coa-
ting after balloon wrapping and poor drug-release characteristics.
Further randomized trials will explore their value in tibial arteries.

Atherectomy in tibial arteries is of uncertain value beyond
balloon angioplasty and stenting [31]. Long segment tibial
atherectomy could cause embolization which decreases out-
flow and distal perfusion. One recent report showed greater
acute success, but no difference in amputation, repeat revas-
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/ ’ ’/gr/ 3 /'
Puc. 7. KoHTponbHas aHrmorpadms — npsimasi peBackynsipusaums
cTonbl U Tpodmyecknx pedekton

Fig. 7.  Control angiography — direct revascularization of the foot

and trophic defects

cularization or mortality with laser assisted versus conventional
angioplasty [40].

Wire perforation of the tibial arteries is usually easily treatable
by low-pressure balloon angioplasty, but larger perforations may
require longer balloon inflations or covered stents to avoid a com-
partment syndrome which can cause ischemic muscle and nerve
injury and threaten the viability of the lower limb.

OPEN SURGICAL REVASCULARIZATION

The goals of surgical revascularization are to provide straight-
line flow into the foot, promote wound healing, and to limit the level
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Fig. 8.

AHIMOCOMBI HUXHEW KOHEYHOCTM HUXKE KomneHa
Angiosomes of the below-the-knee lower extremity

of amputation. Open surgery has higher risks of peri-operative myo-
cardial infarction, death and stroke than endovascular revascula-
rization. However, in critical limb ischemia, the potential loss of limb
and function may favor surgery when endovascular therapy is not
possible or not successful and patients otherwise have a reasonable
2 year survival [18]. Risk scores can help risk-stratify CLTI patients
having infrainguinal bypass surgery. For example, the PREVENT ||
risk score includes dialysis, tissue loss, age =75 years, and coronary
artery disease [41]. A higher score associates with a lower risk of
survival free from amputation. In addition to patient risk, assessment
includes vein mapping of saphenous vein to determine available
autogenous conduit. This is particularly important in patients who
may have had vein harvested for coronary artery bypass in the past.

Multilevel disease is often treated with hybrid revasculariza-
tion using endovascular techniques to treat inflow disease (e.g.,
iliac stenting), and surgical revascularization for femoral or infrain-
guinal disease (Figure 4) (e.g., common femoral endarterectomy,
and femoral popliteal bypass) [18]. Rarely, occlusion of the distal
aorta and iliac disease may require aorto-bifemoral bypass, cont-
ralateral femoral to femoral bypass [84-93], or axillary-femoral
bypass [18] (Figure 5, 6, 7).

Common femoral endarterectomy may extend into the pro-
ximal SFA or profunda artery. Closure is usually achieved with a
bovine or synthetic patch to reduce restenosis, or sometimes
with primary closure without a patch [18]. Complications include
wound infection (particularly in obese patients), hematoma and
lymph leak. This procedure offers a high long-term patency rate
(>90%) and considered superior to endovascular treatment par-

Peroneal angiosome

Peroneal

/ artery

Anterior
tibial artery

Anterior tibial angiosome

ticularly for heavily calcified disease involving the SFA and pro-
funda origins.

As with endovascular treatment, infrainguinal bypass relies on
good inflow and outflow. The three types of saphenous vein by-
pass are reversed (translocated) vein, nonreversed vein, and in
situ bypass where vein branches are ligated and the distal ends
mobilized and anastomosed to the artery. The latter two configura-
tions require excision of the valves with a valvulotome, which can
sometimes injure the vein conduit. Observational studies suggest
similar outcomes with all three configurations [18, 42]. Limb sal-
vage and graft patency are best with good quality, long, single-seg-
ment, autogenous vein with a diameter of at least 3.5 mm [43-45).
In the PREVENT Il trial, bypass grafts with these characteristics
had a low 30day failure rate (less than 2%), and high secondary
patency and limb salvage at one year (approximately 90%) [45].

In pooled analyses, autogenous saphenous vein provided
better long-term patency than prosthetic grafts for above- and be-
low-knee grafts [44, 46, 47]. Prosthetic grafts of heparin-bonded
polytetrafluoroethylene may provide better outcomes than older
prosthetic grafts [48] with comparable results to autologous vein
in a one retrospective study [49]. Cryopreserved cadaveric vein
has poorer long-term patency results [50].

AMPUTATION

Minor amputations such toe, ray (toe and metatarsal), or
transmetatarsal amputations require an adequate blood supply
into the foot to maximize healing and are usually part of the treat-
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HnTpoaniocep

Puc.9. OHpapTepaktomma uz OBA cneBa ¢ nnacTuKoli ayToBEHO3HOI 3annaToii (a); 3aBeAeHNe MHTPOAbOCepa B NPUTOK ayTOBEHO3HOM
3annartbl (6). BoinonHeHa oTKpbITas aHAapTepakTOMMUA U3 0bLei GeapeHHO apTepuUm C NNacTUKOW ayTOBEHO3HOM 3annaTon. Mpu
BbleNeHUN ayTOBEHO3HOTO KOHAYMTA COXPaHeH KPYNMHbIA NPUTOK, 3aBeAeH UHTpoAbocep

Fig. 9. Endarterectomy from the CFA on the left side repair with an autovenous patch (a); insertion of the introducer/sheath into the inflow

of the autovenous patch (b). An open endarterectomy was performed from the common femoral artery with autovenous patch
repair. When the autovenous conduit is isolated, a large inflow is preserved, and an introducer is inserted

ment plan for gangrene or tissue loss after successful revascu-
larization. Generally, minor amputation does not limit functional
independence or require a prosthesis.

Major amputations (at or above the knee) limit functional
independence and require a prosthesis to walk. Although pre-
venting major amputation is a key goal, amputation may be
indicated for failed revascularization, patients with extensive
tissue loss or infection, patients unfit for surgical revascular-
ization with no endovascular options, and potentially non-am-
bulating patients. Up to one third of below-knee amputations
may require further surgery or an above-knee amputation due
to poor healing [53]. A patent popliteal pulse reduces the failure
rate of healing to less than 10%. More than 90% of above-knee
amputations heal, but only about 20% of amputees regain full
mobility with a prosthesis compared to 60% with a below-knee
prosthesis [53, 54]. Factors related to poor prosthesis use and
function after major amputation include increasing age, bila-
teral or above-knee amputations, dementia, and poor function
prior to amputation [54].

WOUND CARE

Wound care principles include improving perfusion into the
limb, treating infection, avoiding pressure on a wound, debride-
ment, and adequate nutrition (Figure 9, 10). Debridement of
devitalized or infected tissue by scalpel, collagenases, or even
maggots [55], promotes wound healing. Antibiotics may be re-
quired to treat infection to prevent osteomyelitis. Avoiding pres-
sure on the wound (e.g., off-loading the foot) also assists wound
healing [56]. The local temperature of the limb can be increased
using sheepskin (Rooke) boots and may improve superficial col-
lateral flow to help perfuse a limb [57]. Negative pressure dres-
sings (e.g., vacuum-assisted) increase capillary flow and help

Puc. 10. St. localis Ha MOMEHT BbINUCKN. AKTUBHO rpaHynupytowas
paHa npaBoW NATOYHoI o6nacTu. Ha TpeTbu cyTkn nocne
peBackynsipusauun BbINONIHEHA 3TanHas HEeKPIKToMuA
Tpochmyeckoit A3BbI NpPaBoW NATOYHOW obnacTu. [lanee
aBa kypca NPWT-tepanuu. PaHa ouuctunacb, aKTMBHO
rpaHynupyer. MauueHT BbinUcaH Ha ambynaTopHoe neye-
Hu1e Ha 62-e CyTKu rocnuTanu3aumm.

Fig. 10. St. localis at the time of discharge. Actively granulating
wound of the right heel area. On the third day after
revascularization, a staged necrectomy of the trophic
ulcer of the right calcaneal region was performed. Next
two courses of NPWT therapy was done. The wound has
cleaned up and is actively granulating. The patient was
discharged for outpatient treatment on the 62nd day of

hospitalization

drain wounds [58]. Hyperbaric oxygen therapy offers no advan-
tages for amputation prevention, but may improve the more sub-
jective endpoint of wound healing in diabetes [59].
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In patients where there are no revascularization options, in-
termittent pneumatic compression may assist wound healing and
prevent major amputation [54]. To date, cell-based therapies such
as infusion of bone marrow derived mononuclear cells have not
prevented major amputation in patients with no revascularization
options [60].

MEDICAL THERAPY AND SURVEILLANCE
AFTER REVASCULARIZATION

Failure of endovascular and surgical treatment of CLTI due
to thrombosis, neointimal proliferation, or progression in athero-
sclerosis demands close surveillance of patients by providers with
vascular expertise. Surveillance also includes intensively treating
risk factors for atherosclerosis to reduce the high risk of cardio-
vascular events.

Recurrent ischemic pain in the leg, lack of progression in
wound healing, or a decline in ABlIs are indicators of restenosis or
occlusion. Duplex ultrasound of bypass grafts is commonly prac-
ticed to identify graft stenoses for revision and preserve long-term
patency. However, this practice was not associated with lower am-
putation or better patency in one randomized trial [61], and there
are no randomized trials of its value after endovascular therapy.
Our practice after endovascular therapy includes a history and
exam, and to use duplex ultrasound in the femoral artery parti-
cularly after treating long segment disease or when symptoms or
poor wound healing raise concerns of patency [62, 63].

Evidence for therapies to prevent thrombosis or restenosis
after endovascular interventions is sparse and often extrapolated
from studies of coronary artery interventions. Low-dose aspirin is
usually given for life to prevent thrombosis of a treated segment,
but also other cardiovascular events. The duration of clopidogrel
to prevent occlusion of segments treated by endovascular tech-
niques is uncertain. Most clinical trials of bare-metal stenting use
dual-antiplatelet therapy for 1-3 months [19-21, 24], but data
extrapolated from medical studies of patients with peripheral ar-
tery disease, could justify longer treatment [64]. Clinical studies
from Japan suggest that cilostazol may reduce in-stent restenosis
[65-67], but this is not yet incorporated in recent guidelines of
revascularization for CLTI.

The value of anticoagulation for lower extremity bypass is con-
flicting with some trials showing benefit over aspirin for autoge-
nous vein versus prosthetic conduit and vice-versa [18]. Given the
increased risk of bleeding, most surgeons reserve anticoagulation
for graft thrombosis, or hypercoagulable disorders. There is no
benefit of adding clopidogrel to aspirin for graft patency [68].

Evidence for the value of intensive atherosclerosis risk factor
reduction is derived largely from observational studies and sub-
groups of patients with PAD in clinical trials. For example, PAD
patients who stop smoking have fewer cardiovascular events than
those who continue smoking [69, 70, 84, 92, 93]. Antiplatelet the-
rapy with aspirin [71, 72] or clopidogrel [73, 85], and angiotensin
converting enzyme inhibitors [74] decrease cardiovascular events
in patients with PAD. Intensive statin therapy consistently lowers

cardiovascular events in PAD patients compared to no statin or
low intensity statins [75-77]. In observational studies of patients
receiving revascularization for PAD, statin therapy is associated
with lower risks of cardiovascular events [63, 78-80], and limb
loss [63,81,82, 84-93]. In population studies, intensive risk factor
modification in patients with peripheral artery disease is impro-
ving, but still lags behind its use in patients with symptomatic co-
ronary disease [83].

CONCLUSIONS

Patients with CLTI have a high risk of limb loss without revas-
cularization and a high short term risk of cardiovascular events
compared to less severe forms of chronic peripheral artery di-
sease. Revascularization is indicated if it will prevent limb loss
and preserve ambulation and function, while intensive medical
therapy targets the risk factors for atherosclerosis progression
and cardiovascular events. Endovascular revascularization offers
a lower initial risk than open surgery, but recurrent disease from
restenosis is common in patients with CLTI. New drug-eluting
balloons and stents offer better longer-term outcomes after some
endovascular revascularizations, but further long-term data on du-
rability is required in order to assess their overall benefit given the
increased costs of initial treatment. Close follow-up focusing on
wound care and prevention, risk factor management, and surveil-
lance for new and recurrent disease is required.

AOMONHUTENBbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHECNM CYLLECTBEHHbI BKNa
B pa3paboTKy KOHLEMLWW N NOArOTOBKY CTaTbM, MPOYnu 1 04o0b-
punu ovHanbHY BEPCUIO nepeg nybnukauuen.

KoHchbnukt uHTepecoB. ABTOpbI AeKNapupyloT OTCYTCTBUE
SIBHbIX M NOTEHLUManbHbIX KOH(IMKTOB MHTEPECOB, CBSA3AHHbIX C
nybrnukauuen HacTosLLen cTaTbi.

WUcTouHuk dmHaHcuMpoBaHus. ABTOpbI 3asBnsiOT 06 OT-
CYTCTBUW BHELUHETO (hMHAHCMPOBaHWS.
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Pestome. benkn SARS CoV-2 npeactaBnstot coboi MOneKynbl ¢ MacCon OT HECKOMTbKMX ECATKOB 40 HECKOMbKNX
TbICSY @MUHOKMUCNOTHBIX 0CTATKOB. CyLLECTBYIOT CTPYKTYPHbIE W HECTPYKTYPHblE 6enku. K nepBbiM 0THOCATCS LUK-
MOBbIV FANKONPOTENH, Un S-6enok (S), manbii MembpaHHbIN 0bonoyeyHbln 6enok (E), membpanHbin 6enok (M) u
HykneonpoTeuH unwn Hykneokancug (N). Bropas rpynna coctouTt n3 16 HecTpykTypHbIx 6enkoB (Nsp1-16, Bkntoyas
nonunpoTemnHsl pennukassl RPP 1a n 1ab) u 10 BcnomoraTenbHbIx hakTopoB My 6ENKOB OTKPLITON pamMKn CUUTI-
BaHus (ORF3a, 3b, 6, 7a, 7b, 8, 9b, 9c, 10 1 14). benkn S, E n M, pacnonoxeHHble CHapyxu u B MeMOpaHe BUPUOHa,
Y4YacTBYIOT B KOHTaKTE BUPMOHA C KIETKOM W MPOHUKHOBEHWUM B Hee. [lpyre 6enku y4acTBYIOT B 3axBaTe BHYTpUKIe-
TOYHbIX MEXaHU3MOB 1 UX UCMONb30BaHNUK B COBCTBEHHbIX MHTEPECAX BUpYCa. BonblMHCTBO aTUX 6enkoB cogepxat
MHOTOYMUCIIEHHbIE MOTUBbI, FOMONIOTNYHbIE YErI0BEYECKUM Berkam, B TOM YnCNe TakuM BaxXHbIM, Kak MHTePRenkuH-7.
Bo3MoxHO, aTa romonorus BngeTcs BaxHbiM (hakTopoM, NO3BONSAIOLNM «0OMaHyTb» UMMYHHYK CUCTEMY Ha Ha-
YanbHbIX CTagMaX MHAEKLMM 1 CNPOBOLMPOBATb ayTOMMMYHHbIN OTBET BnocneacTauu. fomonorus 6enkos SARS
CoV-2, ¢ oHoII CTOPOHbI, M 6eNKoB BKYCOBbIX M 0BOHATENbHLIX PELENTOPOB — C APYron, BO3MOXHO, OOBbSACHSET
NPWUYMHBI HAPYLIEHUS BOCTIPUATIS BKYCOBBIX 1 0OOHATENbHBIX pa3apaxuTenen, xapaktepHoro gns COVID-uHdekuymum.

Kniouesble cnoea: COVID-19, SARS CoV-2, romonorus 6enka, peLentop-CBs3bIBaAKLNIA JOMEH, MHTEPNENKUH-7,
peuentop ACE2, BpOXAEHHbIN UMMYHUTET, ayTOUMMYHUTET, 0BOHSHUE, BKYC
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Abstract. SARS CoV-2 proteins are molecules with a mass of several tens to several thousand amino acid residues.
There are structural and nonstructural proteins. The former include Spike glycoprotein (S), small membrane envelope
protein (E), membrane protein (M), and nucleoprotein or nucleocapsid (N). The second group consists of 16 nonstructural
proteins (Nsp1-16, including replicase polyproteins RPP 1a and 1ab) and 10 accessory factors or open reading frame
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proteins (ORF3a, 3b, 6, 7a, 7b, 8, 9b, 9c, 10 and 14). Proteins S, E and M, located outside and in the membrane of
a virion, are involved in the contact of the virion with a cell and penetration into it. Other proteins are involved in the
hijacking of intracellular mechanisms and their use in the virus’s own interests. Most of these proteins contain numerous
motifs that are homologous to human proteins including such important ones as Interleukin-7. Perhaps this homology
is an important factor in deceiving the immune system at the initial stages of infection and provoking an autoimmune
response later. The homology of SARS CoV-2 proteins on the one hand and taste and olfactory receptor proteins on
the other hand may possibly explain the causes of the impaired perception of taste and olfactory stimuli characteristic

of COVID infection.

Keywords: COVID-19, SARS CoV-2, protein homology, receptor-binding domain, interleukin-7, ACE2 receptor, congenital

innunity, autoimmunity, sense of smell, sense of taste

INTRODUCTION

Why is the new SARS CoV-2 coronavirus so infectious? Why
many cases of COVID-19 infection are so severe? Why many
patients are reported with complete loss of smell and taste?
Answers to these questions should be received as soon as
possible. The COVID-19 pandemic, which has plagued humanity
for almost two years now, does not allow us to follow the usual
course of encyclopedia authors: wait, carefully sift through ideas
and facts, and wait for new ones to come. In this case (which
should not become a precedent), one has to pay attention not
only to firmly established experimental data, but also to some
hypotheses.

The study of the proteome of the original (“canonical” or
Wuhan) variant of SARS CoV-2 proceeds in two directions.
Using 3D models, the researchers can determine how the spike
protein binds to the ACE2 receptor [1]. This knowledge will help in
creating binding blockers.

The alignment method compares the primary structures
of millions of proteins [2]. The method allows you to detect the
homology of SARS CoV-2 proteins with proteins of humans and
other organisms [3]. Probably, the information on homology
makes it possible to understand the mechanisms of the virus
bypassing the innate immunity system (evasion) at the early
stages of the development of the infectious process and the
process of provoking an autoimmune response at later stages.

The issue of mutations in SARS CoV-2, and especially of its
S protein, is becoming increasingly important. With the help of
mutations, the virus “learns” to avoid immune responses [4].

Table 1
SARS CoV-2 proteins: structural and nonstructural
Group Proteins

Structural Spike glycoprotein, S

Envelope small membrane protein, E
Membrane protein, M

Nucleoprotein, N
Nonstructural ORF3a, ORF6, ORF7a, ORF7b, ORF8, ORF9b,
ORF10, ORF14, RPP 1a, RPP 1ab

ORF, open reading frame. RPP, Replicase polyprotein.

SARS CoV-2 proteins vary significantly in length — from
several tens to several thousands amino acid residues. They are
traditionally divided into structural and nonstructural (Table 1).

STRUCTURAL PROTEINS

Spike glycoprotein
Spike (S) protein molecule consists of 1273 amino acid residues:

MFVFLVLLPLVSS

FTVEKGIYQTSNFRVQPTESI
VRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSV
LYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVR
QIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGN
YNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCY
FPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKK
STNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDI
ADTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVL
YQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLI
GAEHVNNSYECDIPIGAGICASYQTQTNSPRRARSVASQSI
IAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTS
VDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQD
KNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRS
FIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNG
LTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPF
AMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLS
STASALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLND
ILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRAS
ANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGV
VFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGT
HWFVTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDPL
QPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKE
IDRLNEVAKNLNESLIDLQELGKYEQYIKWP

TSCCSCLKGCCSCGSCCKFDEDDSEP

VLKGVKLHYT
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Table 2
SARS CoV-2 S protein domains
Subunit Positions Domain
S1 1-13 Signal peptide (N-terminus)
14-305 N-terminus domain (NTD)
306-318 Uncharacterized fragment
319-541 Receptor-binding domain (RBD)
542-787 Uncharacterized fragment
S2 788-806 Fusion peptide (FP)
807-911 Uncharacterized fragment
912-984 Heptapeptide repeat sequence 1 (HR1)
985-1162 Uncharacterized fragment
1163-1213 | Heptapeptide repeat sequence 2 (HR2)
1238-1273 Cytoplasm tail (CT)

See Table 2 for color code. Receptor-binding motif (RBM)
Sys — Ys0s Underlined. Hereinafter, the primary structures of
SARS CoV-2 proteins are given according to Uniprot database [5].

S protein molecule consists of subunits and domains
(Table 2).

The Receptor-binding domain (RBD) continues to be of great
interest to the researchers. RBD boundaries are estimated dif-
ferently by different authors, namely: Ryiq — Fs4q (refs. see [3])
or Tss3 — Tapg [1]. Within this region, the Receptor-binding motif
(RBMy35.506) @nd amino acid residues Nysg, Lsp, Tazks Esgar Qagss
and N, are considered critical for binding affinity [6]:

SNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGS
TPCNGVEGFNCYFPLQSYGFQPTNGVGYQPY.

At the border between subunits S1 and S2, the S protein mo-
lecule forms a loop. The authors believe that the loop is a key
component in determining virus stability and transmission [7].

There are more than two dozen hepta- and octamers homolo-
gous to human proteins in the S protein molecule. Localization of
these n-mers is shown in the Table 3.

Of all the regions listed in Table 3 that are homologous to hu-
man proteins, only two, KLNDLCF 544 55, and DEVRQIA,45.4, are
located in RBD and none are located in RBM.

Table 3 shows that heptamer KLNDLCF 544 59, is homologous
to motif in the interleukin 7 (IL-7,,4.455) Molecule. In severe cases
of COVID-19 patients have increased level of IL-7 [8, 9], which is
highly associated with disease severity [10]. IL-7 administered to
critically ill COVID-19 patients has been associated with a return
of lymphocytes to normal levels [11]. As a vaccine adjuvant, IL-7

Table 3
Localization of homologous hepta- / octamers in the S protein and human proteins
Subunit SARS CoV-2 S protein domain In S protein In human proteins
S1 Signal peptide (N-terminus), 5 none -
N-terminus domain NTD 505 DKVFRSS .45 Zinc finger protein 528,75 5
FLPFFSNG;s44 OTU domain-containing protein 6A,gs.(o
VSGTNGT.76 Lysosome-associated membrane glycoprotein 1,177
SLLIVNN 46422 ATP-binding cassette sub-family A member 104, g5
FKNLREF 16.15 Isovaleryl-CoA dehydrogenase, mitochondrial;;.g;
TRFQTLL 3604 Disheveled-associated activator of morphogenesis 2,5, 557
KIYSKHT y5.908 Uncharacterized protein C10rf105;_5
SSSGWTA 54960 Uncharacterized protein KIAA1109 (Fragment)gyo.616
Uncharacterized fragmentsgq 315 none -
Receptor-binding domain RBD .54 KLNDLCF 56.50 Interleukin-749.455
DEVRQIAg5.411 Histone-lysine N-methyltransferase 2C 5344536
Uncharacterized fragmentsy, 757 VYSTGSNgss5.64¢ Neural cell adhesion molecule L1-like proteingy; s,
IGAGICAg45.672 Hepatitis A virus cellular receptor 2,95 5
SPRRARSg.656 Hermansky-Pudlak syndrome 1 protein,sg 54
RRARSVAS 4, 59 Amiloride-sensitive sodium channel subunit alphayy_yoq
S2 Fusion peptide FP;gg.406 none -
Uncharacterized fragmentgy;. o4 VTLADAG .43 Non-receptor tyrosine-protein kinase TNK149.445
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Ending of the table 3
Subunit SARS CoV-2 S protein domain In S protein In human proteins
GLTVLPPgs;.g63 FH1/FH2 domain-containing protein 3g7,.q7¢
LPPLLTDgg1.567 Maestro heat-like repeat-containing protein family member 9,5, 55
Heptapeptide repeat SSTASALgs4.045 408 ribosomal protein S13,43.14
sequence T HR1g 554
LVKQLSS ;.45 E3 SUMO-protein ligase PIAS1,4, 5,
Uncharacterized fragmentygs. g, KVEAEV Qqg6 974 Emilin-3g,5 651
TGRLQSLggg.1904 Neuron navigator 3,g0.1g15
LIRAAEL 151015 Unconventional myosin-XVIla,35,.4354; SP-A receptor subunit
SP-R210 alphaSgg, g0
LDKYFKN 455.1156 Follistatin-related protein 1;,9.155
Heptapeptide repeat NASVVNI 1754170 Thyroid adenoma-associated proteing;.1gss
sequence 2 HR2,g3.1013
EIDRLNE, 15,115 Protein SETSIPg, ;,; Protein SET,, 4,
Transmembrane tail TM 5444937 none -
Cytoplasm tail CT35.173 DEDDSEPV 571564 Unconventional myosin-XV1; 04141

[3, adapted]. Hereinafter, the primary structures of human proteins are given according to Uniprot database — Homo sapiens [5].

Table 4

Localization of homologous hepta- /
octamers in the transmembrane domaing ;; E protein
and human proteins [3, adapted]

In E protein In human proteins
VNSVLLF, Heterogeneous nuclear ribonucleoprotein Lyg,.4o7
VNSVLLFL, 4, Ran-binding protein 6,99.415
NSVLLFL, 5, Lysosomal amino acid transporter 1
homolog;.15
SVLLFLA 45, Cytochrome P450 2B6,.;

Cytochrome P450 2B7, ,;
GPI ethanolamine phosphate transferase 3; 4,

LAFVVFL,, ,; Solute carrier family 15 member 4,35 54

VFLLVTL,
LAILTAL,, 5,

Alpha-(1,3)-fucosyltransferase 10, 54

Transient receptor potential cation channel
subfamily M member 644 49 ;
Transient receptor potential cation channel
subfamily M member 3,5 74

TALRLCA,; ,,° Protein disulfide-isomerase TMX3;_;4

Heptamer TALRLCA;., is located at the junction of the transmembrane domaing 54
and internal domain 39-75.

could enhance the immune responses to vaccines against SARS
CoV-2 [12]. IL-7 is beneficial cytokine to the pathophysiology of
COVID-19 [13]. At the same time, IL-7 induces SARS CoV-2 re-
ceptor ACE2 expression in human vascular endothelial cells [14].
In patients with COVID-19, respiratory failure is associated with

an increase in systemic blood pressure, probably due to modula-
tion of the renin-angiotensin-aldosterone system by SARS-CoV-2
infection [15].

Heptamer DEVRQIA,y5.441 is homologous to motif in the His-
tone-lysine N-methyltransferase 2C (HLNMT 2C,550.4556)- Histone
methylation plays an important role in such a critical process as
the epigenetic regulation of genes [16].

Presumably, IL-7 is an outpost defense trigger. When cell
destruction begins in COVID-19, IL-7 turns on the last reserve
of life, activating immunological memory cells. SARS CoV-2
tricks the immune system into presenting a motif homologous
to IL-7.

S protein is involved in the organization of virion assembly in
the intermediate compartment ER-Golgi [17].The C-terminal trun-
cation of the protein S molecule results in a variant that easily
passes through the Golgi complex to the plasma membrane in a
pre-activated conformation, causing increased syncytium forma-
tion [18].

Envelope small membrane protein

Envelope small membrane (E) protein is the shortest (75 ami-
no acid residues) of all SARS CoV-2 structural proteins.

MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLCA
YCCNIVNVSLVKPSFYVYSRVKNLNSSRVPDLLY

Transmembrane domaing 5, is underlined. Hereinafter, n-mers
homologous to human proteins are highlighted in red.

Only a small part of it, namely heptamer M, - Y, protrudes
from the virion outwards.
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E protein contains eight hepta- / octamer homologous to hu-
man proteins (Table 4).

Homologous n-mers merge into a single 2octamer, which is
almost entirely located in the thickness of the envelope of the
virion. A random selection of 28 letters in a word would require an
astronomical number of iterations: 202 = 2.7 - 103, (This number is
slightly less than the mass of the Earth, measured in nanograms.)

The degree of homology within this 28-measure can be
represented as follows:

VNSVLLFLAFVVFLLVTLAILTALRLCA,

where the size of the letters corresponds to the frequency of the
viral hepta- / octamers in the human proteome.

Besides, the protein E transmembrane domain contains an
octamer and a heptamer, homologous to the proteins of some gut
bacteria Lactobacillus sp. and even cereals, including corn Zea
mays, sorghum Sorghum bicolor, wheat Triticum aestivum, and
barley Hordeum vulgare (Table 5).

Table 5

Localization of some of homologous n-mers
in the E protein and human gut proteome [3]

In E protein In bacterial and plant proteins
AFVVFLLVY,; 5 Lpp126 large-conductance mechanosensitive
channel: Lactobacillus caseig,g;; L. paracaseig;.g7;
L. florumgy ¢,
TLAILTA;5 | Uncharacterized proteins: Zea maysgq_45,; Sorghum
bicolory; 4,7; Triticum aestivum, ., Hordeum
vulgareg; g4

E protein is integrated into the human cell membrane; later it is
transported closer to the endoplasmic reticulum and the Golgi apparatus,
where viral replication occurs [19]. E protein can affect the properties of
S proteins and contribute to the assembly of viral particles [20].

Membrane protein

Membrane (M) protein consists of 222 amino acid residues,
and its structure contains six heptamers homologous to human
proteins (Table 6).

MADSNGTITVEELKKLLEQWNLVIGFLFLTWICLLQFAYAN
RNRFLYIIKLIFLWLLWPVTLACFVLAAVYRINWITGGIAIAMACLY
GLMWLSYFIASFRLFARTRSMWSFNPETNILLNVPLHGTILTRP
LLESELVIGAVILRGHLRIAGHHLGRCDIKDLPKEITVATSRTLSY
YKLGASQRVAGDSGFAAYSRYRIGNYKLNTDHSSSSDNIALLVQ

Four heptamers are located close to the N-terminus of the
molecule, merging into a single decamer V,, — Q,,. Taking into
account the number of homologous amino acid residues, this
decamer can be represented as follows:

VEELKKLLEQ.

Table 6

Localization of homologous heptamers
in the M protein and human proteins [3]

7bIn M protein In human proteins

VEELKKL,g.46 Glutaredoxin-related protein 5,
mitochondrial;s 144

EELKKLL,q.; GDP-fucose protein O-fucosyltransferase 254 546

ELKKLLE,,. Cullin-1455 541

LKKLLEQ4.4 Filamin-A-interacting protein 154,

LLESELV 3543 Leucine-rich repeat-containing protein 71,5 45

AGDSGFA 44 144 Myosin-1435 365

Outside of the decamer, there are two homologous heptamers.
Protein M is a candidate for participation in mimicry processes.

Like E protein, M protein can affect the properties of S proteins
and contribute to the assembly of viral particles [20].

S, E, and M proteins cause Golgi fragmentation; disruption of
the Golgi apparatus appears to be a critical component of SARS
CoV-2 replication [21].

Nucleoprotein

The nucleoprotein (N-protein) consists of 419 amino acid
residues and contains eleven heptamers homologous to human
proteins (Table 7).

MSDNGPQNQRNAPRITFGGPSDSTGSNQNGERSGARSKQR
RPQGLPNNTASWFTALTQHGKEDLKFPRGQGVPINTNSSPDDQ
IGYYRRATRRIRGGDGKMKDLSPRWYFYYLGTGPEAGLPYGA
NKDGIIWVATEGALNTPKDHIGTRNPANNAAIVLQLPQGTTLPK
GFYAEGSRGGSQASSRSSSRSRNSSRNSTPGSSRGTSPARM
AGNGGDAALALLLLDRLNQLESKMSGKGQQQQGQTVTKKSAA
EASKKPRQKRTATKAYNVTQAFGRRGPEQTQGNFGDQELIRQ
GTDYKHWPQIAQFAPSASAFFGMSRIGMEVTPSGTWLTYTGAI
KLDDKDPNFKDQVILLNKHIDAYKTFPPTEPKKDKKKKADETQA
LPQRQKKQQTVTLLPAADLDDFSKQLQQSMSSADSTQA

Some of the heptamers fuse into several rather long frag-
ments, including the decamer A;; — A,g,, and 13-mer S,g, — S,
It increases the likelihood of the protein involvement in provoking
an autoimmune response. Protein N is located completely inside
the SARS CoV-2 virion and cannot participate in mimicry, but can
be involved in provoking an autoimmune response.

In comparison with SARS-CoV, SARS-CoV-2 contains six
times more acetyl-lysine residues. This suggests that acetylation
of N proteins plays crucial roles in SARS-CoV-2 functions [22].

NONSTRUCTURAL PROTEINS

All nonstructural proteins of SARS CoV-2 (ORF3a, ORFG6,
ORF7a, ORF7b, ORF8, ORF9b, ORF10, ORF14, RPP 1a, and
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Table 7

Localization of homologous heptamers in the N protein and human proteins [3]

In N protein

In human proteins

RPQGLPN,, ,;

GATOR complex protein WDR59,¢; 7¢4

RGQGVPly,.,

Putative uncharacterized protein encoded by LINC00346,, 4,

NSSPDDQ;,;

NEDD4-binding protein 2.4,

GKMKDLSg.105

Chromodomain-helicase-DNA-binding protein 1-like;7q.776

VLQLPQG 4. 165

Presting, g

AEGSRGG, 74176

snRNA-activating protein complex subunit3,

SRGGSQA 7 15

Ras-associating and dilute domain-containing proteinggg o,

KADETQA75.341 Myopallading.qq

LLPAADL .40 Probable E3 ubiquitin-protein ligase HERC1,45.1104
SKQLQQS 0441 Codanin-1,54 965

SMSSADS 10416 Protein PRRC2B, 6.4,

RPP 1ab) are located completely inside the SARS CoV-2 virion
and, by definition, cannot be involved in the process of mimicry.
What remains to consider the possibility of their implication in
provoking an autoimmune process [3].

ORF3a protein
ORF3a protein molecule consists of 275 amino acid residues:

MDLFMRIFTIGTVTLKQGEIKDATPSDFVRATATIPIQASLPFG
WLIVGVALLAVFQSASKITLKKRWQLALSKGVHFVCNLLLLF
VTVYSHLLLVAAGLEAPFLYLYALVYFLQSINFVRIIMRLWLCW
KCRSKNPLLYDANYFLCWHTNCYDYCIPYNSVTSSIVITSGDG
TTSPISEHDYQIGGYTEKWESGVKDCVVLHSYFTSDYYQLYS
TQLSTDTGVEHVTFFIYNKIVDEPEEHVQIHTIDGSSGVVNPVME
PIYDEPTTTTSVPL

In the ORF3a protein molecule, there are five heptamers
homologous to human proteins (Table 8).

Table 8

Localization of homologous heptamers
in the ORF3a protein and human proteins [3]

In ORF3a In human proteins
protein
VGVALLA 45, Manganese-transporting ATPase 13A1476 650
LLVAAGLgs.10; | Glycerophosphoinositol inositolphosphodiesterase
GDPD2129-135
KCRSKNP 3,.135 Vacuolar protein sorting-associated protein
1 3A2066-2972

SVTSSIV,gy.465 Protein piccolo,y7g.57¢5

TQLSTDT, ;1.5 Septin-14,, 1,

The heptamers scattered along the entire length of its
molecule do not form long n-mers anywhere else. ORF3a
does not appear to be involved in provoking an autoimmune
response.

ORFG6 protein
ORF®6 protein molecule consists of 61 amino acid residues:

MFHLVDFQVTIAEILLIMRTFKVSIWNLDYIINLIIKNLSKSLTENKY
SQLDEEQPMEID

In the molecule, there is no heptamers homologous to human
proteins.

ORF7a protein
ORF7a protein molecule consists of 121 amino acid residues:

MKIILFLALITLATCELYHYQECVRGTTVLLKEPCSSGTYEGNSPF
HPLADNKFALTCFSTQFAFACPDGVKHVYQLRARSVSPKLFIRQ
EEVQELYSPIFLIVAAIVFITLCFTLKRKTE

In the ORF7a protein molecule, there are only two heptamers
homologous to human proteins located in close proximity to each
other (Table 9).

Table 9

Localization of homologous heptamers
in the ORF7a protein and human proteins [3]

In ORF7a protein In human proteins

VAAIVFl 04440 Transmembrane protein 255Bg; o,

FTLKRKT 414120 Cytosolic 5'-nucleotidase 3As; 4,
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It is possible that ORF7a is involved in provoking an
autoimmune response.
ORF7b protein

ORF7b protein molecule consists of 43 amino acid residues:

MIELSLIDFYLCFLAFLLFLVLIMLIIFWFSLELQDHNETCHA

In this polypeptide, there are only one heptamer homologous
to the human protein (Table 10).

Table 10

Localization of the homologous heptamer
in ORF7b and a human protein [3]

In ORF7b protein
IFWFSL,g 5,

In human protein

Olfactory receptor 7D4,5,.15,

Table 12

Localization some of homologous hepta- / octamers
in ORF9b protein and human proteins [3]

In ORF9b In human proteins
protein
LVDPQIQL ., Valine-tRNA ligase, mitochondrialggs 140,
MENAVGR .5 Neprilysingg.4s
LGSPLSL,g5, | Stress-responsive DNAJB4-interacting membrane
protein 15743
GSPLSLNg.55 E3 ubiquitin-protein ligase HERC2,535 4539
TEELPDE,, 4, KH homology domain-containing protein 445474
ELPDEFVWWgs4; | Maestro heat-like repeat-containing protein family
member 2B, g3.41

The ORF7b protein may be involved in provoking an autoimmune
response and, in particular, contribute to olfactory dysfunction.
ORFS8 protein

ORFS8 protein molecule consists of 121 amino acid residues:

MKFLVFLGIITTVAAFHQECSLQSCTQHQPYVVDDPCPIHFYSK
WYIRVGARKSAPLIELCVDEAGSKSPIQYIDIGNYTVSCLPFTINC
QEPKLGSLVVRCSFYEDFLEYHDVRVVLDFI

In this polypeptide, there are three heptamers homologous to
human proteins (Table 11).

Table 11

Localization of homologous heptamers
in the ORF8 protein and human proteins [3]

In ORF8 protein
LVFLGIl, 4,
LGITTV, 4,

In human proteins

Zinc finger protein 486,455

D-2-hydroxyglutarate dehydrogenase,
mitochondrialyg,.sq

KLGSLVV 440 Sodium leak channel non-selective proteings 4

In this case, two heptamers merge into a decamer L, - V.
Due to the fusion of two heptamers into a decamer L, - Vs, the
ORF8 can be involved in provoking an autoimmune response.

ORF9b protein

ORF9b protein molecule consists of 97 amino acid
residues:

MDPKISEMHPALRLVDPQIQLAVTRMENAVGRDQNNVGP
KVYPIILRLGSPLSLNMARKTLNSLEDKAFQLTPIAVQMTKLAT
TEELPDEFVVVTVK

In the ORF9b protein molecule, there are six hepta- / octamers,
homologous to human proteins (Table 12).

Some of these hepta- / octamers merge into octamer L,5— N
and decamer Tgy — V.

Octamer ELPDEFVVg, ¢, is homologous to the Maestro heat-
like repeat-containing protein family member 2B, which may
play a role in the sperm capacitation [23]. Male reproductive
dysfunction has been proposed as a likely consequence of
COVID-19 [24].

After the destruction of the SARS CoV-2 virion, ORF9b can
take part in provoking an autoimmune response. This protein
plays a special role in hijacking mitochondrial metabolic processes
in COVID-19 infection [25].

