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Pe3rome

[IpoBoauMbIe B HOCTIETHIE TPH AECATHICTHS PEOOPa30BaHUS OTEUECTBEHHOTO 3/IpaBOOXPAHECHHUS HE IIPUBEIIH K IJIAaHU-
PYEMBIM pe3yJbTaTaM, a o HEKOTOPEIM HATIPABICHUSAM ITOCIICACTBHUS OKa3aIrich HeraTuBHEIMA. Hanbomee cymecTBeH-
HO TTOCTPaJao CeIbCcKoe 3apaBooxpaneHue. Llens HacTosel paboThl — Ha OCHOBE aHAJIM3a CUTYaIluH, CIIOKHBIICHCS B
CEJIbCKOM 3[IpaBOOXPaHEHHUU CTPAHBI, IPEIJIOKUTH MEPHI 10 €ro COBEpIIEHCTBOBaHUIO. MaTepuaJ u MeToabl. Vcrnosnb-
30BaHbI CTaTUCTUYEeCKUe NaHHbie Munsnpasa Poccun, Poccrara, [IHUU opranuzanuu 1 nHGOpMaTH3AINH 3PaBOOX-
paHeHwus, a Takxe faHHble 1o Cubupckomy penepansHoMy okpyry B 1990-2020 rr. M3y4eHs! HaydHbIe TyOIMKanny 1Mo
paccmarpuBaemoii mpoobieme. Pe3yabTarsl U UX 00cyxaeHue. B3saTeiii B Hadasie 90-X ro10B MpOILIOro CTOJIETHS KyPC
Ha KOMMEpLHAIN3aLUI0 MEIUIMHBI coxpaHseTcs. Tak, 3a nepuon ¢ 2005 mo 2018 . B CTpyKType MEAULMHCKUX KaJIpOB
CTPaHbI KOJIMYECTBO 3aHATHIX B TOCYIaPCTBEHHOM CEKTOpe COKpaTuiioch ¢ 93,6 no 86,8 % (ua 237 000), B TO BpeMs Kak
B YAaCTHBIX MEIMUMHCKUX OpraHu3alusax yBeauuuiaoch B 2,3 paza. B 2020 r. yxe 38,4 % MeIuIUMHCKUX OpraHu3aiuii
ABJSUTMCH YacTHBIMU. Hambornee cymiecTBeHHbIE H3MEHEHHUS MPOU3OIUIN B CEBCKOM 3ApaBooxpaHeHuu. KonndyecTro
(henpIIepeKo-aKymepcKuX MyHKTOB COKpATIiIoch Ha 21,1 %, 00ecriedeHHOCTh KOMfKaMu B CTallHOHapax B 2 pa3a HHXKeE,
4yeM B CpellHEM IO CTpaHe, a BpadaMu — B 3 pa3a MEHbIIE, YeM B ropojax. B Bo3pacTHOH CTpyKType A0Jis TOKTOPOB
crapue 60 siet yBenmumiach ¢ 13,5 % (2017 1) mo 18,1 % (2020 ). Peanu3zauns nporpamm «3eMCKHH JOKTOP» U «3eM-
CKU#l (enpamepy» He IprBeia K pOCcTy 00CCICUCHHOCTH CEIbCKOM MECTHOCTH MEAMIIMHCKUMH paboTHUKamu. CeromHs
BpaveOHas MOMOIIb TEPPUTOPHUAIIBHO TOCTYITHA TONBKO 49 % censth, aist 40 % — TpyaHonocTynHa, s 9 % — npakTu-
YeCKH HeloCTyNHa (2 % pecnoHASHTOB HE CMOIJIM OTBETUTH Ha BONIPOC). DTO MPHUBEIIO K TOMY, UTO CPEIHSS MIPOIOIIKHU-
TENIBHOCTD MPEACTOSIIEH XKU3HN CelsH Ha 1,5 royia MeHblIle, YeM y TOpoXkaH, a o0mias cMepTHocTh Ha 1,2 % Oosblre,
4YeM B CpeIHEM MO cTpaHe. 3akiawodenue. [Ipodiema HOCTYIHOCTH MEIUIMHCKOW IIOMOIIM CEIbCKOMY HACEJIICHHIO B
TTOCIICTHUE TPHU IECATHIICTHS 000CTprIiIach. PeannsyeMeie mporpaMMbl, HAlpaBJIeHHEBIC Ha IIOBBIIICHUE €€ JOCTYITHOCTH
¥ Ka4eCTBa, B TOM YHCIIE )KUTEIISM Cella, He MIPUBEH K 3HAYMMOMY IOJIOKHUTEIHHOMY PEe3yNbTary.

KiroueBrblie ciioBa: HpeO6paBOBaHI/I${, OpraHusanus MC,I[I/IHHHCKOﬁ noMouiy, 34paBOOXpaHCHUE, CCIILCKOC HACLIIC-
HHC.
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Abstract

The transformations of domestic healthcare carried out in the last three decades have not led to the planned results, and
in some areas the consequences have turned out to be negative. Rural healthcare suffered the most significantly. The
aim of the study was based on the analysis of the situation in the rural health care of the country to propose measures to
improve it. Material and methods. The statistical data of the Ministry of Health of Russia, Rosstat, Central Research
Institute of Organization and Informatization of Healthcare, as well as data on the Siberian Federal District for the period
from 1990 to 2020 were used. Scientific publications on the problem under consideration have been studied. Results
and their discussion. The course taken in the early 90s of the last century towards the commercialization of medicine
remains. So for the period from 2005 to 2018 in the structure of the country’s medical personnel, the number of people
employed in the public sector decreased from 93.6 to 86.8 % (by 237 000), whereas in private medical organizations
it increased by 2.3 times. In 2020, 38.4 % of medical organizations were already private. The most significant changes
have occurred in rural healthcare. The number of paramedic and obstetric stations decreased by 21.1 %, the provision
of beds in hospitals is 2 times lower than the national average, and doctors are 3 times fewer than in cities. In the age
structure, the share of doctors over the age of 60 increased from 13.5 % (2017) to 18.1 % (2020). The implementation of
the programs “Zemsky Doctor” and “Zemsky paramedic” did not lead to an increase in the provision of medical workers
in rural areas. Today, medical care is geographically available only to 49 % of villagers, for 40 % it is difficult to access,
and 9 % is practically inaccessible (2 % of respondents could not answer the question). This has led to the fact that the
average life expectancy of the villagers is 1.5 years lower than that of the townspeople, and the total mortality is 1.2 %
higher than the national average. Conclusion. The problem of accessibility of medical care to the rural population
has worsened in the last three decades. The implemented programs aimed at improving its accessibility and quality,
including for rural residents, have not led to a significant positive result.

Key words: transformation, organization, medical care, healthcare, population, rural.

Conflict of interest. The authors declare no conflict of interest.

Correspondence author: Chernyshev V.M., e-mail: chernyshe-vladimir@yandex.ru

Citation: Chernyshev V.M., Voevoda M.L., Strelchenko O.V., Mingazov L.F. Rural healthcare of Russia. Status,
problems, prospects. Sibirskiy nauchnyy meditsinskiy zhurnal = Siberian Scientific Medical Journal. 2022;42(4):4—14.
[In Russian]. doi: 10.18699/SSMJ20220401

Kax 6b1 nHu xopouia ovina cmpamecusi, Ho Heluuilne
6peMA om 6peMeHU nocmompenb U Ha mo, KaKue ona
npurocum pes)yibmanibl.

Yuncrton Yepuusuib

IlpoBoauMBbIE B TOCIEAHUE TPU JECATHUIECTHUS
npeoOpa3oBaHUs OTEYSCTBEHHOTO 3IPaBOOXPaHEHUS
IpeAycMarpuBail B KOHEYHOM CUETE IIOBBILICHHE
JIOCTYITHOCTH W KayecTBa MEIUIMHCKOW IMOMOIIN
HaceneHuto. CerogHs OYEBHIIHO, YTO K IJIAHUPY-
€MBIM pe3yJbTaTaM OHHM HE IPHUBENH, a 110 HEKOTO-
pPBIM HaIpaBJICHUSAM OBLIN TOJYYCHBI HETaTUBHEIC

nocyeAcTsus. 1o MHEHHIO MHOTMX OpraHH3aTopoB
3/IPaBOOXPAaHEHM, 3TO SIBUJIOCH CIEICTBUEM HEIO-
CTaTOYHOW Hay4yHOH OOOCHOBaHHOCTH NpUHHMAeE-
MBIX MEp, a HEPEOKO M HENOCTaTKoM (PHMHAHCOBBIX
cpencTs st ux peanusanuu. Hanbonee cymecTBeH-
HO MOCTPasiajo CENbCKOE 3APaBOOXPAHEHUE, B KOTO-
POM BO BCE BpEMEHa XBaTajio MpooeM.

Poccus ¢ 1990-x rogoB B3siia Kypc Ha KOMMED-
HUanu3aluio MeaunuHel. CloXHIach MOIENb, B
KOTOpOH TepeMemansl (parMeHTsl OIOIKETHOH,
CTPaxOBOW M PpBIHOYHOW cHCTEM. DTO MOBIEKIIO

CUBUPCKUIN HAYYHbIN MEOVLIMHCKAN XXYPHAN 2022; 42 (4): 4-14 5
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Taonuya 1. /Junamuka yucneHHocmu gpavell, cpeoHe20 MeOUYUHCKO20 nepcoHana u koex 8 Poccuu

Table 1. Dynamics of the number of doctors, nursing staff and beds in Russia

CrielMamcThI 1990 [ 1995 [ 2000 [2005 [2010 [ 2015 [2016 | 2017 [ 2018 | 2019
3anATbic B 3APABOOXPAHE- | 3049 | 3713 | 3734 | 3607 | 3692 | 3630 | 3633 | 3521 | 3589 | 3570
HUH, ThIC. YEIl.
Bpaut, Thic. Uell. 694 | 654 |680 |69 |716 |673 |681 |697 |704 |715
B cucteme M3 PO 602 | 566 | 609 |608 |626 |544 |544 |548 |[549 | 552
B HETOCYIapCTBEHHOM
CEKTOpE H.xo. H.xo H.xo. H.o H.no. H.o. 68 76 81 87
Sﬁsﬂgg‘ MeAnepeoHal, 1844 | 1629 | 1564 | 1530 | 1509 | 1550 | 1538 | 1525 | 1491 | 1491
B cucteme M3 PO 1478 | Ha | 1397 | 1351 | 1328 | 1310 | 1292 | 1266 | 1266 | 1259
B HCI‘OCYZ[apCTBeHHOM
cerrone Ha |Ha |Hx |Hux |[Hx [148 154 172 171 | 177
Mianmmii MmeanepcoHan
(rocymapcTBeHHBIH cekrop), | H.m. H.n. H.n. H.n. H.n. 599 547 424 287 265
TBIC. YCJI.
Koex, ThiC. eI, 2038 | 1851 | 1672 | 1575 | 1340 | 1222 | 1197 | 1183 [ 1152 | 1124

Ilpumeuanue: H.n. — HET NaHHBIX.

Cepbe3HbIC H3MECHEHHUS B CTPYKTYPE OT€UECTBEHHOTO
3/IPaBOOXPaHEHMS ¥ MEIUIIMHCKUX KaJpOB CTPAHbI.
KonmyecTBo 3aHATBHIX B TOCYIapCTBEHHOM CEKTO-
pe cokparmioch ¢ 93,6 no 86,8 % (wa 237 000), a
B YAaCTHBIX MeAMIUHCKHX opranm3anuax (MO) yse-
TUIIIIock B 2,3 pasza (tabm. 1). B 2010 1. B wactHOM
cekrope Tpynuiock 5 % menpabotHukos, B 2018 . —
yxke 11 % W3 4gucia 3aHATHIX B 3APAaBOOXPAHEHUU
ctpadsl. B 2019 1. B HErocymapcTBEHHOM CEKTOPE
paborano 29 % Bcex cromaronoros, 31 % ractpo-
SHTEPOJIOTOB, MTOJIOBUHA MaHyaJIbHBIX TE€PareBToB. B
2020 r. yxe 38,4 % MO sBrsnuch yactHbimu [ 1, 2].
UncneHHOCTh MEAUIIMHCKUX PaOOTHHUKOB, 3aHs-
THIX B 31paBooxpaHeHuu B 2018 1., Mo cpaBHEHUIO C
1990 r. coxparmiocs Ha 1,4 %, B rocyqapCTBEHHOM
cekrope Bpadeit B 2019 r. crano mensIe Ha 8,3 %, a
CTHELHAINCTOB CO CPETHUM MEAUITMHCKUM 00pa3oBa-
HueMm — Ha 14,8 % (tabmn. 1). [Ipu 3TOM KOMMYECTBO
3a00JIEBIIMX B TEYEHUE TOZA 33 ATOT XKe MEPHOJT yBe-

JHUUIock ¢ 96 no 115 mun venosek, T.e. Ha 16,5 %, a
Ha ontHOTO Bpada — co 160 1o 208 yenorex (Ha 30 %).
Eme cymecTBeHHe# n3MeHmIach Harpy3ka Ha 1 Koii-
Ky B CTalMOHApax C KPYIIIOCYTOYHBIM MPeObIBAHU-
em: ¢ 47 no 102 4genosek, T.e. Ha 117 %, a ypoBeHb
JIETaTBLHOCTH BEIpOC Ha 53,8 % (Tabm. 2). B ompe-
JICIICHHOW CTENEHH 3TO OOYCIIOBJIICHO MOCTapCHUEM
HACEJICHUs, a TaKKe TeM, YTO TOCHUTAIU3HPOBATH
cTajad 0ojiee TSKENBIH KOHTHHIEHT. Bmecte ¢ Tem,
BEpOSITHO, CKa3aJlaCh M BO3pOCIIas Harpy3Ka Ha mnep-
conaJ. K coxanenuto, rmy0OKoro aHam3a Takoi JTu-
HaMHKH OYCHb Ba)KHOTO MOKA3aTessl aBTOPHI CTaThU
HE BCTPETUIIH.

B Poccun nedunur Bpadelh MEpBHYHOTO 3BEHA
B IOJUKJIMHUKAX, HAUBAXHEHUIIEH 3a7jaueil KOTOPBIX
SIBIISIETCS PO MITaKTHKA, Hanboee BeipaxkeH. Jlons
YYaCTKOBBIX B OOIIEH YHCICHHOCTH POCCHUHCKHX
Bpaueil He npeBeimaer 13 %, B To Bpems kak B Ka-
Hajze u Opannuu nx nouru nonoBuHa (mo 48 %), B

Taonuya 2. Hexomopvie noxkasamenu, Xapaxmepusyloujue cocmosiHue 300p08bsi HACeNeHUsl U 0esimeTbHOCHb
30pagooxpanenust Poccuu (1990-2019 22.)

Table 2. Some indicators characterizing the health status of the population and the health care activities of Rus-
sia (1990-2019)

Tlokazarerns 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2016 | 2017 | 2018 | 2019 A
3abonesume, 96 100 | 106 | 106 | 111 | 114 | 115 | 114 | 115 | 115 | 1198
MJIH 4CJI.

3abonenmmix 5a 160 | 177 | 175 | 174 | 178 | 201 | 212 | 209 | 209 | 208 | 130,0
1 Bpaua, yedn.

3aGonesmux na 47 | 54 | 64 | 67 | 83 | 93 | 96 | 97 | 100 | 102 | 217.0
1 Ko¥iKy, "ed.

JleranbHOCTB, %* H.x. H.x. 1,3 1,4 1,5 1,7 1,8 1,8 1,9 2,0 | 153,8**

ITpumeuanue: H.i. — Het nanHbIX; A — goist mokasarens (%) ot BenuyuHbl B 1990 1; * — cpenu BHIOBIBIINX U3 OOJIBHULEI (B
nogarHeHnH Munznpasa P®); ** — nons mokazarens (%) ot BenmanHsl B 2000 1.
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crpanax Opram3anuy SKOHOMHYECKOTO COTPYIHH-
yecTBa 1 pazsutua (O9CP) — B cpennem Tperb. U3z-
3a peunuTa Bpauei IepBUYHOTO 3BeHA UX HArpy3Ka
3a4actyto B 1,5—2 pasa mnpeBbllliaeT HOPMAaTHBHYIO.
EcrecTBeHHO, IPU 3TOM OYEHb TPYAHO OOECIEYUTh
KaK JOCTYIHOCTb, TaK M Kaue€CTBO MEIUIMHCKON
MOMOIIIM, TeM OoJee yIensaTb NOKHOE BHHMaHHE
NEePBUYHON MEAWIMHCKON mpoduiakTuke. [Ipodie-
Ma KaJpoBOro NeduiuTa 0COOCHHO aKTyaJbHA NI
CelIbCKOro 37paBooxpaHeHus. B Poccun B cenbckoit
MECTHOCTH OOECIEYEHHOCTh BpayaMH COCTaBIISIET
muuib 13,6 B pacuere Ha 10 000 xuteneit, a B ropo-
nax — oonee 45,0.

[IpunsTHe © peanuzauus TOCYAAPCTBEHHBIX
mporpaMM «3eMCKHH JOKTOp» W «3eMCKHU (elb-
JIIIep» He Aalld OXKHIAeMOTO pe3ylibTara. 3a Mepuos
2012-2017 rr. pakTUUecKass YUCICHHOCTh yYaCTHH-
KOB IPOTrpaMMbl Bpauer coctaBmiia 28 968 uenosex,
B TO BpeMs Kak UX 00Iee KOJMYECTBO B CEILCKUX
MO yBeanuunocs Bcero Ha 6955 yenosek, a B Cu-
oupckom denepabaoM okpyre (CDO) maxke cokpa-
tunock Ha 318 yenosek. [IpuuuH TOMY HECKOJBKO,
OJlHA U3 HUX B TOM, 4TO cBbIle 26 % Bpauel, pado-
TaIOINX Ha Celle, 3TO JIUIa IEHCHOHHOTO BO3pacTa,
1 BBIXOJ] MX Ha 3aCITy>KEHHBIN OTABIX HE Y1aeTCs KOM-
MIEHCUPOBATH CHEIMATNCTAMHU, IPUBICKACMBIMH JIJIS
pabotsl B cenbckux MO; B ONpeaesieHHON CTEeTIeHN
elle ¥ B TOM, YTO HEKOTOpPbIE CHEHUaNCThI OTKa3a-
JUCHh padoTaTh B CENbCKOW MECTHOCTH W BEPHYIIH
MOJTYYEHHBIE CYMMBI, OTHAKO O(pUITHAIIEHBIC TAHHBIC
00 3TOM OTCYTCTBYIOT.

IlonTBepkaeHHEM TOTO, YTO TPHUHUMAaeMbIe
[IpaBUTENHCTBOM MEpHI HETOCTATOYHO HAYYHO 000-
CHOBaHBI, a IpH UX POPMUPOBAHUH HE HCIIOIB3YETCS
MPOTHO3MPOBAaHUE W HE M3y4aeTcsi MHEHHUE TeX, Ha
KOTO OHM pacCUUTaHBbI, SIBJISETCS pacUIMpeHue aei-
ctBus Ilporpamm «3eMckuil TOKTOp» M «3eMCKUI
(hempamIep» Ha TOpoaa ¢ HacemeHueM 10 50 ThIC. de-
JIOBEK. DTO 00yCIOBUIIO yMEHBIIIEHHE OOLIETO Yrcia
Bpayeil, paboTarIuX HEMOCPEACTBEHHO B CEIHCKOM
MecTHOCTH, Ha 2 % (c 14,9 mo 14,6 na 10 TBIC. Hace-
JIEHUsT), & CPETHUM METUIIMHCKUM IEPCOHAIOM — Ha
2,1 % (¢ 53,4 no 52,3 na 10 TeIC. Hacenenus) [3].

Jedbunut u neperpykeHHOCTh Bpadel MepBUY-
HOTO 3BE€Ha 0COOEHHO OCTPO OLIYINAIOTCS Ha (hoHE
cokpamierns koedHoro Qonma. Kak crmemyer u3
nmaHHbeIX Poccrara, mo cpaBHeHnio ¢ 1990 r. umcmo
OOJBHUYHBIX KOCK YMEHBIIHIOCH ¢ 2,03 no 1,1 muH,
T.e. co 130 mo 80 ma 10 000 yemnosek). 3meHeHNS
CYIIIECTBEHHBIE, HO COBEPIIEHHO HEOOXOANMBIE, TaK
KaK KOEK [0 CPaBHEHMIO C €BPONENCKUMHU CTpaHAMHU
ObUIO MHOro. DKOHOMHYHEE CTaHOBWJIOCH JICYMTh
OOJIBHBIX Ha AOMY, IPHUYEM C TAKUM K€ PE3yabTaTOM,
HO eciii Ha 3amaje CHadajla yCHJIMBaau amOynarop-
HO€ 3BEHO, ITOCJIE Yero 4acTh KOEK B CTAI[OHapax
CTaHOBMJICh HEBOCTPEOOBAHHBIMM, TO Yy Hac cle-

Jad POBHO HAOOOPOT: CHAYalla COKPATHIIN YHCIIO
koek [1]. He Ob1 yuTeH HE TOJIBKO 3apyOeKHBIN, HO
U OTEUECTBEHHBIN OIIBIT, OJYYEHHBI B XOA€ MpO-
BeJICHHS IKCIIEPUMEHTA 110 U3MEHEHUIO MopsIKa (u-
HaHcupoBanuss MO, KOTOpBIH ObUT Ha3BaH «HOBBIM
XO3SCTBEHHBIM MEXaHU3MOM» M OBUI OCHOBAaH Ha
MOAYITHOM  (PMHAHCHPOBAaHWU TEPPUTOPHATBHBIX
NOJHMKIIMHUK M HAJICNEeHUs MX (QYHKIHEH MOJIHOTO
¢dongonepxkanus. Y COTPYIHHKOB 3THUX yUPEKICHUN
MOSIBIJIACH 3aWHTEPECOBAHHOCTH B HE(POPMAIHEHOM
OTHOIICHUH K MPOBEICHUIO MPOPHIAKTHYECKIX Me-
pompusTHii, Oojiee aKTUBHOM BHEAPEHHUU CTaIHO-
Hap-3aMeMIaroIiX TEXHOJIOTHI, 4T0 00ecrneunBaio
Ooslee HKOHOMHOE HCIOJIb30BaHUE (DMHAHCOBBIX
CPEJCTB, MO3BOJMIIO YKPEUTh MaTepHallbHO-TEXHH-
geckyto 6a3y MO u MOBBICUTH 3apIUTaTy MepCOHAITY.
B pesynbrare yactb kKoeuHOro JOHA B CTallMOHAPAX
C KPyDJIOCYTOYHBIM TpeObIBAHUEM OKa3ajlach HEBOC-
TpeOOBaHHON W ObLIA COKparieHa Oe3 ymepda st
TOCIHUTAIN3alUH BCEX HYKIAIOMINXCS.

B Hoseilweld ucropun Poccumn, HauumHas c
1997 r. 0 HacTOAIIEr0 BPEMEHHU, PEaln30BaHO U
peanusyeTcsl He MeHee IECTH BCEBO3MOXKHBIX IoCy-
JIapCcTBeHHBIX ((PemepanbHBIX) MPOrpamMMm, IMPOEKTOB,
KOHIIENIIMI 10 COBEPIIEHCTBOBAHUIO OpTraHU3aIlluu
OKa3aHWs MEAMLIMHCKON MOMOIIM HACEJIEHUIo, HO,
kak orMmedaeT akageMuk PAH A.I. Aran0ersH, 3Ha-
YUTEJIbHAas YacTh MOKa3aTeled ocTanach HETOCTHUT-
HyTOW. CMEPTHOCTh CPEAH JIIOIEH TPYIOCIIOCOOHOTO
Bo3pacra B 2019 1. momwkHa ObuTa cocTaBUTh 437 Ha
100 000 uenoBek, a (hakTUYECKU MO JaHHBIM Poccra-
ta 6pua 470 Ha 100 000 HaceneHHUs COOTBETCTBYIO-
miero Bo3pacrta. He yaanoch CHU3UTh CMEPTHOCTD OT
OHKOJIOTHYECKHX 3a001eBaHMii, UH(PAPKTOB, HHCYIIb-
TOB, TIOBBICHTH 00€CIIEY€HHOCTh BPaYaMHy U CPETHUM
MEATEPCOHAIOM, MTPEXKAE BCErO B yUACTKOBOM CITYK-
0c u B cenbckoil MecTHocTH. [lokazaTenu Haumpo-
€KTOB 3a4acTyIO0 HE BBITIOJHSIIOTCS TOTOMY, YTO TO-
CYZIapCcTBO BBIAENSET HEAOCTATOUYHO CPEACTB, JHOO
OHHU TparsaTca He o4deHb dddexTrBHO. [Iporpammbl
4acTo CYHIECTBYIOT CaMU IO cebe, a opraHu3anus u
MEXaHHM3MBI UX peanu3anuu ciaabere [1].

B exxerognom noxnazne BecemupHblil 6aHk Ha3Bas
pacxonsl Poccun Ha 31paBooxpanenne Hed(h(HEeKTHB-
HBIMH, TaK KaKk OCHOBHasI CTaBKa JIeIaeTCs Ha CTIelH-
QIM3MPOBAHHYIO U BEICOKOTEXHOJIOTHYHYIO TOMOIIb,
a He Ha YIy4YIIeHHe 370POBbSI HACENIEHUS dYepes
YKpEIUIEHHE IEPBUYHOIO 3BeHA. TeKyIlnid ypoBEeHb
TOCYIapCTBEHHBIX PAaCcXOJ0B Ha 37paBOOXPAHEHUE B
Poccun (3,3 % BBIIB 20181, 3,2 % —B 2019 1) 3Ha-
YUTEIBHO OTCTAET OT CPETHUX ITOKa3aTeNeH 1Mo CTpa-
Ham EOC (7,2 % BBII) u O3CP (6,5 % BBII) [4].

Henocrarok ¢pmuHancupoBaHus IPUBOIUT U K JIe-
($unMTY KaapoB, HOBHILICHHOW Harpy3Ke Ha MEANKOB
1, cCaMO€ TJIaBHOE, HEPAaBEHCTBY B JIOCTYIE K Kade-
CTBEHHOH OXpaHe 3/I0pOBbSl HACETIEHHS B Pa3HBIX
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Tabnuya 3. Hexomopuie nokasamenu, xapakmepusyrouue 300poeve Hacenenuss Poccuu (1990-2019 z2.)

Table 3. Some indicators characterizing the health of the population in Russia (1990-2019)

Fon O6mras cmeprHOCTh Ha 1000 HaceneHus Cﬁ;i;’g;ﬁ?gﬁ/ﬁfgi’gggu
PO Ceno T'opon A2 PO Ceno A3
1990 11,2 13,2 10,5 125,7 69,19 67,97 101,8
2000 15,3 17,1 14,6 117,1 65,34 64,34 101,6
2010 14,2 16,1 13,5 119,3 68,94 66,92 103,0
2019 12,3 13,1 11,9 110,1 73,40 72,21 101,6
Al 109,8 99,2 113,3 106,1 106,2

Tpumeuanue: A1 — nonst mokasarens (%) ot Benuunssl B 1990 1.; A2 — nosst mokasarenst B cene (%) OT BEJIUYHHBI B TOPOJIE;

A3 — nons nokasarenst B cene (%) oT BelMuuHbl B PD.

peruoHax. YeM OenHee PeTHOH, TEM CIOKHEE TOITy-
YUTh OECIUTATHYIO METUIIMHCKYIO MOMOIIh U MEHb-
1€ BO3MOXKHOCTEH PEeIHTh IpodieMy, 00paTHBILUCH
B YaCTHbIE KIMHUKH [1].

Ha ¢one o0mux uist oTpaciu npodiieM 0coboro
BHUMAaHWMsI 3aCITyKUBACT OPTaHU3AINS METUITUHCKON
ITOMOIIIH CEIECKOMY HAaCeJIeHUI0, KOTopas ocTpaaa-
7a HanboJee CymecTBEHHO.

Pa3pymienne cenbCKOXO3SHCTBEHHOH HH(pa-
CTPYKTYpBI, I3MEHEHUE BHIOB XO3IHCTBEHHBIX CBS-
3eif, CyIECTBOBABIIMX paHee MEXIY pa3iIMyHBIMU
TEPPUTOPHUSIMH, IPUBEIN K BEICOKOW Oe3padoTuile Ha
ceJe, CHIDKEHHIO JKU3HEHHOTO YPOBHSA, Ae(opmarun
COLIMAJbHON CTPYKTYpBI HACEJIEHUs, POCTY YUCIICH-
HOCTH COIIMANIbHO Je3aAallTHPOBAHHOHN TIOMYIISIINN.
Bce st HebnaronpusTHBIE PAKTOPHI 00OCTPHIIN CH-
TyalMIO C JOCTYIHOCTBIO CENbCKOM MeaunuHsl. 1o
JAHHBIM aHKETUPOBaHUs, MpoBeneHHOro A.A. Ka-
JUHUHCKOW U 1p. [5], ceromus BpadeOHAs TTOMOIIb
TEPPUTOPUATIEHO AOCTyIHA TONbKO 49 % censH, 1ist
40 % — TpynHOmOCTYIHA, 9 % — MpakTUIECKH HEJO-
ctymHa (2 % PEeCHOHEHTOB HE CMOTJIM OTBETUThH HA
BOIIPOC), 3T0 00YCIOBIMBAET IJIOXOE COCTOSHUE 3/10-
POBBSI CETTLCKOTO HACETIEHHSI M CTOWKYIO TEHICHITHIO
K €ro yxyAueHuo [6].

OO0mas 3a00J1€eBaeMOCTh HACEJICHUSI PACTET, HO
y CeJsiH OHAa MOCTOSTHHO HW)XXE, YeM y TopoxkaH. B
2019 r. ona cocraBuia 124 539,4 ma 100 000 nHa-
CeJICHUS B celie, B TO BpeMs Kak B TOPOJie TOCTHIIIA
164 881,4 (tabm. 3). CrmemgyeT MpeanoNokKUTh, YTO
MpUBEJICHHbIE MU(PPBI HE OTPAXKAIOT JCHCTBUTEIIb-
HOCTb, CKOpEe BCEro 3TO OOYCIIOBICHO MeEHbIIeH
JIOCTYIHOCTBIO METUIIMHCKOM TOMOIIH B CEIhCKOU
MecTHOCTH. boniee 00bEKTUBHBI Apyrue MOKa3aTeiH,
yKa3bIBAIOIIUE HA TO, YTO 3I0POBHE Y MPOIKUBAFOIIIUX
B CEJIBCKOM MECTHOCTU XYK€, UEM Yy >KUTENEH ropo-
noB. CpenHss MpONOKUTEIBHOCTh TPECTOAIeH
KU3HH y MPOKUBAOIIUX B CEILCKOM MECTHOCTH KO-
pode, 4eM y TOpoJICKoTo HaceneHus, B 1990 r. pazanma
cocramisiia 1,22 roxa, a B 2019 — 1,19 (cm. Tadm. 3).
Bonee cymecTBeHHa pa3HUIIA B MMOKa3aTeNsx oOen

CMEPTHOCTHU HAaCeJIEeHHs, KOTOPasi B CENbCKOH MECTHO-
ctu Obuta Ha 2,5 Ha 1000 HaceneHwus BhIIIE, YEM Y JKH-
Tenel ropoJoB, U Toabko B 2019 1. oHa cokpartunach
Oonee ueM B 2 pasa, 1o 1,2 (cMm. Tabm. 3) [7].

Eme B 1990-¢ ronsr B Poccwuiickoit denepanuu
MPOM30LIIa CYIIECTBEHHAsT Ne(OpMaIHsl CUCTEMBI
CEJIbCKOTO 3paBOOXpaHEHUsA. Pe3ko cokparuioch
(uHaHCHpOBaHUE, OBUIN 3aKPBITHl MHOTHE CETILCKHE
OONBHULBI U (QENBbANIEPCKO-aKyLIEPCKUE MTYHKTHI
(DAII), ocnoxxaMIACH TPOOIEMa MEAUIIMHCKUX KaI-
poB. Hucno ®AII ¢ 43,1 Teic. (2005 1) ymMeHbUIH-
nock 10 34,0 teic. (2016 1), T.e. Ha 21,1 %, 17,5 THIC.
CENIbCKUX HACEJICHHBIX MyHKTOB BOOOIIE HE UMEIOT
YUpexKACHUMN 31paBoOXpaHeHus [7].

[maBHOW W OTIMYUTENHFHOH OCOOEHHOCTBIO CH-
ctembl opranmzanu MO celbcKOTO HaceleHHUs B
CCCP Obuna ee 3TalHOCTb, KOTJa JIe4eOHO-TIPOH-
JIAKTUYECKas IOMOIIb JKUTEJISIM Cejla OKa3bIBaJIach
ot ®AII no obnactHOM O0bHUIBEL. CYIIIHOCTh TaKOM
OpTaHH3alyy 3aKI0Yanach B TOM, YTO Ha KaXIOM
W3 3TaloB NALUMEHTHI MMOMyYald MEIULMHCKYIO I0-
MOIIb, KOTOpasi He MOIIa OBITh OOecIeueHa Ha mpe-
npiayieM. B pesynbrare pedopMupoBaHus oTpaciu
[IOCJIE/I0BATEIbHOCTh OKa3ajJach HapYLUICHHON U3-3a
BBIMAZCHUS OTICIBHBIX «METUIIMHCKUX 3BEHBEBY.
Ha ceropnsimzuii neHb CENbCKYI0 MEAULMHY KpaT-
KO MOYKHO OXapaKTepH30BaTh KaK OTPaHUYEHHO JIO-
CTYMHYI0 ¥ HHU3KOX(Q(EKTUBHYIO B CHIy psla He-
pemeHHbIX npobneM. C KaXAbIM TO0OM CTaHOBUTCS
BCe ocTpee mpobiemMa HECOMOCTaBUMOCTH YPOBHS
CENIbCKOHM M TOPOJCKOM JOCTYITHOCTH MEJULIMHCKOTO
oOcyxuBanus [4, 8, 9].

W3meneHus1, MOATBEPIKIAIONINE HECOCTOSTEIb-
HOCTh Mep, MPUHHUMAaeMBIX TOCYIapCTBOM IO CO-
BEPLICHCTBOBAHUIO CEJILCKOTO 3APaBOOXPAHEHUs,
odeBuaHbl Ha mpumepe CPO. Tompko 3a mocien-
HUE 5 JIeT MPOMU30LUIN CYLIECTBEHHbIE NEPEMEHBI
B Ka/JIpOBOM OOECIICUCHHU €r0 CEJIbCKOTO 3IPaBo-
oxpanenus (tabmn. 4). 3a nepuox ¢ 2016 mo 2020 r.
o0ecrneuyeHHOCTh BpadaMu cokparwiack ¢ 15,1 mo
13,5 B pacuere Ha 10 000 Hacenenus, 1.c. Ha 10,6 %.
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Tabnuya 4. ObecneuenHocms MeOUYUHCKUM NEPCOHATOM CelbcKko20 30pasooxpanenus CDO (2016-2020 ez.)

Table 4. Provision of medical personnel for rural healthcare in the Siberian federal district (2016-2020)

[Tokazarenb 2016 2017 2018* 2019 2020

Bpauu

Bcero 7898 7914 6364 6105 5965

Obecmreuennocts Ha 10 000 Hacenenus 15,1 15,1 14,3 13,8 13,5

YKOMIUIEKTOBAHHOCTh (PU3MYCCKUMU JIHIIAMU, %o H.n. 64,0 60,9 59,2 56,0

B Bo3zpacre crapmie 61 rona, % H.go. 13,5 12,7 17,2 18,1
CpenHuii MEAMIIMHCKUM epCoHa

Bcero 30982 30336 25064 24437 23877

O6ecneuennocth Ha 10 000 HaceaeHus 59,1 58,6 56,3 55,4 54,2

'YKOMIUTEKTOBaHHOCTE (DH3MUECKUMH JTUIAMH, %o H.go. 77,0 76,0 75,6 72,7

B Bo3pacte crapuie 61 rona, % H.n. 7,7 9,1 11,4 12,2

Ipumeuanue: H.n. — HeT nanneix; * — B 2018 1. m3 cocraBa CPO e Pecrrybnuka bypsatus u 3abaiikanbckuii kpaii [10].

B Bo3pacTHOIi cTpykType Oosee ueM Ha TpeTh (¢ 13,5
1o 18,1 %) yBemuumiack 107151 JOKTOPOB B BO3PACTE
crapiie 60 neT.

AHanornyHasi TUHAMHKA U Y CIEIHAIUCTOB CO
CPEeIHUM MEIUIIMHCKIM 00pa3oBaHueM (cM. Ta0I. 4).
3a yka3aHHBIN IepUOj] 00CCIICYCHHOCTh UMHU COKpa-
tunack ¢ 59,1 no 54,2 B pacuere Ha 10 000 Hacene-
Hus, T.e. Ha 8,3 %. YKOMILJIGKTOBAaHHOCTh (hu3Hue-
CKHMMH JIMIaMu cHu3unack ¢ 77,0 no 72,7 %. 3a sToT
JKe TIePHOA A0S COTPYIHUKOB B BO3PAcTe CTapiie
60 net yBenauumnack ¢ 7,7 no 12,2 %, T.e. 6onee yem
B 1,5 pa3a. YacTuuHo 310 00yCIIOBIEHO pedopmoit
MIEHCHOHHOW CHCTEMBI, HO caM (haKT IMOCTapeHus Me-
JUITUHCKUX PaOOTHUKOB, 3aHSITHIX B CEJIbCKOM 3][pa-
BOOXPaHEHHH, 3aCIYKHBAaE€T CAMOTO IMPHCTaJIHHOTO
BHAMaHwMs [11].

Jedunur «y3kux» CHEIHATUCTOB B CEJIBCKHX
MO BezneT kK ToMy, 4TO Ha IPUEM K HUM 3aITHChIBAIOT-
cs 3a 1-1,5 mecsima, B CBSI3U C 4YeM BO3pACTaeT pojb
TUTATHBIX MEAUIIMHCKUX ycIyT. OTHAKO HE BCE MOTYT
ux ce0Oe MO3BOJIUTh, YIUTHIBASL, YTO B CEITLCKON MECT-
HOCTH MaJIo paboYux MECT M HH3Kas 3apaboTHas
T1aTa, a CaMUX TUIATHBIX MEIUITUHCKUX YCIIYT B Celie
MPEOCTABISETCS TOPA3I0 MEHBIIE, YeM B TOPOJax.
Huzkast 3apaboTHas 1iaTa He MO3BOJISICT MEIUIIMH-
CKUM pabOTHHKaM paboTaTh TOIBKO B OTHOM MECTE,
Y OHH BBIHYXJIEHBI ITO/Ipa0aThIBaTh HEPEIKO B ILIAT-
HBIX MOJUKIMHHUKAX. TakuM 00pa3oM, rocylapcTBoO
JMaHHOW pedopMOii TOATAIKUBAET 3HAYUTEIBHYIO
YacTh HACEJeHHWA B YaCTHYIO IUIATHYIO MEIWIHY.
TyT kpoeTcs u emie ogHa MpodiIeMa — 3TO TMEPEXO]
KBaJTU(UIIMPOBAHHBIX KaJIPOB U3 TOCYAapCTBEHHOTO
3/IpaBOOXPAaHEHMS] B YACTHBIN CEKTOp, B TOM YHUCIIE
B YAaCTHBIC YUYPCKICHUS 3][PABOOXPAHCHHS JIPYTHX
ctpad [10].

PecTpykTypu3saiius cTalldOHAPOB B CEJie TOKE HE
Jy4ImM 00pa3oM OTPa3UiIach Ha COCTOSIHHH CITYK-
OBI, HO HECMOTPS Ha 3TO, MPOIIECC «ONTHMH3AIHI»
npopoikaercs. HUIMAaTopsl € CTPeMSITCS ClIeaTh
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BCE B OTPACIiK TI0 €BPOMEHCKUM MepKaM, 3a4acTyio
0e3 ydeTa OCHOBHBIX OCOOCHHOCTEH Hallel CTpaHsbl,
OJTHOW W3 KOTOPBIX SIBIISICTCS HU3KAs TUIOTHOCTH Ha-
ceneHus, kotopas B Poccun cocrammsier 8,54 deno-
Beka Ha 1 km? (Ha Uykotke — 0,07 gemoBeka/km?),
B TO BpeMs Kak B 3apyOexHoi EBpome oHa paBHa
100 uenosex/km? (ot 16 8 Hopseruu no 406 B Ton-
nanauu). B cpeHeM B MUpe 3TOT Nokasareb (Koiu-
YEeCTBO JIOfIEH, AeICHHOE Ha IUIONIA/lb CYIN) PaBeH
52 gen/xkm>.

B 2020 . obecrieueHHOCTh KOHKaMHU B CTaI[UO-
Hapax ¢ KPYIJIOCyTOUYHBIM PEOBIBAHUEM B CETBCKIX
MO 6511a TOYTH B 2 pa3a MEHbIIIE, YEM B CPETHEM 110
ctpane (coorBerctBeHHO 42,7 u 80,0 Ha 10 000 Ha-
ceneHus); mo cpaBHeHUIO ¢ 2005 T. yMEHBIIHINCH
YPOBEHb M 0€3 TOTO HHU3KOW rocmHTaIu3auu (co-
OTBETCTBEHHO 6,4 1 6,7 Ha 100 cenbCKUX JKHUTEIEH),
KOJTMYECTBO yYACTKOBBIX OOJBHUII (COOTBETCTBEHHO
29 u 2631) u xoek B HuX (coorBercTBeHHO 900 M
62,3 THIC.).

Henocrarox wmm orcyrctBue ®PAIl m Bpadeit
0O0IIIel TPAKTUKUA COUETACTCS €IIe C OJHUM BUIOM
HEPaBeHCTBA — HEBO3MOKHOCTBHIO MPHOOpETEeHUS
JIEKapCTBEHHBIX CpPEACTB. B 3TUX METUITMHCKIX
CTPYKTYpax HE TOJBKO MPEIOCTABISIACh MEIUIINH-
CKas TIOMOIIb, Ha UX 0a3e CyIIeCTBOBAIH alTEYHbBIE
MyHKTBI, TO3BOJISIFOIINE XKHUTEIIM HPUOOPECTH He-
0o0XoAMMEBIE JieKapcTBa. B psje Majlo4uCICHHBIX U
OTHAJIEHHBIX HACEIICHHBIX ITyHKTOB HET HHU OJHOM
anTeYHON OpraHu3allii, ¥ BOIPOC JICKAPCTBECHHOIO
oOecrieueHus CelNbCKUX JKUTENICH SBISETCS OIHUM
3 caMbIX Oose3HeHHBIX. [Iporecchl pedopmupoBa-
HUS ¥ MOJICPHM3AIMU 3PaBOOXPAHCHHS IMOBIICKIN
3a c000#l CHMKEHHE KauyecTBa M JOCTYITHOCTH Me-
TUITMHCKOW TOMOINM, OTCYTCTBHE WM TEKydecTh
npodeccuoHanbHbIX Kaapos. HeaddexTuBHOCTE Op-
raHU3aIMOHHO-(QYHKIIMOHAILHOW CUCTEMBI YIpaB-
JICHHUsI 3IPABOOXPAHEHUS, YIAICHHOCTh PAaHOHHBIX
(Toponckux) MEAUIIMHCKUX LIEHTPOB OT HACEJIEHHO-
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ro TYHKTa, 3a4acTy0 HENOCTaTOYHas TeXHHYECKas
OCHAIICHHOCTh CENBCKUX MEIUIIMHCKUX YUpEKIe-
HUH, OTYYKIEHHOCTh 3HAYUTEIHHON YaCTH CETbCKIX
JKUTEIIEH OT CHCTEMBI IJIATHBIX YCIYT MOATBEPkKIa-
IOTCS  YXYAIIAIOUICHCS MEIUKO-IeMOorpadudecKoi
CUTYyaIllel, BRBICOKUM YPOBHEM CMEPTHOCTH UMEHHO
B CEIIbCKOI MECTHOCTH, POCTOM 4YHciia Ooe3Hel cu-
CTEMBI KpoBOOOpalieHus u T. 1. [8, 9, 12].

B cBsi3u ¢ cucremarnueckuM HemxohUHAHCHPO-
BaHUEM OTPACIH MPOAOIDKACT YXyAMAThCS MaTepH-
anpHas 0a3a CeNlbCKOro 3apaBooxpaHenus. B 2019 .
1o cpaBHeHuro ¢ 2018 1. mond 37aHUM, HaXOASIIKX-
Cs B aBApPUITHOM COCTOSIHWH, YBETUIHIIACH ¢ 2,27 10
4,93 %, a TpeOyOUMX KaIUTAIbHOTO PEMOHTA — C
9,1 no 15 %.

Ha cerogusmHuii A€Hb CEJIBbCKYIO MEAULUHY
KpPaTKO MOYKHO OXapaKTepU30BaTh KaK OrPaHHUYCHHO
JIOCTYIHYIO ¥ HU3K0A(h(EeKTUBHYIO B CHITy psiia He-
peteHHbIX mpobieM. C KaXIpIM TOIOM CTAHOBUTCS
BCE CYyILIECTBEHHE HECOMOCTaBUMOCTh YPOBHS J0-
CTYIIHOCTH MEIULMHCKOM MOMOIUM [JIsl YKUTEJIEH
CEICKOM MECTHOCTH M ropoxkaH [4]. DTo Hamuio
OTpakEHUE B HM3MEHMBILIEMCS B TIOCIEIHEE BpEMs
MHEHUH HacelleHUs W OIIEHKE MM COCTOSHHUS OTe-
YECTBEHHOT'O 3/IpaBOOXPAHEHUS, KOTOPOE CUHUTAIOT
camoil BaxxHoi nmpobnemoit 34 % sxuteneit Poccun,
kak mokazan onpoc_IPSOS (centsopp 2018 1.). Tor-
Jna aumb 17 % ONpOIIeHHBIX cKa3ald, YTO MMEIOT
JOCTYT K JIyYIIed MeIIOMOIIH (B MHPE TaKOBBIX B
cpenHeM cymecTBeHHO Oombie — 45 %), 27 % co-
OOIIIITH, YTO MOJYYalOT €€ B HEOOX0IMMOM 00beMe.
IIpu 3TOM TpoE U3 UEThIpEX KUTENEH HalleH CTpaHbl
3asiBIJIM, YTO HE MMEIOT JOCTyNa K KadeCTBEHHOMY
3npaBooxpaHenuto. Jlanueie IPSOS xoppenupytoT ¢
MpoBeneHHBIME B ceHTs0pe 2020 1. orrpocamu poHa
«Oo6mecTBeHHOe MHEHUE»: 49 % yBEpEHBI, UTO jejia
B MEIHIIMHE OOCTOSIT TUIOXO, TIOJHOCTHIO JTOBOJIHHBI
Haired MmeauiuHoi Toibko 10 %. JIroOombITHO, YTO,
M0 aHHBIM L{eHTPaNbHOTO CTAaTUCTUYECKOTO YITPaB-
neauss CCCP, B 1989 r. mumpb 10 % HaceneHUs BEI-
CKa3BIBAJIM HEIOBOJIBCTBO KAYECTBOM MEAUITHHEI [1].

K ocHOBHBIM mpuuYMHAM HEYIOBICTBOPEHHOCTU
MEIWIIMHCKOW TIOMOIIM Ha CeJe OIPOIIeHHBIE OT-
HOCSIT HECOOTBETCTBHE Tpalduka IMpHeMa Bpada C
rpadukoM padouero Bpemenu (39,2 %), HEBO3MOXK-
HOCTb IIOTIACTh Ha MpHEM B BBIXOHHBIE AHH (22 %),
oTrcyTcTBUE mpuema mocie 15 gacos (15,3 %), He-
JIOCTaTOYHYIO0 O0OECIEUEHHOCTh PAMOHHBIX TIOJIH-
KIIMHUK BpadaMH — «y3KUMH» CHelramucTamu (OT
18,5 1o 59,8 %, B 3aBUCUMOCTH OT PETHOHA), BHICO-
KyI0 CTOMMOCTB JiekapcTB (67,1 %), HemocTatouHoe
KOJTMYECTBO XOPOIIO OCHAIEHHBIX TMOIHKINHUK,
OOJIBHHUII, CTAaHIUH CKOPOW MEIUIUHCKON IOMO-
um (43,8 %), yBenuyenne oObeMa IUIATHBIX YCIYyT
(34,5 %), oTcyTcTBHE MPaBOBOM 3aIUTHI MAIEHTA
(15,5 %), HEBBICOKYIO KBATM(PHUKALNIO METUIINHCKO-

ro nepconana (13,2 %), HenoOposkenarenbHOE U He-
BHUMATEIFHOE OTHOIIIEHHE METUIIMHCKOTO NIepCOHa-
na (10,6 %), 4,5 % He noBepsiroT Bpauam [ 13].

Hcxons w3 BBIMIEU3IOKEHHBIX MPOOIIEM B Op-
TaHW3ald MEAUIIUHCKOW MTOMOIIM CelisTHaM, HeoO-
XOIMMO MPUHSATHE MEP MO COXPAaHEHHIO CEIBCKOTO
3[IPaBOOXpaHEHMs], O0ECIIEUCHUS KUTENeH cena He-
00XOAMMBIM 00BEMOM MEIMIIMHCKON TTOMOIIH, TPH-
OJMKEHUE €Tro K MOTPEOUTEISIM.

AHanmu3 MEXAyHapOIHOTO W OTEYECTBEHHOTO
OIbITA IIOKA3BIBACT, YTO OpraHU3alMs MEIHIUH-
CKOHl TOMOILIM CEeJIbCKOMY HACEJICHHIO JIOJDKHA pea-
JU30BBIBAThCSI B paMKaxX KOMIUIEKCHBIX IPOTPAMM,
B KOTOPBIX CIIENyeT yYUTHIBATH PUCKU CO CTOPOHBI
BHEIITHEW cpelbl, 0COOEHHOCTH Pa3BUTHS PErHOHA U
CTpaTernyeckre HaIrpaBiIeHUs] aIMUHUCTPATUBHBIX
pedopm. dopmupoBaHHE W peanu3alus COBMECT-
HBIX, (heIepaTbHBIX U PETHOHAIBHBIX IPOTPaMM Tpe-
OyIOT COOIIONEHHS €MHCTBA B PELICHUH MPOOIIEM.
[Ipu nnanupoBanuM koeuHoi momHocTH MO BHe
MPEIENIOB KPYITHBIX TOPOIOB HEPEIKO HE YUHUTHIBA-
IOTCS OCOOEHHOCTH DPAcCEJICHHS Ha ONpeAeTICHHOMN
TEPPUTOPHH, TOJIOBO3PACTHOTO COCTaBa HAaCEICHUS,
CTPYKTYpBI 3a00JI€Ba€MOCTH, ATAITHOCTH TPU Opra-
HU3AIMA MEIUIMHCKOH TIOMOIIM, YTO IOPOXKIAET
CTPYKTYPHBIE AUCHPONIOPLHH, BIHSIOIIUE Ha €€ 10-
CTYITHOCTH IS HacEJICHUS U KauecTBo [6].

Cenbckoe HacelleHHE 10 COCTOSHHIO Ha
01.01.2021 cocrasuser 25,44 % HaceneHus CTPaHbI
(6omee 37 MuTH YeJIOBEK), B UeTBEPTH CyOhekTOB Poc-
cuiickoit @enepannu — 40 % Hacenenus. [Ipogomxka-
€TCS TIPOIIECC M3MENBUaHUsl CeNbCKUX ITOCEICHHUH,
yBENUYMBaCTCs JEHUIUT MEIUIMHCKAX pPaOOTHH-
KOB, Tp0o0JIeMa JOCTYITHOCTH METUIIMHCKON TOMOIIH
CEJNIbCKOMY HACEJICHHIO B TIOCTIe[IHEE IEeCSATHIICTHE
o0ocTpsieTcs, U TIoKa OHA He IPUHSIIA HeOOpaTHMBbIH
Xapakrtep, HeoOXOANMO HPUHSITHE MEp IO ee pelle-
HUIO.

OCHOBHBIMH HaIpaBlICHUSMHU Pa3BUTHS 371PaBO-
OXpaHEHU B CEIbCKON MECTHOCTH B HACTOSIIEE Bpe-
Ms ABJISIETCS 0OecTiedeHne MEANIIMHCKAMU KaJpaMu
W COBEpILEHCTBOBAaHNE OPraHU3allid MEAULIUHCKON
MOMOIIY HACEJICHUIO C YYETOM COXPaHSIOLIMXCS
0COOEHHOCTEH Halle CTpaHbl. DTO MPEXKIE BCETO
MaJioe KOJIMYECTBO OOCITYy)KMBAacMOrO HaceleHus,
MPOKUBAIOIIETO HA JOCTATOYHO OOJBIINON TepPUTO-
puM; HEpAaBHOMEPHBIN XapaKTep pPacCeleHUs Celb-
CKHUX JKUTEJIeH; OTCYTCTBHE Y HACEJICHHUS CEITLCKOTO
paiioHa BO3MO)XKHOCTH TIOJIHOM peanu3aiuyd IpaBa
BBIOOpa KaK Bpaya, TaKk U MEIHIMHCKOTO yUYpexKie-
Hus. CoxpaHseTcss U Aaxe NPOAOIDKACT yBETHYH-
BaThCsl AeUIUT Bpavyel IIEpPBUYHOTO 3BEHA, Bpauei
W CpeIHUX MEIUIIMHCKUX PaOOTHUKOB, TOATOTOB-
JICHHBIX K TPOBEICHUIO LENEeBOW NPO(UIAKTUKHY,
cinabas JieueOHO-IMArHOCTHYECKas 0a3a, HH3KUH
YPOBEHb JMArHOCTHKH M JiedeHus: 6onbHBIX. [Toio-
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JKEHHE YCYTYOIISTIOT HHU3Kas MarephallbHO-TEXHUYE-
CKasl OCHAIIIEHHOCTb, HEBBICOKUH YPOBEHb Pa3BUTHS
WH(POPMAIIMOHHBIX TEXHOJIOTUH, NEeUIUT CaHUTAp-
HOTO TPaHCIOPTa, YacTh yUpEKIACHUN He TeaeOHu-
supoBana. CyliecTBEHHOE BIMSHIE HA CBOCBPEMEH-
HOCTh OKa3aHHsI MEIUIUMHCKON IMOMOIIM OKa3bIBAIOT
HEYIOBJIETBOPUTEIFHOE COCTOSHHUE TPAHCIIOPTHBIX
KOMMYHHUKalUH ¥ OOJBLION pagnyc OOCITyKWBaHHUS
HACEJIEHHBIX TYHKTOB, Mpeo0iaflaHue CPelay Cellb-
CKHX XHUTeJIeH TTeHCHOHEepoB u ap. [13].