ORF10 protein

ORF10 protein (traditional name, but more correctly:
polypeptide) molecule consists of 38 amino acid residues:

MGYINVFAIPFTIYSLLLCRMNSRSYTAQVGIVNFNLT
In the molecule, there is no heptamers homologous to human
proteins.
ORF14 protein

ORF14 protein (synonym: ORF9c) molecule consists of 73
amino acid residues:

MLQSCYNFLKEQHCQKASTQKGAEAAVKPLLVPHHVVATVQEI
QLQAAVGELLLLEWLAMAVMLLLLCCCLTD

In the molecule, there is no heptamers homologous to human
proteins.
Replicase polyprotein RPP 1a

Replicase polyprotein 1a (RPP 1a) consists of 4405 amino
acid residues.
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MESLVPGFNEKTHVQLSLPVLQVRDVLVRGFGDSVEEVLSEARQHLKDGTCGL
VEVEKGVLPQLEQPYVFIKRSDARTAPHGHVMVELVAELEGIQYGRSGETLGVL
VPHVGEIPVAYRKVLLRKNGNKGAGGHSYGADLKSFDLGDELGTDPYEDFQEN
WNTKHSSGVTRELMRELNGGAYTRYVDNNFCGPDGYPLECIKDLLARAGKASCT
LSEQLDFIDTKRGVYCCREHEHEIAWYTERSEKSYELQTPFEIKLAKKFDTFN
GECPNFVFPLNSIIKTIQPRVEKKKLDGFMGRIRSVYPVASPNECNQMCLSTLM
KCDHCGETSWQTGDFVKATCEFCGTENLTKEGATTCGYLPQNAVVKIYCPACH
NSEVGPEHSLAEYHNESGLKTILRKGGRTIAFGGCVFSYVGCHNKCAYWVPRA
SANIGCNHTGVVGEGSEGLNDNLLEILQKEKVNINIVGDFKLNEEIAIILASFSAS
TSAFVETVKGLDYKAFKQIVESCGNFKVTKGKAKKGAWNIGEQKSILSPLYAFA
SEAARVVRSIFSRTLETAQNSVRVLQKAAITILDGISQYSLRLIDAMMFTSDLATN
NLVVMAYITGGVVQLTSQWLTNIFGTVYEKLKPVLDWLEEKFKEGVEFLRDGW
EIVKFISTCACEIVGGQIVTCAKEIKESVQTFFKLVNKFLALCADSIIIGGAKLKAL
NLGETFVTHSKGLYRKCVKSREETGLLMPLKAPKEIIFLEGETLPTEVLTEEVVLKT
GDLQPLEQPTSEAVEAPLVGTPVCINGLMLLEIKDTEKYCALAPNMMVTNNTFT
LKGGAPTKVTFGDDTVIEVQGYKSVNITFELDERIDKVLNEKCSAYTVELGTEVN
EFACVVADAVIKTLQPVSELLTPLGIDLDEWSMATYYLFDESGEFKLASHMYCS
FYPPDEDEEEGDCEEEEFEPSTQYEYGTEDDYQGKPLEFGATSAALQPEEEQE
EDWLDDDSQQTVGQQDGSEDNQTTTIQTIVEVQPQLEMELTPVVQTIEVNSFSG
YLKLTDNVYIKNADIVEEAKKVKPTVVVNAANVYLKHGGGVAGALNKATNNAM
QVESDDYIATNGPLKVGGSCVLSGHNLAKHCLHVVGPNVNKGEDIQLLKSAYE
NFNQHEVLLAPLLSAGIFGADPIHSLRVCVDTVRTNVYLAVFDKNLYDKLVSSFL
EMKSEKQVEQKIAEIPKEEVKPFITESKPSVEQRKQDDKKIKACVEEVTTTLEE
TKFLTENLLLYIDINGNLHPDSATLVSDIDITFLKKDAPYIVGDVVQEGVLTAVVIP
TKKAGGTTEMLAKALRKVPTDNYITTYPGQGLNGYTVEEAKTVLKKCKSAFYI
LPSIISNEKQEILGTVSWNLREMLAHAEETRKLMPVCVETKAIVSTIQRKYKGIK
IQEGVVDYGARFYFYTSKTTVASLINTLNDLNETLVTMPLGYVTHGLNLEEAAR
YMRSLKVPATVSVSSPDAVTAYNGYLTSSSKTPEEHFIETISLAGSYKDWSYSG
QSTQLGIEFLKRGDKSVYYTSNPTTFHLDGEVITFDNLKTLLSLREVRTIKVFTT
VDNINLHTQVVDMSMTYGQQFGPTYLDGADVTKIKPHNSHEGKTFYVLPNDD
TLRVEAFEYYHTTDPSFLGRYMSALNHTKKWKYPQVNGLTSIKWADNNCYL
ATALLTLQQIELKFNPPALQDAYYRARAGEAANFCALILAYCNKTVGELGDVRE
TMSYLFQHANLDSCKRVLNVVCKTCGQQQTTLKGVEAVMYMGTLSYEQFKKG
VQIPCTCGKQATKYLVQQESPFVMMSAPPAQYELKHGTFTCASEYTGNYQCG
HYKHITSKETLYCIDGALLTKSSEYKGPITDVFYKENSYTTTIKPVTYKLDGVVCT
EIDPKLDNYYKKDNSYFTEQPIDLVPNQPYPNASFDNFKFVCDNIKFADDLNQL
TGYKKPASRELKVTFFPDLNGDVVAIDYKHYTPSFKKGAKLLHKPIVWHVNNAT
NKATYKPNTWCIRCLWSTKPVETSNSFDVLKSEDAQGMDNLACEDLKPVSEE
VVENPTIQKDVLECNVKTTEVVGDIILKPANNSLKITEEVGHTDLMAAYVDNSSLT
IKKPNELSRVLGLKTLATHGLAAVNSVPWDTIANYAKPFLNKVVSTTTNIVTRCL
NRVCTNYMPYFFTLLLQLCTFTRSTNSRIKASMPTTIAKNTVKSVGKFCLEASFN
YLKSPNFSKLINIIWFLLLSVCLGSLIYSTAALGVLMSNLGMPSYCTGYREGYLN
STNVTIATYCTGSIPCSVCLSGLDSLDTYPSLETIQITISSFKWDLTAFGLVAEWFL
AYILFTRFFYVLGLAAIMQLFFSYFAVHFISNSWLMWLIINLVQMAPISAMVRMYIF
FASFYYVWKSYVHVVDGCNSSTCMMCYKRNRATRVECTTIVNGVRRSFYVYA
NGGKGFCKLHNWNCVNCDTFCAGSTFISDEVARDLSLQFKRPINPTDQSSYIV
DSVTVKNGSIHLYFDKAGQKTYERHSLSHFVNLDNLRANNTKGSLPINVIVFDG
KSKCEESSAKSASVYYSQLMCQPILLLDQALVSDVGDSAEVAVKMFDAYVNTF
SSTFNVPMEKLKTLVATAEAELAKNVSLDNVLSTFISAARQGFVDSDVETKDV
VECLKLSHQSDIEVTGDSCNNYMLTYNKVENMTPRDLGACIDCSARHINAQVA
KSHNIALIWNVKDFMSLSEQLRKQIRSAAKKNNLPFKLTCATTRQVVNVVTTK
IALKGGKIVNNWLKQLIKVTLVFLFVAAIFYLITPVHVMSKHTDFSSEIIGYKA
IDGGVTRDIASTDTCFANKHADFDTWFSQRGGSYTNDKACPLIAAVITREV
GFVVPGLPGTILRTTNGDFLHFLPRVFSAVGNICYTPSKLIEYTDFATSACVL

AAECTIFKDASGKPVPYCYDTNVLEGSVAYESLRPDTRYVLMDGSIIQFPNT
YLEGSVRVVTTFDSEYCRHGTCERSEAGVCVSTSGRWVLNNDYYRSLPGV
FCGVDAVNLLTNMFTPLIQPIGALDISASIVAGGIVAIVVTCLAYYFMRFRRAF
GEYSHVVAFNTLLFLMSFTVLCLTPVYSFLPGVYSVIYLYLTFYLTNDVSFLA
HIQWMVMFTPLVPFWITIAYIICISTKHFYWFFSNYLKRRVVFNGVSFSTF
EEAALCTFLLNKEMYLKLRSDVLLPLTQYNRYLALYNKYKYFSGAMDTT
SYREAACCHLAKALNDFSNSGSDVLYQPPQTSITSAVLQSGFRKMAFP
SGKVEGCMVQVTCGTTTLNGLWLDDVVYCPRHVICTSEDMLNPNYEDLLI
RKSNHNFLVQAGNVQLRVIGHSMQNCVLKLKVDTANPKTPKYKFVRIQPG
QTFSVLACYNGSPSGVYQCAMRPNFTIKGSFLNGSCGSVGFNIDYDCVSF
CYMHHMELPTGVHAGTDLEGNFYGPFVDRQTAQAAGTDTTITVNVLAWLYAA
VINGDRWFLNRFTTTLNDFNLVAMKYNYEPLTQDHVDILGPLSAQTGIAVLDM
CASLKELLQNGMNGRTILGSALLEDEFTPFDVVRQCSGVTFQSAVKRTIKGT
HHWLLLTILTSLLVLVQSTQWSLFFFLYENAFLPFAMGIIAMSAFAMMFVKHKH
AFLCLFLLPSLATVAYFNMVYMPASWVMRIMTWLDMVDTSLSGFKLKDCVMY
ASAVVLLILMTARTVYDDGARRVWTLMNVLTLVYKVYYGNALDQAISMWALIISV
TSNYSGVVTTVMFLARGIVFMCVEYCPIFFITGNTLQCIMLVYCFLGYFCTCYFGL
FCLLNRYFRLTLGVYDYLVSTQEFRYMNSQGLLPPKNSIDAFKLNIKLLGVGGK
PCIKVATVQSKMSDVKCTSVVLLSVLQQLRVESSSKLWAQCVQLHNDILLAKDT
TEAFEKMVSLLSVLLSMQGAVDINKLCEEMLDNRATLQAIASEFSSLPSYAAFAT
AQEAYEQAVANGDSEVVLKKLKKSLNVAKSEFDRDAAMQRKLEKMADQAMTQ
MYKQARSEDKRAKVTSAMQTMLFTMLRKLDNDALNNIINNARDGCVPLNIIPLT
TAAKLMVVIPDYNTYKNTCDGTTFTYASALWEIQQVVDADSKIVQLSEISMDNSP
NLAWPLIVTALRANSAVKLQNNELSPVALRQMSCAAGTTQTACTDDNALAYYN
TTKGGRFVLALLSDLQDLKWARFPKSDGTGTIYTELEPPCRFVTDTPKGPKVK
YLYFIKGLNNLNRGMVLGSLAATVRLQAGNATEVPANSTVLSFCAFAVDAAKAY
KDYLASGGQPITNCVKMLCTHTGTGQAITVTPEANMDQESFGGASCCLYCRCH
IDHPNPKGFCDLKGKYVQIPTTCANDPVGFTLKNTVCTVCGMWKGYGCSCDQL
REPMLQSADAQSFLNGFAV

In the RPP 1a molecule, there are eleven octamers (Table 13)
and more than a hundred heptamers homologous to human proteins.

Some of the octamers are found in more than one hu-
man protein, some fold into long n-mers, for example 16-mer
EDIQLLKSAYENFNQH, 5 114, 14-mer EVEKGVLPQLEQPY g g
and 13-mer SVEEVLSEARQHL;, 4. The question of the participa-
tion of this large molecule in provoking an autoimmune response
requires further study.

Replicase polyprotein RPP 1ab

Replicase polyprotein 1ab (RPP 1ab) consists of 7096 amino
acid residues. In the RPP 1ab molecule, there are 210 hepta- /
octamer homologous to human proteins. Some of them fold into
long (more than 15 amino acid residues) n-mers. The role of this
huge molecule in provoking an autoimmune response also re-
quires study.

EVASION AND PROVOCATION OF AUTOIMMUNE RESPONSE

Based on the fact that the external SARS CoV-2 proteins are
the first to contact host's immune system, while the internal proteins
are only the second, it would be reasonable to divide the proteins
of the virus into external and internal proteins. The difference from
the generally accepted classification (structural / nonstructural) is
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Table 13
Localization of homologous octamers
in RPP 1a and human proteins [3, adapted]
In Replicase ;
. In human proteins
polyprotein 1a
SVEEVLS;, 4 FLJ00176 protein (Fragment)g).os6
SEARQHL 4 46 Cytokine-inducible inhibitor
of signaling type [Vgg.40,
EVEKGVLPg, Bifunctional heparan sulfate
N-deacetylase/N-sulfotransferase 1,141
ESGLKTIL ;4397 Annexin A7 04411
REETGLLM;,,.751 Estrogen-related receptor gammay 4,

GGSCVLSGy4g.1107
DIQLLKSA 4574134

Sorting nexin-27 4511

Echinoderm microtubule-associated
protein-like 155 45

RRSFYVYA, 4312438 Transmembrane protein

adipocyte-associated 1,y5.53,

AKKNNLPF 733 9740 Acyl-CoA:lysophosphatidylglycerol
acyltransferase 1,gq.906
YNYEPLTQ3500.3507 DNA helicase g 555
SLKELLQN550.3537 Centromere protein |,g5.503
DTSLSGFK3471.3675 Solute carrier family 12 member 7gg5.400,
PEANMDQE ;315.4319 Arachidonate 5-lipoxygenase-activating

proteins, g

minimal. The first group includes proteins S, E and M, the se-
cond — all the others, including the N protein. We will consider
proteins of the first group as participants in the processes of mi-
micry and the second as provocateurs of an autoimmune response.

External proteins and mimicry

In the IT terminology, the word evasion means bypassing an
information security device to deliver malware without being de-
tected by the recipient. Virologists have long been familiar with
viral immune evasion, having a variety of expressions to describe
it, such as: to avoid the immune response, to outwit the immune
system, to outmaneuver your hosts, to subvert the host cellular
response, viral mimicry, camouflage, subversion and piracy. The
growing virulence of SARS CoV-2 indicates that the virus’s ability
to deceive the innate immune system improves with some new
mutations.

To mislead the immune system, the virus could have hijacked
some regions of the genetic code from previous hosts. That
makes its proteins similar to human proteins. Knowledge of the
homology between the virus and human proteins might help un-
derstand the mechanisms of mimicry in the moment of infection
and during the subsequent autoimmune response.

For evasion to occur, the virus must appear in front of the
immune system and tell it: don’t shoot! | am one of you! The tra-
ditional naming of a password is not suitable for such a message,

since a password, by definition, must be known by a very limited
number of people or devices. Virology needs a term for a univer-
sal password, known to an unlimited number of participants on
both sides of the information exchange. There is a suitable term in
IT — shibboleth. Reported to a computer security system without
distortion, the shibboleth allows an intruder (person or device) to
gain access to the desired resources.

The word shibboleth, borrowed from the Bible (Judges 12:
5-6), is used by linguists and literary men (see Shitbroleeth in
episode 16 of Ulysses by James Joyce), from whom psycholo-
gists and psychiatrists adopted it. Dr Dmitry Kormilets in a private
communication suggested using this term in virology as well. In
our interpretation, shibboleth is an area of the surface of viri-
on, according to which the immune system must mistakenly re-
cognize the virus as a part of the host organism and turn off the
mechanisms designed to inactivate and / or destroy the intruder.

Some viral proteins are homologues of human proteins. It ap-
pears they have been hijacked from the host and included in their
own genomes [26].

Tables 3-6 show a lot of motifs common to the external SARS
CoV-2 proteins and humans. Which of them are directly involved
in mimicry, it is now impossible to say. One can only point to the
motifs in the most functionally important regions of the external
proteins of SARS CoV-2 and human proteins. In addition, those
regions of the external proteins of SARS CoV-2, in which the fre-
quency of occurrence of homologous regions is the highest, de-
serve special attention.

Perhaps this is how the SARS CoV-2 protects its most impor-
tant site (RBD) from the immune system.

The narrow region of the E protein transmembrane domain
contains a variety of motifs homologous to proteins from humans,
food, and intestinal bacteria (Tables 4 and 5). In this regard, the
participation of E protein in mimicry seems to be the most pro-
bable.

In the structure of M protein, there is also a high “concentra-
tion” of motifs homologous to human ones (Table 6). In the pro-
tein M, four heptamers homologues of human proteins are fused
into a decamer V,;—Q;q. The hydrophilic composition indicates a
possible contact with the extracellular environment and the host's
immune system. This outer protein is the second most likely can-
didate for the role of mimicry organizer.

Provoking of Autoimmune Response

The most likely candidate is ORF9b protein. In its small mo-
lecule, regions which are homologous to human proteins account
for 34.0% (33 out of 97), the highest value of this indicator among
all internal proteins. The biggest structural difference is found bet-
ween SARS CoV-2 RF9b protein and similar bat and pangolin
proteins compared to other SARS CoV-2 proteins, which indicates
active mutagenesis [27].

The polyprotein molecules RPP 1a and RPP 1a b are huge,
as is the number of homologous motifs in them. The possibility
that the motifs take part in provoking an autoimmune response
has not yet been proven. Enzymes and especially enzymes of

& RUSSIAN BIOMEDICAL RESEARCH

VOLY9 N1 2024

ISSN 2658-6584




0B30PbI

57

the cell cycle are evolutionarily highly conserved. In the process
of disintegration of microorganisms, permanent inhabitants of the
human intestine, peptides homologous to human proteins must be
released into the intestinal lumen. Perhaps it is they who interact
with the host’s immune system and tune it to non-resistance to
virion proteins.

Dysfunction of olfactory and taste receptors

ACE2 protein has been found at high levels in the human
olfactory epithelium. May this explain COVID-19-associated olfac-
tory dysfunction [28]?

In the RPP 1a molecule, heptamers SCGNFKV ., and
AIFYLIT 7559741 @re homologous to human Olfactory receptor pro-
teins 52N2,4, 405 and 2W15, 56, respectively. ORF7b contains a hep-
tamer homologous to the Olfactory receptor protein 7D4 and may
be involved in provoking an autoimmune response, contributing to
olfactory dysfunction. In the RPP 1a, a heptamer LKTLLSL 555 1552
is homologous to the human Bitter taste receptor T2R55,44_17-

In S protein, the octamer RRARSVAS, 440 iS homologous to
the Amiloride-sensitive sodium channel subunit alpha,y;_,s, Which
is involved in salt taste perception [29].

If homologous motifs in the SARS CoV-2 molecule can trig-
ger an autoimmune response, then these facts may explain why
COVID-19 disease so often affects the sense of smell and taste.

Mutations

Mutations are a mechanism for escaping immune responses
[4]. Among the SARS CoV-2 proteins, protein S has been studied
for mutations. Of the external proteins, it is the most susceptible
to mutation [27].

The differences of human S-proteins from Asia, Africa, Europe,
North America, South America and Oceania from the reference
sequence of the SARS CoV-2 Wuhan-Hu-1 protein, China, are
described. There were found 9654 mutations, which correspond
to 400 different sites of mutations. RBD alone contained 44 mu-
tations [30]. Of course, far from all of the effects of these muta-
tions have now been studied. Fortunately, not all of them matter.
In theory, the mutation can increase, decrease, or not affect the
immune response to the S-protein [4].

The Dg,,G mutation changes the conformation of the S protein
[4]. SARS CoV and SARS CoV-2 recognize the ACE2 receptor
through their S proteins. In the N-terminal domain, the sequences
MESEFR 55455 and SYLTPG,,;.s, are specific for human SARS
CoV-2. In RBD, the structural determinants for recognizing hu-
man ACE2 are the VGGNY 5449 and EIYQAGSTPCNGV 74453
sequences, as well as the disulfide bridge connecting C,q, and
Cygg [31]. Note that none of the motives mentioned above coincide
with regions homologous to human proteins.

S protein of SARS-CoV-2 variant Delta contains eight muta-
tions, namely TR, Gy;,D, Assgisry RiggGy LusoR, TuzgK, PegiR,
and DgsoN [32]. S protein of variant Omicron, the most aggressive,
contains many mutations, namely VoA, Tgsl, G140, Vs, Yiudd,
YigsB, G300, SaziLs Sa7P, SazsF, KyysN, NyggK, GygeS, SN, Ty,
EsA QuosR, GygS, QugsR, NigrY, YispsH, NegsY, NezgK, and PegH,

several of which overlap with those in the Alpha, Beta, Gamma, or
Delta variants [33,34]. Due to the huge and continuous stream of
data, the topic of mutations in SARS CoV-2 proteins can only be
considered in periodicals for now.

CONCLUSION

Judging by the degree of homology between SARS CoV-2
proteins and humans, the main means of bypassing innate im-
munity (shibboleth) should be the E protein, while the main provo-
cateur of the autoimmune response is the ORF9b protein. Accor-
dingly, the attention of researchers and especially — developers
of vaccines against SARS CoV-2 should be paid primarily to these
two proteins. It also should be taken into consideration that vac-
cines affecting such homologous regions can damage proteins of
the human body.
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Pestome. 5-rugpokeutpuntodan (5-HTP) ncnonb3oBancs ans neyeHus HepBHbIX U NCUXMATPUYECKNX 3ab0NEeBaHuNiA,
BKNtoYas fAenpeccuto, 6eCCOHHMLY, anHO3 CHa, XPOHUYECKYIO0 Liedhanruto, MO3XKEYKOBYHO aTakcuto. B To xe Bpems Gbina
Npom3BeAeHa OLEeHKa NnpumeHeHns 5-HTP gns neyeHns Takux peBmaTonornyecknx 3abonesanuii, kak gpubpomuanrus
(®M), peBMaTOUAHLIN apTPUT U OCTE0APTPUT. HapyLLieHus cHa npu CUHAPOMAaX, CONPOBOXAAKLLMXCH XPOHUYECKON
Bonbto, OKa3biBalOT CYLLECTBEHHOE HETATUBHOE BAMSHWE HA COLManbHbIe acnekTbl, NPOBOLMPYOT Gonee paHHee
pasBUTME aTePOCKIIEPOTUYECKUX NOPaXEHNA CEPAEYHO-COCYANCTON CUCTEMBI, @ TAKXE MOTYT NPUBOAMUTB K PA3BUTMIO
Jenpeccuu n TpPeBOXHOCTU. 10 AaHHOI TemMaTuKe UMeeTcs 6 cTaTel, B KOTOPbLIX OnuUcaHbl pesynbTaThl neveHuns 346
nauueHToB. Bospact BapbupoBan ot 40 fo 51,1 roga, fons xeHwuH coctasuna ot 22,2 ao 84%. Jdosuposka 5-HTP
cocTaensina ot 60 mr o 4000 mr/neHb, ANMTENbHOCTL HAbNOAEHNsI BapbupoBana oT 4 [0 12 Heaenb. B ctaTbsix
OTPaXeHo ynyuyLleHne pasnnuyHbIX CUMNTOMOB (hUBpOMUanTum, BKIOYas CHKEHNE MHTEHCUBHOCTM 60K, ynyJleHne
kayeCTBa CHa, HaCTPOEHMS 1 06LLero CamovyBCTBYS, CHUKEHUE TPEBOTU, YCTaNoCTH, yMEHbLUEHWe KONMYecTBa YyB-
CTBUTENbHbIX ToYek. MpeanonoxnTensHo, ahdekT cBa3aH ¢ MeTabonnamom 5-HTP B CEpOTOHMH, KOTOPbIN CHUXaEeT
YyBCTBUTEMNBHOCTb HEPBHbIX OKOHYaHMI K 60NEBLIM CTUMYNaM, U SBNSETCS NPEKypCopoM MenaToHuHa. MoboyHble
athdekTbl 6bInM nerkumm u BapbupoBanu oT 8 10 30%. 3ToT 0630p nokasbiBaeT, YTo 5-HTP aBnseTcs MHoroobe-
wawwmm n 6esonacHbiM METOAOM NneveHus mbpommanrun. OgHako 3Tu AaHHble He0BX0AMMO BOCNPOM3BECTY B
Oypywwmx bonee obLIMPHBIX MCCNEA0BaHNAX, B KOTOPble OyayT BKMOYEHbI ApYrue peBMAaTUYECKNE COCTOSHUS.

KnioueBble cnoBa: 5-rugpokcutpuntodan, 5-HTP, Tpuntocdhan, peBmMaTuyeckne 3abonesanus, Gubpommanris
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Abstract. 5-hydroxytryptophan (5-HTP) has been used to treat neurologic and psychiatric diseases, including depression,
insomnia, sleep apnea, cerebellar ataxia, and chronic cepheadaches. On the other hand, it has been prescribed in
a few rheumatic disorders including fibromyalgia, ostheoarthritis, rheumatoid arthritis. Sleep disorders in syndromes
accompanied by chronic pain have a significant negative impact on social aspects, provoke an earlier development of
atherosclerotic lesions of the cardiovascular system, and can also lead to the development of depression and anxiety.
There are 6 articles in this field, including 346 patients. Age varied from 40 to 51.1 years old, and female gender ranged
from 22.2 to 84%. The 5-HTP dosage went from 60 mg to 4.000 mg a day. The study follow-up ranged from 4 weeks
to 12 months. All of these articles demonstrated improvements in diverse fibromyalgia (FM) symptoms, including
decreased pain intensity, improved sleep quality, improved mood and overall well-being, decreased anxiety, decreased
fatigue, and decreased number of tender points. Presumably, the effect is associated with the metabolism of 5-HTP
into serotonin, which is believed to decrease the sensitization of nerve endings associated with pain receptors. In
addition, serotonin is a precursor of melatonin. Side effects were mild and varied from 8% to 30%. This review shows
that 5-HTP is a promising and safe therapy for fibromyalgia. However, the data needs to be reproduced in future more

extensive studies, including other rheumatic conditions.

Keywords: 5-hydroxytriptophan, 5-HTP, triptophan, rheumatic diseases, fibromyalgia

INTRODUCTION

Tryptophan is an essential amino acid and a precursor of the
neurotransmitter serotonin. Tryptophan metabolites, such as sero-
tonin and melatonin, are thought to participate in regulating mood,
sleep, pain sensituvity, and tryptophan is used to treat insomnia,
sleep apnea, and depression [8]. 5-HTP is an aromatic aminoacid
naturally synthesized from the essential aminoacid L-tryptophan.
In addition to depression, the therapeutic administration of 5-HTP
is effective in treating various medical disorders, including fibro-
myalgia, ostheoarthritis, insomnia, cerebellar ataxia, and chronic
cepheadaches [3].

Treatment of sleep disorders is one of the key aspects of the-
rapy for rheumatic patients with chronic pain syndromes such as
fibromyalgia (including that syndrome as a variant of long COVID
and post-COVID health disorders), osteoarthritis, and rheumatoid
arthritis. Insomnia has a significant negative impact on social as-
pects, the development of atherosclerotic cardiovascular diseases,
and the onset of anxiety and depression. Given an aging popula-
tion, constant use of electronic devices, and increased levels of
stress, the problem of safe correction of sleep disorders becomes
particularly challenging and relevant, where 5-HTP may find its
place [1].

Tryptophan serves as the sole substrate for the synthesis of
the biogenic amine serotonin, which is primarily produced in the
distal parts of the gastrointestinal tract (90%) and to a lesser extent
in the central nervous system (10%) [1]. Furthermore, tryptophan

bioavailability could contribute to the activity of inflammatory
system [19], that is often deeply disturbed in rheumatic patients.
T-reg lymphocytes alter bioavailability of tryptophan by their en-
zyme indoloxidase (IDO), thus regulating T17/Treg balance and
intensity of some autoimmune reactions as well [6, 7]. A signifi-
cant portion of tryptophan is obtained from protein-rich food and
metabolized in the gastrointestinal tract by gut microbiota, for-
ming a range of biologically active molecules, including ligands
for aryl hydrocarbon receptor. Tryptophan is also converted into
kynurenines by immune system cells and epithelial cells of the
intestine [1, 2]. 5-HTP may play a role in autoimmune diseases.
In fact, in a mouse model for psoriasiform dermatitis, Hu et al.
showed that 5-HTP reduced the cumulative scores and epidermal
thickness and also reduced local and systemic inflammation bio-
markers, including interleukin-6, the differentiation of IFN-y- and
IL-17A-expressing and related cytokine production (TNF-a, IL-6,
IL-17A, and IFN-y) in splenocytes [10]. Therefore, it is reasonable
to speculate if 5-HTP may play a role in rheumatic diseases, in-
cluding fibromyalgia and inflammatory conditions.

Theoretically, application of this amino acid and its derivatives
in autoimmune disorders may result in some unequivocal sequels,
because of its different influences on tryptophan bio-availability
under various states of T-regs in concrete patients [6, 7]. For
example, there were series of studies documenting a connec-
tion between consuming of tryptophan dimers and provocation of
eosinophilia-myalgia syndrome (EMS) in patients and experimen-
tal animals [4, 21]. Moreover, it was postulated that such dimers
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may incorporate into primary structure of proteins thus creating
neoantigens and promoting autoimmunity [4].

Therefore, there is a need to review existing data on practical
use of 5-HPT in rheumatology in order to evaluate its perspective.
This study aimed to systematically review the articles that used
5-HTP to treat rheumatic diseases.

LITERATURE REVIEW

A systematic search of articles published in PubMed/
MEDLINE, EMBASE, elibrary.ru and Scielo from 1966 to Oc-
tober 2023 using the following MeSH entry terms: “5-HTP”
OR “5-hydroxytryptophan” OR *“tryptophan” AND ‘“rheumatic”
OR “rheumatologic” OR “systemic lupus erythematosus” OR
“lupus” OR “fibromyalgia” OR “rheumatoid arthritis” OR “spon-
dyloarthritis” OR “Sjégren’s syndrome” OR “ myositis” OR *
systemic sclerosis” OR “vasculitis” OR “Takayasu disease” OR
“Wegener’s disease” OR “granulomatosis with polyangiitis” OR
“Kawasaki's disease” OR “polyarteritis nodosa” OR “Livedoid
vasculitis” OR Churg-Strauss” OR “eosinophilic granulomatosis
with polyangiitis” OR “osteoarthritis” OR “gout”. The Russian
equivalents were used for analysis of elibrary.ru database. The
search had no language restriction. The reference lists of the
selected articles were analyzed to identify other publications.

Two authors (JFC and AL) initially performed the literature
search and independently selected the study abstracts. In the
second stage, the same reviewers independently read the full-
text articles selected by abstracts. The authors followed PRISMA
guidelines [15]. Finally, a standardized form was designed to ext-
ract the information from relevant articles, including authors, year
of publication, number of patients studied, demographic data,
disease duration, study follow-up, 5-HTP posology, outcomes,
and side effects. The same work with cyrillic sources was per-
formed by Russian team members.

Table 1 summarizes the search results on 5-HTP treatment in
fibromyalgia subjects [5, 9, 11, 14, 17, 18].

There are 6 articles in this field, including 346 patients. The
countries that produced these articles were Italy (n=3), followed
by Spain (n=2), Canada, and the United Kingdom (n=1). To date,
we did not meet any academic or scientific publications in Rus-
sian, describing the studies related to the use of 5-HTP in rheu-
matology.

Most studies had a randomized controlled design trial as the
study design (n=2), followed by double-blinded (n=1), prospective
(n=1), open trial (n=1), and case report (n=1). Age varied from 40
to 51.1 years old, and female gender ranged from 22.2 to 84%.
The 5-HTP dosage went from 60mg to 4,000 mg/day. The study
follow-up ranged from 4 weeks to 12 months.

All these articles demonstrated improvements in the diverse
FM parameters, since pain intensity, sleep quality, well-being,
anxiety and mood symptoms, tender points count, and fatigue.
Side effects were mild and varied from 8 to 30%.

This is the first study to systematically review the therapeutic
effects of 5-HTP in all rheumatic diseases. Serotonin is the neu-

rotransmitter that mediates slow-wave sleep and plays an essen-
tial role in pain perception. Moldofsky and Warsh have proposed
that primary fibromyalgia syndrome may result from an insufficient
concentration of circulating tryptophan, which then fails to provide
adequate serotonin for maintaining slow-wave sleep [12].

Serotonin (5-hydroxytryptamine), which was discovered in the
blood over 40 years ago [13], has subsequently been located in
many parts of the body and has been shown to exert numerous
effects on several body systems, including the brain and the gast-
ro-intestinal tract, Reports of reduced blood serotonin concent-
rations in patients with FM and the symptomatic relief of these
patients using tricyclic antidepressants, which probably act by
blocking the reuptake of biogenic amines at nerve terminals, have
implied the potential value of serotonin in the treatment of patients
with FM [16].

In the absence of supplementation with 5-HTP, the amount
of endogenous 5-HTP available for serotonin synthesis depends
on the availability of the amino acid tryptophan and the activity of
various enzymes, especially tryptophan hydroxylase, indoleamine
2,3-dioxygenase, and tryptophan 2,3-dioxygenase. In addition,
the amount of 5-HTP reaching the central nervous system is af-
fected by the extent to which 5-HTP is transformed to serotonin in
the peripherical tissues [20].

Thus, in the context of treating rheumatological conditions
such as fibromyalgia and osteoarthritis, 5-HTP may have several
potential advantages.

1. Mood correction: rheumatological conditions can be accom-
panied by depression or mood disturbances. 5-HTP, a precursor
to serotonin which plays a key role in mood regulation, may help
increase serotonin levels in the brain and improve quality of life in
patients with rheumatological conditions.

2. Sleep improvement: Pain from rheumatological conditions
can significantly disrupt a patient’s sleep quality. Serotonin is
a precursor to the melatonin, one of the main regulators of the
sleep-wake cycle. 5-HTP may help increase melatonin levels
and improve sleep quality in patients with rheumatological con-
ditions.

3. Reduction of pain sensitivity: Serotonin is involved in the
regulation of pain signals. It is believed that increasing serotonin
levels may decrease the sensitization of nerve endings associa-
ted with pain receptors. 5-HTP, as a precursor to serotonin, may
contribute to increasing its levels and thus reducing pain sensiti-
vity in patients with rheumatological conditions.

This systematic review showed that all studies that evaluated
5-HTP supplementation in fiboromyalgia showed at least one be-
nefit, with mild or absent adverse effects. This study’s strengths
are (1) the inclusion of studies with patients with international cri-
teria for rheumatic diseases; and (2) the inclusion of all kinds of
study designs for using 5-HTP in rheumatic diseases, except re-
views, animal studies, and in vitro studies. In this way, the authors
believe all published cases of 5-HTP in rheumatic patients were
collected.

Some limitations were observed in this study. For instance,
no comparison between classical treatments used in rheumatic
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Table 1

Studies of 5-HTP in fibromyalgia
Disease | 5-HTP dose
Follow-up

Author, Study N
reference | design | untry old)/gender | duration (mg/day)
23 51.9+7.2 7.7£6.3 | NA plus magne- 5-HTP improved:
+ Sleep Quality

Gbémez- Pilot Spain
years sium
* Functional capacity

Centeno pros-
100% females and coenzyme

Q10 * Global well-being

of patients.

etal., pective
2022 [9]
Martiznez- | Rando- | Spain | 22 4915y, NA 60mg plus 16 weeks 5-HTP improved;
Rodriguez |  mized, 100% females magnesium + Trait anxiety (p=0.001),
etal., controlled 60 mg + Self-image perception
2020 [11] trial (p=0.029)
* Mood disturbance
(p=0.001)
Eating disorders
Case UK 1 40 NA Gradually 4 weeks She has FM and severe Well tolerated
report Ca- increased depression, and after tryp- until 2g/day.
nada Female to 4g/day tophan, she improved her When she
in 2 weeks symptoms. She has been used 4g, she
gainfully employed for more | felt irritability,
than 1 year and remains on agitation,
the drug regimen of tryptop- | racing thoughts,
han 2 g, lorazepam 1 mg, | preoccupation

and oxazepam 25 mg daily | with thoughts
of suicide,

and dysphoria

30% has
a side effect

Outcome Side effects

Co- Age (years
NA

12 weeks

NA

Sharma
& Barrett,
2001 [18]

100 mg TID 12 weeks 5-HTP improved:
« Number of tender points

* Anxiety

Sarzi- Open Italy | 50 | 46.6 (27-60) NA

Puttini study
etal, 86% Females

1992 [17] * Pain intensity

+ Quality of sleep
* Fatigue

Caruso Double- | ltaly 100 mg TID 4 weeks + 90% of the physicians
etal., blinded + and >85% of the patients
1990 [5] | placebo- 14% females assessed the
controlled « efficacy of SAMe as being

trial “very good” or “good.”
+ 18/97 became
asymptomatic.
* The complaint score
dropped
« from 20.3 t0 4.5
* The score of the mental

state rating (feelings)
dropped from
+ 31.71t016.1

6 5-HTP vs. 3
placebo had
mild side

effects

50 | 47.8(31-60) NA

Stomachache

The combination of MAOIs
(8%)

Nicolodi Rando- Italy | 200 NA NA 400 mg. 12 months
& Sicuteri, | mized, 4 group: with 5-HTP significantly
1996 [14] | controlled a) amitriptyline, improved fibromyalgia
trial b) pargyline or syndrome as determined
phenelzine, by Visual Analogic Scale,
c) 5-HTP, whereas the other
d) association of treatments yielded
pargyline poorer benefits.
(or phenelzine)
and 5-HTP
200 mg
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diseases was available for the studied condition. In addition, the
number of participants was low, and the follow-up was short for
the diseases except for osteoarthritis. More important, just one
rheumatic disorder was studied — fibromyalgia. It is reasonable to
evaluate the effect of 5-HTP in other painful conditions associated
with anxiety or depression. Therefore, future studies should
include larger patient samples with more long-term observation,
enabling a better understanding of the course of SAMe in
rheumatic conditions.

CONCLUSION

A few articles in the literature evaluate the effects of 5-HTP in
rheumatological diseases, and only fibromyalgia was assessed.
In Russian scientiific literature this item still is out of scope.
Nevertheless, almost all analyzed studies demonstrated that
5-HTP use is efficacious in treating signs and symptoms of this
rheumatic disease (pain, FM scales, functioning) and with rare
and minor side effects. So, 5-HTP emerges as an exciting option
to be explored in the rheumatological field.

AONONMHUTENBbHAA UHOOPMALINA
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Pe3tome. 3nokayecTBeHHble HOBOOOPa30BaHUs ABMSAKOTCS B HACTOSALLEE BPEMS OOHOMN W3 rNaBHbIX MPUYNH CMEPTHOCTM
B BONbLINHCTBE CTPaH MUPa, B CBSA3M C YeM KpailHe 0CTPO CTOMT BOMPOC pa3paboTku HOBbIX NekapCTBEHHbIX CPeaCTB
ANs neyvenns paka. Cpean BO3MOXHbIX NEPCNEKTUBHbIX HanpaBneHun 6opbbbl ¢ HUM obpallaeT Ha cebs BHUMaHKe
“cnonb3oBaHWe NpenapaTtos, COAePXaLLUX OHKONUTUYECKNE BUPYChI, M NpenapaToB Ha OCHOBE panamuunHa. OH-
KONMTUYeCKNe BUPYChI, NPEUMYLLECTBEHHO NOpaxatoLime pakoBble KNETKW, OKa3biBAKT NPSMON LUTONUTUYECKIIA
3 eKT, paspyLuas 3noKka4yeCTBEHHYHO OMyXOrb, @ TaKXe CTUMYNUPYIOT NPOTUBOOMYXONEBLIN UMMYHUTET OpraHn3ma.
Panamuuut npeactaBnseT cob0oi MOLHbIA MHTMBUTOP curHanbHoro nyTu mrTOR — mechanistic (paHee mammalian)
target of rapamycin. JokazaHo, Y4To panamuLuH 1 ero aHanoru MoryT apekTUBHO NPUMEHATLCS A1 NEYEHUs 1 Npo-
(DMNaKTUKKL paKa, a TaKxe BIUATb Ha NpoLiecchl cTapeHus. B T0 Bpems kak kaxaas rpynna npenapatos B OTAESbHOCTM
NMeeT onpeaeneHHble HeJocTaTku, CyLWEeCcTByeT BOSMOXHOCTb UX HUBENUPOBAHUS NPYU COBMECTHOM NMPUMEHEHNH,
KOTOpOe B psifie MCCnefoBaHM NOKasasno XopoLLnin TepaneBTuyeckunin pedynstar. CUHepruaHoe AenCTBIUe OHKOUTY-
YeCKMX BUPYCOB M panamuLmHa CBA3aHo, NPEXAe BCEro, Co CnocoBHOCTbIO NOCNEAHEro CTUMYNMPOBaTh PENVKaLMIo
BMpYCa B MOPaXEHHbIX M KNETKaX, NPOSIBNAS B HEMOPaXeHHbIX CBOM COOCTBEHHbIN UUTOCTaTUYECKUI 9dhdhekT. CTu-
MYNUPOBaHME PennmKaLum MOXET NPOUCXOANTL Yepe3d akTueaunio Akt unu yepes nogasnexne mTORC1-3aBucumon
npoaykumn nHtepdepoHa | Tuna. Takxke katanutudeckue nHrndutopel mTORC1 n mTORC2 ycunueatoT pennmkauuto
BMpYCa NpOCTOro repneca B pakoBbix kneTtkax no ocu elF4E/AEBP. MexaHn3mbl 4eiCTBUS OHKOIUTUYECKNX BUPYCOB,
panamuyyHa n ux KoMGUHaLMM Ha 3110Ka4eCTBEHHbIE KNETKM PAaCCMOTPEHbBI B AAHHOM nuTepaTypHOM 0630pe.

KntoueBble cnoBa: mTOR, panamuuuH, pananoru, OHKONMUTUYECKUE BUPYChI, KAHLleporeHes, pak, cTapeHue,
NPOTMBOOMYXONeEBbIA UMMyHUTET, T-VEC, BUpPYC MUKCOMBI
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Abstract. Malignant neoplasms are currently one of the main causes of death in most countries of the world, and
therefore the issue of developing new drugs for the treatment of cancer is extremely acute. Among the possible
promising ways to combat it, the use of drugs containing oncolytic viruses and drugs based on rapamycin attracts
attention. Oncolytic viruses (viruses that mainly affect cancer cells) have a direct cytolytic effect, destroying a
malignant tumor, and also stimulate the antitumor immunity of the body. Rapamycin is a potent inhibitor of the mTOR
-mechanical (formerly mammalian) target of rapamycin signaling pathway. It has been proven that rapamycin and its
analogues can be effectively used for the treatment and prevention of cancer, as well as affect the aging process.
While each group of drugs individually has certain disadvantages, there is a possibility of leveling them when used
together, which in a number of studies has shown a good therapeutic result. The synergistic effect of oncolytic viruses
and rapamycin is primarily due to the ability of the latter to stimulate the replication of the virus in the affected cells,
showing its own cytostatic effect in the unaffected ones. Replication stimulation can occur through Akt activation
or through suppression of mTORC1-dependent interferon type | production. Also, the catalytic inhibitors mTORC1
and mTORC2 enhance the replication of the herpes simplex virus in cancer cells along the elF4E/4EBP axis. The
mechanisms of action of oncolytic viruses, rapamycin and their combinations on malignant cells are considered in
this literature review.

Keywords: mTOR, rapamycin, rapalogs, oncolytic viruses, carcinogenesis, cancer, aging, antitumor immunity, T-VEC,

myxoma virus

AKTYAJIbHOCTb

B nocnepHue AecATMNETUS Hay4YHO-TEXHWUYECKMIA NMpOrpecc,
B TOM uucrie M B 06MacTi MeauUmHbl, WarHyn faneko Bnepes.
OTO NO3BOMMMO 3HAYNTENBHO YNYULLMTL KAYECTBO XKU3HW NoAEi
B GOMbLUMHCTBE CTPaH, a Takke YBENUYUTb €€ MPOJOMKMTEMb-
HocTb. OflHaKO [aHHble AOCTUXEHUS OKasanuch ANaneKTUYECKM
CBSi3aHbl C HOBbIMM TPYAHOCTAMM. B YacTHOCTW, 4enoBeyecTBO
CTONKHYNOCb CO CTApeHWeM HaceneHusi, W, COOTBETCTBEHHO,
Tak HasblBaeMbiMi GonesHsamu umBunu3auuu. Camoii rpo3Hoi
naTomnormein cpeam HuX, HECOMHEHHO, SBMSIOTCS 3M0KayvecT-
BEHHble HOBOOOPAa30BaHMsl, yCTynatwme no CMepPTHOCTU MMLb
CEpAEeYHO-COCYANCTbIM 3aboneBanusM. Mo MHEHMIO akagemuka
AMH CCCP W.B. [1aBblaoBcKoro, «kaxablid yMpeT OT paka, HO He
Ka)KAblil 1O HEro JOXMBET», YTO NOAPa3yMEBAET, MO CYTH, HEWU3-
BEeXHOCTb Pa3BUTUS OHKOMOMAW MPK 3HAYUTENBHOM YBENUYEHUM
NPOAOIKATENBHOCTM XM3HU NPKU OTCYTCTBUW Apyrux 3abonesa-
HWA. HECOMHEHHO, YTO YNCIO OHKOMOrMYEeCKMX NaLUeHToB B Bnu-
Kauwume rofbl 6yneT HeYKNOHHO pacTu, U, CriesoBaTebHO, MOMCK
HOBbIX CMOCOOOB WX NEYEeHMst B HACTOSILLIEe BPEMS aKTyaneH Kak
HUKOrAa.

Xupyprudeckoe BMeLLATENbCTBO, fyYeBasi U XMMUOTEpanus
XOpOLLUO 3apekoMeHaoBanu cebst u cTanu «30M0ThIM CTaHAap-
TOM» JIEYEHIS OHKONOMMYECKIX HOBOOGPa3oBaHuit. B To xe Bpems
[aneko He Bcerfa Aaxe KOMOWHMpOBaHHAs Tepanus npoxoanTt
ycneLHo, 0cobeHHO Ha No3aHNX cTagusix oHkonorn. Kpome Toro,
ONs Hee CyLECTBYET psii NMPOTMBOMOKA3aHW|, 4acTo BCTpeyalo-
LMXCS Y MWL, MOXWMOro Bo3pacTa, a NocneACTBIUS Takoro neyeHus
GbIBAOT OYEHb TSKENMbIMU U CaMU MOTYT NPUBECTU K NIETANbHOMY
ncxofy. K nepcnekTBHbIM anbTepHaTUBHbIM HanpaBneHusiM Te-
panuu 3110Kka4ecTBEHHbIX HOBOOBPA30BaHWI B HACTOSILLEE BPEMS
MOXHO OTHECTU BMPOTEPanuio C NPUMEHEHUEM OHKOMUTUYECKNX
BMPYCOB, a Takxe Tepanuio C WUCMofb30BaHUEM panamulmHa

€ro aHanoros. MexaHu3Mbl [EACTBUSI OHKONMTUYECKMX BUPYCOB,
panamuLuHa U UX KOMOWHALWMM Ha 3MOKa4eCTBEHHbIE KNEeTKU U
aHanu3 BO3MOXHOCTW WX MPUMEHEHWs KaK pasfenbHo, Tak U B
KOMBWHALMM NPOBOAMTCS B JaHHOM NUTEpaTypHOM 0630pe.

PANAMWLWH

PanamuunH sIBNsSieTCs NPOAYKTOM XM3HEAEesTeNnbHOCTM Oak-
Tepuin Buga Streptomyces hygroscopicus, koTople Bbinm 0bHa-
pyxeHbl B 1964 rogy Ha octpoBe [lacxu (Pana-Hyw) kaHagckon
akcneguumenn nog pykosoactsom CiopeHa Cerana [1, 37].

[pyroe pacnpocTpaHeHHOe HasBaHWe panamuipHa —
cuponumyc. Mo cBoel CTPYKType OH SABMSIETCH MakponUnuaoM,
KOTOpbIi B HACTOSILLEE BPEMS MOMYYaKT C UCMONb30BAHUEM TEX-
Homornn GuocuHTe3a. B xofe MCMbITaHWA BbISCHUNOCh, YTO pa-
namuuuH obnagaeT YHUKanbHbIMU UMMYHOCYNPECCHUBHBIMU, NPO-
TMBOTPUOKOBLIMW U MPOTUBOOMYXOMNEBLIMIA CBONCTBaMMU, KOTOPbIE
ObICTPO HaLLMM LIMPOKOe NPUMEHEHWE B KIMHUYECKON MpaKTHKe,
OfHaKo [JanbHeiilune WCCREAoBaHWs NoKasanu, 4To MpUYnHa
AaHHbIX 3 heKkToB ropasgo dyHOaMeHTanbHee, Yem kasanocb
Ha nepBbIit B3rnaa [1, 37].

mTOR U EFO ®YHKLUU

B 1994 rogy Obin obHapyxeH Genok, SBNSOWMIACA Heno-
CPeaCTBEHHOW MULIEHBKD AENCTBNS panamuumHa, — Mechanistic
(paHee mammalian) target of rapamycin (cokpalieHHo — mTOR).
Benok mTOR npepncTaBnsieT cobov cepuH / TPEOHUHOBYIO NPO-
TeuHKHa3y cemeiictBa PI3K-kuHas, koTopasi obpasyeT katanu-
TUYECKY'0 CyObeanHNLY OBYX pasnuyHbIX BENKOBbIX KOMMIEKCOB:
mTORC1 n mTORC2. 3Tn chepmeHTbI hochopunupytoT gpyrue
Oenkn, hopmupyst TEM CaMbiM BHYTPUKMNETOYHYIO CUTHANbHYH
cetb mTOR [1, 34].
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YctaHosneHo, yto mTORC1 wurpaeT LeHTpanbHyl ponb B
koHTpone GanaHca mexay aHabonuamom u katabonmamom B OT-
BET Ha YCMOBUS OKpYXatoLen cpedbl. Tak, OH akTUBMpyeTCs npu
MOSTYYEHUM KMETKOM [OCTAaTOYHOTO KOMWYECTBA SHEPrUM, amu-
HOKWCMOT, KUCNOpOoAa, nof LeicTBueM (hakTopoB pocta (B TOM
unucne crepougHbix ropmoHos). Ctpecc u nospexaenve [OHK,
HanpoTtuB, nogaBnatoT akTuBHoctb MTORC1 [1, 37, 42]. Cam
mTORC1, B cBOW 04epedb, CTUMynupyeT TpaHcnsaumo MPHK,
CnocobCTBYET CUHTE3y NMUNWMAOB W HYKNEOTWAOB, CABUraeT Me-
TabonNM3M rMoKO3bl OT OKUCIMTENBHOTO (HOCHOPUNMPOBaHNS
K FMMKonu3y, a Takxke nogaenseT cOopky npoTeocoM, buoreHes
nnsocom u aytodbarmio. Takum obpasom, mTORC1 perynupyet
CBSA3b MeXzy NUTaHueM n poctom knetkm [1, 37, 42].

mTORC?2, B cBOW 04epesb, aKTUBUPYETCS Takxke Nog AencT-
BMeM (PaKTOpPOB pocTa (B TOM YMCNE WHCYNWUHA) U CTUMYNUPYET
NepecTpoiKy LIMTOCKENETa, MUrpaLuio KNeToK, MOHHBIA TpaHc-
nopT, perynupyet mMetabonuam rmoko3bl U NoAaBnseT anonTos.
Takum 06pa3om, OH OTBEYAET 3a BbIKMBaAHWE KNETOK ¥ Nponude-
pauuto TkaHen [1, 37, 42].

FMNEPAKTUBALIUA NYTU mTOR, CTAPEHUE
N KAHLIEPOI'EHE3

Wtak, oyeBmgHo, yto MTOR perynupyeT npoLecchl Xu3-
HeaesTenbHOCTU KINETKW W BCEero opraHuama Ha rmy6ovariiiem
ypoBHe. lNpuMeyaTensHO, YTO AaHHbIA CUTHAMbHBIA NyTh CBOW-
CTBEHEeH NMpaKTUYeckn BCeM aykapunotam. B xofe akcnepuMeHToB
BbINo ycTaHOBNEHO, 4TO UHrMGMpoBaHue nyTn mTOR panamuum-
HOM MPUBOAUT K 3aMETHOMY YBEMWYEHWK NPOLOMKUTENBHOCTM
KM3HW BCEX MOLEMbHbIX OPraHN3MOB U KyMbTyp YENOBEYECKUX
KneTok. AHanorn4HbIM apdektom obrnagaet Takke orpaHuyeHme
konnyecTBa nuTaHns 6e3 HegoedaHws, YTO HaBeno uccrepo-
BaTenen Ha MbiCfb O B3aUMOCBA3N LaHHbIX aBneHwn [4, 7, 37].
CyuTaetcs, 4To B AMKON NPUPOAE, FAE KUBOTHbIE CTArKMBAKOTCS
C MOCTOSIHHOM HEODXOAMMOCTBIO MoMCKa MWLM 1 NepUoAamm ro-
noganus, aktmeHocTb MTOR nMeeT BoHOOOPa3HbIi xapakTep,
B TO BPEMSI Kak COBPEMEHHbIE NMIOAM W TabopaTopHbIE KIBOTHbIE
NULLEHBI JAHHOTO CTpecca, B pesynbTaTe Yero B WX OpraHu3max
HabnogaeTcs crabunbHas runepaktueaums mTOR [6, 7, 42].
Bbino nokasaHo, Hanpumep, YTO KpaTKOBPEMEHHas runepakTu-
Bauuss mTORC1 npuBoanT K runepTpochuy MbilL, 3a CYET po-
CTa KneToK, 04HaKo AanbHenwas runep@yHKUMS JaHHOTO pery-
natopa meTtabonuama npUBOAMT K aTpoun Mbiwl 1 BbICTPON
CMepTH, NpeanonoXnUTeNbHO W3-3a NofaBneHus ayTodarum u,
CrnefoBaTenbHO, HapyleHus npoLeccoB pPeMOAeNUpoBaHNS
MBILLEYHON TKaHW. ITO ABMSETCH OAHUM M3 BO3MOXHbIX 00BsC-
HeHWn BnuaHUS rnepdyHkyn mTOR Ha npouecchl CTapeHus
opraHuama [7, 42].

[pyras Teopus — «KBa3MNPOrpaMMUPOBAHHOE CTapeHuey.
OHa rnacuT, 4To CTapeHue eCTb He OTKMIYMBLLASICS BOBPEMS
nporpamMma pocta. Tak, mTOR, kak Obino cka3aHo Bbllle, OTBe-
YaeT B TOM yucre 3a poCT KNeTKM, OAHAKO, BbIMOMHMB CBO Mpo-
rpamMmy, OH NPOAOIKAET CBOE AeNCTBUe, YTO NPUBOAMT K TaK Ha-
3bIBaEMOIA KNETOYHOM runepdyHKUMK. Takas ycuneHHas paborta,

kak npaBuno, rybutensHa Ans KneTku, a Ha YpOBHE OpraHu3ma
nposiBnsieTcs kak crapenue [1, 11].

lMokasaHo, YTo runepakTuBrpoBaHHbii mMTOR yepes psg npo-
MEXYTOYHbIX 3BEHBbEB MPWUBOAUT K TakuM SIBMEHWAM, Kak 4ypes-
MepHas ctumynsaums BuocuHTesa Genka B kneTke, nofaBneHve
aytocarum n cOopkM NPOTEOCOM, YTO MOXKET NPUBOAUTL K OKUC-
NUTEeNbHOMY M NPOTEOTOKCUYECKOMY CTPECCY, U, KaK CNefCTBME,
K KIETOYHOMY CTapeHuto. 310, B CBOK 04epesb, BefeT K 60nesHu
Anburenmepa, atpodpum MblLL, S38aM W racTputy, aHemMuu, 3a-
BoneBaHusM CyCcTaBOB U BbiNafeHWO BONOC, CTapyeckomn runep-
nUrmMeHTaLmumn koxu. Benuka ponb runepaktusauu mTOR B nato-
reHese caxapHoro guabera 2-ro Tuna, OX1peHus, aTepocknepo3a
nto [1,3,7,38,42].

OueBuaHo, 4to ecnu runepdyHkums mTOR npuBOAUT K CTOMb
BONbLLIOMY KOMMYeCTBY acCoLMMPOBaHHbIX CO CTapeHnem 3abo-
NeBaHW, OHa BedeT W K caMoMy CTapeHuio opraHuama. Kpome
TOrO, YCTaHOBMEHO, YTO B OpraHuamax NoXumblX NOAEN aKkTuB-
HocTb MTOR AenCcTBUTENBHO BhILLE, YEM B OpraHu3Max Moro-
AblX, YTO NOATBEPKAAET BbIABMHYTOE Npeanonoxexue [1, 7].

Momumo npouero, runepaktusauyns mTOR mMoxeT cTumynu-
poBaTb KaHLieporeHes, Ha YemM HeobXoaMMO OCTaHOBUTLCS Gonee
noapo6Ho.

YcTtaHoBneHo, 4to mTORC1 aktusmpyeT depmeHT S6K (pu-
BocomanbHas npoTenHkWHa3a), KOTOpbIN B CBOK 04epedb ¢hoc-
hopunupyeT 1 aKkTUBMPYeT HecKomnbko cybcTpaTos, cnocobcet-
Bylowmux TpaHcnsaum MPHK, Bkntouas elF4B (nonoxutenbHbii
perynsaTop ces3biBaHns 5'cap komnnekca). Takke S6K nosbiwaeT
3hHEKTMBHOCTb TpaHCNsUMn cnnaicupoBarHbix MPHK (EJK) 3a
cyeT ee Blaumopenctams co SKAR (KOMMNOHEHTOM 3K30H-Mepe-
X0AHbIX komnnekcos) [27]. Kpome Toro, S6K nopasnset gencrane
Oenka 3anporpaMMupoBaHHOi KneTouHoi cmeptn (PDCD4 —
nHrnbutopa elF4B) [14]. B posepleHne, cam mTORC1 uHrmbu-
pyeT pencTeue komnnekca 4EBP (Genka, cBs3bIBAKOLWErO 3yKa-
proTUYEeCKMi (hakTop MHMLMaumm TpaHenauun elF4E) [19]. Bee
BbILLENEPEYNCIIEHHOE MHAYLMPYET cuHTe3 Benka B kneTke. Kpo-
Me TOro, YCTaHOBIEHO, YTO MOMWMO MOBbILIEHMS! OBLLErO YPOBHS
TpaHcnauun, mTORC1 0coBeHHO CUMbHO CTUMYNMPYET TpaHC-
naumo MPHK, GoraTbix MMpUMUAMHOBBIMU @30TUCTBIMM OCHOBA-
HUSIMW, KOTOPbIE KOLMPYKT TPAHCIALUMOHHbIE U puboCcOMarbHbIe
Oenku, a Takxe reHsl MeTabonuama [41].

N3bbiTouHOE HakonneHue Benka B KNeTke MPUBOAWUT K yXya-
LEHWIO €r0 YKMadkW, a TakKe MOBbIWAET PUCK BO3HWKHOBEHMS
pasnnyHbIX NaTONOrM4YeCcKkuX ero Moandukalni (kapboHunmposa-
HWe, TMUKMPOBaHWE W FMUKOKCUAALWS, CLUMBaHME BenKoB ¢ xupa-
mu, ¢ OHK n mexgy coboi). Bce aTo NpuBOauMT K Tak HasblBae-
MOMY MpOTEOTOKCUYECKOMY CTPECCY W HapYLIEHWKO HOPMasbHOM
paboTbl kneTkm [1, 7].

Kpome Toro, ycuneHHas TpaHcnsumus TpebyeT AononHNTeNb-
HbIX 3aTpaT 3Heprum. CTpemscb BOCNONHUTL ee HEAOCTaToK, Mu-
TOXOHAPWUM ObICTPO BLIXOAST U3 CTPOS U BLIAENSIOT B LUTONNA3My
KneTkn cBOOOAHble pagmkansl (akTUBHblE hOPMbI Kucropoda 1
asorta). CBoboaHble pagukanbl MOBLILAKT TOKCUYHOCTb MOHOB
Xenesa v Meu, BO3HWNKAET OKUCIUTENbHBIA CTPECC, NPUBOAALLUNA
k nospexaeHuo IHK, 6enkos n membpaH [1, 7].
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LinTokuHbl, hakTopbl pocTa, HyT- MewmGparHble peLentopsi / PanamuuyH / Rapamycin
pUeHTbI 1 T.4. / Cytokines, growth > Membrane receptors = —
factors, nutrients, etc. 2 T
mTORC1 [
v v v —r r ¥ r )
L2 L0 Yy e | se« | [ 4esr ||[ Aera | [ ukt | [ TREB | | EW5 |
i (CD4+ T-kneTku, CD8+ T- 7 F [ I ]
knetku, B-knetku, AMK) / SKAR PDCD2 +
Immune cells (CD4+ | | | | AyTocbarus / Buioreres nusocom /| | CBopka npoTeocom
T-cells, CD8+ T-cells, .l. o Autopha Lysosome Proteosome
: phagy biogenesis assembly
B-cells, APC)
eFss | | eFsE | I T I
Ctumynsauns cuTesa benka / 0603HauYeHNs:
AkTuBauus, anddepeHyn- Stimulation of protein synthesis .
Symbols:
poBKa, co3peBaHue, murpa- C 2
WS, MpOAYKLMS LMTOKNHOB KapBoHnunuposaHrue, rukupoBaHue, npsMas cBssb /
naHtutenun T.4o./ CLUNBAHNE, MOBPEXAEHME MATOXOHAPUI | [ X X enhance or increase
Activation, differentiation, Carbonylation, glycation, crosslinking, e
maturation, migration, mitochondrial damage MGMT |<-| NDRG1 | opaTHas casiab /
production of cytokines and < + + inhibit or decrease
antibodies, etc. OKUCTMTENbHBIi 1 MPOTEOTOKCMYECKMI N Mospexaerve HK /
ctpecc / Oxidative and proteotoxic stress DNA damage UHble Casau /
+ other interactions
KnetouHoe ctapehue / Cellular aging | p53
Y v v v
/IMMyHHbIt 0TBET / CrapeHue opraHuama / I TNFa |->| TKKB |—|-| TSC |—|—| Rheb I-—
The immune response Aging of the body T
XpOHMHeCKoe Bocnanexue /
Chronic inflammation ’ mTORC2 '
=
AHrvoreHes /
Angiogenesis | | F°X01/33 | <
AnonTos / | | ponm(hepaum;l / |
Apopt05|s Proliferation
A \A A v
| KaHueporeHes / Carcinogenesis |
Puc. 1. Cgsizb curHanbHoro nyt mTOR ¢ npoueccom kaHueporeHe3a (coctaBneHo bapaHoBbim U.A.). IL-2 — nHTepnelikuH-2; IFNy — uH-
TeptepoH ramma; AMK — aHTUreHnpeacraBnswowme knetkn; S6K — pubocomanbHas S6-kuHasa; 4EBP — Genok, cBA3bIBaKOLWMIA
thakTop MHMLMaumK TpaHcnaumK aykapuot 4E; SKAR — KOMNOHEHT 3k30H-NepexoAHbIX komnnekcoB; PDCD4 — 6enok nporpam-
MupyeMoii kneTouyHou rnbenu 4; elF4B — chakTop MHUUMaLum TpaHcnsaumMm aykapuoT 4B; elFAE — chakTop MHMLMaUmMK TpaHCnALUKn
aykapuot 4E; ATG14L — cBsA3aHHbIN ¢ ayTodbarueii komnnekc 14; ULK1 — unc-51-nogo6Has kuHa3za, akTuBmupytowwas aytodgarmio 1;
TFEB — daktop TpaHckpunumu EB; ERK5 — kuHa3a, perynupyemas BHekneTouyHbIM curHanom 5; MGMT — O6-ankunryaHuHoBas
DHK-ankunTtpaHcdepasa; NDRG1 — N-myc, perynupyembiii Huxke no TedeHuio 1; p53 — cBsizaHHbIN ¢ TpaHcgopmaumen Genok
53; TNFa — dakTop Hekpo3za onyxonu anbda; TSC — komnnekc Ty6eposHoro ckneposa; Rheb — romonor Ras, oboraileHHbIN B
moz3re; IL-1 — uHTepnelikun-1; SGK — kuHasa, perynupyemas coiBopoTtkoi/rntokokoptukouaamm; Akt — RAC-anbcha cepuH/Tpeo-
HUH-NpoTenHknHa3a; Fox01/3a — pa3aBoeHHbIN 6nok 01/3a
Fig. 1. The connection of the mTOR signaling pathway with the process of carcinogenesis (compiled by Baranov I.A.). IL-2 — interleukin-2;

IFNy — interferon gamma; APK — antigen-presenting cells; S6K — ribosomal S6 Kinase; 4EBP — eukaryotic Translation Initiation
Factor 4E Binding Protein; SKAR — a component of exon-junction complexes; PDCD4 — programmed cell death protein 4; elF4B —
eukaryotic translation initiation factor 4B; elFAE — eukaryotic translation initiation factor 4E; ATG14L — autophagy related 14;
ULK1 — unc-51 like autophagy activating kinase 1; TFEB — Transcription factor EB; ERK5 — extracellular signal-regulated kinase
5, MGMT — O6-alkylguanine DNA alkyltransferase; NDRG1 — N-myc downstream regulated 1; p53 — transformation-related
protein 53; TNFa — tumor necrosis factor alpha; TSC — tuberous sclerosis complex; Rheb — Ras homolog enriched in brain;
IL-1 — interleukin-1; SGK — serum/glucocorticoid regulated kinase; Akt — RAC-alpha serine/threonine-protein kinase; FoxO1/3a —
forkhead box protein O1/3a
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B Hopme noBpexaeHHble MONeKynbl W OpraHoMAbl JOMXHbI
YHUYTOXATbCA MpU MOMOLM npoTeocom W aytodarun. OgHako
mTORC1 6nokupyeT 3Th npouecchl. OH noaaBnseT aencTere Ta-
KnX BaxHbIX akTueaTtopoB aytodarum, kak ULK1 (kuHasa) u kom-
nnekc ATG14L [24], nogasnseT geicTBue daktopa TpaHCKpun-
UMM NM3ocoManbHbIX Tuaponas u membpanHbix 6enkos (TFEB)
[29], a Takxke CHWxaeT akTWBHOCTb komnnekca Erk5, 4to npuso-
JMT K YMEHbLUEHMIO konnyecTBa benkoB-LuanepoHoB, obecneym-
BatoLmx conauHr Genka, n Hapylwaet cbopky npoteocom [35].
OTO TOMbKO YCyrybnser NpOTEOTOKCUYECKUA U OKUCIIUTENbHBIN
CTpecchl, KOTOPbIE, B CBOK 04YEPesb, NMPUBOAST K NOBPEXAEHNIO
monekyn OHK u, cremoBaTtenbHO, K 3MOKaYeCTBEHHOMY nepe-
poxaeHunto kneTok. MNogaenenne metuntpaHcgepassl MGMT u
perynatopHoro 6enka NDRG1 Takxe cnocob6CTByeT HakonmeHno
owwubok B reHome [13].

Kpome Toro, kaHLeporeHesy crnocobCTBYeT rvnepaKkTuBMpo-
BaHHbIA komnnekc mMTORC2. OH aktusupyeT SGK (knHasy) —
uHrnbutop cyberpata FoxO1/3a, uto npepoTBpaliaeT anonTos
kneTku [16]. Bmecte ¢ atTum mTORC2 aktusupyeT Akt (kntoueson
3(hheKTOp CUrHanM3aLnUnM UHCYNHA), KOTOPbIA LOMOMHUTENBHO
nogaenset cybcrpat FoxO1/3a, a Takke CTUMynupyeT nponu-
tepaumio [36]. Kpome Toro, mTORC2 cnocobeTByeT cekpeLyn
nHTepnenkuHa-1 (IL-1), KOTOpbIA aKTUBMPYET aHrnoreHes B pac-
TyLen onyxonu [25].

TNFa (daktop Hekposa onyxomu ) crnocobeH Bbi3biBaTh
ObICTPbI Temopparyyeckmin Hekpo3 psiga onyxoneir. OpHako
OH Xe MOXeT B 0OMbLIOM KONMYECTBE BblAENATbCSA CTapeLm-
MK Knetkamm n aktueupoatb mMTORC1 yepes mHrnbuposaHue
TSC (xomnnekc TybeposHOro ckneposa — rMaBHbI MHIMOUTOP
mTORC1), obpasys NOpOYHbIA Kpyr. OTO MPUBOAMUT K XPOHWYe-

CKOMY BOCManeHnio B OpraHu3mMe noxunblx MoAen, YTo camo no
cebe MOXeT Bbl3blBaTb HEKOTOPble 3abonesanus [1, 5, 37].

WHTepecHo, YTO MyTaumm, cBsisaHHble ¢ Hepgoctatkom TSC,
NPUBOLAT K Pa3BUTUIO MOMMUCUCTEMHOMO OMyXoneBoro 3abonesa-
HWs — TyBepo3Horo cknepo3a [2]. Heobxoanmo Takxe ynomsHyTb
0 pOnu LLIMPOKO M3BECTHOrO Tenepb 6enka p53, KOTopbIi akTUBM-
pyeT TSC 1 Tem cambIM NofaBnsieT onyxonesbin poct [21].

Kpome Toro, B HacTosiLee Bpemsi cuutaetcs, yto mTOR sBns-
€TCS LIeHTpasnbHbIM PErynsTopoM MMMYHHbIX peakuuid. B yacTHocTH,
mTOR, no-BUAMMOMY, (PYHKLMOHMPYET KaK LieHTpanbHbIi y3en B
CUTHamnbHOM Kackage, KOTOpbIi HaNpaBMseT MHTETPaLMIO Pa3nNYHbIX
(haKTOpOB BHELLHEN Cpefbl B UMMYHHYIO Mukpocpesy [33, 37].

Tak, pacnosHaBaHWe aHTUTEHOB T-KMETOYHbIM PELENTOPOM,
LMTOKMHBI, PaKTOPbl POCTa, HYTPUEHTbI U KOCTUMYNSALMUS NPHUBO-
AaT Kk akTuBaumm mTOR B CD4* T-kneTkax yepe3 memOpaHHble
peLienTopbl, 4TO, B CBOIO OYepedb, BefeT K UX akTuBauuu, oud-
bepeHLMpOBKe, Nponudepaummn, a Takke K npuobpeTeHunio ne-
pudbepuyeckoit TonepaHTHOCTH. AHanormyHble npoueccsl B CD8*
T-kneTkax Be4yT TaKKe K UX akTuBaLum, AnddepeHLpoBke, Mur-
pauuv n popmuposaHuio namsTu [33, 37].

HekoTopble Apyrue akTopbl BHEKNETOYHOW CUrHanuaauuu
Takke npu nocpegHndectBe MTOR BbI3bIBAKT akTBauuio, Co-
3peBaHue, pacnpoCTpaHeHne aHTUreHNPE3EHTUPYIOLLMX KIETOK,
NPOAYKLMI0 UMM LIUTOKUHOB M MOSEKyN KocTUmMynsyum [33, 37].

B B-numdoumTax 3T0 NPUBOAMT K WX aKTWBaLMW, CO3peBa-
HWH0, AN depPEHLIMPOBKE, MPOAYKLAN UMW @HTUTEN U BbIKMBAHWIO
[33, 37].

Kpome Toro, mTORC1 ctumynupyet cuHTe3 T-knetkamu uH-
TepnenkuHa-2 (IL-2) n caktopa Hekposa onyxonu-y (TNFy), Tak-
e UrpatoLLmx BaXHYH ponb B perynsuunm MMMyHHoro oteeTa [28].

Tabnuya 1

WHruomtopsl mTOR, ofo0peHHbIe YnpaBneHWeM No KOHTPOMIO 3a NpoayKTamMu nuTaHnsa u nekapcteamu (FDA)
ans neveHus paka yenoseka (CLLIA) [32]

Table 1

mTOR inhibitors approved by the Food and Drug Administration (FDA) for the treatment of human cancer (USA) [32]

lMpenapar (ToproBoe Ha3BaHwe) /
Drug (trade name)

lNoka3saHus / Indications

[ata ytBepxaeHus /
Approval date

Cuponumyc (PanamyH) /
Sirolimus (Rapamune)

JiumdbaHrnoneiommomatos / Lymphangioleiomyomatosis

Asryct 2000 ./
August 2000

Temcuponumyc (Topusen) /
Temsirolimus (Torisel)

MoyeyHo-kneTouHbIN pak / Renal cell carcinoma

Mait 2007 r. / May 2007

OBeponumyc (AduHutop)/ /
Everolimus (Afinitor)

+ MoyeyHo-kneTouHbI pak / Renal cell carcinoma. Mapt 2009 .,
+ MporpeccupyoLnin pak MonoyHoi xenessl HR+ / asryct 2012r.,
Advanced HR+ breast cancer. cespanb 2016 1./
* MporpeccupytolLme HeMpPOIHAOKPUHHBIE OMYXONV NOMKENYA0YHON Kenesbl, March 2009
XENyA04YHO-KMLLEYHOTO TpakTa unm nerkux / Progressive neuroendocrine August 2012,
tumors of pancreatic origin, of gastrointestinal or lung origin. February 2016

* AHrnomuonunoma noyku / Angiomyolipoma of the kidney.
+ CybaneHanMarnbHas rmraHTokNeTouHas acTpoLMToMa, accoummnpoBaHHas
¢ komnnekcom TybeposHoro ckneposa (TSC) / Subependymal giant cell
astrocytoma associated with tuberous sclerosis complex (TSC)
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PaznuyHoe BnusiHMe Ha pakoBble KNETKW panamuuuHa, KaTanutuyeckux uHrmbutopo mTOR u ux coyetanus ¢ MHrMGUTOpamm

aytocparun. S6K — pubocomanbHasa S6-kuHasa; 4EBP — Genok, cBsizbiBalowmin haktop MHMLMaLMKU TpaHCnsAuMKU dykapuot 4E;
elF4B — ¢pakTop mHuumaumm Tpancnauum aykapmort 4B; elF4E — cpakTop nHuumaumm Tpancnauum aykapuot 4E; Akt — RAC-anbcha
cepuH/TpeoHUH-npoTenHkuHasa; SGK — kuHasa, perynupyemas cbiBopoTkoii/rniokokopTukoupamu; FoxO1/3a — pa3aBoeHHbIN

6nok O1/3a
Fig. 2.

Different effects of rapamycin, mTOR catalytic inhibitors and their combination with autophagy inhibitors on cancer cells. S6K —

Ribosomal S6 Kinase; 4EBP — Eukaryotic Translation Initiation Factor 4E Binding Protein; elF4B — eukaryotic translation initiation
factor 4B; elF4E — eukaryotic translation initiation factor 4E; Akt — RAC-alpha serine/threonine-protein kinase; SGK - serum/
glucocorticoid regulated kinase; Fox01/3a — forkhead box 01/3a

/IMeHHO 3TO NO3BOMMMO MCNONb30BaTh panaMULMH B Ka4ecT-
BE MMMYyHoCynpeccopa. Bce BbllenepeyncrieHHble B3aMMOCBS3N
HarnsgHo NpeAcTaBneHbl B Buae obobLuatoweit cxemsl (puc. 1).

WHIMBUTOPBI mTOR
B NPOTUBOOMNYXONIEBOW TEPAMUM

Takum obpasom, oueBuaHo, 4To MTOR oka3biBaeT fBOsKOe
[eiCcTBMe Ha NpOLEeCcC KaHLeporeHesa, C O4HOM CTOPOHbI aKTh-
BUPYS, a C ApYron — nogaenss ero. IMeHHo 310 Bbi3Bano Tpya-
HOCTU Npw pa3paboTke NPOTMBOOMYXONEBOM TEpanun Ha OCHOBE
panamuuHa. B nepByk o4epedb, 3T0 kacaetcs nopgbopa apek-
BaTHbIX 03 mpenapata. Kak 6bino ckasaHo Bbiwe, mTOR sB-
NAETCA OOHWM 13 BXKHEWLUMX PErynsiTopoB MUMMYHHOTO OTBETA.
PanamuuuH, ncnonbayemblil Kak UMMYHOCYNPECCaHT Npu TpaHc-
nnaHTauuy opraHoBs, NOAABNSET Takke W NPOTUBOOMYXONEBbIN
UMMYHUTET N MOXET CTUMYNUpoBaThb kaHueporeHes [31, 33]. Uh-

TEPECHO, YTO NOAABNATL NPOTUBOOMYXONEBLIA UMMYHATET MOXET
Takke gucbanaHc cobCTBEHHON MUKPOBMOTLI YenoBeka [8].
OpHako 3T0 He MeLUaeT NPUMEHsITb panaMuLMH 1 ero aHano-
T B Tepanuy 3noka4yecTBEeHHbIX HOBOODPa3oBaHWil 3a CYET TLia-
TenbHOro noabopa adekTUBHbIX 03, UCXOAS U3 COOTHOLIEHNS
BpeAa ¥ nomb3bl ANs NauMeHTa B Ka[oM KOHKPETHOM Cryvae,
4TO, B CBOK 04epesb, CTAHOBUTCS BO3MOXHLIM Gnaropapst 4o3o-
3aBuCUMOMY 3ddekTy panamuumHa. Bo-nepBbix, pasHble [O3bl
panamuusHa Heobxogumbl ans mogasneHns mTOR B pasHbix
KNETOYHbIX FIMHUSIX; BO-BTOPbIX, Pa3Hble A03bl panamuLyHa nogas-
naKT docdopunuposanue pasHbix cybetpatos mTOR; v B-Tpe-
TbWX, CYLLECTBYET pasHasi YyBCTBUTENbHOCTb [BYX KOMMIEKCOB
(mTORC1 u mTORC2) k panamuumHy [31]. WHTepecHo, 4To 3a-
rafjoyHble CBOMCTBA [O3MPOBKMA panamuLyHa MoryT BbiTb 06bsC-
HeHbl B 3HAYMTENbHOM CTENEHW KOHKYpEeHLMen Mexay panamu-
LuHoM U chocchaTuaHom kucnoton 3a mTOR. PanamuuyuH v goc-
baTugHas KucnoTa okasblBaloT MPOTUBOMONOXHOE AENCTBUE Ha
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mTOR, B pe3ynbTaTe 4ero panamuumuH gectabunuaupyer, a ¢oc-
thatugHas kucnota crabunuanpyet oba komnnekca mTOR [31].

B xope pa3paboTki NpoTMBOOMYXONEBOW Tepanuu npenapa-
Tbl HA OCHOBE panamuuHa npeTepnen 3HaYuTeNnbHy 3BOSHO-
umo [32]. PanamuumH 1 ero aHanoru (pananoru) SBnsioTcs UH-
rnbutopamm mTOR nepBoro NokoneHusi, KOTopble M3bupaTensHo
nogaenstoT aktneHoctb MTORC1 nyTem cBsisbiBanus ¢ FKBP-12
1 obpasoBaHns TPOMHOro komnnekca ¢ mTOR. PanamuuuH siB-
nsetcs annoctepuyeckum uHrnbutopom mTOR, oH nogaBnset
HekoTopble yHkun mTORC1, Takue kak docdopunmnpoBaHme
npoTenHKMHa3bl S6K1. KnuHuyeckoe npumeHeHWe panamuuyHa
OTPaHNYEHO M3-3a ero Noxol pacTBOPUMOCTK B BOLE W Hedo-
CTaTO4HON CTabMNbHOCTY, ANS MPEOAONEHNs 3TOr0 HepocTaTka
(hapmMaLeBTMYECKUMM KOMMaHMAMM Obinu paspaboTaHbl aHanorm
panamuupHa ¢ ynyylweHHbIMW hapMakokMHETUYECKUMI CBOWCT-
Bamu [32, 37].