Haunbonee akTyanbHOW ISl CEIBCKOTO 3IPaBOOX-
paHeHHs ocTaeTcs KajapoBas npodiema. OTcyTcTBHE
MOTEHIIMAITEHO HEOOXOIMMOT'0 YMCIIA U OTITUMAIILHO-
IO CTPYKTYPHOTO COCTaBa BHICOKOKBATU(UIIMPOBAH-
HBIX Bpaueil W CpeHUX METUIIMHCKHX PaOOTHHKOB
HE TI03BOJISIET 00ECTIEUNTh HaceIeHne BOCTpeOOoBaH-
HOW PABHOJOCTYITHOH W KaueCTBEHHOW MEIMIIVH-
CKOY TIOMOIIBI0, HE3aBUCUMO OT MeCTa IIPO’KUBAHUS
[14, 15].

Bwmecre ¢ TeM, Kak yke 0TMEUaIoCh BHIIIE, B TIO-
cienane 20-25 meT mpobireMa KaIpoBoro obecrede-
HUSI B TOCYJAapCTBEHHOM CEKTOpE 3paBOOXPaHECHHUS
HE TOJBKO COXPAHSETCS, HO CTAaHOBUTCS Bce Ooiee
OIIYTUMOM, MPEXK/Ie BCETO B CEJIbCKOM MECTHOCTH, U
UMEeT JI0OCTaTOYHO CTaOMIIbHBIN XapakTtep. [1o ouen-
KaM 3KCIIEPTOB, KPOME €CTECTBEHHOW YOBUIH B CBSI3U
C BBIXOJIOM CHEIHAIMCTOB Ha TICHCHUIO, 3TU IU(PHI
CBUJICTENLCTBYIOT O MaclITade COKpAIEHHs CaMuX
MEIULIUHCKUX OpTaHW3allfii, CHIDKEHUH IPHBIIEKA-
TEJILHOCTH paboThI B TOCYIapCTBEHHOM 3]paBOOXpa-
HEHUH U MePEeX0JIe YacTu Bpaueii B yactHbie MO, ot-
Ka3e OT paclpee’IeHNs BBITYCKHIKOB MEIUIIMHCKAX
y4eOHBIX 3aBEJICHUH MTOCIIE NX OKOHYAHHS.

C mepexooM K PHIHOYHBIM OTHOIICHUSM CJIO-
JKUBIIAACA ACCATHICTHSIMH CTapas CHCTeMa IIOJ-
TOTOBKH W HACHIIECHHS 3/IPaBOOXPAHCHUS KaJpaMu
yKe AaBHO He paboTaeT, a HoBas He co3laHa. A Jo-
3YHT «KaJIpbI PEIIAOT BCE) MO-TIPEeKHEMY aKTyaleH.
KoHeuHo, ofiHa M3 BaXKHEHUIITUX MPUYUH «KAJAPOBOTO
TOJIONIa» — ATO TO, YTO TOCYIAPCTBO, TPATS OTPOMHBIC
JIEHbTW HA TOATOTOBKY MEIUIIMHCKUX PaOOTHUKOB,
TUmuiIo ceOs MpaBa paclopsHKaThCsl UMM TOCTE
OKOHYAHUSI METUIITHCKOTO YyIeOHOTOo 3aBeneHus [9].

He cmocoGcTByeT pemieHnio KaJapoBoil mpooie-
MBI U TACCUBHOCTh MEJAMIIMHCKUX OpPraHU3aInii, He-
JIOCTaTOYHAS aKTUBHOCTh WX B OpraHU3aIfu mpod-
OpHEHTAIlNA COBMECTHO ¢ 00I1e00pa3oBaTeIbHBIMU
OpraHM3alusIMy. AHaNIHU3 JCATEIBHOCTH CEIIbCKHX
kot 1 MO B Tpex cubupcekux cyorexrax PO (Pecmy-
onmka Xakacusi, Anraiickuii kpaii 1 HoBocubupckas
0051aCTh) CBHIECTEIBCTBYET O TOM, YTO, HECMOTPSI Ha
CYIIIECTBYIOMTHE TIPOOJIEMBI ¢ 00€CTIEYEHHOCTHIO Me-
JTUIIMTHCKIMH paOOTHHKAMU CEJIbCKUX JIEYEOHBIX Y-
pexaeHuit, padbora 1mo npoQopUeHTAIUHN B CETLCKON
MECTHOCTH TMPAKTUIECKH He opraHm3oBaHa. Crienu-
ANM3UPOBaHHbIE MEIUIMHCKUE KIIACCHl (YHKIHO-

HUPYIOT MeHee 4eM B 1 % IKom, Kpy>KKH 10 H3y4de-
HUIO OCHOB MEJMIIMHCKUX 3HAHUH UMEIOTCS JIUIIb B
3,1 % oOuieoOpa3oBaTeIbHBIX OpraHU3aIUN, TOJIBKO
B 4,1 % mKoa npoBOAATCA BCTPEUU MEAULIMHCKUX
paboTHHUKOB co mkoinbHHKaMu. Menee yem B 20 %
001e00pa3oBaTeNbHBIX OpraHU3aluid OCYyIECTBIIS-
€TCSl JIOTIONHUTENbHAS TOATOTOBKA BBITYCKHHUKOB,
U3bSBHUBIINX JKETaHUE TOCTYNaTh B MEIUIIMHCKHE
yueOHBIC 3aBefieHUs. BMmecTte ¢ TeM MHOTOJETHHUH
OTIBIT CBHUJETEIHCTBYET O TOM, YTO INKOJHHHUKH, Ha-
npaBlieHHbIE Ha y4e0y M BEpHYBIIHECS B POJAHBIC
Kpas Iociie ee OKOHYaHHsI, B OOJBIIMHCTBE CBOEM
OCTAIOTCS TaM HAJOJITO WIIM HaBcerna [15].

O4eBHIHO, YTO BO3BpAT K PACIpeeICEHUIO BbI-
ITyCKHUKOB MEIUIIMHCKUX Y4YeOHBIX 3aBEJCHHI I0O-
Clle X OKOHYAHWs TOXKE HE B COCTOSHHUU PEIIUThH
KaJpoBy0 NpoOiieMy, TOTOMY YTO YacTh CIIeLUaH-
CTOB TIOKHUJAeT MECTa PACIIPEEICHUsI B CBS3U C OT-
CYTCTBHEM HEOOXOJMMBIX YCIOBUH JIJIsl TPOKUBAHUS
1 paboThl. B cBsi3u ¢ 3THM 00513aTENbHBIM yCIOBHEM
JUTS. PETHOHAITBHBIX U MYHUIIMITAJIHHBIX OPTaHOB BIa-
CTH JOJDKHO CTaTh CO3/aHue ONarompHUATHBIX YCIIO-
BHI JUTS )KU3HU U PabOTHI MOJIOJIBIM CIICIIUATHCTaM.
PykoBomuTenu ykazaHHBIX OPTaHOB BIIACTH JIOJKHBI
HECTH OTBETCTBEHHOCTbH 32 JNEQHUIIUT METUIIMHCKUX
KaJpoB, HO 3TO HUKAK HE OTPaKeHO B ykase [Ipe3u-
JIEHTA O HOBBIX KPUTEPHUSIX OTEHKH dP(HEKTUBHOCTH
paboThl I1aB pernoHOB. B HEro BKIIIOYEHO MHOTO
IyHKTOB, KOTOPBIE CKOpee OMPEeIISIOT HalpaBle-
HUAA WX JOEATEIFHOCTH W HOCAT CIUIIKOM OOIni
XapakTep, a pacdeT 3THX KpUTepueB TpedyeT JIubo
MPOBEICHUS CHEIHANTbHBIX HUCCIEeNOBAaHUHN, THOO
COIIMOJIOTHYECKHUX OMPOCOB, a BOT 00€CTIEYEHHOCTH
peruoHa «OIOMKETHUKaMW», T.€. MEIUIUHCKUMHU
pabOTHHKaMH, YYUTENSIMU, PaOOTHUKAMU KYIBTY-
pBL, cpeau KpuTepueB HeT. VIMEHHO 3TOT mokasa-
TEIb HANPSIMYIO 3aBUCHUT OT IJIaB aIMUHUCTPAIUN
cyObekToB P® M MyHUIIMTIATBHBIX 00pa30BaHUH.
OT1o W opraHuzanus npodpoprueHTaLNH, Halpasie-
HUE Ha y4eOy B BBICUIME U CPEIHHE CIECHUaIbHBIC
yueOHbIe 3aBeJeHUsA, U CO3IaHHe OMarompHUsTHBIX
YCIOBHUM ISl MOJOIBIX CHEIHaNINCTOB, IMpPHEXaB-
muX Ha paboTy B perwoH. [7aBbl aAMHHUACTpALIAN
CcyObekTOB PO mim MyHHIMIIAIIEHOTO 00pa30BaHUS
JOJDKHBI HECTH OTBETCTBEHHOCTH 32 HEYKOMILIEKTO-
BaHHOCTh COOTBETCTBYIOIIMX YUYPEKICHUH CIEIH-
aTACTaMHU.

Kpome pemennst kaapoBoro Bonpoca HeoOXoau-
MBI H CEphEe3HbIC W3MEHEHHsI B CIIOXHBIIEMCS TIO-
pSIKe OKa3aHWsl MEIUITUHCKOW TIOMOIIN SKUTEISM
cena. Hy>HBI 10CTaTOUHO paguKaabHbIe H3MEHEHHUS
B OpTaHU3aIlMU OKa3aHU MEIUIIMHCKON ITOMOIIIN Ha-
CEJICHHIO | yIIpaBlieHHH oTpacisio. [lo MHeHHIO aka-
nemuka PAH A.I. Aran6ersna, ynpasieHre T0KHO
OBITH OOJiee IEHTPaJM30BaHHBIM: B TOCYIApCTBEH-
HOM CEKTOpE 3/pPaBOOXPAaHEHHs] — JUPEKTHBHBIC
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METOIbI, @ B YAaCTHOM — WH/INKATHBHBIE (pEeKOMEH/1a-
TenpHbIe). HeoOXommMo mepecMOTpeTh PUHITATIEI 1
MIEPETIOMUTH TEHICHITHIO KOMMEPIINAIH3auN 31pa-
BOOXpaHeHus, cuuraet npodeccop BIID B.B. Bna-
coB: «MenunuHa OyIyIero — 3To cucremMa Oecruiar-
Has B TOYKE TOCTYIa». AKIICHT JOJDKEH OBITh CJIeNaH
Ha PEYNPESKICHUN U TPO(PHIIaKTHKE 3a00ICBaHUH,
a A7 3TOrO HY)KEH JIETKHH CBOOOAHBIA JOCTYI K
NIEPBUYHOMY 3BEHY, B YaCTHOCTHU K CBOEMY CEMEHHO-
My (y4acTkoBOMY) Bpauy [1, 8].

Oco0oro BHUMaHHS 3aCIyXHBaeT JUCIAHCEpPH-
3aMs HAaCeNeHWs, MO3BOJISIONIAas KOHTPOJIMPOBATH
COCTOSIHHE 37I0POBbBsI ITFONIEH, BBIABIATH 3a0o0IieBa-
HUS Ha paHHUX CTaIUSIX W OKa3bIBaTh IPU ITOM d(h-
(hexTHBHYIO TTOMOINB. BMecTe ¢ TeM MomHOIIEHHOE
MIPOBEICHUE €€ B CEIIbCKOW MECTHOCTH OCIIOKHEHO
psizioM QakTopoB: OE310pOXKbE, YIAICHHOCTh OT Me-
JTUIAHCKUX OpPTaHW3ali, NePUIUT MEIUITMHCKUX
pabOTHHMKOB, HEJOCTAaTOYHAsi OCHALIEHHOCTh Yd-
PEXIEHUI 3ApaBOOXpaHEHUs U Jip. B cBsA3u ¢ 3TUM
TPaJULIUOHHBINA MOPSAOK MPOBENCHHUS NMPO(UITAKTH-
YECKUX MEAMLMHCKHUX OCMOTPOB CIIEAYyeT 3aMEHUTh
Ha CKPUHMHT.

OnbIT APYTUX CTPaH, 1a U OTEUYECTBEHHBIH, MMO-
Ka3bIBaeT, 4T0 () (PEeKTUBHOCTH MOITHOLIEHHOTO CKPH-
HUHTA TI0 BBISBICHHIO 3a00lIeBaHU HE HWXKe 3(-
(heKTUBHOCTH TPAJAULIMOHHBIX MPOMUIAKTHIECKAX
MEAUIIMHCKAX OCMOTPOB, IIPH 3TOM BBICBOOOXKIAeT-
Csl TOCTaTOYHO MHOTO BPEMEHH y MEIUIIMHCKUX pa-
6oTHKOB. OCHOBHOE Ha3HAYCHUE CKPUHHHTA — 3TO
BBISIBIIGHHE OTKJIOHEHHWH B COCTOSHHU 3[IOPOBBS Y
NalKeHTOB, KOTOpBIe M OyIyT MOABEPTHYTH HCCIIe-
JOBaHHAM, UM MOHAZ00STCS KOHCYJIBTAllU, HO 3TO
OyayT Janeko He Bce, KTO JOJKEH MPOXOOUTH MpPo-
($uakTHUECKUEe MEAULIUHCKHE OCMOTPBI €KETOAHO.
CKpUHUHT MOTYT IPOBOIUTH CIIELUAIUCTHI CO CPEI-
HUM MEIWIIMHCKUM O0pa3oBaHUEM M JaXKe JIHIA, He
HAMEIONIHE ero, TaK KaK OT HUX JIMIIb TpeOyeTcs 3Ha-
HHUE TOTO, KaK IMPABWJIBHO 3aIlOIHUTh aHKETY U BBE-
CTH JaHHBIE B KoMITbioTep. boree Toro, 3amonnenue
AaHKET MOXKHO OCYIIECTBIATH AWCTAHIIMOHHO C WC-
TOJIb30BAaHIEM COBPEMEHHBIX TEXHUYECKUX BO3MOXK-
HOCTEH (TeneMenuIInHa, CKaiI 1 JIp.) WIK IPOCTO IO
TenedoHy. ITo yIOOHO OUCTAaHCEPH3YEMBIM, KOTO-
pBI€ CMOTYT 3allOJHUTH aHKETHI, HE BBIXO/IA U3 A0Ma,
YaCTUYHO OCBOOOAMT OT 3TOH PabOTHI y4acTKOBYIO
U TUarHOCTHUYECKYIO CIYXOBI, KOTOpBIE CTaHYyT 3a-
HUMATBCSI TOJIBKO JIUIIAMH, Y KOTOPBIX OOHApyKEHBI
OTKIIOHEHUS B 37J0POBEE.

B cBs3u ¢ BBIIEU3IOKEHHBIM, HABEpHOE, OyneT
MPaBUILHBIM BO3BPAT K 3IPaBOOXPaHEHUIO, OCHO-
BaHHOMY Ha IPUHLMIAX, 3an10keHHbIX H.A. Cemarn-
KO MHOTO JIET Ha3aJl U Ha KOTOPBIX OCHOBAaHO OKaza-
HUE€ MEIUIIMHCKOHN MOMOIIH I'paXk1aHaM B HEMaJIOM
KOJIMYECTBE CTpaH MUpa: 0ECIUIaTHOCTh U OOIIeIo-
CTYITHOCTh MEIUIIMHCKOM IOMOIIH, MpOQUIaKTHKA

3a00NeBaHMiA, CaHWTapHas T'PAMOTHOCTH Hacele-
HUS, TOCYIapCTBEHHBIN XapakTep 3ApaBOOXpaHeHUs,
€JIMHCTBO MEJIUIIMHCKON HayKH U MTPaKTUKU. Bo3Bpar
Oyzaet 6e300JIe3HCHHBIM JIJIs1 HACEJICHUSI, «II0CTPaia-
F0T» TOJBKO COTPYIHUKH CTPAXOBBIX METUIIMHCKHIX
OpraHu3alyi, BIPOYEM, OHU CMOTYT aKTHBHEH 3a-
HUMATbCS JOOPOBOJIBHBIM MEAUIIMHCKUM CTpaxoBa-
HHUEM, CIIPOC Ha KOTOpoe OyAeT pacTH 10 Mepe pocTa
01arococTosiHUS Hapoaa, TH00 3aHATHCS BpaueOHOM
MIPAKTHKOM.

3akiaoueHue

[Ipobnema TOCTYMTHOCTH MEIUIIMHCKON TTOMOIITN
CEJIbCKOMY HACEJICHUIO TIOciie BBEJCHHS B CTpaHe
00513aTEILHOTO MEIUIIMHCKOTO CTpaxoBaHHs 000-
cTpuiack. Ee 00ycloOBIMBArOT JBE TPYHIBI OCHOB-
HBIX (DaKTOpOB: OIHA CBsi3aHa C OCOOCHHOCTSIMH
paccelieHus] Ha OIPENEIeHHON TePPUTOPUH, TPaHC-
MMOPTHOH TOCTYMTHOCTBIO, CBOEOOpA3WeM CeNlbCKO-
ro ObITa, Apyras — ¢ 0COOCHHOCTSIMH OpraHU3aLIH
MEIWIMHCKOW TOMOINY, OOYCIOBICHHBIMH HEIO-
CTaTOYHBIM pECYpCHBIM OOecledeHHeM OpraHu3a-
Ui 3apaBooXpaHeHus. Peamu3yeMbie B TOCIEIHUE
JECATHIIETHS TPOrpaMMBbI, HallpaBJICHHBIE HA MTOBBI-
LIEHUE JOCTYNMHOCTH M KauecTBa MEAMLIMHCKON MO-
MOIIIH, HE TMPUBENN K 3HAYNMOMY TIOJOKUATEIEHOMY
pesynsTary. B cBA3M ¢ 3THM BHOBb IJIaHWpYEMBIE
MPOrpaMMBbl JTOJDKHBEI OBITh HayYHO 00OCHOBaHHBI-
MH, TOCTaTOYyHO MpOo(GHUHAHCHPOBAHBI, a JINIA, IO~
TOTOBHBILHE W 00ECIICUNBAIOIIIE PEATNU3ALIIO ITUX
MPOTrpamM, JOJKHBI HECTH OTBETCTBEHHOCTH B CIIY-
Yae WX HEBBIIOJIHEHUS.
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Overestimation of medical consequences of low-dose exposures to
ionizing radiation

S.V. Jargin

Peoples’ Friendship University of Russia
117198, Moscow, Miklukho-Maklay str., 6

Abstract

Overestimation of medical consequences of low-dose exposures to ionizing radiation contributes to the strangulation
of nuclear energy production. Several examples of the overestimation are discussed here: the Chernobyl accident,
East Urals Radioactive Trace and Semipalatinsk Nuclear Test Site. Results of certain studies of Chernobyl-related
malignancies should be reassessed taking into account that some cases, classified as aggressive radiogenic cancers, were
in fact late-stage malignancies. Associations of various markers with the tumor progression can become a field for future
research and re-interpretation of data obtained in studies comparing malignancies from different regions. Reported
correlations between low-dose exposures and non-malignant diseases call in question the cause-effect character of such
correlations for cancer reported by the same and other researchers. The correlations may have been caused or influenced
by bias, in particular, the dose-dependent selection and self-selection: individuals with higher dose estimates would be
on average more motivated to undergo medical checkups and given more attention. Therefore, diagnostics tend to be
more efficient in people with higher doses. Lifelong animal experiments are a promising approach to the research of
dose-response relationships.

Key words: ionizing radiation, Chernobyl accident, East Urals radioactive trace, health services.
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HepeoueHRa MEINIMHCKHUX MOCJIeICTBUH BO31eCTBUSI MAJIbIX /103
HOHUSHUPYIOLIHECTO U3JTYICHUSA

C.B. flprun

Poccuiickuii ynusepcumem opyscovt Hapooos
117198, 2. Mocksa, yn. Muknyxo-Maxknas, 6

Pe3rome

[IpeyBenmueHre MEAUIIMHCKUX MOCIEICTBUN MOHU3HPYIONIETO OOIy4EeHHUS B MaJbIX J03aX MPEISTCTBYET Pa3BUTHIO
aTOMHOI 3HepreTHKH. B 3TOM 0030pe mpeyBennueHne o0CyXaaeTcst Ha IpuMepax aBapuu Ha YepHoObuIbCKOH ADC,
BocTouHO-Ypanbckoro paguoakTUBHOTO ciieia 1 CeMHUNanaTHHCKOTO SIIEPHOTO NMOJIUroHa. Pe3ynbTaTsl Hcclen0BaHuM
37I0Ka4eCTBEHHBIX HOBOOOPA30BaHHH, CBI3aHHBIX ¢ YepHOOBUIEM, TPEOYIOT IEPEOIIEHKHU C yYETOM TOTO, YTO HEKOTOpHIE
Cllyyad, KIacCH(pUIIMPOBaHHbIE KaK arpeCCUBHBIC PaJIMOTEHHBIE PaKH, HA CaMOM JieNle MIPEACTaBIsUIN CO00 omyxonu
Ha MO3HUX CTAAMUAX. ACCOLMAINY Pa3IMYHBIX MAPKEPOB C OIMYXOJIEBOM IPOrpeccueil MOryT CTaTh TEMOH JalbHEUIITNX
HCCIICIOBAaHNI ¥ HOBOM MHTEPIIPETALMH JaHHBIX, paHee MOMyYCHHBIX B HCCICIOBAHUAX CO CPAaBHEHHEM 3JI0KAUYCCTBEH-
HBIX HOBOOOpa30BaHMI W3 Pa3IMYHBIX PErHMOHOB. HalileHHBIE 3aBUCHMOCTH MEXIy MajJbIM{ J03aMH OOIydYeHHS U
YacTOTOW HEOITyXOJIEBHIX 3a00JICBaHUI CTABST IOl COMHEHHE NMPHYUHHO-CIICICTBECHHBIA XapaKTep TaKUX acCOLMAIHA
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Ut paka. [IpyauHamMu KOppessinuii MOIIIM CTaTh HEPaAWAlMOHHBIC (haKTOPBI, B 0COOCHHOCTH, J0303aBUCHMBIN 0TOOD
U camooTOOp. JINna ¢ BEICOKMMHU OLIEHOYHBIMU 3HAUSHUSIMH /103 B CpeHEM 00Jiee MOTUBHPOBAHBI /ISl TIPOXOXKICHUSI
MEIUIIMHCKUX OCMOTPOB, TI€ UM yAelsieTcs Oonbine BHUMaHusA. Takum o0pa3oMm, 3¢ GeKTHUBHOCTD THarHOCTHKN HHOT/IA
3aBUCHT OT J103bl. [IepCreKTHBHBIM NOAXOAOM K UCCIIEOBAHUIO 3aBUCUMOCTEN «103a—3({EKT» MOTYT CTaTh 3KCIEPH-

MCHTBI Ha )KUBOTHBIX C OI.[eHKOfI CpC,HHeﬁ OPOAOJLKUTCIBHOCTH KU3HU.

KuaroueBble cjIoBa: MOHU3UPYIOIEe U3TydeHUe, apapust Ha YepHoOBUTbCcKOM ADC, BocTouno-Ypansckuii pamwo-

aKTUBHBIH cllell, 31paBOOXpaHEHHUE.

Kon¢uaukT unTepecoB. ABTOp 3asiBiIsieT 00 OTCYTCTBUU KOH(IIMKTa HHTEPECOB.

AsTtop ans nepenucku: Aprun C.B., e-mail: sjargin@mail.ru

Jas uutupoBanus: Sprun C.B. IlepeorieHka MEUIMHCKUX MTOCNIEACTBUI BO3AEHCTBUSA MaNIbIX 103 HOHU3UPYIO-
miero u3nydeHus. Cubupckuii Hayuusiti meouyunckuti sxcypuan. 2022;42(4):15-32. doi: 10.18699/SSMJ20220402

After the Chernobyl accident (CA) numerous
publications appeared in which diseases among res-
idents of contaminated territories were regarded to
be radiogenic; some studies have been commented
on previously [1-3]. Certain data can be explained
as being due to artifacts e.g. reports of stronger bi-
ological effects of lower doses compared to higher
doses in animal experiments and epidemiological
studies. For example, doses ~ 12 mGy in mice were
reportedly more efficient in inducing DNA and cell
enzyme alterations than higher doses within a certain
range (bimodal dependence) [4]. Among Chernobyl
cleanup workers (liquidators), maximal deviations
of some biochemical and blood-cell-related indices
were observed at cumulative doses < 150 mGy, de-
creasing at higher doses. The mortality among them
was minimal at doses ~ 150 mGy. A similar bimodal
dose-response relationship was reported for morbid-
ity and mortality of some malignancies e.g. leuke-
mia. The maximum frequency of disabilities among
liquidators was noticed at the dose level of 79 mGy
[4]. The biological relevance of such results appears
questionable. Various kinds of bias can be found in
the epidemiological research reporting elevated can-
cer risks from low radiation doses: interpretation of
sporadic diseases as radiogenic, conclusions about
incidence increase without adequate control [1],
“forcing a positive slope to the relative risk dose-re-
sponse curve” [5] etc. The publication bias should
be mentioned: some studies with negative results
were neither included in databases nor cited in re-
views [6]. Other biases and confounders have been
discussed [7—11]. Among limitations of some epide-
miological studies has been disregard for the natural
radiation background (NRB). The following dose
comparisons are relevant to the rest of this review.
Individual effective doses from NRB are generally
expected to range from 1.0 to 10 mSv/year; some
national averages exceed 10 mSv/year [12, 13]. The
average for the Russian Federation is 3.35 mSv/year;
the highest background among federal subjects is in

the Altai Republic — 8.83 mSv/year [14]. The average
individual whole-body dose to 6 million inhabitants
of the territories, recognized as contaminated by the
Chernobyl fallout, received from 1986 through 2005,
was ~9 mSv [15]. For comparison, according to as-
sessments of data on solid cancers and leukemia in
the Life Span Study (LSS) of atomic bomb survivors
in Japan, there was a significant positive dose-re-
sponse correlation among all survivors who received
< 500 mSv but the statistical significance vanished if
only doses < 200 mSv were considered [16, 17]. The
doses < 100 mGy at low rates may induce an adap-
tive response against neoplastic transformation [18].
More comparisons are at [19].

Nuclear worker studies and radioactive
contaminations in the Urals

Some dose-effect correlations may be attributed
to a dose-dependent selection, self-selection and re-
call bias noticed in exposed cohorts [20-22]. It can
be reasonably assumed that persons knowing their
higher doses would be more motivated to undergo
medical examinations being at the same time given
more attention. Therefore, diagnostics would be a
priori more efficient in people with higher doses. For
example, the dose-dependent increase in incidence of
cardio- and cerebrovascular diseases among Mayak
Production Association (MPA) workers was not ac-
companied by a corresponding increase in mortality
[23-26], which can be attributed to a recording of
mild cases in people with higher doses. Moreover,
the excess relative risk per unit dose (ERR/Gy) for
leukemia, excluding chronic lymphocytic leukemia
(CLL) among MPA workers using incidence data has
been considerably higher than that using mortality
data [27]. A more efficient detection of latent leuke-
mia with occasional registration of unverified cases
is a probable explanation. As for CLL, it is often ac-
companied by a lymph node enlargement thus less
frequently remaining undiagnosed; therefore, the
screening for CLL would result in decreased diagno-
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sis than that for other leukemias. The inter-study het-
erogeneity [28], the mixture of more and less reliable
data assessed together remains a problem of some
systematic reviews and meta-analyses. As discussed
previously [1], reported dose-effect relationships
between low-dose low-rate exposures and non-neo-
plastic diseases call in question the causality of some
reported relationships for cancer. Certain data on en-
hanced cancer risk after low-rate exposures appear
doubtful. For example, a significantly increased risk
of non-melanoma skin cancer was reported among
MPA workers [29]. An observation bias was not ex-
cluded. The workers and probably some medical per-
sonnel knew individual work histories, wherefrom
accumulated doses could be inferred, potentially
influencing the diagnostic thoroughness. Skin doses
were unknown [29]. Among A-bomb survivors, the
non-melanoma skin cancer incidence dataset was
consistent with a threshold at ~1 Sv [30]. The MPA
workers were exposed mainly to y-rays that have a
relatively long penetration distance in tissues so the
absorbed doses in the skin must have been corre-
spondingly low. Not surprisingly, premalignant skin
lesions and/or actinic keratoses were “very rare”
[29]. Considering the above, a cause-effect relation-
ship between radiation and skin tumors in the study
[29] appears improbable. Results of some other stud-
ies have been discussed previously [1-3].

The conclusion of a recent review about nucle-
ar workers reads as follows: “Ultimately, it will be
powerful epidemiological studies examining expo-
sure conditions of direct relevance to radiological
protection against low-level radiation exposure that
will provide the most reliable evidence” [27]. Nei-
ther NRB nor experiments are mentioned in this con-
nection. Reliable data on the biological effects of low
radiation doses can be obtained in large-scale ani-
mal experiments. Annual average doses from NRB
should be indicated if cohorts from different regions
are compared; otherwise, exposures in a control
group may turn out to be not significantly different
from those in “exposed” cohorts e.g. from Spain and
Colombia vs. Ukraine [31, 32], discussed in the next
section. In the International Nuclear Workers Study
(INWORKS), many workers received 2—4 mSv/year
[27] i.e. around the global average from NRB. The
mean cumulative doses in the INWORKS (red bone
marrow — 17.6 mGy, colon — 19.2 mGy) protracted
over years (follow-up 1950-2005) [33] are com-
parable with NRB. These and other considerations
about INWORKS have been summarized previously:
“Failure to account for natural background radiation
exposure, the differences in which potentially dwarf
the occupational exposures of the study cohort” [34].

The following citations should be commented
on: the “puzzling finding from INWORKS is that

the primary ERR/Gy estimate for photon doses and
all cancers except leukemia, which was adjusted for
neutron monitoring status, 0.48 (95 % CI: 0.15, 0.85),
reduced by ~ 60 % to 0.20 (95 % CI: —-0.07, 0.51)
when no such adjustment was made... A further
perplexing result from INWORKS is that when the
analysis was confined to the 83 % of workers who
were not monitored for intakes of radionuclides, the
ERR/Gy for all cancers except leukemia increased by
50 % to 0.72 (95 % CI: 0.21, 1.28); similar increases
in external exposure risk estimates for workers not
monitored for potential exposure to internal emitters
when compared with those for workers who were
monitored for internal exposures have been noted
in other studies” [27]. The answer to the “puzzle”
seems to be as follows. The workers monitored for
intakes of radionuclides and those under the “neutron
monitoring” received averagely more attention from
medics. Consequently, there must have been fewer
undiagnosed diseases among them. As a result, the
mechanism of dose-dependent observation quality
would be less efficient as fewer neglected cases are
left to be preferentially found in persons with higher
doses. Of note, 6 % of workers with doses > 100 mGy,
received predominantly during earlier years (1960—
1979), were influential in a downwards leverage of
the dose-response. In the range of low doses, ERR/Gy
for cancer in the INWORKS was even higher than
in LSS [27, 33]. The LSS data originated from still
earlier times. Apparently, the non-radiation-related
dose-dependent mechanisms were less efficient in the
remote past, when diagnostic possibilities were more
limited. It can be speculated that modern methods
and diversification with more differences between
the superior and inferior diagnostic quality at a later
time provided more opportunities for dose-dependent
selection and self-selection. Moreover, excess deaths
from solid cancer fitted under a simple linear excess
relative rate model were higher in the INWORKS
than in LSS among persons with mean colon doses
1-78.3 mGy, while in those with doses > 143.1 mGy
the aforesaid index was higher in the LSS [33]. A
priori, the dose-response relationship must be stronger
at > 200 mGy than at < 200 mGy. In the INWORKS,
the tendency was vice versa [33]. Considering the
above, both the dose-effect relationship at low doses
and its weakening at higher doses were probably
caused by non-radiation factors. Furthermore: “One
main issue in the field of radiation protection is the
validity of a linear extrapolation of risks at low doses,
one aspect of what is known as the linear no-threshold
hypothesis... this work provides support for the
validity of a linear extrapolation of risks at low doses
for solid cancer, and the current results do not suggest
areduction in ERR/Gy at low doses” [33]. According
to the linear no-threshold (LNT) hypothesis, the risk
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of cancer is proportional to the radiation dose; a dose-
response correlation can be extrapolated down to low
doses, where the relationship is unproven and can
become inverted according to hormesis. By analogy
with other environmental factors, an evolutionary
adaptation to NRB can be reasonably assumed. Cells
and organisms may have retained some capacity
to repair the damage from higher radiation levels
than today’s NRB [35]. The experimental evidence
in favor of hormesis and adaptive responses to
ionizing radiation is considerable [36-39]; such
evidence has been obtained also in humans [9, 40,
41]. In animal experiments, the doses associated
with carcinogenicity have been generally higher than
averages in nuclear workers and other peacetime
exposed cohorts [39, 42—45]. Some assessments of
LSS data do not support the LNT hypothesis being
consistent with hormesis [46]. For solid cancers and
leukemia, significant dose-response relationships
were found in LSS after exposures to < 500 mSv but
not to < 200 mSv [16, 17, 47]. The value 200 mSv
has been mentioned in some reviews as a level,
below which the cancer risk elevation is unproven
[47, 48]. According to the UNSCEAR, a significant
risk increase was observed at doses > 100-200 mGy
[49]. This value may be an underestimation due to
biased epidemiological research.

Another citation to be commented on: “A second
important issue in the field of radiation protection is
the hypothesis of a reduction of radiation-associated
cancer risk per unit dose at low dose rates [S0-52].
Such a hypothesis was derived from observations of
biological results, and has been implemented in the
system of radiation protection by the introduction of
a dose and dose-rate effectiveness factor (DDREF)...
For solid cancer mortality, summary estimates of
ERR/Gy derived from the LSS and INWORKS were
similar in magnitude, a finding that does not support
the conclusion of a reduction of ERR Gy at low
dose rates” [33]. The argumentation about DDREF
on the basis of INWORKS is unconvincing as the
radiogenic nature of diseases under discussion is
unproven. Some models suggested that protracted
exposures are between 2.0 and infinitely times safer
than acute exposures at comparable doses. The latter
corresponds to a threshold or hormesis concept.
However, risk estimates should be based primarily on
direct comparisons of data from acute and protracted
exposures, rather than on models [53].

Earlier studies reported no increase in the cancer
incidence at doses < 520 mSv or generally among
MPA workers. The existence of a threshold was
regarded as possible [54—57]. A reduction of cancer
mortality in the exposed cohort was found compared
to a control population [55]. The frequency of
incapacity for work was found to be independent of

the cumulative dose [58]. The risk of leukemia per
1 Gy was reportedly 3.5 times lower in the Techa
river cohort than in LSS i.e. effectiveness of the
acute exposure was higher than that of protracted
or fractionated exposures, as expected [59, 60]. It
was noticed that the relative risk of solid cancers
in the Techa river cohort increased with the age at
exposure and attained age, whereas among A-bomb
survivors it tended to decrease [60, 61]. The risk
elevation with the age is typical for spontaneous
cancer. No significant increase in cancer morbidity
and mortality was found in residents of the territories
contaminated due to the 1957 Kyshtym accident i.e.
the East Urals Radioactive Trace (EURT) [60]. Later
on, an increased excess relative risk of solid cancer
incidence and mortality was reported in the EURT
cohort [62]. The earlier publication [55] showed a
reduction in cancer mortality in the exposed cohort
when compared to a control population. The later
publication [62] did not compare the mortality of the
irradiated cohort with control but fitted the data to
the LNT model. In more recent publications it was
pointed out that the cancer risk or “carcinogenic
efficiency” of chronic exposures in the Techa river
and EURT cohorts is comparable with or not lower
than that of acute exposure in A-bomb survivors both
for leukemia and solid cancers [62—66].

Elevated risks of non-malignant diseases — car-
diovascular, respiratory, digestive — have been found
in Chernobyl, MPA and Techa river populations [23,
25, 67-80]. For example, the average dose from ex-
ternal y-radiation was ~ 0.54 Gy in men and 0.44 Gy
in women in a study, where the frequency of lower
extremity arterial disease was found to correlate with
the cumulative external dose [80]. The frequency
of atherosclerosis was significantly higher in MPA
workers with doses > 0.5 Gy than among those with
lower doses; the same for > 0.025 Gy liver dose of
internal a-radiation [75]. Among MPA workers with
total absorbed external y-ray doses > 0.1 Gy the in-
cidence of cerebrovascular diseases (CVD) was sig-
nificantly higher compared to those exposed to lower
doses; the same for 0.01 Gy alpha-particle dose to the
liver from incorporated plutonium [74]. The excess
relative risk of CVD per dose unit in MPA workers
was reportedly even higher than in LSS [23, 74, 78],
where the bias could have also been operative. Risks
of cardiovascular diseases and, in particular, of isch-
emic heart disease, were found in the Techa River
cohort to be higher than in LSS [77]. Remarkably,
the dose-dependent incidence increase in CVD and
ischemic heart disease among MPA workers was not
accompanied by an increase in mortality [24-26],
which can be attributed to the dose-dependent di-
agnostic efficiency with the recording of mild and
borderline cases in exposed people. According to
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the same research group, the incidence of CVD was
significantly increased among MPA workers with cu-
mulative external doses > 0.1 Gy [74, 81]. For com-
parison, the UNSCEAR could not make any conclu-
sions about immediate causal relationships between
doses < 1-2 Gy and the excess incidence of cardio-
vascular or generally non-malignant diseases [82].
According to the ICRP, “there are excess risks of
heart disease for patients receiving radiotherapy with
estimated average heart doses of 1-2 Gy (single dose
equivalent, after correction for dose fractionation ef-
fects)” [83]. The value of 1-2 Gy may be an under-
estimation due to bias in epidemiological studies. It
is known that patients may develop cardiovascular
diseases after radiotherapy with doses to the heart ~
40 Gy. Lower doses were discussed [83—86], being
still much higher than averages for the MPA, Techa
River and Chernobyl cohorts. The doses associated
with heart injury in experimental animals have also
been higher than in the above-named cohorts [83, 87,
88]. In some experiments and epidemiological stud-
ies, low doses were protective against atherosclerosis
[83]. Of note, an earlier study found no association
between individual cumulative doses and the fre-
quency of ischemic heart disease [89]. In the past,
long-term observations found no special features of
cardiovascular diseases in MPA workers compared to
the general population [90].

Similar tendencies have been noticed in regard
to radiation-related cataracts. Correlations between
the cumulative dose and cataract incidence in the
MPA cohort [91, 92] have been doubted [26, 93],
which pertains by inference also to another study
[94]. A threshold for chronic exposures is regarded
to be uncertain for lack of evidence [95]. Report-
edly, the risk increase in all dose categories starting
from 0.25-0.50 Sv was significant compared to the
reference category 0-0.25 Sv. Average doses were
0.54 £ 0.061 Gy in men and 0.46 = 0.01 Gy in wom-
en [94]. Dose-effect relationships were found for cat-
aracts; but the well-known correlation of the latter
with diabetes mellitus was not confirmed [26, 91,
94], which questions the biological relevance of the
results. There were no significant associations of the
radiation dose with cataract removal surgeries [96],
which is indicative of bias: cataracts including mild
cases were diagnosed earlier in exposed individuals
due to increased attention to their own health and/
or attention on the part of medics (dose-dependent
selection and self-selection). Earlier publications as-
serted that radiation-induced cataracts developed in
MPA workers only after exposures >4 Sv [97]. A re-
view of data from Russia indicated that chronic expo-
sures < 2 Gy were not associated with cataracts [83,
90, 98]. According to the UNSCEAR, a “minimum
of 3-5 Gy are required to produce significant opaci-

ties in animals which are normally not prone to cata-
ract development, as is the case for man... Minimum
stationary opacities have been observed after single
doses of 1-2 Gy. More dose is required when frac-
tionated. The threshold for cataract for occupational
exposure or long-term fractionation is in the range
of 6-14 Gy” [99]. Later on, lower thresholds and the
no-threshold model of cataract development have
been discussed [100-103]. Based predominantly on
epidemiological research, the International Com-
mission on Radiological Protection (ICRP) revised
preceding recommendations and proposed a thresh-
old of 0.5 Gy for the development of cataracts [83,
103, 104]. However, not all epidemiological studies
support this lower threshold [83]. The dose-depen-
dent diagnostic efficiency and self-reporting asso-
ciated with a better awareness of the problem, with
a longer work history and hence with a cumulative
dose, may explain the above-average risk of cataracts
found among radiologic technologists [105, 106]. A
discrepancy has been noticed between the data on the
cataract history and cataract surgery, whereas risks
for the latter were lower and generally not signifi-
cant [106]. As mentioned above, a similar pattern
of significant excess relative risk (ERR) for cataract
morbidity but not surgery has been reported in MPA
workers [96, 106, 107]. This agrees with the concept
of a dose-dependent diagnostic efficiency with the
recording of mild cases not requiring surgery in per-
sons with higher doses. Among cohorts studied for
radiation-associated cataracts, a significant ERR for
cataract surgery has been reported only in the LSS
cohort [102, 106, 108, 109], where the effect of acute
exposure could have been significant. In animal ex-
periments, the doses were higher than the averages in
Chernobyl, MPA and Techa river populations. Some
experiments in rodents investigated low doses and
suggested that genetic factors have an influence on
the susceptibility to radiation-induced lens opacities
[83, 104, 110]. Effects of low doses are not a priori
denied here. Cataracts can be caused by radiation;
but doses and dose rates associated with risks, i.e.,
potential thresholds should be further investigated.
The number of studies that provide biological and
mechanistic evidence at doses < 2 Gy is small [105,
111].

Doubtful correlations between low-dose expo-
sures and non-malignant diseases call in question
the cause-effect character of such correlations for
malignancies [64, 112—117]. The correlations may
be caused or influenced by bias, in particular, the
dose-dependent selection and self-selection noticed
in exposed populations [20-22]. Individuals with
higher doses are probably generally more motivated
to undergo medical checkups and given more atten-
tion. Even in blind studies e.g. of MPA workers, the

CUBWPCK HAYYHBLIN MEOVUMHCKNW XYPHAT 2022; 42 (4): 15-32 19



Jargin S.V. Overestimation of medical consequences of low-dose exposures to ionizing radiation

subjects and probably also some medical personnel
knew individual employment histories, from which
cumulated doses could be inferred, potentially influ-
encing the self-reporting and diagnostic thorough-
ness. Considering the above, diagnostics must be a
priori more efficient in people with higher dose es-
timates.

Post-Chernobyl cancer vs. control

Studies of Chernobyl-related renal-cell carcino-
ma (RCC) with control from overseas are discussed
here in comparison with thyroid cancer (TC). The
series of studies [31, 32, 118-122], in particular,
the last study [31], compared RCC tissue specimens
from Ukraine (including the area of Chernobyl con-
tamination) with those from Spain and Colombia.
RCCs from Ukraine tended to be less differentiated
than the controls from overseas. In the last study, the
microvessel density in the RCC tissue from patients
residing both in “highly” and “low contaminated
areas of Ukraine” was considerably higher than in
RCC from Spain and Colombia (p < 0.01). The dif-
ference between the two Ukrainian groups was sta-
tistically insignificant. The increased level of angio-
genesis was associated with a higher expression of
the immunohistochemical marker VEGF (vascular
endothelial growth factor) [31]. It has been suggest-
ed that the radiation exposure leads to an increase in
the microvessel density, which in turn is associated
with a lower level of differentiation (higher tumor
grade) and a less favorable prognosis of RCC [31,
122, 123].

It was pointed out in the preceding comment that
the difference in the RCC grade between Spain and
Ukraine can be explained by more efficient and ear-
ly cancer diagnostics in Spain [124]. The proposed
increase in the “aggressivity” of both RCC and TC
after the radioactive contamination in the Chernobyl
area [118, 125] apparently resulted from detection
by the screening of old neglected malignancies, in-
terpreted as radiogenic cancers with the “rapid onset
and aggressive development” [125]. The screening
detected not only small nodules but also advanced
TCs, not diagnosed because of the incomplete cov-
erage of the population by medical checkups prior
to CA. This predictable phenomenon was confirmed
by the fact that the “first wave” TCs after CA were
on average larger and higher-grade than those diag-
nosed later as neglected cancers were gradually sort-
ed out by the screening [126]. In view of the dose
comparisons, radiation can hardly be a cause of dif-
ferences between “exposed” and control groups from
other countries. Average annual doses from NRB
have been overviewed in the Introduction. The dos-
es from NRB should be specified in studies where

cohorts from different countries are compared; oth-
erwise, doses among controls may turn out to be not
significantly different from those in the “exposed”
cohort e.g. in patients from Spain vs. those from Kiev
[32, 121]. The average annual individual dose from
NRB in Spain is ~5 mSv [127, 128]. According to
an estimate, the mean whole-body individual dose to
inhabitants of Kiev from all sources was < 10 mSv
in 1986, decreasing thereafter [129]. No dose esti-
mates were given in the articles [31, 118-122, 131];
it is only written with a self-reference: “This obser-
vation also supports the prevailing suspicion [122]
that in Ukraine the radiation contamination levels
were similar within and beyond the officially-es-
tablished 80-km extent of radiation contamination
around Chernobyl [131]” [31]. The source [131], a
Ukrainian Ministry report, has been unavailable.
The Chernobyl disaster gives an example of a
considerable difference in diagnostic quality before
and after the event. There has been no convincing
evidence of cause-effect relationships between
radiation exposures from CA and the incidence
increase of cancers other than TC in residents of
contaminated territories exposed at a young age
[22]. TC and some other cancers were generally
under-reported in the Soviet Union. Mechanisms
of the registered TC incidence increase included
the screening and improved medical surveillance
after CA [15]. According to the UNSCEAR, “the
background rate of thyroid cancer among children
under the age of 10 was approximately two to four
cases per million per year” [132]. The UNSCEAR
2008 Report compares the enhanced TC incidence
rates 4 years after the accident and later not with
the pre-accident level but with the years 1986-—
1990 (Annex D, pp. 60-61), when the incidence
had increased up to 4.1 cases per million per year
in people exposed at the age of <10 years and up
to 5.4 — in those exposed at <18 years [15]. The
period 1986-1990 was chosen for comparison
“since 1986 and not earlier, specific data on thyroid
cancer incidence have been specifically collected by
local oncologists” (UNSCEAR Secretariat, e-mail
correspondence of 22 October 2013). According to
another source, the incidence of TC among people
younger than 15 years in the North of Ukraine
(overlapping with the contaminated area) was 0.1
and in Belarus — 0.3 cases/million/year from 1981
through 1985 [133]; more details are in [1]. Only 5
children were diagnosed with thyroid malignancies
in Belarus during the period 1978-1985, the
detection rate of pediatric TC prior to CA being
lower than that in other developed countries [134].
This indicates that there were undiagnosed cases
in the population. The underreporting tendency is
known also for renal malignancies [135]. Some
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advanced cancers, detected by the screening, self-
reported in conditions of increased public awareness
after CA, or brought from other areas and registered
as Chernobyl victims, were misinterpreted as rapidly
growing radiogenic malignancies [1, 2]. Many people
strived for recognition as Chernobyl victims to gain
access to health care provisions [136]. Cases brought
from non-contaminated areas must have been on the
average more advanced as there was no extensive
screening there.

By analogy with TC, the registered increase in
the incidence of RCC in Ukraine following CA [31,
118, 120, 122] was probably caused by improved
diagnostics [124]. As mentioned above, RCCs
from Ukraine tended to be less differentiated than
those from Spain. RCCs from Ukraine showed
sarcomatoid i.e. poorly differentiated pattern more
frequently: 62 of 236 (26.3 %) of Ukrainian vs. 11
of 112 (9.8 %) of Spanish cases (p < 0.001) [118];
the significant difference was confirmed by the
subsequent study [120]. In this connection, the
following comments should be following citations
should be commented noted: “The dramatic increase
of aggressivity and proliferative activity” was found
in RCC from Ukraine, while “the majority of the
high-grade tumors occurred in the Ukrainian (rather
than in the Spanish) groups” [118]. These differences
can be attributed to detection by the screening of
advanced cases in Ukraine. The misinterpretation of
such cases as aggressive radiogenic cancers could
have been conducive to overtreatment. The concept
of enhanced aggressiveness of post-Chernobyl RCC
can have unfavorable consequences if surgeons get
the message that cancers from radio-contaminated
areas tend to be more aggressive than usual while
surrounding renal tissues harbor “proliferative
atypical nephropathy with tubular epithelial nuclear
atypia and carcinoma in situ” [119]. Based on
this premise, surgeons might decide to perform
nephrectomy more often than the clinically indicated
kidney-preserving procedure. By analogy, the
misinterpretation of advanced TCs as rapidly growing
radiogenic malignancies had implications for the
therapy. In the 1990s, thyroid surgery in some clinical
centers in Belarus and Ukraine became more radical
[137-139]. The overdiagnosis and overtreatment of
post-Chernobyl urinary bladder lesions in Ukraine
have been discussed previously [140].

Some molecular-genetic characteristics of
RCC from Ukraine vs. those from Spain and
Colombia need a re-interpretation e.g. the absence of
significant differences in the expression of ubiquitin
[121]. Considering that RCCs from Ukraine were
averagely more advanced than Spanish cases, these
data indicate that ubiquitin is not associated with the
progression of RCC. In contrast, VEGF was found

more frequently in clear-cell RCC from Ukraine than
in the specimens from Spain and Colombia [31]. The
statement that “in RCC the level of serum VEGF has
been shown to be closely related to the stage and
grade of RCC, and the expression of VEGF to be
significantly associated with tumor stage” [31] was
supported by the reference [125]. Other studies also
reported associations between the VEGF expression
and microvascular density, nuclear grade, tumor
size, stage, and prognosis of RCC [141-144]. The
study under discussion also “demonstrated a close
relationship between VEGF expression and the stage
of clear-cell RCC” [31]. The same considerations
probably pertain to other markers, where substantial
differences were found between the Spanish and
Ukrainian RCCs, in particular, the transcriptional
nuclear factor kappa B (NF-kappa-B), its p50 and
especially p65 subunits [120]. The > 10 % cell
positivity for p50 was found in 25 from 59 (42.4 %) of
specimens from Ukrainian vs. 4 from 19 (21.1 %) of
Spanish patients; the > 50 % p65 positivity was found,
correspondingly, in 18 from 59 (30.1 %) vs. 1 from
19 (5.3 %) of the specimens (p < 0.05) [120]. In
line with the concept discussed here, activated NF-
kappa-B is considered to be a biomarker and promoter
of cancer progression [145-150]. By analogy
with RET/PTC3 chromosomal rearrangements in
papillary TC discussed previously [151], there may
be a relationship between the tumor progression and
those markers of RCC, where differences between
the Ukrainian and Spanish cohorts were found. In
particular, the higher microvessel density and VEGF
expression in the Ukrainian specimens vs. those
from Spain and Colombia [31] can be explained by
the earlier cancer diagnosis compared to Ukraine
on average. Associations of various markers with
the tumor progression (disease duration, tumor size,
stage and grade, metastases etc.) is a potential field for
the future research and re-interpretation of the data
already obtained in studies comparing malignancies
from different parts of the world.

Another recent example is the study making a
comparison between 359 papillary TCs from patients
who underwent radiation exposure from CA and the
control group — 81 TCs from patients born > 9 months
after CA [152]. The “study population included
a substantial number of papillary TCs occurring
after < 100 mGy.” The study reported “...radiation
dose-related increases in DNA double-strand breaks
in human TCs developing after the CA... Non-
homologous end-joining (NHEJ) the most important
repair mechanism... increased likelihood of fusion
versus point mutation drivers” [152]. These findings
are not surprising: DNA alterations tend to accumulate
with tumor progression. Double-strand breaks with
error-prone repair contribute to the genome diversity
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in cancer cells [153]. The NHEJ repair pathway is
potentially mutagenic [154]. Some aberrant gene
fusions drive the tumor progression [155]. At the
same time, no association of radiation exposure
with transcriptomic and epigenomic features was
found [152]. This indicates that the latter markers
are to a lesser degree associated with the neoplastic
progression than DNA lesions. As for individuals
born after CA (the control group in [152]), the data
pertaining to them originated from a later period,
when the quality of diagnostics improved while the
reservoir of advanced neglected cancers was partly
exhausted by the screening. Therefore, the average
stage and grade of TCs in the exposed group must have
been a priori higher than those among the controls.
The causative role of low-dose radiation e.g. “a dose-
dependent carcinogenic effect of radiation derived
primarily from DNA double-strand breaks” [152] is
unproven in the studied population. The concept that
the “...increased detection of pre-existing papillary
TCs in the population that may not become clinically
evident until later, if at all, due to intensive screening
and heightened awareness of thyroid cancer risk in
Ukraine” [152] was discussed in several preceding
papers [1, 2] that are not cited in [152]. The study
[152] is well-designed, but the authors should think
about re-interpretation of their results.