Pananors OTAMYaloTCs MO CBOMM XWMMYECKMM CBOWCTBAM
C TOYKM 3pEHUs pacTBOpUMOCTW W MeTabonnama. Hanpuwmep,
TEMCMPONMMYC, NPOMNEeKapcTBO panamuumHa, 1 puaadoponnmyc
pacTBOPUMbI B BOZIE U MOTYT BBOAUTLCS BHYTPUBEHHO, TOrAa Kak
panamulH 1 3BEPONMMYC 0BrnafatoT HWU3KOM pacTBOPUMOCTBIO,
1 MO3TOMY MPUrOAHbI TOMBKO AMNS NepopanbHoro npuema. Pana-
1OV NPOXOANIIN KIMHUYECKME MCTbITAHMS MPU PasfiNyHbIX 3110Ka-
4eCTBEHHbIX HOBOOOPa3oBaHusiX 1 yxe Bbinn ogobpeHsl FDA ans
neyeHus onpeaeneHHbIX TMNOB paka [32, 37].

OgHako B psge crnyvaes uHMbuTopsl MTOR nepBoro noko-
NEHNs NMoKasann HeAOoCTaTOuHYK S(GEKTUBHOCTE U MPOSIBUAMN
Bonee LMTOCTaTUYECKOE, HEXENM LMTOTOKCMYECKOE OEeNCTBUE
[32, 37]. 3Tomy Hawencs psg obbscHeHUI. Bo-nepsbix, pananor
BnokumpytoT B 6onbLueit cteneln mTORC1 v npakTudeckn He 6ro-

AlA
S
. &) &)
(O]
S |Pa/ Cancer /
& Be3 Tepanu CMepr OT paKa /
£ |Without panamuuunom /  Death from cancer
:,;,_ apamycin therapy
g
C =~
5/B Bospact / Age
5 A "
S '
8 |Pax/ Cancer /@ ' - 7
g -
a
&4
8 Cwmeptb 01 CC3/
2 ! Death from CVD
2 '
- 1 >
Bospacr / Age
Puc. 3. TwunoteTnyeckas cxema npodpunakTMyeckon Tepanuu pa-
namuumHom. CC3 — ceppeyHo-cocyaucTbie 3aboneBanms)
Fig. 3.  Hypothetical scheme of preventive therapy with rapamycin.

CVD — cardiovascular diseases

kupytoT mTORC2. Bo-BTOpbIX, XOTS panamuuyH uHrbupyet S6K,
OH He MOMHOCTbI MHMMBMpyeT dhocopunmpoBanme 4EBP, uto
Jenaet ero HeadekTMBHLIM B BIIOKMPOBAHUM K3M-3aBUCUMO
TpaHcnauun B GOMbLUMHCTBE TUMOB KNeToK. Kpome Toro, nopas-
neHne mTORC1 akTuBupyeT ayTodhario, HO Takxke akTUBUPYET W
OuoreHe3 nM30COM ¥ MUKPOMWHOLMTO3, YTO MOXeT CrnocobCTBO-
BaTb BbIKVMBAHMIO PAKOBbIX KMETOK B MIOX0 BaCKyNSPU30BaHHOM,
BenHon nuTaTenbHbIMM BELLECTBAMW OMYXONEBOW TKaHu (Hanpu-
Mep, NpX ONyXONK NOZXKENYA0YHON Xenesbl), YTO NpeacTaBneHo
Ha pucyHke 2 (2) [32, 37].

BtopbiM nokoneHnem wuHrnbutopos mTOR sBnsietcss psig
AT®-koHKypeHTHbIX nMHrMbutopoB (TORKIS), npegcTtaBnstowmx
coboi Hu3KoMonekynsipHble aHanorn AT®, koTopble KOHKYpUpYy-
toT ¢ AT® 3a 3aHATME aKTMBHOrO caitTa kiuHasbl mTOR 1 6noku-
pytoT kak mTORC1, Tak ¥ mTORC2. Ux Takke Ha3bIBalOT KaTanu-
TUYeCKUMN MHMMBMUTOpamu. KpynHomacliTabHble WX MCnbITaHWs
elle He NpoBefeHbl, N AMNs NMEeYEHNs paka OHW He Of0DpeHbI.
Kpome Toro, ocraetcst npobnema n3bbITOYMHON aKTMBaLUM ayTo-
taruu n nuHoumTo3a (3). MepcnekTMBHLIM B 3TOM CBETE BUAMUTCS
KOMOWHMPOBaHHOE MPUMEHEHUE KaTanMWUTUYECKUX WHMMOUTOPOB
mTOR u uHrnbutopos aytodarum (4) (puc. 2) [32, 37]. Kpome
TOro, paspabotaHbl MHMOKUTOPEI MTOR TpeTbero MoKoneHus,
KOTOpble NPEACTaBNSAOT COOOI KOHBIOTMPOBAHHbIE panamMULMH 1
kaTanutuyeckue nHrMbutopel MTOR. HoBble coeanHeHns Hasbl-
BatoTcsl Rapalink. OHu nposiBnsitoT 665bLUyt0 9dPEKTUBHOCTL 1
CTabuMnbHOCTL 3a CYET ABYX TOYEK MPUNOXEHMS, TaKKe HaxoaaT-
€S Ha CTaguu ucnbiTaHui [32].

Kpome TOro, HEOBX0AMMO OTMETUTD, YTO UHTMOGMTOPBI MTOR
0C06EHHO 3(h(EKTUBHBI B OMYXONsX, XapaKTEPU3YKLLMXCH My-
Tauusmu B reHe mTOR (OMIM 601231), conpoBoxaaroLmmmcs
MOBbILIEHHOW €ro 3Kcrpeccuen. BobisBneHne AaHHbIX MyTaLui
TpebyeT reHeTnyeckoro ncenefosanms [17].

Ewe ogHMM nepcnekTUBHbIM HanmpaBneHneM SBNSETCS npo-
(bunakTuka paka npu nomoLLm pananoros. Kak yxe Gblo ckaszaHo
BbllUE, paKk — 3TO BO3pacTHoe 3abonesaHue, 1, 06pa3Ho roBops,
3amMefnas CTapeHue, panamMmuuyuH MOXET OTCPOYNTb W pasBuThe
paka. Takum 06pa3om, CMEPTb MOXKET HACTYMUTb 1 OT UHbIX NpU-
YWH, HanpuMep OT CepaeYHO-cocyanCTbIX 3abonesaHni (puc. 3).
OTMeyaeTcst, YTO panamuuyH B AaHHOM cnyyae 6onee apdekTu-
BEH Ha paHHWX cTagusx passuTus 3abonesanus (Ha aTane npeg-
paka) [10]. MpeanoxeHo NpodunakTU4ECcKoe TeYeHne panamuum-
HOM Ans BbIBLUMX KypunbLUmKOB [18]. MHOrve nauneHTsl no Bcemy
MUpY Yyxe npuHumMatoT pananoru off-label, ogHako panamuuuH Bce
Xe, Cyos Mo BCEMY, HWKOTAA He CTaHeT «TabneTkon OT cTapo-
CTW», BElb HEBO3MOXHO Npeayragatb Bce NoboyHble adhdekTbI
OT BbIKITIOYEHNS CTOMb BAXHOMO 3BEHa perynsaynvm metabonuama,
kak mTOR [1, 10, 11].

OHKONMMTUYECKUE BUPYCbI

[pyrvm, He MeHee NepPCNeKTUBHBIM HanpaBneHnem B 6opbbe
C paKkoMm, SBNSIOTCH OHKOMUTUYECKNE BUPYChI, KOTOPbIE NMPEUMy-
LLIECTBEHHO MOpaxatoT KNeTKX 3r10Ka4YeCTBEHHOW OMyX0nu, HO OT-
HOCUTENbHO NpeHebperatoT HopManbHbIMK KneTkamu [23].
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BnepBble 1aes ucnonb3oeath BUPYChI Anst 6opbbbl ¢ pakom po-
Junach B Havasne NpoLLoro Beka, OfHAKO aKTUBHbIE UCCef0BaHMS
Havanuch mwb B 1960-x rogax v NpogomKatoTcs no cen AeHb [23].

CunTtaeTcs, YTO NPOTUBOOMYXONEBLIN APPEKT BUPYCOB pea-
nu3yeTcs Yepes ABa OCHOBHbIX MexaHuama [30]:

1) NpsiMoe UMTOTOKCUYECKOE AENCTBUE BUPYCa;

2) CTUMynALWs NPOTMBOOMYXOMEBOr0 MMMYHUTETa OpraHnu3ma.

B HacToslLLee Bpems B kKayeCTBE OHKONMUTUYECKMX Npeanara-
€TCs M NpUMEHNETCS BOMbLIOE KONMMYECTBO PasfnyHbIX BUPYCOB
[23], B TOM yucne:

+  [HK-Bupychbl: afeHoBUpYC, BUPYC KOPOBLEN OCMbI, BUPYC rep-
neca, napsosupyc H1;

«  PHK-Bupycbl: peoBupyc, Bupyc Kokcaku, ceHekaBupyc (BUpYcC
ponuHbl CeHeka), NONWMOBMPYC, BUPYC KOpW, BUPYC BonesHn
Hbtokacna, BUpYC BE3UKYNAPHOro cTomMatuTa v T.4.
OTgenbHble 13 HUX SBASOTCS Gonee UM MeHee NepecnexkTyB-

HbIMU A1 KITMHWYECKOTO NPUMEHEHMs. B Lienom MoXHO BblaBu-

HYTb psg TpeboBaHUiA k OHKONMTMYECKUM BUpycam [22, 30]:

1) BbIpaXeHHbI OHKOTPOMU3M BUPYCOB;

2) LUMPOKMI CNEKTP KNETOK-MULLEHE;

3) BbICTPOE pacnpoCcTpaHeHe BUpyCa B OMyXOmu;

4) 3peKTMBHOE [OCTWKEHME BUPYCOM MeETacTaTUYECKMX

04aros;

5) cTabunbHOCTb reHOMa;

6) moctaToyHbli 00beM reHoma [Ans BCTpauBaHUs TpaHC-

rEHOB;

7) BbICOKast MIMMYHOTEHHOCTb;
8) [OCTYNHOCTb MPOTWBOBMPYCHBIX MPenapaTtoB Ha Cryyai
HebnaronpusaTHOroO TEYEHUs 1 T.4.

3a cyeT yero NposiBNSETCA MOBbIWEHHAs TPOMHOCTb psga
BMPYCOB K ONyXOMEeBbIM KneTkam? OTOMY Takke ecTb psg 06b-
SICHEHMI.

1) B onyxoneBbix KneTkax MOXeT OblTb HapylueHa cucTtema
MPOTVWBOBMPYCHOI 3almTbl. Hanpumep, npotenHkuHasa R (PKR)
ABMSAETCA KPUTUYECKM (haKTOpPOM, KOTOPbI MOMOraeT B yCTpa-
HEHUM BHYTPUKNETOYHbIX BUPYCHbIX WHPekuuin. PKR moxeT oT-
CYTCTBOBATb B HEKOTOPbIX PaKOBbIX KMETKax, YTO cnocobCTByeT
MOBbILUEHHO pennukaLumu B HUX Bupyca [40].

2) Bupycbl MOryT 1CMoNb30BaTh CMOCOBHOCTL PakoBbIX Kie-
TOK K MMMYHHOMY YKMOHEHU0. Tak, B pakoBbIX KneTkax MOryT
ObITb NOLABNEHb! KIOYEBbIE CUTHAMbHbIE NYTW, YTO HapylaeT
pacno3HaBaHue BUpPYCHbIX YacTuy, toll-nogobHbIMM pelenTopamu
(TLR). Takke B onmyxoneBbiX KNeTKax NoAaBreHbl NpoanonToTy-
yeckne MexaHuambl [23].

3) Kpome Toro, onyxonesble KNETKM MOTYT 3KCNPECCUPOBaTh
Ha CBOEeW NOBEPXHOCTU U3BbITOYHOE KONMYECTBO PELIENTOPOB, Ye-
pes KoTopble BUPYCbl MOTYT NPOHUKATL B Hee. Hanpumep, Bupyc
npoctoro repneca 1 (BIr-1) ucnonb3ayeT Megnatop nNpoHUKHOBE-
Hus BUpyca repneca (HVEM) 1 HekoTopble HEKTWHbI ANs MPOHMK-
HOBEHWS B KNETKW. OTW MOBEPXHOCTHbIE PELENTOPbl CBEPX3IKC-
NPECCUPYIOTCSH Ha HEKOTOPbIX PaKOBbIX KNETKax, BKIoYas KneTku
menaHoMmbl [44].

3a) MecTHbin acppekT: GM-CSF BbI3bIBaET anon-

TO3 OKPYXalOLLWX OMyXONeBbIX KNeToK /
3a) Local effect: GM-CSF causes apoptosis of
surrounding tumor cells

4) Perpeccus onyxonu /
4) Tumor regression

=
1) CenekTuBHOE MPOHIK- - ey A
HogeHve BIT-1 (T-VEC) 4 / O\
B ONyXONeBYIO KNeTky / / d \
. . 2) AnonToTnyeckue
1) Selective penetration | 72N /
of HSV-1 (T-VEC) into the  CTYXOIEBbIE KNIETKAA CS) N /
tumor cell BbigenatoT GM-CSF / ~ = ~ 1 ¥- -T
2) Apoptotic tumor /
cells secrete GM-CSF
 m—
/ R
@
/ CD8+ T-knetku /
\ J o CD8+ T-cells
N R
30) CuctemHbin achcpekT: GM-CSF akTvBMpyeT AEHAPUTHBIE KNETKMU, KOTOPbIE aKTUBMPY-
tor CD8+ T-kneTku /
3b) Systemic effect: GM-CSF activates dendritic cells that activate CD8+ T-cells
Puc. 4. Mexanusm pgencteus npenapara T-VEC. BMNI-1 — supyc npoctoro repneca 1; T-VEC — tanumoren naxepnapensek; GM-CSF —

rpaHynoumTapHo-MakpodaranbHbIi KONOHMeCTUMYNUpYoWKii daktop; K — neHApUTHLIE KNeTKKn

Fig. 4.
macrophage colony stimulating factor; DC — dendritic cells

Mechanism of action of T-VEC. HSV-1 — herpes simplex virus 1; T-VEC — talimogene laherparepvec; GM-CSF — granulocyte-
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BbigenstoT Tpu NOKONEHUs OHKONUTUYECKUX BUPYCOB [15]:

1) HaTWBHbIe (rEHETUYECKN HEMOANMULIMPOBaHHbIE) BUPYChI;

2) moaMduLMpoBaHHbIE BMpYChbl, obnajarowme noBbIeH-
HbIM OHKOTPOMU3MOM;

3) MoandULMPOBaHHbIE BUPYChI, HECYLLWE TPaHCTEHbI, KOAM-
pyloLLMe UMTOKMHBI Unn (HepPMEHTbI (TpaHcreH — dpar-
mMeHT [HK, nepeHoCUMbI npy NOMOLM TEHHO-MHXeEHep-
HbIX MaHWNyMALUWA B FEHOM Kakoro-nubo opraHuama c
Lienblo ero Moaudukamm).

Heobxoaumo 0TMETUTb, 0OHAaKO, YTO NpeacTaBUTeN NepBoro
MOKOEHUs MPAKTUYECKN HE UCTIONb30BANMCH B KITMHUYECKOI npa-
KTVKe 1 NpeACTaBnstoT, CKopee, UccrneaoBaTenbCkuin nHTepec [19].

MpencTaBuTenem TPeTbEro MOKOMEHUS SBASETCS, K npume-
py, MoanduLmpoBaHHbIi BMM-1 ¢ BHeapeHHbIM B Hero reHom GM-
CSF, a Takxe yMeHbLUEHHOW HEMPOTOKCUYHOCTLIO (Mpenapart T-
VEC) [30]. F'eH GM-CSF koanpyeT OAHOMMEHHBIA Befok — rpaHy-
noumMTapHo-MakpodaranbHO-KONOHNECTUMYNUPYIOLWNIA  (hakTop.
/IMeHHO 3TOT npenapaT Ha OCHOBE OHKONUTUYECKIX BUPYCOB NEp-
BbIM Obln 040BpeH Ans neveHus MenaHombl B EBpocotose, CLUA
u Asctpanuu. lNpeanaraeTcs ucnonb3oBaTb €ro 1 nNpu Apyrux
BMaax onyxonei. Kpatko pacCMOTPUM €r0 MEXaHW3M LenCTBus
(puc. 4) [22].

MepBbiM WaroM SBMSETCA BBeAeHWe npenapaTa U Cenek-
TUBHOE MPOHWKHOBEHME BUpYyca B OMyxonesyto knetky (1) [22].
3aTteM nopaxeHHas kneTtka HaunHaeT cuHTesupoBatb GM-CSF u
BblAENATb ero npw anontose (2) [22]. GM-CSF nposiBnseT coe
JENCTBME Ha [BYX YPOBHSIX. Ha MECTHOM ypOBHe OH Bbi3biBaeT
anomnTo3 OKpyXatoLwyx onyxonesblx kneTok (3a) [22]. CuctemHbIM
adpekTom ABnsietcs aktusauws CD8* T-kneTok nocpeacTsom
CTUMYNIMPOBAHNS LEHOPUTHBIX KMETOK, Y4TO YCUNMBAEeT NpoTUBO-
OMyXOMNEBbIN UMMYHUTET C AONTOBPEMEHHOM UMMYHONOTMYECKON
namsTblo (36) [22]. Bce 310 nprBOAMT K anonTo3y v nu3ucy ony-

XONeBbIX KMNETOK W, B KOHEYHOM CYeTe, K Perpeccy camoii onyxo-
nm (4) [22].

OpHako npw pa3paboTke mpenapaToB, OCHOBAHHbIX Ha OT-
LefbHbIX OHKOMUTUYECKMX BUpYCax, Obin BbiSBNEH psaf 3aTpysd-
HEHWI1, Cpean KOTOPbIX MOXHO BbIAENNUTL TOKCUYECKOE AeiCcTBIE
BMPYCOB Ha MakpoOpraHuaMm, Hu3Kytd OMOLOCTYMHOCTb, Tpya-
HOCTW B MOHWUTOPUHTE MEPEHOCUMbIX TPAHCTEHOB, He0oOXoam-
MOCTb 0CODOro An3aiHa KIMHUYECKUX WCMbITaHWiA, Npobnembl
BrobesonacHoCTI, CBA3aHHbIE C NEPCUCTEHLMEN BUpYCa, U T.A.
Otm obbsicHaeTcs TOT (hakT, yTo 3a 60 neT uccnegoBaHwWit
NNLWb eAMHNYHble NpenapaTbl 6binn 0g00pPeHbl ANs KNUHUYeCKo-
ro npuMeHeHus [22, 23].

VTaK, cTaHOBUTCS 0YEBMAHBIM, YTO NpenapaThl kak Ha OCHOBE
OHKONUTUYECKUX BUPYCOB, TaK 1 HA OCHOBE panamuLiHa SBnsoT-
C$1 KpalHe NepCneKTUBHBIMU B NEYEHUM 3MOKAYECTBEHHbBIX HOBO-
o0pa3oBaHuil, 0BHAKO U TE U ApYrie UMetT psi HeoCTaTKOB, Of-
PaHNUMBAKOWMX UX S DEKTUBHOCTb W KIMHUYECKOE NPUMEHEHNE.
B cBAA3N C 9TUM BbIABUrAOTCS MPEASIOKEHNS MO UX COYETAHHOMY
1CNOMNb30BaHNI0, PaLMOHaNbLHOCTb KOTOPOro ByaeT paccMOTpeHa
Janee.

PALMOHANBHOE COYETAHUE
OHKONUTUYECKKUX BUPYCOB
W AHANIOroB PANAMULIMHA

B 2005 romy wccnegoBaTenu OOHapyXwnn, 4TO 3Beponu-
MyC noBblwaeT 3EKTUBHOCTb OHKOMUTUYECKUX BUPYCOB Npu
Tepanuu paka TONCTOW KMLUKW, OOHAKO Kak WMEHHO OH MOBbl-
wan aPeKTUBHOCTb NeyeHus, Bbino He coBceM MoHATHO [20].
B 2007 rogy 6bIno BbISIBNIEHO, YTO panaMWLMH yBENINYMBAET TPO-
Mn3M BUpYCa MUKCOMbI K PaKOBbIM KNieTKaM YenoBeka u, Takum
06pa3om, yCunmBaeT OHKOIUTMYECKYHK BUpoTepanuio [26, 39].

Panamuuuh / Bupyc mukcombl /
Rapamycin PI3K Myxoma virus ]
I 1 3
Yepe3 TSC n Rheb /
[Via TSC and Rheb™ | N M-T5
mTORC1 Akt
| Yepes S6K u mTORC2
Via S6K and mTORC?2 N PIKE-A
< -
PocT kneTok / Mponudepauus 2 anonTo3 ¢ Pennukauws Bupyca /| |
Cell growth Proliferation apoptosis ™ Virus replication
<4 <4 +
KaHueporeHes / Carcinogenesis

Puc. 5. Cxema coyeTaHHOro NpMMeHEHNs panamMm1LUHa U OHKONUTMYECKOro BUpyca MUKCOMBI (cocTaBneHo bapanoBeim U.A.). TSC — kom-
nnekc Ty6eposHoro cknepo3sa; Rheb — romonor Ras, o6oraweHHbIin B Mo3re; S6K — pubocomanbHas S6-kmHasa; Akt — RAC-
anba cepuH/TpeoHUH-NpoTenHknHasa; PI3K — docomnHosntng-3-knnasbl; M-T5 — aHkupuHoBbIi nosTop M-T5; PIKE-A — PI3-
KWHa3HbIN 3HXaHcep, akTuBupyowmin AKT

Fig. 5. Scheme of combined use of rapamycin and oncolytic myxoma virus (compiled by Baranov I.A.). TSC — tuberous sclerosis

complex; Rheb — Ras homolog enriched in brain; S6K — Ribosomal S6 kinase; Akt — RAC-alpha serine/threonine-protein kinase;
PI3K — phosphoinositide 3-kinases; M-T5 — ankyrin repeat M-T5; PIKE-A — PI3-kinase enhancer activating AKT
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WccnepoBaHue nokasarno, YTo AUKWIA LITaMM BUPYCa MAKCOMB
HeceT reH M-T5, kogupytoLwmit OBHOMMEHHBIN Benok, KOTopbI ak-
TuBMpyeT Akt (knHasy), 4To B CBOKO 04Yepeb NOAABMSET anonTo3 1
CTUMYNUpYeT nponudepaLynio kneTki, cnocobeTBys pennukaummn
Bupyca. B opraHusame yenoseka Obin HargeH 6nuskui aHanor
M-T5 — 6enok PIKE-A, Takxke aktusupytowumin Akt [26, 39, 42]. W3-
BECTHO, YTO B psifje 3rokayecTBeHHbIx onyxonen PIKE-A, u, cne-
poBatenibHo, Akt, UMEIOT NOBbILIEHHYI aKTUBHOCTb. MICKYCCTBEH-
HO ObIAM NOMyYeHbl WTaMMbl BUPYCa MUKCOMbI, NNLIEHHBIE TeHa
M-T5. Takue WTaMMbl UMEIOT MOBbILIEHHbI OHKOTPONM3M W Npa-
KTUYECKM He MopaxatoT 3[0poBbIe KNETKK. B TO e Bpems cyLiecT-
BYIOT OMYXONM C HIU3KOWM akTUBHOCTBIO Akt, B OTHOLIEHMM KOTOPbIX
JaHHble LWTaMMbl SBASOTCA ManoaddekTusHbIMmM [29, 39, 43].

BbisicHunock, yto mTORC1 v Akt HaxogaTcs B CNOXHbBIX aH-
TarOHUCTUYECKNX B3aUMOOTHOLLEHUSX, OMOCPEAOBAHHBIX Yepes
PS4 NPOMEXYTOYHbIX 3BEHbEB. Takum 0Opa3om, panamuuuH, no-
aaenssg mTORC1, no npuHUuny oTpuuaTenbHON 06paTHON CBSI3N
cTumynupyeT akTuBHOCTb Akt [12]. 3To 0bbsCHAET hakT NoBbI-
LeHNs 3¢hEKTUBHOCTM Tepanmm BUPYCOM MUKCOMbI B COYETaHUM
C panammLMHOM U Takxe Cornacyetcs ¢ TeM YNOMSHYTLIM Bbllle
(haKkTOM, YTO MOHOTEPaNMs panamMuULHOM OKa3blBaeT LMTOCTaTy-
Yyecknin aGhhekT Ha onyxonu. Tak, panamuLMH 1 BUPYC MUKCOMbI
SBNSAIOTCH BECbMa MEPCNEKTUBHBIM CUHEPTUAHBIM COYETAHUEM.
PanamuunH cTumynupyeT pennnkawnio BUpyca B NOPaXeHHbIX UM
KneTkax, a B HernopaxXeHHbIX NPOSIBNSET CBOA 00bIYHLIN A deKT,
TOPMO3$1 KNETOYHbIN pocT [26, 39]. [laHHas B3anMOCBA3b Harnsa-
HO NpeACTaBneHa B BuAe CXembl (puc. 5).

Mo3xe aTa koMBuHaLKs Bbina Takke NpUMEHeHa K BUPYCY OCro-
BakLWHbI, BIT, BUpYCY BE3MKynspHOro cToMatuTa 1 afeHoBupycy [46].

Kpome TOro, panamuumH MOXeT CTUMynMpoBaTb pennuka-
LMI0 OHKOMUTMYeCKNX BupycoB, Hapywas mTORC1-3aBucumyro
npogykumo uHTepdepoHa (MPH) | tuna, obnapatowiero npotu-
BOBMPYCHbIMK cBonCTBamu [9]. B To xe Bpems He creayeT 3a-
BbiBath, UTo MOH | TMNA UMeEeT 1 NPOTUBOONYXONEBbIN APGEKT,
4TO [lenaeT KpaiHe BaXHbIM MOAOOP paLMoHanbHbIX AO3MPOBOK
npenapato.. [1oka3aHo Takxe, YTO KaTanUTNYECKNE MHMMBNTOPBI
mTORC1 1 mTORC2 (Ho He panamuuuMH) yCUNMBaOT pennuka-
o BIT B pakoBbIx kneTkax no ocu elF4E/4EBP [45].

HeobxoaumMo OTMETUTb, YTO KOMOMHALMW OHKOMMTUYECKNX
BMPYCOB C panamuuyHoM yxe Obinv onpoboBaHbl 1 XOpOLIO 3a-
pekomeHaoBanm cebs B psiae NCCNeAoBaHuMI Kak in vitro (Ha Kynb-
Typax OMyXOMneBbIX KNEeToK YenoBeka) [26, 28], Tak u in vivo (Ha
nabopaTopHbIX Mblwwax) [26].

OpHako HeobXxoauMO MOMHUTL 06 MMMYHOCYNPECCUBHOM
(yHKUMM panamuumHa. HeapekBaTtHble ero 4o3bl MOTyT HE TOMb-
KO HUBENMpOBaTb MPOTWBOOMYXOMEBLIN UMMYHWUTET, YCUNMBaE-
MbI OHKONUTUYECKUMM BUPYCaMU, HO U CAENaTb MakpoopraHuam
ya3BUMbIM 4ns camux Bupycos [1]. Kpome Toro, mokasaH psg
nyTen, Yepes KoTopble MOXeT ObITb pean13oBaHo NPOTUBOBUPYC-
Hoe [eiicTBMe panamuumHa. Cpean HUX akTMBaLWs HaTypasbHbIX
KUNNepoB, CTUMYNALMS BbipaboTky MHTepdepoHa-a v T.4. [34].
OT0 Heobx0aNMO Y4MTbLIBaTL NPU KOMBUHUPOBAHWM panamuLmHa
C OHKOMUTUYECKUMU BUPYCaMU U He ONyCKaTb BCTYNNEHMS UX B
QHTaroOHWUCTUYECKNE OTHOLLEHWS APYT C APYIOM.

3AKNIOYEHUE

Kak oHKkonmMTIYeCKME BUPYChI, Tak 1 panamMuLmH 6bInn OTKPbITI
Bonee nonyseka Ha3af, OLHAKO KMMHUYECKOE UX NPUMEHEHWE Ha
[aHHbI MOMEHT SBNSIETCS OrpaHUYeHHbIM. JTO CBSA3aHO C PALOM
X NOBOYHBIX 3eKTOB, TPYAHOCTHI LO3NPOBaHUS NpenapaTos,
noTpeBbHOCTLI0 B 0CODbIX An3aiHax KIMHWYECKMX WCCREA0BaHWi
n T.0. B TO e Bpemsi BO3MOXHOCTb NMPEOAONeHNs HeJoCTaTKoOB
1 NOBbILEHNS SPGEKTUBHOCTN NEYEHUS MOXKET 3aKM4aThCs B
COYETAHHOM MPUMEHEHWM MpenapaToB 3TUX AByX rpynn. Takue
KOMOMHMPOBaHHbIE CXEMbI ye Bbin onpoboBaHbl U XOpOLLO 3a-
pekomeHzoBanu cebs B psge uccrnegoBaHuin. MexaHuam cuHep-
rmgHoro agppekta KOMOUHMPOBAHHOM Tepanuu CBSi3aH, Mpexae
BCEr0, CO CMOCOBHOCTHH panamuuMHa MoBbIaTh TPOMKU3M psaa
OHKONUTUYECKNUX BUPYCOB K OMyXONeBbIM KMeTkaM U CTUMYIUpO-
BaTb VX pennukaumio, Hapylwas mTORC1-3aBucumyto NpoayKLuio
W®H | Tuna. Kpome atoro, katanutuyeckue uHrmbutopsl mTORC1
n mTORC2 ycunuBatoT pennukaumio Bupyca npocToro repneca B
pakoBbIX kneTkax no ocu elF4E/AEBP. [lanbHenwume nccnenosa-
HWS JOMKHbI ObITb HanpaBneHsl Ha NOAOOP KOHKPETHbIX coyeTa-
HWN 1 9PPEKTUBHBIX LO3NPOBOK MpenapaToB Ha OCHOBE panamu-
UyHa unm apyrux nHrmbutopos mTOR 1 OHKOMIMTUYECKNX BUPYCOB,
4TO, BO3MOXHO, MOMOXET YEMOBEYECTBY CAeNaTh eLie OAMH Luar B
HanpaBneHn OKOHYaTenbHoI Nobeabl Haf pakoM.

AONONHUTENbHAA UHOOPMALINA

Bknap aBTopoB. Bce aBTOPbI BHECM CYLYECTBEHHbBIN BKNag
B pa3paboTky KOHLenuuu, NpoBeAeHne UCCneaoBaHus U Nogro-
TOBKY CTaTb, MPOYNM 1 ofobpunn (uHanbHyl0 BEPCUIO Nepes
ny6nukaumen.

KoHdnuKT uHTepecoB. ABTOpbI AeKNapupytT OTCYTCTBUE
SBHbIX U MOTEHUManbHbIX KOH(IMKTOB WMHTEPECOB, CBSA3AHHbIX
¢ nybnukauueit HacTosILLENR cTaTby.

WUcTounuk domHaHcmpoBaHus. ABTOpbI 3asBAsioT 06 oTCyT-
CTBUM BHELIHEro (PUHAHCMPOBaHUS NpuU MPOBELEHUM Wccneno-
BaHus.
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Pe3tome. BeedeHue. Heponatus manbix BonokoH (HMB) — cocTosiHue, BO3HMKatoLLee npu HacneaCTBEHHbIX, MeTa-
Bonmyecknx, ayToMMMYHHBIX, UHEKLMOHHBIX 1 ApYyrux 3abonesaHusX. [aHHbIe 0 BO3MOXHON ponn HMB B naToreHese
noctkonaHoro cuiapoma (MKC) eguunyHel. Lesb — 0630p nutepatypbl 0 HeponaTum Manbix BOMOKOH B NaToreHese
NOCTKOBMAHOIO CUHAPOMA 1 0606LLeHNe MHOTONETHETO OnbiTa paboThl aBTOPOB C NaLUeHTaMu, UMEIOLMMIU NOCTBU-
PYCHblE UMMYHOIIOrMYECKUe OCNOXHeHUS. Pe3ynbmamsbl. Cpeau 38eHbeB natoreHesa MNKC BbIAensioT aHTUreHHYI0
MUMUKPUIO BUPYCHBIX YacTuy, ¢ Genkamn yenoBeka, akTyBauyio Koarynsaumm n Hepornum, ANUTenNbHOe NpUCyTCTBUE
peanayanbHbIX BUPYCHbIX YacTUL, B OTAENbHbIX 06MacTaX LeHTpanbHOM HepBHOW CUCTEMBI. 10BbILEHVE BbIpaboTKK
Hecneuuduyecknx aHTUTEN no3sonseT paccmatpusathb [KC kak ummyHonorndeckuit npouecc. OTCyTCTBME «30M0-
TOro CTaHAapTa» UHCTPYMEHTANbHOW ANArHoCTUKM Npu pasHoobpasumn KnuHudeckux nposisnexui NKC satpyaHsiet
NOCTaHOBKY AuarHosa. Heiponatuyeckas 6onb 1 BeretatusHas gucdyHkums npu MNKC Ha goHe HOpManbHbIX noka-
3atenen anektpoHenpomuorpadmm (SHMI) moryT GbiTb 06bsicHeHbI Hannunem HMB B cTpykType natorenesa [MKC.
OTa runoTtesa NoaTBEPXAaeTCs AaHHbIMU KOH(OKaNbHOM MAKPOCKOMWW 1 BUOMCUN KOXK C OnpeaesieHMeM nioTHOCTM
WHTpaZepManbHbIX HEPBHbIX OKOHYaHUI Y nauueHToBs, cTpagatowwmx MKC, a Takxke KIMHAYECKMU HabIAEHNSMM
aBTOPOB CTaTbu. 3akIroYyeHue. PaccMOTpeHne HeilponaTun ManblX BOJIOKOH B Ka4eCTBe BaXXHOro 3BeHa naToreHesa
NOCTKOBWMAHOMO CUHAPOMA OTKPbIBAET HOBbIE FOPU3OHTBI AN AMAarHOCTUKW NOCTKOBUAHOIO CUHAPOMA.

KntoueBble croBa: NOCTKOBUAHbIA CUHLPOM, HEMpONATUs MarblX BOJIOKOH, HOBasi KOPOHABUPYCHAs UHDeKL NS,
COVID-19, SARS-CoV-2
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Abstract. Introduction. Small fiber neuropathy (SNF) is a condition that occurs due to hereditary, metabolic, autoimmune,
infectious and other diseases. Data on the possible role of SNF in the pathogenesis of post-Covid syndrome (PCS) are
rare. Aim: To review literature on small fiber neuropathy in the pathogenesis of post-Covid syndrome. Summarize the
authors’ many years of experience working with patients with post-viral immunological complications. Results. There
are several stages in PCS pathogenesis including antigenic mimicry of viral particles with human proteins, activation of
coagulation and neuroglia, and the long-term presence of residual viral particles in certain areas of the central nervous
system. Increased production of nonspecific antibodies allows us to consider PCD as an immunological process. The
lack of a gold standard for instrumental diagnostics, given the variety of clinical manifestations of PCS, makes diagnosis
difficult. Neuropathic pain and autonomic dysfunction in PCS patients combined with normal electroneuromyography
(ENMG) indicators can be explained by the presence of SNF in the structure of the pathogenesis of PCS. This hypothesis
is confirmed by data from confocal microscopy and skin biopsy with determination of the density of intradermal nerve
endings in patients suffering from PCS, as well as by the clinical observations of the authors of the article. Conclusion.
Consideration of small fiber neuropathy as an important stage in the pathogenesis of post-Covid syndrome opens new

horizons for the diagnosis of post-Covid syndrome.

Keywords: post-Covid syndrome, small fiber neuropathy, new coronavirus infection, COVID-19, SARS-CoV-2

BBEJEHUE

30 anBaps 2020 roga BcemwupHas opraHusauns 3gpaBoOX-
paHeHns (BO3) obbsiBuna 06 omacHOCTY pacnpocTpaHeHNst Ho-
BOWM KOpOHaBUpycHoM uHdekuun (HKW), koTopas B ganbHenwem
YHecrna XusHu no MeHbLUENn Mepe 7 MITH YenoBek, a cymmap-
Hoe yucno 3aboneslunx coctaBuno bonee 771 mnH [55]. 5 mas
2023 roga 6bino obbsBNeHo 06 oduUManbHOM 3aBepLUeHNN
naHAEMUM, HO Bpaym W no cenl JeHb 60ploTCs ¢ NOCNEACTBUAMM
aToro 3aboneBaHus: UMMYHONOTMYECKUMM, HEBPOMOMMYECKUMM,
pecnupaTopHbIMA, CepLeYHO-COCYAUCTBIMU U KOTHUTUBHBIMU Ha-
PYLUEHWSIMM, KOTOPbIE MOTYT CYLIECTBEHHO BMWATL Ha KayecTBO
KN3HU W eXeLHEBHYI0 aKTUBHOCTb nauueHToB [40].

CornacHo npefcraeneHuam akcneptoB BO3, y 10-20% na-
umeHToB, nepeHecwmx HKW, moxeT pa3BuBaTbCs COCTOSHME,
HasblBaeMoe nocTkoBuaHbIM cuHgpomom (MKC, post-COVID-19
condition, post-COVID-19 syndrome, long-COVID) [56]. MpakTu-
KyloLje BpayW WCMbITbIBAIOT HEMarble TPYOHOCTU B BeAEHUM
noAobHbIX 6onbHbIX. 3-3a 0cOBEHHOCTE TEYEHUS HOBbIX LITaM-
moB HKW (6eccumnToMHOE TEYEHME UMK TEYEHUE NO TUMY OCTPbIX
pecnupaTopHbIx BUPYCHbIX WHGekunin (OPBW) B nerkom dopme,
6e3 notepu 060HSHMS) ObIBAET COXHO YCTAHOBUTD MABHbIN KpU-
Tepun MKC — c¢Bs3b ¢ nepeHeceHHbIM 3abonieBaHmem. KnuHuve-
CKMe MPOSIBMEHMS 3TOr0 CMHAPOMA HECMELMMPUYHBI U BKMOYAIOT
NPOSIBMEHUS], XapakTepHbIE A5 NCUXMATPUYECKUX, HEBPONOrnye-
CKMX, SHAOKPUHHBIX U HEKOTOPbIX ApYrnx 3abonesaHuii, No3ToMy
OH HepefKo CTaHOBWTCS AMArHO30M MCKMKYeHus. T1o-npexHemy
BeJeTcs MOWCK «30M0Toro cTanaapTta» auarHoctuku TKC, no-
CKOMbKY He B MOSHOM Mepe M3yyeHbl 3BEeHbsI MaToreHesa 3Toro
cocTosiHust. OfHOM M3 runoTes, koTopas Morna Bbl 06bACHUTL
BO3HUKHOBEHWE OOMbLIMHCTBA CUMNTOMOB, SIBMSIETCS Helipona-

TUs Manbix BonokoH (HMB). B faHHOM 063ope cymMmmUpoBaH Halw
ONbIT MHOroneTHen paboTbl C NaLMeHTaMu, UMEIOLLMMU NOCTBM-
PYCHbIE, B TOM Y1CIE NOCTKOBUAHbIE IMMYHOIOTUYECKME OCHOX-
HEeHWs, KOTOpble BHavane uccrnegoBannch Ha 6ase nabopatopum
Mo3aunku aytoummyHuteta Cl6IY, a 3atem — B LiEHTpe Mo n3y-
YeHMo ayTOMMMYHHbIX 3a00neBaHmi 1 NoCneaCcTBuMI HOBOI KOpO-
HaBupycHom nHgekumn KBMT um. H.W. Muporosa CI6I'Y.