Semipalatinsk Nuclear Test Site

The Semipalatinsk Nuclear Test Site (SNTS) is
the place where 456 nuclear explosions were carried
out between 1949 and 1989 [156]. It was suggested
that the radiation background in the area has been
additionally influenced by the Lop Nor nuclear test
site in China [157], which, considering the distance
> 1300 km, is hardly of any significance. Settlements
affected by the 1949 test were located northeast of the
test site, notably, Dolon discussed below. Apparently,
the mortality and morbidity increase was arbitrarily
ascribed to radiation exposures e.g. in [158]. The
tendency to overestimate medical consequences of
enhanced background radiation in the Semipalatinsk
area and of nuclear testing, in general, was discussed
previously [159-161]. Yuri Dubrova claimed that
“according to the results of numerous studies the
doses for the families living in the Semipalatinsk
District of Kazakhstan have been estimated as 0.5 Sv
and higher” [162] with reference to [163]. In the
abstract of the latter article, it is, however, written:
“The village of Dolon, in particular, has been
identified for many years as the most highly exposed
location in the vicinity of the test site. Previous
publications cited external doses of more than 2 Gy to
residents of Dolon while an expert group assembled
by the WHO in 1997 estimated that external doses

were likely to have been less than 0.5 Gy” [163].
Other researchers reported lower doses for Dolon
residents [157]. The single historical measurement
in Dolon is deemed uncertain being likely performed
at the axis of the radioactive trace about 1.5-1.6 km
northwest of Dolon, while the width of the cloud
was narrow [164, 165]. The dose estimates based on
this measurement are supposed to be the maximum
external doses rather than average doses to Dolon
inhabitants [164], while in other settlements the
doses were much lower. The average individual dose
estimates in settlements near SNTS, received in the
period 1949-1953, have been estimated as follows:
Dolon 1600 mGy, Abai (Karaul) 370, Kainar — 240,
Sarzhal 200, some other villages presumably 5-20
Semipalatinsk city < 5.6 mGy. In the period 1971-
1990 annual individual doses in the area were below
5 mGy [166]. For comparison, in 2008 the annual
individual dose within STS was 0.073—0.749 mSy,
outside STS — 0.036-0.37 mSv [167], which is a
negligible addition to NRB.

Conclusion

The medical surveillance of populations exposed
to low-dose ionizing radiation is important; but
more consideration should be given to potential
bias e.g. screening effect, dose-dependent selection
and self-selection. Among others, “the very high
rates of circulatory disease” [168] in some cohorts
may be caused by the overdiagnosis tendency
of cardiovascular diseases in unclear post- and
antemortem cases, which is a confounding factor.
In the author’s opinion, epidemiological studies of
populations exposed to the Chernobyl fallout would
hardly add much reliable information, among others,
because of inexact dose reconstructions and counting
of unexposed people as exposed. Furthermore, dose-
effect correlations can be explained by a recall bias:
cancer patients tend to recollect radiation-related
circumstances better than healthy people [169]. It can
be reasonably assumed that patients with advanced
cancers would recollect such circumstances better
than practically healthy individuals with small
nodules. The higher the average dose estimate, the
greater would be the probability to undergo a medical
examination. Certain features of post-Chernobyl
TC would be a priori more prevalent in populations
with higher dose estimates and/or residing on more
contaminated territories. One of such features is the
relatively high percentage of advanced neglected
cancers detected by the screening after CA and
misinterpreted as aggressive radiogenic malignancies
[1, 2]. The screening effect and increased attention
of exposed people to their own health will probably
result in new reports on elevated cancer and other
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health risks in areas with enhanced natural or
anthropogenic radiation background. Lifelong animal
experiments are a promising approach to the research
of dose-response relationships. The life duration
is known to be a sensitive endpoint attributable to
radiation exposures [43], which can measure the
net harm or potential benefit (within a certain range
according to the concept of hormesis [37]) from low-
dose exposures. Last but not the least, suppositions
about enhanced aggressiveness of malignancies from
radiocontaminated areas may be conducive to an
overtreatment [139, 140].
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Heiiponanbaasa NO-cuHTa3a B maToreHe3e MeTad0JIm4ecKoro
CHHAPOMA

JI.A. Ky3nenoBa, H.E. bacoBa, A.O. llInakos

Hucmumym 2eomoyuonnoti gusuonocuu u ouoxumuu um. .M. Ceuenosa PAH
194223, 2. Canxkm-Ilemepbype, np. Topesa, 44

Pe3rome

Mertabonmuueckuii cuaapom (MC), KOTOPBIH XapaKTepHu3yeTcs: OKUPEHUEM, THIIEPTOHUEH, AUCTUNUICMUEH, Pe3UCTEHT-
HOCTBIO K MHCYJINHY, TPHOOPEIN B IMOCIEIHUE TObl XapaKTep 3MUAEMHUN. BeiiencTsrue 3Toro n3yd4eHne MOJIEKyISIPHBIX
MEXaHHU3MOB, JISKAILTIX B OCHOBE pa3BUTHS MC U ero 0CIIOKHEHHUH, a TaK)Ke TOMCK HOBBIX TEPAlleBTUUYECKUX CPEICTB
JUISL UX JICYCHUS SIBIISIIOTCS OJHUMH M3 OCTPEHIINX ITpo0JIeM COBPEMEHHOH HIOKPHHOIOTHH. B mocnenHue roasl mo-
Jy4eHbl yOenuTenbHbIe CBUIETEIbCTBA TOTO, YTO KIIFOUEBYIO POJIb CPENH MONEKYIIpHBIX mpuunH MC urparotr QyHK-
[IMOHAJIbHBIE N3MEHEHHS SKCIPECCHH, aKTUBHOCTH W PETYISATOPHBIX CBOWCTB HelpoHanbsHOH NO-cunTassl (nNOS),
KaTaJIu3upyomie oopa3oBaHne BaKHEUIIET0 BTOPUYHOTO MocpeaHnka — okcuaa azota (NO), U 3aBUCHMBIX OT HEe
NO/ul M®-curHaibHBIX MyTEH B MO3Te, MHOKapAe W CKeleTHBIX MbImmax. B mo3zre nNOS accommupoBana ¢ NMDA-
penenTopaMu, rHIepakTUBaIis KOTopbix mpu MC conpoBokaaercs n30bTouHol cTuMyssueit nNOS u runepnpomyk-
nueit NO, gyro npuBogut k NO-UHIyLIHPOBaHHOMY MOBPEXKICHHIO HEHPOHOB M HAPYILIEHHUIO LIEHTPAILHON PEryIsanun
(hM3MOTIOTHUECKUX MTPOIIECCOB U Helpoaereneparun. B Muokapae npu MC oTMmedaroTcs H3MEHEHHUS 3KCIIPECCHH H JI0-
kamm3armu nNOS, a Taxoke ee pyHKIMOHATBHOTO B3aUMOJICHCTBHS C OEIKaMH IUTOCKENIETa, YTO BeJeT K HApyILICHUAM
COKpaIlleHus MHOKapaa U runeprpodun. B ckeneTHbIX Mpimax NNOS KOHTPOIHPYET UX COKpaIleHHEe, OKUCITUTEIbHBII
MeTaboJIN3M, BOBJICUCHA B PETYISLUIO PacciabIeHus COCY/IOB, a TAKKe Y4acTBYeT B PEryJSIIUHU ITFOKO3HOTO TpaHC-
nopta. CHIDKEHHE 3KcIpeccud U akTUBHOCTH NNOS, a Taxke TU3perynsanus ee akTuBHOCTH npu MC BBI3BIBAIOT Ha-
PYIICHHS 3THUX IMPOIECCOB, BHOCAT CYIIECTBEHHBIH BKJA] B Pa3BUTHE MHCYINHOBOW PE3NCTEHTHOCTH M YXYIIICHHE
DJTFOKO3HOTO ToMeocTasa. TakuMm o6pazom, nNOS MOXKeET paccMaTpUBaTHCS KaK BayKHAs TEPANeBTUYECKast MUIIEHb TIPU
neqennn MC n npyrux MeraboiIMYecKHX pacCTPOMCTB, a TakKe Ui NMPEIOTBPALICHUS X OCIOKHEHUH CO CTOPOHBI
HEPBHOM U CEpICYHO-COCYINCTON CHCTEM U OTIOPHO-ABUTaTEIBHOTO amIapara.

KaroueBble cjioBa: MeTaboNMUeCKUil CHHAPOM, HelipoHaibHas NO-CHHTa3a, OKCHJ[ a30Ta, MO3T, MHOKap/I, CKeJIeT-
HbIE€ MBIIIIIEL
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syndrome

L.A. Kuznetsova, N.E. Basova, A.O. Shpakov

Sechenov Institute of Evolutionary Physiology and Biochemistry, Russian Academy of Sciences
194223 Saint-Petersburg, Thorez ave., 44

CUBUPCKUIN HAYYHbIA MEOVLIMHCKAN XXYPHAN 2022; 42 (4): 33-48 33



Kuznetsova L.A. et al. Neuronal nitric oxide synthases in the pathogenesis of metabolic syndrome

Abstract

The study of the molecular mechanisms of metabolic syndrome (MS) and its complications are among the most acute
problems of modern endocrinology. Functional changes in the expression, activity, and regulatory properties of neuronal
NO synthase (nNOS), which catalyzes the formation of the most important secondary mediator, nitric oxide (NO), and
its dependent NO/cGMP signaling pathways in the brain, myocardium, and skeletal muscles, play a key role among the
molecular causes of MS. In the brain, nNOS is associated with NMDA receptors, the hyperactivation of which in MS
leads to excessive stimulation of nNOS and hyperproduction of NO, which leads to NO-induced damage to neurons
and disruption of the central regulation of physiological processes and neurodegeneration. In the myocardium with MS,
there are changes in the expression and localization of nNOS, as well as its functional interaction with cytoskeletal
proteins, which leads to disorders of myocardial contraction and hypertrophy. In skeletal muscles, nNOS controls their
contraction, oxidative metabolism, is involved in the regulation of vascular relaxation, and also participates in the
regulation of glucose transport. A decrease in the expression and activity of nNOS, as well as dysregulation of its activity
in MS, cause disturbances of these processes and make a significant contribution to the development of insulin resistance
and deterioration of glucose homeostasis. Thus, nNOS can be considered an important therapeutic target in the treatment
of MS and other metabolic disorders, as well as to prevent their complications from the nervous and cardiovascular
systems and the musculoskeletal system.

Key words: metabolic syndrome, neuronal NO-synthase, nitric oxide, brain, myocardium, skeletal muscles.
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Beenenue

Metabonmuueckuii cuapom (MC) — mImpoxo
pacnpocTpaHeHHOE COIHAIBHO 3Ha4nMoOe 3aboJie-
BaHHWE, Ui KOTOPOTO XapaKTEePHBI BHUCIEPAITBHOE
OXHMpEHUE, apTepuasibHasl THIEPTEH3US, JIHUCIHITU-
JeMUsl, HapylIeHHas TOJEPAaHTHOCTh K TIIOKO3E U
nHcynuHope3ucTteHTHOCTs (UP). YV 3HaunrensHON
yacTH nauueHToB ¢ MC pa3BUBaIOTCS CEPAEYHO-CO-
cymucteie 3aboneBanus (CC3) u caxapHbBIN mruadet
2-ro tuma (C2). OmauM U3 KIFOYEBBIX (PAKTOPOB
Bo3HUKHOBeHHA MC sBnsieTcss morpediaeHne n30bl-
TOYHOTO KOJIMYECTBA MHIIH, YTO MPUBOAUT K OXKH-
peHmio. B 3THX yCIOBHSIX CHMKAeTCS KaTabOIH3M
AMHHOKHCJIOT, YTO MEHSET MPOAYKLIUI0 MOHOOKCH-
nma azora (NO), BaKHEHIIIETO Ba3omujIaTaropa, TeM
CaMbIM BBI3BIBAS U3MEHECHHS PETYISAIUN KPOBOTOKA
[1]. MC Taxke compoBOXKIaeTcs YCHICHHEM IIpO-
JIYKIMH BOCHAIATENBHBIX ()aKTOPOB, YTO MPUBOIMT
KaK K CHCTEMHOMY BOCIIAJIEHHIO, TaK M K aKTHBAIINN
BOCMIAJIMTENIFHBIX TPOLECCOB B  a0JOMHHAIBHOM
kupe. B pasButun cucremHoro BocnaieHus npu MC
yuacTByOT C-peakTUBHBIH O€JIOK M BOCHAIUTEIb-
Hble agurnonuTokuHbl [1-4], a Takke NO u omnoc-
penoBannbiii NO curHansHbIl yTh [1-4]. Bee ato
mo3BoJIsieT paccMarpuBaTh NO, CHHTE3HPYIOIINE €T0
(depmentsl 1 NO-3aBUCHMBIC CUTHAIBHBIC KaCKaJIbI,
KaK WCKJIIOUYUTENIFHO Ba)KHbIE KOMIIOHEHTHI IaTore-
He3a MC u ero OCIIOKHEHHUM, B MIEPBYIO O4EPEab CO
CTOPOHBI CEPJIEIHO-COCYTUCTON CUCTEMBI.

Kak xopomo wu3BectHo, NO cuHTE3UpyeTCS
NO-cuHTa3amu, KaTaJIU3UPYIOLIUMH TIpeBpalieHne
L-aprunnna B L-iutpynnun u NO B peakiuu, Tpe-
Oyromieit kuciopona U kopakTopos [5, 6]. Y mieko-
MUTAIOIIMX UMEIOTCS TPU OCHOBHBIC U30(popMbl NO-
CUHTa3, KOTOPbIE KOTUPYIOTCS Pa3THYHBIMUA T€HAMHU.
e mn3odopmel, HeliponanasHas (nNNOS) u sHIOTE-
nmuanbHas (eNOS), akcrpeccupyroTcs KOHCTHTYIIH-
OHHO W cUHTE3UpyrT NO MpHu y4acTHH aKTHUBATO-
pa — Ca*-cBszanHoro kanpmoayiauHa (CaM), B To
BpeMs Kak TpeThs nzodopma, nHayruodenpaas NO-
cunraza (iNOS), skcrnpeccupyercsi Mojl BIUSHHUEM
Pa3NUYHBIX 3HIOT€HHBIX U 3K30T€HHBIX (DaKTOPOB.
3HaYUTEIbHASI YaCTh WCCIEIOBAaHUH, ITOCBAIIIEHHBIX
pomu NO-cuHTa3HBIX myTelt B pasButuu MC u ero
OCIOKHEHHH, oTHOcATCS K eNOS, B TO BpeMsl Kak
dbyHKIIMOHATBHO poacTBeHHAs eii nNOS B 3TOM OT-
HOILIEHUH JI0Jr0€ BpeMs OCTaBajlaCh MEHEe HCClie-
noBaHHOW. OIHAKO B TOCIENHUE TOIBI MOSBHUIOCH
HEMAJIO CBEACHUM O 3HAYUTEIBLHOM BKJIAJIE 3TOU U30-
(OpMBI B 3THOJIOTHIO U maToreHe3 oxxupenusi, MC u
CJ12. CoBpeMeHHOMY COCTOSTHHIO 3TOH MpoOIeMbI 1
OyZeT NOCBSIILIEH HACTOSIIMI 0030p.

CTpyKTypa, MeXaHU3MBbI AeiiCTBUS U peryis-
TopHbIE cBoiicTBa nNOS

AxtuBHas ¢opma (epMeHTa TPENCTABISET CO-
001 roMmoaMMeEp, COCTOSAIIMN W3 ABYX CyObEAMHHUIL,
KaJasg U3 KOTOPBIX MMeeT N-KOHIEBON OKCHre-
Ha3HbIM ToMeH U C-KOHIIEBOM penyKTa3HbI JTOMEH
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[5, 6]. OxcureHa3HbIi JOMEH COAEPKHUT CAMThI JJIS
cBs3piBaHMsl cyOcTpara (L-apruHuHa) u Kodakro-
pa (terparnapodmontepuna, BH,), a Taxxke rema,
TATIAYHOTO I ItuToxpoma P-450. PemykTasHbrit
JIoMeH ocymecTBisieT cps3biBanue FMN, FAD u
NADPH. Ilpn axtuBanmm NO-cuHTassl (naBu-
HBl B PEAYKTa3HOM JIOMEHE O00ecHeunBaIoT mepe-
Hoc atekTpoHoB oT NADPH x conmepixariemy noH
JKelle3a TeMy, JIOKAJIM30BaHHOMY B OKCHUTE€HA3HOM
JIOMEHE IPYTroil cyOBbeInHUIIBI, YTO MPHUBOANT K Te-
HEpalUu BBICOKOAKTUBHOTO MOJEKYJIIPHOIO HOHA
kuciaopona u obecrieunBaer cuHTe3 NO. ['eHepa-
must NO n3 L-apruHuHa peanusyercs B JBa 3Tama:
CHayajla OCYILIECTBJIAETCS €ro OKUCiIeHune B N°-
ruApoKcu-L-aprunauH, Tpelyroliee yJacTHsl KHCIIO-
pona u NADPH, 3atem — nanpHeiiee oKUciIeHUE ¢
obpazoBannem NO u L-urpymnuaa [5, 6]. CBA3bI-
Banne CaM ¢ muMepHBIM KoMIuIekcoM NO-CHHTA3BI
MO3BOJISIET BBIMOJHUTH NEPEHOC AIIEKTPOHOB C pe-
IYKTa3HOTO JOMEHa OJHOU CyOhEeTUHHIIBI K OKCHTE-
Ha3HOMY JIOMEHY, COJIepIKallleMy TeM Apyroi cyone-
JUHHIBI, YTO SBISIETCS KJIIOYEBBIM ITAllOM CHHTE3a
NO [5, 6]. Moromepsr nNOS c1mocoOHBI TEpEHOCUTH
anekrponbl oT NADPH k FAD u FMN, Ho o6nanator
HHU3KOH CIIOCOOHOCTBIO BOCCTAHABIMBATh MOJIEKY-
JIAPHBINA KUCTIOPOA JO0 CyHepOoKCHA-aHHUOHA. B mpu-
cyrctBun rema nNOS o6pasyer (yHKIHOHAIBEHO
aKTUBHBIA roMoanMep. ['eM HeoOXoauM [T MEXKI0-
MEHHOTO [TEPEHOCa AIEKTPOHOB OT (JIaBUH-CBA3BIBA-
IONIET0 PeAyKTAa3HOTO JIOMEHA OAHOHW CyOBhEeIUHUIIBI
(hepMeHTa K reMy OKCHUTE€HA3HOTO JIOMEHa JApYroi
cyObenuHUIBL. J[Is KaTamuTHYecKoi aKTHBHOCTH
nNOS tpebyercst Ca**-csi3annas popma CaM. [lns
a¢dpexruBHoro cuuTe3a NO HEOOXOIUMBI JOCTATOY-
HBIE KonnvecTBa cybcTpara L-aprununa u kogaxro-
pa BH,. Karanusupyemas nNOS peakuusi, mpuBosi-
mrast Kk oopazoBanuo NO, ormuchIBaeTCs CIeIyIOUIM
CYMMapHBIM YpaBHEHUEM:
2 L-aprunun + 3 NADPH + 4 H" + 40, —
— 2 L-nurpymun + 2 NO + 4 H,O + 3 NADP".

VY uenoseka reH nNOS pacoyiokeH Ha XpOMO-
come 12 (12924.2), umeer 29 3K30HOB M KOAUPY-
er Oenok, BKarouaromui 1434 aMHHOKHCIOTHBIX
octarka (Mmonekymsipaas macca ~160 xJla). Tpanc-
kpuntel MPHK »sTOro rema xapaxrtepusyroTcs TKa-
HEBOH CNEM(UIHOCTHIO U, HAIPUMED, B HEHpOHaAX
M MBIIIIAX CTPYKTYPHO Pa3IMYaOTCs, YTO MPHBO-
IUT K cymiectBoBanuio uzopopm nNOS, koropwie
UMEIOT Pa3IUYHYI0 KaTaJUTHYECKYI0 aKTHBHOCTh U
peryisTopHble CBOMCTBA. B HacTosliee Bpems omnu-
cano mste BapuantoB nNOS (o, B, vy, p u nNOS-2),
KOTOpBIE TEHEPUPYIOTCS B Pe3ylIbTaTe albTepHATHB-
Horo crutaiicuara. M3odopmer a, p u nNOS-2 or-
JuyaroTcs HanmuueM PDZ-momena Ha ux N-KoHIe
[5, 6]. YkopouenHas ¢ N-xoHma uzodopma B co-
xpaHseT GepMEeHTaTHBHYIO aKTHBHOCTb, HO HE HMe-

er PDZ-noMena, OTBETCTBEHHOIO 3a acCOLMALUIO
nNOS ¢ memOpaHamu, B TO BpeMs Kak uzodopma y
BOBCE JIMIIeHA (epMEHTaTUBHON akTUBHOCTH. U30-
(dhopMbI pepMeHTa, HE CBSI3aHHBIE C MEMOpaHaMH,
JIOKaJTU30BaHbI B ITUTO3011e. JlOTTOTHUTETFHAs BCTaB-
Ka IITUHOM 34 aMUHOKHMCIIOTHBIX OCTaTKa B MOJICKYJIE
130(OPMBI |l MEXKITy PENYKTa3HBIM U OKCHTEHA3ZHBIM
JIOMEHAMH BIMSET Ha CKOPOCTH IEPEHOCa IEKTPO-
HOB MEXIY HUMHU.

Nmeercs psaxg OenkoB, B3aWMOIEHCTBYIOIIMX
¢ nNOS: 06emok MOCTCHHANTHYECKON IUIOTHOCTH
95 (PSD95), CaM-3aBucumast nporenHkuHasza lla
(CaMKlla), muctpoduH, cHHTpOGUH U JpyTHE.
PSDO5 smisieTcst BaKHBIM aganTePHBIM OSIKOM ISt
nNOS B Heiiponax. Ero B3aumoneiictsue ¢ hpepmen-
TOM WTpaeT BaXXKHYIO pPOIb B KOHTpoINe (PYHKITHO-
HUPOBAHMSI CHHAIICOB W PETYJISAIUU THOEIH HeHpo-
HOB, UHAyUHUpoBaHHOU N-MmeTun-D-acnaparvuHoBoit
kucnoroi. Crexyer momdepkHyTh, uto NO, o0pa-
3yeMmbldl mipu akTtuBanuu nNOS, mpeacTaBiseT co-
00l1 CUTHAJIBHYIO MOJIEKYTY, UMEIOLIYIO PEIIaioiiee
3Ha4eHHne s (DYHKIMOHHUPOBaHHWS Mo3ra. Tak, B
LieHTpaIbHOU HepBHOM cucTteMe NO yJacTByeT B pe-
TYJIAIAN CUHANTHYECKON TUTACTUYHOCTH, BBIKHBAC-
MOCTH HEWPOHOB, Ba30AWJIATAIlMU, COCTOSHHUS CTe-
HOK COCYZIOB, BOCHAJICHHS, UMMYHHBIX MPOIECCOB.
N36biTok NO, B TOM 4HCie W3-32 THIIEPAKTHBALINN
nNOS, BiiegeT 3a co00ii Takue MaTOIOTHICCKUE TIPO-
1IeCChl, KaK HEMPOTOKCUYHOCTh, CENTHUYECKUH 0K,
Helponarndeckas 6oms [5-11].

AxtuBHOCTF NNOS B HOpME W NP MATOJIOTHUH
MOXET PEryJIHpOBaThCS Ha HECKOJIBKUX YPOBHSX:
1) mocrymHOCTBIO cyOcTpara L-apruamHa, KOTOPHIi
MOXXET KOHKYPHPOBATh C ACHMMETPUYHBIM JIUME-
TUIAapruanHoM; 2) skcnpeccueit MPHK win xonu-
gectBoM Oenka nNOS; 3) B3anmonetictBuem ¢ CaM;
4) TmpHCYTCTBHEM M YCTOHYHMBOCTHIO KO(AKTOPOB
(bepmenra, Bkmouas BH,; 5) B3anmozmelcTBueM c
TaKUMU PETYISTOPHBIMHA U aTalTOPHBIMHA OCIIKaMH,
kak PSD95, nuctpoduH, cuaTpoduH; 6) mocTrpaHc-
JSIUOHHBIMA MOAW(DHUKAMAMHU, TaKUMH Kak Qoc-
(dopunupopanue u nedhochopruIMpoBaHUe IO OCTAT-
kam Ser847 u Serl412, xoTopble OCYIIECTBISIOTCS
¢ yuactueM CaKMII, Akt-kiHa3bl, TPOTENHKUHA3EI
A, docdarazsl PP1 u npuBomsAT K aKTHBALUK WIIH,
HaNpOTHB, K HHTHOUPOBaHUIO epMEHTa; 7) B3aUMO-
nericteueM ¢ O0enkoBeiM HHTHONTOpOM NNOS (PIN,
protein inhibitor of nNOS) [7, 10-14].

Heiiponansnast NO-cunTaza B mo3re npu MC

B mo3re nNOS sBiseTcst mpeoOmagaromnieit m3o-
(hopmoii NO-cuHTa3 — ee HaJIM4Ke MOKa3aHO B IIpe-
(bpoHTANBHOI KOpe, THIMIOKaMIle, THUIOTAIaMyce
u psne apyrux obmacteit [8, 9]. OHa WHTEHCHBHO
JKCTIpeccupyeTcsi B HEHpoHaX M, B MEHBIIEH cTe-
[IEHU, B aCTPOIMTAaX M HEHPOHAIBHBIX CTBOJOBBIX
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kietkax. B Heilponax nNOS nokanusyercs mnpe-
UMYIIECTBEHHO HAa MOCTCHHANTHYECKOH MeMOpaHe
1 acCOLMMpPOBaHa C NIYyTaMaTHBIMH pELENTOpaMu
N-metun-D-acmapraraoro tuma (NMDAR) u 6en-
KaM#, 00eCICUNBAIOIINMH «3asKOPHBAaHUE» peLe-
TOPOB B CHHAIICE, B TOM uncie ¢ oenkom PSDI5 [8].
B ¢dusnonornyecknx ycioBHSX yMepeHHas CTUMY-
nsst NMDAR rmiyramarom o0ecrieunBaeT MPUTOK
HMOHOB KaJiblug U cBsi3biBaHue ux ¢ CaM, dro mpu-
BOJMT K crabuinu3annu kommiekca NMDAR/PSD95/
nNOS, axruBanuu ¢depmenta u obpazoanuro NO
[11, 12]. Hapsigy ¢ atum NO criocoOeH 1o IpUHITH-
my oOparHOU cBsi3u perynupoBarh ¢yHKIHH nNOS
MyTeM MOCTTPaHCIIUUOHHON Moaudukanuu Qep-
MEHTa, TAKOW KaK 00paTuMoe S-HUTPO3UIHPOBAHHE,
npencrasistomee coboit npucoeauHenue NO K Tu-
OJIOBOI TpyIIEe LUCTEMHA B MOJEKyJe Oelka, Win
MomuUKaIs THPO3WHA, Bemymas K 00pa30BaHUIO
3-HUTPOTHPO3NHA.

B HOpMe cuHTE3MpylOTCS HeBbICOKHE, 3D ek-
TUBHO KOHTpoOJHpyeMble kommdectBa NO, KoTopsie,
B3aUMOJICHCTBYS C paCTBOPUMOH (OPMOIi TyaHUIIAT-
uuknassl (sGC), mpUBOIAT K MOBBIMICHUIO CUHTE3a
BTOpUYHOro mnocpeanuka ul M®, peryiupyroiiero
AKTHBHOCTH OOJNBIIOTO yucia (HEepMEHTOB, HOHHBIX
KaHaJOB M TPAHCKPUIIIMOHHBIX (PakTopoB. OTH
COOBITHSI 3aIyCKalOT CHUTHAJbHBIE KacKaisl, o0e-
CIIEYMBAIOIINE HOPMAaJbHYIO CHHANTHYECKYIO ILIa-
CTUYHOCTh, IU((HEPEHIINPOBKY U BBIKHBAEMOCTH
HetiporoB [12, 15]. B cunancax NO Takxe akTu-
BHUpYeT 3aBUCUMBIN 0T HAM® TpaHCKpUNIIMOHHBIN
thaxrop CREB, perynupyrommuii JOITOCPOYHYIO 1O~
TEHIIMAIMIO W OTBETCTBEHHBIN 3a OOydeHHe W Ma-
MaTh [12]. OgHako B ToM ciiy4ae, Koraa HpoayIu-
pyeTcsl HeTOCTaTOYHOE WIIH, HAIIPOTUB, N30BITOYHOE
koiruecTBO NO, 3T0 MOXKET IPUBOAUTH K MATOJIOTH-
YECKUM M3MEHEHUSM, B TOM YHCJIE K KOTHUTHBHOMY
neunuTy M HapyieHuio (QyHKIUNA cepaedHO-Co-
CyaMCTON cucTteMmsl. merorcs HeocnopuMbIE N0-
Ka3arenbCTBa, YTO HApPYyNIEHUS CHUTHAIBHOTO MYTH
L-apruana-nNOS-NO MoryT OBITh acCOITMUPOBaHEI
¢ MC, CC3, korHUTUBHBIMU AuCPyHKIMsAMU [15].
JmmrensHoe wHrnOupoBanue nNOS U CHUXEHUE
oOpaszoBanus NO oka3bIBaeT 3aBHCHMOE OT BO3pacTa
OTpHIIATEIbHOE BIMSHUE HA COH W MPHUBOAUT K JH-
JOTENHaTbHON JUCQYHKIINH, a TAK)KE CIIOCOOCTBYET
Pa3BHUTHIO THIIEPTOHHH.

UcnonezoBanue npenaparoB L-aprununa, cyO-
crpara nNOS, NO3BOJISIET YCTPAHUTh HEKOTOPBIE U3
3TUX HapyuieHuil. Jlaxxe KpaTKOBPEMEHHOE NOBBILIE-
HUE cofiep)KaHus L-apruHuHa WM HUTPATOB B IUILE
CYIIECTBEHHO YBenWduBaeT akTmBHOCTH NNOS, a
TaKke MPONyKIHIo U goctynHocTs NO npu cepred-
HOM HEJOCTATOYHOCTH, CHUXKAET aTePOCKIIEPO3 COH-
HBIX aptepuii u yacToTy CC3 y MOKUIBIX JKEHIITHH,
B ToM unciie crpagaromux MC. Takum o6pazom, NO

HE TOJBKO UTPaeT BAXKHYIO POJIh B HOpME, HO M HIMEET
pelaroiiee 3HaYCHUE JIJISI TAKUX 3a00JIeBaHUH, Kak
MC, CC3, Cl12, runepToHusl, a TAaKXKe MPH TaAKUX Ha-
pyLIeHusIX PyHKINH MO3Tra, Kak WHCYIIBT U Helpoje-
TeHEepaTUBHEIE 3a00JICBAHUS.

B ycnoBusx nmaronorun dgepment nNOS croco-
O0eH oOpaszoBeiBarh He Tonbko NO, HO M CyHepoOK-
CHUJI-aHWOH, YTO SIBIISIETCSI CJIEJCTBUEM HApYyIICHHS
MPOTEKAHMSI PEAKLUK CONpsKeHus mpu cuntese NO.
Mornexkyna NO B3auMOZCHCTBYET C CyIIepOKCHI-aHH-
OHOM, 00pa3ys MEePOKCHHUTPUT, KOTOPBIH SIBISETCS
MOIIHBIM OKHCJIMTENIEM U HaJeleH CBOMCTBAMHU Kak
CUTHAJIBHON MOJIEKYIIbI, TAK U TOKCHYHOTO COe/IHHE-
Hus [9]. YcranosneHno, uro NO Takke MOIyIUPYET
AKTUBHOCTDH psiJia MPOTEHHKHHA3, B YaCTHOCTH MHU-
ToreHakTHBUpyeMbIX knHa3 ERK1/2, Akt-knHa3s! u
Src-xuHa3, KOTOpBIE BOBIICUEHBI B POLIECCHI TIPOJIH-
(epannu n mudhepeHINPOBKH HEPBHBIX KIIETOK [8,
12]. B neitponax NO oTBeuaeT 3a HE3aBUCHMOE OT
SHIIOTEJNINS PaCIIUPEHHE COCYA0B, BHI3bIBAsI HEHPOH-
OTOCPENYEMYI0 CTUMYISALNIO  TIaJKOMBIIIEYHBIX
KJIETOK. DTOT MyTh HEOOXOIWM ISl PETYINPOBAHUS
MpoCBeTa apTepuid B Mo3re. Bee atu mponeccsl Mo-
TYT MpeTepreBaTh HEraTUBHBIE M3MEHEHHUS B YCJIO-
BHsiX u3MeHeHus aktuBHocTH nNOS mpu MC [2, 9,
11, 12].

Kommiexke «NMDAR/PSD95/nNOS» B mMo3re
U ero poJib B naroreneze MC

OOHapy>KeH €CTECTBCHHbIH MEXaHWU3M WHIU-
oupoBanus aktuBHOCTH NNOS B MO3re, KOTOPBIHA
OIocpenyercsi Mpu B3aUMOJCHCTBUHM (epMeHTa ¢
PIN — HeOoNMbIIIMM BHICOKOKOHCEPBATHBHBIM OEITKOM,
COCTOSIIIUM 13 89 aMHHOKHCIIOTHBIX OcTaTKkoB [13].
Baxno ormetuth, uTo PIN-cBsA3BIBaronuii joMeH
nMeercs B nNOS (mocnmenoBatenbHOCTh 161-245),
HO OTCYTCTBYeT B Jpyrux uzodopmax NOS — eNOS
n iNOS. Mexanusm PIN-MHIyIMpOBaHHOTO WHTH-
ouposanus nNOS BKITIOUaeT CBA3BIBaHUE ¢ (hepMeH-
TOM, MIPUBOIAIIEE K IECTA0OMIN3AIIUN €r0 JUMEPHOM
cTpykTyphl. M3ydenue pactpenenenus PIN B pas-
JUYHBIX OTAENIAaX MO3ra y KpbIC MOKa3aJlo 3Ha4YM-
TEJIBHYIO €ro 3KCIIPECCHIO B KOpPE TOJIOBHOTO MO3Ta,
CpeIHEM MO3Tre, TUIIIIOKaMIIE U ITPOI0JIrOBaTOM MO3-
re, IoKa3aHa ONpeAelICHHAs KOPPEISIH MEKIY dKC-
npeccueit PIN u nNOS [14].

Mo3sr ncnonb3yer 00bIIoe KOTMYECTBO KHCIIO-
pona n AT® g HopManbHOTO (YHKIMOHUPOBAHUS
1 O4YEHb BOCTIPUMMYUB K OKHUCIUTEIHHOMY CTpPECCY.
YcuneHne OKHCIUTEIBHOIO CTPecca B THIIOTaIaMyce
MPUBOAUT K YBEIHMUEHHUIO apTepHATbHOTO JaBICHUS
B ycioBusx oxkupenus u MC [16]. [Ipu MC otme-
yaeTcs noBelieHue ypoBHs PIN B pa3nuuHbIx oTae-
JlaX MO3Ta, 4TO MPUBOIUT K MHruOupoBannio nNOS
[16]. PIN npensTcTByeT AMMEpPHU3aLUH U TEM CaMbIM
OTMEHSET CONPSIKEHNE PENYKTa3HOTO W OKCUIeHa3-
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HOTO JIOMEHOB, OOpa3yrommx IUMep CyOBeIWHUI]
(epMeHTa, YTO IPUBOIUT K TEHEPAITUH CYTIEPOKCH/I-
aHWOHA U IPYTHX aKTUBHBIX (JOPM KHCIIOPOIa U YCH-
JIEHUIO OKHUCIUTEIFHOTO CTPEcca B MHKPOCOCYIax
TOJIOBHOTO MO3ra, B ToM umcie mpu MC u oxupe-
Hur. COOTBETCTBEHHO, HOKAYT TeHa PIN BBI3BIBACT
crabmmmsaruio oopazoBanus nNOS-quMepa U HOp-
MaJTM3aIHIo MTPOAYKINY aKTHUBHBIX (POPM KHCIIOpO/Ia
y kpbic ¢ MC, HHAYIIMPOBAaHHBIM JTUETOH C BEICOKUM
conepxanneM (pykrossl [14, 16].

IIpun MC npoucxouT JUIMTENbHAs, Ype3mMepHas
axtuBaiuss NMDAR, uTo BeneT K M30BITOUHOM CTH-
myssiiud nNOS 1 noBsiieHHOM npoaykiuu NO w,
B pe3yabrare, K mporpeccupoBanuio kak MC, tak u
HEUpOJIETeHEPaTUBHBIX U3MEHEHUN B Mo3re. ['umnep-
npoaykius NO BbI3bIBAE€T HHTEHCUBHOE HUTPO3UPO-
BaHHE W HUTPO3WINPOBAHUE OEJIKOB, YTO CTAHOBHUT-
Csl IPUYMHON HUTPO3UPYIOIIETO M OKUCIUTEIHHOTO
cTpecca. Hapsiny ¢ n30bITOuHBIM 00pa3oBaHHEM Iie-
POKCHHHUTPUT-HOHOB HapyLIaeTcsi METabOoIN3M Hel-
POHOB, YCWJIMBAETCS HEWPOTOKCUYHOCTH, AKTHBH-
pyeTcs amonTto3 u Heipomarudeckue oomwm [11, 12].
s mpenoTBpaleHnsi 3TOr0 MOTYT OBITH HCTIONb-
30BaHbl OMOAKTHBHBIC MOJICKYJIbI, HAllCJICHHBIE Ha
Monysinuto aktuBHoctd nNOS. Tlpenaratorcsa asa
MeXaHu3Ma Tako’ MoAyIsuu: 1) mpsimoe HHruOupo-
BaHUE ()epMEHTa C TIOMOIIBI0 MAJIBIX OPTaHUYECKUX
MOJIEKYT;, 2) TOJaBJIeHHWE H30BITOYHON aKTHBAIlUU
nNOS ¢ moMonIbr0 MOJIEKYJ, CIIOCOOHBIX 00Pa30BBI-
BaTh 4eTBepTUUHbIE KoMIUIekchl ¢ NMDAR, noct-
cuHantnyeckuM Oenkom PSD95 u nNOS u tem ca-
MBIM TIPETISITCTBYIOIIUX O0pa30BaHUIO KOMILIEKCOB
Mexay Humu [12].

OmauM U3 TSOKENBIX ocnokHeHwd npu MC u
CJI12 sBnseTcs Heliponarrnaeckas 00k, Bee Tpu n3o-
dopmbl NO-cHHTa3 W WX KOHEUHBIH MPoaykKT NO
CIocOOHEI ee MOy IUpOoBaTh. B Hanbobel crere-
HU BakHa TurepaktuBanus NMDAR, npuBomsimmas
K runepakTuBanud hNOS, 9TO MO3BOJSET CUUTATH
3TOT (PEPMEHT pelIaroIIuM (PaKTOPOM, OIPEIACIISIO-
MM pa3BUTHE TUIIEPUYBCTBUTENBHOCTH K 60mu [9].
JlefcTBUTENbHO, HAKATLTMBAIOIIUECS IAHHBIEC CBUJIE-
TEIBCTBYIOT O TOM, YTO THUIIEPAKTUBALIMS CHHAITH-
geckux NMDAR MoxeT nprBecTH K aHOMaJIbHOMY
nputoky Ca’* B MOCTCHHANTHYECKHI HEHPOH C I10-
Cleyomell 4pe3MepHOl CTUMYJISALUEN aKTHBHO-
ctu nNOS nocpenctBsoM 00pa3oBaHHs TPOHHOTO
xommiekca NMDAR/PSD95/nNOS,  nepenpous-
BozicTBOM NO, YCHUIICHHIO HUTPO3UPOBAaHUS VI HU-
TPO3WIIUPOBAHMS HEKOTOPEIX OEITKOB W, B HTOTE, HH-
Tpo3upyoiemMy crpeccy. Hapsamy ¢ 3Tum u30BITOK
NO B pesynbrare peakiuu ¢ CylmepoKCHIHBIM aHU-
oH-paaukaioM (O,") o0pazyeT BbICOKOPEAKTHBHBIN
M IUTOTOKCUYHBIA OKHUCIUTENh — IMEePOKCHHUTPUT
(ONOOQO"), 9To ycminBaeT MEPEKHUCHOE OKHCIICHHE
munaaos [11, 17]. BenenctBue 3THX cOOBITHIT Hapy-

[I1aeTCsl HEMPOTPAHCMHUCCHS M3-32 MUTOXOHAPHAIIb-
HOW AUC(HYHKLIUHN U CHHANTUYECKOTO IOBPEXKICHUS
[11]. IIpu atom NO aktuBupyer MAPK p38 u npy-
rHe HIKECTOAIINE CUTHAJIbHBIE OENIKH, OTBETCTBEH-
HBIC 32 TUOETh HEUPOHOB, UHAYIMPYs anorTo3 [18].
CrenoBarenbHO, ONOKHMpOBaHUE YPE3MEPHO CTH-
MynupoBaHHOM NNOS MOXKHO paccMaTpuBaTh Kak
MHUILEHb Ul UHTUOMPOBaHUSl HeHpolereHepauuu u
BOCCTAaHOBJICHUSI HeBposornueckux ¢ynkuuil. Ha
CaMOM [IeJie CYILECTBYET ABa Pa3jIMUHBIX CII0CO0a
HHTrHOupoBaHus m30bITka NO, CHHTE3MPOBAHHOTO
¢ yuacteM nNOS: OnokupoBaHue 31oro gepmen-
Ta WHTUOUTOPaMH W WHTHOMPOBAHHE KOMILIEKCA
NMDAR/PSD95/nNOS [11].

Crnenyer OTMETUTh, YTO B IPOLECCE CTapeHHs
MO3T TpeTepreBaeT MopQosioruueckue U QyHKIHO-
HaJIbHBIC U3MEHEHUS B PE3yJbTaTe OKUCIUTEIHHOTO
cTpecca. OT0 BO MHOTOM OOYCIIOBJIEHO Ocia0ieHHEeM
CHCTEMbl aHTHOKCUAAHTHOH 3aILUTHI, YTO IPUBOIUT
K 00pa3oBaHWI0 aKTUBHBIX (HOPM KHCIOPOJIA, BKITIO-
Yasi CyepOKCH/I-aHHOH M TIEPEKUCH BOJOPOA, U aK-
TUBHBIX ()OPM a30Ta, B TOM YHCJIC IEPOKCHHUTPUTA
(ONOO"), KOTOpBIf MOXKET HHAYIIUPOBATH THOCIH
HerpoHos [19]. Ilockonbky MHOTHE (QYHKIIMH MO3Ta
3aBucAT oT aktuBHOCcTH NNOS U mHTpanepedbpab-
Horo ypoBHs NO, BKJII04ast BRICBOOOXKACHUE HEHPO-
TPaHCMUTTEPOB, CHHANTHYECKYIO IUIACTUYHOCTH U
PEryIsLUI0 MIEKTPUUECKOM aKTUBHOCTH HEHPOHOB,
TO (pyHKUMOHANBHBIE H3MeHeHUs] NNOS-3aBHCUMBIX
IyTeil B MO3Te P CTapEHUH HEU30EKHO IPUBOAAT K
HapyIIEHUIO ATHX (QYHKIUH U CIIOCOOCTBYIOT pa3BH-
THIO HEWpoIereHepaluu, kak u B cirygae MC [20, 21].
Onanako ga"Hble 00 u3MeHeHnstx akTuBHocT NNOS
B Mosre ipu MC U cTapeHHH [0 CUX TOp HEMHOTO-
YHUCIIEHHBI U HEOIHO3HAYHbl. OJTHU aBTOPHI yKa3bIBa-
10T Ha 3HAYUTEIBHOE YBEIHYCHUE aKTUBHOCTH (ep-
MEHTa [22], Apyrue — Ha CHIKEHUE €TO0 aKTUBHOCTH
u skcnpeccuu [23]. Kak orMeuanock Bbllle, NIyTa-
MaT B Mo3re aktuBupyeT NMDAR, BbI3bIBast IPUTOK
Ca?* B xietky, crumyaupys nNOS u moBbimias ypo-
BeHb NO. B T0 e BpeMst OHOM U3 IPUYHH pa3BUTHUSA
JNEMEHINH SIBJISIETCS arperanus B-aMUIOUAHBIX Mel-
TUZIOB, KOTOpble HpensaTcTByoT CaM-3aBUCHMOMY
cuate3y NO ¢ ydactueM nNOS. Takum obpazowm,
ocnabnenne crumyisiun nNOS, omocpenoBaHHOE
[-aMHIIOMTHBIMU MTENTUAAMH, MOXKET OBITH OJHOM U3
MIPUYUH aMUJIOUA-UHAYHHUPOBAHHOTO KOTHUTUBHOIO
neguuuTa 1 yMEHBIICHNS] CHHAITHYECKON TUIACTHY-
HOocTU B rumnmnokamiie [24, 25]. ITockoabKy KOMIIEH-
CaTOpPHO IPU CHUKEHUH aKTUBHOCTH MOXKET BO3pac-
Tatb 3kcrpeccuss reHa nNOS, psan OpoTHBOPEUHid,
CBSI3aHHBIX C Pa3HOHANpPABJICHHBIMU H3MEHEHHSIMU
aKTUBHOCTH U JKCHpeccuu (epMeHTa, MOXKET OBITh
00ycJI0BJIeH TOAOOHBIMU HHTMOUPYIOIIMMH BIIHSHU-
SIMU [J-aMUJIOMTHBIX TIETITHIOB U APYTHX (DaKTOPOB,
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Ybe COAEp)KaHWE W AKTUBHOCTH IOBBIMIAIOTCS TpPHU
MC u crapenuu [22, 24, 25].

DochopuanpoBanre u aedochopuianpona-
Hue nNOS B Mo3re U UX pPojib B U3MEHEHUH aAK-
THBHOCTH (pepmenTa npu MC

Hawnbomee pacnpocTpaneHHBIME M (YHKITHO-
HaJbHO BaKHBIMH KOBAJIEHTHHIMU MOAM(DHUKAIAIMU
nNOS sBistoress pochopunuposanue u  aedoc-
(dopunupopanue. DochopuiUpoBaHUE OCYIIECT-
Bisiercs CaM-3aBucumoit kmHazoit Il (CaMKII),
Akt-xnHazol, mporenHkuHazaMu A uw C, AMO-
AKTUBUPYEMOH TPOTEWHKWHA30H, a aedochopuiiu-
poBanue — mpotenHdocdarazoit 1-ro tuma (PP1).
®dochopumuposanrie nNOS  pa3HOHANPABICHHO
BJIMSIET Ha aKTUBHOCTH (pepmenTa. B HacTosee Bpe-
MsI BBISBIICHBI JIBA OCHOBHBIX caita (ochopuiampo-
BaHug nNOS 1o cepuHy.

dochopunupoBanue mo ocrarky Ser847 ocy-
mectBisieTcss ¢ nomomeio CaMKII u cHmkaeT ak-
tuBHOCT NNOS [26-28]. U3BecTHO, uTO Ser847
HaXOIUTCS B Ay TOMHTHOHUPYIOIEH TIeTie, N3MEHEeHNe
KOH(QOpMAaIlMd KOTOPOW Na)xe IPH BBICOKHX KOH-
ueHTpanusx CaM NpuBOAMT K OCIAOIEHUIO CTHUMY-
s nNOS. Tlokaszano, uto dochopunupoBanue
nNOS 1o Ser847 oueHb CYIIECTBEHHO 11 PYHKITHO-
HUPOBAHMUS MO3Ta, O YeM KOCBEHHO CBHIETEIHCTBY-
et 1o, yto CaMKII B 3HAaYMTENHHBIX KOJIHYECTBAX
MpeACTaBIeHa B Pa3IMYHbIX OTAesnax Mo3ra (ot 1 o
2 % ot o01ero koinvecTna Oenka) [27]. AKTuBanus
HEUPOHOB MHIYLUPYET TPAHCIOKALIUIO 3TOW KUHA3BI
13 IUTOIUIA3MBI B IPECHHANTUYECKYTO 30HY U TIOCT-
CHUHANTHYECKYI0O MeMOpaHy, TJe MpenMyIIeCcTBEH-
HO Jsokammzyercss nNOS. DocdopunupoBaHue 1o
Ser847 c yuactuem CaMKII camxaer obpa3oBanue
NO u yBenuuuBaeT TeHepaLnio CylepoKCHA-aHHOHA
[26]. HeobOxommmo Takke OTMETHUThH, YTO HMEETCS
B3aUMOCBSI3b MeEXOy Ko-nokanu3zanueii NMDAR,
oenka PSD95, CaMKII u nNOS u Tem ¢aktom, 4To
B HEHWpOHAaX THUMMOKaMIla OOHapyKeHa pa3HOHa-
npasieHHas perymauust pocdopunupoBanus nNOS
mo Ser847 B 3aBUCHMOCTH OT KOHIICHTPAIWH TITy-
TaMmara: B HU3KUX KOHIICHTpanusx (5 MKkM) OoH CTH-
mynupyeT ¢ochopmiupoBanue nNOS mo Ser§47
¢ yuactuem CaMKII, Torga xak B BeICOKHX (Ooiee
100 MmxM) BbI3BIBaET AcochopunupoBanue Ser847
¢ yuactueMm (ocdarassr PP1. Takum obpazom, 06-
parumocTth (ochopummpoBanuss nNOS mo Ser847
TP BO3JICMICTBUU Pa3HBIX KOHIIEHTPAIMN TITyTamara
MpeArnoaraeT ABa MEXaHu3Ma ¢ MPOTHBOIIOJIOKHBI-
MU 3 dekramu: 1) 3aBUCHMAasi OT BpeMEHH OTpHUIIa-
TeNbHasi oOparHasi CBs3b, HHAyHHUpYyeMas (GU3UOIIO0-
THYECKUMH KOHIEHTpPAIMSIMH TiIyTamara, KOTopas
orpannumBaer aktuBanuio NNOS u HCKITIO4aeT 00-
pasoBanue n30bITKa NO; 2) maTooruueckasi CTuMy-

TS BBICOKUMH KOHIIGHTPAIMAMHU TITyTamara, 4To
MIPUBOIUT K M30bITOUHON akTHBaruu nNOS u obpa-
30BaHUI0 TOKCHYHBIX KoHLeHTparuit NO. Otu me-
XaHU3MBI MOTYT UMETh OIPE/IEeNAolIee BIUSHUE Ha
NMDAR-unayumpoBanasie (OpMBI CHHAIITHIECKOM
TUTACTHYHOCTH M OTPENeNsTh TOKCHYHBIE 3(PQEKThI
BBICOKHUX J103 IVIyTaMaTa Ha HeUpoHsI [25].

Hpyroit  caiit  dochopunupoBanust nNOS,
Serl1412, sBnsetca MuIIeHbIO miIg Akt-KMHA3bI U
AM®-akTUBHPYEMON NPOTEHHKUHA3BI, TOBBIIIAS
aktuBHOCTH NNOS. IIpu sToM BRI3BIBacMoe PP1 ne-
¢docdopunupoBanue pepmenta no Serl412 mpuso-
IUT K CHIKEHHIO, a He K IMOBBIIIIEHHUIO, KaK B CITydae
Ser847, aktuBHOCTH (epmenTa [26-28]. MmeroTcs
OCHOBAaHMS Monarath, yTo npu MC U 0KUpeHUH TaK-
K€ BOSHHKAIOT CYIIeCTBEHHBIE H3MEHEHUS IKCIIpec-
cun i aktuBHOCTH nNOS, B ToM uucne 00yciioB-
JICHHBIE BO3JIEHCTBHEM IJIyTamMara W HapylIeHHEM
bamanca QochopumupoBanus-nedochopmmpona-
Hus depmenTa [27]. [Ipu 3TOM MEHSETCS CIIEKTP pe-
TYIATOPHBIX BIVSIHMN Pa3IHYHBIX KMHA3 U (ocda-
ta3 Ha nNOS. Tak, npu MC dochopunupoBanue ¢
y4acTHEM TPOTCHHKHHA3bl A NMPUBOJUT K MHTHUOU-
poBanuto nNOS, B To BpeMs Kak npoTeuHkrHaza C
n AKt-KMHa3a He BJIMSIOT Ha aKTUBHOCTH (DepMEHTa
[28, 29].

Yuyacrtue nNOS B QyHKIIHOHHMPOBAHUM MHUO-
Kapaa u cocynos npu MC

nNOS, massslil nctouHuk NO B MUOKapze, y4a-
CTBYET B pacciallleHUH CEpAEYHON MBIIILBI, MOAY-
JUpYyeT COKpallleHue CTeHOK cocynoB. B kapnuomuo-
muTax (EpMEHT NPEHMYILECTBEHHO JIOKAIU30BaH
B CapKOIUTa3MaTHYECKOM DPETHUKYIyME M CapKOJIeM-
MaJbHOH MeMOpaHe M, B MCHbILICH CTCIICHU, B MHU-
TOXOHApUSX U ammapare lonpxu. HecmoTps Ha TO
gT10 TeH nNOS B cepiie B IpoIiecce albTepPHATHBHO-
ro CIutaiicuHra jaet niath paznuuneix MPHK-Tpanc-
KpHUNTOB, MH(OpManusi O POIU KOOUPYEMBIX HUMH
n3opopm nNOS 1 ux CyOKJIETOYHOH JIOKAIN3aluu
B KapAauoMHuouuTax oueHb ckymHas [7, 30]. Tak,
n30hopMBI 00 U L comepar N-KOHIIEBOW JTOMEH,
CTIIOCOOHBIN B3aUMOJICHCTBOBATh C TAKUMH CIICIH-
¢uueckumu OeslkaMl MHOKapja, Kak AUCTPOPHH U
CUHTpO(DHH.

IIpu MC u CC3 HekoTOpble OeNKH-MHIICHH,
perynupyemble depe3 nNOS-3aBUCHMBIN  ITyTb,
HOABEPraloTCs  IOCTTPAaHCKPUIILIMOHHBIM  MO-
IuUKanUsM, YTO BIHMSET HAa aKTUBHOCTH BCETO
nNOS-onocpenoBanHoro curHanuura. Tak, B yc-
nosusix MC mpu peiictBum anruorensuHa Il Ha-
OmoaeTcsi BbI3bIBacMoOe mpoTenHKHHa30i A Ca’'-
3aBucuMoe GochHOpHINPOBaHUE IO OCTaTKy Serl6
Oenka Qocdomambana, OTHOTO M3 YYaCTHUKOB
nNOS-3aBucuMbix nyteid. B 3mopoBom cepaue NO
kouTponupyeT 3t Ca’-3aBHUCHMBIE TIyTH M (hoC-
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dbopunmupoBanne Gocdorambana depe3 MOCPEACTBO
ul M®-3apucumbix mporennkunaasz [30, 31]. nNOS
UTpaeT BeAYLIYIO pOJb B 3aIIMTE MHOKapa OT OKHUC-
JUTETHFHOTO CTpecca, B TOM YHCJe TP apuTMUAU U
cepaeuHoi HepoctarouHoctu [1, 7, 30]. Ha panneit
craauu runepronu NO, MpoayupyeMblil B OCHOB-
HoM nNOS, perymupyet dhochoprInpoBaHKe TPOIIO-
HUHA | ¥ cepieuHOro MHO3UH-CBSA3BIBAIONIETO OeKa
C (cMBP) [29-32]. nNOS, nokanu3oBaHHas B cap-
KOIIJIa3MaTUIECKOM PETHKYIIyME KapAHOMHOIINTOB,
(GYHKIHMOHHUPYET KaK OCHOBHOM MOIYISITOP CepAed-
HOW (PyHKIIMYM W BHYTPUKIETOYHBIX MTOTOKOB HOHOB
kanerwst [33]. Pan uccnenoBareneil mpoaeMOHCTPH-
PpOBaH MOJOKUTEIBHBI WHOTPOMHBIA 3QQeKT npu
HokayTe reHa nNOS [33, 34], onHako Apyrue ero He
obnapyxumu [35-37]. NO, cunresupyemsrit nNOS,
YCKOpSIET pacciabieHue KapAHMOMUOLUTOB JIEBOTO
JKEITyZ04Ka 32 cueT yBenndeHus (hochopuimpoBaHus
dochonambana ¢ yyactuem ul Md-He3aBHUCHMOTO
MHTMOMPOBaHMS CEPUH/TPEOHMHOBBIX — OEIKOBBIX
docdaraz [37].

AxTtuBHOCTE NNOS MOIYIHPYETCS] TOTOKOM KO-
HOB KaJIbIIUS Yepe3 IIa3MalieMMy C y4acTHEM MeM-
OpaHHO-CBA3aHHON KaJIbIINH-3aBUCUMON H30(OPMBI
AT®a3bl, U30BITOUHAS IKCIIPECCUS KOTOPOH MPUBO-
IUT K cHIbKeHUIo aktuBHOCTH NNOS 1 ocnabneHuto
B-agpeneprudeckoil COKpaTUMOCTH B KapAHOMHUOIIU-
tax [38]. Hapsay ¢ aTum nokazano, uro NO uHruou-
pyet nputok HoHOB Ca’" 4epe3 KaJbI[HMeBbId KaHaI
L-tuma, yBenmurBaeT UX oOpaTHEIN 3aXBaT B CapKo-
TUTa3MaTHYECKOM PETHUKYIyMe 3a CUeT YBEIHMUYEHUS
¢dochopunupoBanus pochonambana U perynmupyer
BBICBOOOXK/ICHUE U3 BHYTPUKIIETOUYHBIX JETI0, MEHSSA
CTETIeHb S-HUTPO3WIMPOBAHUS PUAHOAWHOBOTO pe-
uenropa [39]. Enie omHuUM MEXaHU3MOM, C IIOMOIIBIO
kotoporo nNOS MOXET KOHTPOJIUPOBATh COKpalle-
HUE U pacciiabieHre MHOKapja, SBISETCS B3aUMO-
neiicTBue (epMeHTa ¢ KCAaHTHHOKCHAOPEIYKTa30M,
Ko-JToKanm3oBaHHOU BMecTe ¢ nNOS B capkoriazma-
THUYECKOM PETUKYIyMe. B OTCyTCTBHE COBMECTHOM
JIOKAIM3alUl KCAaHTHHOKCHIOPEIyKTa3a aKTHBUPY-
eTCsl ¥ HHAYLUpPYeT 00pa3oBaHue CyNepOoKCHIa, YTO
CHIDKAET YyBCTBUTEIHHOCTh MUO(QHIAMEHTOB K HO-
HaMm Kajbius [40].

VYBenuueHue win CHWxkeHue akruBHoctd nNOS
B PETYJISLIUU CEPIEYHOM MBILIIBI OMPEeIeT COOT-
BETCTBEHHO TOJIOKUTEIBHBIA I OTPUIATEIHHBIN
MOHOTPOMHBIN H ApoMOTponHBIA 3dexTsl. [lo-
ckosibky nNOS mpHCyTCTBYET B capKoIlsla3MaTHue-
CKOM PETHKYIIyMe KapIIMOMHUOIIMUTOB, 3TO ITO3BOJISIET
OonbiieMy KoimuecTBy HOHOB Ca’’ BBIXOIUTH W3
BHYTPHUKJIETOUHBIX JIETIO M MTPUBOAUT K TTOJIOKUTEIb-
HBIM HMOHOTPOIHBIM U APOMOTPONHBIM 3 dekTam.
Kpome Toro, nNOS yBennuuBaeT ypoBeHb Gocdo-
nmamOaHa, KoTophlii maTHONpYeT AT®a3y u cCHIKaeT
KOHLIEHTPALIMIO MOHOB KaJIBIUS B CapKoIUIa3MaTHye-

ckoM petukynyme [38]. Marubuposanne AT®a3wr u
OTHOBPEMEHHOE TOBBINIEHUE coaepxKaHus ¢ocdo-
nam0aHa OKa3bIBAIOT OTPHIIATEIIEHOE MOHOTPOITHOS
1 JPOMOTPOTHOE ACHCTBHE Ha CEPACUHBIE MUOITUTHI
[36-38]. NmeroTcst OCHOBaHUS TMONaraTh, YTO TMPHU
MC u 0XMpEeHNH 3TH MEXaHU3MBbI HapymatoTcs [1-4,
41-42].

NO urpaet BaxXHYIO POJIb B PETYISIHN QYHKITHN
COCYJIOB MHOKapJia, PETYIHPYsl KPOBSIHOE JIaBJICHUE,
arperario TpOMOOIIMTOB U aATe3HI0 JICHKOITUTOB. B
COCYIHCTOH CTeHKe Ooublias 4acTh OMOAOCTYIHO-
ro NO, Kak MolararT, CHHTE3HPYETCS C y4acTHeM
eNOS. Ognako nNOS Takke HPUCYTCTBYET B HHUX
U sBisieTcs UCTouHukoM NO, mpudyeM B HENOCPE-
CTBEHHOHN OJM30CTH OT MHUKpPOCOCYHOB. TakuMm 00-
pazom, NO moxeT ObITh 00pa3oBaH U MEPEHECEH B
[JIaJIKOMBIIIICYHBIC KJICTKH COCYIIOB U3 SHIOTEIUAIIb-
HBIX ¥ IEPUBACKYJISIPHBIX HEPBHBIX BOJIOKOH, a TAK)KE
W3 TYYHBIX KJIETOK, dKcmpeccupyrommux nNOS [43].
[Tokazano, uto NO, o6pazoBanubiii nNOS B nepuBa-
CKYJISIPHOM 00J71acTH, MOKET BHOCHTD 3HAYUTEITHHBII
BKuta B o6mruit myn NO B miagkux meimax [43].

nNOS B Muokapje, Kak U B MO3Te, CIocoOHa
00pa30BhIBaTh KOMILIEKCHl C MBIIIEYHBIMU Oelka-
MU, JIOKaJM30BaHHBIMH Ha BHYTPEHHEH CTOpOHE
MeMOpaHbl. Kak u3BecTHO, ONKH, B3aUMOACHUCTBY-
omue ¢ nNOS, Takue Kak TUCTPO(HH, CHHTPO-
¢un u guctpobpesuH, acconuupoBansl ¢ CC3 [44].
Tak, nuctpoduH, 3HaUNTENBHBIN 1O pa3mepy (427
kJla) MeMOpaHHBIN OEJOK, CBSI3BIBACT ITMTOCKEIET
aKTHHA C BHEKJIETOYHBIM MAaTPUKCOM dYepe3 CIIOXK-
HBI KOMIUIEKC, COCTOSIUI W3 CapKOCIlaHa, cap-
KOTJIMKAaHOBOTO (BKJIIOYAOIIETO B cebs a-, B-, y- u
O-CyOBeIMHUIIBI) U TUCTPONIUKAHOBOTO (BKIFOUYAIO-
mero B ce0st o- M B-AMCTPOIJIMKAaH) KOMIUIEKCOB. B
MHOKap/I€ dTOT KOMIUIEKC UTPAET KaK CTPYKTYPHYIO
POIb, COXPAHSS LEIOCTHOCTh MEMOPAHBI, TAK U CUT-
HaJbHYIO POJb IyTEM B3aWMOJEHCTBUSI C CHHTPO-
¢unamu u nuctpobpeBuHamu (puc. 1). MyTamuu B
JTUCTPO(QUHE TPUBOIAT K JUCTPOPHUHOTATHSAM H Kap-
JIMOMHUONIATUH, YTO SIBIIAETCS MPUUYHUHON CepledHOMN
HeJocTaTouHOCTH [44, 45].

[TockonbKy OHUM W3 KIFOYEBBIX (DU3UOIOTHYE-
ckux 3¢ dexroB NO, B TOM YHCIIe TPOAYITHPYEMOTO
nNOS, sBnsieTcs BazoAuIaTalnys, peaauzyemMas npu
BO3JICHCTBUM 3TOTO BTOPUYHOTO IIOCPEIHHMKA Ha
[JIaIKOMBIIIICYHbIC KJIETKA COCYOB, TO M3MECHEHUS
aktuBHOocTH NNOS cambIM HEMOCPEICTBEHHBIM 00-
pPa3oM IIOJKHBI BIMATH HAa COCTOSHHE COCYIOB IPH
MC. B nacTosiee BpeMs MOIy4YeHBI JaHHBIC O 3Ha-
9yUMON poiu (YHKIHOHAIEHOTO coctosiHuss nNOS
B PETYISANAN TOHYCa MHKPOCOCYIOB HYeJOBEeKa MpH
MC u CC3 [45]. Cpean BO3MOXKHBIX MEXaHH3MOB,
Brustomux Ha aktuBHOCTH NNOS npu MC, Heobxo-
JUMO BBIIETTUTHh H3MEHEHNE aKTUBHOCTH U KCIIpec-
cud psina 6enkoB. Cpeny HUX OEJIO0K TEIIOBOTO II0Ka

CUBUPCKUIN HAYYHbIA MEOVLIMHCKAN XXYPHAI 2022; 42 (4): 33-48 39



Kuznetsova L.A. et al. Neuronal nitric oxide synthases in the pathogenesis of metabolic syndrome

CapKOTITHKaHOBBIH

KOMILJICKC \

Wi

B knetke

Juctpodun

JuctpornukaHoBbIit

[ KOMILJICKC

a-DG

Bre kneTku
*

il

S 8~—Cunrpodun-p1

a-JluctpodpeBun

Puc. 1. Conpsocenue nNOS ¢ membpanuvimu Oerkamu KapouomMuoyumoa.
CapKroenuxkanoulil KOMNIEKC: 0-, f-, Y- U O-CyObeounuybl, OUCMPOSTUKAHOBHIN KOMIIEKC: O-OUCMPOSIUKAH (0

DG) u p-oucmpoenuxan (p-DG) [44]

Fig. 1. Coupling of nNOS with membrane proteins of cardiomyocytes.
Sarcoglycan complex: a-, -, y- and d-subunits, dystroglycan complex: a-dystroglycan (a-DG) and B-dystroglycan

(B-DG) [44]

90 (HSP90), xoTopblii CTUMYIUpPYET aKTHBHOCTH
nNOS, yBenuuuBas cBsizbiBanue ¢epmenra ¢ CaM
[15, 46]. BaxxHyro poiib UTPAIOT CTPYKTYPHEIE OCIKH
kaBeonuH-1 (Cav-1) u kaBeonun-3 (Cav-3), koTopbie
B3anuMoaeicTBYoT ¢ nNOS W MOBBIIAIOT €€ 3KC-
npeccuro [47, 48]. YV KUBOTHBIX C HOKAyTOM T€HOB,
KOJUPYIOIINX 3TH KaBEOJINHBI, pa3BUBACTCS TsXKenas
KapAMOMHOTIATHS, 3HAYUTEIHHO COKpAIIAOIas Mpo-
JIOJDKATENBHOCTD UX JKU3HH [48].

nNOS u dochopunupyromas ee CaMKII sBis-
IOTCS BaXHBIMH MENUATOpaMH B TPOIEccax Mexa-
HUYECKOM M XUMHUYECKOW TPAHCIYKLIHH, KOTOpBIE
MIPOUCXOAT BO BpeMs CEpACYHOTO COKpalleHUs, U
MUIICHAMH JIs1 JICYeHUS apuTMHUA U KapIuOMHO-
natun [49, 50]. DTO HCKIIOUUTETHHO BAXKHO JIA
neyeHus runepronuu npu MC, B ToM uucie y mo-
KWIBIX TanmeHToB [51]. Hopmanmsarus axkTwB-
Hoctd nNOS npu MC u TUNIEpPTOHUH Ba)kHA eIe
U TOTOMY, YTO TPH ATHX MAaTOJIOTHUAX OTMEYaeTCs
nNOS-onocpeioBaHHOS HapyIICHUE Ba30OAwIIaTa-
LIMH, KOTOPOE HANpsAMYIO KOPPETUPYET C MOBBIIICH-
HOW CHMIIaTHYECKON akTHUBHOCThIO [52]. Umerorcs
nmauHbie 00 yaactuu nNOS B peryIsiiiui CHCTEMHOTO
COTIPOTHUBIIEHUS COCYAOB M KPOBSHOTO JAABICHUS Y

3nopoBeIx Jroaei [53, 54]. [Ipu MC u runepTroHun
B CEp/IIe YBEIMUMUBACTCS IKCIPECCUS U aKTHBHOCTh
nNOS, Ho cHmkaercs skcnpeccus eNOS [30, 55—
57]. Cymmupysi, MOXXHO cka3arh, uTo NNOS urpaer
3aIIUTHYIO POJIb B CEpIle, MPeAoTBpaIas HapyIe-
HUE CHCTOJIMYECKOW W JHACTOIMYECKOU PETYIISIINH,
OKHUCITUTENFHBIA CTPECC, apUTMHIO M BOCTIAJTUTEIh-
HOE peMoJienpoBanue TkaHed [58]. AKTUBHOCTB
nNOS B HE3HIOTENUATBHBIX KIETKaX MHOKapIa
OTIOCPENyeT pacHIMpeHHe COCYIOB B OTBET Ha IIO-
BBIIIICHHYI0 METa00IMUYECKYI0 Harpy3Ky. DTOT Mexa-
HU3M o0ecriedynBaeT (U3NOIOTUIECKYIO aIallTaIIIo
3a CYET YCHJICHHUSI KPOBOTOKA U BOBJICUEH B MPOIECC
PEMOICTUPOBAHKS COCYJIOB B OTBET Ha MOBBIIICHHUE
aktuBHocTU eNOS [58].

Yuyactue nNOS B 3¢ dekTax, onocpenyemMbix
p3-anpeHepruyecKUMHU ArOHUCTAMH

B mocrnexnnee BpeMs HaKarTUBaIOTCS JaHHbBIE
o pomu P3-agpenopenentopoB (AP) B pasBuTHH
cepaeuHord HepocrarouHoctn npu MC [57, 59].
YcroitumBas cuMmratudeckas aktupamws P1/p2-AP
MHOKap/ia CBsI3aHa C YPE3MEPHOW aKTUBALMEW CUM-
MaTHYECKOW HEPBHOW CHUCTEMBI, KOTOpas IEepBOHA-
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YaJlbHO UIPaeT KOMIICHCATOPHYIO POJIb B CHIDKE-
HUHM COKPAaTHUTEIBHON CIOCOOHOCTH cepiia, HO CO
BpeMEHEeM yXyAuaeT (yHKIMOHUPOBAHHUE MHUOKAp-
Jla, TPUBOJIA K €ro mopaxkeHuto. [1onoKuTeNbHBIN
WHOTPOIIHBIA OTBET HA CTUMYJIILUIO B-arOHUCTaMU
YMEHBIIACTCA MIPU CEPACYHON HETOCTATOUHOCTH U3~
3a U30MPaTEeTHLHON PETYISINN U IeCEHCHOMITH3AITIT
B1/B2-AP. ITokazaHo camxenue cuate3a NO B oTBET
Ha CTUMYmALMIO B-aroHucTamu. OAHAKO HUMEIOTCS
CBHUJIETENILCTBA O CYIECTBOBAaHMU «(pU3HOIOTHYE-
CKOTO TOpPMO3a», HANpaBICHHOTO Ha yMEHBILICHHE
Ype3MEpPHOU CHUMIIAaTUYECKOW cTuMyasiuuu. Tak, B
HOpMaJIbHOM cepaue dkcnpeccus B3-AP ouens HU3-
Ka, HO YBEJIMYUBACTCS MPH MATOPHU3HOIOTHUECKUX
cocrostamsax (MC, CJ12, rumeprpodusi, cepaedHas
HEIOCTaTOYHOCTh), B TO BpeMsl KaK OJKCIIPECCHS
B1/B2-AP mensiercs B Hebounboii crenenu [59]. [o-
Ka3zaHo, uto ctumymsinus 3-AP 3amumiaer cepmie
Kak OT rurnepTpouu, Tak U OT CepIeyHOl HeqocTa-
TOYHOCTH. OTpHULATENbHBIA HHOTPOIHBIA 3(EeKT
cTuMymsIun B3-AP-aroHncTaMy BKITIOYAET 3aITycK
NO-curnanpHblx myTedt ¢ yuactuem nNOS, xoTd
NEPBOHAYAIIBHO CYUTAJIOCh, YTO 3TO OOYCIOBICHO
ygactreM Toisko eNOS. Tak, moka3aHo yBeIndeHue
B TPaBMHUPOBAHHOM CepJlle YeloBeKa 0Opa3oBaHMUs
NO, crumynupoBanHoro aroHucramu 3-AP, koro-
poe ue 3aBucerno ot eNOS [60, 61].

AxtuBHOCTE NNOS CcTUMYyIUpYyeTCSd B PE3Yib-
tate ee (hochopunmupoBaHus o octarky Serl412 ¢
noMotnbio AM®-akTuBupyemMoil KuHa3bl. Peaknuwy,
onocpenoBanHble B3-AP, coxpaHsAloTCs, HECMOTPS
Ha YCTONYMBYIO THIIEPCUMIIATHYECKYIO aKTUBHOCTb,
nockoJbKy cam B3-AP He mmeer caliToB dochopu-
JUPOBAHMS AJSl MPOTEMHKHHA3bl A W NPOTEUHKH-
Ha3pl, cuenuuaHon k B-AP, 4To Morio OBl mpHBO-
IUTh K NeceHcuOunm3anuu perentopos [59]. Ilpu
CEpACYHOM HEIOCTAaTOYHOCTH curHaim3auus 3-AP
MOAABIISIET COKPATUTENBHYIO CIIOCOOHOCTh U 4acTo-
Ty CEpJEUHBIX COKPAIIEHHIA, UTO JIeTIaeT ee MepCrek-
TUBHOH (hapMaKoJIOTrHYeCKON MUIICHBIO JIS 3aI[UThI
cepama. ABTOpHI psaa padot [56, 62] mokazanm, 9To
aronuct B3-AP BRL-37344 mMoxeT yMEHBIIUTh pe-
MOZETMPOBAaHUE CEplla, BBI3BAHHOE IEperpy3Kon
NPY TIOBBIIICHUU JABJICHUS, 1 COXPaHUTh Cepjey-
HYI0 GYHKIHIO 32 cueT npoaykuuu NO, 4To CBS3aHO
¢ aktuBanue nNOS. bonee Toro, skcnpeccust nNOS
Obly1a OBBIIIEHA B CEP/ILE, UMEIOIIEM TOBPEXKICHUS
nocje HMIIeMUHd MHOKapa, T.€. 3TOT (epMEHT BO-
BJIEYEH B 3aLIUTHYIO PEAKIHIO B OTBET HA UILEMHIO.
dochopunuposanre nNOS mo ocrarky Serl412 ak-
TUBUpYET (EpMEHT H ycuiauBaeT oOpazoBanue NO.
UcnonwzoBanue BRL-37344 yBenuuuBaiio He TOJb-
ko 3kcrpeccuro NNOS, HO U ypoBeHb (HoCHOPHIIUPO-
BaHHOH nNOS, T.e. aronuct $3-AP MoxeT ciyXuTh B
kadgecTBe akTuBaropa nNOS [59, 61]. B To xe BpeMs
CTUMYJISIIUS aroHHCTOM 33-AP He oka3bIBana 3aMeT-

HOTO BIUSHUA Ha 3kcnpeccuro iNOS. O1u pesynbTa-
THI JIEMOHCTPUPYIOT, YTO KapIHUOMIPOTEKTOPHBIE 3(h-
¢exTol aronuctos B3-AP in vivo npu runeprpodun,
Ieperpy3Kke cepALa AaBICHUEM W CEpACYHON He-
JIOCTaTOYHOCTH PEaTM3YIOTCSl B OCHOBHOM Yepe3 ak-
tuBanuio nNOS, XOTs 3TOT BONpoc U TpeOyeT Aalb-
Heliero uyuyeHus [56—62].

Yuyactue nNOS B MeTa00H3Me CKeJETHBIX
MBI B HOpMe U ipu MC

CkenerHass MbIIIIA SBJISETCS ONHUM U3 KpyII-
HEHIINX OpraHoB B OpraHr3Me ueoBeKa 1 Hanbosee
Ba)XKHOM TKaHBIO, YUACTBYIOIICH B MOIAEPKAHUU TO-
MeocTasa TITIOKO3HEI [63—65]. B CKeleTHBIX MBIIIIIaX
MJICKOITUTAIOIINX OOHAPY)KUBAETCs camoe OOJIbIIOe
cogepxkanne nNOS, M 3KCIpEcCUpPYIOTCS JBE €€
m3odopMel — U 1 B, TpudeM HanboJiee aKTUBHOHN 13
HUX sBisieTcst u3odopma p [10, 63—65]. V genoeka
CKEJICTHBIE MBIIILBI UMEIOT 00Jiee BBHICOKYIO aKTHB-
HOCTh NNOS 10 CpaBHEHHIO C MO3TOM, B TO BpeMs
KaK y KpbIC aKTMBHOCTb 3TOro ()epMEeHTa B MO3Ie
BBIIIIC, YEM B MBIILAX. Y TPBI3YHOB 3KCHPECCHS U
aktuBHOCTh NNOS-U mpeobraagaroT B epeaHed0Ihb-
m1eGepoBOi 1 MKPOHOKHOW MBIIIIAX, COAEPIKALINX
Oorarple MHO3MHOM (GUOPWILIEI ObICTporo THa Ila
u 1IB, HO CYIIIECTBEHHO CHIDKEHA B KaMOATOBUIHOM
MBEIIIIE, uMetorien Gudpmmist Tuma [ [10, 66]. VY ve-
noBeka NNOS B pa3In4HbIX THIIAX MBIIIEYHBIX BOJIO-
KOH 3KCITIpECCUpYyeTcs CXOnHbIM o0pa3om. IlokazaHo,
yto nNOS comnpsikeHa IPEeUMYIECTBEHHO C CapKo-
JEeMMOW UM CapKOIUIa3MaTHYECKUM PETHKYIYMOM.
BiauMoaeicTBUsI, OTBETCTBEHHBIC 3a JIOKAJIHU3AIHUIO
nNOS B capkoieMMe, a TaKKe ONpPeAeNAIoIIne IKC-
MIPECCHI0 U aKTHUBHOCTh (epMEHTa, OYEHb BaXKHBI
Ui (YHKIIMOHUPOBAHMS CKEJETHBIX MbIil. Jloka-
nu3auusg nNOS B capKoieMMe ¢ BHYTPEHHEN CTOpo-
HbI MeMOpaHbI 00yCJIOBJICHA €€ B3aUMOAEHCTBUEM C
CapKOJIEMMAJIbHBIM AUCTPO(PHUHOBBIM KOMILIEKCOM
(mrcTpodHH-TITHMKONTPOTEeNHOBEIH KomIuteke, JII'K).
C wmonekynoir nNOS B3auMONEHCTBYIOT CHEKTpH-
HOBBIE TIOBTOpHI 16 1 17 nuctpoduHa, 4yTO yAEpKu-
BaeT ¢pepMeHT BOIM3M MeMOpaHbl. Hapsimy ¢ atuMm ¢
nNOS cBsizaHa mMonekyna ol-cuHTpoQHHa, HaXOs-
LIErocsl B KOMILIEKCE C O-THUCTPOOpPEeBUHOM (pHC. 2)
[10, 66, 67].

ITpu MC 1 0cobeHHO TIpy HEHPOMBIIIEYHBIX 0O-
JIE3HSIX B CKEJICTHBIX MBILINAX BBISIBICHBI JE(EKTHI
nokamm3aruu nNOS-p [66]. O6HapyKeHBI HEKOTO-
pBI€ OTIINYMS BO B3aUMOJECHCTBUH MEX Ly TUCTpodu-
HOM U NNOS B CKENETHBIX MBILIIAX [0 CPABHEHUIO
¢ muokapaoM. Hermocrarok auctpoduHa MokazaH y
MalMeHTOB C MBILIEYHOW AucTpoduerd JliomeHHa,
OH NPHUBOAUT K HAPYLICHUIO B3aUMOJCHCTBUS B KOM-
wiekce JII’K/nNOS u Be3bIBaeT muctpoduio ckener-
HBIX MBILII. B Hacrosmiee BpeMsi BONPOC O TOUHBIX
MeXaHu3Max Jiokanuzauuu U perymsauud nNOS mpu
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Capkornka- AucTporika-
HOBBIN HOBLIiE
KOMILICKC KOMIIJIEKC
ErbB4 Na" kanan Capkonemma
nNOS
Juctpodun S C
PDZ PDZ | |
Syn Syn vr3
CC1 CCl1
cC2 cC2
JuctpobpeBuH

Puc. 2. Komnnexc oucmpoguna ¢ nNOS-u 6 ckenemubix Moluyax.
Hmeromea 06a maHOeMHbIX CUHIMPODUH-CEA3BIBAIOUUX MOMUBI, KOMOPbLEe 83AUMOOEUCMEYIOm ¢ OUCMPOdu-
Hom, nNOS-u u oucmpobpesunom. Catimul cesizvléanus cunmpoguua (Syn) obosnauenvl cepvim yeemom. Ilo-
Ka3ambl Yemuipe CUHMPOPUH-CEA3b18aI0WUX Denka: mupounkurasulli peyenmop (ErbB4), nampuesulii kanan,
nNOS u SAPK, xomopsie 83aumooeiicmayiom ¢ PDZ-domenom cunmpoguna. CC — cmpykmypHsie MOMuasl
MUNA CNUPAILHOU KamyuwKu

Fig. 2. The complex of dystrophin with nNOS-u in skeletal muscles.
There are two tandem syntrophin-binding motifs that interact with dystrophin, nNOS-u and dystrobrevin. Binding
sites for syntrophin (Syn) are shown in grey. Four syntrophin-binding proteins are shown. tyrosine kinase receptor
(ErbB4), sodium channel, nNOS, and SAPK, which interact with the PDZ domain of syntrophin. CC - helical coil

type structural motifs

IUCcTpodUK MBI HE BhIACHEH. CHIKEHUE YPOBHS
nucTpoduHa BENET K HAPYIIEHUIO €ro B3auMOei-
ctBug ¢ nNOS-u. OnHako UMEIOTCS JaHHBIE O TOM,
yro nNOS MOXeT 0cabisATh CHMITOMBI JUCTPOGUH
CKEJIETHBIX MBIIII], Ja)Ke KOTJIa OHA HE JIOKAITH30BaHa
B capkoneMme [67—69]. AktuHas nNOS ymeHbIIIaeT
cnennpuuecKyro A JUCTpo(dUH HaTOIOTHIO, BhIpa-
JKEHHYIO B TIOBBINICHUH (JUOPO3a B MBIIIIAX Cepala,
nuadparMbl v 3aJHAX KOHEYHOCTEH.

Crienyer OTMETHUTh, YTO HE TOJNBKO AMCTPOQUS
CKEJICTHBIX MBIIII, HO ¥ JIpyras MbIIIEYHas IMaTo-
JIOTHSl — MUACTEHHSI — CHJIBHO 3aBHCHUT OT JIOKaJH-
3anuy  (epMeHTa Ha BHYTPEHHEH IIOBEPXHOCTH
CapKoJieMMBl. Y TaldeHTOB, CTPaJAoLINX MHAcTe-
HUEH, OOHapyKHBAIOTCS CHUMITOMBI XPOHHYECKOU
ycTanoctu Mermi. [Tokazano, uro cuHTpoduH-0L1 U
nNOS B 3TOM ciyyae He CBSI3aHBI C CapKOJIEMMOM U
HaKaljIMBaloTCs B capkoriasMe. Ha ocHoBaHuM 3THX
HaOIMIOAEHUH aBTOPBI NIPULIN K BBIBOAY, YTO I1ATO-
noruueckas TpaHciaokanusg nNOS u3 capkoieMMbl B
CapKOILIa3My OTpa’kaeT BaKHBIH MEXaHU3M B pa3BU-

TUW Pa3IMYHBIX 3a00J€BaHUN CKEJICTHBIX MBIIIII, B
oM uucie npu MC [68, 70].

Kak yxe oTmewanoch, OCHOBHBIE MEXaHH3MBI
neiicteuss NO peanusytorcst depe3 sGC u nl MO-
3aBHCHMEIE ITyTH, HO UMEIOTCS JTaHHBbIE O MEXaHU3-
max nericteus NO, He cBszanHbIX ¢ sGC [10, 68].
Tak, mokazana BoBiedeHHOCTh NO B MOYJSIIHUIO
COKpAIIeHUs CKEJIETHBIX MBIIII], JbIXaHUEe MUTOXOH-
Ipyi, YIJIEBOAHBIH OOMEH W HEPBHO-MBIIICYHYIO
nepenayy 6e3 HemocpeacTBeHHoro y4yactus 1l Md-
3aBUCUMBIX MEXaHU3MOB [71]. D10 Takke HEOoOX0aH-
MO ITPUHUMATh BO BHUMaHWe, orleHuBas BKiaag nNOS
B TIATOJIOTHIO MBIIIIl U HEWponaTHiecKue 00N Ipu
MC.

IMpu MC u crapeHHWH HapylaeTcs KpoBOCHAO-
KCHHE B CKEJICTHBIX MBIIIIAX, 2 COOTBETCTBEHHO,
cHmkaetcs: onogoctymaocts NO. CrencrsueM 3To-
IO SIBIISIETCS 3aMeJJIEHHe KPOBOTOKA, HAPYIIIEHHUE CO-
KpaTUMOCTH COCYZIOB U TEpEpacIpenesieHue KpOBO-
TOKa OT OKHACIUTEIHHBIX MBI K TITHKOIUTHIECKUM
[53]. Kpome Toro, crapeHue BBI3BIBAET arpoduio
MPOTPECCUPYIONIYIO yTpary (pyHKIH MbIm. B cke-
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JIETHBIX MBIIIIAX MTOXKUIIBIX JTIOAEH KIETKU-CaTeIIIU-
ThI CTAHOBSITCS HEBOCTIPUUMYHBBIMH K CTUMYJISIIHH,
a UMEHHO OHM OTBEYAIOT 3a MOAJEpXKaHWE U BOC-
CTaHOBJICHHE MBIIICYHBIX BOJOKOH. OKa3ajoch, 4TO
B ycnoBusix in vivo NO, cuate3upyembrii nNOS-p,
BBI3BIBACT AKTHBALUIO CATEJUIMTHBIX KIJIETOK, a CTa-
pEeHHE U N3MEHEHUE aKTMBHOCTHU (pepMeHTa BeOyT K
HapYUICHUIO CTIOCOOHOCTH MBIIIL K MEXaHUIECKOMY
pacTspkeHHI0. OTH Je(eKThl MOXKHO B ONIPee/ICHHOM
CTEIIEHH YCTPAaHUTh JICUCHUEM IIpenapaTaMy — JI0HO-
pamu NO [53].

OcHoBHOI mpouecc, peryaupyembii nNOS B
MBIIIIaX, — 3TO MOIJIOUIEHUE TITFOKO3bI, KOTOPOE, Ha-
PAAY C UHCYJIIMHOM, MOKET CTUMYJIMPOBATHCS COKpa-
IIEHUEM CKeJIETHBIX MbIl. Ilormomenue riroKo3s!
MIPOUCXOANT BCJIEICTBUE HWHCYIUH-CTUMYIHPOBAH-
HOW TpaHCcIoKallMK NepeHocurka rroko3sl GLUT4
U3 IUTO30JIs B IUIa3MaTH4ecKy0 MeMOpany. B mpo-
necc tpanciokarun GLUT4, onocpenoBaHHBIN CO-
KpaleHWEeM MBIIII, BOBICUYEHBI KAIbLUEBBIC YTH U
AM®-akTuBHpyeMas MPOTEHHKIHA3a, KoTopas doc-
dopuupyer u aktuBupyer nNOS. [l uHCyIuHA
XapaKkTEepeH MEXaHU3M, B KOTOPOM TaKKe KOCBEHHO
3ageiictBoBana nNOS. OmHaKo B OTHOIIEHUH POJTH
nNOS B peryasiuu HOIVIOIeHNs TITIOKO3bl CKeJeT-
HBIMHU MBIIILIAMH IPU COKPAIIEHUH U IPU TPEHUPOB-
K€ eIMHOTO MHEHUS HeT. Tak, OHu aBTOpHI OTMeYa-
0T, 4TO y 3[IOPOBBIX Jitofieh 1 y manueHToB ¢ MC u
CJ12 uarnbupoBanue nNOS CHWKaeT MOTIOIIEHUE
IIIOKO3Bl BO BpEeMs TPEHHPOBKH, HO MPH 3TOM HE
BIIUSICT HA KPOBOTOK [71], B TO BpeMsl Kak Jpyrue He
oOHapyXuiu Takoro ddexra [72].

B monp3y yuactus nNOS B IIIIOKO3HOM TpaHC-
MOPTE CBUJETENLCTBYIOT JAHHBIE, YTO CTUMYJISLIUIO
HOIVIOIIEHHsI IVIIOKO3bl B KaMOAaJOBUAHOW MBIIIIE
KPBIC MOXHO TIOJIHOCTBIO 3a0JIOKMpOBaTh MHTHOU-
TopoM nNOS, HO JeTanbHbIE MEXaHU3MBI 3TOTO 10
KOHIIa He ycTaHoBiieHBI [70-75]. Ilpemmomararor,
YTO KIIOYEBYIO pOJb 3/1€Ch UTpaeT uzodopma L,
KOTOpasi MPUCYTCTBYET B CKEJICTHBIX M CEpACUYHON
Mermmax [72]. Ilpu geiicTBuM WHCYIMHA WM TIPH
¢usnueckoii Harpy3ske nNOS mnoxsepraercst ¢oc-
¢dopupoBaHuio 1Mo ocTarky Serl446, 4to mpuBoO-
JUT K MOBBIIIEHNIO TTpoayKiuu NO U TpaHCIOKaluu
tpancnoprepa GLUT4 B nmia3mariuueckyro MmeMOpa-
HY, TIPH 5TOM B TIEpBOM cirydae ¢pepmeHT dochopu-
mupyercs Akt-kuHa30#, BO BTOPOM — C y4acTHEM
AM®-akTuBHpYyeMOH TpPOTEMHKMHA3bl. Tak, mpu
JNeHCTBUM WHCYJAMHA TIpeABapuTeNsHas 00pabot-
ka MuohuOpmit ¢ nomormbio Akti-2, wHrHOUTOpa
Akt2-kunazbl, cHmxkana gochopunuposanue nNOS
mo Serl1446, B To BpeMs Kak nopcoMopdWH, WHTHU-
ourop AMO®-akTuBUpYEeMOW MPOTEHMHKHHA3BI, B
aToM cirydae Obu1 He 3 dextuseH [15]. [ockonbky
B ycnoBusix MC oTMmedaeTcst HapyllIeHUe TONEPAHT-
HOCTH K IJIFOKO3€, a TaKkkKe ociallieHre WHCYIHMHO-

BOTO CHUTHAJMHTAa B CKENETHBIX MbIax [76, 77],
3TO JOKHO MPUBOAUTH K OCIIA0JICHUIO CTUMYITHPY-
oIero BiusHus nHCyrHa Ha nNOS, 4To Hen30ex-
HO CONPOBOXKIACTCS HAPYLICHUEM B 3TUX KJIETKaX U
TKaHu B 1esioM NO/ul M®d-3aBucHMOro CUrHaJIMHTA.
B cBoro ouepenp, ¢uznyeckue Harpy3Ku, KOTOPBIC
HOPMANM3YIOT JSHEPreTHYeCKnid OOMEH B KIETKaX,
BOCCTAHaBIMBas aKTUBHOCTH AM®D-akTUBUpyeMoit
NPOTEUMHKUHA3Bl [76, 77], MOTyT NOJOXHUTEIBHO
BIUATH M Ha akTUBHOCTH NNOS, 1 Ha 3aBUCHUMBIHN OT
HEe TPAHCIOPT IVIFOKO3bI, YTO TPEOyeT MaJIbHEHIINX
uccienoBanumii [78, 79, 80].

Hutputpenykrasbl, iNOS 1 HX MOTEeHIHAIb-
Hasi poJib B NO-3aBHCHMBIX COCYTMCTBIX Hapyllle-
HusAx npu MC

NO MOXeT CHHTE3UpOBaThCS HE TOJBKO C yda-
ctueM nNOS, HO e1e BCIeICTBUE HUTPUTPEAYKTA3-
HOHM aKTUBHOCTH W3 HUTpHUTA. B HacTosIee Bpems
paspabatbiBaeTcs KoHuenius Iukna NO, BKIOYa-
romero NO-CUHTa3bl U HUTPUTPEIYKTa3bl, aKTHUBA-
[UST KOTOPBIX MOXET MPOHCXOIUTH OIXHOBPEMEHHO,
YTO TMO3BOJISICT PAIMOHATLHO MCIOIB30BaTh Kak
L-aprunuH, Tak ¥ HUTPUTHI U HUTpATHL. JleiicTBH-
TENBbHO, 32 TOCIENHWE TOABI OBLJIO 3HAYUTEITHHO
nepecMOTpeHo MoHUMaHue mmyTen cuHre3a NO B op-
TFaHU3ME C OTKPBITUEM 3TOr0 HEKAHOHUYECKOTO ITyTH
obpazoBanus NO, m3BecTHOTO Kak ki NO [81-85].
Tak, B uccienoBaHusax psjaa asropoB [81-84] yka-
3BIBAETCH Ha TO, 4YTO 0OpazoBaHre NO BO3MOXHO U
0¢3 yuactus NO-cuHTa3, a HUTPaTHBIC M HUITPUTHBIC
AHUOHBI MOXKHO pacCMaTpPUBATh B KA4€CTBE CyOCTpa-
TOB B HUTPHUTHBIX M HHUTPATPEAYKTA3HBIX 3BEHBSIX
mukima NO. Kpome TOro, MPUBOIATCS JTOKa3aTeih-
CTBa TOTO, YTO HUTPUT MOXKET CITY>)KUTh POpMOii Xpa-
Henus NO, a BeicBoOOXkIeHHe NO 0oCyIIecTBIsIeTCS
MIPEUMYIIECTBEHHO B KUCJIBIX /WM THIIOKCUYECKUX
YCIOBUSIX, U 3Ta PEaKIUs KaTaJu3UpyeTcs pas3iiny-
HBIMU HUTPAT- U HUTpUTpenyKTazamu [85].

JIOKMTMHWYECKUE HWCCICNOBAaHUS  JIEMOHCTPH-
PYIOT, UTO BOCCTaHOBJIeHUE HUTpUTa 10 NO ¢ yua-
CTHEM HHATPHUTPEAYKTAa3 MPUBOAUT K PSIY TIOIE3HBIX
3¢ dekToB, BKJIIOYAs PACHIMPSHHE KPOBEHOCHBIX
COCYIOB U CHIDKEHHE apTepUalibHOTO AABICHUS, a
TaK)Ke [UTOMPOTEKITUIO, OTPAHMIUBAIOIIYIO CTETIEHb
MIOBPEXKICHNUS, BBI3BAHHOTO HHCYIBTOM [81-85]. BhI-
SICHEHHE POJIM 3HAYNMBIX KOMIIOHEHTOB HUTPHUTHOM
U HUTPUTPEAYKTA3HOU cuUcTeM B 1ukie NO, mexa-
HH3Ma UX aKTUBAIlMU U J€3aKTUBALMU B PA3TUIHBIX
YCIIOBUSIX TIO3BOJIMT JIETAJM3UPOBATH MPUHITUIIBI
ynpasienusa nocieqHuM [81-84]. JleficTBuTensHO,
pabota mukia NO MOXeT 00eCHeuuTh PeryJisiuio
NO 0 tex nop, noka NO,, OH-panukans! u nepox-
CHHUTPUT HE pa3pyliaT OCHOBHBIE KOMIIOHEHTHI,
Bxogsmue B uuki NO. IIpeanonaraercs, 4to aHanus
MEXaHU3MOB MUKJIMIECKOTO TIpeBparieans NO 1 BHI-
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SICHEHHE PO BCEX MPOAYKTOB ero Merabomu3Ma B
JKUBBIX OpPTaHM3Max TO3BOJST MPUOIH3UTHCS K 00-
nee Tirybokomy moHUMaHuto podiembl NO B Gnomo-
ruu u Meaunune [82—83]. OnHaKo y4acTHIO TaHHOTO
nuKia B matoreHeze MC npakTHYECKH HE YIENAeTCs
BHUMaHUSI, M, KaK HaM MPEACTaBIISETCS, 3TO B 3HAUU-
TENBbHOM CTENEHH TOPMO3UT Pa3BUTHE HOBBIX MOJXO-
JIOB 1151 KOPPEKINY CEPIEUYHO-COCYAUCTBIX U IPYTHX
HapylIeHuH, pazpuBatontuxcs npu MC.

Eme ogHuM UrpoKoM B MaToreHe3e COCyAMCTHIX
nopaxxennit mpu MC moxer ObiTh INOS, koTOpas
SIBJISIETCS. OCHOBHBIM (PEPMEHTOM, YYaCTBYIOIIUM B
obpazoBanun NO Bo Bpems Bocnanenus. [Ipu sTom
iINOS cunre3upyer NO mIUTeTbHOE BPeMS U C BHI-
cokor addekruBHOCTRIO. OmHako poinbs NO, cun-
te3upyemMoro ¢ ydactuem iNOS, B XpOHHUECKOM
Bocrnaniennu npu MC 10 cux Top He BBISICHEHA, T0-
CKOJIBKY TIPY BBICOKMX KOHIIEHTpPALUAX, TEHEpPHpYe-
MbIX iNOS, NO OBICTpO OKHCISIETCS 10 aKTHBHBIX
(hopM a30Ta, KOTOpBIE BCTYMAIOT B PEAKIIIO HUTPO-
3WIUPOBaHU, onocpeayst OONbIHHCTBO 3(PdeKToB
NO nHa npoueccsl BocnaneHus. AKTHBHbIE (HOPMBI
a30Ta MOTYT MOIM(HUIHUPOBATh KJIIOUYEBbIE CHTHAIIb-
HBIE MOJICKYJIbI, TaKHe Kak GpochaTuaAnInHO3UTON-3-
KHMHA3a, MHTOT'€H-aKTUBUPYEMbIE MPOTEHHKHHA3EI,
(akTOpbl TPAHCKPUIILIMU ¥ KOMIIOHEHTHI LUTOKH-
HOBBIX myTed [86, 87]. WccnemoBanus, cocpenoro-
yeHHble Ha ponu NO B BocHalleHUH, KOTOpOE CO-
nyrcTByeT MC, BKIIOUAIOT U3y4YeHUE 3a00ieBaHHN
CYCTaBOB W HapylleHHe (QYHKUWU SHAOTETUS NPH
YCHJIEHUH BOCHAIUTEIBHBIX PEakIuil. DHIOTEeNH-
anbHasg NUCQYHKIMS CBSi3aHA CO CHIDKEHHEM aK-
THBHOCTH omocpeayeMbix NO CHTHAIBHBIX ITyTeH
pu peBMaTougHoM aptpuTte. Ilokazano, uro iNOS
SKCIPECCUPYETCS B PA3IUYHBIX KIETKaX B OTBET Ha
BOCIAIMTENBHBIE CUTHAIIBI B 00JI1a1aeT HanOObIIIeH
crocobHocThIO mpoxynupoBare NO [7]. Cootser-
CTBEHHO, XPOHHYECKOE BOCIAJICHHWE y TAIeHTOB
¢ marojorudeckuM oxupenreM u MC MoxeT ObITh
MPUYMHONW YBEJIMYECHHUSI CTAllMOHAPHOW KOHLIEHTpa-
muu NO, CBI3aHHOIO ¢ aKTUBHOCTBIO MMeHHO 1INOS,
HO 3TO TpeOyeT AajJbHEHIINX UCCIIEJOBAHMMH.

3akiaoueHune

[Hupokas pacmpoctpaneHHocts MC u comyT-
CTBYIOIINX €My 3a00JIEBaHUH 3aCTaBIIsIET OoJiee Mpu-
CTaJBHO MU3yYaTh MOJIEKYJISIPHBIC MEXaHU3MEBI, KOTO-
pBI€ BOBJICUEHBI B 3THONOTHIO B matoreHe3 MC. B
TTOCJICTHAE TOMbI YCTAHOBIICHO, YTO BaYKHOE MECTO
CpeIy HUX 3aHUMAIOT HapytieHns pyHkunid nNOS u
3aBucuMbIX 0T Hee NO/ul M®-curHabHBIX TyTeH.
B mo3re, muokapae u ckeneTHblX Mbimmax nNOS
COTIPSDKEHA C PasNUYHBIMH OelIKaMH, perylupyro-
UMUK ee akTUBHOCTb. B mo3re nNOS accomuupo-
BaHa ¢ NMDAR, 0enxom PSD95 u kunazoi CaM-

KII. ITpu MC runepakruauust NMDAR npuBogut
K m30bITouHON ctumymsinnd nNOS, 9TO MpUBOAUT
K NO-HHIyUMpOBaHHOMY MOBPEKACHUIO HEHPOHOB
W HApYIIEHWIO [EHTPaTbHOW pEeryisuuu  (Qu3no-
JIOTHYECKHUX IpOLEeccoB U Heipomerenepanuu [11,
78, 80]. B muokapne nNOS o0pasyer KOMIUIEKC CO
CTPYKTYPHBIM O€IKOM IUCTPOGUHOM, KOHTPOIUPYS
Yyepe3 Hero pacciabieHre MHOKapaa U MOTYIHPYS
ero cokpamienue. [Tpu MC u C/12 ormeuarorcs naro-
JIOTUYECKUE N3MEHEHUS IKCIIPECCHH U JIOKATH3AIHH
nNOS, a Takke ee (PyHKIIMOHATHLHOTO COINPSKECHUS
¢ OelkaMy IHUTOCKENeTa, YTO COMPOBOXKIACTCS Ha-
pPYLIEHHEM COKpPaTHTEIhHON (YHKIWH MHOKapaa W
runeprpodueid. B ckenetHpix mprmax nNOS oka-
JU30BaHa Ha BHYTPEHHEH MOBEPXHOCTH CapKOJIEeM-
MBI, OyAy49H acCOIMHPOBAHA C CAPKOJIEMMAaJbHBIM
TUCcTpo@uHOBEIM KoMILiekcoM [10]. nNOS koHTpo-
JUPYET COKpAIeHNE CKEJIETHBIX MBIIIII, UX OKHCIIH-
TEJIHHBIN METa00IM3M, BOBIIEUEHA B PETYJISIIUIO pac-
cabJIeHus COCY/IOB, a TAK)KE YUaCTBYET B PEryJsLUN
[JTFOKO3HOTO TpaHcnopTa. CHIKEHHE SKCIPEeCCUd U
aktuBHOCTH nNNOS, a Takke TU3PETYISIIHUA aKTHB-
Hoctu (epmenta npu MC u C/I2 npuBonmsar k Ha-
PYLIEHHIO 3TUX IMPOIECCOB, BHOCAT CYIIECTBEHHBIN
BKJIaJl B pa3BUTHE MHCYIMHOBOW PE3HCTEHTHOCTH H
yXyIILIEHHEe TIIOKO3HOro romeocrasa. Takum obOpa-
30M, nNOS MOXET pacCMaTpUBaThCS Kak BayKHAs Te-
parneBTHYeCKast MUILIEHb Mpu JiedeHrnn MC u apyrux
MeTabOINYECKUX PACCTPOICTB, a TAKXKE IS IPENIOT-
BpAILIEHUs] UX OCJIOKHEHUU CO CTOPOHBI HEPBHOU U
CEePJIeYHO-COCYUCTOM CUCTEM U ONOPHO-ABUTaTEIb-
Horo ammapara. [loHnMaHne MONEKYISPHBIX OCHOB
(YHKIIMOHMPOBAHUSI 3HAYMMBIX KOMITOHEHTOB ITHKJIA
NO, 3aKOHOMEPHOCTH UX M3MEHEHHI, B3aMOCBSI3U
3TOTO LHUKJIA C OKACIUTEIBHBIM U HATPO3UPYIOIIUM
CTpPECCOM TO3BOJIAT B OyAylIeM pa3paboTarh METo-
apl Oonee d(QGEKTUBHON OUATHOCTHKH, JICUCHUS H
npodunakTuk MC U COMyTCTBYIOIUX eMy 3a0oie-
Banwmii [81-87].
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BKCHepI/IMeHTaJII)HBIe MOI€JIN CKOJINO03a HA ) KUBOTHBIX JIJIA
MNOHUMAHMUA ITHOJOI'NM HANOIIATHYIECCKOI'0 CKOJINO03a

E.JI. CtpoxoBa, H.FO. ITaxomoBa, A.®D. I'yceB, A.M. 3aiigman

Hosocubupckuii HUH mpaemamonoeuu u opmoneduu um. A.JI. Lusvsana Munzopasa Poccuu
630091, &. Hosocubupcxk, yn. @pynse, 17

Pe3rome

Wanonarudeckuii CKOIMO3 — pacIpOCTPaHEHHOE 3a00JI€BaHUE OIIOPHO-/IBUTATENIFHOTO allapara, nopaxaromee 2—3 %
JeTeil ¥ MOJAPOCTKOB BO BCEM MHpPE. DTHOJIOTHS M IATOTCHE3 CKOJIMOTHYCCKOH JeopManuyl MO3BOHOYHUKA 10 CHUX
MOp HE PACKPBITHI, HECMOTPSI Ha MHOTOYHCIICHHbIE MHOT'OJIETHHE UCCieaoBaHus. MonenpoBaHue CKOJIM03a Ha K-
BOTHBIX MOXKET CTaTh OCHOBOIi, IIO3BOJISIFOLICH M3YYUTh BO3MOXKHBIC ATHOJIOTHYECKHE (AaKTOPBI M MAaTOrEHETHYESCKUE
MeXaHU3MbI (POPMUPOBAHKS PACCMATPHUBACMON MATOJIOTMH U MEPCIIEKTHUBBI BO3MOKHOTO JICUEHHS CKOJIMO03a B Oy/IyIIeM.
Ha ceropnsuiHuii JeHb CO30aHO W M3YyYCHO MHOXECTBO Pa3HBIX THIIOB MOJENCH CKOIHOTHYECKO# GonesHu. Llenbio
HaCTOALICTO 0630pa ABUJICA aHAJIN3 JIUTCPATYPHBIX TaHHBIX MOACIUPOBAHUA CKOJIN03a HA XKUBOTHBIX JIA MOHUMAaHUA
3THOJIOTHYECKOTO (paKkTOpa MIMONATHYECKOTO CKOINO03a y 4eloBeka. Marepuay u MeToabl. O030p BHIIIOIHEH € HC-
MOJIb30BaHUEM 0a3 JaHHBIX JICKTPOHHBIX HH(popMaIMoHHBIX pecypcoB PubMed (MEDLINE), Scopus, eLibrary.ru.
AHaNu3 NPOBEACH MO CICAYOLINM MOUCKOBBIM CIIOBaM: «HIHONATHYECKUI CKOIHO03», «IKCIICPHUMEHTAIbHAS MOICIb
CKOJIM033», «MOJIENIb CKOJIN03a Ha KHUBOTHBIX)», KMEXaHUUECKUE MOJIENIU CKOJIM03a», «MOJIENU PE3eKLIUH THHEAIbHOM
JKENEe3bD», KTCHETUYECKHIE MOJICITH CKOJIN03ay. Pe3yabTaTbl. AHAIN3 TaHHBIX HAyYHOU JIUTEPaTyphl IOATBEPIKIACT BbI-
COKYI0 3BHAUMMOCTD 3KCIIEPUMCHTAJIbHBIX MOI[CHCﬁ CKOJIMO3a Ha )KUBOTHBIX JIsI U3YUYCHHUA OTUOJIOTUH UAUOTIATUYCCKOT'O
CKOJIHO03a. B 0630pe 000011IeHb! 1 TPOaHATM3UPOBaHbI CBEICHUS 00 OCHOBHBIX HAIIPABICHUSIX MOJICITHPOBAHHS CKOJIHO-
THUYECKOH eopMalvi: MEXaHUUECKUE, HEHPOIHTOKPHHHbBIE U TeHETHUECKHE MoiesTH. 3aKIioueHne. Moziesu CKomo-
3a, IPEJICTABJICHHBIC B JINTEPATypPE, OCYIIECTBICHBI C PA3HOH CTENEHBIO YCIICITHOCTH M HE CMOTIIM MPOSICHUTE BOIIPOCa
9THOJIOTHUH ITaTOJIOI'MHU ITO3BOHOYHUKA, OAHAKO OHU ABJIAIOTCA IOJIE3HBIM CPECIACTBOM IJIsA TECTUPOBAHUA BMECIIATE/ILCTB,
HalpapJICHHBIX Ha UCIIPABICHUE U PENOTBpalleHue AedopManuu. Pa3zpaboTka ONTUMAIBHOM SKCIIEPUMEHTAIBHON MO-
JCJIU CKOJINO3a Ha )KUBOTHHIX B z[anLHeﬁmeM TIO3BOJIMT NPCOAOJIETh UMCIOIIUECCA OTPAHNYCHU B ONIPCACIICHUN 3TUOJIO-
THYECKOro (hakTopa HIHONaTHYECKOTO CKOIN03a M OIUCATh POLIECCHl Pa3BUTHUS OOJIC3HHU, XapaKTepHbIE TS YeJIOBEKa.