MNOCTKOBWUAHBIA CUHAPOM: KIIMHWYECKOE OMUCAHME

CornacHo Jenbguitckomy koHceHcycy BOS3, MKC passusaet-
€Sy NaUMEeHTOB C NOATBEPXAEHHON unu npeanonaraemoil HKA,
yalle BCEro B TeyeHne 3 MecsLEeB Mocrne nepeHeceHHoro 3abo-
neBaHus. XapakTepHble CUMMTOMbI, NpeacTaBneHHble B KOHCEH-
Cyce, JOMKHbI COXPAHATLCSA MO MEHbLUEN Mepe 2 Mecsua U He
MOryT ObITb 06BSACHEHBI APYrAM AnarHo3om [16].

PacnpocTpaHeHHOCTb MOCTKOBWMAHOMO CUHOPOMA He 3aBu-
CUT OT TsXecTM M npogosmkutensHoct HKW u BcTpevaetcs
npy GECCUMNTOMHOM TEYEHUM, ¥ MOSOALIX NALMEHTOB U Aaxe Y
peten. CnoxHocTb auarHoctukm MKC oueBugHa B cnyyae bec-
cuMnToMHoro TeyeHuss HKM — HeBO3MOXHO nofTBepauTb (akT
3aboneBaHust Nocne aNVMWHALMKM BUpyca U3 OpraHuama 1 cBs-
3aTb C HUM CUMMTOMbI, KOTOPbIE NPOSIBASIOTCS B TeYeHNe 2—-3 Me-
caues nocne 3abonesanns [54]. MpeanonoxeHo, uto ot 10 go
60% naumeHToB, nepeHeclumx HKW nerkoi nnu cpegHeTtsxenon
CTENEHN, UCMbITLIBAKT MposiBNeHns, xapaktepHole ans [KC,
Ha npoTshkeHun 12 Hegenb unn 6onee [10]. CornacHo Halwemy
OMbITY, UMEHHO HECCMMMTOMHOE UNM MaroCMMNTOMHOE TeYeHne
HKW Beget k passutuio NKC. 310 MOXHO OBBACHUTL TEM, YTO
nauneHTbl, FeHETUYECKN CKIOHHbIE K TSKEMOMY TEYEHWO BMpYC-
HbIX W OaKkTepuanbHbIX WHGeKUMA, pa3snsawT B cnyvae HKA
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Knaccu4yeckyo BUPYCHYK MHEBMOHMIO TSKENOro TeveHus. Mpu
BnaronpustHoMm ucxope atoro npouecca MKC unn nHble um-
MYHOTMOTMYecKkne OCMOXHeHNUs He opmupytoTes. CywectayeT
W WHAs rpynna naluueHTOB, A€ MMeeTcs UMMYHOMOornyeckas
npeapacnonoXeHHOCTb K BbIPaXEHHOMY WMMYHHOMY OTBETY.
Takne 6onbHble nepeHocat HKW nerko, Ho moryT cdhopmmpo-
BaTb [1KC, KoTOpbIA 3aTeM LNMTCA HEeAenu, Mecsubl U Laxe
rogbl. Cpean BoMbHbIX, MOMyYaLWMX UMMYHOIOTMYECKOE Ne-
yeHne no nosogy INKC Ha 6a3e noctkoBuaHoro ueHtpa KBMT
um. H./. Tuporosa, bonee yem 3a aBa roga paboTbl He Gbino
BbISIBIIEHO HU OAHOrO MauueHTa, KOTOpbIA B OCTPOM Mepuose
HKW Haxoanncs Obl B peaHnmauny Unn Hyxaancs B akTMBHOM
pecnupaTopHoOn MOLAEPXKKE, 4YTO MOXeT KOCBEHHO MogTBep-
ONTb [JaHHOEe NpefCTaBreHue.

MatoreHes MKC no-npexHemy TpebyeT BCECTOPOHHEro U3y-
yeHns. PaccMOTpuM Te3nCHO Te 3BeHbsi natoreHesa MKC, koTto-
pble NPeACTaBNAOTCS HaM Hanbonee CyLLeCTBEHHbIMU.

HekoTopble crneynanucTbl CBSI3bIBAIOT MPOrpeccMpoBaHue
MKC ¢ HenocpeacTBEHHbIM AENCTBUEM BUpYCa, TOTAa Kak Apy-
rMe OTMEYalT MPEeuMyLLEeCTBEHHYIO POfb UMMYHOMOMMYECKUX
OCNOXHeHWN. MepBas runoTe3a MOXET 0OBACHATL aHOCMUIO —
B ODOHSATENbHOM 3MUTENAN BO3MOXKHO ANUTENbHOE MPUCYTCT-
BMe pesngyanbHbIX BUPYCHbIX YaCTWL, Bbi3bliBas BOCMAnEHMe M
noTepto 0BOHSAHMS, YTO NPOAEMOHCTPUPOBAHO B SKCNEPUMEHTaX
in vivo [15]. Takke Ha hOHe NEPCUCTEHLM BUPYCHON MHEEKLUN
BO3MOXHO pasBWUTME MEHWHrUTa WnK 3HUedanuTa [26]. BTopas
TOYKa 3peHNs NpeanonaraeT akTMBaLM0 UMMYHHOTO OTBeTa, Be-
POsITHEe BCEro, N0 MEXaHW3My aHTUFEHHON MUMMKPUK ¢ Benkamm
yenoseka [13], unu HENOCPELCTBEHHOE NOPaXeHue CTPYKTYp op-
raHu3mMa Ha poHe ANUTENbHO MPOTEKaLLero CUCTEMHOMO Aeu-
cTBMA MeauaTopos Bocnanenus [11]. Mpu atom dopmupyroTes
Takue OCMOXHEHWS, KaK HEMponaTus Manbix BOMOKOH, OCTpas 1
XpOHMYecKas AeMUenMHM3MpyloLWme nonuHernponatun [36, 48].
CyLuecTBylOT faHHble 06 akTUBaUWW Helpornuum, kotopas npo-
BOLIMPYET NEPCUCTMPYIOLLEE BOCMAMNEHNE B HEPBHOW TKaHW Aaxe

nocne anumuHauuu Bupyca [49]. He MeHee BaxHbIM acnekTom
ABNAOTCSA pa3suBatolLmecs Ha doHe HKW aktuBauus koaryns-
UMM, MUKPOTPOMOO3 M Backynutbl [5, 37], kOoTOpble MOryT crno-
c00CTBOBaTb Pa3BUTHIO KOTHUTUBHBIX W MCUXMYECKIX HAPYLUEHWI.
KocBeHHO aTu npouecchl NOATBEPKAAKOTCH CHUKEHEM MeTabo-
NNYECKON aKTUBHOCTM FOMIOBHOrO Mo3ra v aucperynsauuen FAMK-
3pruyeckux Lieneit, 0BHapYXMBAIOLLNXCS Y MaLNEHTOB ¢ xanoba-
MU Ha aHOCMUIO, MO3rOBOW TYMaH ¥ XPOHUYECKYH0 ycTanocTb [51].

B pokymeHTe BO3 xapaktepHble anst MKC knnuHuyeckme npo-
SBMNEHUs NpefcTaBneHbl CMCKOM, OGHAKO Hall OMbIT NO3BONsET
BbILENUTL TPYU OCHOBHbIE TPYMMbI CUMMNTOMOB: TPUNMONOLOBHbIE
CUMMTOMbI, HENPOMaTWK MasbIX BOMIOKOH M CUMNTOMbI CO CTOPO-
Hbl UHC (puc. 1).

MepBas rpynna KnuHUYeckux HabriofdeHun BKNoYaeT Takue
MMMYHOMOTMYECKIe NPOSBNEHNS, Kak konebaHus TemnepaTtypsbl B
ananasoHe ot 34,0 go 37,5 °C, nocTosiHHOe WK BONHOOOpasHo
BO3HUKaloLLEe rpunnonogobHoe CoCTosHMe, apTpanruu U Muan-
TV, TEHAWHUTBI, 03HOD, cnabocTb. BTopas rpynna KnuHUYecknx
nposiBfieHMn MoxeT ObiTb 00ycrioBfieHa pasBuMBalOWMMCS Ha
(hOHE CUCTEMHOrO JEeNCTBUS MeauaTopoB BOCMAamNeHus nopaxe-
HWEeM MasibIX HEPBHbIX BONOKOH W BKIto4aeT B cebs CEHCOpHbIE
(boneBble) v BereTaTMBHbIE NPOSBAEHNS. [aLMeHTbl MOMYT onu-
CbiBaTb Knaccuyeckue xanobbl, xapakTepHble Ans MONMHenpo-
naTuu, — XKeHUe WK non3aHne Mypailek B KUCTAX M cTonax,
NPEUMYLLECTBEHHO B HOYHOE BPEMS UMK Nocne Harpysku. Bere-
TaTUBHbIE MPOSIBNEHUS MHOroobpasHbl M BkMovatoT B cebsi op-
TOCTaTUYECKNe pEeakunn, CUHKOMamnbHbIE COCTOSIHUS, OMbILIKY,
HapyLwweHus (YHKLUMM Keny[d0YHO-KULIEYHOTO TpakTa, CyXOCTb
CNN3NCTLIX 060onoYek, rmnepruapo3 [44]. Henb3s uckmniouuntb, YTo
aHOCMUSI W areBans Takke MOryT ObiTb NPOSIBMEHMEM Helpona-
TUM, OHAKO 3TOT BOMpoc TpebyeT AamnbHemmnx 1ccnesoBaHuil.
HakoHeL,, TpeTblo rpynny COCTaBMSOT HEMpONCUXMYECKMe Ha-
PYLUEHUS — HEMpexXofsLLas ycTanocTb, AENpeccysl, TPEBOXKHOCTb.
BbigensieTcs 0cobbIi TUM KOTHUTMBHON ANCHYHKLKM, ONUCHIBAEMBIN
KaK «MO3rOBOM TyMaH», — CHWXEHWE BHUMAHUS, KOHLEHTpaLuu,

Ipunnonogo6Hble CUMATOMbI:
cybdebpunuter, mmanruu,
apTPanrum, TEHANHUTBI, 03HOG,

cnabocTb

Flu-like symptoms:
subfebrility, myalgia, arthralgia,
tendinitis, chills, weakness

CuMNTOMBI €O CTOPOHbI LIHC:
Tpesora, genpeccus, HapyLleHue
NamMATU M BHUMAHUSA, KTYMaH B
ronose»

Symptoms from the central
nervous system:

Anxiety, depression, impaired
memory and attention, «brain fog»

Puc. 1.
Fig. 1.

HeliponaTia mMa/ibiX BO/IOKOH:
Heiiponatuyeckas 6onb (IHMI otp.),
BereTaTueHas AucdyHKUMA (Taxukapams,
konebaHue Afl, HapylweHune dyHKuuK KT,
OfbilIKa, USMEHEHME LIBETA KOMKM, CYXOCTb
C/IU3UCTBIX, Pa3MbITOCTb 3peHUs)
Small fiber neuropathy:
Neuropathic pain (ENMG neg.), autonomic
dysfunction (tachycardia, fluctuation in blood
pressure, impaired gastrointestinal function,
shortness of breath, skin discoloration, dry
mucous membranes, blurred vision)

Tpw OCHOBHbIE FPYNMbI KNTMHUYECKUX NPOABNEHNA NOCTKOBUAHOTO CUHAPOMA
Three main groups of clinical manifestations of post-Covid syndrome
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cKopocTM 00paboTku WH(OpMaLMKM, HapyLieHWe MCMOMNHUTENb-
HbIX (yHKLUMI [1].

BO3 obbsasuna nangemuio HKN 30 axBaps 2020 roga, T.e.
ANUTENbHOCTb WU3YYeHUst MOCTKOBMAHOMO CUHLPOMA COCTaBnsieT
MeHee 4 NeT Ha MOMEHT HamucaHusi cTaTbW, MO3TOMY [LOCTO-
BEPHbIX CBEAEHWA O MPOJOMKMTENBHOCTI 3TOr0 COCTOSIHWS HET.
OcnoxHeHusi, HanomuHatowme MKC, Habmoganucs vy naumeH-
TOB, NepeHeclwnx Takne uHdekumn, kak MERS n SARS-CoV-1,
KOTopble TaKke OTHOCSITCS K CeMEeNCTBY BbICOKOMATOreHHbIX KO-
POHaBWPYCOB: MUANTIAS, YCTaNOCTb, HEMPONCUXUYECKNE OTKMOHE-
HWSI COXPAHAKTCS Y MaLWEHTOB O HACTOSLLEro BpeMeHU. ABTO-
pbl Habmoganu noctrepneTnyeckux 60MbHbIX C NOJOOHON CUM-
NTOMAaTMKOM, Ybsi MPOJOMKMTENBHOCTb 3abonieBaHns CoCTaBnsna
8 net n bonee. 3Tn HabnoaeHUs NO3BONSIOT NPEANONOXKUTb, YTO
MKC moxeT MMETb NPOLOSMKUTENBHOCTL OT HECKONIbKUX MECSALEB
[0 HecKonbKux neT [54].

HEWPOMATUA MANbIX BOJIOKOH
KAK NPOABNEHUE NOCTKOBUAHOIO CUHAPOMA

HeiiponaTust manbix BonokoH (HMB) — ato usbupatensHoe
MopaXeHne MUEeNMHU3MPOBaHHbIX A-fenbTa BOMOKOH M Hemue-
NNHN3NPOBaHHbIX C-BOSTOKOH, KOTOPbIE B CyMME COCTaBStOT [0
80-90% Bcex nepuepuyecknx HEPBOB 1 OTBEYAIOT 3a Nepeaavy
BoneBbIx, TEMNEpaTypHbIX CTUMYNOB W YHKLMOHNPOBaHWE Bere-
TaTUBHOW HEPBHOW CUCTEMBI.

CornacHo npoBefeHHoMy B Hupepnavgax B 2013 rogy uc-
CrnefoBaHuto, YacToTa BcTpevaemoctn HMB coctaBnsiet 52 cny-
yas Ha 100 TbIC., @ YacToTa HoBbIX cryyaeB — 12 Ha 100 Tbic. B
rog [35]. Mpegnonaraetcs, YTO C YBENUYEHNEM OCBELOMIIEHHO-
CTM 0D 3TOM COCTOSIHUM pacnpoCTpaHeHHOCTb ByaeT pactu. He-
ckomnbko Yawe HMB BcTpevaeTcs y xeHwmH [34]. My6nmkytoTes
oTHenbHble KnnHuyeckue Habnogerns HVB y geten [19, 29, 43].
YactoTa nposiBNeHnin HeponaTtun Manbix BonokoH npu MKC He-
M3BECTHA BBWAY Maroii M3y4eHHOCTM 060MX COCTOSHNI.

B kayectBe yactbix npuynH HMB moxHO 0603HauuTh MeTa-
Bonuyeckne HapylueHus, B 0COBEHHOCTM caxapHblil guabet [24],
HO Takxe U Aeduuut BUTamuHa B,,, xenesogeduunt [7, 14].
K aToMy COCTOSIHWKO MOTYT MpUBOAMTL HacnencTBeHHble 3abo-
neeaHust: 6onesHb ®abpu [14, 23], 6onesHb BunbcoHa [47], ce-
MeWHbI amunongos [3]. BoisieneHa Takke B3aumocssisb HMB ¢
BY-undbekupen [17], renatutom C [31], CMCTEMHBIM KNeLLEeBbIM
Boppenunosom (bonesHbto Jlaima) [32]. K Tokemyeckum aktopam
pa3BUTMS HeMponaTuM OTHOCAT ankoronb [25], HeMpoToKcuue-
CKMe nekapcTBeHHble cpeacTtea, xumuotepanuio [9, 50]. HMB
HepeaKko obHapyX1BaeTCs Mpy ayTOMMMYHHbIX 3ab0neBaHusx 1
MMMYHOMOMMYECKUX COCTOSIHUSAX, Kyda OTHocaTes dubpomuan-
rUsl, CUCTEMHAs KpacHas BOnYaHka, Capkonzios, MHble CUCTEMHbIE
3aboneBaHusi coeguHuTensHom Tkanw [20, 39]. MpumepHo B 50%
CMy4YaeB NpUYMHA OCTAETCS HEYCTAHOBNEHHON, TOTAA roBopsT 06
uouonatuyeckon HMB [21].

C pocTom uHTepeca k HMB BbISIBASIOTCS WHbIE NPUYKHBI, CMO-
CoOHble MPUBECTM K 3TOMY COCTOSIHUIO, U HOBasi KOPOHaBMpYCHas
WHekums — ofHa 13 Hux. CywecTBytoT HabnoaeHs, YTo nepe-

HeceHHas Tsxenas unu cpegHetsxkenas HKA moxeT nposoLmpo-
BaTb HeMpomaTWio CnycTs Mecsy OT Havana 3abonesanus [33].
[pyrve uccregoBatenu yTBepXgatT, YTO OHa MOXET MaHude-
CTVpoBaTb BO BpeMs 6onesHu [2]. Henb3s MCKMIOUMTb, YTO BaKLn-
Hauwmsa ot HKW moxeT npoBouupoBaTh pa3BuUTe KpaTKOCPOYHbIX
ayTOUMMYHHbIX OCMOXHEHUI, a Takke HMB [22, 53].

MNatoreHe3s HMB ao cux nop HesiceH, HECMOTPS Ha TO YTO
W3BECTHbI OTAENbHble €ro 3BeHbs. Tak, y mauueHToB o6Hapy-
XMBAIOTCA  aHTUCYNbGaTUAHbIE aHTUTENa, WMMYHOTMOBYMMHbI
M npoTuB TpUCynb(UPOBAHHOMO AMCaxapuaa renapaHa, UMMy-
HornobynuHel G npoTuB chaktopa pocta dubpobnacTos [27].
lMpocnexwuBaeTcs BO3MOXHas cBA3b mexay HMB u nospexge-
HMEM WOHHbLIX KaHanoB [45]. AHTWTENa NPOTUB MHAYLMPYEMOrO
nHTEpdepoHOM TyaHosuHTpudocdata ([T), cBs3bIBAKOLIETO
Benka MX1, moryT B3aumogencTBoBaTh C OnpeaeneHHbIM TUMoM
KanbLMeBbIX kKaHaNoB, KOTOPbIE HAXOAATCA B MO3re, acTpoLuTax,
NUPaMUAHbIX KNeTkax, HepoHax, Mo3roBbIx apTepusix [12]. YcTa-
HOBMEHO, YTO y MaLWEHTOB C AEreHepaunen MeXno3BOHOYHOTO
ANCKa N XPOHWYECKON GOMbI0 B CMMHE MOBBIWEH YPOBEHb aHTU-
Ten NpoTUB UHAYLMpyemoro uHTeptepoHom ' TO casa3biBatoLLEro
Benka MX1, KoTopble W MOTYT Bbi3biBaTh 6OMb Yepes B3auMMO-
[ENCTBUE C KambLWeBbIMM KaHamamu, HO 3TOT Bonpoc Tpebyer
AanbHenwero msyyenus [41]. Y nauywenTtos, ctpapatowmx HMB,
TaKke ObiNy HangeHbl aHTUTENa NPOTUB LUTOKepaTuHa 8 — 3Be-
Ha B MaToreHese XPOHUYECKON AEeMUENVHU3UPYIOLLEN Helpona-
T — 1 apebpuH-nogobHoro Genka, KOTOPbIV UrpaeT BaxHYH
porib B POPMMPOBAHUM CUHAMCOB, 3HAOLNTO3€ W (DYHKLMOHMPO-
BaHWW LMTOCKeneTa HelipoHoB [12]. Mpegnonaraetcs, YTo ayTo-
MMMYHHOE MOBPEXAEHNE MOXET ONocpefoBaThes Yepes (akTop
Hekposa onyxoneit a (PHOa) n unTepnenkuubl (W) -2, -6 n -8
[6, 52]. N3BeCTHO, YTO pasfnnyHble rEHETUYECKE BapUaHTbl ne-
prdepryeckux NOTEHLNAN3aBNCUMbIX VOHHBIX KaHamoB WrpakT
ponb B (hOPMMPOBaHUM HeponaTnieckoin 6onm, n 0cobeHHOCTH
UX (PYHKLWMOHMPOBaHUS MOTYT 06BACHATL BO3HUKHOBEHWe HMB
[45]. Mpu ayTONCMM NaLMeHTOB, CTpaLaBLUKMX NOCTKOBUAHBIM CUH-
APOMOM, Obif BbISIBMIEH HEBPUT C MEepUBACcKynspHbIM Makpoda-
ranbHbIM MHUNLTPATOM, HO BUPYCHBIE YaCTULbl B TKAHSIX OTCYT-
cTBOBanu. Takum 0bpasom, BOCManuTENbHbIN UMMYHHbI OTBET
COXpaHsINca Aaxe nocne nNonHon anummuHayum supyca. Cyuect-
BYIOT TaKkKe [aHHble, YTO 40 YETBEPTU HEMPOHOB JOPCANbHOTO
KOpelLLKa, KOTOpbIe SBMAKTCS NEPBLIMU HEAPOHAMU B MYTSX YyB-
CTBUTENBHOCTU, aKkcnpeccupytoT MPHK, kogupytoLLyto peLenTopsb!
k SARS-CoV-2 n AM®2-6enky. Mpu passutim Kpocc-peakTnBHOrO
MMMYHHOrO OTBETa aKTUBMPYETCS BblpaboTka aHTWUTEN, KOTOpble
MOTyT MOBpexaaTb HepBHYl0 TkaHb [42]. Pestomupys, cnegyert
OTMETUTb, YTO, HECMOTPS Ha BEPOATHBIA UMMYHOMOMNYECKMIA Na-
ToreHe3 HMB kak npw MKC, Tak v npu gpyrnx HO30M10MUsIX, Kakux-
NGO YHUKAMbHBIX U CNELMPUYECKNX ayTOAHTUTEN BbISBIIEHO HE
Obino, YTo He nosBonsieT HaseaTb HMB knaccuyeckum aytoum-
MYyHHbIM npoLieccoM. bonee KoppekTHO 6bio 6bl MEeHOBaTL ero
MMMYHONOTMYECKMM MposiBNIEHneM, a B cnyvae [IKC — nocteu-
PYCHBIM MMMYHOMOTUYECKMM CHHOPOMOM.

B pamkax knuHnyeckux nposisnenui MKC knnHuyeckne npose-
neHust HMB npeacTaBnstoTCcs Kak HapyLleHue YyBCTBUTENbHOCTH
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W KaK BereTaTueHas AUCYHKLMS. MaLneHTbl ONUCLIBAKOT NoKanbl-

BaIOLLYI0, XTy4yto UIu CTpensioLyto 60Mb, OHEMEHWE, OLLYLIEHNE

TaKTUMbHbIX CTUMYNOB Kak OOMeBbIX (annoguHus), napectesnu,

rnep- unu runoanbre3nio, HapyLUueHue TemnepaTypHoOi YyBCTBU-

TENbHOCTU W Apyrue cumMnToMbl [38]. XapakTepHbl nopaxeHus au-

CTarnbHbIX OTAENOB KOHEYHOCTEN MO TUMY KHOCKOB» U «MEpYaToK»,

HO OMWCaHbl W MPOSIBNEHUS TAaHIMONATUM B BUAE JTOKanM30BaH-

HbIX HEMPOTSHKEHHbIX HAPYLLEHWUIA YyBCTBUTEMBHOCTW Ha pasnny-

HbIX y4acTkax Tena [6]. MopaxeHue BereTaTMBHOM HEPBHOW CUCTE-

Mbl npy HMB MOXET BbI3bIBaTh OPTOCTATUYECKYIO MUMNOTEH3MIO, CY-

XOCTb r11a3 M CrmancTbix 060104eK POTOBOM MOMOCTM, HAPYLLEHNS

CO CTOPOHbI MOYEMNONOBOI CUCTEMbI (MMMNOTEHLMS, CYXOCTb Bna-

ranuwa, Au3ypusi, HedepxaHue), XemnyAouHO-KULLEYHOro TpakTa

(HepepxaHue kana, Anapes U KOHCTUNaLKs, NCeBAO0OCTPYKLMS

KWLLEYHMKA), «MPUNMBLI», HAPYLLEHUS akkomMoZaumm, cepauebue-

Hue [34]. B HOBBIX MCCNeaoBaHMSX MOKas3aHo, YTO HeMporeHHas

po3aLiea MOXeT 6bITb 0AHMM 13 nposineHnin HVIB [28].
[OnarHoctuka HMB 3aTpygHeHa no psigy npuyuH. Bo-nep-

BbIX, KMWHWYECKME MPOSIBNEHUS LUMPOKO BapbUpYKT, T.K. HEW-

ponaTtusi nopaxaeT Kak BeretaTuBHbIE, TaK W YYBCTBUTENbHbIE

BOMOKHa. Bo-BTOPbIX, AMarHOCTUYECKMe KpuTepun pa3paboTaHbl

TONbKO ANS HEMponmaTuM OuUcCTanbHbIX OTAENOB KOHEYHOCTEN Mo

TUMY «HOCKOBY» U «MepyYaToKk», HO HEe AN NOKanM30BaHHbIX Mo-

paxeHuit [46]. B-TpeTbux, JOCTOBEpHas AWAarHOCTUKa BO3MOXHA

TONMbKO B COMETAHWUM HEMHBA3MBHbIX METOLOB 1 BUOMCUN KOXK,

koTopasi SIBMSETCA TPYLOEMKOW MHBA3WBHOW MNpoLEeLypoii, HO

CYMTaAETCA «30/10TbIM CTaHgapToM» [18].

[unarHocTnyeckne meponpusTis, BO3MOXHble npu HMB

[38, 46]:

1) KONWUYECTBEHHas OLieHKa MarblX BOIOKOH:
* Broncus Koxwm;
* KOHpOKanbHast MUKPOCKOMWS;
2) (YHKLMOHaNbHas OLEHKa MasblX BOTOKOH:
* KONMWYECTBEHHOE CEHCOPHOE TECTUPOBAHUE;
* MUKpOHeiporpagus;
* BbI3BaHHble HOLMLENTUBHbIE NOTEHLMANbI;
3) TecTMpoBaHue GhyHKLMIN BEreTaTMBHOM HEPBHOI CUCTEMBI:
* WCCnepoBaHWe TepMoperynalum;
* KONMWYECTBEHHOE CEHCOPHOE TECTUPOBAHUE;
* KONMWUYECTBEHHOE UCCNEe0BaHNe akCoHamMbHbIX pediek-
COB, OTBEYalOLLMX 3a MOTOOTAENEHNE;
* WCCMefoBaHNe KOXHbIX CUMMAaTUYECKUX Peakuui;
* WCCnefoBaHNe SNEKTPOXMMUYECKNX MOTEHLMANOB KOXY;
* TecT-HempouHaukatop (Neuropad®);
+ BapuabenbHOCTb pUTMa cepaLa.
CyLyecTByioT CrieaytoLLne OUarHOCTUYECKNe KpUTepun:

*  80o3MoxHas HMB — cuMNTOMbI 1 KNUHWYECKWE NPOSIBNEHNS
NOBPEXEHUS ManblX BOMOKOH;

+  eeposmHasg HMB — HopmanbHas NpOBOAMMOCTb MKPOHOXHO-
IO HEPBa B COYETAHUM C CUMMTOMAMM W KITMHUYECKUMIA MPO-
SBMNEHNAMI NOBPEXAEHNS MarbIX BOJTOKOH;

* nodmeepxdeHHas HMB — HopmarnbHas npoBOAUMOCTb MKPO-
HOXHOTO HepBa B COYETaHUM C CUMMNTOMaMM U KIIMHUYECKUMM
MPOSIBNIEHNSMU MOBPEXAEHNS MarblX BOJIOKOH, @ TakKe CHU-

XEHUE WHTPasnuTennansHOM MOTHOCTU HEepBHBIX BOIOKOH

n/unu aHoMarnbHble TEMMNepaTypHbIe NOPOrA KONMYECTBEHHO-

ro ceHcopHoro TectupoBaHusi (QST) [38].

lMpUMeHeHne cpasy HeCKOMbKMX AMArHOCTUYECKNX TECTOB Cy-
LLECTBEHHO MOBLILLAET BEPOSTHOCTb NPaBUIbHO YCTaHOBMNEHHOTO
AvarHosa. Hanpumep, npeanoxeHo ncnonb3oBatb KOMOUHALMIO
4 MeTOoJ0B: KONMYECTBEHHOTO CEHCOPHOMO TECTMPOBaHMs, Buon-
CWM  KOXM, WCCNEROBaHWS 3MEKTPOXMMUYECKUX MOTEHLMANOB
KOXM W BbI3BaHHbIX Ma3epHON CTUMYyNALUMEN NoTeHuManoB Ans
Haubonee JOCTOBEPHOI AnarHocTukm [18].

Mol xoTenn 6bl coenaTh akUeHT Ha [BYX MeTofax AvarHo-
ctvkn HMB npm TMKC, ans koTopbIX CYLIECTBYET MeXayHapoaHas
CTaHgapTu3auus.

MepBblil — BUONCKS KOXW C UCCnedoBaHUEM WHTpaanuaep-
MaribHOW MMOTHOCTU HEPBHbLIX BOMOKOH, YTO MPWHATO CYMTaTb
«30M0TbIM cTaHaapToM» auarHoctukn HMB. K ee nonoxurens-
HbIM CTOPOHaM OTHOCWTCS! XOPOLUWA YPOBEHb A0Ka3aTENbHOCTMH,
BO3MOXHOCTb MPOBEPKU PE3ynbTaToB HECKOMbKAMM Crieuuany-
CTamu-rucTonoramu, npoctota noacyeTos. K Hegoctatkam — He-
00X0AMMOCTb NPOBEAEHNUS! MHBA3MBHOW MPOLEAYPbl U Hanuuns
CcneuranuanpoBaHHON rMcToNoryeckon nabopatopuu. Takke y
naumeHTa MOXeT He ObiTb MOPaXEHW HEPBHBIX BOMOKOH B Me-
CTe B3aTUS GuonTaTta, YTO MPUBEAET K NOXHOOTPULATENBHOMY
pesynbTaty. o HeonybnnkoBaHHbIM AaHHbIM aBTOPOB, aHanu3
Broncum koxm y naumeHtoB ¢ TKC nokasan, yto Gonee 60%
BONMBHBIX UMENN CHXXEHUE NMIOTHOCTW MarbiX HEPBHBIX BOMOKOH
HWXEe BO3PACTHBIX 1 TEHAEPHbIX HOPM.

Bropoit — koHokanbHas Mukpockonus porosuubl (KMP) —
BO3MOXHOCTb HewHBasuBHoW oueHku HMB. MokasaHo, 4To npw
HKW HabntopgaeTcst CHXeHNE KOnMYecTBa HEPBHBIX BOMOKOH, a
Takke pOCT Yncra 3penbiX U HE3PENbIX AEHAPUTHBIX KMNeTOK Mo
CPaBHEHWIO C KOHTPOSbHOM rpynnoit. Hemnb3s UCKIKYNTb, YTO KO-
POHAaBWPYC UMEET BO3MOXHOCTb aKTUBMPOBATH FMnanbHble KneT-
ki, MPOBOLMPYS aTaky WMMYHHOW CUCTEMbl Ha HeMpOHarbHble
TKaHu [8].

[aHHble KMP cornacytotcs ¢ 0TAeNbHbIMY KMHUYECKUMU Ha-
OnrogeHusMu: npu aytoncun nayueHTa, ymepiuero ot HKW, obHa-
PyXeHa runepakTuBaLns Hempornuu n Henpodarvs B 0TAENbHbIX
obnactsx mosra [4]. B Gonee kpynHom uccnegoeanun 184 naum-
€HTOB aKTMBaLWs MUKpornumu Habmoganacs B 42,9% cnyyaes, C
obpa3soBaHneM MukpornuanbHbix y3enkoB B 33,3%, actpornuos
Bbin 0BHapyxeH B 27,7% cnyyaes [30].

3AKNIOYEHUE

OTHOCWTENbHO HeAaBHee MOSBMEHWE MOCTKOBWUOHOMO CHH-
[pOMa MHOrOe OCTaBMSET HEACHBbIM: PacnpOCTPAHEHHOCTb,
BnusiHne TeyeHus HKW Ha nocnegytollyio TSeCTb CUMNTOMOB,
onTUManbHble METOAbl AMAarHOCTUKY... [laToreHe3 NOCTKOBUAHO-
ro CHHLPOMA TaKKe OCTaeTcs He 0 KOHLA M3yyeHHbiM. Pac-
CMaTpUBAKITCH HECKOMBKO BO3MOXHbIX BapUaHTOB BO3AENCTBUS
Bupyca SARS-CoV-2 Ha HepBHYK CUCTEMY YernoBeka, BKIoYas
AYTOMMMYHHOE MOBPEXAEHUEe, aKkTUBALMIO MUKPOFMMMW, Hapy-
LIEHMe Koarynsauuu, AnuTenbHOe NpUCYTCTBUE Pe3nayanbHbIX
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BMPYCHbIX YacTuL, B 0TAeNbHbIX obnactsax LIHC. Bce ynomsiHy-
Tble BapWaHTbl BO3AENCTBUSA BUpYca CnocobHbl hopmMupoBaTh
HenponaTuio ManblX BOMOKOH, KOTOpas, Mo Haliemy MHEHWO,
NEeXWT B OCHOBE TakMX CUMMNTOMOB MOCTKOBWUAHOTO CUHAPO-
Ma, kak AM3aBTOHOMWS 1 HerponaTtuyeckue Bonu. MoHnmaHne
naToreHesa naToNorMYeckux MpOLLECCOB, NEXalynx B OCHOBe
MOCTKOBWUAHOIO CWHAPOMA, OTKPbIBAET BO3MOXHOCTM paspa-
BOTKN HOBbIX METOAOB AMATHOCTUKM U FIEYEHNS, NOBbILIAKLLUX
KayeCTBO XWU3HUM NaLMEHTOB.

AOMNONHUTENBbHAA NHOOPMALIUA

Bknap aBTOpoB. Bce aBTOPbI BHECIM CYLLECTBEHHbIN BKIa4
B pa3paboTky KOHLEnuuu, NnpoBeaeHne UCCneaoBaHus W nogro-
TOBKY CTaTby, MPOYnM 1 08obpunn (uHanbHylo Bepcuio nepes
nybrnukaymen.

KoHchnuKkT uHTepecoB. ABTOPbI AEKNapupyloT OTCYTCTBUE
SBHBIX U MOTEHUManbHbIX KOH(IMKTOB WHTEPECOB, CBSA3AHHbIX
¢ nybnukauueit HacTosLLENR cTaTby.

WUcTounuk dmHaHcupoBaHmus. PaboTa BhinonHeHa 3a cyeT
rpaHTa Poccuiickoro HayyHoro coHga PH® Ne 22-15-00113 ot
13.05.2022, https://rscf.ru/project/22-15-00113.

WHdopmupoBaHHoe cornacue Ha ny6nukaumio. ABTOpbI
NoONy4Mnn NUCbMEHHOE cornacue NayyueHToB Ha nybnvkaumio me-
ONLNHCKAX JaHHbIX.
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Pestome. Cubupckas si3Ba (@aHTpaKc) OTHOCKUTCS K 0060 OnacHbIM MHMEKLMSIM C BbICOKOI NETanbHOCTbI0, A0CTUral0-
LLel Npu HECBOEBPEMEHHOMN LMArHOCTUKE 1 OTCYTCTBUM aTMOTPONHON Tepanun 90%, a npu neroyHon gopme — 100%.
Mo aaHHbIM BO3, exerogHo B MMpe pernctpupyeTtcs OT ABYX A0 ABaALaTh Thicsd Cly4aeB CUBUPCKON A3Bbl Y Niogel,
B TOM YMCIE C NeTanbHbIM UCXO40M, Yalle B pa3BuBalowuxcs ctpaHax. B asrycte 2023 r. 6bina BbisiBNeHa BCMbilwka
cmbumpckoi s13Bbl B KasaxctaHe. B Poccun 3a nocnegHue 15 net exerogHo pernctpupytotes okono 10-30 cnyyaes aToro
3abonesaHus y nogen, npu 3Tom nocnegxue Aea 6binn 3adukcuposaHsl B MapTe 2023 r. B YyBawuu. HecmoTpst Ha
HM3Ky'0 3a601eBaeMOCTb B LiefIOM, PUCK BO3HUKHOBEHWS BCMbILIEK CUOMPCKON A3BbI B CTPAHE OCTAETCS BbICOKUM 13-3a
B0nbLUIOro YMcna NOYBEHHbIX CUBMPES3BEHHBIX 04AroB Kak 3aperncTpupoBaHHbIX, Tak 1 HeYYTEHHbIX, CaMONPOU3BOSbHOM
CaHaLuu KOTOPbIX OXuaaTh He NPUXoaUTCS. BCKPbITUIO Takmx 04aroB MoryT cnocobCTBOBaThL BO3POCLUME B HACTOALLEE
BPEMS PUCKM TEXHOTEHHbIX U NPUPOLHbIX KaTacTpod, a Takke YCTONYMBbIE TEHAEHLMN B OTHOLLEHWW NOBbILLEHWS TEM-
nepaTypHOro pexuma. 3To NOATBEPXAAET BCMbilka cMBUpCKoM 138kl B AMano-HeHeLKoM aBTOHOMHOM OKpYre B 1ione
2016 r., npoBoLMpYIOLMM (haKTOPOM KOTOPOM CYMTAETCS aHOMasbHO BbiCOkasi Temnepatypa (bonee 34 °C B TeueHne
HecKonbkux aHel). MoBbleHne akTyanbHOCTU JaHHOTO 3aboneBaHns CBA3aHO TakKe C Pe3KUM BO3pacTaHUEM B CO-
BPEMEHHbIX YCNOBUSAX Yrpo3bl 6MOTEPPOPHU3MA, NOTEHLMANBHBIM areHTOM KOTOPOro SBNSETCS BO30YyanTenb cubupckoi
3Bbl. BcnegcTeme BbICOKOI YCTOMYNBOCTY CMOP BO30YANUTENS BO BHELLHEN CPEAE, adp030/IbHOT0 MexaHn3Ma nepegaym
3aboneBaHus, BO3MOXXHOCTM NOMYyYEHNS aHTUOMOTUKOPE3NCTEHTHbIX LUITAMMOB U LUTAMMOB, BbI3bIBatoLLMX 3aboneBaHue
B MMMYHHOM OpraHu3amMe, Bo3byanTenb CUOUPCKO A3Bbl ABSETCS OAHUM 13 Hanbonee BEPOSTHBIX MHPEKLMOHHBIX
areHToB, KOTOPbIE MOryT ObITb MCMONb30BaHbI ANS CO34aHNs GUONOrNYECKOro OPYXKUS.