KiroueBrble cioBa: I/IHI/IOHaTI/I‘ICCKI/II\/‘I CKOJIMO3, SKCTICPpUMCHTAJIbHAasA MOACJIb, MOACIIN CKOJIMO3a Ha )KUBOTHBIX, MC-
XaHNYECKHUE MOJECIN CKOJIN03a, MOACTIN PE3CKINU MUHEATbHOMN KCJIC3bI, TCHCTUYCCKHUEC MOJCIIN CKOJINO3a.

KondumkT nHTEpecoB. ABTOPHI 3asBISIIOT 00 OTCYTCTBHU KOH(IMKTa HHTEPECOB.

ABTop a5 nepenucku: ['yce A.d., e-mail: agusev@niito.ru
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Abstract

Idiopathic scoliosis is a common disease of the musculoskeletal system, affecting 2—-3% of children and adolescents
worldwide. The etiology and pathogenesis of scoliotic spinal deformity have not yet been disclosed, despite numerous
long-term studies. Animal modeling of scoliosis can become the basis for studying possible etiological factors and
pathogenetic mechanisms of the formation of the pathology in question and the prospects for possible treatment of
scoliosis in the future. To date, many different types of models of scoliotic disease have been created and studied. The
purpose of this review was to analyze the literature data on animal modeling of scoliosis in order to understand the
etiological factor of idiopathic scoliosis in humans. Material and methods. The review was carried out using databases
of electronic information resources PubMed (MEDLINE), Scopus, eLibrary.ru. The analysis of scientific literature was
carried out according to the search words: “idiopathic scoliosis”, “experimental model of scoliosis”, “animal model of
scoliosis”, “mechanical models of scoliosis”, “pineal gland resection models”, “genetic models of scoliosis”. Results.
The analysis of scientific literature data confirms the high importance of experimental animal models of scoliosis for
the study of the etiology of idiopathic scoliosis. The review summarizes and analyzes data on the main directions of
modeling scoliotic deformity: mechanical, neuroendocrine and genetic models. Conclusions. The models of scoliosis
presented in the literature have been implemented with varying degrees of success and have not been able to clarify
the etiology of spinal pathology, but they are a useful tool for testing interventions aimed at correcting and preventing
deformity. The development of an optimal experimental model of scoliosis in animals will further overcome the existing
limitations in determining the etiological factor of idiopathic scoliosis and describe the processes of disease development
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characteristic of humans.

Key words: idiopathic scoliosis, experimental model, animal models of scoliosis, mechanical models of scoliosis,

pineal gland resection models, genetic models of scoliosis.
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Beenenue

Ckomno3 — 310 nedopmanusi MO3BOHOYHHKA,
XapaKTepHU3YyIOIAscsT MCKPUBIEHHEM BO (hPOHTAIIb-
HOM, caruTTaabHOW W TOIepedHoi TiockocTsax [1].
TepMHHOM «CKOJHMO3» MPUHATO OMPEAEIATH JF000e
WCKpPUBIICHNE MMO3BOHOYHMKA ¢ yrimoM Ko6ba >10°,
IUarHOCTHPYeMOEe Ha IepenHe3aJHeM pPEHTTCHOB-
CKOM n300pakeHuu [2]. JlaHHBIN TepMUH Yaile Bce-
IO acCOIMHUPYETCS C UAMONMATUYECKUM CKOJIHMO30M
(UC) — nambornee pacmpocTpaHEHHBIM HapyIICHH-
€M ONOPHO-IBUraTelIbHOIO ammapara B JETCKOM U
MOAPOCTKOBOM Bo3pacte. K mamonmarmueckum oOT-
HocuTcst 80 % BCeX M3BECTHBIX CKOJIMO30B, MpPH-
YUHBI MIPOUCXOXKIEHUSI KOTOPBIX He H3BeCTHHI [3].
NC npossnsieTcss HE3a0NTO 10 MOJIOBOTO CO3pEBa-
HUS WIK BO BpeMs Hero. B mepuonsl akTUBHOTO po-
CTa CKeJeTa PUCK MPOTrPecCHpOBaHUs AeopMaun
yBeIMuMBaeTcsl. 3a00neBaHue Yallle BCTPEUaeTCs y
JIEBOUECK, YeM y MaIbInUKOB [4]. CKOIHMO3 BHI3BIBAET
3HAUUTEIIbHYIO CTENEHb NUCKOM(OpPTa, HAuMHAs OT
HW3MEHEHUS M03bl, MOXOAKH, XPOHMYECKOH Oonmu B
CIIMHE U 3aKaHYMBasl 3aTPyJHEHHBIM JbIXaHUEM, BO3-
HUKAIOLUM HM3-32 CAABIUBAHUS >KU3HEHHO Ba)KHBIX
OpraHoOB B TpyaHOU KieTke [5]. JleueHue Bapbupyetcs
B 3aBHCUMOCTH OT TSDKECTH M MPOTPECCHUPOBAHUS Jie-
(opManuy 1 MOXKET ObITh KOHCEPBATHBHEIM (HaOmoz1e-
HHE U OPTOIEANYECKUE MEPBI) Ha PAHHUX CTAIUSIX WIH

XUPYPrHYECKUM B 3alyIICHHBIX HJIM HPOTPECCHPYIO-
mux ciy4adax [6]. HacTo Xupyprudeckie MaHUITYIALHN
MPUBOJIAT K e1rie OoJiee TIIOXUM MEepPCIIeKTUBaM IS Ka-
YeCcTBa )KU3HU, UM caM CKoJno3 [7].
MHOTOYHCIICHHBIE HCCIICIOBAHUS CKOJINOTUYC-
CKoW nedopMmanny MO3BOHOYHWKA HE CMOIJIM pac-
KpBITh 3THOJIOTHIO U TATOT€HE3 PacCMaTpUBacMOro
3a0oneBanust. UC He mojmaeTcs MOHUMaHHUIO OTYa-
CTH H3-3a €r0 FeHETUYECKON CII0KHOCTU. B mocinen-
HUE TOMBI yCIeXHW ObUIH JOCTUTHYTHI B PE3ylbTare
HEaBHUX HCCIICOBaHMI OOIIETeHOMHBIX accolna-
i (GWAS) u Omarogapss MeToaM CEKBEHHPOBa-
Husi HOBoro mokonenus (NGS) [8]. 3HaunTenbHBIM
MPEMSATCTBUEM JIJISl BBISBICHHUS STHOJIOTMYECKOTO
(dakropa WC sBHsSeTCS OTCYTCTBHE OKCIICPHUMEH-
TambHOW MOJENH, TIO3BOJISIONICH H3YYUTh T€HETH-
YecKre U OMOJIOTHUECKUE MEXaHU3Mbl (POPMUPOBa-
Hus maronoruu. Co3maHWe MOIENM Ha J>KHBOTHBIX
OCIIOXKHSIETCS TEM, YTO 4acTh HCCIeOBaTeNel CBs-
3bIBAIOT (DOpPMHUpOBaHKNE CKOJIHMOTHYECKOH Jiedop-
MaIii C «JIBYHOTHM)» COCTOSHHEM Tella YeJOBeKa.
PykoBoacTBysick JaHHOW Teopuel, MOXKHO CHEaTh
BBIBOJI, UTO BEPOSTHAS MPEANOCHIIKA PA3BUTHS CKO-
032 y 4YeloBeka 00ycIoBIeHa MPSIMOXOKICHUEM,
Y CKOJINO3 SBJIACTCS TaK HA3bIBAEMOW PAacILIaToON 3a
CTPOTO BepTUKAJIbHOE MosiokeHue tena [2]. OaHaxo
nedhopMany T03BOHOYHUKA (BPOXKIECHHBIN CKOJTHO3,
KH(OCKOINO3 U JIp.) HAaOMIOAAIOTCS Y IPYyTUX BHIOB
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MMO3BOHOYHBIX, B YACTHOCTH y YETBEPOHOTUX KUBOT-
HBIX (MBIIIH, KOIIKH, COOAKH) U JaXkKe Y BOAOILIABA-
romux (pe10bI, kuThl) [9—11]. Pa3zpaboTka skcrepu-
MEHTAJIBHOM MOJIENH CKOJIHMO3a Ha JKUBOTHBIX, IIO
OMOMEXaHMYEeCKUM TapaMeTpaM Hanboee OMm3Koi
K YeJIOBEKY, TO3BOJHT HCCIENOBATh TEHETUYECKUE
MEXaHU3MBI (HOPMUPOBAHHUS ITATOJIOTHH W 00ECIICIUT
MOHUMaHHUE Pa3BUTHUS 3a00JICBaHUS Y YCIIOBEKA.
Lenp HacTosmiero o63opa — aHaIHU3 JUTEPATYP-
HbIX JAaHHBIX MOACJIMPOBaHHA CKOJIMO3a Ha XHUBOT-
HbIX JJIs1 TIOHUMAaHHuA 3TUOJIOTUHN ncC Y 4€JIOBCKaA.

MarepuaJ u MeToAbI

IIpoBeneH aHanu3 Hay4dyHOM JUTEpaTyphbl, aHOH-
CHpOBaHHOH B 0a3ax NaHHBIX 3JEKTPOHHBIX WH-
dbopmanmonHEIXx pecypcoB PubMed (MEDLINE),
Scopus, eLibrary.ru, mMOUCK BBITOTHSIICA MO KIIIO-
YEeBBIM CJIOBAM «UIAHOIATHYECKHIA CKOIHO3Y», «IKC-
MEpUMCHTANbHAS MOJIENb  CKOJHO33», «MOJIENb
CKOJIMO3a Ha XHUBOTHBIX», «MCXaHUYCCKUC MOACIIN
CKOJIN03a», «MOJIENTU PE3CKIMH IMHHEAILHOU JKelle-
3bI», «TCHETHYECKUE MOJIENIM CKONMo3a». B anamm3
BKJIIOYCHBI CTAaTbH, HAllMCAaHHBLIC Ha PYCCKOM, aH-
DIMHACKOM U (ppaHIly3cKoM si3bIKax. [J1yOnHa moucka
cocrapisia nepuon 1959-2021 rr. u onpenensiiach
(byHIaMEeHTaTbHOCTBIO UCCIIEJOBAHHH.

Moodenu ckonuo3za Ha HcueOMHbIX

IlepBBIe MOMBITKH CO3/AHUS MOAEIH CKOJIHOTH-
YeCKOU 0O0JIE3HH Y JKUBOTHOTO OBLIH MPEIIPUHSTHL
nocJie Havyalia UCCIeIOBaHUi ATHOIOTHYECKOTO (hak-
TOpa CKOJIMO03a y YelloBeKa. 3a MOCIeIHNE IeCATHIIe-
THs pa3padoraHo u onpoboBano comee 200 pazmmy-
HBIX MOJEJe CKOJIHMO3a, MPEACTaBISIOMNX CcOO0M
OOIIMPHYIO U JOCTAaTOYHO DPA3HOPOAHYIO TPYIILY.
OcHoBa MpeIoKEeHHBIX MOJIeel CHIBHO BapbUpy-
€TCsl — OT HEBPOJIOTHUECKOM MPUYHHBI 10 TeHeTHYe-
CKOH MyTallMd U MOPPOMETPHUYECKUX HM3MEHEHUH,
MPUBOAANINX K HEOJNArOMpPHUSATHBIM OHOMEXaHHYEC-
KAM JucOanaHcaM, BIUIOTH 10 MHOTO()aKTOPHOTO
HapyUICHUS Pa3BUTHUS IO3BOHOYHUKA. BrIaensror
HECKOJIbKO OCHOBHBIX HAalpaBJICHUI MOIECTUPOBAHUS
CKOJIMO03a Ha JKUBOTHBIX: MOJIENHM PE3EKIMH IHHE-
aNbHOM kene3bl (HeMPOIHIOKPUHHBIE), MEXaHHYEC-
KHe MOJIENIN U TeHeTrdeckue mojenu [2]. Paspabo-
TaHHBIC MOJICITU TIPE/ICTABICHBI SKCIIEPUMEHTAMU Ha
JIBYHOTHUX ¥ YETBEPOHOTUX YKMBOTHBIX, & TAKXKE PhI-
0ax. HecMoTps Ha TO 4TO ABYHOTHE U YETBEPOHOTHE
HE UMEIOT OJJUHAKOBBIX BEKTOPOB OCEBOW HATPY3KH
W HampspKEeHUs, OTHAKO BCE TTO3BOHOYHBIE MCIIBITHI-
BalOT MEXaHWYECKHe HArpy3KH W CKpyYHBaHHE IIO-
3BOHOYHHKA MTPH IEPEMETIIEHIH B OKPYKAOIIEeH cpe-
Jie, He3aBUCHMO OT TOTO, SBIISFOTCSI OHA HA3€MHBIMU
i BogaeiMH [ 12]. JlocTymmHOCTE 1 3G GEKTUBHOCTD
MoJeliell Ha YETBEPOHOTHX JXUBOTHBIX W HaJIMUIHE
TEHETHYECKUX CXOACTB Y JIIONEH U PHIO CITOCOOCTBO-

BaJIM X UCITOJIb30BAHUIO B OKCIIEPUMEHTAIBLHBIX HC-
CJICIOBAHUSX.

Mexanuueckue mooenu

CucteMHOE B3aUMOJCUCTBHE BHEIIHUX U BHY-
TPEHHUX KOMIIOHEHTOB OIIOPHO-ABUTATEIHHOTO aIl-
rapara 4ejoBeka (KOCTH, XpSIII{, COSAUHUTEIbHAS
TKaHb, MBIIIIIEI, TeprQeprIecKas HepBHAS CHCTEMA)
UMEeT BaXKHOE 3HAUCHUE B PAa3BUTHH U TOJACpXKa-
HUW TOMEOCTa3a I03BOHOYHMKA. JledekTol B ofn-
HOM WJIM HECKOJIBKHX W3 3TUX KOMIIOHEHTOB MOTYT
MPUBOIUTH K (HOPMHPOBaHHIO AehOopMaluK TO3BO-
HOYHOTO cTonOa. Hampumep, BOZHUKHOBEHHWIO He-
CTaOMIBHOCTH MTO3BOHOYHUKA CITIOCOOCTBYIOT HE3HA-
YUTEIbHBIC AC(PEKTH HHHEPBAIIMH MapaCcTUHAITBHBIX
MBI ¥ MEKITO3BOHOYHOTO Jucka [13]. B cBsi3u ¢
ATHUM HadaJIbHBIE HccaenoBanus narorene3a C oc-
HOBaHBI Ha 3MITUPUYECKOM TECTUPOBAHUM Pa3HO00-
Pa3HBIX MEXaHHCTHYECKUX HIEeH Ha MOIENAX KH-
BOTHBIX. bonsmmacTBO Mofeneit UC ObuIo co3mano
MyTEM YCTAHOBJICHUS MEXaHMUYECKOH acUMMETPHUU
C TIOMOINBIO0 (PUKCAIMH, TTPUBSI3BIBAHUS HIIN PE3EK-
LIMU OCEeBBIX TKaHel. IlepBble JaHHBIE MO SKCIEPU-
MEHTAJIbHOMY CKOJIMO3y IIyTEM CHCTEeMaTH4Y€CKOro
PE3EeKIMOHHOTO aHaji3a OBUIM IOydeHBI Ha KPO-
nukax [14, 15]. B nmanpHelimeMm ucciaeqoBaHUsS Ha
MBIIIaX TOKA3alld, YTO OJHOCTOPOHHSST OCTEOTOMUS
pebep mim HeXupypruveckas aehopMaItus TpyITHOH
KJIETKH MPUBOMAST K HPOTPECCUPYIOIIEMY TPYIHOMY
ckoimmnosy (puc. 1) [16]. [IpencraBneHHbsie naHHBIE
COTJIACYIOTCS C TONYICHHBIMH paHee pe3yabTaTaMu
[17, 18] u moATBEepkAaIOT MOJECIH, B KOTOPOH Ono-
MEXaHHYEeCKOe pa3beINHEHHE TPYIHON KIETKU U TI0-
3BOHOYHHKA MOXKET MPUBECTH K BOSHUKHOBEHHUIO U
MPOTPECCUPOBAHUIO CKOIHO3A.

MonenupoBaHue CKOIHOTHUYSCKON nedopMamnnu
Ha JKUBOTHBIX C HCIIOJIB30BAHHEM MEXaHUYECKOU
ACUMMETPHUHU CTaJl0 OJHUM M3 MNPEANOYTUTEIbHBIX
METOZ0B MHAYKIIUU CKOJINO03a, TPUBOASIINX K BBICO-
KOM 4acTOTe BOCIIPOM3BEACHUS PE3yAbTaToB. MeTo-
JKa ObLiIa MPUMEHEHA K IIMPOKOMY CIIEKTPY BUIOB,
BKJTFOYAsT TAK)KE€ KPYIHBIX KUBOTHBIX — KO3JAT [20,
21], cBuseii (puc. 2) [22-24], tensat [25]. Pe3ynbra-
THI KCCIICIIOBAHH CTAJHM IIUPOKO PUMEHATHCS B JI0-
KIMHAYECKUX HCIBITAHUSAX Pa3UIHBIX YCTPOWUCTB
JUTS. KOPPEKIMK CKoro3a [26].

[Tocne ycnexa pe3ekiuu pebep y 4eTBEpOHOTHX
JKUBOTHBIX JaHHBIA METOA ObLI NPUMEHEH Ha JIBY-
HOTHUX, SIBISIONIMXCS HanOOJee MPHUBICKATCIbLHBIM
BapHaHTOM JIJISi MOJIEIUPOBaHUs nedopMaIiu 1mo-
3BOHOYHHKA, TIOCKOJIbKY, KaK M JIFOIH, TIOJBEPIKEHBI
BO3JICHCTBHUIO HA IO3BOHOYHUK OCEBBIX CHUJI, BTOPUY-
HBIX 10 OTHOIIIEHHIO K TpaBUTanuu. MHIynmpoBanme
CKOJIMO3a Yepe3 pe3eKinio pedep ObLIOo MoKa3aHo Ha
upiuisgtax [27] u npumarax [28]. [lonyuennsle nan-
HBIE COTJIACOBAIINCH C aHAJOTHYHBIMHU DKCIIEPHMEH-
TaMH Ha YETBEPOHOTUX KMBOTHBIX.

CUBUPCKUIN HAYYHBLIN MEOVLUMHCKNN XXYPHAN 2022; 42 (4): 49-61 51



Strokova E.L. et al. Experimental animal models of scoliosis for understanding the etiology ...

™
a ll A

2‘\“1!7[;[7;-

N
N4
2 ]
Q. Nl ;Yi'
4

Puc. 1. Mexanuueckas acummempus 6001b NO360HOYHUKA YEMBEPOHO2020 HCUBOMHO20, CO30AHHAS NYymeM 0OHOCMO-
POHHell pe3eKkyuu pebep u pebepHO-n0360HOUH020 CYCMasda (a), 00HOCMOPOHHEN NPUBAZKU MeHCOY NONEPEYHbl-
MU OMPOCKAMU UNCUTAMEPATLHBIX HO360HK08 (0) U1 OOHOCTNOPOHHEN NPUBAZKU MENCOY UNCULAMEPATLHBIM

masom u nonamxoii (8) [19]

Fig. 1. Mechanical asymmetry along the spine of a four-legged animal, created by unilateral resection of the ribs and the rib-
vertebral joint (a), unilateral tethering between the transverse processes of the ipsilateral vertebrae (6) or unilateral
tethecring between the ipsilateral pelvis and the scapula (8) [19]

B nocneayromue roasl ObIIO BBICKA3aHO TIPEN-
MOJIOKEHHE, YTO KpOME BHYTPEHHUX J1e(heKTOB
OCEBOTO CKeJIeTa 3HAYMTENBHBIA BKJIAJ B Marore-
He3 MC MOryT BHOCHTH KOMITOHEHTBI, CBSI3aHHBIC
¢ (DYHKIIMOHHUPOBAHHEM ITO3BOHOYHUKA, TAKUE KaK
TUCHYHKIIMOHAIBLHBIA CEHCOMOTOPHBIA KOHTPOJIB,
ACHMMETPUS TIONYKPYKHOTO KaHayla U BECTUOYISp-
Heie nedekts [29, 30]. [TokazaHo, 4TO OTHOCTOPOH-
HSS PE3CKIIMS BHYTPEHHETO yXa MU BECTHOYISIPHBIX
CTPYKTYp Y JIATYUIKH MPUBOJHUT K MPOTPECCUPYIO-

115.6 mm (2D)

meMy CKoHo3y 0e3 AucIiia3uu mo3BoHKoB [31]. Ta-
KM 00pa3oM, MEXaHMYECKUE MOJENU CKOJIHO03a Ha
’KMBOTHBIX MOTYT CIIy)HTb ITOATBEPXKICHUEM TOTO,
YTO KaK CTPYKTYpPHBIE, TaK U HEPBHO-MBIILICYHBIC
aCUMMETpPUHM B TIEPHOABI PAa3BUTHUSI MMO3BOHOYHHKA
MOTYT TIPUBOJNTH K Pa3BUTHIO CKOJIMOTHYECKOU Jie-
(dopmarnuu. B mepuoabl ObICTPOro pocra aaxe He-
3HAUUTENbHbIEC Ae(eKTh OMOMEXaHMYECKUX CBOICTB
3JIEMEHTOB IT03BOHOYHHKA MOT'YT OBITh IEPBUYHBIMU
JUIs. THAOManuU ckoiuno3a. [IpencraBnenHble Mose-

Puc. 2. Moodenv pannezo ckonuosza y céunvu Jlan-
opaca, uHOYYUPOBAHHAs 3a0Hel ACUMMeN-
PUUHOU CRUHHO-MO32080U NPUBSI3bIO. Ne-
PEOHE3a0HUll PeHM2eHOBCKULL CHUMOK (a),
KOPOHAIbHASL KOMIBIOMEPHAS. MOMO2PaApusL
N0360HOUHUKA U 2pYOHOU KiemKu (0) [23]

Fig. 2. A model of early scoliosis in a Landrace
pig induced by a posterior asymmetric
spinal tether: anterior-posterior X-ray (a),
coronal computed tomography of the spine
and chest (6) [23]
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Puc. 3. Tunuunvliii 0bpasey no360HOYHUKA Ybl-
NIeHKA NOCe NUHEANIKIMOMUL: NPSMOUL
NO3B0HOYHUK (KOHMPOTbHAS 2pynna be3
Xupypauueckoeo emeuiamenbcmea) (a),
ckonuomuyeckas Odegopmayusi no360-
HOYHUKA NOCHe XUPYPSUYeCcKoUu nuned-
aaxmomuu (6) [38]

Fig. 3. A typical sample of the chicken spine
after pinealectomy: straight spine
(control group without surgery) (a),
scoliotic deformity of the spine after
surgical pinealectomy (6) [38]

JIM PacIIMpPSIIOT BOZMOXKHOCTHU AJISI U3YUEHUs XUPYP-
THYECKHX BMEIIATENbCTB, KOTOPhIE HAIIPaBIEHBI HA
YMEHBILIEHHE YCTAaHOBICHHOH Ae(hOpMAarHH.

Heiipoanookpunnsie mooenu

Haunbonee pacmpocrpaneHHass HEHPOIHIOKPHH-
Hasi MOZENb CKOJIM03a OCHOBaHa Ha PE3eKUHUH IH-
HEaJhbHON JKeNe3bl M TPENCTABICHA JKCIIEPHUMEH-
Tamu Ha Kypax [32]. Ilocie Toro kak y IBITUICHKA,
MTOJBEPTLIETOCS MHHEATIKTOMHUH (XUPYpPrHYECKOH
a0y mMniKoBUAHON xkenesbl, PINX), chopmu-
pOBajoOCh HMCKPHBJICHHE TO3BOHOYHHKA, BO3HHKIIA
TUTIOTE3a O TOM, YTO HEHPOIHTOKPUHHBINA OETIOK Me-
JIATOHWH UTPaeT BaXXHYIO POJIb B PA3BUTHHU CKOJHO-
3a. [IporpeccupoBanue ckonno3a Ha (poHe JepuunTa
MeJaToHrHA Y Kyp [33] mocie ynaneHus muKoBH/I-
HOW eJie3bl BIIepBbie HAOII0AaN0Ch B 1959 1. Y 11bI-
IUIAT, KOTOpbIe MOCJE BBUTYIJICHUS! TOIBEPrauCh

nuHeamkroMud, B 52—100 % ciaydyaeB HaOIIOMAIOCH
pasBuTHe pe3Koil medopMaliiu Mo3BOHOYHUKA. Mo-
Jens OblIa JOTONHUTETBHO IMOATBEPIKICHA, KOTIa
y UBIUIIT C pe3elUpOBAaHHON MUHEaNbHOU >Kele-
30, KOTOPBIM BBOAMIIN MEJIATOHWH WJIM CEPOTOHHH,
CKOJIMO3 He pa3BuBaics [34-37]. B Gosee mo3gHuUx
HCCIIEIOBAHUAX TOPOK PAa3BUTHUS MO3BOHOYHUKA Ha-
omonancs y 93 % IpITUIAT ¢ yIaaeHHBIM ITUIITKOBH/I-
HbIM TenoM (puc. 3) [38]. B xoHTpompHOM Tpyrmie
(dhopmupoBaHus eOopMaIK ITO3BOHOYHHKA HE MTPO-
HUCXOMMUIIO.

[Tokazano, 9TO wacToTa 0Opa3oBaHUS OOKOBOM
KPUBU3HBI TO3BOHOYHHKA IIOCIE XUPYPrHUECKOU
MUHEAIIKTOMUH W3-3a Pa3Inuuii B CpPOKax HaOIro-
JEHUsI MOXKET 3HAYUTEIHHO BapbHUpoBaTh (puc. 4)
[32, 39, 40]. beuto BBICKAa3aHO MPEIIIONOKEHUE, UTO
mucyHKOus cnenr(uUeckux perenTopoB MenaTo-
HUHA B CIIMHHOM MO3T€ W3-3a CHWKEHHS BBIPAOOT-

Puc. 4. Dopmuposanue cronuoza y yvlnasam
Kawmeii. Iuneanskmomus (PINX) npous-
6€0€eHA YbINISIMAM Yepe3 mpu OHst nocie
evlynienus. Yepes 34 ous nocne onepa-
yuu ece yviniama 6 epynne PINX npooe-
MOHCIMPUPOBANU CKOUO3. B KOHMPOIb-
HOU epynne ¢ QUKmMuGHoOU onepayueu
(Sham) ckonuosa ne obnapyscero [32]

Fig. 4. Formation of scoliosis in Cameo chickens.
Pinealectomy (PINX) is performed on
chicks three days after hatching. 34 days
after surgery, all chickens in the PINX
group showed scoliosis. No scoliosis
was detected in the control group with a

Sham 0 % PINX 100 %

fictitious operation (Sham) [32]
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KM TOPMOHA MOXKET OBITh OTBETCTBEHHA 3a Pa3BUTHE
pasMyHbIX AehopMalni MO3BOHOYHHKA, TAKHUX Kak
ckonmo3 [39, 41].

B mocnenyromiem aaHHas Moneib ObLIa MpOTeE-
CTHUPOBAHA HA MJICKOIUTAIONIMX W IMOKa3aua, 4To y
KpbIC C MUHEAIDKTOMHUEH CKoiImoTHYecKas nedop-
Malysi pa3BUBAETCS TOJNILKO B TOM CJIydae, eCiv OHU
CTAHOBATCSA JBYHOTUMH (IIyTEM XHPYPTrUYECKOIO

yIOaJeHusT ONHOM Tapbl KOHEYHOCTEH), KOCBEHHO
MTOATBEPIKAAst, YTO OCEBas Harpy3Ka Ha TO3BOHOYHHK
WTpaeT HEOTHhEMIIEMYIO POJIb B Pa3BUTHH CKOJIHO3a.
HccnenoBanust mo MOAETHPOBAHUIO CKOJHO3a C MH-
JNYLIMPOBAaHHBIM JIS(HUITUTOM MEIATOHWHA HE HAILTH
MIOATBEPKACHUS Y BHICHINX MJICKOIUTAIOMUX U MO-
nonbIX npumaroB [42—44]. B HEMHOIOYHCICHHBIX
paboTax 1mo XupyprudecKon Ml XUMHYECKON pe3eK-

Mpis ¢ geduaurom SHP2 KontponbHast MbIb

Mpib ¢ gedumurom SHP2

KOHTpOHLHaﬂ MBI

Mpib ¢ gedunurom SHP2

KOHTpOHLHaS{ MBI

Puc. 5. Buewnuii 6uo moiweti ¢ degpuyumom 2ena SHP2 6 xonopoyumax (a) u penmeenocpaghuueckas oyenka no360Hou-
HUKA, 0eMOHCIMPUPYIOWas y HUX CKOIU03 U Kugo3s, nepedne3adnss u 6okosas npoexyuu (0) [55]

Fig. 5. The appearance of a mouse with a deficiency of the SKP2 gene in chondrocytes (a) and radiographic evaluation
of the spine, demonstrating scoliosis and kyphosis in them, antero-posterior and lateral projections (6) [55]
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UM IUIIKOBHUIHOM KeJe3bl Y YellOBEKa MO MOBOLY
OITyXOJIM MOKA3aHO, YTO HU Yy OIHOTO W3 JIETeH He
pa3BWIINCH CKoJuoTHueckue nedopmanun [43, 45].
TakuM 00pa3oM, poJIb MEaTOHHHA B Pa3BUTHU CKO-
71032 Y IPUMHUTHUBHBIX BUJIOB HEOCIIOPHMA, OJTHAKO
y JIIOJIEH 3TH JIAaHHBIE OCTAIOTCS THIIOTETHYECKUMHU
[44, 46-48].

I'enemuueckue mooenu

WHHOBalMM B METOAE CEKBCHUPOBAaHUS B IIO-
CIIETHUE JCCATHICTHS CIOCOOCTBOBAIM OBICTPOMY
U 3HAYUTEITHFHOMY DPACIIMPEHUIO0 TEeHETUYECKUX HC-
cienoBanuil ckonmosa [49]. Bo3sHUKHOBEHHE HOBBIX
METOJIOB T€HETHUYECKOTO aHaJIN3a U COBEPIICHCTBO-
BaHUE y)Ke CYIISCTBYIONIMX Ha ()OHE CO3JaHMS Te-
HETUYECKH ONPECICHHBIX JIMHUM JIabOpaTOPHBIX
JKUBOTHBIX TIO3BOJIMJIM TPOJBUHYTHCS BIIEPE] B BO-
npoce stronorun UC. Ananus cBsi3eil B CEMbsIX U 00-
IIETCHOMHBIE HccienoBanus accouuanuii (GWAS) B
criopagnyeckux cinyvasx [50] onpenenunu Oosbioe
KOJIMYECTBO I€HOB-KaHMJIATOB, CBA3aHHBIX C IMaTO-
TeHE30M CKOJIMO3a. BBIABICHHBIE TEHBI OBUIH 3KC-
TPAIoJIMPOBaHbl HA MOJIENIA CKOJIM03a Y JKUBOTHBIX.
WccnenoBanns Ha HaceIyeMBbIX MOMACISAX CIOCO0-
CTBOBaJIM OoJiee IITyOOKOMY ITOHMMAHHUIO T€HETHKHU
HOPMAJILHOTO TIO3BOHOYHHMKA W OCOOEHHOCTEH Ta-
TOTeHe3a CKONMO3a y 4enoBeka. Vcmonb3oBanue re-
HETHYECKH OTIPE/ICTICHHBIX MOJIENIeH JIaOpaTOPHBIX
JKUBOTHBIX BBISIBHJIO HAcIeIyeMble TEHETHUYECKHE
MOpa)keHHs1, KOTOPbIE CITOCOOCTBYIOT PAa3BUTHIO CKO-
nvo3a [51-54].

Mpbliu SBISIFOTCA PacpOCTPAHEHHOM reHeTHYe-
CKOW MOZEINBIO JJI U3yUEeHHs CKOJHN03a, TOCKOJIBKY
WX TEHOM TIIaTeNnbHo n3ydeH. CymecTByeT HeCKOIb-
KO MYTaHTHBIX IITAMMOB MBIIIEH ¢ TpU3HAKAMH, Xa-
pakrepasiMu 1yt IC, mpudeM OOIBIIMHCTBO U3 HUX
SIBIIICTCSI PE3YIHTATOM 1e(PEKTOB B pa3BUTHH WJIH TO-
MEO0CTa3e COSAMHUTEIBHBIX TKaHEeH U Xpsen [55].
Meronamu reHHON HMHXKEHEPUU C TOMOIIbIO BBEE-
HUSl TaMOKCU()eHa IOJIyuYeHbl I'C€HETUYECKH MOJIH-
(bUIUpPOBaHHBIC MBIIIH C UHIYIHPYEMOW Jenenueit
reHa nporeuH-tupo3uHpocdaraszei-2 SHP2, dep-
MEHT B MX XOHJIPOLIUTAX MHAKTHBHPYETCS BO BPEMs
FOBCHIIBHOM CTaIUN POCTA HAYMHAS C 4-HEIETHLHOTO
BO3pacTa MBIIIU. B TeueHue AByX HeJenb ¢ MOMEHTA
Hauana gaedurura SHP2 paspupanachk nporpeccupy-
romnas KuockonuoTHueckas aedopmarus (rpyaHon
JIOPJ03 U TPYAOMOSCHIUYHBIN KUPOCKonno3) (puc. 5)
[55].

PF. Giampietro et al. [56] BbIOTHWIN aHATU3
0a3pl JaHHBIX T€HOMA MBIIU 0 (PEHOTUITUYECKON
KaTeropuy, TMOKa3aBIIUH, YTO JKUBOTHBIE C PSIAOM
MYTalui IEMOHCTPUPOBAITU CKOJTHOTHYSCKHI (PeHO-
tun. Cpeny reHoB, HeCyIUX MYTaIliH, OTBETCTBEH-
HBIX 3a Je(opMaIuio X MO3BOHOYHHKA, UMEIOTCS
aHaJIOTH Y 4enoBeka, Bkitouas Paxl, DII3, Wnt3a,

Ky, Lmxla, Fbn2 u Sim2. Takum oOpa3oMm, 3Ha4H-
TeJIbHAsl YacTh MCCIEAOBAaHUN MOIEIUPOBAHUS CKO-
J103a IPOBE/ICHA Ha YeTBEPOHOTUX KUBOTHBIX. B TO
JKe BpeMsI H3BECTHO, YTO OHHU HE TTO/IBEP KEHBI TAKUM
OCEBBIM HArpy3KaMm M CITHHHOMY HaNpsKEHHIO, KaK
neyHorue. [lomoOHOe 3aMedaHre MOXHO OTHECTH U
K pbi0am, CTpOoeHUE TTO3BOHOYHHUKA U LICHTP TSHKECTH
KOTOPBIX OTJIMYHBI OT TaKOBBIX y uenoBeka. OJHako
OMBIT HAONIONCHUS 33 JICKAUMMHU OONBHBIME [14]
MO3BOJIMJI CAEJATh BBIBOA, YTO CKOJIMOTHYECKAs Jie-
(hopmarysi MOXKET BO3HUKATh U MPOTPECCUPOBATH B
[TO3BOHOYHUKE, OPHEHTHPOBAHHOM B TOPHU30HTAIIb-
HOH TUTOCKOCTH M CBOOOTHOM OT JOPCaTbHOM CHUTHI
TSKECTH.

OmHoil U3 Mozeliel >KUBOTHBIX C €CTECTBEH-
HOW nedopmaieid TO3BOHOUHHUKA SIBISACTCS TYIIIH
(Poecilia reticulata). ViccnenoBanust pplOOK TyNIN
C HCKPHBJICHHEM TO3BOHOYHMKA [57] MpomeMoH-
CTPUPOBAJIH, YTO AehOpPMALHS MOXKET Pa3BHBATHCS
U Y He-JABYHOTHX JKUBOTHBIX, B YACTHOCTH Y PBIO, U
omu3ka popmupoBanno MC y genoseka (puc. 6).

VY rynmu Bo3MOXKHO oOpa3oBaHHE OOKOBOH KpH-
BH3HBI MTO3BOHOYHUKA B Pa3HOE BpeMsl TOCIE POXK-
nenust. Ipeanoxennas Moaens Obljla UCIIOIB30BAHA
JUISL U3YYEHUS IEPBUYHBIX (PAKTOPOB, YYACTBYIOIINX
B Pa3BUTHHU UCKPHUBIIEHUS OCEBOTO CKEJETa B OTCYT-
cTBue TpaButaruu [58]. OOHapyXeH MONUTCHHBIN
THUII HACJIEIOBAaHUs C MpeodnaganueM OoJbIIei ne-
(hopmariiu MO3BOHOYHUKA y 0COOEH JKEHCKOTO TMoJIa.
K.F. Gorman et al. moka3aju, 4TO aHAJIOTHYHO JIFO-
IM TYNOIH AMHTHPYIOT IIAPOKYI0 W3MEHYHBOCTH
(beHoTHTIA C pa3HBIM BO3PACTOM Hayaya, CKOPOCTHIO
MPOTrPECCUPOBAHUS U BEIMUNHON KPUBOM.

B kauecTBe 3KcTIepHMMEHTAJIbHON MOJAEIH CKO-
71032 B TIOCJIEHNE IECATUIETHS UCTIONB3YIOTCS MY-
TaHThl 3e0padui (Danio rerio) ¢ HEOOCTATOYHBIM
Wnt-curnanuaroMm (MyTaluu MPOTEUH-TUPO3UHKH-
Hazpl-7). MccnenoBaHusl TOKa3bIBAIOT, YTO 3e0pa-
(u, HecyIie MyTalliy B TeHE ptk7/, — 3TO TepBas
TeHETUIECKH OTpeAeTIeHHAs MOJENb Pa3BUTHS 4eJI0-
Beueckoro UC (puc. 7) [51]. YcTaHOBIEHO, YTO JIHOIHN
U pBIOBI IMEIOT MHOTO T€HETHYECKUX CXOJCTB, KOTO-
pBI€ MOTYT OBITH MOJIE3HBI IIPH AILHEHIIIEM HCCIIe-
JOBaHHUHM 3TUOJIOTHH CKOJIMO3a. BeinenenHsle mocne-
JIOBaTEIbHOCTH T'€HOB Y PHIO UMEIOT COOTBETCTBHS
MOCJIEZIOBATENIFHOCTSM Y JIFOACH, BKIIIOYAs TEHBI,
ydacTBytone B AudQepeHIpoBKe 0CTE0OIacTOB
¥ XOHPOITUTOB, 00pa30BaHUK KocTel 1 MbI [19].
B xnmumamuecknx paboTax IMOKa3aHO, YTO CBEPXIK-
cupeccusi reHa LBXI cesazana ¢ C y denoBeka u
SIBIISIETCSI IPUUMHON edopmarun y 3edpadui [59].
B ocHOBHOM mpo3padHble Tena PhIOOK JENaroT UX
Bce OoJiee LIEeHHBIMH O0BEKTaMu ISl H3y4eHHS TIOCT-
SMOPHOHATILHOTO PAa3BUTHI CKeJieTa U 3a00JIeBaHUM
MMO3BOHOYHHUKA [60—62].
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Puc. 6. /lepopmayus no360HOYHUKA Y 2ynnu
(Poecilia reticulata): cazummanvrolii
nPoPUIL HOPMANBLHO20 IHCUBOMHO20
(a); cacummanvuwli npopuns (6) u
6U0 ceepxy camya ¢ Oepopmayueli (8)
[57]

Fig. 6. Spinal deformity in guppy fish
(Poecilia reticulata): sagittal profile
of a normal animal (a), sagittal profile
(6) and top view of adult male with
deformity (8) [57]

B mnocnenHue robl MOSIBISIOTCS UCCIICIOBAHUS
[63], moka3pIBarONINE, YTO B KAa4E€CTBE MOJICKYIISIP-
HOH MOZEJIBHON CHCTEMBI JJIs1 U3yYEHUS 3THOIOTUU
NC Takxxe MoXeT OBITH HCIIONB30BaHA T€TEPaHAPHUS
cpenuseMHOMopcKas (Aphanius fasciatus), umero-
mas BPOXKICHHYIO JeQOopManuio ckenera. Xapak-
TEPUCTUKA CKOJIMO3a Y Aphanius fasciatus BbISIBHIIA

MOp(}OJIOTHYECKUE U OMOXUMHUYCCKHUE MapaljIesid CO
CKOJI030M Yy YeJIOBEKa.

Takum 00pa3oM, FreHETHIECKUE MOCTH CKOJIHO-
3a Ha )XMBOTHBIX MMO3BOJIAIOT YCTAHOBUTH BKJIA[] pas3-
JIUYHBIX TEHOB B Mporiecc GopMupoBanus aehopma-
[[MH TIO3BOHOYHKKA. B OOJBIIMHCTBE TEHETHYECKUX
MCCJICIOBAHUIA MTOKa3aHa 3HAYUTENbHAs POJIb TCHOB,
YYACTBYIOIIUX B CTAHOBJICHUH XA U KOCTH. AHa-

Puc. 7. 3ucomuueckue ptk7-mymanmol 3e-
bpaguw ¢ mpexmepHvim UCKpUBIe-
HUeM NO380HOYHUKA: GHEUHUU 8UO,
npoepeccupyowas KpueusHa (a),
8u0 cooky (6) u ceepxy (8) [51]

Fig. 7. Zygotic ptk7 zebrafish mutants with
three-dimensional curvature of the

spine:  appearance, progressive
curvature (a), side (6) and top view
(8) [51]
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JU3 PEe3yJibTaToB HAa MOJENAX CKOJIMO3a y MBbIIIEH
U pbIO MoKa3all, YTO HapylleHUs B (YOPMHUPOBAHUU
KOCTHOHM TKaHH TI03BOHOYHHKA HA CTAANU XPSIIa MO-
TYT CIIOCOOCTBOBaTh Pa3BUTHIO CKoimo3a [64—69].
Mopenu ckoimo3a co crequdpuyeckoil HHaKTHBALU-
el WIn OTKITIOUEHHEM TeHOB WK OENTKOB, CBA3aHHBIX
C peryisuuen Xpsia, NpearnoaaraoT, 4YTo Ae(eKTs
QHOMAJIBHOTO SHXOHJPAJIbHOIO OKOCTEHEHMS, XOH-
JPOTEHHOH TU(PPEPEHIIUPOBKH U arlonTo3a XOHIPO-
IIUTOB MPUBOAAT K NCKPUBIIEHHUIO T03BOHOYHUKA [52,
65, 67, 69]. OCHOBHBIC MEXaHH3Mbl TE€HETHYECKHUX
(baxTopoB, MPUBOIAIINX K HCKPUBICHHUIO ITO3BOHOY-
HUKA, eI MPEICTONUT MOATBEPIANTE.

Oo0cy:xknenue

B npupone He CymiecTByeT »KHBOTHOTO C IIO-
3BOHOYHHMKOM, aHATOMHUS W (U3UOJOTUS KOTOPOTO
HJCHTUYHBI TAaKOBBIM MTO3BOHOYHUKA YeloBeka. He-
CMOTpS Ha 3TO mHUpokoe pacupocrpanenue UC crmo-
CcOOCTBOBAJIO CO3MAHHIO MOJEIEH CKOJIMO3a Ha KU-
BOTHBIX. [IpeioKeHHbIE MOIETH TTOPOH BHI3BIBAIH
y mccienoBareneld 60pIe BOMPOCOB, YeM JaBalld
otBeToB. Ilpomnenypbl, HampaBIeHHBIE HA Pa3BUTHE
CKOJIF032, BapHHPOBAIUCH OT CHCTEMHBIX 0 JIOKAITb-
HBIX BMEIIATENLCTB U OT BHIA K BUAY. B 1enom, B
OOJBIIMHCTBE METOJIOB HCITOIB30BAIMCH KUBOTHBIE,
KOTOpBIC HE IOCTHUIIN CKEJIIETHOU 3PEIOCTH, YTO OT-
pakaeT TIIaBHBEIM 00pa3oM yOeXJeHHe B TOM, UYTO
CKOJINO3 TECHO CBSI3aH C POCTOM U SIBJISIETCSI pa3BU-
BAOIIUMCS U TUHAMUYHBIM ITPOLIECCOM.

3a mocnemHUE IecATWIEeTUs pa3paboTaHo He-
CKOJIBKO JIECSITKOB MOJICTICH CKOJNMO3a, OIHAKO HU
OJlHA M3 HUX HE MOXKET YE€TKO BOCIIPOU3BECTH IATO-
¢usnonoruto 3a00JieBaHUS U MMUTHPOBATh aHATO-
MUIO IO3BOHOYHHKA YeloBeKa. [pencraBieHHbIe MO-
JIeJTH CO3Ar0T AehopMaIliy TO3BOHOYHHKA, OJTU3KUE
k 1C, u, kKak mpaBmiio, 00eCIeYnBaIOT JUIIh MAIYIO
YaCTh UCTUHHOM MATOJIOTHH ATOTO CIIOKHOTO COCTOSI-
HUS C TOYKU 3PSHHS ITHOMATOTEeHE3a, aHATOMUH HITH
onomexannku [70]. [TomydeHHBIE pe3yabTaThl IOPOM
MOPOXKJAIOT Y HCCIe0BaTeNel 3aKOHOMEPHBI BO-
MpOC: KaK TO3BOHOYHHK JTFOOOTO KHBOTHOTO MOYKHO
CPaBHHTH CO CIICIHATM3HPOBAHHBIM, CETMEHTHPO-
BaHHBIM W TPaBUTAIIMOHHO HATPY>KEHHBIM YeJIOBeYe-
CKHAM TIO3BOHOYHHUKOM?

bezycnoBHOI 1 HEOCTTIOPUMOI IEHHOCTHIO MOZE-
JieHl SIBISIETCS] TO, YTO OHHU IMO3BOJISIOT OMpPENCIUTh
OCOOCHHOCTH pPa3BUTHUS TMO3BOHOYHOTO CTONOa B
HOPME ¥ O0OHAPYKUTH (PAKTOPHI, KOTOPHIE MOTYT IPH-
BECTH K (DOPMHUPOBAHHMIO CKOJIMOTHYCSCKON U IPYTHX
nedopmaliuii mo3BoOHOUYHKKA, Pa3paboTaHHbIe MOjie-
JIM MOT'YT OBITh IOJIC3HBI TIPU U3YyUCHUH MOJICKYJISIP-
HOM TeHETUKHN ¥ MEXaHUKHU PAa3BUTHUS MO3BOHOUYHUKA
1 3a00JIeBaHUI OIMOPHO-/IBUTATEIILHOTO arlapara.
Takum 06pa3zom, Ha JTaHHBIA MOMEHT HE CYIIECTBYET

UJ€aJIbHOW KUBOTHOW MOZENH JJI U3yUYEHUS! ITHO-
naroreresa MIC n HEBO3MOXKHO BBIACIUTH HCTHHHYIO
MoJieNnb cKoiro3a. CrenoBarenbHO, WCCIIe0BATEeNN
JOJDKHBI YETKO ONPENENUTh, YTO XOTAT WU3Yy4YUTh, a
3aTeM BBEIOPATh MOJIENb, HAN0OJIEE TIOAXOISIIYIO TS
X IeJei.

Kaxnas mozmens pacummpuia 3HaHHS W BHECHa
OTIpEeNICHHBIH BKJIal B BOIPOC H3Y4eHUs nedop-
Malyy MO3BOHOYHUKA. B TO ke BpeMs OHM HMEIOT
3HAYUTEIbHBIE OTPAaHUYEHNUS, HE TIO3BOJISIONINE IKC-
TPAaIoJIMPOBaTh MOJYUYCHHBIC JaHHBIC HA YEJIOBEKA.
Mogenu Ha 4eTBEPOHOTHX KHBOTHBIX HIMPOKO HC-
MIOJIb3YIOTCSI B OKCIIEPUMEHTANIBHBIX UCCIIEAOBAHMAX,
HECMOTPS Ha TO YTO YETBEPOHOTUE HE TIOIBEPKEHBI
TaKUM JK€ OCEBBIM Harpy3kaMm M CIIMHHOMY Hamps-
KEHUIO0, KaK 4denoBek. [IpuMeHeHne nomoOHBIX MO-
neneit 00ycIOBIEHO TOCTYIHOCTBIO, IPOCTOTON Ma-
HUTTYJSIIIANA, HU3KOW CTOMMOCTBIO, OBICTPOl CMEHOH
MOKOJIEHUH 1 TITyOOKHUM H3YYEHHEM CYIIECTBYIOIINX
TpaHcreHHbix JuHUM [70]. upokoe mcnonb3oBa-
HUE B IIOCJIEHHUE IO/l MOJIEIIEH CKOJIMO03a Ha pblOax
onpeneiseTcs HaJuuueM T'€HEeTHUECKHX CXOACTB y
JrofeH U phIO B IOCIIEAOBATEIBHOCTAX Psiia KIltoue-
BBIX T€HOB, BOBMOXXHOCTBIO U3Y4YEHUS MOCTIMOPHO-
HaJILHOTO Pa3BUTHUS PbIO C YCTaHOBJICHHBIMHU I'€HE-
TUYECKUMH JeQeKTaMl U IPYyrdMH TpuuMHamu. B
YacTHOCTH, aKTUBHAs paboTa C MOZAEIAMHU CKOJINO03a
Ha TYIIH OOyCIIOBJIE€HA MPOCTOTONW B OOpAIIeHNH C
pBIOKaMy, KOPOTKHM BpEMEHEM TI'eHepauud H J0-
CTYIHOCTBIO HCIIOJIb30BAaHHUSI T€HOMHBIX PECYDPCOB.
CyliecTBeHHBIMH OYEBHUIHBIMU HEIOCTAaTKaMH Y
pPBIO B KayecTBE MOJENH CKOJHMOTHYECKOIO >KHUBOT-
HOTO SIBIISIETCA OTCYTCTBHE TpaBUTAlUU U (POpMU-
poBaHue nedopMaly B CaruTTajIbHOM IJIOCKOCTH,
B TO Bpems Kak Juist IC xapakTepHa TpexMepHasi Jie-
(opmarus MO3BOHOYHHKA C TPABUTALIMOHHBIM TPH-
TSDKEHHEM. TakuM o0pa3oM, IKCIIEPUMEHTAJIbHbIC
MOJIETIM CKOJIMO3a Ha PBhI0ax HE OTPa)karoT MaTore-
HETHYECKHE MEXaHU3MbI, (OPMUPYIOIIUECS Yy KH-
BOTHBIX, CPEI0i OOUTAaHMUS KOTOPBIX SIBJISIETCS CyIla,
[IOCKOJIbKY BIIMSIHHME MEXAaHMUYECKUX M (U3UUECKUX
(aKTOpOB €CTeCTBEHHOH cpelbl OOWTaHUs CyIle-
CTBEHHO Pa3INyaeTcs.