KnioueBble cnosa: cubupckas s138a, anuaeM1onoris, naToreHes, KNMHUYECKUE NPOSIBNEHNS, ANArHOCTUKa, NeYeHue,
npodunakT1ka, BakLMHbI NPOTUB CUOMPCKOIA 513BbI, B1ONOrMyeckoe opyxue
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Abstract. Anthrax refers to particularly dangerous infections with high mortality, which, with untimely diagnosis and
the absence of etiotropic therapy, can reach 90%, and with the pulmonary form — 100%. According to WHO, from two
to twenty thousand cases of anthrax in humans are registered annually in the world, including fatal cases, more often
in developing countries. In August 2023, an anthrax outbreak was identified in Kazakhstan. In Russia, over the past
15 years, only about 10-30 cases of this disease in humans have been registered annually, while the last two ones
were recorded in March 2023 in Chuvashia. At the same time, the risk of anthrax outbreaks in the country exists due
to the large number of soil anthrax foci, both registered and not accounted for, spontaneous sanitation of which cannot
be expected. The exposure of such foci can be facilitated by the currently increased risks of man-made and natural
disasters, as well as stable trends in increasing the temperature regime. This is confirmed by the outbreak of anthrax
in the Yamalo-Nenets Autonomous Okrug in July 2016, the provoking factor of which is considered to be an abnormally
high temperature (more than 34 °C for several days). The increased relevance of this disease is also associated with
a sharp increase in the threat of bioterrorism in modern conditions, the potential agent of which is the causative agent
of anthrax. Due to the high resistance of the pathogen spores in the environment, the aerosol mechanism of disease
transmission, the possibility of obtaining antibiotic-resistant strains and strains that cause disease in the immune body,
the anthrax causative agent is one of the most likely infectious agents that can be used to create biological weapons.

Keywords: anthrax, epidemiology, pathogenesis, clinical manifestations, diagnosis, treatment, prevention, anthrax

vaccines, biological weapons

SMUOEMUONOrNA CUBUPCKOW A3BbI

Cubupckas si3Ba pacnpocTpaHeHa MOBCEMECTHO MOYTM Mo
BCEMY 3EMHOMY LUApy M perucTpupyeTcs Besme, kpome Anscku,
lpennaHgmm n octpoBoB CesepHoro Jlegosutoro okeaHa. [lo
JaHHbIM BcemmpHoil opraHusauun 3gpaBooxpaHenust (BO3), mu-
POBOI1 ypOBeHb 3ab0NeBaeMOCTY Niogen OLiEHNBAETCS OT ABYX 10
ABaguaTtv Tbicady cnyyvaes B rog [7, 9]. B nocnegHue gecatuneTus
cubupckas si3Ba OCTAeTCs akTyamnbHOW ANS PasBUTbIX CTpaH, B
ToM uncne u Poccuitckon ®egepauun [13], rae BCTpeyaertcs B
eUHUYHBIX cnyyasx [14], noTeHUManbHO BO3MOXHbIX B npefernax
OTZENbHbIX PErvoHOB CTpaHbl. Tak, B Poccun B cpeaHem B rog
peructpupyetcs okono 10-30 cnyyaes cubupckoit S3Bbl y Yeno-
BeKa, Npu 3TOM nocnegHue Aea bbinu 3aduKCMpoBaHbl B MapTe
2023 roga B YyBawmu. B 2023 rogy cnydan cubupckoi 3Bbl
KMBOTHBIX 3apErUCTPUPOBaHbI B NSTU cybbekTax Poccuiickoin de-
aepauun: B Yysawckon Pecnybnvke, TamboBckon, PssaHckon,
Boponexckoin obnacTsx u B Pecnybnvke Toiga. Mo gaHHbiM BOS,
exerogHo B Mupe Habniopaetcs 250-300 Benblwek cubUpeKon
$13Bbl CPEAM XWBOTHBIX WM OKOMO OAHOTO MUIIIMOHA XMBOTHBIX
nornbatot. K cubupckoi S13Be BOCMPUMMYMBLI MHOTUE KUBOTHbIE,
npexae BCero TpaBosiAHbIE — KPYMHbIA U MENKWiA poraThbli CKOT,
Bepbniogpl, oneHun (0CobeHHO ceBepHble), Nowwaau, Ocnbl U Ap.
3apaxeHue KMBOTHbIX Yallie BCEro NPOUCXOAUT opasbHbIM Me-
XaHU3MOM [BYMS NMyTAMU: anuMEHTapHbIM, MY NoefaHun HGU-
LiMPOBaHHbIX KOPMOB, B TOM YNCIE KOCTHOM MyKU, TPaBbl UMW NO-
4YBbl, UMM BOOHBIM — MPK BOAOMOE U3 BOBOEMOB, 3arpsi3HEHHbIX
CTOKaMW MpeanpuaTuia, nepepabaTbiBalOLLNX Chipbe XMBOTHOTO
MPOVCXOXAEHUS, UM TPYHTOBLIMK BOAAMU, COOOLLAWMMUCS C
MOYBEHHbIMM O4aramm cubupckoit s3Bbl. Obs3aTenbHbIM yCno-

BMEM MpU OparnbHOM MexaHW3Me SIBNSIeTCs MOBPEXLEHWe crnu-
31CTON Xenyao4Ho-kuwweyHoro Tpakta (XKKT), yto Habmopaetcs
npw ynoTpebneHumn rpy6om NuLLW niv Mpy BocnanuTenbHbIX 3a60-
neBaHusX. Pexe OCyLLECTBASETCS TPAHCMUCCUBHBIA MEXaHWU3M
nepefayn. MepeHocumkamm MOryT ObITb CIEMHM, MyXU-Xuranku,
B POTOBOM annapaTte KOTOpbIX BO3OYAWTENb COXPaHSET XM3He-
€nocobHOCTb 40 5-7 OHEN, KoMapbl, MOLLKM, @ TakKe pasnnyHble
BMAbl Knewen. [ns cubupckon A3Bbl XapakTepHa CE30HHOCTb,
Hanbonbluee YUCNO BCMbILIEK PETUCTPUPYETCA B TEMNOE BPEMS
rofa, ¢ Mas No CeHTA0pb, NpM BbiNace XMBOTHBIX Ha NacTouwax,
O[HaKO eMHWNYHbIE BCMbILKM CUOMPCKOM $3Bbl BO3MOXHbI U B
3UMHee Bpems MpW WUCMONb30BaHUU UHDULMPOBAHHBIX KOPMOB.
BonbHble XWBOTHbIE BbIENSOT BO3BYAUTENb CO CMHOHOW, MO-
4OW, Kanom, BCe OpraHbl 1 TkaHu nornbLuero ot cbupckomn s3Bbl
XMBOTHOrO cofiepxaT OrpoMHoe konnyecTso bauunn. Tak, 1 mn
KPOBM TaknxX XMBOTHbIX cogepkuT 10° MUKpOGHbIX kneTok. OT
BONMbHBIX XWBOTHBIX U MIOAEN, NPU 3aXOPOHEHUN TPynoB nornb-
LUKX KMBOTHBIX BO3bYAUTENb CHBMPCKON A3BbI NOMAaeT B OKpY-
XatoLyto cpesly, npexae Bcero B noysy. Tam oH 06pa3yeT cnopsbl
1 MOXeT COXPaHsTbCA Ha MPOTSXKEHUM OYeHb ANMTENBHOrO Bpe-
MEHM, 0CTaBasiCb BbICOKOBUPYMEHTHbIM, YTO ONPEAENseT cTaLmo-
HapHOCTb cubupcko s13Bbl. B Poccuiickon ®epepaummn npaktinye-
CKW Kbl NATHIA HACENEHHbI NYHKT UMEET TEPPUTOPUANBHYIO
CBSi3b CO CTaLMOHapHO HebnarononyyHbIM1 No CUOMPCKON H3BE
NyHKTaMW, Ha TEPPUTOPUN KOTOPbIX NMEITCS 3aXOPOHEHNS TPy-
MOB XMBOTHbIX, MaBLLUKX OT cubupckon s3sbl [10].
Mo nokasaTensm 3nNM300TMYECKOro mnpolecca cubupckoi
A3Bbl TeppuToputo Poccun pasgensiot Ha Tpu 30HbI:
1) 30Ha CrOpPapMyeckoro NpOSIBMIEHUS — TEPPUTOPUS CEBEP-
Hee 56° wwpotsl (MypmaHckas, JleHnHrpagckas, MNckosckasd,
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HoBropoackast 1 fpyrue obnactu) U BOCTOYHble pPalioHbl
3abaiikanbs;

2) 30Ha MEPVMOANYECKOTO MOSIBIIEHNS — TEPPUTOPNS MEXIy
56 un 52° wwupotbl (MockoBckasi, CmoneHckas, Hwuxero-
pogackas, Mpkytckas u Kemeposckas obnactu, TatapctaH
nap.);

3) 30Ha yCTOMYMBOrO MOSIBMEHUS — OT 53° LUMPOThI 4O H0XK-
Hbix rpanuL (Kypckasi, BopoHexckas, Poctosckas, Bonro-
rpaackas u gpyrue obnactu).

B obwei cTpykType 3abonesaemocTtu cubupckoit 53ebl 3abo-
neBaHus cpeau nogen coctaensaoT 1-2%. MexaHn3mbl 3apaxe-
HWS YenoBeka pasHOOOpa3Hbl: MOTYT OCYLLECTBAATLCSA KOHTaKT-
Hblid, OpasibHbI, a3POreHHbI U TPAHCMUCCUBHBIN MEXaHW3Mbl
nepegayu, npy 3TOM OCHOBHbIM SBSIETCS KOHTAKTHbIN MEXaHWU3M,
koTopbIn coctaBnseT 90-99% Bcex cnyyvaes HbULMpOBaHUS [4,
5]. Kak npaBuno, B. anthracis nonagaet Ha KOXHble NOKPOBbI Ye-
NoBeKa Npu NpSIMOM KOHTaKTE Npu yxoge 3a BOMbHbIMI XNBOTHbI-
Mu, nx yboe, pasgenke Ty, a TakKe Npu COMPUKOCHOBEHMM C
MOYBOIA, BOAOW, ChIPbEM KUBOTHOMO MPOUCXOXAEHUS W FOTOBLIMM
U3OEenuaMU U3 Mexa, KOXW, LWepCTu, WeTuHbl. OnucaHbl cryyau
3apaxeHust npu nporysnke BOCMKOM MO 3apaxeHHoi Mnoyse, Mpu
yoape KUpKOW, 3arpsisHEHHOW MHGUUMPOBAHHOW 3emnen, npu
MCNOMNb30BaHNN KUCTOYEK ANs OpUTbS 13 3apaxeHHOM LLETWHBI,
npu BBeAeHUM neyvebHOro npenaparta urnamu, 3arps3HeHHbI-
MK cnopamn BO30YAWTENS, MPU HOLIEHWW MEXOBbIX, KOXaHbIX
W LUEPCTSHBIX M3AENUIA, MH(ULMPOBAHHLIX cnopamu. Tak, BO
BPEMS PyCCKO-AMOHCKOM BoWHbl (1904-1905 rr.) cpeam conpart
pycckoin apmun Ha [anbHem BocTtoke 6bina onucaHa BCrblllKa
CUBMpCKO A3BbI (OKONO ThICSYM 3ab60NEBLLUMX), CBA3aHHAs C Mo-
CTaBKOW OBYMHHBIX NOMYyLLYDOKOB M Nanax, 3apaxeHHbIX crnopamu
B. anthracis. Kak yxe roBopunocb, 06s13aTenbHbIM YCrOBHEM L1
3apaxeHust SBNSETCSH HapyLUEHWe LenoCTHOCTU KOXHBIX MOKpO-
BOB, Hamnuuue Ha Koxe Makpo- unu MukponospexaeHuin. Opanb-
HbI MEXaHW3M (anMMeHTapHbI NyTb) Nepefayn BOMOXKEH Mpu
ynoTpebneHnn MHULMPOBAHHLIX MSICA 1 MACONPOZYKTOB, MOMO-
ka 6e3 [JOCTaTO4HOIM TepMUYeckoit 0BpaboTku. TpaHCMUCCUBHBIN
MeXaHW3M nepefaym OCyLLECTBMSETCS MPN yKyCe KPOBOCOCYLLNX
HacekoMbIX. [N a3poreHHoro MexaHusma nepegayu, peanu-
3yeMOro BO3AYLIHO-MbINEBLIM MyTEM, HeOOXOAMMO Hanuune B
BO34yxe aspo3ons cnop B. anthracis, koTopbl co3faeTcs Ha
npeanpusTuax no 06paboTke Cbipbst XMBOTHOMO MPONCXOXKAEHNS,
MCMONb30BaHWM OpraHnyeckux yaobpeHni, cbope yTunbChbipbs U
7.0. 3aboneBaemocTb cMBMPCKON A3BON Cpeau NoLei HoCUT Cno-
pafuyeckuii xapaktep ¢ OTAeNbHbIMU rPYNMOBbIMA BCMbILLIKAMU,
Mpu1 3TOM YEMNOBeK SBMSETCA ANUAEMUONOrNYECKUM TynikoM. Kak
npaBuIo, 3apaxeHne YenoBeka OT YenoBeka He Habrogaetcs,
YenioBeKk He SBMSETCS UCTOYHMKOM MHeKUun. IT0 MoXeT ObiTb
CBSI3aHO C HECKOMbKUMU MPUYMHAMM: KPATKOBPEMEHHOCTBIO W
cnaboi WHTEHCUBHOCTLIO BblAENEHNs BO3byauTENs U3 OpraHms-
Ma 60MbHOrO, M3MEHEHUEM €ro CBOWCTB, OTCYTCTBMEM XapaKTep-
HbIX Ans 3aboneBaHus MeXaHU3MOB Nepeaaydn Mexay nogbmu. Y
NtoAen B CBS3N C 0COOEHHOCTAMN UX TPYAOBOW AEATENBHOCTU U
ObITa MOXHO BbIAENUTH TPW TUMa 3ab0oneBaHuin CMBUPCKON S3BON:
npogeCcCHoHanbHO-CENbCKOX03SMCTBEHHbIE, KOTOPblE COCTaBNS-

tot Bonee 60%, npodeccMoHanbHO-MHOYCTPUanbHbIE — OKOMO
20% w HenpodeccuoHanbHble (Cny4ainHo-6biToBble) — OKOMO
15% [6]. Mpu 3ToM N5 MPOdeCcCMoHanbHO-CENbCKOX03ANCTBEH-
HOrO U HenpogecCOHambHOTO TUMOB 3ab0neBaHNs XapakTepHa
CE30HHOCTb: OHM Yalle BCTPEYarTCs B NETHE-OCEHHWA nepuog
1 COBMAZAOT C COOTBETCTBYHLUMMW 3NU300TUSMU Y AOMALLIHUX
XMBOTHbIX. [podheccnoHanbHO-MHAYCTpUAnbHBIA TUM HE 3aBUCUT
OT BpemeHu ropa. [podeccuoHanbHO-CenbCKOX03ANCTBEHHbIN
TMN CMOMPCKOW A3Bbl XapakTepeH Ans Ntoaen, paboTatolmx B
06LLeCTBEHHOM XMBOTHOBOACTBE, 13 MEXAHW3MOB Mepesaym ocy-
LIECTBNAETCS Yallie KOHTaKTHbIN, BO3MOXEH OparbHbIi (anMMeH-
TapHbIi) NyTb, PEAKO TPAHCMUCCUBHBIN. 3apaxeHne NpoUCcXoauT,
kak npaBuno, BereTatueHbIMK hopmamu B. anthracis. MocnegHss
BCMblLLKa cnbupckon 53Bbl Ha Amane B uone 2016 . [6, 15] oT-
HOCUTCS K MPOheCCMOHanbHO-CENbCKOX03ANCTBEHHOMY TUMY, Tak
KaK MCTOYHMKOM MHCDEKLW ObInm oneHu, 1 3abonenu oneHeBoabl
W YNeHbI NX cemen.

MpodeccroHanbHO-MHAYCTPUarnbHbIA TN XapakTepeH Ans
ntoaen, paboTatowmx Ha NPOU3BOACTBAX Mo nepepaboTke Chipbs
XMBOTHOTO NpoUCXoxaeHums. [1ns aToro Tuna cubupckom S3Bbl xa-
pakTepHbl KOHTAKTHbBIA U a3pOreHHbIN MexaHU3Mbl nepegayu, 3a-
paxeHue NPoMCXoLNT cnopoBbiMK dhopMamu Bo3byauTens. Bnep-
Bbl€ 3TOT TUM CUOMPCKON A3BbI ObIN onncaH B cepeamnHe XIX Beka
B AHIIUM Ha NPEANPUSTUSX TEKCTUIBHON MPOMBILNIEHHOCTH, 13-
BECTEH TaKxKe Noj Ha3BaHWAMM «DONe3Hb COPTUPOBLLMKOB LUEp-
CTWy, «OonesHb TpANUYHMKOBY. MocneaHss Obina pacnpocTpaHe-
Ha B Poccumn y cOOpLYMKOB CBAMOYHOTO TPSAMbS, 3arpsi3HEHHOTO
BbIAENEHUAMU W HaBO3OM XXMBOTHbIX. HenpodeccuoHanbHbIn
TMN HabmogaeTcs: y NMogen, UMEBLUNX KOHTAKT ¢ GOMbHbIM Xi-
BOTHbIM B YaCTHOM CEKTOPE UMM Cly4aiHo; npu ynotpebneHuu
B MULLY MHULMPOBAHHOTO MSICA UMW NPOAYKTOB, 3arpsi3HEHHbIX
MOYBOW, CoZepXallel Cropbl; Mpu WCMOMb30BaHWM MEXOBbIX 1
ApYrvX U3genuin.

B CanurapHo-anugemuonornyeckux npasunax Cll 3.1.7.2629-10
«MpodhmnakTuka cuBUpPCKoil S13BbI» JAOTCA ONpefeneHus cremy-
IOLLIMX MOHSITWIA, BaXHbIX ANS NPOBELEHMS 3NMAEMUONOTMYECKOTO
HaA30pa W NpoBELEHUS NPOTUBOCUOMPES3BEHHBIX MEPONPUSTUN:
3MM300TUYECKUIA 0Yar, 3MMAEMUYECKUA Ovar, CTaLMOHapHO Hebna-
rOMOMYYHbI NYHKT, MOYBEHHBIA O4ar 1 yrpoxaemast TeppuTopus:

«3NU300TUYECKUN OYar — MECTO HAXOXAEHUS MCTOYHMKA
unn hakTopoB nepenayn Bo30yAUTENS WH(EKUMM B TEX rpaHu-
Lax, B KOTOPbIX BO3MOXHa nepegaya Bo30yauTens BOCMpUMM-
UMBbIM XWBOTHBIM WNW MOAAM (y4acTok mactbula, BOAOMOW,
XMBOTHOBOZYECKOE MOMELLEeHWe, npeanpusate no nepepabotke
NPOLYKLMM XUBOTHOBOACTBA M ApYyrie).

AnuaemMuyecknit oyar — TeppUTOpMS, Ha KOTOPOIA 3aperu-
CTPUPOBaH cryyar unm cnyyaum 3abonesaHns nogen.

CrtaunoHapHO Hebnaronony4Hbl MYHKT — HaceneHHbINn
MYHKT, XMBOTHOBOAYeckast dhepma, nacTouLle, ypounLle, Ha Tep-
PUTOPUM KOTOPOTrO OBHAPYXeH 3M1300TUHECKUIA O4ar He3aBUCUMO
0T CpOKa JaBHOCTW €70 BO3HUKHOBEHNS.

Mo4BeHHbII 0Yar — CKOTOMOTUMbHUK, GuoTEpMUYECKas Ama
1 Opyrve Mecta 3aXOpPOHEHUS! TPYMOB XKMBOTHbIX, NABLUMX OT CH-
Bupckon 53BbI.
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Yrpoxaemas TeppuTopus — XUBOTHOBOAYECKME XO3SINCTBA,
HaceneHHble NYHKTbI, aAMUHUCTPATUBHBIE PaNOHbI, TAE UMEETCS
yrpo3a BO3HMKHOBEHWSI CriyyaeB 3aboneBaHusi KWBOTHbIX MMM
ntoaen cmbnpekoil S3B0IY.

B HacTosiiee Bpems B Poccuu 3apeructpupoBaHo 8 Thicsy
CMOMpES3BEHHBIX CKOTOMOTMILHUKOB, Ha CaMOM e Aene unudpbl
0huLManbHOM CTAaTUCTUKMA CUIBHO 3aHWMXEHDI, Tak Kak BO MHOTUX
panoHax CyLiecTByeT BOMbLIOE KOMMYECTBO HEYYTEHHbIX CKOTO-
MOrunbHUKoB. B PO HacunThiBaeTcs Gonee 35 Thicay cTaumoHap-
HO HebraronomnyyHbIx No cbUpPCKoN s38e NyHKTOB [4, 8] ¢ NouBeH-
HbIMU e€e o4yaramu, OOMbLUMHCTBO M3 HIX PacnonoxeHo B Cubmpu
1 Ha tore Poccun. HaceneHHbIi NyHKT, B KOTOPOM OAHaXAbl BO3-
HWKNO 3aboreBaHMe YenoBeka MMM KUBOTHOTO, CYMTaeTCs Mmoc-
TOSHHO HebrnarononyyHbiM No cubupckoir s3ge. Takum obpasom,
OCHOBHbIMU UCTOYHMKAMU MHMDEKLMM ANS YeroBeka SBMAKTCSA
OpraHnam 60MbHOMO XWBOTHOMO W MOYBEHHLIE OYarn CUBMPCKON
A3Bbl. B HacTosiLyee BpemMs MPOBOAMTCS MaccoBas BaKLMHauns
XMBOTHBIX, MO3TOMY PONb MOYBEHHbBIX 04aroB CMOMPCKOI A3BbI B
nogoepxaHun B. anthracis kak Buga B npupoge UrpaeT peLuato-
Lyt ponb. B eCTecTBEHHbIX YCMOBUSX OHU CaHWUPYIOTCS KpanHe
MeAJfIeHHO, hakTopamu, CrnocobCTBYIOWMMM CaHaLuK, SBISKOT-
CSl MHCOMSILMS, aHTaroHM3M MUKPOOPraHu3MOB, bGakTepuuyngHoe
[efCTBUe HEKOTOPbIX pacTeHnil. B cBA3M € 3TUM 04EHb BaXHbLIMM
NPeLCTaBNSAOTCA U3YYEHNE M aHanu3 cMbUpes3BeHHbIX NOYBEH-
HbIX 04YaroB B 3aBMCMMOCTW OT MOYBEHHO-OUOKNMMATUYECKUX 1
reorpacguyeckmx pakTopoB 1 npobnema ux AeKOHTaMUHALIMN.

[ns AeKOHTaMWHaLMM MOYBEHHBIX O4aroB MCMOMb3YIT pas-
NWYHBIE XUMUYECKWe npenapaTtbl, Haubornee 3dEKTUBHLIMA
oKkasanucb cyxasi XnopHasi M3BecTb, CMellaHHasi C MO4YBOM B
cooTHoweHnn 1:10 M cmoyeHHas 3aTem BogoW, U 5% dop-
Manbaerng npu ABykpaTHoi obpaboTtke (ocTpoB [provHapg —
Gruinard). WmetoTcs nepcnekTuBbl NPUMEHEHUs BUonornyeckmx
MEeTOAO0B 0be33apaxuBaHNs NOYBEHHbIX 04aroB. [ns 3Toro Mo-
ryT UCMONb30BaThC MMKPOObI — aHTaroHMCTbl BO3byAMTENS
cnbupckoit s3Bbl. K HUM OTHOCATCS aKTUHOMMUETHI, B. subtilis,
B. mesentericus, B. mycoides. Bo3aMOXHO 1CMNONb30BaHue cre-
uMduyeckux cnbupessseHHbix bakTepuodaros, 0gHako B npu-
pofe BCTpPeYalTCs YCTOMYMBbBIE K HUM LWTammbl B. anthracis.
Bo Bcepoccuitckom HAW BeTepuHapHOn CaHUTapuu, rurieHbl 1
aKonorum paspaboTaH MeTod AEKOHTaMUHALMM CUOMPES3BEHHBIX
CKOTOMOTUITbHWKOB MyTEM BbDKMraHMsl, KOTOPbIV LUMPOKO MpuMe-
HsieTcs B Kanage [6, 8].

MATOrEHE3 CUBUPCKOW A3Bbl

BxogHbIMu BOpOTamm npw cubupckoii A3Be Yalle BCEro SBns-
I0TCS MUKPOMOBPEXAEHUS KOXM, pexe BO3OyaMTenb MOXET mno-
nagatb B OpraHnam yepes noepexaeHHyto cnuauctyro XKT unu
yepes anuTenuil BEPXHUX AblxaTenbHbix nyTen (puc. 1). BaxHbim
thakTopom B pas3BuUTUN MHEKUMN ABnsieTcs opma Bo3byauTe-
ns, nonasLias B OpraHu3M (cnoposas unu BeretatueHas). He-
KOTOpOe BpeMsi NoCe MPOHUKHOBEHUS B OpraHnam cropbl BegyT
cebs kak MHepTHble Tena (B YaCTHOCTM, He CMOCOBHbI K aaresuu),
npyu 3TOM OHU 3aXBaTblBAIOTCA Makpodaramu M LOCTaBASAOTCA

VMU B PErMoHapHble numdaTuyeckue yanbl, roe cnopbl MOryT
BbIIBNATLCS YXe yepe3 4-5 yacoB nocrne 3apaxenus. [anee
HayMHaeTCs MpOLecc NpopacTaHUs Crop B BEreTaTWBHble KMeT-
KW, KOTOpbIi MOXET NMPOUCXOAMTL Kak B MECTe BHefpeHus, Tak
W B pervoHanbHbIX numdoyanax. B makpodarax BeretaTuHble
KNeTkn JensTcs, Y HUX 0bpasytoTcs Kancynbl, 4To cnocobeTsyeT
X BbICTPOMY BbIXOAY M3 (harouuToB C NOCMeayoLUM pa3MHOXe-
HWeM B NIMMaTUYECKO CUCTEME, MpU 3TOM Kancyna npensTcT-
BYET (harouuTo3y BereTaTmBHbIX opmM. PasmMHoxeHue Bo3byam-
Tens B 0bnactu BXOHbIX BOPOT U PervoHanbHbIX NMMMAOy3nos
1 BbipaboTKa UM 3K30TOKCMHA SIBNSHOTCS MPUYMHOM HapyLLeHWs
NMPOHULLIAEMOCTI COCYAO0B, HapyLIEHNS MUKPOLMPKYNALMM, MeCT-
HOrO CEPO3HO-reMopparuyeckoro oTeka, BOCmaneHus, HeKpo3a 1
noTepu YyBCTBUTENBHOCTH B BOPOTaX MHEKLMM.

Mpu Hanbonee YacTo BCTPEYatLLEeNCs KOXHON popme B rny-
Bokux cnosix Aepmbl 06pa3yeTcs odar reMmopparniyeckn-HeKkpoTH-
Yeckoro BocrasneHust ¢ OypbIM MUIMEHTOM (reMOCHUZEepUHOM) K
pasBMBaeTCs PerMoHanbHbld numdageHnT. Mpu anumeHTapHOM
nyTW 3apaxeHns BHeapeHue B. anthracis BO3MOXHO Ha BCEM Mpo-
TshkeHum XKKT, yale 370 NPOUCXOANUT B TOHKOM KWLLIEYHMKE, Npw
9TOM BaXHbIM (DaKTOPOM SABASIETCS HamNUuMe MUKPONOBPEXAEHNN
SNUTENUS KMLLEYHWKA B pe3ynbTaTe BocnanuTenbHbIx 3abonesa-
HWA. TTpy a3POrEHHOM MEXaHU3ME 3apaxeHusi Cropbl 3axBaTbl-
BAOTCS anbBeONAPHbIMU Makpodaramu, KOTOpble NEPEHOCAT UX
B TpaxeobpoHxuarnbHble U MeaMacTUHanbHble IMMdaTuyeckme
Yyanbl, re OHM NpopacTaloT B TeueHne 1-3 aHen (Mnn coxpaHs-
l0TCS B anbBeONax Umu nuMdoyanax 4o 60 gHem), HapyLwarT nx
BapbepHylo (yHKLMIO 1 MPOHUKAIOT B KPOBEHOCHOE pycro. B pe-
3ynbTaTe NPoAyKUMM SK30TOKCMHA Pa3BMBAIOTCS OTEK U HEKPO-
TUYECKME N3MEHEHUS, reMopparuieckuii MeAUaCcTUHUT U NNEBPUT
C nocnegyoLler reHepanuaalLiei npolecca 1 BOSHUKHOBEHUEM
BTOPUYHON TEMOpparkyeckon CuOUPEesi3BEHHON MHEBMOHUM C
JanbHeNWMM cMepTenbHbIM uexodom. Mpu Beex opmax 3apa-
KEHWNS NpW reHepanu3aumy npolecca BOMOXHO passuThE Cu-
Bupesi3aBeHHOro cencuca, KOTOpbId MOXET ObiTb MEPBUYHBIM U
BTOPUYHBLIM. XapakTepHO (POPMUPOBaHUE CENTUYECKUX O04aroB
B Pa3HbIX OpraHax v TKaHsix C OCTPbIM CEPO3HO-TeMOpparyeckum,
remopparnyeckum, pexe — rubpUHO3HO-reMopparnyeckum Boc-
naneHuem, 3amelueHneM NUMGOUAHON TKaHW B CeneseHke 1
numdoysnax makpodaraMmu U HesaBepLUeHHbIM (haroLuTo3om
B030yauTens. HapacTatwlwas TOKCUHEMWUSt MPUBOLUT K CUHTE3y
BonbLLIOro KONMYecTBa NPOBOCMANMTENbHBIX LIMTOKMHOB, NPEXAE
Bcero (aktopa Hekposa onyxonm (PHO), nHtepnenkura-1 (UN-1)
W OpYr¥X, U BbI3bIBAET MOBbILIEHUE NPOHULAEMOCTW COCYAOB,
pasBuUTWe remopparMyeckux NposiBNEHU, oTeka U reMoctasa B
OpraHax v TkaHsix. Bce aTo B UTOre MOXET NPUBECTU K PasBUTUIO
MH(EKLMOHHO-TOKCUYECKOTO LLIOKA, CUHAPOMA UCCEMUHUPOBAH-
HOro BHyTpUCOCYAMCTOro ceepThiBaHus (JBC-cuHapom) 1 k rube-
nn 60nbHOTO.

Takum obpa3om, B naToreHe3e cMOUPCKoii A3BbI HanboMbLIas
ponb NpWHALNEXWT AENCTBUIO TOKCMHA B. anthracis, npu aToM
CenTUYeCcKoe TeYEHNE MOXET BO3HWKHYTb UMM Kak pesynbTaT nep-
BWUYHOW reHepanu3aLyiy, unm kak 0CnoxXHeHe nokanbHoON opMbl
C pa3BUTMEM BTOPUYHOW reHepanuaaLmny.
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MaToreHe3 cubupessBeHHol MHdekunn y mnekonutarowmx (CynotHuukmui, http://supotnitskiy.ru/book/book4-2-2.htm): 1 — Hus-

KOYPOBHEBOE NpopacTaH1e U PocT B yYacTke MH(MLMPOBAHNA BeAYT K NOKaNbHOMY OTEKY U HEKPOTMYECKOMY MOPAXKEHMIO KOXM;
2 — HU3KOYpOBHEBOE NpopacTaHKe M POCT B yyacTke MH(MLUPOBAHUS BeAYT K MaCCUBHOMY BbINOTY, OTEKY CIIM3UCTON U HEKpO-
TUYECKOMY NOPAXEHNIO KULIEYHUKA; 3 — nuMdoreHHoe U remaToreHHoe pacnpoctpaHenue B. anthracis. MAPKK (mitogen-activated
protein kinase kinase) — muToreH-akTMBMpoBaHHbII Genok kuHa3bl kuHasbl; TNF — dhaktop Hekposa onyxoneii; IL — nHTepnei-

kuH (Dixon T.D. et al., 1999)

KNUHUYECKMUE NPOSABNEHNA CUBUPCKON AA3Bbl

MpOJOMKMTENBHOCTL MHKYOaLMOHHOMO nepuoga npu cubup-
CKOW £13Be MOXeT COCTaBNSATb OT HECKOMbKMX YacoB A0 14 oHen
(vawe 2-3 oHs1). Mpu 3apaxeHun BereTaTUBHbIMIA (hopMamm UH-
kyDaLMOHHBIA nepunog 0bbIYHO KOPOTKMIA, MPU 3apaXeHUN Cropo-
BbIMU hopmamu — 6onee NpoJOIKUTENbHBIA. [pK KOHTAKTHOM
nyT nepegayn 1 KOXHoN dopme 3abonesaHns MHKYOaLMOHHbIN
nepuog coctasnsieT 2-14 AHel, Npu asporeHHOM U anuMmeH-
TapHOM 3apaXeHnUn MOXET COKpaLaTbCs A0 HECKOMbKUX YacoB.
BbIAEnsoT KOXHYK, WHFamsLMOHHYI (MErovHyto), racTpouHTe-

CTUHANbHYI0 (KULIEYHYI0) W CenTu4yeckylo opMbl CUBMPCKON
3Bbl, NOCNEAHAS MOXET ObiTb NEPBUYHON 1 BTOPUYHON (puC. 2).
B mexagyHapoaHyto knaccudmkaumo 6onesnen (MKB-10) Bknto-
ueHbl KoxHas dopma (A22.0), neroyHas copma (A22.1), xeny-
BOYHO-kMIeYHas copma (A22.2), cubupesisBeHHas centuuemns
(A22.7), ppyrvie dopmbl cubupckon s3Bbl (A22.8) 1 cubupckas
s13Ba HeYTOYHeHHas (A22.9).

Yalle Bcero BCTpeyaeTcs KoxHas ¢hopma, KoTopas cocTas-
naet 95-99% Bcex cnyyaes cubupckomn A3Bbl. B 6onblunHCTBE
CMy4yaeB nopaxaeTcsl Koxa BepxHUX koHeuyHocTei (okono 50%
BCex cnyyaes) v ronosbl (20-30%), pexe — Tynosuwa (3-6%)
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Pathogenesis of anthrax infection in mammals (Supotnitskiy, http://supotnitskiy.ru/lbook/book4-2-2.htm): 1 — low-level germina-

tion and growth at the site of infection lead to local swelling and necrotic skin lesions; 2 — low-level germination and growth in the
site of infection lead to massive effusion, swelling of the mucous membrane and necrotic lesions of the intestine; 3 — lymphog-
enous and hematogenous spread of B. anthracis. MAPKK — mitogen-activated protein kinase kinase; TNF — tumor necrosis factor;

IL — interleukin (Dixon T.D., et al., 1999)

n Hor (1-2%), Npu 3TOM CTpagatoT B OCHOBHOM OTKPbITbIE y4acT-
kn Koxu. KOoxHylo (hopMy MpUHATO MOApa3fenstb Ha kapbyH-
KynesHyio (coctaBnsiet 99,1% crnyy4aes KOXHbIX MPOSIBNEHWN),
agematosHyto (0,4%), Bynnesnyto (0,4%), apusunenongHyo unm

dopmbl cMbUPCKOUN A3BbI
l Forms of anthrax l

poxuctonofobHyio (0,1%). Yxe K KOHLY NepBbiX CyTOK pa3BuBa-
eTCsl BblpaXeHHbl WHTOKCUKALMOHHBIA CUMHAPOM, NPOLOKato-
Wuincs 5-7 OHeit: nuxopagka C MoBbieHMeM TemnepaTypbl 4O
38-40 °C, 03H00, ronosHas 6onb, cnabocTb, paccTPONCTBO CHa,
CHWXeHWe anneTuta. CHayana B MecTe BHeapeHust Bo3byauTe-
ns obpasyeTcs kpacHOBaTOE 3yAsilee NATHO, MOXOXEE Ha YKyC
Hacekomoro (puc. 3). MaTHO Yepe3 HEeCKOMbKO YacoB NepexoaunT
B Nanyny, ganee B BE3NKyny AUaMeTpoM 2-3 MM, COAEpKaLLyo
CEPO3HYI0, 3aTEM KPOBSIHUCTYIO XMAKOCTb. Besukyna numbo npw
pacyechiBaHum, TGO camonpon3BOSIbHO BCKPLIBAETCS, MU 3TOM
00pasyeTcs s3BoYKa C TEMHO-KOPUYHEBBLIM UMW YEPHBIM JHOM U
NPUNOAHATLIMI KPasiMi, OKPYXXEHHAsi BEHYMKOM BTOPUYHBLIX My-
CTYN, 3@ CYeT KOTOpbIX OHa yBenuunBaeTcs. Koxa BOKpyr S3Bbl
0TeYHa 1 rMnepemMmpoBaHa.

Hapy»xHasa naun

JlokanusosaHHas Local
(KOXKHM U CAU3UCTBIX)
(skin and mucous)

MepBu4HoO-
cenTuyeckas
Primary septic

oenonm !

Cerbunculouz, edemstous, bullous, BropuuHas Mepeuunas

eryzipeloid
Secondary Primary
BucuyepanbHas Visceral
ﬂerot-maﬁ, Kuwe4yHasa
Pulmonary intestinal

BropuyHo- /
cenTu4yeckas
Secondary septic
Puc.2. ®opmbl cubupckoii A3BbI (COCTaBNEHO aBTOpamMu)
Fig.2.  Forms of the anthrax (compiled by the authors)
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Puc. 3. O6pasoBaHune cubupessseHHoro kapbyHkyna. (URL: redkie-bolezni.com)
Fig. 3.  Anthrax carbuncle formation. (URL: redkie-bolezni.com)

CumnTombl (Mpn KoxHoM dopme, Hanbornee pacnpoctpaHeHHor) / Symptoms (for the cutaneous form, the most common)

WHkybaLmoHHbIn nepuog;: 12—14 gHeit / Incubation period: 2-14 days

1. MosiBnseTcs 3yasiiee
KpacHoBaToe MATHO,
noxoxee Ha yKyc
Hacekomoro / An itchy,
reddish, insect bite-like
macula appears

4. Tpu pacyecbiBaHUn
ny3blpek cpbiBaeTcs, |
obpasyeTcs s38a ¢ i
yepHbIM aHom / When
scratched, the vesicle
breaks off, forming an
ulcer with a black bottom

7. BosHukaeT oTek,
KOTOpbIA HaYnHaeT
ObICTPO pacnpocTpa-
HaTbes / An edema
begins to spread
quickly

@ @

Teuenue / Course of the disease

Poct 51386l npogomkaetcs 5-6 aHen /

Ulcer growth continues for 5-6 days There is no pain syndrome

Puc. 4.
Fig. 4.

Pa3BuTHe CUMNTOMOB NMpU KOXHOM hopMe CMBMPCKOIA A3BbI

Uepes cyTku s3Ba gocturaet pasmepa 8-15 mm. OgHoBpe-
MEHHO C YBENUYEHWEM Pa3MEpOB S3BOYKW MPOUCXOOMUT YyBEMNU-
YeHMe M YNNOTHEHWE pervoHanbHbIX NMMGaTUYECKUX Y3MOB,
KOTOpble COXPaHSIIOT MOABMXHOCTL M Be3bonesHeHHOCTb. Yepes
2-3 Hedenu BCMEACTBME HEKPO3a LEHTpanmbHas 4acTb $13Bbl
npespaljaetcs B 6e3b0nesHeHHbIN MAOTHBIA CTPYN, KOTOPbIN
ObICTPO YepHEET M yBennuMBaeTcs B pasmepax (puc. 4). Ctpyn
BO3BbLILLIAETCA Hafi MOBEPXHOCTHK KOXW, OKPY)XEH BbIPAXEHHOM
30HOW MMNEPEMUN W BBIMMSAANT KaK YEpHBbIA Yyronek Ha KpacHOM
(hoHe («yronb B OTHe»), 4TO 1 MOCAYXWUNO OCHOBAaHWEM ANS Ha-
3BaHus 3aboneBaHns — aHTpakc (yronb). Mexay YepHbIM CTpy-
MOM W KpacHOW 30HOW MMeeTCs xenToBaTas kaiMa, yto Aenaet
A3By TpexuseTHoi (puc. 5). K yeTBepToil Hegene npoucxoaut

BoneBoil cMHapPOM OTCYTCTBYET /

Development of clinical manifestations in cutaneous anthrax

3. PasBuBaetcs Be3u-
kyna — ny3blpek, Ha-
MOSHEHHBIN CepPO3HbIM
COAEpKMMbIM, 3aTeM
kpoBbto / A vesicle
develops -— a bubble
with serous contents

2. Koxa Ha nopaxeHHOM
yyacTke ynnoTHseTcs,
3yn yeunueaetcs / The
skin on the affected area
thickens, the itching
intensifies

5. MogHumaetcs Tem-
nepatypa, nosiBRsioTCs
ronoBHasi 6onb, pac-
CTPOWCTBO anneTuta /
Temperature rises, hea-
dache, loss of appetite

6. Kpas s3Bbl Ha-
YWHAKT NpUnyxatb,
obpasys BocnanuTens-
HbIii Banuk / The edges
of the ulcer begin

to swell, forming an
inflammatory edema

8. [1Ho s13BbI BCce bonee
3anagaer, o kpasim
0bpa3yroTcs HoBble
Be3ukynbl / The bottom
of the ulcer becomes
deeper, new vesicles
are formed

9. A3ea mocTuraet
pasmepa 8-15 mm
(cnbnpesiaBeHHbIN
kapbyHkyn) / The
ulcer reaches a size
of 8-15 mm (anthrax
carbuncle)

Mpw 6naronony4Hom TeyeHnn GonesHn cnycts 5-6 gHeit Temnepary-
pa CHIXaeTcs, CaMo4yBCTBUE YNyYLLAeTCs, YMEHbLUAETCs OTeK, paHa
3axuBaeT ¢ 0bpasosaHnem pybua / With a successful course of the
disease, after 5-6 days the temperature decreases, health improves,
swelling decreases, the wound heals with the formation of a scar

OTTOPXEHME CTpyna 1 obpasoBaHue kpaTepoobpasHoi A3Bbl C
rpaHynupyLWmUM HOM 1 THOWHLIM OTAENSEMbIM; B AaTbHENLLEM
NPOMCXOANT €€ BTOpPUYHOE pybLieBaHue.

OBblyHO 0bpasyeTcst oauH kapOyHKyn, HO WX MOXET ObITb
HECKOMbKO, WHOTAA KOMMYecTBO MX MoxeT gocturath 10-20 u
Bonee, paamepbl kapOyHKYNOB MOTyT konebaTbCs OT HECKOMbKUX
MUIIMMETPOB A0 [ECATW CaHTUMeTpoB B AuameTpe. [NaBHbIM
OTIIMYUTENBHBIM NPU3HAKOM CMOMPEs3BEHHOrO kapbyHKyna sBns-
eTCcs OTCYTCTBME DONE3HEHHOCTW B 30HE HEKPO3a, NPaKTUYEeCKM
Oe3bonesHeHHa Takke 30Ha oTeka. [Ins 34emMaTo3Hoi (hopMbl
XapaKTepHO pa3BuTie 06LIMpHOro oTeka 6e3 BuaMMOro kapbyH-
kyna, npu 6ynnesHoi cpady 0bpasytoTcs Mysbipu ¢ remopparuye-
CKUM COAEPXKNMbIM, MPY SpU3NNENONIHON pa3BMBaeTCs apuTema
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Puc. 5.
Fig. 5.

CunbupessseHHbIN kapoyHkyn. (URL: www.sibmedport.ru)
Anthrax carbuncle. (URL: www.sibmedport.ru)

¢ BenoBaTbiMK Ny3bIpsMK, MOCTE BCKPbITAS KOTOPbIX 06pa3ykTes
Herny6okue BbICTPO NoAckIXatoLLme A3Bbl. JIeTanbHOCTb NpU KOX-
HOW (hopMe Npu OTCYTCTBUW NeYeHus MoxeT foxoanTb 4o 20%,
npu neveHun xe cHuxaetcs Lo 2-3%. [ns kuweyHon dopmbl
cnbmMpCKoW 513BbI XapaKkTepHa 0bLas MHTOKCUKaLus, ocTpast pe-
Xywast 60nb B anuracTpanbHon 0bnacti, peoTa M MoHOC ¢ Npu-
MeCbto KpOBM. A3bIK Cyxoit u 0bnoxeH 6enbiM HaneTom. Jleroy-
Has hopma CUBMPCKOM A3BbI NPOTEKaET 0YeHb Tsxeno. Ha doHe
BbICOKOII TEMMepaTypbl NOSBAATCA 60MM NPy AblXaHUK, L1aHo3,
OAblLLKa, Xpunbl, Kallenb C NEHUCTON KPOBaBOW MOKPOTOM. YBe-
nnYeHne nepnbpoHxmanbHbIX NUMQATUYECKNX Y3MOB NpensTcT-
BYeT OTTOKY UMbl 1 NMPOBOLMPYET OTEK Nerkux. XapakTepHbim
SBNAETCH 04eHb BbICTPOE YXyALLEHUE COCTOSAHUS BOMBHOO U Ha-
pacTaHue U3MeHeHW B nerkux. CMepTHOCTb [axe npu NeveHun
coctasnseT 8o 90% cnyyaes. CenTnyeckas unm reHepanu3oBaH-
Has hopma BCTpeyaeTcs peako. [Ins Hee XxapakTepHO CHUXeEHWE
TEeMnepaTypbl Tena, passuTie MHPEKLMOHHO-TOKCUYECKOTO LLIOKA,
MNOKCUK, aumao3a, NonmopraHHoi HegoctaTouHocTh 1 ABC-cuH-
ApOMa, CMepTb HacTynaeT Ha 2-3-it AeHb Npu SBNEHNSIX OCTPOrO
konnanca.

BO3BYAMUTENb CUBMPCKOW A3BbI
KAK BUONOrM4YECKOE OPYXUE

Teppopnam B HacTosiLiee BpeMs SBNSETCS OfHON 13 CaMbiX
OCTpbIX W aKkTyanbHbIX npobnem, npuobpetas B COBPEMEHHOM
Mupe rnobanbHbIi, MexayHapoaHbln xapakTtep [6, 17]. Becbma
3aMaH41BbIM AN MHOTOYUCIEHHBIX TEPPOPUCTOB SBMSETCSH UC-
nonb30BaHMe OMONOTMYECKOro OpYXMsl, KOTOpOe MpeacTaBns-
€T coboil He MEHbLLYI OMacHOCTb, YeM ApYrie Buabl Opyxus
MaccoBoro nopaxeHus. [losBunocb noHsTe 6uoteppopusma,
TO €CTb Yrpo3bl NPUMEHeHUs CPEACTB MaCcCOBOro MOpaXeHWs
Buonornyeckon (bakTepronornyeckon) Npupoasl B TeppopucTu-
Jeckux Lensx. B HacTosiee Bpemsi HacUMTLIBAETCA HE MeHee
40 HEKLMOHHBIX areHTOB, KOTOPbIE MOTYT ObITb MCMOMb30BaHbI
B kayectBe Guonoruyeckoro opyxus. Cpean HuX HanbonbLuyto
yrposy npencTaBnstoT HECKONbKO BO3OyAMTENel, B TOM yucne
B030yauTenb cMbUpCKoii S13BbI.

MocnegHnit oTBeYaeT 6OMbLWNHCTBY TpeboBaHuUi, npesbsB-
NSEMbIX K NOTEHLMANBLHOMY areHTy B1oNornyeckoro opyxus: oH
rnopaxaeT YenoBeka 1 XNBOTHbIX, OKa3blBaeT ObICTPOe eicTBue,
obnagaet BbICOKOW BUPYNEHTHOCTLH), KpaiHe YCTOMYMB BO BHELL-
Heil cpefe, NPOHMKAET B OPraHM3M PasnnyHbIMK NyTAMN, NETKO
KynbTUBMPYETCS B NabopaTopusix, BO3MOXHA CENeKLUs yCTonum-
BbIX K aHTMOMOTHKaM WwTammoB. Hanbonee BeposTHLIM cnocobom
MPUMEHEHNS TAKOTO OPYXWS SBMSETCS pacrblieHne a3po3ons,
COAEepKaLLero cnopbl, YT0 NpuBeAeT K npeobrnagaHuio neroy-
HOW hopMbl 3aboneBaHNs C BbICOKOW neTanbHOCTLI0. CornacHo
onpegeneHHbIM pacyeTam, Npy pacnbifieHn cubupesisaBeHHbIX
cnop Ha nnowaaw 20 kM? B TeYeHWe 2 4acoB Haj ropoAoM C NATK-
MWUITIMOHHBIM HACcEeNeHneM puUcKy 3apaxeHns ByaeT noaBeprHyTo
500 ThicsY YenoBek, Npy1 3TOM NPOrHO3MPYEMOE Yncno 3abones-
LIMX MOXET cOCTaBNTb 250 ThICAY YeNoBekK, 13 HUX CO CMepTenb-
HbIMK ucxogamu — 125 Teicsu [6].

NepBoe cepbesHoe ucnonb3oBaHwe B. anthracis B kadecT-
Be Guonornyeckoro opyxusi 6bIN0 NPOBEAEHO HaUMOHamMcTamm
npoTtue abopureHos tOAP u Pogesun (3umbabee) ans nopaene-
Hus oceoboauTensHoro aswxeHus B 1978-1980 rogax. Mpouso-
wepwas B anpene 1979 roga kpynHas BCnbiLKa cMOMPCKON S3BbI
B CBepanosckor obnactu bbina ces3aHa, N0 OCHOBHOW BEpCUM,
C aBapuiHbIM BbIOPOCOM crop Bo3byauTens n3 nabopatopum Bo-
eHHoro ropoaka (CeepasnioBck-19) yepes noBpexaeHHble ub-
TPbl, NO APYroit BEPCUM — C BPaXeCKoW AuBepcuen. B nomnbay
nocnegHen roBopuT TOT (bakT, YTO 3apybexHble pagmocTaHLum
coobLLmnm 06 anugemMnn MMeHHo cubupckoi S3Bbl 5 anpens, B T0
BpeMs kak nepsblit guarHo3 6bin noctasneH 10 anpens [16]. o
ohuLManbHBIM AaHHbLIM, 3@ BCE BpEMS anugemMnn nornbnn 64 ve-
noBeka, No HeouLManbHbIM — Bonee ThiCaYu.

B 1993 rogy sinoHckomn cekton Aym CuHpuke b6bina npegnpu-
HATa monbiTka GuoTeppopa pacnpocTpaHenuem B. anthracis B
oducax, koTopas, Kk cyacTbto, okasanacb besycnewHoi. o co-
crosHuio Ha 2001 rof kak MUHUMYM 17 CTpaH yxe pacnonaranu
roToBbIM GaKTEPUONOrMYeckMM OpyxueM. OCTOSIHHO BeayTCs
pa3paboTki HOBbIX FEHETUYECKN MOAN(ULMNPOBAHHBIX LWTaMMOB
B. anthracis ¢ NOBbILIEHHON BMPYNEHTHOCTbIO, NONMAHTMOMOTH-
KOPE3NCTEHTHOCTbIO, CMOCOBHOCTBIO Bbi3biBaTh 3aboneBaHue B
VMMYHHOM OpraHu3me (Takue KynbTypbl Ha3blBAKTCH BaKLWHO-
Pe3NUCTEHTHBLIMI); NPOBOASATCA paboThl MO BCTPaAMBAHMIO TEHOB,
KOOMPYIOLLMX CUHTE3 CUOMPES3BEHHOTO TOKCMHA, B FEHOM ApYruX
MUKpPOOPraHnamoB, Hanpumep B. cereus v B. thuringiensis, ag-
(PEKTMBHbIE BaKLMHbI MPOTUB KOTOPbIX OTCYTCTBYIOT.

B ceHtabpe 2001 roga B CLUA 6bin npegnpuHaT akt 6uo-
Teppopu3Ma PacchIfikoil MOYTOBbLIX OTNPaBReHWUi, copepxa-
Wwux cnopbl Bo30yguTens cubWUpCKOW $3Bbl, B pe3ynbTaTe
yero 22 venoseka 3abonenu (11 U3 HUX — KOXHOIA hopMo
cnbupckomn s3Bbl 1 11 — neroyHon), 5 yenosek nornbnu. 310
cLenano o4eBUAHOW NOTEHLMANbHYK ONACHOCTb NPUMEHEHNS
B. anthracis B ka4yecTBe areHTa 6uoTeppopu3ma 1 NpuUBMeKNo
MOBbILLEHHOE BHUMaHKE K npobneme, B pe3ynbTaTe yero Obinu
pa3paboTaHbl 3hPeKTUBHbIE METOALI NEYeHNs, NPOGUNAKTIKM
1 aKcnpecc-guarHocTuku cubupckon s3sbl. B 2001 rogy Tonbko
Ha M3y4yeHue reHoma B. anthracis oqHUM N3 HayuYHbIX LEHTPOB
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CLUA 6bino BbigeneHo 200 Toicsy gonnapo. OgHako onacHbl-
MU SIBIISIKOTCS HE TOMbKO akTbl BUOTEPPOPU3MA, HO 1 XanaTHoe
OTHOLEHME npu paboTe ¢ 0c060 onacHLIMM BO3DYAUTENSIMM B
cneymanunaupoBaHHbix nabopatopusix. Mocne cobbitnit 2001
roga nog npeanorom 6ops6bl ¢ Guoteppopusmom B CLUA u apy-
X CTpaHax ObInK co3faHbl MHOrOYMCIIEHHbIE LIEHTPbI 6roso-
TUYECKNX UCCMeLoBaHNii — nabopaTopuu No npeLoTBPaLLEHMI0
Buoteppopusma. o coctosHuio Ha 2006 rog Tonmbko B CLUA
oumumanbHo HacuuTbiBanock 6onee 400 Takux yudpexgeHwn,
OCYLLeCTBNSAIOWMX CEKPETHbIE Nporpammsbl [eHTaroHa. B nioHe
2014 ropa B rocygapcTBeHHON nabopatopui No npefoTBpaLLle-
Huto BruoTeppopusma B AtnaHte (CLLUA) ¢ B. antrhacis pabo-
Tanu B 0ObIYHOW, He MpeaHa3Ha4YeHHoON ansg paboTbl ¢ 0c060
onacHbIMM B036yauTensmu, nabopaTtopuu, npu 3TOM uccne-
pyemble 00pa3ibl He DOblnM HENTpanu3oBaHbl, YTO NOABEPTO
yrpose 3apaxeHust 75 yenoBek, Haxogswmxcs B nabopartopuu.
B mae 2015 roga u3 BoeHHoM nabopaTopum npu MOnMroHe B
wrate Kta, CWA, B pesynbTate npecTynHOM XanaTHOCTM
o6bIYHON nouTol B 24 nabopatopun 11 WTaToB, a Takke B
5 ctpaH (lOxHas Kopesi, ABctpanus, Kanapa, Benukobputa-
HWs, AnoHus) ObiNW OTMpaBneHbl XuUBble cnopbl B. antrhacis
(Bcero 68 nocbInok).

Takum 06pa3om, nogobHbIe nabopaTopum camm MOryT CTaHo-
BUTBHCS MCTOYHWKOM HOBbIX YrpO3 pacnpocTpaHeHus Bo3byauTe-
NS, NpUYeM B MMPOBOM MacLuTabe.

NPUHLMNbI NABOPATOPHON AUATHOCTMKU

[ns apdekTnBHOM Tepanuu cubupckoil a3Bbl Heobxoanma
nocTaHOBKa [uarHo3a B KpaTyaullmMe CPOKW, OAHaKO Bpayam
penKo MPUXOANUTCS CTaNKMBaTbCS C 9TON MH(DEKLMER, YTO CHUXA-
€T WX HaCTOPOXEHHOCTb B €€ OTHOLLEHWW. pu KoxXHOM dopme
nHdekummn B 10-40% cnyyaes BonbHbIM CTaBAT AnarHo3bl «kap-
ByHKyn», «YPYHKYN», «YKYC HACEKOMOTO» W OpYyrue noxoxue u
OTNPaBNSIOT HA XMPYPTUYECKOE NeYeHne. 3HaUUTENbHYI0 CIOX-
HOCTb MpPefCTaBnsieT pacno3HaBaHWe reHepann3oBaHHbIX (HopM
cnbupckoit s3Bbl. Tpu ManenieM nogo3peHnn Ha cuBUpPCKyHo
3By He0b6Xx0aAMMO NpoBeaeHNe NabopaTopHOM AUarHoCTukM [1, 3,
12], koTOpas OCyLLeCTBASETCS B CTPOrOM COOTBETCTBUM C AENCT-
BYIOLLMMM MHCTPYKLMSIMA 1 NpaBUamMn (METOGNYECKUE YKa3aHMs
MYK 4.2.2413-08, MYK 4.2.2941-11). [Ins Hee 1cnonb3ykTcs Mu-
Kpockonuyeckuis, 6aktepruonornyeckuii, 6rnonornyecknii METoAbI,
CepoanarHocTuka, anneproguarHoctTuka W MOMeKynsipHo-6uo-
noruyeckue metofpl [11], B 4aCTHOCTU MeTOAbI MOMEKYNSPHOMO
TMNMPOBaHMS [2, 5]. [laHHble MUKpOBMONornyeckne MeToabl no-
3BOJISIOT NOATBEPANTL 3TMOMOTMIO 3ab0neBaHus, B TO BpeEMS Kak
BroxmMmmyeckme 0aKT BO3MOXHOCTb OLEHUTb CTEMEHb ee TsKe-
CTW. [Insi NpsiMbIX METOAO0B AUArHOCTUKN CMBUPCKOM S3BbI (MUKPO-
cKonm4eckoro, GakTepuonormieckoro, 6GUONOrMYECckoro METOL0B
1 9KCMPECC-ONarHoCTHKM) UCCnefyeMbiM MaTepuarnom SBRslTCs
COAEPKMMOe Be3uKyr, kapbyHkyna, OTTOPTHyTbIA CTPYM, MOKPO-
Ta, ekanuu, KpoBb, CMMHHOMO3rOBasi XWAKOCTb, CEKLMOHHbIN
maTepuan. Matepuansl oT TpynoB cnegyet 6paTb U UccnefoBaTh
kaKk MOXHO paHbLUe Mocfie CMepTu, Tak kKak Tam ObICTpo pa3su-

BaETCs MOCTOPOHHSS MUKpOIIopa, YTO 3aTpyAHSET BblaeneHue
yncToi KynbTypbl. 3a60p KNMHUYECKOro MaTepuana npouBoasT
B NeyebHo-npodunakTiecknx yupexaenusx (1Y) B salimTHOM
ofexae npuw nocTynnexun 6onbHOroO A0 Havana aHTMGMoTHKOTe-
panun cornacHo MYK 4.2.2941-11, ansa 3Toro ucnonb3ykT cne-
UManbHbIA KOMMNEKT — «yKNafKy YHMBEpcanbHyt ans 3abopa
mMaTepuana oT NitoAer 1 n3 00BHEKTOB OKpYXatoWen cpedbl Ans
MCCNEeNOoBaHNs Ha 0c0060 onacHble MHGEKUMOHHbIE BOonesHu.
lMepcoHan nabopatopuin fomkeH ObiTb 06ecneyeH cneLoaexaon
1 CPeACTBaMM WHAMBUAYaNbHON 3alUTbl ANs NpoBegeHust paboT
C MUKpoopraHuamamu |l rpynnel naToreHHOCT!.

NEYEHWE U NPO®UNAKTUKA CUBUPCKON A3Bbl

KomnnekcHasi Tepanusi GonbHbIX CHOMPCKON S13BOW BKIOYa-
€T [1Ba OCHOBHbIX HanpaBneHus: STMOTPOMHYH aHTUMUKPOBHYHO
W Cneumnuyeckylo aHTUTOKCUYECKYID Tepanuio 1 Hecneuudu-
YeCcKyl0 CUMNTOMAaTWYECKYH W MPOTUBOLLOKOBYIO Tepanuio. [ns
neyeHnst cMBUpPCKoM S3Bbl B Poccum MCnonbayoTes cneaylolime
aHTMbakTepuansHble npenapatbl: 6eTa-nakrambl (6eH3MNNEHM-
UMANIVH, aMIALWNIKH), TETPaLMKIUHbI (TETPALMKINH, AOKCULIM-
KIH), (TOPXMHOMOHBI (LmnpodnokcaLH, nedokcaLmH, odnok-
cauyH), pucdpamnmumH. 10 HeAaBHErO BPEMEHM OCHOBHbIM Mpe-
napaTtoMm Ans neyeHns cubupckoi S3Bbl ABMANCS NEHULUNINH,
OfHaKO B HaCTOsiLLee BpeMsi B CBSA3M C MOSIBNIEHUEM LUTAMMOB,
npoayumpytolmx beTta-nakramasbl, €ro crnegyet WUCMonb30BaTh
TONbKO MpU NOLTBEPKAEHHON K HEMY yyBCTBUTENBHOCTU. K mpe-
napataMm pe3epBa OTHOCATCA aMWHOTNMKO3NAbI (FeHTaMULIMH,
aMUKaLIMH, CU30MULMH), TaK Kak PE3UCTEHTHOCTb K aHTUOUOTHKaM
3TOi rpynnbl pa3BuBaeTcs MeLneHHo. BO3MOXHO mpuMeHeHue
kaK OTAemnbHbIX MpenapaTos, Tak W WX KOMOMHaLWA, Hanpumep
MEeHULUNNuHa 1 TeTpauukivHa, yunpodiokcaumHa u pudamnm-
umHa. Wcnonb3oBaHne aHTUOMOTWKOB Hambonee 3hdeKTUBHO
npu KOXHOM chopme CUBMUPCKOt A3Bbl, NPU CENTUYECKON hopme
PEKOMEHIYETCS NMPUMEHSTL KoMOMHaLuW npenapato. Bo Bcex
Cnyyasix NeyeHne crnegyet HauMHaTb Kak MOXHO paHbLue OT no-
SBMEHUS MepBbIX KMWHUYECKUX cMMNTOMOB 3abonesanus. [pu
pasBUTWAN Cencuca W TOKCUHEMUM MPUMEHEHWE aHTUMMKPOOHBIX
npenapaToB MoXeT ObiTb HEIMEKTUBHBIM U Laxe YXYAWWTb
cocTosiHue BonbHoro u3-3a rbenm MukpoboB M 0cBOGOXOEHNS
BOnNbLLIOro KONMYeCTBa eLLe HE YCMEBLUErO BbIATW 13 KNETOK 9K30-
TOKCUHa. [N HelTpanuaaLumm TOKCUHa Npy CPEAHETSKENOM W TS-
KENOM TeyeHun cnbupckon s38bl TpebyeTcs BBeAeHNe 6onbLIMX
[03 NMpOTUBOCUBMPES3BEHHOTO NOLIAAMHOMO UMMYyHOrNoOynuHa,
KOTOpbIA COLEPXWT aKTUBHblE ramma- 1 0GeTa-rnobynmHoBbIE
bpaKuum, BbIAENEHHBIE U3 CbIBOPOTKW KPOBMW TMNEPUMMYHU3NPO-
BaHHbIX nowwagen. MoMMMo HeilTpanusauum TOKCUHa, npenapat
MHrMBUpyeT npopacTtaHue cnop u obpa3oBaHue kancyn (yrHete-
HWe CWHTe3a rnyTamuHnonunentuga). B nocnegHee Bpems wuc-
nonb30BaHMe CUOMPES3BEHHOTO MMMYHOrMOOYNMHa NpekpaLleHo
B CBSA3Y C YACTO Pa3BMBAKLLMMICS anfiepriyeckuMm peakLysimm.
PaspabaTbiBaloTcs NpOTMBOCMOMPES3BEHHBIN YEOBEYECKUIA UM-
MYHOrNoBynuH, UMMyHOrnobynuH Ha ocHoBe Fab-chparmeHToB,
npenapatbl Ha OCHOBE MOHOKMOHAMbHbIX aHTUTEN K NPOTEKTUB-
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HOMY aHTUreHy, netanbHoMy (GakTopy W NONMrnyTaMMHOBOM Kan-
cyne B. anthracis, WHTMBUTOPOB KNETOYHLIX PELLENTOPOB NPOTEK-
TUBHOTO aHTWUreHa 1 apyrue.

Hecneunduyeckas npodunaktuka cubupckon s3Bbl y Mio-
[en BKMIYaeT KOMMNMeKC BeTepUHapHbIX U MeauKo-CaHUTapHbIX
meponpuatuit (CaHutapHo-anugemuonoruyeckue npasuna Cll
3.1.7.2629-10). B Hnx BXOAMT:

*  BaKUMHaUMWs BOCMPUMMYMBBIX XMBOTHBIX, KOTOpasi ABNSETCS
3hDEKTUBHOM, HO He 0becrneumBaeT MOMHON SNUMUHALMN
BO30yAMTENs U3-3a €10 ANUTENBHOTO COXPaHEHNS B NOYBE;

*  BbISIBMIEHWE, YYeT U INKBUAALMUS CUOMPES3BEHHBIX 04aroB;

*  CaHWTapHO-3MUAEMWONIONMYECKUA KOHTPONb B  Hebnaromno-
NYYHbIX MO CUOMPCKOM S3BE MyHKTaX, a TakkKe Mpu 3aroTOBKe,
obpaboTke, TPAHCNOPTUPOBKE U XPaHEHWUN CbIPbs KMBOTHOIO
MPONCXOXAEHUS;

+  npodunakTuyeckas, Tekylas n 3aknunTenbHas ge3nHpek-
WS, CKUraHue, a He 3aXOPOHEHME TPYMOB 3apaeHHbIX Xu-
BOTHbIX 1 CbIpbS,

¢ CaHMTapHO-NPOCBETUTENbHAs paboTa C HaceneHnem u T.n.
OKCTPeHHas npocdunakTika NpoBOAUTCA NPY NOSBEHNN CIly-

YaeB CHOMPCKON S3BbI CPeay KUBOTHBIX UMW TI0LeN, a Takke npu

yrpo3e aapo30IbHOTO 3apaxeHus npu Guoteppopuame. Ee npo-

BOAST B 30HE BO3HMKHOBEHWS aKTWBHOrO oyara CMbupckoii s3Bbl

npy NOMOLLM aHTUOMOTUKOB pasHbIX rPyNn He NO3aHee NATU AHEN

rnocne BO3MOXHOI0 3apaxeHust — KOHTaKTa ¢ UH(ULMPOBaHHbLIMM

XMBOTHBIMM WM NPOAYKTaMM KMBOTHOBOACTBA. K nmpumeHeHuio

PEKOMEHIOBaHbI pUaMMULMH, JOKCULMKIUH, aMULMIIINH, OK-

CauMnuH, LMnpodnokcaumuH nepopanbHo; reHTaMULUMH BHYTPH-

MbILLIEYHO B MaKCUMarnbHbIX 403aX B TeYeHne natu gHen. Moxert

MCMONb30BaTLCA TakXKe NOoLaANHbIA UMMYHOrMobYIMH NPOTHBO-

cnbnpessBeHHbIi; B3pocnbiM B Ao3e 20-25 mn, nogpocTkam oT

14 0o 17 net — 12 mn, getam — 5 mn (MEeToANYECKNE PEKOMEH-

pauun MP 0100/3556-04-34).

OnTmanbHas NPOLOIKUTENBHOCTb AKCTPEHHOW Npodmnak-
TUKM MPW NOJO3PEHNN HA ad3POTEHHOe WHGULMpOBaHue cunbunp-
CKOWM 513BOM TOYHO He onpeadeneHa. B 2001 rogy B CLUA nrogsm,
NOABEPrHYBLUMMCS PUCKY Takoro 3apaxeHusi, bbina npoBeaeHa
9KCTPeHHast NpohunakTuka KypcoM aHTUMUKPOBHOro npenapara
(umnpodpriokcaLHa, [OKCULMKINHA UM aMOKCULIMIAMHA) B TeYe-
Hue 60 gHeit, Anga Yyero ObINO UCMONb30BaHO 3,75 MITH TabneTok.
HeobxoaumocTb AnUTENbHOM NMPEBEHTUBHOW aHTUBMOTHKOTEpPa-
N1 cBs3aHa C 3H(PEKTOM OTCPOYEHHOrO MpopacTaHWs chnop B
nerkux. Cnopbl MOryT AMMTENbHO, HA MPOTSHKEHUM HECKOMbKNX
Hegenb (8o 8 Hepenb n 6onee) nepcuCTUPoBaTL B aNbBEONaX, B
TO BpeMsl Kak aHTMOMOTWKM aKTUBHbI TOMbKO B OTHOLLEHWN Bere-
TaTMBHBIX KITETOK 1 MpOpacTatoLLnx crop.

[ns 3abnaroBpeMeHHON NpounakT1kn cubrupckon s3Bbl UC-
MONb3yTCA BaKLMHbI (DOPMUPYIOT UMMYHUTET NPOAOIKMTENb-
HOCTbIO 0 0AHOrO rofa). B HacTosiwee Bpems B Poccuu 3aperu-
CTPUPOBaHbI M UCTONb3YIOTCA 1BE BaKLMHbI:

1) BaKumMHa cnbupesiaBeHHas XvBas cyxast Ans MOAKOXHOro
CKapUMKALMOHHOTO MPUMEHEHWS!, COLEPXKMUT XMBbIE CNOPbI
BakUuHHoro wramma CTU (no HassaHuto CaHUTapHO-TEXHU-
4eCKOro MHCTUTYTa, B KOTOPOM Bbina paspaboTaHa BakumHa);

2) BakumMHa cubupesisBeHHast KOMBUHUPOBaHHAs XuaKas 4ns
MOAKOXHOMO MPUMEHEHWNS, COAEPKNUT CMECh KUBbIX CMOp
BaKUMHHOrO Wwtamma CTW-1 1 0uMLLEHHOTO KOHLEHTPUPO-
BaHHOMO MPOTEKTUBHOTO CUOMPES3BEHHOMO aHTUreHa, ap-
copBMPOBaHHOTO Ha MMAPOOKUCH amiOMUHUS.

Pa3paboTaHa Takxe BakLMHa 151 a3p030SbHOr0 NPUMEHEHNS.

K KOHTMHreHTam pucka, nognexawyum npodunakTieckum

npwWBKBKaM, OTHOCSTCS:

« 300BeTpabOTHUKM W Apyrve nuua, npodeccroHanbHO 3aHs-
Tble NpeaybonHbLIM COAepXaHNeM CKoTa, a Takxe yboem, CHs-
TUEM LUKYP U pa3genkon TyL;

*  JMua, 3aHaTble cOOPOM, XpaHEHWeM, TPaHCMOPTMPOBKOW W
nepBrUYHON NepepaboTKoil CbPbS XMBOTHOTO NPOUCXOXAEHUS;

¢ coTpyaHuku nabopatopui, paboTatowme ¢ matepmanom, no-

[03pUTENbHBIM Ha WHUMUMpOBaHue Bo3byauTeneMm cubup-

CKOW 513Bb;

*  JiMua, BbIMOMHSIOWMe onpefeneHHble paboTbl Ha 3H300THY-
HbIX MO CMOMPCKON A3BE TEPPUTOPUSX (CENbCKOXO3ANCTBEH-
Hble, arpo- 1 r’MapoOMEnMopaTuBHbIE, CTPOUTENBHBIE U ApYrue
paboTbl, CBSI3aHHblE C BLIEMKOW M NEPEMELEHNEM TPYHTa;
3aroTOBUTENbHbIE, MPOMBICIOBbIE, TE0MNOrMYeckne, U3bicka-
TENbHbIE, SKCMEAULMOHHBIE);

*  BOEHHOCIY)Xallue Mpu Hanu4yuu 3nnUgeMMONOrMYEecKUX noka-
3aHUM.
3a pybexom Mcnonb3ylTcs XUMUYECKUE BaKLWHbI HA OCHOBE

NPOTEKTMBHOTO aHTUreHa, BbipabaTbiBaeMoro GeckancymnbHbIM

HENPOTEONUTUYECKUM aBUPYNEHTHBIM WTaMMoM B. anthracis,

ancopbupoBaHHOMO Ha TMAPOOKUCK amniOMUHWS WAW  KBacuax.

Haunbonee n3BeCTHbIMK BakUMHamMu M3 3TOW rpynnbl ABASOTCS

amepukaHckas BakunHa AVA — Anthrax Vaccine Adsorbed (6ec-

kancynbHblii wramm V770-NP1-R) u anrnuitickas AVP — Anthrax

Vaccine Precipitated (aBupyneHTHbI wramm Sterne 34F2) ¢ yee-

nnyeHHbIM Ha 30% KonnM4ecTBOM neTarnbHOro akTopa.

CyljecTByloline BaKLMHbI, HECMOTPS Ha 3MEKTUBHOCTD,

VMeIT psA HEROCTATKOB, YTO BbI3bIBAET HEODXOAMMOCTb Npo-

BeJeHMsl JONONHUTENbHBIX PaboT MO MX COBEPLUEHCTBOBAHMIO,

HanpaBrEHHbIX Ha MOBbIWEHUE VMMYHOTEHHOCTW W CHUXEHue

PEeaKTOreHHOCTU. [1Ns NOBbILIEHUS UMMYHOTEHHOCTU pekombu-

HaHTHbIX BaKLWH NpeanaraeTcs Ucnonb30BaTh Ans UX CO3AaHus

B. subtilis, B. brevis v gpyrue, CUHTE3WpyloLLME KancyrbHble no-

nunentugsl B. anthracis. PaspabaTbiBatoTcs BaKLMHbI Ha OCHOBE

pekombuHaHTHOM [JHK, nonueaneHTHble BaKLuMHbI, B TOM 4ucne

“ OT cubupckon 53Bbl, U Ap. BoMbWKWHCTBO MccnefoBaTenen

CXOASATCS BO MHEHUU, YTO B MOMHOLEHHON XUMMYECKON BaKLUHe

BOMXKHbI ObITb @HTUTEHbI, HanpaBMneHHbIe Ha BbIpaboTKy B opra-

HW3Me aHTWUCMOPOBOrO, aHTUKAMCYNbHOTO M AaHTUTOKCUYECKOTO

UMMYyHUTETA.

3AKNIOYEHUE

B coBpemeHHbIx ycroBusix cubupekas 3Ba CoxpaHseT rnobarb-
Hblil HO30apean 1 NPOAOCIKAET 0CTaBaTLCS aKTyanbHON NPOGreMon
ANs MHOMWX CTpaH, B TOM uucne u Poccuiickon ®egepatmu. Bakuyu-
HaLsl BOCTIPUMAMYMBBIX XUBOTHBIX HE 06ecreunBaeT anMMUHaLMK
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B030yanTens n3 06beKTOB OKpyxalolen cpedsl. Henpenckasye-
MOe M0 ANMTENBHOCTY BbhXMBaHWe crnop B. anthracis B noyse no-
3BOJISIET BO30YANTENH0 COXPaHATh HE TONbKO XM3HECTOCOOHOCTD,
HO M BMPYNEHTHOCTb. Ha Tepputopumn CTpaHbl COXpaHsTCS -
NepaHaeMUYHbIE Oyvarul, akTMBaLWSl KOTOPbIX MOXET MPOW30UTY
kaK B pe3ynbTaTte CTUXUIHLIX BeCTBUN W KNMUMATUYECKUX M3Me-
HEHMI, Tak N aHTPOMOTEHHOTO BO3LENCTBNS 1 TEXHOTEHHbIX KaTa-
cTpodh. He cnepyet 3abbiBath 1 06 yrpose 3aBo3a MHGULMPOBAH-
HOTO CbIPbs XMBOTHOTO MPOUCXOXAEHNS HA TEPPUTOPUIO CTPaHbI
U3 CTpaH GnuxHero 3apybexbs, a Takke BO3pacTaHuK yrposbl
Buoteppopuama. TpeBory Bbi3biBaeT MOSIBNEHUE B NMPUPOAE HE
TOMNbKO @HTUOMOTUKOPE3UCTEHTHBIX, HO 1 BaKLMHOPE3NCTEHTHBIX
wrammoB B. anthracis. Bce 310 CBUAETENLCTBYET O HeobXoam-
MOCTU CO3[aHusl KOMMIEKCHOW nporpammbl no 6opbbe ¢ cubup-
CKOW $13BOM, HANpaBfIEHHOW Ha COBEPLLEHCTBOBaHME METOLOB ee
[MarHoCTWKM, NeYveHnst 1 NpounakTukK, a Takke BbiSBIIEHWE N
CaHaL/o MOYBEHHBIX 04aroB CHOMPCKOM A3Bbl.

AOMONHUTENBbHAA UHOOPMALIUA

Bknap aBTOpoB. Bce aBTOPbI BHECIM CYLYECTBEHHbINA BKNAL
B pa3paboTKy KOHLEeNuuM, NpoBEeAEHNE UCCNEaoBaHMs U NOAro-
TOBKY CTaTbW, NPOYIM 1 0A0OPUAM (hUHAMBHYIO BEPCUIO NEpes
nybrkaymen.

KoHcbnukT uHTepecoB. ABTOPLI AeKNapupyloT OTCYTCTBUE
SIBHbIX W MOTEHLMamNbHbIX KOH(MWUKTOB UHTEPECOB, CBA3AHHbIX C
ny6nmkaLmen HacTosLLEN CTaTbMm.

WUcTouHuk uHaHcMpoBaHms. ABTOpbI 3asBNSOT 06 OTCYTCT-
BMM BHELLHEr0 (PMHAHCUPOBAHMUS NPY NPOBEAEHNN UCCIIELoBaHNS.
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INFORMATION

NMPABUNA ONA ABTOPOB

Yme. npuka3zom u.o. pekmopa
®rEQY BO CrierfiMy Muxadpasa Poccuu om 23.06.16

HACTOALLME NMPABUNA AN ABTOPOB
ABNAOTCA U3OATENBCKUM JOrOBOPOM

Ycnosus Hactoswero [lorosopa (ganee «[oroBop») sBnsioTCs
nybnuyHon odbepton B cooTBeTCTBMM C M. 2 cT. 437 [paxpaHcko-
ro kogekca Poccuitickoin ®epepauuv. [davubii [doroBop onpege-
nsieT B3aWMOOTHOLIEHWS Mexay pedakuueil xypHana «Russian
Biomedical Research» (manee no TekcTy «KypHany), 3aperu-
cTpupoBaHHoro ®epepansHoii cnyx6oi no Hag3opy B cdepe cBs-
31, MHGOPMALMOHHBIX TEXHOMOTUA W MacCOBbIX KOMMYHMKaLMIA
(POCKOMHA[3OP), ceugetensctao: MM Ne ®C77-74228 ot 02 Hosl-
Bps 2018 . (paHee M Ne TY78-01869 ot 17 mas 2016 r.), uMmeHyemol
B JanbHelweM «Pefakumsy 1 SBNAIOWENCH CTPYKTYPHbIM MoApas-
aenenvem OrbOY BO CM6IMIMY Munsapasa Poccuu, u asTopom u/
WNW aBTOPCKMM KOMMEKTMBOM (UMW MHbIM NpaBoobnapatenem), uMe-
HyeMbIM B AanbHELEM «ABTOPY, MPUHSBLUMM Ny6RMYHOE Npeanoxe-
Hue (odepTy) 0 3akntoveHun Jorosopa.