B mopmensix ckonmo3a Ha JABYHOTHX >KHBOTHBIX
TaK)K€ MO)KHO BBIJEJIUTh 3HAUUTENBHBIE HENOCTAT-
Kd. B To e Bpemst ucIoIbp30BaHuE ABYHOTHUX MOJIE-
Jie cKonMo3a, B 4aCTHOCTU MOJENEN Ha Kypax, AJs
IKCIIEPUMEHTAIIBHBIX HCCIIEAOBAHUIN ONpenesieTcs
HECKOJIbKUMH 3HAYUTEIbHBIMH OCHOBaHMAMH. [lo
MHEHHIO OOJNBLIMHCTBA HCCIEAoBareseii, oomas
JIBYHOTasi 0COOEHHOCTb Ky U JIIOACH UMEET pelaro-
iee 3Ha4eHUe AJIS Pa3BUTUS OOKOBOTO MCKPUBIICHHS
1 OCEBOTO BpAlIECHUs B II03BOHOYHUKE. J[ByHOrHe
Mozenu Oojiee TOYHO HMMHUTHPYIOT YeJIOBEUECKYIO
103y ¥ NOJBEPIKEHBI OAOOHBIM CHJIaM IPaBUTALIUH.
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OmnucaHsbl c1y4an BOZHUKHOBEHHS Y Kyp CIIOHTaHHO-
ro ckonmosa [71]. HeocnopuMbeIM IpeuMyIeCTBOM
MoJIeTiel Ha KypPHHBIX SMOPHOHAX SIBISIETCS JOCTYII-
HOCTb ¥ BOCIIPOU3BOIUMOCTH PE3YJIBTATOB.

JakioueHue

AHanu3 COBPEMEHHOTO COCTOSHHISI HCCIIEI0Ba-
HUH 110 IPOOIeMe IKCIIEPUMEHTAILHOTO MOJIEITHPO-
BaHUS CKOJIN032 BBISIBII 3HAYUTEIIBHEBIN 00heM padoT
10 TAHHOW TeMaTHKe, B OCHOBHOM BBITIOJIHEHHBIX Ha
TaKUX Tpynnax, Kak MOJEIH PE3EKINH MUHEATbHOM
JKEJIe3bl, MEXAaHWYCCKUE MOJCIH W TCHETHUECKHUE
monenu. [lpencraBneHHbBIE MOJENN OCYIIECTBICHBI
C Pa3HOU CTEMEHBIO YCIENTHOCTH U HE CMOTIIU TIPO-
SICHUTH BOIPOCA STHOJOTHH Ae(POPMAaIINH T03BOHOY-
HHKA, OJHAKO OHH SIBJISIIOTCA MOJE3HBIM CPEJICTBOM
JUIS TSCTUPOBAHUS BMEIIATENIbCTB, HAIMPABICHHBIX
Ha ee WCHpaBIeHHWE W TpeaoTBpaimieHue. Paspabo-
TaHHBIC MOJICTU MTO3BOJIMIIN OIMPENETUTh, YTO B pa3-
BUTHE CKOJMOTHYECKOH edopMaliiii BOBJIEYECHBI
BHYTpPEHHUE U BHEUTHHE CHIIBL, IEHCTBYIOIIHE Ha T0-
3BOHOYHHK, IJI€ KJIIFOUEBYIO POJb MTPAcT TeHETHUYE-
CKasl TPeApaCIONIOKEHHOCTh U HEHPOIHJOKpUHHAS
muchyHknus. Haubornee mnepcrieKTUBHBIMU IpeE-
CTaBIIAIOTCA IByHOTHE MOJEIH CKOJIN03a, TIOCKOIb-
Ky Oollee TOYHO UMHUTHPYIOT YEJIOBEYECKYIO MO3Y
U, CIICJIOBATEIbHO, MOABEPIKEHBI MOJOOHBIM CHIIAM
TpaBUTAIUH.
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Bpo:xkaeHHbIl BBIBUX 0eipa — TEOPUH, ITHOJOTHYECKUE H NPeapacnoaraimme
(pakTopsl (paKkTOpHI pUCKA)

H.IO. ITaxomoga, E.JI. CtpoxoBa, B.B. Ko:xkeBunkon, A.®. I'yceB, A.M. 3aiigman

Hosocubupcxuii HUWU mpasmamonozuu u opmoneouu um. A.J1. [usvsina Munzopaea Poccuu
630091, e. Hosocubupck, yn. @pyuze, 17

Pe3rome

Ilo pe3yinbTaraM COBPEMEHHBIX CTATUCTUYCCKUX JTaHHBIX, BO BCEM MUPEC BPOKACHHBIC OPTONCANICCKUC ITAaTOJIOTUH 3a-
HUMAIOT BTOPOE MECTO B KOJIMYECTBEHHOM OTHOIICHHH I10CTIe BPOXKICHHBIX 3a00/IeBaHnil HEPBHOW cucTeMbl. Bpoxien-
HbII1 BBIBUX O€/lpa OTHOCHUTCSI K HanboJiee pacrpoCTPaHEHHOH U TSDKEJION MMaToJI0THH OITOPHO-BUTaTeNILHOTO arnapara
y IeTeil U moApocTKoB. Teopun ero pa3BUTHS U STHOJNOTHYECKHE (PAKTOPHI HE TOJIBKO MPEICTABISIOT UCTOPHUYECKUN
HHTEPEC, HO U CO3JAI0T NMPEANOCBUIKU K ONIPEACICHUIO WCTUHHOMU IIPUYUHBI OTOTO CJIOXKHOI'O ITponecca. AKTyaHBHOﬁ
ocraercs mpobiemMa MPOTrHO3MPOBAHMS PA3BUTHS ANUCIUIA3HH Ta300eIpeHHbIX cycTaBoB. [IpakTHyeckoe 3Ha4YeHHUE 3a-
KJIFOYaeTCs B ONpPEeNICHUH 3THOJIOTH4ecKoro (axkropa (mpeapacroiaraomux Wil GakTopoB pUcKa) BOZHUKHOBEHUSI
WIN TIPOSIBIICHUM 3a00J1€BaHMs. AHAIM3 JINTEPATYPHBIX JTAHHBIX MO3BOJISIET MTPEATIONOKHITE, YTO OH OCHOBBIBACTCS HA
reHeTuueckoMm cyoctpare. [Ipenpacnonararomue (GpakTopsl JIMIIb HOBBIMIAIOT PUCK MaHHU(pecTaruu narojaoruu. Jams-
HEHIIMEe MCCIIe0BaHMs 10 ONPEAEICHUIO STHOJIOTNYECKOro (hakTopa mo3BoisT chopMyarpoBars 0ojee KOHKPETHBIC
PEKOMEH/IALIMK 110 BEICHUIO MAI[MEHTOB C JAUCIIIa3ueil Ta300€APEHHOr0 CYCTaBa 1, BO3MOXKHO, PACHIMPSIT METO/IbI IIPO-
(DUITAKTHKN ¥ KOHCEPBATHBHOTO JICYCHHS.

KiroueBble ciioBa: JIuCIUIa3us Ta300ePEHHOTO CycTaBa, BPOXKICHHBIH BHIBUX O€lpa, STHOJOIHYECKHH (akTop,
(axTopsl prcKa.
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Congenital dislocation of the hip — theories, etiological and
predisposing factors (risk factors)

N.Yu. Pakhomova, E.L. Strokova, V.V. Kozhevnikov, A.F. Gusev, A.M. Zaydman

Novosibirsk Research Institute of Traumatology and Orthopedics n.a. Ya.L. Tsivyan of Minzdrav of Russia
630091, Novosibirsk, Frunze str., 17

Abstract

According to current statistics worldwide, congenital orthopedic pathologies rank second quantitatively after congenital
diseases of the nervous system. Congenital dislocation of the hip is one of the most common and severe pathologies
of the musculoskeletal system in children and adolescents. The theories of its development and etiological factors are
not only of historical interest but also create prerequisites for determining the true cause of this complex process. The
problem of predicting the development of hip dysplasia remains relevant. The practical significance lies in determining
the etiological factor (predisposing or risk factors) of the disease onset or manifestation. Analysis of the literature
suggests that hip dysplasia is based on a genetic substrate as an etiological factor. Predisposing factors only increase the
risk of pathology manifestation. Further studies to determine the etiological factor will make it possible to formulate
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more specific recommendations for the management of patients with hip dysplasia and possibly expand the methods of

prevention and conservative treatment.

Key words: hip dysplasia, congenital dislocation of the hip, etiologic factor, risk factors.
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BBenenue

BpoxxneHHbIi BRIBUX Oefpa — MaTOJOTHYECKOE
COCTOSIHHE Ta300epEeHHOT0 CyCTaBa, MPU KOTOPOM
TOJIOBKA OCJIPEHHOI KOCTH pacrioyiaracTcs BHE BepT-
Jy>HOU BIaiuHbL. B pesynbsrare pa3o0nieHHoro pas-
BHUTHS DJIEMEHTOB Ta300€IPEHHOTO CYyCTaBa IPOUC-
XOAUT YBEIWYCHUE CTEIEHU HUX HEIOPA3BUTHS, YTO
B CBOIO OUe€pelb YCHIINBAET CMEIICHNE TOJIOBKH Oe/I-
pa... (mo ompenencHU0 AcCCOIMAIMNA TPaBMAaTOJIO-
ros-optonenoB Poccun).

Jucmnasus Ta300eqpeHHBIX CYCTaBOB M BPOXK-
JICHHBIN BBIBUX Oe/ipa — MOCJIeI0BaTEIbHBIC BapHaH-
TBI OOHOHN U ToH e matonoruu. B MKbB-10 Beigemns-
IOT TPH OCHOBHBIX CBSI3aHHBIX BapHaHTa AVCIIIA3UU
Ta300€PEHHBIX CYCTaBOB: BPOXKICHHAS TUCILIA3US
BEPTIIY>KHOI BIIaINHBI, BPOXKICHHBII ITOJIBEIBUX O€/I-
pa u BpOXKICHHBIA BHIBUX Oenpa. B pycckosi3praHO#
JTUTEPAType BCTPEUAIOTCS JBA TEPMUHA: AUCILIA3HS
Ta300€PEHHBIX CYCTaBOB M BPOXJICHHBIA BHIBHX
Oenpa, 0003HAYAIOIIME OTHO M TO e 3a00JIeBaHME
[1]. B 3apyOesxHO# IuTepaType UCHONb3yeTcs ompe-
nenenne developmental dysplasia of the hip («pa3-
BHBAIOIIASICS TUCIUIA3HUS Ta300€IPEHHOTO CYyCTaBay),
03HAUYa0IIee, YTO NUCILIACTUYECKAs NElEHTpaIus,
MOJIBBIBUX ¥ BBIBUX Oeapa SBISIOTCS HE OTAEIHHBI-
MU HO30JIOTHYECCKUMHU CAUHUIIAMH, a 3BCHBSIMHU O]I-
HOH 1Ieny MaToJIOTMYECKOTO COCTOSHUSL B Pa3BUTHU
BPOXKJIEHHOTO BBIBHXA Oepa MpH OTCYTCTBUHU aJeK-
BaTHOTO JeueHus [2].

Ilo pesynbraram COBpPEMEHHBIX CTATUCTUYE-
CKHX JaHHBIX, BO BCEM MHpPE BPOXKACHHBIE OPTO-
MEANYECKUE MMaTOJOTUH 3aHUMAIOT BTOPOE MECTO B
KOJIMYECTBEHHOM OTHOIIEHUH TOCIE BPOXKICHHBIX
3a00JICBaHII HEPBHON CHUCTEMBI. BpOXKICHHBIN BHI-
BUX Oelpa OTHOCHUTCS K HauboJiee pacrnpoCTpaHCH-
HOW ¥ TSDKENON TMATOJIOTHH OTIOPHO-IBHTATEIHHOTO
ammapara y JIeTei 1 moapoCcTKoB. JlaHHAs maToIoTHs
cocraBiageT oT 12 mo 22 % Bcex aucmiaasuil cke-
JIETHO-MBIIIEYHON cucteMbl. Cpeau BpPOXKICHHBIX
MaToJIOTUH  OMOPHO-IABUTATEIBHONM CHUCTEMBI [10-
MUHUPYIOT JIUCIUIa3Hs Ta300€PEHHBIX CYCTaBOB
U BpOXIeHHBIH BeIBEX Oenpa (oT 70 mo 80 % Bcex
MaTOJIOTHI OMOPHO-ABUTATEIIFHOM CHUCTEMBI IeTeH).

[lo maHHBIM MEXTYHAPOTHBIX HCCIICIOBAHHMIA,
pacpoCTpaHEHHOCTh JIUCIUIA3UH Ta300eIpeHHBIX

CYCTaBOB B OOIIEH MOIMYJSIUU COCTaBiIseT oT 1 110
3% [3]. B ckpuHUHTOBOM HCCIIEIOBAaHUH, ITPOBEICH-
HoM M.S. Talmage et al., ona cocraBuna 11,1 %, uto
Oosee ueM B 3 pasa IpeBhIIIACT MOKa3aTeIu B 00MIei
MOMYJISIIIUY;, JICBOCTOPOHHSAS M TPABOCTOPOHHSIS
JIUCIIA3UM Ta300€PEHHOT0 CyCTaBa BCTPEYAINCh B
paBHoii crerienu [4]. 3a0oneBaHue AUATHOCTUPYETCA
y JI€BOYEK IPUMEPHO B 6 pa3 yaiiie, YeM Yy MaJILIMKOB
[5]. CormacuHo pesynpTaraM 0ojiee paHHHX HCCIIEH0-
BaHWH, JIEBOCTOPOHHSS IUCIUIA3HUS Ta300eqpeHHO-
ro cycraBa oOHapykmBaeTcs damie [6]. B Poccun
BpPOX/IEHHAS! NUCIUTA3HsI Ta300€ApEeHHBIX CyCTaBOB
Berpedaercs B 50-200 caywasx Ha 1000 (5-20 %)
HOBOPOXKJICHHBIX, BPOXK/IEHHBIH BBIBUX Oenpa — 3—4
ciayyast Ha 1000 HOBOpOXKAEHHBIX. Yalle 3Ta maroso-
rus quarHoctupyercs y aeBodek (80 % BBISBICHHBIX
ciy4ae) [7].

Teopun pa3BUTHS M 3THUOJIOTUYECKHE (aKTO-
pBl BPOXKJCHHOTO BBIBHXa O€pa IPEICTaBIISIOT
HE TOJBKO UCTOPUYCCKUN WHTEPEC, HO U CO3/AIOT
MPENOCHUIKH K ONPEICIICHUI0 UICTUHHOW TPUYUHBI
3TON CIOXKHOM MaTonoruu. AKTyaldbHOM ocTaercs
npo0jeMa MPOTHO3UPOBAHUS PA3BUTHS JAMCILIA3UU
Ta300€PEHHBIX CyCTaBOB. [IpakTHUeckoe 3HAYCHUE
3aKJII0YAETCS B ONPEACICHUH ITHOJIOTHIECKOTO (hak-
Topa (Mpeapacroiararonux GakTopoB, Wik (HaKTo-
POB pHCKa) BOSHUKHOBEHHS WJIHM MPOSBIICHUA 3a00-
neBaHud. McciaemoBaHus MO €ro BEISBICHHUIO IO CHX
IOp HE YCTAaHOBHIIM MEPBONPUYNHY PA3BUTHUS STOTO
MaTOJIOTUYECKOTO Tporecca. PesynpraTel MHOTO-
YUCIIEHHBIX WCCIIEOBAaHUH JOKa3ajy, YTO HU OIWH
n3 (paKToOpOB, B3ATHINA B OTACIHLHOCTH, HE JIAJT OTBETA
Ha BOMNPOC 00 ITHOJIOTUU AMCIIA3UM Ta300elpeH-
HBIX CYCTaBOB, MIOATOMY JaHHAS MATOJOTHS BXOIHT
B TPYIIy MOJUAITUOJOTHYECKUX 3aboneBaHuil [8].
[Ipennonaraembie 3THOMOTHYECKUE (DAKTOPHI HAXO-
JISIT CBOE MOJTBEPXKJICHUE U B PE3yJbTaTaX UCCIIEI0-
BaHUI HACTOSILIETO BPEMEHH.

Teopuu pa3BuTHs U dTHOJOrHYecKHe PaKTO-
Pb! BPOXKIEHHOI0 BbIBUXa 0eApa (AUCIIA3HMU Ta-
300eIpeHHBbIX CYCTABOB)

Teopusa napywenusn nepeuunoii 3axknaoxu (F.A.
Ammon) mpezarnonaraer, YTo BPOXKJIEHHBINH BBIBHX
Oenpa pa3BUBAeTCSl B pe3ylibTaTe HapylIeHUs Tep-
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BUYHBIX 3apOMBIIICBBIX 3aKIaIoK (aucamOpuore-
He3) [9]. B 3aBucMMOCTH OT TOTO, B KaKOW MEpHUO.
aHTEHaTaJbHOM JKM3HU TOJOBKA Oelpa M BEPTIyXK-
Has BIaJHAa HAYMHAIOT pa3BHUBaThCS 0€3 TECHOTO
COIIPUKOCHOBEHUS JPYT C JPYTOM, M TPOSBISIFOTCS
pasnuuHble BapuaHTsl HapyueHui [10]. [TonrBepx-
JIEHUE 3TOM TEOPHH HEKOTOPHIE aBTOPHI BHIAT B CO-
YeTaHUH BpPOXKICHHOTO BBIBUXa Oeapa ¢ MPOYUMH
BPOXKJICHHBIMU Jle(hOpMAIVsIMH OCEBOTO CKeJeTa.
M.S. Talmage et al. mpoBemeHo MacmTabHOE PETPO-
CIEKTUBHOE HCCIEIOBaHUE paCIpPOCTPaHEHHOCTH
JUCTIIIA3UN Ta300€IPEHHBIX CYCTABOB B COUETAHHH C
BPOXKJCHHBIMU MMATOJIOTHSIMUA PAa3BUTHS — HHONIATH-
YECKHH CKOJIMO3, Mardonedanus, MbleyHas KpH-
BoIIIes, Koconanocte. [Ipoananu3upoBaHbl UCTOPUN
6omnesnn 142 nmammenToB B nepuof ¢ 2001 mo 2016 T
YCcTaHOBIEHO, YTO HCCIEeIyeMble MaTOJIOTUH TIPE.-
CTaBJSUTH COOOH acCOITMUPOBAHHBIE KOMOWHAIIMHA —
JCIUTa3Hsl Ta300€APEHHBIX CYCTaBOB, KPUBOIIES W
mwiarnonedanus, KoTopsle ObIM HanboJee pacmpo-
CTpPaHEHHBIMHU COITYTCTBYIOIIMMH TTaTOJIOTHSAMH TIPH
UAMONATHYECKOM ckosno3e. 25 naruentos (30,9 %)
HMENH XOTS OBbI OJTHO U3 3TUX COCTOSHHIA, 9 UenoBeK
COOTBETCTBOBAJIA PEHTTEHOIOTUIECKUM KPUTEPHUSIM
JUcIuia3uu Ta3o0enpeHnbix cycrasoB (11,1 %), y 10
6onbHBIX (12,3 %) auarHocTHpoBaHa KpHUBOILES, Y
13 (16,0 %) — mmarunonedanms [4].

[To meopuu npeosvisuxa 6edpa (npenarokcaius)
MaTOJIOTHSI Pa3BHBACTCS B pPE3yJbTaTe PacTSHKEHUS
KarcyJbl U «BBICKalIb3bIBAaHMS» TOJOBKH Oenpa u3
BEPTIIY’KHOH BHaauHbl. M3-3a aHATOMHUYECKHX OCO-
OEHHOCTeH Ta300eApEeHHOT0 CyCTaBa U TECHOTO II0-
JIOKEHHS TUT0/Ia Ha TIOCIIEAHUX Mecsiax OepeMeHHO-
CTH UMEET MECTO TECHOE TpHKaThe HOT peOeHKa K
TYJIOBHUIITY, YacTO HabIrOqaeMoe mMpu Ta30BOM IIpeJ-
nexxanuu (puc. 1). [IpenseiBux Oeapa sBusercs nep-
BUYHBIM, & BEIPOKEHHAS JUCILIA3Hs SIIEMEHTOB Ta30-
OcIIPEHHBIX CYCTaBOB — BTOPWUYHKIM sIBIICHHEM [11].

ojé

16 % 28 %

Ta3oBoe mpemIexanne TMJOAa, IPEXKIEBpPE-
MEHHOE H3JIUTHE OKOJOIUIOMHBIX BOI, ciaboe mie-
BeJICHHE TUIO/Ia BO BpeMs OCPEeMEHHOCTH W ObLIH
OTIPENIEICHBI ATHOJIOTUYECKUMH (haKTOpamH, BKIIIO-
YEHHBIMHU B aKyIIEPCKUN aHaMHe3, [0 pe3ylbTaTam
uccienoBanus, mnpoeaeHHoro M.C. KameHckux
u ap. [12]. MakcumanbHBIi PUCK pa3BUTHUS BPOXK-
JICHHOTO BBbIBHXa Oelpa OKa3bIBaeT Ta30BOE IPEa-
nexkanne Bo BpeMs ponoB (41,77 %). Ilo mueHuto
aBTOPOB, HWKHHE KOHEUHOCTH peOeHKa IIPU Ta30BOM
NPEAIeKaHUN HAXOATCA B OJIOKEHUH H30BITOYHOM
(hrekcuu W TIpUBENIEHNS, B PE3YyNIBTaTe Yero TOJI0BKA
OepeHHO KOCTH OKa3bIBaeT OOJIbIliee JaBJICHUE Ha
3aTHEHIDKHIOI0 YacTh CYCTABHOM CYMKH, YTO MOXKET
MIPUBECTH K PACTSDKEHHIO KaICyJbl CyCTaBa, a TAKKe
CHABJIMBACT 3aJHEHUXHUHI Kpail BEPTIIyKHOU BIIau-
HBI, yIuiomas ero. /inTenpHO cymiecTByOIas mo-
3UNUSA IO B MTOJIOKEHUH Ta30BOTO MPeJIeKaHus,
BIIJIOTH JIO CaMBIX POJIOB, IPUBOJIUT K 3aMEJIJICHHOMY
Pa3BHUTHUIO BEPTIYKHOW BIIAJMHBI, HEOCTATOYHOMY
B3aMMHOMY MOJENMPYIOIIEMY BIHUSHUIO KOMIIOHEH-
TOB CyCTaBa U, KaK CJIEACTBUE, CIOCOOCTBYET pa3Bu-
THIO JHCIIIA3UHU Ta300€IpEHHBIX CyCTaBoB [12].

CormnacHo meopuu oucniazuu mazodeopeHHbIX
cycmaeoe [13, 14], ona pa3BuBaeTCsl B PE3yJIbTATE
HEMPaBUIBHOTO WM 3aMEJIEHHOTO Pa3BUTHS Ta30-
OeApEeHHBIX CYCTaBOB, HACIEICTBEHHOTO HAPYIICHHUS
ero GhopMHUpOBaHUS (IOMHUHAHTHBIA THIT HaCJIEIO-
BaHus). HacnencrBeHHblid (hakTop Kak 3THOJIOTHYE-
CKUH TaKXe aHaJIN3MPOBAJICS B KPYIMHON KOTOPTHOM
BBIOOpKEe B KnTae, 1 mokazaHo, 9TO B a3MATCKOH I10-
MyJISIUU CYIECTBYET BHICOKMH PUCK Pa3BUTHS AUC-
I1a3uM Ta300eApeHHBIX CYyCcTaBOB y OpaTbeB U ce-
cTep mepBoro moxosieHus [15].

[To naHHBIM pa3HBIX aBTOPOB, CEMEWHBIN aHaM-
He3 HacJleZloBaHus BcTpedaeTcs B 2—14 % ciydaes.
CormtacHO TEHETUYECKUM HCCIIETOBAaHMSIM, BO3ZMOXK-
HOCTb TOSIBJICHUS] TIOTOMKOB C BPOKIICHHBIM BBIBH-

Sl

36 % 20 %

Puc.1. Yacmoma pazeumus 8p0dcOeHH020 6bigUxa Oedpa npu pasiuyHblX 6apUaHmMax ma3oe020 Npedielcanus niood,

https.://www.det-orto.ru/media/vvb/Page two.htm

Fig.1. The incidence of hip congenital dislocation in different variants of breech presentation of the fetus, https://www.

det-orto.ru/media/vvb/Page two.htm

64



Ilaxomosa H.FO. u op. Bpooicoennulii svisux bedpa — meopuu, 3muoiocuyeckue u npeopacnonazarnuue ...

XoM Oezpa y ponuTesneil, He HIMEBIINX 3TOTO IOPOKa,
cocTapiseT nponopuuto 1:40, ecnu xe y 0IHOTO U3
poauTeneil ObUT BPOXKAECHHBIN BBIBHX Oenpa, cOOT-
HoueHue Oynet yxe 1:10 [16]. [Tpu aTom Habmona-
€TCsl CTOMKO€ M3MEHEHHE I'€HOTHIA, IIPUBOAALIEE K
HacJIeICTBEHHOMY 3a00JIEBaHUIO U MPOSBIISAIOLICECS
BPOXKICHHBIM BBIBUXOM Oezipa (CaMbIM TSDKEJIBIM Ba-
PHAHTOM JTUCILIa3UU Ta300€APEHHBIX CyCTaBOB).

Teopusa cymouno-ceazounoi penaxcuu. OCHOB-
HOW CTPYKTypoOW, obOecrieunBaromeil cTabuibHOCTh
Ta300eIpeHHBIX CYCTaBOB y IJIofa M peOeHKa B
BO3pacTe 70 OAHOIO Troja, SBISETCS CyMOYHO-CBS-
304HBIN ammapar. Ilpu ero cmaboctu, B TOM 4ucie
00yCIIOBICHHOM KOHCTHTYLMOHAJIBHO, IpeApacIo-
JIO)KEHHOCTDH K Pa3BUTHIO BBIBHXA Oeapa CTAHOBUTCS
Oosiee BBIpaXKEHHOW. DTHOJNOTHYECKUM (PaKTOpoM,
CIOCOOCTBYIOIIMM Pa3BHUTHIO JAMCIDIa3UHM  Tazo0e-
JIpEHHBIX CYCTaBOB, €lll¢ B Hadajie XV B. MHOTHE
yUeHbIE ONpPEAEISUTM TYroe MelieHaHWEe MIIaJICHIICB
(puc. 2).

Onucanne TPagUIMOHHOTO METOoa TeEIeHAHUS
npuBesieHo BpadoM [laono Baremnsipnom B XV B.:
«AKyIIepKa yKiaplBaja HOBOPOXIECHHOTO JHILIOM K
cebe, BEITATHBAIA HOTU peOeHKa, a 3aTeM Tyro 0OBH-
Baja €ro TeJO OT CTOIl JJO MOAMBIIIEK. 3aTeM PyKH
peOeHKa OHA yKJIabIBajia BIOJb T€JIA U YK€ BTOPHIM
KyCKOM TKaHH IIJIOTHO 0OMaThIBaja €ro oT MajbleB
1o tuied. TpeTbiM KycKOM TKaHH oOopadmBajcs 100
Y TUIEYH C MCIIOB30BAaHUEM 3aBA30KY.

K.-X. Pycco B kHUTE «OMMIb, WX O BOCIIH-
TaHUW» KPUTUKYET HE TOJIBKO HEXEIaHHE MaTepei
3a00THTBCSL O CBOMX JAETAX M JICHb HAHATBHIX HSHEK,
HO U croco0 meneHanus. «HoBopokaeHHBIN pebe-
HOK, — IHUILIET OH, — UMEEeT IOTPEOHOCTh MPOTSITH-
BaTh M ABHUIaTh CBOM YJICHBI, YTOOBI BHIBECTH HX U3

OHEMEHUS, B KOTOPOM OHHU TaK JOJTO OCTaBaJIUCh,
Oymy4uu coOpaHHBIME B KITyOOK... IMITysibc BHYTpeH-
HUX YacTel Tena, CTPEMSIINXCA K POCTY, BCTpEYaeT
HENPEOAOIUMOE MPENATCTBUE IS MOTPEOHBIX eMy
IBIDKEHUH. J{MTs HenpephIBHO AeiaeT Oecnone3Hble
yCHUJIUS, KOTOpPBIE MCTOLIAIOT €r0 CHUJIBI MM 3aMefl-
JISIOT WX pa3BUTHE... lIpuHYyX)A€HHOE COCTOSIHUE, B
KOTOPOM JiepKaT WICHbl peOEHKa, TOJIBKO CTECHSET
oOpalieHue KpOBU U COKOB, MelaeT peOeHKY Kpel-
HYTb U pacTH U YPOIYET €ro Teaocioxkenue. B mect-
HOCTSIX, T/Ie HE MPUHUMAIOT 3THUX CyMacOpOIHBIX
IIPEAOCTOPOKHOCTEH, JIFOOU BCE POCIbIC, CHIIbHBIE,
xopomo cnoxeHbl. CTpaHsbl, € 3aKyThIBAIOT ACTeH
B IEJICHKH, KHUIIAT TOpOaThIMK, XPOMBIMHU, KOCOJa-
[IBIMH, KPUBOHOTUMH, PAXUTHKAMH, JIOAbMH, U3yPO-
JIOBaHHBIMH Ha Bce Janabl...» [17] (puc. 3).

Tpanunuu yxona 3a miaaeHnaMu Bo OpaHuuuy,
I'epmanuy, a Takke B CKaHIMHABCKUX CTpPaHax OKa-
3bIBAJIM MaryOHOe BIMsiHME Ha (QopMHpOBaHHE pa3-
BHBAIOIIUXCS] MJIAJCHLEB M UX ONOPHO-IBUIATEIIb-
Horo ammapara. IlIseiinapckuii xupypr @. Bropti
(1500—-1598) ObLT OTHUM U3 TEPBBIX, KTO KPUTHKO-
BaJI MOIOOHYIO MPAKTUKY TMeneHaHus jiereid. Tonbko
gepe3 100 met aHmmuiickue Bpadu U prtocods Hava-
JIM OTKPBITO TpeOOBaTh M3MEHEHHUS MTOAX0MA K IIeJie-
HaHUIO HOBOPOXKAECHHBIX. OCHOBaHUEM JIJISl KPUTHUKU
OBLIN HCKPHBJICHUE [TO3BOHOYHUKA, OTCYTCTBHE TpE-
HUPOBKH KOHEYHOCTEH pebeHKa, eperpeB u apyrve
naryOHBbIE TTOCIIEACTBUS TYTOTO MeJICHaHUS.

B otnuune ot EBpomneiickux ctpaH, B Kopee, Bo
Brername, Ha TeppuTopuu Bcero MHmoxurtaicko-
ro MmoiyocTpoBa, B Adpuke, a Takke B SMOHUH, HA
UykoTrke, Ascke He OBUIO MPHUHATO TYTrOe TejieHa-
HUE HOBOPOXKIEHHBIX U JE€Tel MIaJeHYECKOTrO BO3-
pacra. Crocob yxona 3a MJiaJeHIEM, HCKIIIOYalo-

Puc. 2. Cecmpur Yonmonoenu u ux zanenenamole demu. bpumanckas wixona, 1599-1603.
Cecmpol-OnusHeybl 00HOBPEMEHHO BLIUIU 3AMYIC U POOULU Oemetl, Oemu 3a6ePHYNbL 8 KPACHblE KPECUIbHbIE

nejleHKu

Fig. 2. The Cholmondeley sisters and their swaddled children, 1599—1603 British School.
Twin sisters married and had children at the same time, children wrapped in red baptismal swaddling clothes
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Puc. 3. Kosumo III 6 demcmse. FOcmyc Cycmepmarnc,
1642
Fig. 3. Cosimo Il as a child. Justus Sustermans, 1642

HII/Iﬁ TYTro€ NeJICHAaHUC B JAaHHBIX PETHOHAX, U, KaK
CJICJICTBHE, HM3KUU yPOBEHb Pa3BUTHs AMCILIA3UU
Ta300e/IPEHHBIX CYCTAaBOB JAIOT BO3MOXXHOCThH CUU-
TaTh 3TOT (PAKTOP KaK ITUOJOTUYCCKH BO3MOXKHBIM.
B tpommyeckom kimMare neter ¢ poXACHUS HUKaK
HE TIeJICHAIN, HOCUIIM Ha pyKax TOJBIIOM. Brica-
JKMBAaHUC IJIA OTIIPABJICHHUA €CTCCTBCHHBIX HOTpe6-
HOCTEH OCYIIECTBIISIIOCH MO TIEPBOMY TPeOOBAHUIO.
Jnst 0cBOOOXKACHUSI PyK MaTepd pacroyiarajv pe-
OcHKa B OCHOBHOM Ha Oezipe. B cTpaHax ¢ cypoBbIM
KIIUMaTOM Ha MEPBOE MECTO BBICTYIANa HEBO3MOXK-
HOCTL IOCTOSHHOM CMEHBI OJEKAbI MiajeHna. B
CYpPOBOM KIIUMaTe U pe4d He ObUIO O BBHICAXKUBAaHUU
(ms oTHpaBIEeHUS €CTECTBEHHBIX IMOTPEOHOCTEH):

MaJIbIIIaM JeJIaJd HPOTOTUIIBI COBPEMEHHBIX KOM-
OMHE30HOB U3 KOXKH KHBOTHBIX (pHC. 4), B KaueCTBe
MOJTY3HUKA MCIIOJIB30BAIHM BKIIAJIBIII U3 MXa, KOTO-
pblii noMmewanu nox onxesnue. HecMorps Ha cTonb
MOJISIPHBIC TI0 MECTY HAXOXJICHHUS CTPaHbI, UX 00b-
eIHSAET CBOOONHBIA CIOCO0 TeNeHaHWs] HUKHUAX
KOHEYHOCTEH peOeHKa, KOTOPBI OMOCPEIOBAHHO
CIOCOOCTBOBAJl CHUKEHHUIO YaCTOTHI Pa3BUTHUS JTUC-
TUTa3UK Ta300€/IPECHHBIX CyCTaBOB.

CornacHo copmonanvhoii meopuu [18, 19], npu-
YUMHON Pa3BUTH BPOXKIEHHOTO BEIBUXA Oempa sIBIIs-
eTcs ¢aaboCTh KarCylbl Ta300€pEHHBIX CYCTaBOB,
BO3HHKAIONIAs TIOCJIE MPOHUKHOBEHHS B IUION pe-
JaKCWMHA (TOPMOH, MPOW3BOIUMBIA JKENTHIM TEJIOM
MaTepH, BBI3BIBAECT PAacciIallIeHue MBI JIOHHOTO
COWJICHCHHMSI Ta30BBIX KOCTEH M CBSI30K KPECTIIOBO-
MOAB3IOIIHOTO CYCTaBa, a TAKXKe PaclIMpeHue KaHa-
Jla MIeWKH MaTKH, 9TO CIIOCOOCTBYET HOPMAaJHHOMY
MPOTEKaHHIO poaoB). Takke Npu TUIMOPYHKINN IH-
TOBHJHOM >kene3bl (CHHTeTHYeCcKas (QyHKIUS) HOBO-
POXKICHHOTO HapylIaeTCsl Pa3BUTHE COCTUHUTEIb-
HOM TKaHHU. DTHOJOTHICCKUMH (HaKTOPAMHU B TAHHOM
TEOPUHU CTAHOBATCS MUCHYHKIMOHAIBHBIE HapyIIe-
HUS HJIOKPUHHOW CUCTEMBI MaTepy U MIIA/ICHIIA.

Tpasmamuueckan u Mexanuweckaa meopuu
(I'mmmmoxpar): pa3BUTHE BPOXKIEHHOTO BHIBHXA Oe€n-
pa 00yCIIOBIIEHO, COOTBETCTBEHHO, TPABMOH IJI0/1a B
yTpoOe MaTepu WM BO BpeMs MPOXOXKIEHUS depes
ponoBbie niyTd. [1o MaHHBIM UCCIIEAOBaHUS, TIPOBE-
JIEHHOTO BCEeCOr03HBIM MHCTUTYTOM aKylIepCTBa H
THHEKOJIOTHH, MEXaHU3M POIOBOTO aKTa M XapakTep
aKyIIePCKOro mocoOus (KIacCHYeCKoe pydHOE T0CO-
6ue u crnocod LoBbsiHOBA) HE OKa3bIBAIOT BIIMSIHUS
Ha BO3HMKHOBCHHE BPOXIECHHOH MaTOJOTWU Ta30-

Puc. 4. Odesnue mradenya. Myseii MaxKopoa, Moupeans, Kanaoa
Fig. 4. Clothing of an infant. McCord Museum, Montreal, Canada
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OEIpEeHHBIX CyCTaBOB, TaK KaK BBIABISACTCA U y 25
% neteii, poXKICHHBIX ITyTEM KecapeBa CEUSHUsI PU
COOJIONCHUU BCeX MpaBmJ U3BJedeHus miona. Kpo-
Me TOTO, BEIBUX HAOJIIOAAETCS U PU TOJIOBHOM IIpe/I-
JIe)KaHUH TII0ZA.

3 Bcex HeAOHOMIEHHBIX pooB 25—-38 % npoBo-
MUPYIOTCS TIPEXKIEBPEMEHHBIM Pa3phIBOM IUIOIHBIX
obomouek [20]. DTo IPUBOIUT K POXKICHUIO JETEH C
(hu3noNIOrNYecKoll HE3PENOCThI0O OPraHOB U CHUCTEM
OpraHu3Ma, B TOM YHCJIE W OTIOPHO-JBHTaTeIbHOTO
amnmapara, B pe3ylbTare 4ero MOXKET MPOMCXOIUTh
3aMeJUICHHOE Pa3BUTHE 3JIEMEHTOB Ta300eIpPEHHBIX
CyCTaBOB, CONPOBOXJAIOLIEECs AUCIUIazuen. B nu-
TepaTypHBIX HCTOYHHMKAX OIMCHIBACTCS, YTO Yalle
BCET0 BCTpEYaeTCsl BBIBUX Oenpa ciieBa. DT0 00b-
SICHSIETCSI JIEBOCTOPOHHEW MO3WIIMEN Tuiofa B YTpO-
0e mMartepu, IPU STOM COCTOSIHHE TIPUBEIESHUS JIEBOI
HWKHEW KOHEYHOCTH pa3BuBaeTcs Oonbiie (puc. 5).

Teopusa npuobpemennoii cmamuyeckoii oegop-
mayuu [21]. Jucnnaszus Ta300eApEHHBIX CYCTaBOB
pa3BHBaeTCs MOCTENEHHO B MepBble 2—3 roaa Ku3-
HU pebeHKa BCIEICTBHE BBICKAJIB3BIBAHUS KBEPXY
TOJIOBKH Oezipa W3 BHAAWHBI CHAYalIa MO BIMSHAEM
MBIIIEYHON TATH, & TIOTOM U TSDKECTH TeJa, TOITOMY
U SIBIISIETCSA CTaTHUECKOH NedopMaiiieil, pa3BuBato-
nieficss Ha (oHe BPOXKICHHOW MpeApacioiIoKeHHO-
ctu. [TocnenHee 00ycIIOBIEHO 3aMeIIEHHBIM POCTOM
KOCTEeH BO BCEX IIEHTPaX OKOCTEHEHHSI COCTaBHBIX
yacTell cycrapa. [lepBonpHYrHON yIIIOIIEHHs BIa-
JUHBI ¥ HAapyLIEHUs] COOTHOIICHUH €€ BEIMYHHBI C
TOJIOBKOH SIBJISIETCS U3JIUILHEE CKOIJIEHUE XPSILIEBOM
TKaHU B CBS3M C 3aMeIJICHHBIM MPOIIECCOM €€ OCCH-
¢ukammm [11]. HemocratogHoe MOKPHITHE TOJIOBKH
OepeHHOW KOCTH BEPTIY)KHOW BHAJWHOW, a TaKKe
HECOOTBETCTBHE CYCTABHBIX IOBEPXHOCTEH SIBIIS-
IOTCSl OZJTHAM U3 3THOJIOTHYECKUX (PaKTOPOB, CIOCO0-
CTBYIOIIMX Pa3BUTHIO MOABBIBUXA Ta300€ApPEHHOTO
cycTaBa, 0COOCHHO NP HEOIATONPHATHBIX YCIOBHSIX.

VY MIasieHIa BpoXKI€HHAs TUCTIIA3US TIPEICTaB-
JeT cOO00U MPEABBIBUX Oeapa — TepMUH, 0003Ha4a-
IOIIMI paHHUN BapuaHT ATOW MAaTOJIOTHH, T.€. TaKOe
COCTOSIHME CyCTaBa, NMPU KOTOPOM Karcyja pacts-
HyTa ¥ TOJIOBKa Oeqipa MOXXET CBOOOJHO CMEIIaThCs
U3 BepmIykHOW BraauHbl. Cyan0a MpeaBbIBUXa BO
MHOTOM 3aBHCHUT OT YCIIOBHI CoJep)KaHHs peOeHKa
B NIEPBbIE JTHU >KU3HU. Y HEKOTOPBIX JETEH MpOUcC-
XOIUT CAaMOIPOM3BOJILHOE «BIPABIEHHUE» — TOJIOB-
Ka OeIpEeHHOH KOCTH LEHTPHUPYETCS B BEPTIYKHOU
BIIaJIHE, YTO 00ECIIEUNBACT JajbHEHIIee MPaBUIIb-
Hoe (hopMupoBaHHE CycTaBa. B mpyrux ke ciydasx
MOXET c(hOpMUPOBATHCS TIOABBIBUX Oelipa, IIPH 3TOM
TOJIOBKA OCTaeTCs BO BIIAJMHE, HO OHA JEEHTPHUPO-
BaHa, CMEIIeHa, OJJHAKO €I1le HEe BBIXOIUT 3a IPEIeIIhI
numoOyca. Ecim ke rojoBka Oempa TepsieT KOHTaKT C
BEPTIY>KHOM BNAAMHON UM HMMEET MECTO HHTEPIIO-
3unus uMOyca, gopmupyercs BbIBUX Oenpa. [o
TOTO Kak peOCHOK HAYHET XOIUTb, MOJ JeHCTBUEM
TSITW MBIIIL TOJIOBKA Oelpa cMelaeTcsl KBepXy U B
BO3pacTe 0 OHOTO Toj/la CTOUT y BEpXHEHapPyKHO-
ro Kpas BepTIy>KHOW BrmaguHbl. C MOMEHTa Havala
X0Ib0BI CMEILIEHNE TOJIOBKH Oefjpa MOCTENEHHO MPo-
TpeccUpyeT, ¥ TOJIOBKa Oepa cMemnaeTcs Moj mepe-
HEHWKHIOIO OCTh, TIie 00pa3yeTcs HoBas omnopa. [lpu
(hPM3HOIOTHYECKOM Pa3BUTHU TIPENENIOM CMEIEHUS
TOJIOBKH O€IPEeHHON KOCTH CITY>KUT 3aJHSS TIOBEPX-
HOCTBH KpbIJIa TIOAB3/IOIIHOMN KOCTH.

Heiipomvtueunasn meopus [22, 23]. Hexoropeie
aBTOPHI PacCMAaTPHUBAIOT HEPBHO-MBIIICUYHYIO HEHO-
CTaTOYHOCTb, HAPYIICHUS! KOOPAWHAIIMOHHOW (QYHK-
UM (CoKpalieHue—pacciabjIeHue) U TOHyCa MBIIIIII,
OKpYXaroIKXx Ta300eIpeHHbIN CyCTaB KaK 3THONO-
rudeckue (akTopel BPOXKIESHHOTO BBIBMXa Oenpa.
CBoe oTpakeHHME 3Ta TEOpHsl Halllja B HCCIIEAOBa-
Husax E.JO. JKaposoii, comocTaBnsmomel KInHu4e-
CKyI0 CHMITOMATHKYy IHCILIA3WU Ta300eqpeHHBIX
CYCTaBOB W IIEpHHATANbHBIC HApYIICHUS HEPBHOM

Puc. 5. Jlesocmoponnee nonoxcenue niooa 6 ympobe mamepu (a) u 8poxcoeHHblil 8blsux 6eopa ciesa (0), https://www.

det-orto.ru/media/vvb/Page two.htm

Fig. 5. Left-sided position of the fetus in the womb (a) and congenital dislocation of the hip on the left (6), https://www.

det-orto.ru/media/vvb/Page two.htm
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CUCTEMBI Y HOBOPOXK/IEHHBIX H JIETe paHHErO BO3-
pacrta, KOTOpble MOTYT CBUIETEIhCTBOBATh 00 0OII-
HOCTH TIaToreHe3a 3TuX 3abojeBanui. [lo maHHBIM
HCCIIEIOBAaHUSI, ¥ BCEX JETeH C JucIia3ueil Ta3o-
OeqpEeHHBIX CYCTaBOB NMPHCYTCTBYIOT KIMHUYECKUE
MPU3HAKY MTOpaKeHUs1 HEPBHOU cucTembl. [Ipu 1eH-
TPaAJIbHOM TOPAXEHUH BUTATEIHHOTO aHaJIN3aTopa
dhopmupyeTcsi THPAMUIHBIA  CHMIITOMOKOMILIEKC
C THIIEPTOHYCOM MBIIII, MPHBOIAIINX O€lpo, 4To
OpPTOIICAbl TPAKTYIOT KaK CHUMIITOM «OI'paHUYCHUSA
oTBefieHHns Oenpa muaneHna». llpu cermeHTapHOM
YPOBHE TIOPAKECHHSI Pa3BUBAETCS BSUIBIN Mape3 ¢ -
NepMOOHMIILHOCTBIO Ta300€/IpeHHOr0 CycTaBa, 4TO
NPUBOAMT K U30BITOYHON HAPYKHOW poTanuu Oepa.
[MomoOHY0 KIMHUYECKYI0 KAPTUHY OTMEYAIOT U TIPU
nuddy3HOH MBIIIEYHOW TUIOTOHHH, OOYCIOBIICH-
HOW HapylIeHWEM KpOBOOOpalieHus B BepTeOpoda-
3uisipHOM Oacceitne. M B ToM, U B Jpyrom ciiydae
MPUCYTCTBYIOT HAPYIIEHUS TPO(DUKH MATKUX TKaHEH
M KOCTEH Ta30BoroO mosica [24].

IMpeapacnonarawmme GpakTopbl, WJin PaKTo-
Ppbl pucKa pa3sBUTHS AUCILUIA3UM Ta300eIpeHHbIX
CyCTABOB

E.1O. lllnsaxoBa u ap. [25] aHanmm3upyioT ¢ak-
TOPHl pucKa (NMPUYHUHBI), KOTOPHIE CIOCOOCTBYIOT
Pa3BUTHIO MWCIDIA3WH Ta300€IPEHHBIX CyCTaBOB.
Pesynbprarel mccienoBaHUS TONYYEHBI Ha OCHOBa-
HUUW PETPOCIIEKTHBHOTO aHAIN3a UCTOPHHA Oose3Hen
1 amMOyIaTOpHBIX KapT MAIUEHTOB C BPOXKIECHHBIM
BeIBUXOM Oenpa. K ¢dakropam pucka co cTOpoHBI
Marepu OBbLIM OTHECEHBI BPOXKICHHBIN BHIBHX Oc-
pa y poactBeHHHKOB (4,6 %), oxupenue (8,2 %),
XPOHUYECKHE BOCHAIUTENBHBIE MTPOIECCHl MOYCBEI-
Bomsamux mmyTeit (33,8 %), Bo3pact crapiie Tpuaa-
TH JIeT Ha niepuoxa oepemennoctH (34,6 %), anemus
(35,6 %), marojoruueckoe TeUeHHE OCPEMEHHOCTH
(87,5 %). BpoxneHHbili BRIBUX Oezpa varie HaOmo-
Jaincsi y JAeTei, posKACHHBIX OT MEepBOi OepeMeHHO-
ct — 55,8 %, ot BTOpOii GepemenHoctr — 28,3 %, oT
TpeTheil u ueTBepToii Oepemennoctu — 25,9 % [25].
K ¢akropam pucka, cnocoOCTBYIOIIMM pa3BUTHIO
JMCIUTa3ud Ta300€APEHHBIX CYyCTaBOB, CO CTOPOHBI
pebeHKa OBUIM OTHECEHBI 3aliepKKa BHYTPHYTpPOO-
Horo pa3sutusi (14,2 %), HegonomeHHOCTh (18,1 %),
sroquaHoe nipemiexanue (20,4 %), kecapeBo cede-
uue (31,2 %), sxenckuit mon twiona (71,6 %).

[To pe3ymbTaraM MHOTOIIEHTPOBOTO PETPOCIIEK-
THBHOTO HcclenoBanus (aHamm3 aHkeT 309 meteit ¢
JUarHOCTHPOBAHHBIM BPOXKJICHHBIM BBIBUXOM Oe€ji-
pa), mpoBenenHoro M.C. KaMeHCKHX U COaBTOpaMH,
YCTaHOBJIEHO, YTO CPEIU IPEIpacIioararoiIux co-
OUAThHO-TUTHEHNYECKUX (PaKTOPOB CaMBIH BBICO-
KU PUCK CBSI3aH C KypeHHEM MaTepH JI0 U BO BpeMs
OepeMeHHOCTH. Bo3melicTBre KypeHHUsT Ha OpraHu3M
peOeHKa SBJISAETCS OIOCPEAOBAHHBIM. TaOauHbIi

JIBIM OKa3bIBa€T TOKCHUYECKOE BIUSHUE Ha OPTaHU3M
MaTepH, YTO CIOCOOCTBYET pa3BUTHIO (DETOILIAICH-
TapHO HemocTaToyHOCTH. Pa3BHBaromasics Beien-
CTBHE 3TOTO XPOHUYECKasl THIOKCHUS ILTOJa MOXKET
OTPa3UTHCS HA KAYECTBEHHOM COCTaBe CTPYKTYPHBIX
0enKoB B IpOIleCcce CHHTE3a KoJjlareHa M, KaKk Cieq-
CTBHE, CIIOCOOCTBOBATh PAa3BUTHIO AWCIIA3UHN Ta30-
OCIIPpEeHHBIX CYCTaBOB.

CrnenyromuM 1Mo 3HAYUMOCTH (HaKTOpPOM, IMpen-
pacroararoIiMM B Pa3BUTHH BPOXKICHHOTO BBIBHUXA
Oeznpa, aBrop ompesenser MHOEKIUH, TTepeIaroi-
ecs nonoBeiM nyTeM [12]. Ocoboe BHUMaHUE OBLIO
yIeneHo rapaeHepenesy. [laHHbIi Bo3OynUTenh SB-
JIieTCsl OCHOBHOM MPUYMHON pa3BUTHUS OaKTepuaib-
HOTO BarmHo3a [26], 4TO OMOCPEIOBAHHO BIUSACT HA
(dhopmupoBaHue (PEeTOIUIAIICHTAPHOW HEI0CTATOYHO-
CTH, CIIOCOOCTBYET 3a/iep’KKe pa3BUTHA IUIOAA, He-
BBIHAIIIMBAHUIO W PA3BUTHUIO MPEKICBPEMEHHBIX U
MaTOJIOTUYECKUX POJIOB (BETUYMHA OTHOCUTEIHLHOTO
pucka 10,65). Ilo nuTepaTypHbIM NaHHBIM, TOKCO-
mnasmel (Toxoplasma gondii) HEOCPENCTBEHHO HE
SIBIISIFOTCSL IPUYMHON PA3BUTHUS JUCILIA3UU Ta300€/-
PEHHBIX CYCTaBOB, HO, BO3/ICHCTBYS Ha TUIOJ (BEIH-
YHHA OTHOCUTENBHOTO pucka 16,04), crtocoOHBI BBI-
3BaTh MPEXKIEBPEMEHHBIC POJIBL, & TAKXKE MOPAKECHUE
LEHTPaJbHOW HEPBHON CHCTEMBI, KOTOpasi Peryiu-
PYeT Mmporecchl PU3NIECKOTO (MOTOPHOTO) Pa3BUTHUS
pebeHka U MBIIeYHbIH ToHyC [12].

Jucnnaszus Ta300eqpeHHBIX CYCTaBOB Kak ca-
MOCTOSITeNIbHOE 3a00JIeBaHUE M3BECTHO C JIPEBHHX
BpeMeH U OoJiee NBYX TBHICAY JIET CUUTAETCS HEU3-
neduMbIM. llpeacTraBneHHBIE TEOpWH, BO3MOXKHBIC
STHOJIOTHYECKHE W TpeApacroiaraiomme (GakTopsl
(dakTopbl pUCKa) IMTO3BOJISAIOT OIECHUTH TIyOWHY H
MacmTad POBEIEHHOW HAYIHO-HUCCIIEIOBATEIIECKOM
paboTel. Pe3ynbrarsl HAydHOTO MOWCKA YYEHBIX-HC-
cienoBaTeniell ¥ KIIMHUYECKUX OPTOIEIOB CO3MAI0T
AHAJIMTHYECKHIA CyOCTpaT JIs MOHMMAaHHUs MaTrore-
HETHYECKMX MEXAHHM3MOB U OIPEICIICHUS BO3MOXK-
HOTO 3THOJIOTHIECKOTO (haKTopa.

B nocnennue aecATUICTHS B JINTEPATYPHBIX HC-
TOYHUKAX TPE/ICTABICHBI PE3YJIBTaThl UCCIIEIOBAHUI
TCHOB-KaHIUJATOB Pa3BUTHsI BPOXKICHHOTO BBIBHXA
Oenpa [27-32]. IlonydyeHHBIC aaHHBIC OMpEHEIIs-
IOT HOBBIA B3IVISI HAa TEOPUIO JUCIUIA3HM Ta3z00es-
PEHHBIX CycTaBOB. [0 JMaHHBIM JHUTEPATYPhI, TEHBI
WISP3, CX3CRI1, UQCC, TGFBI1, GDF5, PAPPA2,
HOX, COL1A1, ASPN, reun! cemeticta T-box naen-
TUQUIMPOBAHBI KaK CBSI3aHHBIC C Pa3BUTHEM JUC-
TIa3UK Ta300€APEHHBIX CyCTaBOB (Ta0bmuIa).