ABTOp nepepaet Pefakuuu Ans usgaHus aBTOPCKUNA OpuUruHan
UNU pyKONUCh. YKa3aHHbIN aBTOPCKWIA OpUrMHan JOMXeH COOTBeT-
cTBoBaTb TpeboBaHUsAM, ykasaHHbIM B pasgenax «[lpefcraBnexue
pykonucu B xypHany, «OcdopmneHue pykonucuy. Mpu paccmoTpe-
HUWM MONMYYEHHbIX aBTOPCKMUX MaTepuanos XKypHan pykoBOACTBY-
eTcs «EguHbiMm Tpe6oBaHUAMM K pyKOnNMCAM, NpeLcTaBnsieMbiM B
6romeguumHckue xypHanbl» (Intern. committee of medical journal
editors. Uniform requirements for manuscripts submitted to biomedi-
cal journals. Ann Intern Med. 1997;126:36-47).

B XypHane nevatatotcs paHee He onybnukoBaHHble paboTbl No
npodunto XypHana.

ypHan He paccmatpuBaeT paboTbl, pesynbrathl KOTOPbIX MO
fonblie yactu yxe Obinu onybnukoBaHbl MAM omucaHbl B CTa-
TbSIX, NPEACTABMNEHHbIX UV NPUHATLIX ANS ny6nukaumm B gpyrve
neyaTHble UMM 3MeKTPOHHbIE CPeacTBa MAcCoBOW WHGOPMALMK.
MpencTaBnss cTaTblo, aBTOP BCerga AOMXKeH CTaBUTb pefakLmio B
“3BECTHOCTb 060 BCEX HampaBNeHWsX 3TOW CTaTbu B Meyatb U 0
npeablgyLLMX NybnukaLusx, KOTOPbIE MOryT paccMaTpuBaThbCs Kak
MHOXeCTBEHHbIE UK Aybnupyowme nybnukauum Ton xe camon
unu oyeHb 6nnskoit paboTbl. ABTOp AOMKEH YBEAOMUTL pefaKLmio
0 TOM, COLEPXWT N CTaTbs yxe onybriMkoBaHHbIE MaTepuansl, U
npefocTaBUTb CCbIMKW Ha NpeablayLyto, 4Tobbl faTb peAakuuu
BO3MOXHOCTb MPUHATb peLleHne, Kak NocTynuTb B AaHHOW CUTya-
umu. He npuHUMaloTCs K neyatu ctatby, NnpeacTasnsiowne cobomn
OTZeNbHbIE 3Tanbl He3aBepLUeHHbIX CCNeA0BaHuA, a Takxe cTa-
TbY C HapyLleHneM «[paBun 1 HOpM rymaHHoro obpatlieHns ¢ 6uo-
o0beKkTamMu uccneaoBaHuin.

Pa3meLLeHne nybnukaLmin BO3MOXHO TOMbBKO MOCIE NOMyYEHUS
NONOXNUTENbHON peLeH3nN.

Bce ctatbu, B TOM yucne cTaTby acCNUPaHTOB U JOKTOPaH-
TOB, Ny6nukytoTca 6ecnnaTtHo.

Mopgava cratem B xypHan «Russian Biomedical Research»
OCYLLEeCTBASAETCA N0 agpecy dNeKkTPOHHOM MmouThl avas’/@mail.ru
c nomeTkon «ans Russian Biomedical Research» unu yepes cant
https://ojs3.gpmu.org/index.php/biomedical-research.

TpeboBaHus Kk oTnpaBke cTaTel

lMepen 3anornHEHWEM aHkeTbl aBTopaM pekoMeHZyeTcs NOAro-
TOBWTb BCe HeobxoauMble [ns BBOAA [aHHble, a Takxe BbibpaTh
aBTopa (B Crnyyae konnekTusa aBTopoB ctatbu), OTBETCTBEHHO-
O 3A MEPEMUCKY. [ina ycnewHoro 3anonHeHWs aHkeTbl Heob-
XOAMMO UMETb BCHO YKa3aHHY0 MHGOPMALIMIO 1 HA PYCCKOM, M Ha
QHIMMACKOM A3blKaXx.

Bce HasBaHWs Ha aHrMUICKOM fA3blke, BKNOYas Ha3BaHWS
cTaTbW, Ha3BaHWUS YUYPEXAEHWA, UX Nogpa3aeneHnin QOMKHbI
npuBOAMTHLCS C NponucHbIX byks (Hanpumep: Sex Differences
In Aging, Life Span And Spontaneous Tumorigenesis; Bulletin
of Experimental Biology and Medicine; Saint Petersburg State
Pediatric Medical University) n HenpemMeHHO B COOTBETCTBUMU C
oduunanbHbIMU HanMeHOBaHNMK 6€3 CaMOAeATENbHOCTH.

AHKeTHble faHHble Bcex aBTopoB — Mmsa OtyecTBo damunus
(nonHoCTBI0), y4YeHas cTeneHb, 3BaHNe, JOMKHOCTb, MECTO paboThl
(kadbegpa, oTAENEHWE), Ha3BaHWe yupexneHnus, aapec yypexae-
Hus, e-mail, ORCID, SPIN-koa, TenedoH, ®UO aBTopa, 0TBETCT-
BEHHOr0 3a Nepenucky, 1 T.4. — 3anonHAKTCA B COOTBETCTBYIOLNX
nonsx popmbl 3asBku. Pe3tome, knoyeBble CNoBa W Ha3BaHuWe cTa-
Tb¥ TaKXe 3anofHAOTCS OHNaH.

CraTbs fo/mKHa COOTBETCTBOBATL NpaBunam 0popMneHuns cTa-
Tel K nybnukaumum (CM. HuXe).

K kaxpoi ctaTbe npunaraetcs gaitn IKCNepTHOroO 3akye-
Husa (33). Onsa astopos CMOEITIMY 33 moxeT TonbKO NOANMCHI-
BaTbCA aBTOpamu CTaTbM, NevaTb HeobssaTenbHa. [ing aBTopos
apyrvx yupexaenun 93 odopmnsietcs 06s3aTeNlbHO NOMHO-
CTbl, C MeyaTamMM (Kpyrnas neyatb yYpexaeHns) 1 noanucsmu
PYKOBOAWTENEN M KOMUCCUIA JaHHOTO y4pexaeHus. 3anonHeH-
HbIi, MOANMCAHHBLIA W «onevaTaHHbliny Onank O3 Ana oTnpasku
OHNaWH NpefBapuTenbHO CKaHWpyeTcs wunu doTorpadupyercs.
Obpasey 33 moxHo ckavaTb (https://gpmu.org/science/pediatrics-
magazine/Russian_Biomedical_Research, bnaHk 3kcnepTHoro
3aKtoYeHNs).

OTnpaBneHHble aHKeTHbIE AaHHbIE aBTOPOB, CTaTbs, O3 NOCTy-
natT Ha E-mail aBTopy-oTnpaBuTenio (4ns NogTBEpXAEHNS 1 Npo-
BEpKM 0TNpaBKm) 1 Ha E-mail pepakuum screenter@mail.ru TexHnieckomy
penakTopy xypHana «Russian Biomedical Researchy, ¢ koTopbiM ocy-
LeCTBNSETCA BCA AanbHelilas paboTa no nogroToBke CTaTbil B NeYatb.
Bce Bonpock! Mo oTnpaske CTaTei MOXHO aApecoBaTh Ha SMEKTPOHHbIN
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appec scrcenter@mail.ru TexHu4eckoMy pegakTopy xypHana «Russian
Biomedical Research» Mapun AnekcaHgposHe MaxomoBo.

Pykonucb cuutaetcs noctynuslueir B Pefakuuio, ecnv oHa
npeacTaBneHa KOMNMEKTHO 1 0GhopMIeHa B COOTBETCTBUM C OMNK-
CaHHbIMK TpeboBaHuamu. [peaBapuTeNbHOE PacCMOTPEHNE PYKO-
nucK, He 3akasaHHon Pepakumen, He sBnseTcs HakToM 3akroye-
HWUS MeX Ay CTopoHaMu u3aatensckoro [lorosopa.

Mpw npefcTaBneHnn pykonucy B YKypHan ABTOpbI HECYT OTBETCT-
BEHHOCTb 32 PaCcKpbITe CBOMX (OMHAHCOBbIX W APYMMX KOHIMKTHBIX
WHTEPECOB, CNOCOBHbIX Okas3aTh BRUsHWE Ha ux paboty. B pykonucy
BOIMKHBI BbITb YIOMSAHYTHI BCE NULA W OpraHu3aumu, okasasLuve du-
HaHCOBYIO MOAEPXKKY (B BUAE rpaHTOB, 0BOPyAOBaHNS, fekapcTs Ui
BCEro 3TOr0 BMECTE), a Takxke Apyroe PUHAHCOBOE M fIMYHOE yyacTue.

B koHUe kaxpon cTaTbi 00sf3aTeNbHO yKasbiBaKTCA BKMaj
aBTOPOB B HanucaHue cTaTby, UCTOUHWUKM (PUHAHCMPOBaHNSA (€Cnu
UMetTCS), OTCYTCTBUE KOH(IMKTa MHTEPeCOoB, Hanuyue cornacus
Ha ny6nukaLuio co CTOPOHbI NaLUeHTOoB.

MpaBuna ocopmnenus crateit k nyénukayum

CraTbA NnpegocTaBnsAeTcs B ANeKTPOHHOMN chopme (hann MS
Word Bepcum He cTapue 2003, T.e. ¢ paclumpernem doc), Wpudt —
14, vHTEpBaN — NONYTOPHbIN.

®ann cratbn HasbiBaeTca no Gamunuu NepsBoro aBTopa, Ha-
npumep, MeaHos.doc nnu Petrov.doc. Hukakux gpyrux cnos B Ha-
3BaHUN He JOMKHO ObITh!

OpuWeHTMpOBOYHble pa3Mepbl CTaTbM, BKNKOYas ykasaTenb nu-
TEpaTypbl, Tabnuubl u pestome, — 10-12 cTpaHuy TekcTa yepes
nontopa uHTepeana unu 20-25 Teicay 3HakoB ¢ npobenamu. Peko-
MeHayemblil pasmep 063opa — 18-20 cTpaHuML, «MaLIMHOMUCHOTO»
TekcTa unm 35-40 Tbicsay 3HakoB ¢ npobenamu. MpumepHoe Yncno
nUTEpaTypHbIX CCbINOK A 3KenepumeHTanbHomn ctatb — 20, 4ns
0630poB 1 npobnemHbIx cTaTein — 50.

®dain ctatbyu JOMKEH codepKaTb

HA PYCCKOM U AHITIMACKOM A3bIKAX:

+  3arnasue (Title) fomkHo BbITh kpaTkum (He 6onee 120 3HakoB),
TOYHO OTpaXatoLLMM COLepKaHNe cTaTbu.

« Csegenns o6 aBTopax (nybnukytotes). [ns kaxgoro asTopa
yKa3blBaloTCa: hamunus, UMS 1 0TYECTBO, MeCTO paboTbl, No-
yToBbIN agpec mecta pabotbl, e-mail, ORCID, SPIN-koa. ®amu-
NN aBTOPOB PEKOMEHAYETCH TPaHCAUTEPMPOBaTb TaK Xe, Kak
B npegblaywmx nybnukauusx, umm no cucteme BGN (Board of
Geographic Names), cm. cant http://www.translit.ru.

* Pesiome (Abstract) (1500-2000 3HakoB, unu 200-250 crnos)
noMeLLaloT neped TekCToM ctatbi. Pestome He TpebyeTcs npw
nyonukaLmmu peLeHsunit, 0T4ETOB O KOHGEPEHLMsIX, MHhopMaLm-
OHHBIX MUCEM.

ABTOpCKOE pestoMe K cTaTbe SBMSETCH OCHOBHbIM MCTOYHUKOM
WH(OpMaLMN B OTEYECTBEHHbIX U 3apybexHbix MHopMaLm-
OHHbIX cucTeMax U Das3ax AaHHbIX, VHAEKCUPYIOLWMX XypHar.
Pestome poctynHo Ha caiTe xypHana «Russian Biomedical
Research» u nHaekcupyeTcs ceTeBbIMIA NOUCKOBLIMM CUCTEMA-
Mu. /3 aHHoTauun AormkHa ObiTb NOHATHA CyTb UCCNEA0BAHMS,
HYHO NI 0BpalLaTbCs K NONHOMY TEKCTY CTaTby 4715 NONYyYeHNs

Gonee nogpobHOW, MHTEpecytoLen ero uHdopmauyun. Pestome
[OMKHO M3naraTb TONMbKO CYLLECTBEHHbIE (aKTbl paboThbl.
PekomeHayemas CTpykTypa kak aHHOTauuu, Tak W camoil cTa-
o IMRAD (ans opurMHanbHbIX WCCMEAOBaHMIA CTPYKTypa
obsizatensHa): BBegeHue (Introduction), matepuansl v MeToabl
(Materials and methods), pesynbTatbl (Results), obcyxaeHue
(Discussion), BbiBogbl (Conclusion). MpeameT, Temy, uens pabo-
Tbl HYXHO yKa3blBaTb, ECAIM OHW He SCHbI U3 3arnaBusi CTaTby;
MeTOZ MNM METOLONOTUI0 NpoBeAeHus paboTbl LenecoobpasHo
ONWCbIBATb, ECIIN OHW OTNINYAIOTCS HOBU3HOM MMM NPeaCTaBNsT
WHTEpeC C TOYKM 3peHns AaHHoM paboTbl. O6bem TekcTa aB-
TOPCKOTO pe3loMe OMpefensieTcs cofepkaHuem nybnukauum
(0bbEMOM CBEAEHWNA, UX HAY4YHOW LIEHHOCTLIO M/MMK MpaKTUYe-
CKUM 3Ha4eHueM) 1 JomxeH ObiTb B npegenax 200-250 cnos
(1500-2000 3HakoB).

+  Knioyesole crnosa (Keywords) ot 3 go 10 kmto4eBbIX CroB Wnu
CNOBOCOYETaHMIA, KoTopble ByAyT cnocobCcTBOBATL NPaBUIbHOMY
NepeKkpeCTHOMY MHAEKCUPOBAHMIO CTaTbi, NOMELLAIOTCA Nog pe-
310Me € noAasaronoBkoM «Kntoyesble cnosay. Kcnonbaymre Tep-
MWHbI 3 CINCKa MeSULMHCKIX NPeAMETHbIX 3aronoskoB (Medical
Subject Headings), npusegerHoro B Index Medicus (ecnv B aToM
CMUCKE €Lle OTCYTCTBYKT Nofaxofswe 0bO3HayeHus Ans He-
[aBHO BBEAEHHbIX TEPMUHOB, nofbepuTe Hanbonee 6nuskue u3
nmetomxcst). Knioyesble CnoBa pa3fensTes 3ansTon.

« TekcT cTaTb MOXeT ObiTb HanucaH nubo Ha pycckom, nubo
Ha aHIMMIACKOM fi3blKe, TakKe BO3MOXHA Mybnukauws cTaTbi €
nomHbIM NepeBogoM. Ha pycckoM M aHrMACKOM Si3blkax Heob-
XOAMMO NPEeAOCTaBUTb BCE PUCYHKM U Tabnuubl (3aronosky, Bce
Haanueu, a Takke TeKCT Tabnuy AOMKHbI UMETb NepeBos).

B paspene «Metozyuka» 06s13aTenbHO yka3sblBatoTCs CBEEHNUS O
cTaTUCTYeckor 0bpaboTke 3KCMEPUMEHTANBHOTO UMK KIMHUYE-
CcKOro mMaTepuana. EguHuLbl n3amepeHns fakTcs B COOTBETCTBUM
¢ MexpayHapogHoit cuctemon eanHuy — CU. ®amunum uHo-
CTpaHHbIX aBTOPOB, LNTUPYEMble B TEKCTe PYKOMUCK, NPUBOAAT-
CSl B OPUrMHanbHOW TPaHCKPUNLMK.

Tabnuubl M PUCYHKM NPUBOZATCS HEMOCPEACTBEHHO B TENeE CTa-
TbW, KaXIbIV U3 KOTOPbIX UMEET HOMEP W Ha3BaHue ¢ 0bs3aTenb-
HbIMW CCbINIKAMW Ha HUX B TEKCTe CTaTbM — B KOHTEKCTe nped-
NOXeHWs (HanpuMep: «...kak MokasaHo Ha puUcyHke 1...») unu B
KOHLie MPeAmnoXeHns B Kpyrmbix ckobkax (Hanmpumep: «...BbisiB-
neHa nonoXuTenbHas KOPPENsLMOHHas CBA3b YMEPEHHOI CTe-
nexu (r=0,41) mexay yposHem TTI mMatepu U HOBOPOXAEHHOTO
(puc. 2)»; npocbba yunTbIBaTH, YTO B NEYATHOW BEPCUM XypHana
puCyHKW ByayT BOCNPOM3BOANTLCS B YepHO-6€noM BapuaHTe.

+  Cnmcok nutepatypbl 06s3aTenbHO B andaBuUTHOM MOpsaKe:
CHayarna Bce OTeYECTBEHHblE, 3aTeM WHOCTPAHHbIE aBTOPbI C
[O0MOMNHUTENbHBIM TPaHCIUTEPUPOBAHHBIM CMIMCKOM (METOAMKA
TpaHCUTEpaLmmn onucaHa noapobHO Huke).

TekcT cTaTby JOMKeH ObITb NOATOTOBMEH B CTPOTOM COOTBETCTBIM
C HaCTOSALLMMY NpaBUaMu 1 TLLATENbHO BbIBEPEH aBTOPOM. B cnyyae
06HapyKeHNS 3HAUMTENBHOIO KONMYecTBa oneyaTok, HebpexHoCTen,
NYHKTYaLMOHHBIX 1 opdorpaduyeckmx owmbok, HepaclungpoBaHHbIX
COKpaLLieHWiA, OTCYTCTBUSI OCHOBHbIX KOMMOHEHTOB, NEPEBOAOB 3aro-
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INFORMATION

NOBKOB TabnuL, NOAPUCYHOUHbIX NOANWUCEN, HAAMUCENR Ha PUCYHKAX,
TekcTa TabnuL u apyrux TeXHMYecknx aedekToB 0hopMIIeHNs cTaTen
pefakumus BO3BpaLlaeT cTaTbio aBTopy Ans gopabotku. Hebonblune
MOrPELUHOCTY PefaKLMs MOXET UCNpaBuUTb cama Be3 cornacoBaHus ¢
aBTOpOM. Pefiakums ocTaBnsieT 3a cobon NpaBo OCYLIECTBMEHNUS N~
TEpaTypPHOTO W TEXHNYECKOTO PefakTMPOBaHUS CTaTen.

CokpatieHui, kpome obuieynotpebutencHblx, cnegyet nsbe-
raTb. CoKkpaLLeHu1st B Ha3BaHWM CTaTby, Ha3BaHUSX TabnuL 1 pucyH-
koB, B BbIBOZAx HegonycTumbl. Ecnin ab6peBuatypbl MCNonb3yoT-
€4, TO BCE OHU AOMXKHbI ObITb HENPEMEHHO pacluMdpOoBaHbl NOMHO-
CTbI0 MPY NEPBOM WX YNOMUHAHWM B TeKcTe (Hanpumep: «Hapsgy ¢
AaHHbIMK 0 POH (pe3nayanbHO-0praHnyeckon HegocTaTouHOCTH),
obycnosnusatowei passutne KC (runepkMHETUYECKOr0 CUHAPO-
Ma), pacLUMpPEH AuanasoH UCCeLoBaHWA N0 SHAOMEHHOI Npupoae
AaHHOro CUHAPOMAY.

Bce unTtnpoBaHus npounsBoaaTCs cnegyrowm obpasom:

®WO aBTopa, rog u3gaHus u npoyas MHAopmMaums He yno-
MUHAKTCH B TekcTe. BmecTo aToro ykasbiBaetcs cCbinka Ha
WCTOYHWK NUTepaTypbl B BU4e HOMepa B kBagpaTHbIX CkoOkax
(npumep: «Psa nccnepoBaTenein 0TMeYaeT pasnuyHble HapyLle-
HUS peYeBbIX YHKLMA Npy anunencun B 4eTCKOM Bo3spacTe [17,
21, 22].»), KOTOPbINA BKMOYEH B pacCTaBreHHbIN B andaBuTHOM
nopsigke CMCOK MCTOYHWUKOB B KOHLIE CTaTbW.

Bce ccbinku JOMKHbI MUMeTb COOTBETCTBYIOLNNA UCTOYHUK
B CMUCKE, @ KaxXAbli NCTOYHWK B CMIUCKE — CChINIKY B TEKCTE.

B Buae vcknoueHns B Tekcte MoryT npuBogutbest MO koH-
KpeTHbIx aBTopoB B hopmarte . O. damunns, rog u gaxe Hassa-
HWe UCTOYHWKA, HO NMpW 3TOM BCe paBHO 06d3aTenbHa CCbinka
(B kBagpaTHbIX Ckobkax B KOHLe NMPeanoXeHWs) Ha UCTOYHUK,
BKITIOYEHHbI B CIMCOK IUTEpaTypbl.

(Hanpumep: «B 1892 roay Benukuit dpacT amMunbTOHCKNIA
onucan B cBoeM BeccmepTHoM Tpyae «O6 OTKPbLITUM TpeTbero
yXa y yenoseka» Tpetbe (HenapHoe) yxo» [34].)

Nutepartypa (References)

YyutbiBas TpeboBaHWS MeXOyHapOAHbIX CUCTEM LUTUPO-
BaHWS, CMMCOK NUTepaTypbl NPUBOAMTCS He TOMbKO B 0ObIYHOM
BWE, HO TaKXe 1 AONONHUTENBHO B TPAHCIIUTEPUPOBAHHOM (CM.
TpaHcnuTepauus).

B ctaTbe npuBOAATCS CCbIMKM Ha BCE YNOMUHAEMbIE B Tek-
CTE UCTOYHMKN.

Gamunuu 1 MHULManNbLl aBTOPOB B MPUCTATEMHOM CMMCKE
npuBoAATCA B andaBMTHOM NOPSAKE, CHavana pycckoro, 3atem
naTtuHckoro andasuTa.

B onncaHum ykasbiBatoTCs BCe aBTopbl nybnmkawmm.

Bubnuorpaduyeckme cCbikM B TekcTe CTaTbi AAKTCS B
kBagpaTHbIX CKOBKax.

CcbInkn Ha HeonybnkoBaHHbIE paboTbl He LOMyCKaTCS.

Cnucok nuTepaTypbl KOMNNEKTyeTcs B creayioleM no-
paake:

HopmamugHbie akmai

[MpuKasbl, HOPMATUBHbIE aKTbl, METOANYECKUE MUCbMA W NPO-
e 3aKOHHbIE aKTbl, NAaTEHTbI, NOMNE3HbIE MOAENMW He BHOCATCS B

CMMCOK nuTepaTypsl, 0hopMANAKTCS B BUAE CHOCOK. CHOCka —
npuMeYaHue, NOMELLaeMOe BHW3Y CTpaHWUbl (MOCTpaHUYHas
CHOCKa). 3HaK CHOCKM CTaBAT Lupor nocne parmeHTa OCHOB-
HOrO TEeKCTa, rAe eCTb YyNOMUHAHNE 06 3TUX UCTOYHMKaX. Peko-
MeHIYeTCS CKBO3Has HyMepaLnsi CHOCOK MO TEKCTY.

WNumepHem-pecypc

1. IHTepHeT-pecypc, rae ecTb HasBaHWe WCTOYHMKA, aB-
TOp — BHOCUTCS B CIMCOK NUTepatypbl (B nopsgke andgasura) ¢
yka3aHueMm pathbl obpaleHuns (CM. Hxe npumep 0opMIeHus).

2. Ecnun eCTb TONBKO CCblfKa Ha CailT — BHOCUTCS B CMUCOK
nuTEpaTypbl B KOHLe, C ykasaHueM aaTbl 0bpalleHus.

LLlernos M. Hackonbko Benuka ponb MUKpodiopbl B 6uono-
TMM BuAa-xo3sanHa? XKuBble CUCTEMbI: HayUHbI SIEKTPOHHBIN
XypHan. [JoctyneH no: http://www.biorf.ru/catalog.aspx?cat_
id=396&d_no=3576 (nata obpauienus 02.07.2012).

Kealy M. A, Small R. E., Liamputtong P. Recovery after caesar-
ean birth: a qualitative study of women’s accounts in Victoria, Austra-
lia. BMC Pregnancy and Childbirth. 2010. Available at; http:/www.
biomedcentral. com/1471-2393/10/47/ (Accessed 11.09.2013).

KHuea

ABTOp(bl) Ha3BaHWe KHWMM (3HAK TOYKa) MECTO W3AaHMs
(OBOETOYME) Ha3BaHMEe M3LaTENbCTBa (3HAK ToYKa C 3ansTol)
rog naganus. Ecnm B kayecTBe aBTOpa KHWM BbICTYNAeT peaak-
TOp, TO Nocne amunuv crneayet pea.

AnnamassH 3.K., Hosukos b.H., 3aiHynuHa M.C., Manux-
ka lK., Pabuesa W.T., Tapacosa M.A. AkyLepcTBo: y4ebHuk. 6-e
usg. CMo.; 2007.

MpeobpaxeHckuin b.C., Temkun A.C., Jluxaues A.l. bonesHu
yxa, ropna u Hoca. M.: Meguuuna; 1968.

PapsuHckuin B.E., pea. Mepuneonorus: yyebHoe nocobue.
M.: PYIH; 2008.

Brandenburg J.H., Ponti G.S., Worring A.F. eds. Vocal cord
injection with autogenous fat. 3 rd ed. NY:Mosby; 1998.

Domeika M. Diagnosis of genital chlamydial infection in
humans as well as in cattle. Uppsala; 1994.

[nasa us kHu2u

ABTOp(bl) Ha3BaHWe rna.bl (3HaK To4ka) B KH.: unu In: panee
onucaHue kHuru [ABTOp(bl) Ha3BaHWE KHUMM (3HaK TOYKa) MECTO
n3paHus (ABOETOYME) Ha3BaHMe u3naTenbCTBa (3Hak Touka ¢ 3a-
nATOMN) rof M3gaHus] (4BoeToune) CTp. OT U 0.

Kopobkos A. Temn peun. B kH.: CoBpemeHHble Npobnembi
cmamonoruu n natonorum peun: ¢6. Tp. T. 23. M.; 1989; 107-11.

Cmambs u3 XypHana:

ABTOp(bl) Ha3BaHME CTaTbU (3HAK TOYKA) HA3BaHWe XypHana
(3HaK ToYKa) roa N3aaHus (3HaK TouKa C 3anATol) TOM (ecnm eCTb
B KpYrnbix ckobkax HOMep XypHana) 3aTeM 3Hak (BBOEeTouYue)
CTpaHnLbl OT 1 J0.

Kuptowenrkos A.l., Cosun M.I, Banosa [1.C. MonukncTos-
Hble AMYHUKK. AKyLepcTBO W ruHekonorus. 1994; N 1: 11-4.

Brandenburg J.H., Ponti G.S., Worring A.F. Vocal cord
injection with autogenous fat: a long-term magnetic resona.
Laryngoscope. 1996; 106(2,pt I): 174-80.

Simpson J. et al. Association between adverse perinatal
outcomes and serially obtained second and third trimester MS
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AFP measurements. Am. J. Obstet. Gynecol. 1995; 173: 1742.

Deb S., Campbell B.K., Pincott-Allen C. et al. Quantifying
effect of combined oral contraceptive pill on functional ova-
rian reserve as measured by serum anti-Miillerian hormone
and small antral follicle count using three-dimensional ultra-
sound. Ultrasound. Obstet. Gynecol. 2012; 39 (5): 574-80.

Tesucbl doknados, Mamepuarbi Hay4HbIX KOHGhepeHUUl

Babuin AN., Nesawos M.M. HoBbiii anroput™ HaxoxaeHus
KynbMUHALMK 3KCMEPUMEHTANBHOTO HUCTarMa (MuHumeTpus). |l
cbesp oTopuHonapuHr. benapycu: Tes. gokn. Muxck; 1992: 68-70.

Canos W.A., Mapurywku O.H. Akywepckas TakTuka npu
BHYTPUYyTpOOHOI rmbenu nnoga. B kH.: MaTepuansl IV Poccwit-
ckoro chopyma «Matb n guta». M.; 2000; u. 1: 516-9.

Asmopecpepamei

Metpos C.M. Bpems peakuum u cnyxoBas afgantauus B
HOpME W Mpu Nepudepuyeckux nopaxeHusx cnyxa. Astoped.
Awnc. ... kaHa. meg. Hayk. Cl16.; 1993.

[Mpouee

World Health Organization. Prevalence and incidence of
selected sexually transmitted infections, 2005 global estimates.
Geneva: World Health Organization; 2011.

TpaHcnumepayus

Cnncok nuTepaTypbl NOAAETCS B ABYX BapuaHTax: NepBbiil Ha
A3blke OpUrMHana (pyCCcKOS3bIYHbIE UCTOUHUKM KUPUANULEN, aH-
rnosi3blyHble NaTuHuLel), BTopot — (References) B pomaHckom
andasute (415 Scopus ¥ Apyrux MexoyHapopHbix 6a3 AaHHbIX,
MOBTOPSISt B HEM BCE UCTOMHUKM NUTEPATYPbI, HE3aBMCUMO OT TOrO,
VIMELOTCS NN CPEAM HUX MHOCTPaHHbIE). ECrin B cnincke eCTb CCbINKH
Ha MHOCTPaHHbIEe NyBNKaLMK, OHY MONHOCTbLIO NOBTOPAKOTCS B CMK-
CKe, TOTOBSILLEMCS B POMAHCKOM andasuTe.

B pomaHckom andasuTe ANS pyCCKOSA3bIYHbIX UCTOYHMKOB
Tpebyetca cnegywuwas cTpykTypa 6ubnuorpaduyeckonn ccbif-
ku: aBTOp(bl) (TPAHCAMTEpPaLMS), [NepeBOd Ha3BaHUS KHUTW WIIN
CTaTbi Ha @HIMMNCKUIA A3bIK], HA3BaHWE UCTOYHMKA (TpaHcnuTe-
pauys), BbIXOAHbIE AaHHble B LMPOBOM hopmarte, ykasaHue Ha
A3bIK cTaTbk B ckobkax (in Russian).

MMpumep:

Preobrazhenskiy B. S., Temkin Ya. S., Likhachev A. G.
Bolezni ukha, gorla i nosa [Diseases of the ear, nose and throat].
M.: Meditsina; 1968. (in Russian).

TexHONOrMs NOATOTOBKU CChINOK C UCTONb30BAHUEM CHU-
CTeMbl aBTOMaTUY€CKOIM TPAHCNIUTEPALINM U NEPEBOAYMKA:

Ha cante http://www.translit.ru moxxHo BecnnatHo Bocnosnb-
30BaTbCA NPOrpaMMOoi TpaHCAMTEPaLUK PyCCKOro TeKCTa B Nna-
TuHULY. Mporpamma o4eHb npocTas.

Bxogum B nporpammy Translit.ru. B okoLLke «BapuaHTbI» Bbl-
Bupaem cuctemy tpaHcnutepauun BGN (Board of Geographic
Names). BcTaBnsiem B cneunanbHoe none Becb TekeT bubnuo-
rpacum Ha PyCcCKOM $i3bIKe U HAXXMMaEM KHOMKY «B TPAHCNTY.

Konmpyem TpaHcnnTeprnpoBaHHbIN TEKCT B TOTOBSALLMIACS CMK-
cok References. [NepeBoguM Ha aHTNIMNCKUIA S13bIK HAa3BaHWe KHU-
r1, CTaTby, NOCTAHOBMEHUS U T.4., NEPEHOCUM €ro B rOTOBSLLWNA-
ca cnucok. BHumaHue! Heobxoaum aBTopcKui KOPPEKTHbIN ne-
peBoj HasBaHusl. ABTOMATUYECKUA NEPEBOA, NPeLnonararLmii

BO3MOXHO€ UCKaXEHWNE CYTU Ha3BaHUs CTaTby, HELONYCTUM.

ObbeaunHsiem onucaHus B COOTBETCTBUN C NPUHATLIMK Npa-
BUNaMM W pefakTupyeM ChUCOK. B KOHLE CCbINKKM B KPyrmbix
ckobkax ykasbiBaeTcs (in Russian). Ccbinka rotosa.

Mpumepbl TpaHCAWUTEPALMM PYCCKOSA3bIYHBIX WCTOYHWUKOB
nuTepaTypbl ANS aHrNos3blYHOro 6noka cTaTbm.

KHuea: Avtor (y) Nazvanie knigi (znak tochka) [The title of the
book in english]. mesto izdaniya (dvoetochie) nazvanie izdatel'st-
va (znak tochka s zapyatoy) god izdaniya.

Preobrazhenskiy B. S., Temkin Ya. S., Likhachev A. G.
Bolezni ukha, gorla i nosa [Diseases of the ear, nose and throat].
M.: Meditsina; 1968. (in Russian).

Radzinskiy V. E., ed. Perioneologiya: uchebnoe posobie [Peri-
neology tutorial]. M.: RUDN; 2008. (in Russian).

[masa u3 kHueu: Avtor (y) nazvanie glavy (znak tochka) [The
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OTBETCTBEHHOCTb 3A MPABUINbHOCTb BUBIUOIPA-
®UYECKUX OAHHBIX HECET ABTOP.

ABTOPCKOE MPABO
Pepakums ot61paet, rotoBuT K nydnukawum u nybnukyeT nepeaat-

Hble ABTOpamu MaTepuanbl. ABTOPCKOE NPAaBO Ha KOHKPETHYHO CTaTbio

NpUHaANexuT aBTopam CTaTbi. ABTOPCKMIA FroHOpap 3a nybrnvkaLum

ctaten B XypHane He BbinnaunBaetcs. ABTOp nepeaaert, a Pegakums

NPUHUMAET aBTOPCKWNE MaTepuarsbl Ha CNEAYIOLWMX YCNOBUSAX:

1) Pepakuun nepefaetcs npaBo Ha 0OPMIEHE, U3AaHNe, nepe-
pavy XypHana ¢ ony6nukoBaHHbIM MaTepuanom ABTopa Ans Le-
nei pedepupoBaHus cTaten u3 Hero B PechepaTMBHOM XypHane
BUHWTW, PHUL, n 6asax gaHHbIX, pacnpocTpaHeHne XypHana/
aBTOPCKMX MaTepuaros B NeYaTHbIX W ANEKTPOHHBIX U3AaHUSX,
BKJt04as pa3MeLleHre Ha BblbpaHHbIX o co3panHbix Pegak-
UMen caiTax B ceTu VIHTepHeT B Lensx goctyna kK nybnukauum
B MHTEPAKTUBHOM pexume 1iob0oro 3anHTepecoBaHHOro nuua 13
noboro Mecta 1 B Noboe Bpems, a Takxe Ha pacnpocTpaHeHne
YKypHana ¢ onybnukoBaHHbIM MaTepuanom ABTOpa No MOANKCKe;

2) TeppuTOpWS, Ha KOTOPOI pa3peLlaeTcs MCnosb30BaTh aBTOPCKMIA
matepuan, — Poccuiickas degepauns u ceTb VIHTEPHET;

3) cpok gevictaus floroopa — 5 net. Mo ncteveHnn ykazaHHoOro
cpoka Pefakumsa octaBnset 3a cobon, a ABTOp nogTBEPKAAET
BeccpoyHoe npaBo Pepakuuy Ha NpopomkeHne pasmelyeHuns
aBTOPCKOroO MaTepuana B cetn VHTepHeT;

4) Pepakuuns Bnpase no CBOEMY YCMOTpeHuIo 6e3 kakux-nnbo co-
rmacoBaHui ¢ ABTOPOM 3aknoyaTh JOroBOpbl U COrNalleHuns ¢
TPETbUMU NNLAMU, HanpaBneHHbIe Ha AONOMNHUTENbHbIE MEPbI
no 3aLLuTe aBTOPCKMX 1 U3LaTENbCKUX Npas;

5) ABTOp rapaHTWpyeT, 4TO Mcnonb3oBaHWe Pepakuuen npego-
CTaBMEHHOro 1M Nno HacToswemy [loroBopy aBTOpCKoro mare-
puana He HapyLWT NpaB TPeTbUX nuL;

6) AsTOp OCTaBnseT 3a coboi NpaBo UCNONb30BaTh NPeLOCTaBEH-
Hbll N0 HacTosiemMy [loroBopy aBTOPCKWA Matepuan camocTos-
TENbHO, NepeaaBaTh Npasa Ha Hero no A0roBOpY TPETLUM NnLaM,
€Cnu 3T0 He NPOTMBOPEYUT HacTosemy [lorosopy;

7) Pepgakumsa npegoctasnset ABTOpy BO3MOXHOCTb 6€3B03Me3a-
HOro MOMyYeHUs CNPaBKK C ANEKTPOHHLIMU aapecamu ero ogu-
unanbHon nybnukauum B ceT MHTEpHET;

8) npu nepenevaTke cTaTbi UK €€ YACTM CCbIKa Ha NEPBYIO Ny-
Gnukauuio B XypHane obs3atenbHa.

NOoPAOOK 3AKIMHOYEHUA IOFOBOPA
3akntoueHnem [loroBopa €O CTOPOHbI Pepakumm siBNsSeTCS

onybnukoBaHue pykonucu AaHHoro ABTopa B XypHane «Russian

Biomedical Research» n pa3meLlleHue ero Tekcta B ceTu VIHTepHeT.

3akntoyeHrem loroBopa co CTopoHbl ABTOPA, T.e. NOfHbIM U 6e30ro-

BOPOYHbIM NPpUHATEM ABTOPOM ycnoBuii [loroBopa, sBnseTcs nepe-

Aava ABTOPOM PYKOMMUCK 1 SKCMIEPTHOTO 3aKIOYEHMS.

PELIEH3UPOBAHUE
Cratbu, nocTynuelUME B pedakuuio, 0693aTenbHO peLeH3upy-

totcs. Ecnuy peujeH3eHTa BO3HWKaOT BONPOCHI, TO CTaTbsl C KOMMEH-

TapusMK pelieH3eHTa Bo3BpaluaeTca AsTopy. [latoi noctynnexus

cTaTbi CYMTAETCs AaTta nosyyeHns Pepakumei OKOHYaTEeNbHOro

BapuaHTa ctaTbn. Pefakums octaBnsieT 3a coboil npaBo BHECEHNS

peLaKkTOPCKMX U3MEHEHNI B TEKCT, HE UCKaXaloLMX CMblCna cTaTby

(nuTepaTypHas 1 TexHonornyeckas npaeka).

ABTOPCKWE 3K3EMMNAPLI XXYPHANA
Penakuus 0bsi3yetcs Bbinats ABTopy 1 ak3emnnsp XKypHana Ha ka-

KOYH 0nyBnUKOBaHHYH CTAaTbIO BHE 3aBUCMMOCTY OT YMcra aBTopoB. AB-

TOpbI, NpoxvBatowme B CaHkT-MeTepbypre, NoMyyatoT aBTOPCKA SK3EM-

nnsp XypHana HenocpefcTeeHHo B Pegakuyvm. MHoropogHim AsTopam

aBTOPCKWI ak3emMnnsp YKypHara BbICbINaeTcs Ha agpec aBTopa no 3anpo-

Cy OT aBTOpa. OK3EMMNSPbI CrIEL|BbIMYCKOB HE OTMPAaBNSOTCS aBTopam.
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