YcTaHOBIIEHA CBSI3b MEXAY AaCCOIMAaTUBHBIMU
KOMOWHAIMSAMH TEPEYUCIICHHBIX B TaOIUIE TCHOB U
pa3BUTHEM KOMOMHHUPOBAHHBIX MTATOJIOTUH C AHUCILIA-
3uel Ta300epeHHBIX cycTaBoB [42]. Jloka3aHo, 4TO
nomumopdusmer B D-nioerope ASPN (amnens D14)
u mytaruu B reHe GDF5 (rs143383) orBeTCTBEHHBI
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Tenvl, ceazannvie C paszeumuem oucniazuu ma306edpeHHblx cycmaesos

Genes associated with the development of hip dysplasia

T'en

PeSyJ'H)TaT SKCIpecCuun

WISP3

WISP3 siBisieTcsi TeHOM, OTBETCTBEHHBIM 3a ayTOCOMHO-pELeCCUBHOE 3a00JIeBaHIE CKeleTa, Ipo-
TPECCHUPYIOLIYIO IICEBIOPEBMATONIHYIO AUCIIA3HIO, IIPHUBOJIIYIO K IIOBPEKACHHUIO Ta300€APEHHOTO
CyCTaBa, XapaKTepU3YIOLLyIOCs HEPEPBIBHOM JIeTeHepalfei u motepei cycraBHoro xpsia. bemox 3
WNT I -uaaymubensHoro curaansHoro mytu (WISP3), xak unen cemeiictea CCN, perynupyert pocT u
I pepeHIUPOBKY KIETOK. WISP3 Taxke UTrpaeT BaKHYIO POIb B JOPMUPOBAHHUHU XPAINA U Pa3BUTHU
XOHJIPOLIUTOB, PEryINpyeT oOpa3oBaHue KomareHa Il Tuna yepe3 curHanbHBIH Ty Th HHCYJIHHOIION00-
Horo ¢akropa pocta (IGF) u orpannunsaet IGF 1-omocpenoBanHbie TuepTpohUUCCKAC H3MCHEHUS B
XOHApoIHUTax [27]

CX3CRI

I'en CX3CRI vurpaet 1BOWHYIO poib, HOCKOIbKY OH KoaupyeT perentop CX3CL1, koTopslil akcnpec-
CHpYeTCsl B KJIETKaX BPOXKJICHHOTO HIMMYHHTETA M, TAKMM 00pa30M, BOBJIEKAETCS B IPOLIECC BOC-
NaJlieHus, a TakxKe y4acTByeT B qudhepeHInpoBKe ME3CHXUMAIBHBIX CTBOJIOBBIX KJIETOK B CTOPOHY
XOHIPOIUTOB. TakuM o0pa3om, HenpaBuibHas 3kcipeccuss CX3CR1 MOXeT IPUBECTH K aHOMAIIBHO-
My 00pa30BaHUIO BEPTIYKHOTO Xpsimia [33]

UQCC

UQCC vunentudunupoBan Kak neneBod red FGF2, KOTOPbIi UIpaeT )KU3HEHHO BaYKHYIO POJIb B XOH-
nporenese. Takmm o6pazom, UQCC, nonaBnsgeMsiid FGF2, yqacTByeT B peTyJISIIIAN Pa3BUTHS CKENETa,
Mop(oreHese u XOHAporeHese ¢ moMompo FGF2 [34]

TGFBI

CynepcewmeiictBo 6eta-6enkoB TGF, ocobenno dakrops! auddepeniposku pocra 5 (GDFS) u
actiopuH (ASPN), conpsikeHO ¢ BOSHUKHOBEHHEM TUCIIIa3UH Ta300€IPEHHBIX CyCTaBOB, YTO JTOKa-
3aHO MHOTOYHCIICHHBIMH uccienoBanmsivu [29]. [Toseimenne ypoBas MJI-6 (uTOKMHA, HMEIOIIETO
TIEPBOCTEIIEHHOE 3HAUCHNE B PETYJISIINHI BOCTIANTEIBHBIX ITPOIIECCOB) MPUBOAMT K YBEITHUCHUIO
conepxanust TGFB1. TGFB1 u NJI-6 sBnstoTcst pOBOCIAIUTENBHBIMU INTOKUHAMH, KOTOPBIE y4a-
CTBYIOT B Pa3BUTHH KOCTHO-MBIILIEYHO CUCTEMBI — (PUOPO3HOM, KOCTHOM U XPSIIEBOM TKAHHU, a TAKKe
B Iporiecce KocTHoro pemonenupoBanus [35]. GDFS, u3BecTHbIN Takke Kak MOPPOTEeHHBIH OSI0K

1, momyuennsiit w3 xpsamaia (CDMP1), sBisieTcst BaXKHBIM PEryIsSTOPOM XPsIia, CTUMYIHAPYIOIIAM €TO
pa3BUTHE, POCT U CO3PEBAHUE

PAPPA2

Cas3aHHBIN ¢ OEpeMEHHOCTBHIO TeH Oemka mia3Mbl A2 (PAPPA2) xoqupyeT MeTaIonpoTenHa3HbINH
6emoK mIa3Mel A2, KOTOPBIH UIPaeT BayKHYIO POJIb B pa3BUTHH IutoAa. OQHOHYKICOTHIHBIN TI0-
muMopdu3M 15726252, pacrionokeHHBIH B 00macTi 5-ro nHTpoHa PAPPA2 na xpomocome 1925.2a,
Y4YacTBYET B I1aTOTeHE3€ NUCIIa3UU Ta300epEeHHBIX CyCcTaBoB [36]. PAPPA2 u3BecTeH CBOEH pOIbIO
B Pa3BUTHU IUIOJIA U HOPMAJIBHOM ITOCTHATAILHOM IEpUO/ie pa3BUTHs. Bo BpeMst sMOpHOHANBHOTO,
(heTabHOTO M MJIaJICHYECKOTO MEPHOIOB POCTa HHCYITHHONON00HBIE akTopsl pocTa (IGF), xak
TIPaBUIIO, BHOCST )KM3HEHHO BayKHBIH BKJIa] B HOPMaJIbHOE pa3BUTHE KOCTEH, Xxpsmel, pudpobiacTos
M CKEJICTHBIX MBI [37]

HOX

I'er HOXDY, B 4acTHOCTH, PETYNHUPYET HE TOIBKO POCT U U HEPEHIIMPOBKY MBIIIEIHBIX KIETOK, HO
n 1udQepeHIIPOBKY ME3CHXUMAIIBHBIX KJIETOK B HOBBIE KOCTH M XPSIIIH, KOTOPBIE MOTYT ITOBIHATH
Ha (popMy BEpTIIYKHOH BIaJHHBI, pA3BUTHE OKOCTEHEHUS U MOJIOKEHHE TOJIOBKH O€IpeHHOI KOCTH.
I'ensr homeobox (HOX) npencrasisitor coboi rpymnmy 13 39 poAaCTBEHHBIX T€HOB, KOTOPBIE KOAUPYIOT
(haKTOpBI TPAHCKPHUIIIIHH, YYACTBYIOIIUE B PA3BUTHUH CKelleTa TO3BOHOYHBIX. [eHbl HOX pazziesneHsl
Ha yetbIpe Knactepa: HOXA-D. I'east HOXD o06pa3yrot kiactep u3 aeBatd reaoB (HOXD1,3,4,8—13)
B JIoKycax 2q24.1-q33.1. DToT KIacTep TeHOB HTPaeT ONPEICISIONIYIO PoJb, ocobeHHo TeH 5 HOXD
(mapanoruyeckue rpymmst 9—13), B Mopdorenese ckenera u koneqnocreid. Takum obpazom, ren HOXD9
MOJKET y4aCTBOBATh B PA3BUTHH JUCIUIA3HHU Ta300eIPEHHBIX CyCcTaBOB [38]

COLIAI

T'er COL1A1 xomupyet Oenok kommtareHa [ tuma. J{ucrmasus Ta300epeHHOT0 CycTaBa CBS3aHa C
HE3aBEPILICHHBIM OCTEOI€HE30M, HACIECTBEHHBIM HAPYIIEHUEM CKEJleTa, KOTOPOe, B YaCTHOCTH,
00YCJIOBIICHO MyTaIlel B OTHOM U3 AByX TeHoB, COL1A1 n COL1A2, xomupyromux | Tun koyutarena
[39]

CeMencTBO
T-box

I'enn! cemetictBa T-boX, KOTOphIe OBUTH BIEPBIC WACHTH(QHUIMPOBAHEI Y MBIIICH, a 3aTeM B TCHOME
YeJIOBEKa, yUYaCTBYIOT B OCEBOM pa3BUTUU. B yacTHOCTH, TeH TBX4, pacroioKeHHBIH Ha XPOMOCOME
17921-q22, sBnsieTcst BAXKHEHIIMM PEryJISTOPOM POCTa 3a/IHEH KOHEYHOCTH U €€ IICHTU(QHUKAIIH

BO BpeMsI SMOPHOHAIIBHOTO pa3BUTHs. VI3MeHeHre HYKICOTHIHOH IT0CIIEI0BAaTEIBHOCTH ITOTO I'eHa
MOJKET IPUBECTH K aHOMAIBHOMY (POPMHPOBAHHIO OCEBOTO ckenera [36, 40]

ASPN

AcniopuH (ASPN) — reH, KOTOpBIH koaupyeT Oenok xpsiia BHekiieTouHoro marpukca (ECM) cemeii-
CTBa MaJIbIX MOBTOPSIIOLIMXCS OenkoB, Oorarbix neiiiaoM (SLRPs), yuacTByeT B hopMupoBaHuu
KOCTEH, TEM CaMbIM ITPEACTABIIISI MHTEPEC JUTS MCCIIEA0BATENeH pa3BUTHS TUCTIIIA3UH Ta300eJPEHHBIX
cyctaBoB [35]. OOHapykeHa 3aBUCHMOCTh MEXAY noauMopduzMom D-noBropa ASPN u muciuiaznei
Ta300epEeHHBIX CcycTaBoB [41]
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HE TOJIBKO 3a Pa3BUTHE IUCIUIA3UM Ta300eIpEeHHBIX
CYCTaBOB, HO U 3a JIeT€HepaIuio MOsICHUYHOTO JIUC-
Ka, a TaKKe OCTE0apTPUT KOJICHHOTO cycTama [41].
Myrtauuu B rene GDFS5 y mofeil mpuBOIsAT K LIU-
POKOMY CIIEKTpY aHOMAaJHMil CKeleTa, TaKhX Kak
aKpoMe3oMeNnuecKasl OucIuia3us XaHTepa—lomi-
COHa, XOHJIPOAMCIUIA3Ms rpederkoBoro tuma [43],
Opaxupaktiius tHna C U OCTEOXOHIPOMUCIIIA3HSL.
TGFB1 sBnsieTcs peryasTopoM Ui KJIETOK IEpH-
XoHApUA u (GuOpodrIacToB B cyxokmiusx. ASPN
MoxeT cBs3piBarbesi ¢ TGFB1 u npenorBpamars ero
B3aumMogelicTeue ¢ pereniropom TGEP I Tuma nocine
WHTHOWpPOBaHUA repenadu curaanos o mytu TGF/
Smad W WHAYUMPOBaHHOTO XOHIpOTeHe3a. Takum
00pa3oM, TOPMO3UTCSI Pa3BUTHE CKEJIETA, 3aBHUCALIEE
OT MEPUXOHAPAIBHBIX KJIETOK, HalpUMEp pa3BUTHE
CyXOXWid u cBsi3ok. BMP2 (xocTtHbIit Mopdore-
HETUYECKHI OEIIOK 2) SBISETCS YJICHOM CeMeicTBa
TGFp, xoTopsiii yuactByer B auddepeHIHpoOBKe U
nponudepannuy NEPUXOHAPAIBHBIX KIETOK U OCTEO-
OmacToB.

ASPN Takxe MOXeT cBsi3biBaTbesi ¢ BMP2 u un-
ruOMpoBaTh MepeAavyy CUrHajioB Ho myta BMP2/
Smad. Ilomumopdu3smM B TOBTOpE acmaparmHOBOH
kuciotsl (D) ASPN, KOTOpBIH HEpBOHAYAIBEHO OBLI
CBsI3aH ¢ ocTreoapTpuToM (amtens D14), ykassiBan Ha
Oonee cupbHOE HHTHOMpOoBaHue akTiBHOCTH TGFP1,
4yeM Apyrue aienn. Takum oOpa3om, HHTHOMpOBa-
HHE Tepenadn curHayioB mo myTsM TGFB/Smad u
BMP2/Smad MoeT npuBecTH K 3aJepiKKe pa3BUTHS
KOMITOHEHTOB CKEJIeTa W YMEHBIIEHUIO KOJUYECTBa
KIIETOK PrOpOOIaCTOB B CyXOXKUIHSIX U (hacIusIX, KO-
TOpPBIE OCIAOISIOTCS BOKPYT Ta300eJpEeHHOr0 CycTa-
Ba U JIETIAIOT ero Ooyiee BEPOSTHBIM /IS BhIBHXa [30,
41]. B uccnenoBanuu, nposeraeranom W. Kishta et al.,
YCTaHOBJIEHO, YTO Hajnuuue MyTtanuu C-nponentuia
KoJtareHa | Tuma, TO-BHIUMOMY, SIBISIETCS (hakTo-
pPOM pHCKa IUCIUIa3MHd Ta300eApEeHHBIX CYCTaBOB
(80 %). Takke co00IIATIOCH O CBS3HM MEXKTY JTUCTLIIA-
3uel Ta300eqPEeHHBIX CYCTAaBOB M PacCTPOMCTBAMU,
CBSI3aHHBIMU C OcCJa0JIeHMEM CBA30K, TaKUMH Kak
cunapom JlayHa, cunapoM Onepca—Jlannoca, chH-
apom Jlapcena, cuaapom Mapdana [44].

I'eneTnyeckue KOMIOHEHTBI WIPAIOT pPEIIaro-
LIYIO POJIb B 3THOJIOTHH TUCIIIa3UH Ta300eIpEeHHBIX
cycraBoB. Crneunpuyeckuii natohu3noIorndecKuit
IIyTh €€ pa3BUTHSA elle He omucaH. Pe3ynbrarsl uc-
CIIC/IOBAaHUH TO3BOJMIIM ONPENCIUTh MpeAroarae-
MbI€ T€HbI-KaHAUJAThI, OHAKO FC€HETHYECKasi OCHO-
Ba BPOXKICHHOTO BBIBHXA B 3HAYUTENILHON CTEIIECHH
octaeTrca HeusBecTHOW. Ilomck reHernyeckoi 00-
YCIIOBJIEHHOCTH TMAaTOT€HETHYECKHX MEXaHHU3MOB
JUCIIa3UM Ta300€pEeHHBIX CyCTaBOB B HaCTOsIlEe
BpeMs IPOJOJIKAETCS.

3akiarouenue

AHanu3 JIUTEpaTypHBIX JAHHBIX ITO3BOJIAET
MPENOJI0KHUTh, YTO JUCIUIA3Usl Ta300eApEeHHOTro
CyCTaBa B 3THOJOTHYECKOM (haKTOPE OCHOBBIBAETCS
Ha reHeTHdeckoM cyoctpare. [Ipenpacnonararoriue
(bakTOpBI JIUIIH TOBBIIIAIOT PUCK MaHU(ECTAIUH
naroyioruu. JlanpHenume uccieoBaHus 1o onpee-
JICHUIO STHOJIOIMYECKOro (pakropa mo3BoyiaT chop-
MYJIHpOBaTh 00Jiee KOHKPETHBIE PEKOMEHAIUHU T10
BEJICHUIO TTAIIMCHTOB C AUCINIA3HEH Ta300eIPEHHOTO
CyCTaBa M PacCHIMPSAT METOJbI MPO(QUIAKTUKY U KOH-
CEPBAaTUBHOTO JICYCHUSI.
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Variations in lung fissures and lobes morphology in population
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Abstract

Knowledge of the position of lung fissures is necessary for the appreciation of lobar anatomy and thus locating the
bronchopulmonary segments. The study aimed to investigate the patterns of fissures and lobes of the lungs and their
variations in Andhra Pradesh, India and to find their clinical implications and compare them with the previous studies.
Methods: The patterns of lobes, fissures, and hilar anatomy of lungs and its variations of 47 lungs by dissection method
of embalmed cadavers was performed in the Department of Anatomy, Narayana Medical College (Nellore, India). The
specimens were macroscopically observed for gross morphology of fissures and lobes. Results. The study showed
oblique fissure in 33 % (grade 1), 26 % (grade 2), 24 % (grade 3) and 14 % (grade 4) of right lungs and 27 % (grade
1), 31 % (grade 2), 12 % (grade 3) and 12 % (grade 4) of left lungs. The incomplete horizontal fissure was seen in 38
% of right-sided lungs (grade 1). 19 % of right lungs and 10 % of left lungs had accessory lung fissures. Conclusions.
Awareness of the variations in the lobes and fissures of the lungs is important for radiologists while interpreting magnetic
resonance imaging and computed tomography scans. Also, we believe that the data from the present study certainly
adds an important reference in the medical literature to thoracic surgeons in performing pneumonectomy and segmental
resection.

Key words: lung abnormalities, cadaver, dissection, pneumonectomy.
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Pe3rome

WNudopmanus 0 TONOKESHAH PACIICTNH JETKUX HEOOXOMUMa I OLEHKH aHATOMHH JOJNIeH W, TakuM o0pas3oMm, orpe-
JICTICHNS] MECTOIIOJIOKEHUSI OPOHXOJIETOUHBIX CerMeHTOB. Llenb mccinenoBanust — U3y4YHUTh PACIIONOKEHNE PACILETUH
W JIOJNIeH JIETKWX W WX BapHaluy y HaceleHus mrata Auaxpa-Ilpagem, MHnns, BRIIBUTh UX KIMHHYSCKOE 3HAYCHUC
Y CPaBHHTH C NpeAbIayIInMH HcciienoBanusMu. Mertoasl. Ha xadenpe anaromun MeaniuHCcKoro kouiemka Hapasua
(Hemmop, Maans) npoBeneHo UccliefoBaHue Noel, Guccyp, XuiIapHOW aHATOMUH JIETKUX U €€ Bapranuii 47 JeTKUX Me-
TOJIOM NpernapupoBaHus 3a0ab3aMUPOBAaHHBIX TPYIOB. OOpa3ibl MOABEPraiCh MAKPOCKOITUUYECKOMY HCCIIEIOBAHHIO
Ha mpeaMet rpy0oit mopdonorun duccyp u moneit. Pesynabrarhl. MccnenoBanne moka3ano HaJmdue KOCoi Qrccypsl B
33 % (crenens 1), 26 % (crenens 2), 24 % (crenens 3) u 14 % (crenens 4) npaseix jerkux u 27 % (crenens 1), 31 %
(cremens 2), 12 % (crenens 3) u 12 % (cTerneHs 4) neBrIX JerkuX. HemomHast ropu3oHTanbpHas Guccypa HaOmomanacs B
38 % mpaBbIxX Jierkux (cTeneHsb 1). 19 % npaesix gerkux u 10 % JEeBbIX JISTKHMX UMETH 100aBOYHbBIC PACIIICIUHBI JICTKO-
ro. 3akiaoueHne. 3HaHWE O M3MEHEHUH JOIel 1 (PUCCYp JIETKUX BaKHO UIS PaAHOIIOTOB TIPU HHTEPIIPETAI[II MarHUT-
HO-PE30HAHCHBIX M KOMITBIOTEPHBIX TOMOTpaMM. KpoMe Toro, Mbl cuMTaem, 4To JaHHbIE HACTOSIIETO MCCIIENOBaHHUS,
0e3yCIIOBHO, TOOABIISIOT BAXKHYIO MH(POPMAITHIO JUTST TOPAKATBHBIX XHPYPTOB, BRITIOTHSAFOIIIX ITHEBMOHIKTOMHIO U CET-

MEHTapHYIO PE3EKLHIO.

KiroueBble cj10Ba: aHOMaJIUU JIETKUX, TPYTI, JUCCEKIUS, THEBMOHIKTOMHUSI.

KondumkT nHTEpecOB. ABTOPHI 3asBISIIOT 00 OTCYTCTBHU KOH(IMKTa HHTEPECOB.

AsTop ans nepenucku: Harapamk C., e-mail: cdrnagraj@gmail.com.

Jast murupoBanusi: Kymapu M.T., Pamkacpu I, Harantu I, Harapamk C. Bapuaruu Mopdosoruu menei u mo-
Je# nerkux HaceneHus Imrata AHaxpa-Ilpagem IOxuoi Mamuu (mocMmeptHOe uccnenoBanne). Cubupckuii HayuHbll
meduyunckuu xcypuan. 2022;42(4):74-78. doi: 10.18699/SSMJ20220406

Introduction

The lungs are a pair of vital organs for respiration
situated within the thoracic cage on either side of the
mediastinum. Each lung is conical in shape and is
divided into lobes by double folds of visceral pleura
called fissures. Anatomically, the right lung is divided
into upper, middle, and lower lobes by oblique
and horizontal fissures, and the left lung is divided
into upper and lower lobes by an oblique fissure.
The right oblique fissure is similar to the left one,
although it is less vertical and separates the inferior
lobe from the middle and upper lobes. The oblique
fissure begins from the upper part of the hilum on the
mediastinal surface and cuts the vertebral border at
the fourth or fifth level of the thoracic spine. Then,
it courses along the costal surface, cuts the inferior
border, reappears on the mediastinal surface, and
ends at the lower end of the hilum. The horizontal
fissure, which is seen only in the right lung, begins at
the oblique fissure, courses along the costal surface,
cuts the anterior border, appears on the mediastinal
surface, and ends at the hilum [1]. Frontal chest
radiography can detect horizontal fissures in 60 % of
cases. The oblique fissure is usually seen via lateral
radiography and appears as a curved band from the
lateral aspect to the hilum under high-resolution
computed tomography (CT) [1-4].

As aresult of an inward extension of the visceral
pleura, these fissures provide a smooth surface
between the lobes. It acts as a plane of cleavage so that
during inspiration, the upper part of the lung enlarges
forward and laterally, and the lower part of the lung

expands downward and backward. Lung fissures
may be complete when the lobes remain intact at the
hilum by bronchi and pulmonary vessels, but they
may also be incomplete when a parenchymal fusion
occurs between the lobes [5]. The incomplete fissure
may be a source of collateral ventilation, wherein the
alveolar structures are ventilated through passages
that bypass the normal airways and connect two lung
lobes [6].

The position of lobes and fissures is useful in
locating the bronchopulmonary segments which
is significant both anatomically and clinically.
Accurate anatomical knowledge of the lungs is
needed to interpret radiological findings and is
crucial during surgery. In many diseases, segment
localization is needed for proper resection, and the
preoperative anatomical knowledge required to plan
for pneumonectomy or segmental resection lowers
the probability of postoperative complications such
as air leaks, which lead to significant morbidity [7,
8]. Considering the clinical importance of this topic,
the present study is undertaken to assess the pattern
of the lung concerning lobes and fissures in Andhra
Pradesh of South India.

Material and methods

Forty seven (47) isolated, properly embalmed
formalin-fixed cadaveric lungs preserved in the
dissection hall were taken into consideration
for the study. This was an observational study
conducted in the Department of Anatomy, Narayana
Medical College (Nellore, India) from June 2020 to
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Table 1. Grading of fissure completeness) [9]

Table 2. Prevalence of accessory fissures in right and

— left lungs
Grade Criteria of fissure completeness
1 Complete fissure with entirely separate lobes Lung Acce'ssory fissure n %
Complete visceral cleft but parenchymal fusion atf | Right lungs Superior accessory 3 14 %
2 fissure
the base of the fissure (n=21) -
- - Inferior accessory fissure | 1 5%
3 \Visceral cleft evident for part of the fissure Superior accessory
(V)
4 Complete fusion of the lobes with no evident {‘neit 121161;gs fissure 2 | 10%
fissural line Inferior accessory fissure | 0 0

November 2021, and institutional ethical clearance
was obtained. The specimens were macroscopically
observed for gross morphology of fissures and lobes.
The specimens having pathological lesions, marks
of previous surgery, and those that were damaged
during removal were excluded from the study. Study
limitations include the gender, age, ethnicity, and
ecological living conditions were not examined.

Only those lungs which were covered all over by
pleura except at the hilum were used in the study. If
any part of the lung was cut off during its removal,
such lung was excluded from the study. Out of
the 47 lungs, 21 were right lungs and 26 were left
lungs. These lungs were examined for the patterns
of lobes and fissures, variations were observed and
photographed.

The anatomical classification based on the
degree of fissure completeness proposed by Craig
and Walker was followed to determine the presence
and completeness of fissures (Table 1) [9].

Results

Results showed oblique fissures were present in 7
(33 %, grade 1), 6 (26 %, grade 2), 3 (24 %, grade 3)
and 4 (14 %, grade 4) of 21 right lungs and 7 (27 %,
grade 1), 8 (31 %, grade 2), 3 (12 %, grade 3) and
3 (12 %, grade 4) of 26 left lungs. The incomplete
horizontal fissure was seen in 8 (38 %, grade 1), 7
(19 %, grade 2), 4 (19 %, grade 3) and 5 (24 %, grade
4) right-sided lungs. Figure displays the superior

— Superior
accessory
fissure

«—— Oblique

fissure

accessory fissure of the left lung and the right lung
with oblique and horizontal fissures. Accessory lung
fissures are shown in Table 2, 19 % of the right lung
and 10 % of the left lung had accessory lung fissures.

Discussion

The development of the lung starts as multiple
bronchopulmonary bud. Later the fissures that
separate individual bronchopulmonary buds get
obliterated. The remaining space along the interlobar
planes gives rise to major (oblique) and minor
(horizontal) fissures in a fully developed lung [8].
Defective pulmonary development is associated with
the variations encountered in fissures and lobes [10].
Incomplete pulmonary fissures indicating partial
fusion between lobes are common and more than
half of the pulmonary fissures are incomplete. The
detailed knowledge regarding the anatomy of fissures
is of great significance for planning operative strategy
for various procedures like thoracoscopic pulmonary
resection or pulmonary lobectomy where incomplete
fissure may be the cause of post-operative air leakage.
The presence of fissures in the lung enhances uniform
expansion of the lungs and their position might be
used as a reliable landmark in specifying lesions
within the lungs or thorax as well [11]. Incomplete
fissures usually change the pattern of collapse which
is normally seen in the patients with endobronchial
lesions and also contribute to the atypical appearance
of pleural effusion. An incomplete major fissure

Oblique fissure

. Grade
~ 3 horizontal
fissure

Left lung showing accessory fissure (a); right lung showing horizontal fissure and oblique fissure (6)
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causes the pseudo appearance of fluid within the
fissure. [12]. An incomplete fissure may alter the
spread of disease within the lung. Pneumonia may
spread to adjacent lobes via parenchymal continuation
in case of incomplete fissures.

Several studies have been reported regarding
the varying percentage of presence of incomplete
fissures [10—15]. The current study indicates that
the incompleteness of the fissures predominates
in the right lung. The position of the lung fissure
could be used as a reliable landmark in specifying
lesions within the lung [10]. The identification of
the completeness of the fissures is important before
lobectomy, because individuals with incomplete
fissures are more prone to develop postoperative
air leaks, and may require further procedures such
as stapling and pericardial sleeves [7]. In patients
with incomplete fissures, pneumonia may spread
to adjacent lobes through the incomplete fissures.
Similarly, carcinoma of the lung may involve odd
lobes via incomplete fissure [4].

In this study, four right-sided lungs showed
accessory fissures. Accessory fissures of the lung are
commonly observed in lung specimens, but are often
unappreciated or misinterpreted on radiographs and
CT scans. On CT scans accessory fissures are seen as
high attenuation curvilinear bands and are confused
with areas of linear atelectasis, pleural scars, or walls
ofbullae [8]. In patients with the endobronchial lesion,
an accessory fissure might alter the usual pattern of
lung collapse and pose difficulty in diagnosing a
lesion and its extent. Often these accessory fissures
act as a barrier to the spread of infection, creating
sharply marginated pneumonia, which can wrongly
be interpreted as atelectasis or consolidation [5].
The knowledge of the anatomy and variations of
the lung fissures is essential for proper identification
of normal lung anatomy and evaluation of disease,
for identification and interpretation of their variable
imaging appearance and related abnormalities [10].

The results of the present study and their
comparison with the previous works show that there
is a wide range of differences in the occurrence of
classical and accessory fissures between and among
different populations. This implies that a variety
of genetic and environmental factors might affect
the development of these fissures. However, there
were limitations of study like genetic, gender, and
environmental factors, which were not studied. So
future study is needed to evaluate the various factors
that influence the development of fissures. Knowing
the frequency of occurrence of a variant fissure in
a particular population is important for making
correct radiological diagnosis and for proper surgical
management of lung pathology.

Conclusions

The current study indicates that incomplete
fissure prevails in the right lungs. Additional gaps
in both lungs are present with a frequency of 5 to
14 %. Seeing the clinical and surgical importance
of anomalies one can say that previous anatomical
knowledge and a high directory of suspicion for
probable variations in the fissures, lobes, and
bronchopulmonary segments in the lung may be
important for surgeons and radiologists.
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Pe3rome

Lenp paboThl — U3yYUTH CHEKTp BapuaHTOB B reHax PRL, PRLR, PRLHR y *CHIIMH PENPOAYKTHBHOTO BO3pacTa C
TUINEPIPOTIAKTUHEMHEHN HEOMMyX0JIeBOTo reHe3a. MarepuaJn u MeToAbl. Y JKEHIIUH C TUIIEPIPOJaKTUHEMHUEH HEOMyX0-
JIEBOTO TeHe3a (7 = 15) BBIMOIHEHO TapTreTHOE BHICOKOTIPOU3BOAUTENLHOE CeKBeHIpOBaHue TeHoB PRL, PRLR, PRLHR.
TapreTHas maHeNnb TEHOB BKJIFOYAJNIAa KOMUPYIOIIUEC O0JACTH U TPWICTAIONIUE CalThl crutaiicunra. Pesyabrarsl. [Ipu
aHanuze reHoB PRL, PRLR, PRLHR onpeneneH psAll pelKUX U paclpOCTPaHEHHbIX BapuaHTOB. B rene PRL BbIsIBIICH
pacnpoctpaneHHbIH BapuaHT 151205955 (MAF A = 0,279). [lns rena PRLR BoIsiBiIeHB! penkuii BapuanT rs185353023
B 3’UTR (MAF A/C = 0,003) u 12 pacnpoctpaHeHHbIX BapuaHToB. [y rena PRLHR onpenenensl 10 pacnpoctpa-
HEHHBIX BapHAaHTOB. MaKCHMaabHOE KOJHMYCCTBO BAPHAHTOB OBLIO JIoOKamu30BaHO B oomacty 3’UTR u unTpoHax. 3a-
KJI4eHne. Briepsbie B Poccun BBITIOIHEHO TapreTHOE BHICOKOITPOU3BOIUTENIbHOE CeKBeHUpoBaHue reHoB PRL, PRLR,
PRLHR, 1o pe3ynbTaTraM KOTOPOTO HE BBISIBIIEHO OYEBUAHBIX MAaTOJOTMYECKUX BaPUAHTOB B M3yYaeMbIX T'€HaX Yy JKEH-
IIMH C YBEJIIMIEHUEM COZICPKaHHs IIPOJIAKTHHA HEOITyX0JieBoro renesa. OOHapy kKeHHBIH NOTMMOP(GU3M B TaHHBIX TeHAX
JTacT BO3MOXKHOCTB JTATBHEHIIIETO U3yUCHHS €r0 aCCOIMANNYU C HAPYIICHUSIMH (D)YHKIIUHU MIPOJAKTHHOBOTO 3BEHA TOPMO-
HaJbHON PETYISILUH.

KuroueBble ¢JIoBa: TCHETHKA YEIIOBEKA, MPOJAKTHH, CECKBEHUPOBAHUE HOBOTO ITOKOJICHHSI, TeH mpoJaktuHa (PRL),
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Abstract

Aim. To study the spectrum of variants in the PRL, PRLR, PRLHR genes in women of reproductive age with non-
tumor hyperprolactinemia. Material and methods. In women with non-tumor hyperprolactinemia (n = 15), targeted
high-throughput sequencing of the PRL, PRLR, and PRLHR genes was performed. The target panel of genes included
coding regions and adjacent splicing sites. Results. When analyzing the PRL, PRLR, PRLHR genes, a number of rare
and common variants were identified. The common variant rs1205955 was found in the PRL gene (MAF A =0.279). For
the PRLR gene, a rare variant rs185353023 was identified in the 3’UTR (MAF A/C = 0.003) and 12 common variants.
For the PRLHR gene, 10 common variants have been identified. The maximum number of variants was localized in the
3’UTR region and introns. Conclusions. For the first time in Russia, targeted high-throughput sequencing of the PRL,
PRLR, PRLHR genes was performed, the results of which did not reveal obvious pathological variants in the studied
genes in women with high prolactin content of non-tumor origin. The discovered polymorphism in these genes makes it

possible to further study its association with impaired function of the prolactin link of hormonal regulation.

Key words. human genetics, prolactin, next generation sequencing, PRL gene, PRL receptor gene, prolactin-

releasing hormone receptor gene.
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BBenenue

W3BecTHO, 4TO CeKkpelys NpOJaKTHHA HAXOIWT-
CSl TOJI CIOKHBIM HEHPO3HIOKPUHHBIM KOHTPOJIEM,
B KOTOPOM YYacTBYIOT pasiIH4YHBbIE 1O CBOEH MpH-
pone (QaxTopsl: HEHPOMEAMATOpPhl, TOPMOHBI IIe-
pudepruecKuX SHIOKPUHHBIX JKese3. B Oomnblueit
Mepe TPOJAKTUH CEKPETUPYETCS KIETKaMH THUIIO-
¢m3a — makrorpodamu. JlodhamuH, BBIpabaThIBac-
MBI B THIOTaJaMyCe M MOCTYHAOMMUi B TUnodus
[0 TOPTaJbHOMY KpPOBEHOCHOMY THIIOTalaMO-TH-
no(u3apHOMY TPAKTy, TOPMO3UT CEKPELUIO ITyTEM
cBs3piBanMs ¢ D2-penentopamu naktorpodos [1, 2].
CUHAPOM TUNEPHPOIAKTUHEMUN — 3TO CHMITOMO-
KOMIUIEKC, OCHOBHBIM KIMHUYECKHUM MPOSIBICHUEM
KOTOPOTO SIBJISICTCS HapylIeHne QyHKINHU PETPOLyK-
TUBHOHM cHCTeMbl. 3HaYUTENbHAs JOJIS €r0 CIydaeB
acCOLMUPOBaHA HE C HAJIMYUEM IPOJAKTHHOMEI, a
C APYTUMH NpUYMHaAMU. ['HUnepnposakTHHEMHS MO-
KET CONPOBOXIAThb Pa3IMYHbIE TUIIOTAIAMO-THIIO-
¢uzapHbIie 3a00N€BaHUs, PyTrUe SHIOKPUHOATHH,
COMAaTOTE€HHBIE U HEPBHO-TICUXUUYECKNE HAPYIICHUS.
[ToBbIIeHME YPOBHS MPOJTAKTHHA MOXKET OBITH CTIPO-
BOIIMPOBAHO MPHEMOM OIIPENIEICHHBIX JIEKapCTBEH-
HbIX cpenctB [3]. B nacrosimiee BpeMsi aKTUBHO W3-
ydaeTcs I'€HeTHYecKas COCTaBIIIOIIAs HapyIIeHUH
CEeKpeUur M MeTadoNM3Ma Pa3IHYHBIX TOPMOHOB
yenoBeka [4—6]. B nureparype mpencrtaBieHbl pe-
3yABTATHI TIOMCKA MYTAllMii B Te€HaX, yYacCTBYIOIINX
B CEKPELMHU U PEerysluy MpoJlakTHHA, KOTOpbIE OC-
HOBBIBAIOTCS] HA KOHKPETHBIX KIMHUYECKUX CITydasix

[7-10]. HccrnemoBarenbCkux pabOT IO H3YICHHIO
BapUAHTOB B reHax mponakTuHa (PRL), perentopa
nponaktuHa (PRLR), pernientopa MpONaKTHH-PUIIH-
3uHT-TOpMOHa (PRLHR), y4acTBYIOIIUX B CEKPELIUU
U PETYNSALNUY TOPMOHA Y JKEHILMH C TUIIEPIIPOIAKTH-
HEMUEH HeOIyXoJIeBOro TeHe3a, HaMU He OOHapyXe-
HO.

Lenp paboTBl — U3YUYHUTH CIEKTP BapHAHTOB Te-
HOB PRL, PRLR, PRLHR y >XeHIIUH pENpOLyKTHUB-
HOTO BO3pacTa ¢ TUIepPIPOIaKTHHEMHIEH Heomyxoe-
BOTO I'eHe3a.

MarepuaJ 1 MeTOAbI

HccnenoBanue ono0peHO JOKAJIbHBIM 3THYE-
ckuM komutetoM HUU tepamuu m npodunaxrmye-
ckoil memuiuHbl — ¢punuana OULL MactutyT nmro-
noruu u reHetuku CO PAH (HUUTIIM — ¢unman
Nlul’ CO PAH), mporokornr Ne 10 ot 25.02.2014.
Bce oOcnenoBannbie moanucain HHGOPMUPOBAHHOE
comnacue. B uccnenoBanue Obuia BKIIOYEHA penpe-
3eHTaTuBHAA BBIOOpKa M3 400 xeHmUH 25-44 meT.
Kpurtepun uckiroueHus U3 uccieoBaHus: OepeMeH-
HOCTB, TPYIHOE BCKapMIIMBAaHHE, HAINYNE aJCHOMBI
runodusa, ITEKOMIICHCHPOBAaHHOE TEUCHHE 3adojie-
BaHUU MEYEHHU.

AHTpomoMeTprueckoe 00ceI0BaHre BKITIOYAIIo
B ce0s m3mepenue okpykaoctu tTanmu (OT), Bemon-
HEHHOE ¢ TouHOCTHhIO J10 0,1 cM ¢ ucCHoIb30BaHKEM
HEYIIPYTo#l JIEHTHl Ha PACCTOSIHUH MEXIy HIKHUM
pedpom u rpedHeM TMOAB3IOIIHON KOCTH B TOPHU30H-
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TaJbHOW IJIOCKOCTH, CTOSI C PABHOMEPHO pacImperie-
JICHHBIM BECOM Ha 00enx Horax. Maccy Tena omnpene-
nsun Oe3 BepxHel ofiek sl 1 00yBH Ha CTaHAAPTHBIX
PBIYaXHBIX BECaxX, MPOLICAIINX METPOJIOIHYECKUH
KOHTPOJIb (TOYHOCTH M3MepeHwust coctasisiia 0,1 kr).
HUMT paccuutsiBaiu 1o popmyie:
UMT = M/L?,

roe M — macca Tena B KujiorpamMmax; L — poct de-
JIOBEKAa, MU3MEPEHHBI B METpax M BO3BEAEHHBIN B
KBagpatr. AprepuansHoe naBrneHue (AJl) m3meps-
JIOCh TPU pasa Ha MPaBOM PyKe B IOJIOKEHUH CUIS
C TOMOIIBI0 HU(PPOBOTO MOHUTOpPA apTEPHATHHOTO
nasnerus (Omron Corporation, Snonust). Marepsan
MEX]ly TTOKa3aHWAMHM COCTaBIIsLT 2 MUHYTHI. B aHa-
JIN3 BKITIOYAJICS CPEIHHUN PE3yIbTaT TPEX H3MEPEHUH.

KpoBb 13 10KTEBOI BeHBI 3a0Upaiu BaKyTeiiHe-
pOM Haromak ¢ 12-4acoBbIM MIEPEPHIBOM IOCIIE TTPH-
eMa IHIIH B COCTOSHAN IICUX0IMOIOHAIFHOTO CII0-
koctBus. [locie LeHTPUPYTUPOBaHUS CHIBOPOTKY
XpaHWIHA B HU3KOTemrieparypHoi kamepe (—70 °C).
JlaBopaTtopHble METOIBI UCCIIEAOBAHMS BKIIIOYAIN B
ce0s1 OMOXMMUYECKHI aHAIM3 KPOBHU: OIMpeesicHHE
ypoBHs obmero xonectepuna (OXC), Tpurmuuepu-
noB (TT'), xonmecrepwHa JHIIONIPOTEHHOB BHICOKOM
rtotHOcTH (XC JITIBII), mtoko36! 11a3Mbl HaTOLIAK
(I'TTH), obmero 1 npaMoro OuaupyOHnHa, MPOITAKTH-
Ha ¥ tupeorporrHoro ropmona (TTI), akruBHOCTH
AnAT, AcAT, menounoit ¢pocdarassl (IL[D), ramma-
rmytamuntpadcnentuaassl (I'TTII). TopmonansHOE
U OMOXMMHYECKOE HMCCIEIOBAaHUE KPOBHU BBIIIOJIHE-
HO B JIA0OpaTOpUM KIMHUYECKUX OMOXUMHUECKUX U
TOPMOHAJBHBIX UCCIIEIOBaHUH TepaneBTHUECKUX 3a-
oonepannit HUUTIIM — ¢ummana Ulul" CO PAH,
UMCIOIIEH CTaHJAPTH3ALMI0 TI0 BHYTPEHHEMY U
BHEIIHEMY (eZiepaibHOMY KOHTPOJIIO KauecTBa.

Conepxxanue nponaktiHa u TTI ompenensnu
METOJOM HMMYHO()EPMEHTHOIO aHajinu3a C IIOMO-
mpto Tect-cucteM Thyrotropin (TSH) u Prolactin
Hormone (PRL) coorBercTBenHO (Monobind Inc.,
CHIA) Ha ananm3arope Multiscan EX (OunnsHIN),
conepxkanne OXC, XC JIIBII, TT, I'TIH — >#3uMa-
TUYECKHM METOIOM Ha aBTOMAaTHYECKOM aHalu3a-
tope KonelabPrime 30i (Thermo Fisher Scientific,
OUHISIHIMS) ¢ UCTIOIB30BaHNEM KOMMEPUYECKHX Ha-
6opoB Konelab. Konnenrpauuto XC JIITHII paccuu-
ThIBaJIM 10 popmyie PpunBanpia:

XC JITTHIT (mr/mm) = OXC — XC JIIBIT — TI'/5.

[lepepacuer ypoBHS JHIUAOB, DIIOKO3Bl B

MMOJIB/J BBIIOJIHSUIN 110 popMmyriam:
TI (mr/mm) x 0,011;
OXC, XC JIIBII, I'TTH (Mmr/mn) % 0,025,
IJII0OKO3bI CHIBOPOTKH Kposu B I'TIH — o dopmyre:
I'TIH (mmomw/m) =— 0,137 + 1,047 x
X IJIIOKO3a CHIBOPOTKU (MMOJIB/JI).

AxtuBHOCTh ANAT, AcAT, I'TTII, LD onpexe-

JSUTM KHHETUYECKHM METOIIOM, PEKOMEHJOBaHHbBIM

IFCC2 ¢ ucnonb3oBannem HabopoB Thermo Fisher
Scientific Ha bnoxumudeckoM ananusarope Konelab
Prime 30i. OGcnenoBanHbIe OBLUTH pa3/IeiicHBI HA Ye-
Teipe kBapTiisg (Q1, Q2, Q3 u Q4) B cOOTBETCTBUH
C cofiepKaHHEeM IPOJIAKTHHA B CBIBOPOTKE KPOBH, 32
pedepeHCHBIN Trana3oH MPUHUMAIH BEJTHYUHY, YKa-
3aHHYIO B HHCTPYKIHH K UCIIOIB30BaHHOMY Hab0py
(1,2-19,5 ur/m).

TapreTHOE BBHICOKOIPOHM3BOIUTEILHOE CEKBEHU-
poBanue reHoB PRL, PRLR, PRLHR mnposeneHo ¢
ncrnonb3oBaareM Habopa NimbleGen SeqCap Target
Enrichment (Roche, IlIBeiiiapusi) Ha cexBeHaTope
MiSeq (Illumina, CIIIA) B naboparopun «Cektop
M3yYeHUs] MOHOTEHHBIX ()OpM pPacIpOCTPaHEHHBIX
3aboneBanuii yenoBeka OI'BHY ®ULl HuctutyT
uuronorun u reHetuku CO PAH». TapretHas na-
HeJb BKIIOYaJia KOTUPYIOIIE OOJacTH M IIpHiIera-
FOLIME CaWThI CIUIalicuHra Tpex reHoB: PRL, PRLR,
PRLHR. J1ns Beigenenus JHK u3 kpoBu ucnons-
30BN MeToAl (PEeHO-XITIOPOHOPMHON IKCTPAKIUH
[11]. KauectBo m3Bneuennoit JJHK oueneno c mo-
MOIIBI0 CHCTEMBI KamMIUIIPHOTO 3JeKTpodopesa
Agilent 2100 Bioanalyzer (Agilent Technologies,
CIIA). Ucnonp3oBana BeicokomonekyisipHas JJHK
B KommuecTBe 1 MKr mma kaxkmoro mamuenta, OII
260/280 me menee 1,8. AHanmn3 MaHHBIX CEKBEHH-
pOBaHHS BKJIIOYAT KAPTUPOBAaHUE JAHHBIX Ha TEHOM
genoBeka Bepcur GRCh38 ¢ momornisio mporpaMMbl
Burrow—Wheeler Alignment tool (BWA v. 0.7.17)
(http://bio-bwa.sourceforge.net/). [louck momumop-
¢m3moB mposenen B makere GATK ¢ mcmonn3oBa-
HUEM TMPOLENyphl JOKAIBHOTO MepeKapTHPOBAHUS
KOPOTKHX WHCEPIH/IeNennii W PeKaInOpOBKU
KayecTBa YTeHHH. Bo3MoxHBIE (QYHKIMOHAIHHBIC
3¢ (eKThl BapHAHTOB OIICHUBAIUCH B 0a3e JaHHBIX
dbNSFP (https://sites.google.com/site/jpopgen/
dbNSFP), oObenuHsUIMCh NaHHBIE M3 WHCTPYMEH-
ToB mporHo3upoBanus in silico (SIFT (http://sift.
jevi.org/), Polyphen2 v. 2.2.5 (http://genetics.bwh.
harvard.edu/pph2/dokuwiki/about), MutationTaster2
(http://www.mutationtaster.org/), PROVEAN (http://
provean.jcvi.org/index.php) u ap.).

Wntepnperaiiusi AaHHBIX, MOJIYYEHHBIX METO-
JIOM CEKBEHHPOBaHHMS, MPOBEJEHA B COOTBETCTBUH
C PEKOMEHJAIMSIMI AMEpPHUKAHCKOTO KOJUIEIKa Me-
TUITAHCKOM TeHETUKU 1 TeHOMUKH [ 12]. /laHHBIC BHI-
SIBIICHHBIX BAPUAHTOB B UCCIIEIYEMbIX TeHaX MpoaHa-
JU3UPOBAHBI C WCIOIB30BaHUEM pecypcoB Pubmed,
HGMD [13], ClinVar [14], LOVD, Takxe orcHu-
BaJIM YacTOTy PAcCIPOCTPAHEHHOCTH B 0a3ax JaH-
veix gnomAD (https://gnomad.broadinstitute.org/).
Penkxue BapuaHTBl OBLTM TOATBEPIKICHBI MPSMBIM
ABTOMAaTUYECKUM CEKBeHHpOBaHUEM 1o CaHrepy Ha
cexBenarope ABI 3500 (Thermo Fisher Scientific,
CIIA). uzaitn npaiiMepoB 1uist BeIOpaHHBIX SNV (a
single-nucleotide variant) BBITTOJIHEH B IpOTrpaMMe
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Primer-Blast  (https://www.ncbi.nlm.nih.gov/tools/
primer-blast/). TIpoxykter TP cexkBeHupoBamu c
nomonibio Habopa BigDye Terminator v. 3.1 Cycle
Sequencing Kit (Thermo Fisher Scientific, CILIA).
[TocnenoBaTebHOCTH aHAIM3UPOBAIN C HCIIONb-
30BaHMEM IMporpamMmmHoro obecneueHuss Chromas
(http://technelysium.com.au/wp/) m Vector NTI
Advance (Thermo Fisher Scientific, CILIA).
XapakTep pacrpeneneHrus HelpephIBHBIX MOKa-
3arenel OlEeHUBAJICS C TOMOIIBIO THCTOTPAMMBI pac-
MpeJIeNICHUs IPU3HAKA, a TaKkke TecToM Kommoropo-
Ba—CwmupHoBa. Ilpu HOpMmambsHOM pacrpenereHuu
KOJIMYE€CTBEHHOTO TPU3HAKA PE3YJIbTaThl MPEACTaB-
nensl B Buge M £ SD, rnme M — cpennee apudme-
THYECKoe 3HaueHne, SD — craHaapTHOe OTKIIOHEHHE,
IIPU PACIIPECIICHNH, OTJIMYHOM OT HOPMaJbHOIO, —
B Buge Me [Q25; Q75], rne Me — meamnana, Q25 u
Q75 — cooTBEeTCTBEHHO 25-i M 75-U NMPOLEHTUIIN;
CpPaBHEHHE JBYX HE3aBUCHUMBIX TPYIII IO KOJHYe-
CTBEHHBIM MPU3HAKAM IPOU3BEIEHO C IIOMOIIBIO CO-
OTBETCTBEHHO #-KpuTepusi CThIONEHTa W KPUTEPHS
Maunna—Yutau. [Ipu cpaBHeHun Tpex u Oosee He3a-
BHCHMBIX TPYIII HCIIOJIBb30Baics kKputepuii Kpacke-
na—Youuca. [ onucaHusl Ka4eCTBEHHBIX IIPU3HA-
KOB JIaHHBIC TPEICTaBICHBI Kak aOCOMOTHbBIE (1) U
otHOocuTenbHBIE (%) BenmuuuHEL. JloneBoe pa3nmuue
MIPHU3HAKOB BBIYHCIISIIOCH C ITOMOIIBIO KPUTEPUS >
ITupcona. C mpuMeHeHHEM MHOTO(AKTOPHOTO JIO-
TUCTHYECKOTO PErPECCHOHHOTO aHalin3a TPOBEICH
pacuet otHomenus mancoB (Oll) Hamwmuaus rumep-

Tabnuya 1. Xapakxmepucmuka H#eHujur ¢ 8bICOKUM
VPOGHEM NPONAKIMUHA

Table 1. Characteristics of women with high levels of

prolactin
Iloxa3arenn Bennunna
Bospacr, net 37,6 7,5
ConeprxaHue NpOJIAKTHHA, HI/MIT 43,1 [39,4; 50,8]
Axtusnocts TTT, ME/Mi 1,8 [0,5; 3,5]
OT, cm 80,0 [77,6; 98,5]
HUMT, kr/m2 26,2 [22,3; 34,8]

Cucronunyeckoe AJl, MM PT. CT. 120,9 + 14,5

Jwnacrommaeckoe AJl, MM pT. CT. 76,0 +10,3

Axtusnocts AnAT, Ex/n 14,0 [14,0; 15,0]

Axtusnocts AcAT, En/n 20,0 [16,0; 22,0]

Axtusnocts I'TTII, En/n 31,0 [19,0; 42,0]

AxtuHOCTH II®D, En/n 141,0 £43,2
Conepxanne ['TIH, mMons/n 5,3[5,2;5,7]
Conepxanne XC JITIBII, mmons/n 1,4 [1,1; 1,5]
Conepxanne OXC, MMOJIB/1T 49+1,0
Conepxanne TT, MMonb/n 1,3[0,8; 1,9]
Conepxanne XC JITTHIT, Mmmoins/a 3,5+0,9

MpoJIaKTHHEMUH. Pa3miuus paccMaTpruBay Kak CTa-
THCTUYECKH 3HaUYuMBIe mipu p <0,05.

Pe3yabTarbi

ITIpu xBaprunsHOM aHanuse yposHs 1IPJI Bcei
penpe3eHTaTUBHOM BEIOOPKH KEHILMH 3HAYCHUS Me-
JTUAHBl colepkaHus mponaktuHa B Q4 22,9 [19,6;
28,1] Hr/M1 — yMepeHHO BBICOKHI ypoBeHb, Q4 ru-
MePIPOJIAKTHHEMUH — BEICOKUH ypoBeHb (41,3 [34,7;
45,8] ur/mir). J1inst MOJIEKYIISIPHO-TE€HETHYECKOTO aHa-
nu3a n3 Q4 runepnposakTHHEMHUH ¢ MeauaHoi 41,3
[34,7; 45,8] HI/MII ¢ IOMOIIIBIO METOAA CIYYaHBIX
qyuces ObUTH OTOOpaHbI 15 JKEHIIMH, YTO COCTaBUIIO
20,2 % oT 4ncna KEeHIUH ¢ TUIIEPIPOIaKTUHEMUEH;
UX KIMHUKO-TA00paropHas XapaKTepUCTUKA Ipel-
cTapiieHa B Ta0m. 1.

[lpu ananmsze renoB PRL, PRLR, PRLHR Obin
OIIpENIENICH Pl PEAKUX H PaCIpOCTPAaHEHHBIX BapH-
aHTOB. B rene PRL BBISIBIICH PACIIPOCTPAHCHHBIN Ba-
puant rs1205955 (MAF A =0,279). Jlns rena PRLR
ompeneneHsl peakuii Bapuant rs185353023 8 3’'UTR
(MAF A/C = 0,003) u 12 pacnpocTpaHCHHBIX Ba-
puanToB, ans reHa PRLR — 10 pacnpocTpaHEHHBIX
BapuaHTOB (Tabn. 2). MakcuMallbHOE KOJIUYECTBO
BapuaHTOB JIokanu3oBaHo B oonactu 3’UTR u B uH-
TpOHax.

OobcyxxkneHue

V¥ yenoBeka rex nponaktuHa (PRL) umeer pa3mep
10 k0, HaxoAHTCA HA 6-i1 XPOMOCOME U COCTOUT U3 5
9K30HOB U 4 UHTPOHOB. Ero TpaHCKpUIIMS Peryiu-
pyeTcst AByMsl He3aBUCUMBIMU ITpoMoTopamu. [1pok-
CUMAJIbHBIA y9aCTOK MMPOMOTOPA HAMPSMYIO OTBeYa-
€T 3a CEeIU(pUIECKYI0 TUIO(PH3APHYIO IKCIIPECCHUIO,
JUCTAILHBIA — 32 BHETUNO(U3apHYIO 3KCIPECCHIO
JHK [15]. BaerunoduzapHbIii IpOMOTOP PETYIHPY-
€T TPAHCKPHUIIIUIO MPOJIAKTHHA B JTUMQOLUTAX, €0
MOTUMOP(U3M ACCOLMUPOBAH C TOBHIIICHUEM PHC-
Ka ayTOMMMYHHBIX 3abosneBanuii [16]. IIpomaktun
YesioBeKa coliepkuT 914 map HyKJI€OTHIOB, U3 HHUX
681 mapa oTKpsITa AJIs1 KOAMPOBaHUS FOPMOHA-TIPEI-
[IECTBEHHMKA, COCTOSAIIET0 U3 227 aMHUHOKHCIIOT. B
pe3ynbTaTe MPOLECCHHTa — TAIILHEHIIETOo MpeBpaile-
HUSI IPOTOPMOHA — 00pa3yeTcsl MPOJIAKTHH, COCTOS-
i u3 199 aMMHOKHUCIIOT U cofiepKamuii 4 ITMHHEIE
a-cripany. B HacTosIeM McciaeoBaHUH Y KEHIIUH
C TUTIEPIPOJIAKTHHEMHEH HEOITyX0IEeBOTO TeHe3a MPH
TapreTHOM BBICOKOIPOU3BOIUTEIBHOM CEKBEHUPO-
BaHNHM HE BBIIBICHO MATOTEHETHYECKH 3HAYMMBIX
CTPYKTYPHBIX U3MEHEHHH B 9K30HAX U TPUJICTAIOIINX
caiftax craiicunra reHa PRL.

B uccnemoBanmu S.A. Ivanova et al. dyHKITHO-
HanbHBIH TomuMmopdusm —1149 G/T (rs1341239)
B reHe PRL ObUT T€HOTHIUPOBAaH C MYJIBTHUILIEKC-
HBEIM VIUTMHEHHEM TpaiiMepa B COYETAaHHH C Macc-
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Tabnuya 2. Pe3yrsmamvl mapeemno2o 8blCOKONPOU3B00UmenbHo20 cekeenuposanusi JJHK scenuyun ¢ 8b1CoKUM

VpO8HeM NponaKmuHa

Table 2. Results of targeted high-throughput DNA sequencing of women with high prolactin levels

Knunu-

SNP Jlokanuzanus Intron Variant E—II%COT(())(TS :;;EE;_I

MOCTbH
151205955 R L) NM_000948.6:¢.205-102T>G A=02602 | HeT A
15146973753 RN aL) NC_000005.9:¢.35056719C>T | T=0,0080 | HT A
11376531 | R atsy | NC_000005.9:¢.35058667dup | AAA=0.0000 | oA
152047741 (CROMA L) NC_000005.9:2.35153055G>A | G=02270 | HeT A
N ehrS3S199645 35195646 | NC_0U0005.10;g 35195645 35195 | _ p045 | Hersan
153978089 C&r}‘l‘{éﬁ?ﬁgf NC_000004.11:¢.132655727T>A | Her zammsnx | 160 2%
15202073248 | PP :3(33(;%?1; éf;fg)&s 761 NC_000005.9:¢.35062678del —=00357 | Herman-
151010119 ‘(’gﬁgsggﬁg NC_000005.10:.35063015T>C | C=0,1040 | HET
151057829 Egﬁgﬁggﬁ% NC_000005.10:g.35064358G>C | C=0,1046 | T AT
1573091139 ﬁgﬁgﬁggﬁg NC_000005.10:.35064637C>T | T=0,1046 | HT 7™
153797212 ‘Egﬁgﬁgg‘;%; NC_000005.10:35135374C>T | T=0,1046 | T
15112461 Egﬁgﬁgg% ) NC_000005.10:g.35063190A>T | T=02149 | HeT A
152047741 ‘(’?}r}iéﬁgﬁg NC_000005.10:35152953G>A | G=02270 | HeT A
1575935441 C?Sﬁéﬁfi.iﬂsﬁz NC_000010.11:¢.118590592T>A | C=0,0248 | HT A
1510787849 C(h(f]}‘{é%é?sfg)z NC_000010.11:¢.118590767T>A | Her pammsrx | o7 748
1574264539 C?gggggﬁ?f NC_000010.11:¢.118592136del | Her zammerx | 167 241
rs1711868 GRS o) NC_000010.11:.118592136G>A | G=0,0411 | HeT A
15117647802 GRS o1 NC_000010.11:.118592363A>G | G=00234 | HeT A
rs116062593 ClGRC38 p13) NC_000010.11:g.118594387C>A | A=00142 | HeT 2w
rs1613448 N NC_000010.11:.118594398T>A | T=00220 | HeT A%
1541300243 GRS 13y, NC_000010.11:g.118594498T>A | G=0,0142 | T2
rs11078774 (CROIS L) NC_000017.11:¢9004361G>T | T=03051 | HoTA
152292767 GRS o1 NC_000010.11:.118590524C>T | T=02167 | HeT A%
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cnexkrpomerpueid MALDI-TOF y 443 nanueHTOB C
mm3odpennerd u 126 310pOBBIX JTIOALH, MPOKUBAIO-
X B CHOMPCKOM pernoHe. YacTOThl TEHOTHIIOB U
ajienel CpaBHUBAIM MEXIy TPYIIIaMU C TTOMOIIIBIO
TeCcTa y* ¥ MOJIENeH JIOTHCTHUECKON PErpecCHH C Mo-
MpaBKoM Ha KoBapuarhl. YacToTa reHOTUIIOB U aj-
Jenei y OONbHBIX MM30(QpeHrel He OTINYanach OT
TaKoBOU B KoHTpoute. [Ipu cpaBHEHHUH OOTBHBIX IITH-
30(peHnell ¢ HaTMUYUeM U OTCYTCTBHEM THIIEPIIPO-
JAKTUHEMHUH Y TIEPBBIX BBISABIEHA JOCTOBEPHO Ooiee
BeICOKas uvacrora amrens G (y* = 7,25; p = 0,007;
Ol = 1,44 [1,10-1,89]) 1, COOTBETCTBEHHO, HOCH-
tenscTBa renotuma GG (2 = 9,49; p = 0,009). Dra
CBsI3b OCTaBAJIaCh 3HAYMMOW IOCIE KOPPEKTUPOBKHU
OIIEHOK IT0 TAKMM KOBapHaTaMm, KaK ToJI, BO3PAacT, Ipo-
JOJDKUTEIBHOCTD 3a00JIeBaHUs M JO3bI SKBUBAJIEHTOB
XJIOpIpOMa3uHa. ABTOPBI JIENAIOT 3aKIIOUEHHE, YTO
JAHHOE MCCJIeJOBAaHHE BBISBUIIO JOCTOBEPHYIO CBS3b
Mexay nonumopdHeM BapuaHTtoM 151341239 u pas-
BATHEM THUIEPHPOJIAKTHHEMHN Yy OONBHBIX IMU30(-
penueit. KoHIEHTpalust MpojakTHHA B CHIBOPOTKE
MAIMEeHTOB C MU30(peHnell, MoMy4YaBIINX aHTUTICH-
XOTHYECKHE IPEenaparbl, MOXKET CBUAETEIHCTBOBATh
00 aKTHBHOCTH I'eHa, KOTOPBIH PEeryIupyeT SKCTparu-
noduzapuyto npoxykmwo [TPJI, koTopsrii, kak mosna-
raroT, UTpaeT posib B MMMYHHOH cucteme [17].

I'en pemnenropa mpomaktuHa (PRLR) denoBeka
JIOKaJIM30BaH B 5-U XpoMocome, OH cocTout u3 11
SK30HOB. DK30H 1, 2 1 4acTh 3K30HA 3 COCTaBISIIOT
5’-metpancmupyemyto obmacts (5’-UTR), ocranb-
HBIE SBIAIOTCS KOIUPYIOIIMMHU. Y 4YeloBeKka B 5’°-
UTR ecTb 0Tk BAPUAHTOB aJIbTEPHATUBHBIX IEPBBIX
9K30HOB, IJs1 KOTOPBIX XapakTepHa TKaHECHelH-
(huanas skcripeccus. HezaBucumo oT TOro, Kakon n3
MIEPBBIX 3K30HOB aKTHBEH, MPOUCXOAWUT CIUIAHCHHT
C HEKOMUPYIOMIMM HK30HOM 2. DKCHpeccus TeHa
perenTopa MpojakTHHA HAXOIUTCS MOJ KOHTPOJIEM
MHOXKECTBA MTPOMOTOPOB, KaXKIIbI U3 KOTOPHIX KOH-
TPOJHMPYET CBOM CHENU(PUIHBINA TepBbIi IK30H. O0-
Hapy>XeHO TPH NMPOMOTOPA, C KOTOPBIX MOXET UATH
TPAHCKPUIIIUS aTbTePHATUBHBIX IIEPBHIX 3K30HOB
(PL, PII, PIII). ITpomotop PI axcnpeccupyercs B ro-
HaJax W 3aBUCHUT OT aKTUBAI[UH TPAHCKPUIIIHOHHOTO
(akropa SF 1 (steroidogenic factor 1). PII cmemu-
(bvyeH Ans TeYeHW W aKTHBHPYETCS IOJ JEWCTBH-
em HNF4. PIII skcnpeccupyeTcst BO BceX TKaHSX,
YYBCTBUTENBHBIX K MPOJIAKTHHY, U AKTUBUPYETCS
C/EBPpB u SP1 [18, 19]. Kpome Toro, moka3aHo, 4To
peuentop actporeHoB ERo ctumynupyer skcrpec-
CHIO T€Ha perenTopa MpoJlakTHHA 32 c4eT GopMHUpo-
Banusa komiutekca ¢ C/EBPB/SP1 u aktuBauum npo-
motopa PIII [20]. Dkcnpeccusi TpaHCKPUIITOB reHa
peuenrtopos ITPJI ctumynupyeTcst 3CTpaguoaoM, 9YTo
[MOKa3aHO Ha KYJIBType KIETOK paka MOJOYHOH XKe-
nessr [21].

B nureparype onmcaH ceMedHBIA cilydaid pas-
BHUTHUS HEOIYXOJIEBOH TMIEPIPOIIAKTUHEMHUH Y TPEX
cecTep, y KOTOpPBIX HMENHNCh HApYLIEHUS PEnpo-
IOYKTUBHOH (YHKIMH: OJWTOMEHOpes, Oecruionue.
[Tocne mpoBeneHHOro aHanM3a aBTOPHI MOKAa3alw,
YTO JaHHas THUIEPIPOIIAaKTHHEMHs 00yCIOBIeHa Te-
TEPO3UTOTHOW MyTauuen B reHe PRLR, 4To npuse-
JIO K 3aME€HE TMCTHJIMHA Ha apruHUH B KomoHe 188
(His188Arg). Ota 3ameHa Hapymmia BeicokoadhuH-
HBII JIUTaH/-CBS3BIBAIONINI HHTEp(dElic perenTo-
pa MpOJIAKTHHA, YTO MPHUBENO K MOTEPE HUKECTOS-
el nepenadn curnanoB Janus kinase 2 (JAK2) u
akTuBaTtopa TpaHckpunumu 5 (STATS). VkasanHbii
cly4yail ceMEeWHON TMIEepIpPOJAaKTUHEMHU CBSI3aH C
MyTauuei B PRLR, npUBOASAILIENH K OTCYTCTBUIO UyB-
CTBUTENBHOCTH K MposakTuHy [22]. Takxke omucan
Clydail WMIMONMATHYECKON TUMEPNPOTAKTUHEMHUHU Y
KEHIIUHBI 35 JIET ¢ MOJHBIM OTCYTCTBHEM JIAKTALIUU
rnocJsie poAoB. B Xone MonekyaspHO-reHETHYECKOTO
HCCIIEOBAHUS OIPENETIEHO, UTO Y HEE UMEIOTCS He-
CKOJILKO BapuaHToB motepu ¢yHkuun PRLR, Hamu-
YUe KOTOPBIX, TEME HE MEHEE, HE IPUBOIUT K Hapy-
mennio peprunpHOCTH [23].

[IponakTHH-PUIU3UHT-TOPMOH TIPUHAUIEKUT K
OonpIoMy ceMeHcTBy HelporenTunoB RF-ammmos
C COXpaHEHHOW CcTpykTypor Arg-Phe-ammma Ha
C-xoH1e. 'opMOH UrpaeT OCHOBHYIO pOJIb B peryJs-
MU TOTPeOICHNS U U pacxopaa dHepruu. Ero pe-
nenrop sBisiercs wieHoM cemeiictBa GPCR. PRLHR
9KCIPECCUPYETCSI B HECKOJNBKUX YacTsIX MO3ra, B
MEPBYIO OYEPEIb B PETUKYISAPHOM TaJIaMHYECKOM
siipe, TePUBEHTPUKYIISIPHOM, MapaBeHTPUKYISIPHOM
1 JOPCOMENMATIBHOM SApe THIoTalaMyca W Mepen-
Helr mone runodmsza. PRLHR cBs3bIBaeT NiBa DHIIO-
TeHHBIX JIMTaHJla — MPOJAKTHH-BBICBOOOXKIAOIIME
nentuael JmmHoN 20 m 31 amuHOkucioT (PrRP-20
u PrRP-31), rne menrun ammuo#t 20 aMHHOKHCIIOT
SIBJIIETCSl YCEUEHHOW Bepcuelt Oonee JUMHHOTO [24,
25]. Coobmanoch, 9TO MPOJAKTHH-PHIU3UHT-TOP-
MOH BBI3BIBA€T BBICBOOOXKACHHWE MPOJIAKTHHA W3
KyJIBTHBHPYEMBIX KIJIETOK THIO(pU3a KPBICHI, HO M03-
K€ ApyTrue HCCIeAOBaHUS MOKA3aldl, YTO OCHOBHAS
€ro poJib 3aKJIIOYAeTCA B PETYSIUH MOTPeOIeHIs
nuu [26]. TopMOH sBIsE€TCS MOIIHBIM aHOPEKCH-
TeHHBIM HEHpONENTHUAOM, CHIDKAIONIMM ToTpedie-
HUE MU 1 yITy4IIaoNIM SHepreTHIecKuii OOMeH.
Kpome Ttoro, oH perynupyer npyrue (U3HOIOTH-
yeckue (DyHKIMH — PETPOAYKTUBHYIO U CTpecca, U
o0naiaeT HEHPOIPOTEKTOPHBIMH CBOHCTBaMU [27].
B HacrosmeMm HccieqoBaHHMM y JKEHIIMH C TUIEp-
MIpoJIaKTHHEMHUEH HeomyxojeBoro renesa (41,3 [34,
7; 45, 8] Hr/MJI) IpU TapreTHOM BBICOKOIPOU3BO-
JUTENbHOM CEKBEHHUPOBAHUU HE BBISIBICHO IaTOTE-
HETUYECKHU 3HAYMMBIX CTPYKTYPHBIX U3MEHEHHUI B
5K30HAX U INPWIEraroluuX CaiTax CIIaiiCUHIa FeHOB
PRL, PRLR, PRLHR.
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3akirouenue

Bniepseie B Poccun BBINIOJIHEHO TapreTHOE BbI-
COKOITPOM3BOJIUTEIFHOE CEKBEHHPOBAHUE TC€HOB
PRL, PRLR, PRLHR, 1o pe3ynsraraM KOTOPOIrO He
BBISIBJICHO PEIKHUX IMAaTOTCHETUYCCKU 3HAYMMEIX Ba-
pHAHTOB B M3y4aeMbIX T€HAX y KCHIIUH ¢ BEICOKIM
COJIEP’)KAaHUEM MPOJIAKTHHA HEOITyXOJEBOIO I'E€HE3a.
ITomumopdu3M B TaHHBIX T'eHaX TpeOyeT maabHEH-
LIETr0 U3YYECHUSI.
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MeTon HeMHBA3UBHOM OLIEHKHU CTPYKTYPbI OMONPOTE3a KJIANaHAa
cepana
K.1O. Kabiminukos, E.A. OBuapenko, T.B. I'nymkoBa, F0.A. Kynpsisuena, JI.C. bapoapam

HUU xomnnexchvix npodiem cepoeuno-cocyoucmolx 3a001e8anutl
650002, 2. Kemeposo, Cocroswiii Oynveap, 6

Pe3rome

HccnenoBanue SKCIUIAHTUPOBAaHHBIX OMONPOTE30B KIIANIAHOB CEp/la MpeAcTaBisieT coO0H IEHHbIH UCTOYHUK MHpOp-
Malnuy 0 AECTPYKTUBHBIX ITPOIIECcax, Pa3BUBAIOIINXCS B NX KOMIIOHEHTAX B Pe3yJbTare JIMTEIFHOTO KOHTAKTa ¢ opra-
HU3MOM pEeLUIHEHTa. AHaIN3 MOP(OJIOTHH, CTAJUHHOCTH M CTENICHU BOBJICYCHHOCTH Pa3InYHBIX MaTePHAJIOB MPOTE3a
KJIallaHa B PacrpoCTPaHEHHOCTh MaTOIOTHUECKUX IPOIECCOB — KabIN(UKALNK, MEXaHHUECKUX pa3pyLIeHUH, Hapac-
TaHUs COEANHUTEIBHO-TKAHHON KaITCyJIbl — SBJISIETCS OCHOBOW AJIS pa3pabOTKU MOTEHIIMAIBHBIX METOIOB YBEINUCHUS
CpOKa CITy>KOBI JaHHBIX M3JEJMH M CHW)KCHHS PHCKa ITOBTOPHBIX BMeNIaTebeTB. Llenb uccinenoBanus — OLEHNATH HO-
TEHLIMAJI KOMITBIOTEPHOH MUKpOTOMOTrpaduu JUisi aHaJIM3a BHYTPEHHEW CTPYKTYPbl OMOJIOTMYECKOro MpoTe3a KilarnaHa
cepala, SKCIUIAaHTHPOBAHHOTO 110 NpuinHe rucdyHkuun. Marepuas u Metoabl. B pabore rccienoBanm pacpocrpa-
HEHHOCTb [1aTOJIOTHYECKON MIHepanu3auu ouonporesa «IlepuKopy, sKCIIaHTHPOBaHHOTO BCIEACTBUE Pa3BUBILEHCS
JUC(YHKIIMHA CTBOPYATOTO arnmapara ¢ KIMHAYEeCKOH KapTHHOW IPOTE3HOH HEeAOCTaTouyHOCTH crernenu 2b. Marepunan
OIMCHIBAJIM MAKPOCKOIIMYECKH, MTOCIIE YET0 UCCIICA0BAIM METOJJOM KOMIIIOTEPHONH MHKPOTOMOTpadHH BHICOKOTO pa3-
penienus. B crpykrype 0Opasia BeIAEISUIN U ONIMCHIBAIIM PEHTI€HOIUIOTHBIE 00JIACTH ATOJIOTHYECKOH MUHEPATIU3aLNH,
a TaKke OLleHHBaIM 00beM BOBJICUEHHOTO B Kaybln(puKanuio Mmarepraia. Pesyabrarsl. [loka3aHo, 4T0 OCHOBHBIMH I1a-
TOJIOTUYECKUMHU U3MEHEHHUSMH, TIPUBEALINMH K IPOTE3HON TUC(YHKINH, CTaIN AeTreHepaTHBHbBIE N3MEHEHHs Onomare-
pHana ¢ mpu3HaKaMi KadbIHU(DUKAINH, C YTOIIICHUEM U Pa3phIBOM CTBOPOK. KoM4yecTBeHHO ONpeaesieHo, 9To 00IacTu
PEHTICHOJIOTMYECKH TUIOTHBIX BKJIIOUEHHH (Kanbiudukaros) 3aunmarot 11,1 % o0bema marepuana. YCTaHOBICHO, UTO
OIMCaHHbIe 00JIACTH aCCOLMHUPOBAHBI C OOIIMBKOI KapKaca U ¢ 3JIeMEHTaMH [IIOBHOTO MaTepHalla, HCI0JIb3yeMOro pu
MPOM3BOJICTBE JTAHHOTO Omorpore3a. 3akiaioueHue. VccneoBaHHBIH B HACTOSIIIEH paboTe METOA Hepa3pyIIaloniero
aHaJIM3a BHYTPEHHEH CTPYKTYpHl M3MEHEHHBIX MAaTEpUaNOB OHOJOTHYECKOrO MpOoTe3a MPOIEMOHCTPUPOBAI BO3MOX-
HOCTb Ka4€CTBEHHON M KOJMYECTBEHHOM OIIEHKH 007acTel MaToIOrHIeCcKO MUHEPAIM3aliy, UX PacIpOCTPaHEHUS U
CBSI3aHHOCTH C JIPYTHMH IIPOIECCAMH, MPUBOAAIIMMHU K Pa3BUTHIO MPOTE3HOH AuchyHKImMU. MeTos Mo3BoJseT BU3y-
AIN3UPOBaTh MaKpO- U MHUKPOYYACTKH KaJlbIM(UKALUHK U CIIOCOOCH CTaTh IIEHHBIM MHCTPYMEHTOM JUIS JOTIOTHEHUS
CYIIECTBYIOIIUX MOAXOIOB K HCCIEAOBAaHHIO SKCIUIAHTUPOBAHHBIX OMOIIPOTE30B.

KaroueBble ci10Ba: KOMIIBIOTEpHAsE MUKPOTOMOTpadusi, MpoTe3 KianaHa cepaua, TUcQyHKIHs OHONpoTe3a, Kab-
muQUKanys OnoMaTepuana, CTpyKTypHAas TereHepaIis.
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Method for non-invasive assessment of the structure of a heart valve
bioprosthesis

K.Yu. Klyshnikov, E.A. Ovcharenko, T.V. Glushkova, Yu.A. Kudryavtseva, L.S. Barbarash

Federal State Budgetary Institution Research Institute for Complex Issues of Cardiovascular Diseases
650002, Kemerovo, Sosnovy blvd., 6

Abstract

Background. The study of explanted heart valve bioprostheses is a valuable source of information about the destructive
processes in their components that develop as a result of prolonged contact with the recipient’s body. An analysis of the
morphology, staging and degree of involvement of various valve prosthesis materials in the prevalence of pathological
processes — calcification, mechanical damage, growth of the connective tissue capsule, is the basis for developing
potential methods for increasing the service life of these products and reducing the risk of re-interventions. The aim of
the study was to evaluate the potential of computed microtomography to analyze the internal structure of a biological
prosthetic heart valve explanted due to dysfunction. Material and methods. In this work, we investigated the prevalence
of pathological mineralization of the PeriCor bioprosthesis, explanted as a result of the developed dysfunction of the
leaflet apparatus with a clinical picture of grade 2B prosthetic insufficiency. The material was described macroscopically,
after which it was subjected to high-resolution computed microtomography. In the structure of the sample, X-ray
dense areas of pathological mineralization were identified and described, and the volume of the material involved in
calcification was assessed. Results. It was shown that the main pathological changes that led to prosthetic dysfunction
were degenerative changes in the biomaterial with signs of calcification, thickening and rupture of the leaflets. It was
quantitatively determined that the areas of radiologically dense inclusions (calcifications) occupy 11.1 % of the volume
of the material. It has been established that the described areas are associated with the sheathing of the frame and with the
elements of the suture material used in the production of this bioprosthesis. Conclusion. The method of non-destructive
analysis of the internal structure of altered materials of a biological prosthesis studied in this work has demonstrated
the possibility of a qualitative and quantitative assessment of areas of pathological mineralization, their distribution and
connection with other processes leading to the development of prosthetic dysfunction. The method makes it possible to
visualize macro- and microsites of calcification and can become a valuable tool to complement existing approaches to
the study of explanted bioprostheses.

Key words: computed microtomography, heart valve prosthesis, bioprosthesis dysfunction, biomaterial calcifica-
tion, structural degeneration
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BBenenue

[Ipote3bl knamaHoB cepana, coiepkamye OHo-
JIOTUYECKUE KOMIIOHEHTHI, SIBJISIOTCS LIUPOKO IMPH-
MEHSIEMBIMHA yCTPOWCTBAMH TPH XHUPYPrHIECKOM
JICUSHUH TPUOOPETEHHBIX IOPOKOB cep/aia B Poccun
n mupe. KonmmdecTBeHHO NaHHas XapaKTEPHCTHKA
BeIpakeHa Oosee yeM B 2000 eXerogHBIX BMeTa-
TEIBCTB C UX UCTOJb30BaHUEM B KiauHuKax P [1].
OpHako pa3BUBAIOMIAsCS CTPYKTYpHas JercHepa-
nust OMOJIOTHYECKOTO KOMITOHEHTa [2—4], a UMEHHO

CTBOpYATOTO ammapara, OoIpenenser Oollee penkoe
HX HUCIIOJIb30BAHKE B BO3pacTHOM rpymnme miuaame 60
JeT [5] o CpaBHEHHIO C MEXaHUYECKUMU HpOTe3a-
MH, 001Iee KOIMYECTBO UMILIAHTAINNA KOTOPBIX J0-
cturaet 8000 B rox [1].

HccnenoBatenu BemyT akTUBHBIE Pa3padOTKH,
HamnpaBJeHHbIE Ha YBEIWYEHHWE CpoKa (QyHKIHO-
HUPOBaHUS OHOIIPOTE30B — 3aMeUICHHE Ipolecca
JeTeHepalui IMyTeM pa3paboTKH albTepHATHBHBIX
MarepuanoB [6—8], oNTUMHU3ALUI0 METOJIOB KOHCEP-
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Bauuu [9, 10], AOMONHUTENBHYIO HPOTEKTUBHYIO
o0pabotky Ouomarepuana [11, 12]. OcHoBo#i moO-
JIOOHBIX Pa3pabOTOK SBIAIOTCS (DyHIAMEHTAIBHBIC
WCCIIEZIOBAaHUS TPUYHH IaToreHe3a u Mophosoruu
Pa3BHBAIOIIUXCA HM3MCHCHUH B OHOJOTHYECKOM
Marepualie CTBOpPYATOrO armrmapara B pe3yJbrare
mmatensHoro (10—15 7eT) KoHTaKTa cCo Cpemoi op-
raHusma penunuenta. [loiydaemoe npu TakoM aHa-
mu3e TIyOOKOoe TMOHMMaHWE OCHOBHBEIX (haKTOPOB,
CTaINAHOCTH W TATTEPHOB paclpeleeHnus yJacT-
KOB MEXaHUYECKOH JECTPYKIUH, KaIbIIU(PUKAIIMA U
WHKATCYISIUN COCIUHUTEIBHON TKaHBIO (MTAHHYC)
onpeesseT KIOYeBbIe MOAX0Abl K MOAU(UKAIINU
Marepuania. Hanbosee 1nieHHbIMU 17151 TOTOOHOTO HC-
CJIEJIOBAaHUS CTAHOBSITCS OMOMPOTE3BI, IKCIUIAHTHPO-
BaHHBIC B PE3yJIbTaTe MOBTOPHOIO MPOTE3UPOBAHUS
B TUIAHOBOM TOPSJIKE, C PA3BUBIIUMUCS KIMHUYECKU
3HAYMMBIMH TIPOSBICHUAMU AUCQHYHKIINH — 3HAYH-
TEJBHBIM POCTOM TPAHCIIPOTE3HOTO TpaaueHTa (I0-
CJIe UCKITIOYEHUsT TpoMO03a KilalmaHa) WU TsHKEIoN
HEJ0CTaTOYHOCTH B KaramHese [5]. Cpeau MHCTpY-
MEHTOB aHaJu3a TaKUX OHOIPOTE30B B peanbHOMN
WCCIICZIOBATENILCKON TPAKTHKE HCIIONB3YIOT OIHCa-
TETbHBIE MOP(OIOTHUSCKUE H/WIIH THCTOJIOTHIEC-
ke mMeToabl [13—15], KoTopeie, HECMOTpPSL HA CBOIO
pacmpoCTpaHEHHOCTh, 00NAIAl0T ENbIM PSAAOM He-
JIOCTATKOB — IPEXKJIE BCETO, CYOBEKTUBHOCTHIO. OtIe-
parop MOPQOIOrHYECKOrO OMHMCAHUS HE CIOCOOCH
JIETAIIEHO OIEHHTH pacrpeeneHne (OTHOPOTHOCTb,
PacnpoCTPaHEHHOCTh, IIOTHOCTh) MATOJOTHYECKUX
YYaCTKOB, TPEXK]IC BCEro Kanblu(UKanuu OnoMare-
puana. A onepaTop THCTOIOTUYECKHUX METOIOB MO-
JKET NMPOAHATM3UPOBATH TOJIBKO BRIOOPOYHBIE Y4aCT-
KH, TaK KaK MpoOOTOATOTOBKA, MUKPOCKOIIUPOBaHUE
1 OITUCaHne OOJIBIITOTO KOTMYeCTBa 00pa3IioB — Upe3-
MEpHO TPYAOEMKasl IPOIIeIypa.

[loTeHIIMaNBHBEIM HMHCTPYMEHTOM aHaju3a Ia-
TOJIOTHYECKHX TPOIECCOB BHYTPH KOMIIOHEHTOB
OMOJIOTMYECKUX TPOTE30B, BO3HUKIINX B PE3ysIbTa-
T€ JUINTEIBHOTO KOHTAaKTa C KPOBBIO PEIUIHCHTA,
MOTYT CTaThb METOABI HEpa3pyIIAIOMIEro KOHTPOJI,
KOTOpbIC AaKTUBHO MPHUMEHSIOT B IPOMBIIIJICHHON
nedexrockonuu [16—18] 1 B OMOMENIUIIMHCKUX HC-
cienoBanusax [19-21] — MeToaBpI HA OCHOBE PEHTTE-
HOBCKOTO M3ITyY€HUs, B YACTHOCTH KOMIIbIOTEpHAsS
Mukpotomorpadus. Takne WCTOYHUKH BBICOKOTOU-
HBIX W300pakeHU# TIIyOOKOH CTPYKTYpbl Marepuaia
MaKpOOOBEKTOB CIIOCOOHBI IIPEICTABUTH MOJIPOOHBIS
JTAHHBIE O €TO TeTEPOTeHHOCTH, B CBS3H C YEM arpo-
Oanus mMOmOOHBIX METOIOB B OMOMEIUIIMHCKHUX KC-
CJIEJIOBAaHUSX SBHJIACH TOJIHKO BOIIPOCOM BPEMEHHU.

Ilenmsro HACTOSAMICH PabOTHI SIBUTACH OIICHKA TTO-
TEHI[MAJIa KOMITBIOTEPHOH MHUKPOTOMOTpaduu s
aHaNM3a BHYTPEHHEH CTPYKTYpbl OHOIOTHYECKOTO
MpoTe3a KIamaHa Cepla, SKCIDIaHTHPOBAHHOTO I10
NPUYHMHE TUCPYHKIIHU.

Marepuaj u MeTOIbI

B kadecTtBe 00beKTa HMCCIETOBaHMS BBICTYIIHII
OuoNornuecKuil mpore3 MuTpanbHoro kinanana «Ile-
puKop» (3A0 «HeoKopy», Poccus), mMrmmanTupo-
BaHHEIN maruedTy A. B 2009 r., kotopslit cirycTs 6,5
roza ObLI MOIBEPTHYT PENPOTE3UPOBAHUIO TIO TPH-
YHHE JETeHEepPaTHBHBIX HM3MEHEHHH Omomarepuana
U, KaKk CIIEICTBUE, Pa3BUTHUA HeNOCTaTO4HOCTH 2b
CTENeHH. OKCIUIAHTAlMI0 OHOMpoTe3a MPOBOAMIN
C MHUHHAMAJBHBIM TTOBPEKICHHEM KOHCTPYKIUHU IS
JIETaJIbHOTO MaKpO- 1 MUKPOCKOIIMUECKOTO aHalln3a,
a TakKe arnpoOaIy MeTo/la KOMITBIOTEPHON MUKPO-
ToMorpaduu. YUIUTHIBass PEHTTCHOBCKHMA ITPHHITHII
paboTel ToMOrpaduu, HCXOAHBIM MPEIION0KEHUEM
JUTS. BKITFOUEHUSI JAHHOTO OMOMpPOTe3a B MCCIIEN0Ba-
HUE CTaJO0 HAJIWYHE «CKPBITBIX» BHYTPHUTKAaHEBBIX
obnmactedl KanmpuMUKaMu OnoMarepuana, OLCHKa
pacmnpeneneHusi KOTOPBIX 3aTpyIHEHa MaKpPOCKOIH-
YECKH.

MukpoTtoMorpaduueckoe HCCIeOBaHUE BbI-
MIONTHSUTA Ha J1abopaTtopHO# yctaHoBKe «Open-MT»
(Tomckuit MONUTEXHUYECKUI YHUBEPCUTET), IIO-
3BOJISIIOLICH TOJTy4aTh IOCPE30BBIE H300pakeHUS
obpasma ¢ paszpemenuem 25,4 mkMm. CkaHUPOBaHHE
MIPOBOJMIIN MPHU HAKOIUIEHUH TpeX KaJpoB Ha Kax-
Y0 MPOEKIHIo ¢ yrioBeM marom 0,3°; ¢ gopmu-
poBanueM TakuMm oOpaszoMm 1200 mpoeknuii. Pexon-
CTPYKIUIO TOJY4YEHHBIX TOMOIPAMM OCYIIECTBIISIN
B mporpamme NRecon (Bruker microCT, benbrus)
¢ bopmupoBanneM Habopa daitnoB dopmara tif B
BOCBMHOHMTHOW TpalJallid Ceporo, COOTBETCTBYIO-
e Pa3NUYHON PEHTIE€HOJIOTHYECKOW IJIOTHOCTH.
JanpHedmmii aHanu3 HOPOBOAWIM B IIPOrpaMme
Amira (FEI, CIIIA), ouenuBas pa3Mepsl U JIOKaIu-
3a1ui0 00IacTel MaToNOrMYECKOi INIOTHOCTH — 30H
KaJIbIM(PHUKATOB.

Pesyabrarsl

Maxpockonuueckoe mopgonozuueckoe onuca-
Hue duonpomesa

B xome aHanu3a yCTaHOBJIEHO, YTO MPUYUHON
JUCHYHKIIMK OUOTIPOTE3a SBUIIOCH JETCHEPAaTHBHOC
HU3MEHEHUEe OuoMarepuana ¢ MpU3HAKaMU KalbIu-
(ukaiuu B 0071aCTH KOMUCCYP, YTOJIICHUEM B 30HE
KOAITaIl[il, Pa3pblBOM CTBOPOK M, YTO OCOOCHHO
MpUMeUaTeNnbHo, (GUKCcAUel CTBOPOK K KapKacy co
CTOPOHBI MPUTOYHOTO OTACIAa C OrPaHUYCHHUEM HX
noBMKHOCTH (puc. 1). KpyrmHbie ydacTku Kanbiu-
(hukary OTMEUEHBI B KOMUCCYpPalTbHOM 00JIacTH B
MECTE OTpPhIBA CTBOPKH OT CTOMKHU KapKaca.

Komnvromepnaa mukpomomozpaghus

KauecTBeHHbIl aHanu3 ToMorpaduueckux cpe-
30B MPOJEMOHCTPUPOBANI HANWYME KPYIMHBIX 00ma-
CTe PEHTIeHKOHTPACTHBIX JJIEMEHTOB B COCTaBe
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Puc. 1. Hccrneoosannwiti 6uonpomes: a — obwuil U0 UCXOOHOU MoOenu
buonpomesa,; 6 — buonpomes, yOaieHHbIU NO NPUYUHE OUCHYHKYUU
(810 cO CMOPOHBL NPUMOYHO20 OMOeNa); 8 — 8UO UBOMEMPULECKUT,
cmpenxotl 0003HaAYeH yHacmoK CMeopKU, PUKCUPOBAHMYIIL K KapKACy
no muny cnankoo6paz0eanus; e — 6ud co CMopPoHbl 8b160OHO20 OM-
oena, cmpenkoti 0003HAUeH KATbYUHUPOBAHHII YUACOK C OMPbLIEOM
CMBOPKYU OM CMOUKU KapKaca

Fig. 1. The studied bioprosthesis: a — general view of the initial model of the
bioprosthesis,; 6— bioprosthesis removed due to dysfunction (view from
the side of the inflow side); 6 — isometric view, the arrow indicates the
area of the valve fixed to the frame by the type of adhesion formation;
2 — view from the side of the outflow side, the arrow indicates the

calcified area with the leaf detached from the frame post

9KCIIAHTUPOBAHHOTO OMOMpOTE3a — JAaHHBIC 30HBI
COOTBETCTBYIOT Kanblpukaram. [lokazaHo, dTO
KanbIU(UKaTHI JIOKAIN30BaHbI 110 IEPUMETPY ITTOJIH-
MIPOTHIICHOBOTO KapKaca B KOMHUCCYpPalbHBIX CTOH-
kax (puc. 2, a, 6, 0003HAYCHO CTPEIIKAMU), & TAKKE
[0 X0y TEXHOJOTMYECKHUX OTBEPCTUH ISl Kperuie-
HUSI OMoMarepraia K Kapkacy HIOBHBIM MaTepHAIOM
B MPUTOYHOM 30HE (puc. 2, a, 2).

KonnyectBeHHas olieHKa MPUCYTCTBHS KajblIU-
(uKaToB TMOKa3ana COBOKYNHBIA OOBEM IMaTOJIOTH-
YEeCKUX PEHTTCHOKOHTPACTHBIX DJIEMEHTOB, PaBHBIN
506 mM?, 0Obem Onomateprana — 4533 mm3. Takum
00pa3oM, BOBJIEUEHHBIM B MATOJOTHYECKYIO KaJIbIH-
¢ukaumto okazanocs 11,1 % Guonornueckoro mare-
puana. B memom IIoTHBIE YYacTKH TIPEICTaBICHEI
JByMSI KPYITHBIMH CBSI3aHHBIMH JIEMEHTAMHM, OJlHA-
KO TIPUCYTCTBYET B OOJBIIOM KOJHYECTBE MEJIKast
«(ppaxuusa» — enuHUYHBIE KadbUU(UKATEl 00bEMOM
menee 0,5 mm® (puc. 2, 6—¢). Takum 00pa3om, Ko-
JMYECTBCHHO IPEBATUPYIOT IMEHHO Pa3pO3HEHHbIC
enuHUYHBIE oOmacTu. ['mcTorpaMma pacnpenenenus
00bEMOB JaHHBIX AJIEMEHTOB B 3aBUCHUMOCTH OT pa3-
Mepa MpecTaBieHa Ha puc. 2, e.

Oo6cyxnenune

CoBpemeHnHas pa3pabotka MEIUITTHCKUX
YCTPOMCTB MOApa3yMeBaeT HE TOJBbKO HCCIeIoBa-
HUe ero 0e30macHOCTH U 3PQPEKTUBHOCTH Ha 3Tane

KOHCTPYHPOBAHHUS, BAIUAALMHI U BBIITyCKa B KIUHU-
YEeCKO€ NPUMEHEHUE, HO M OLEHKY JOITOCPOYHBIX
3¢ (eKTOB, KOTOPHIC BO3HHMKAIOT B IPOIECCE 3KC-
IUTyaTalliu B opraHu3Me penunuenta [22, 23]. Ode-
BHUJIHO, YTO B N Vilro TECTaX HEBO3MOXXHO IOCTUYb
BCEll TIOJIHOTHI BO3/ICHCTBHS CO CTOPOHBI OpraHUu3Ma
Ha UMIUIaHTaT. J{OKIMHUYECKUE HCCIEeNOBaHMUS Ha
KUBOTHBIX i1 VIVO MOJEIISX JEMOHCTPUPYIOT TOJIBKO
YaCTUYHYIO COMOCTaBHMOCTb OTBETa OpraHu3Ma Ha
BMEILATENbCTBO, a KIMHUYECKUE UCIBITAHUS C y4a-
CTHEM YellIOBEeKa OTPaHUYEHBI 110 BPEMEHH H HE MO-
T'YT B IOJHOH Mepe MPOAEMOHCTPUPOBATH FPPEKTHI
10-15-neTanx w3meHeHunid. MIMEHHO mOATOMY ISt
OIICHKH KJIMHUYECKUX M3AEIUH 0coOyI0 pojib Urpa-
10T MCCIIEIOBAaHNS KCIIAHTUPOBAHHBIX YCTPOWCTB,
B HACTOSIIIEM CIIydae — MaTepual INIaHOBOTO PEIpo-
Te3WpoBaHMsl OMOMPOTE3a KianaHa cepAla, KOTOPbIH
croco0OeH MPOAEMOHCTPUPOBATE PeajIbHbIC OTJAJICH-
HbIE U3MEHECHUS UMILIAHTATa B YCIOBUAX OpraHU3Ma
[13, 14].

CrouT OTMETUTH, YTO IpoliieMa aHajIM3a 3KC-
IUIAHTUPOBAHHBIX OOBEKTOB HE SIBISIETCS YHHKAJb-
HOW, M Y4YeHBbIE-pa3padOTUYUKH AaKTHBHO H3y4aroT
MEIUIUHCKUE HU3/ENHS C LEJBI0 MMOHUMaHUs Mpo-
LIECCOB, KOTOPBIE B HUX BO3HUKAIOT, & TAK)KE IIOUCKA
MyTeil yIydIIeHUsl UX CBOWCTB M YBEIMYCHHUS CPO-
koB QyHKITMOHNpOoBaHUs. [lomoOHbBIe nccnenoBaHus
ONHMCaHBI IJIs MPOTE30B KiamaHoB cepana [13, 14],
CTEHTOB [24] M TpaHCKAaTeTEpHBIX YCTPOUCTB [25],
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Puc. 2. Pesynomambi MUKDOKOMRbIOMEPHOU MOMOZpaduuL: a u 6 — npoeKyuu peHM2eHOL02UYeCKYU NIOMHBIX YHACIKOS,
CmpenKamu YKa3anvl KpynHble Y4ACmKu Katbyudurayuu, 6 — peHOepuHe Y4acmKko8 peHmeeHoI02ULecKol niom-
HOCMU ¢ 8U3yanu3ayuell RIOMHbIX KATbYUHUPOBAHHBIX 0bacmell, ucxo0s U3 ouazpammovl niomuocmei (0); e —
ceaMeHmayust KAAbYUHUPOBAHHBIX NEMEHNO8, YGEMAMU 0D03HAYEHbl UHOUBUOYATIbHbIE HeC8A3AHHbIE 00bEKNbL
C BbICOKOU NIOMHOCMBIO; € — SUCHOZPAMMA PACHPEOeLeHUsl PA3MEPO8 OMOEIbHbIX YaACMUY-KATbYUDUKAmMOo8
(05151 y0obemea 8uzyanuzayuu UCKIIOUeHbl KpynHvle 001acmi)

Fig. 2. Results of microcomputed tomography: a and 6 — projections of radiologically dense areas: arrows indicate large
areas of calcification; 6 — rendering of areas of radiographic density with visualization of dense calcified areas
based on the density diagram (0); e — segmentation of calcified elements: colors indicate individual unrelated
objects with high density; e — size distribution histogram of individual calcification particles (large areas are

excluded for visualization convenience)

COCYIMCTHIX 3aMEHUTENEH [26], B pe3yaprare KOTo-
PBIX HOPOUCXOAAT COBCPHICHCTBOBAHWE U OIITUMMU-
3anus OMOOHBIX M3Menuil. TeM He MEHee METObI,
KOTOpPBIC MPUMEHSIOT HCCIICAOBATENIN NIPU aHAaIN3e,
HE JIMIICHBI HEJIOCTATKOB: CyOBEKTHBHOCTh M OTpa-
HHUYEHHOCTh 00beMa HcCIeqyeMbIX obnacted mpu-

CylIlla TUCTOJIOTMYECKOM OIEHKE, HEKOJIMYE€CTBEHHBIN
XapaKTep W BHEUTHUI aHAU3 — MaKPOCKOITUIECKUM
OIMCcaTeILHBIM METOIUKAM.

HNHaCTpyMEeHTOM Il pacuIMpeHusi BO3MOXKHO-
CTeM MOCTUMILIAHTAIIMOHHON OLIEHKH MEIUIIMHCKHUX
YCTPOUCTB MOTYT CTaThb HEpa3pyLIAIOLIUE METOJbI
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Ha OCHOBE aHajam3a o0nacTed pa3HOW PEHTTEHOJIO-
THYECKOW TUIOTHOCTH — 32 CYET PEHTTeHOCKOIHUH
nin ToMorpadum BeICOKOTO paspemeHus. [lpmme-
HAMOCTh TaKOTO TOJXOla MPOIEMOHCTPHpPOBAHA B
HacTosied padore. CTOMT OTMETHTbh, YTO JaHHBIN
METOJ HE YHI/IBepcaJII)Hblﬁ U HE MOXKET 3aMCHUTH
OIMMMCAHHBIC BBIIIC HCCICOAOBATCIBCKUC MHCTPYMCH-
Thl BCJICACTBHUEC CBOUX CO6CTBCHHI)IX Ol"paHI/ILICHI/Iﬁ -
HEBO3MOXXHOCTh BHU3YaJIM3UPOBAaTh HEKOHTPACTHBIC
AJIEMEHTHI MPOTE30B, YTO OCOOCHHO aKTYalbHO IS
OHMOJIOTMYECKUX KOMITOHEHTOB (CTBOPOK, OOJIUIIOBKH
Kapkaca). TemM He MeHee MBI HAINIATHO MPOIEMOH-
CTPHUPOBAJIH, YTO BO3MOXKHO HE TOJNBKO OINHCATEIh-
HO, HO ¥ KOJIMYECTBEHHO OIEHUTh BAXHYIO TPUUHHY
pa3BUTHSA AUCOYHKIINH OMOTPOTE3a — KaIbIH(pUKa-
LHIO €ro 3JIEMEHTOB C pacyeToM oObheMa BOBJIEUCH-
HOI'O B MaTOJIOTMYECKUH MTPOLIECC MaTepuaa.
AHanu3upys HEMOCPEACTBEHHBIE PEe3Y/IbTaThl Ha-
CTOSIIETO UCCIENOBAHMUS, MOXKHO CIIETIaTh HECKOJIBKO
BBIBOJIOB. Bo-miepBhIX, 001aCTH, MMEIOIIUE OTIOXKE-
HUS KaJIbLUs, IETCKTHPOBAHHBIC C IOMOIIBIO KOM-
MBIOTEPHON MHUKpOTOMOTrpaduu, acCOIUUPOBAHBI C
3JIEeMEHTaMU OOJUIIOBKH TPOTE3a, KOTOPhIC aKTHBHO
HE YYacTBYIOT B 3alUpareibHON (PyHKIMH KIIaltaHa.
PenTrenonorndeckue npoekuu (CM. puc. 2, a, 6) ie-
MOHCTPHUPYIOT PACTIOIOKEHNE KOHTPACTHBIX 3JIEMEH-
TOB BOKPYT KOMHUCCYPAJIbHBIX CTOEK mpore3a. CTout
Mpenosararb, 9YT0 B OCHOBE TaKOW JIOKAJIM3AlWN
JICKUT HMMYHOBOCHaHHTeHBHOﬁ OTBET OpraHusMma,
3aKJTIOYAFOIIUINCS B HHKAMICY/ISIUHA W/ UK O0BI3BECT-
BJICHUM uMIUIaHTa [26, 27]. Bo-BTOphIX, OONacTH
KaNbLIU(pUKALNHT 3aTPOHYIIH H «CKPBITHIC» AIEMEHTBI
OMOMNpOTEe3a — YYACTKH MPOXOKIACHUS IIIOBHOTO Ma-
TepHuaja B OCHOBaHWUU OIOPHOTO KapKaca, KOTOPhIC

a

[IPU MaKPOOTIMCAHUH OCTAIOTCS HEJOCTYITHBIMH IS
aHanusza. [IpenmnonoxurenabHo, MOBHBIM MaTepuall
o0amaeT ompeneIeHHoi poTbi0 B MHUIHAIIUHU TIPO-
[IECCOB KaJIbIIU(UKAI[UH, YTO MMOATBEPKIACTCS U Psi-
JIOM COOCTBEHHBIX JaHHBIX [28, 29].

[loMuMo aHanm3a pacmojOKeHus obnacTed ma-
TOJIOTHUECKON KadbITU(UKAIIMA W KOJIMYECTBEHHOMN
WX OLIEHKH, OTIUCAHHBIN B pa00TE METOIl MOXKET CTAaTh
OCHOBOH nysi Goliee TPOJBUHYTHIX TEXHOJIOTHH —
YHCIeHHOTO MojenupoBaHus. [lomydeHne BBICOKO-
TOYHBIX TPEXMEPHBIX MoJenel (puc. 3) U3MEHEHHO-
ro OuompoTe3a AaeT BO3MOXKHOCTh UCCIIEAOBATEISAM
MPOBOJIUTH KOMIBIOTEPHBIE PACcYETHl IO MOJEIHPO-
BaHHUIO €T0 OMOMEXaHUKH B 3aJladax IOCJICTyIOIICH
ONTUMU3AIUU WIH Pa3pabOTKU HOBBIX YCTPOWCTB.
Tak, wccnemyss TMOBTOPHOE TPaHCKAaTETEPHOE IIPO-
Te3upoBaHHe (M0 THUITY «IPOTE3-B-IIPOTE3)») TAKUX
JTUC(HYHKIMOHATBHBIX KaJIbIIMHUPOBAHHBIX TIPOTE-
30B, BO3MOHO CO3aBaTh U TECTUPOBATH PA3IUYHBIC
(hopMBI CTEHTONONOOHBIX OAJIJIOHO- WM camopac-
HIUPSIIOIIUXCS KOHCTPYKITUH, aHANU3UPys HCKaxe-
HUE UX TEOMETPHUU B Pe3yabTaTe UMILUIAHTALMU WU
0e30MmacHOCTh OSCITIOBHON (DUKCAITHH.

OFpaHI/I‘leHI/IH HCCJIeJ0BAaHUA

B Hacrodmem wuccienoBaHHMM NPOJEMOHCTPH-
poOBaH TpUMep  Ka4eCTBEHHO-KOJUYE€CTBEHHOTO
aHajM3a CTPYKTYpHl HECOCTOATENBHOTO OHOMpO-
Te3a KJallaHa cepAua C HUCIONBb30BAaHUEM METOnA
KOMIBIOTEPHOW MHKpoToMorpadun. besyciosHo,
Ha OCHOBaHMM HCCIIEOBAaHHUS ONHOTO SK3EeMILIApa
MIPOTE3a HEBO3MOYKHO CHCTEMATU3UPOBATh JAaHHBIE O
MPUYHHAX B OCOOCHHOCTSIX Pa3BUTHS JAUCHYHKIHH

Puc. 3. Ilpumep euzyanuzayuu 00beMHbIX Mel, ROTYUEHHBIX HA OCHOBE 8bICOKOMOYHOU PEKOHCMPYKYUU CPE3068 KOMIbIO-
MepHOLl MUKPOMOMOSPADUL UCCTIe008AHHO20 buonpomesa: a — 00beMHbll peHOepUH2 MONbKO PeHM2eHONI0Mm-
HbIX obnacmell (kanvyugurkamos); 6 — mo dice, 0JisL 6Ce20 NPomesa

Fig. 3. An example of visualization of volumetric bodies obtained on the basis of high-precision reconstruction of
computed microtomography sections of the studied bioprosthesis: a — volumetric rendering of only X-ray dense
areas (calcifications),; 6 — the same for the entire prosthesis
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JAHHBIX MEIUIMHCKUX U3AEIUN B LIEJIOM — OIpele-
JUTH KITIOYEBbIE MATTEPHBI M CBS3aHHOCTH IATOJIO-
THYECKHUX YYACTKOB C 3JIEMEHTAMHU COETUHUTEIbHON
TKaHH, OLIEHUTh, HACKOJIBKO OOHApY>KEHHBIH Ypo-
BEHb KaJbLU(HUKAINN XapaKTepPeH AJsl TAKOro BUAA
Oomonornyeckoi TkaHu. Ilpyu BKIIOYEHWH B HCCIe-
JIOBaHHE PaCIIMPEHHON BBIOOPKH 00pa3loB IaHHbIE
BOIIPOCHI MOTYT OBITH pa3pelueHbl. TeM He MeHee Mbl
POJEMOHCTPUPOBAIIH, YTO ONUCAHHBIM METOA IPH-
MEHHM, 00Ja/laeT BBICOKOH HH(OPMATHBHOCTBIO U
SIBJIICTCS MEPCIIEKTUBHBIM /ISl BU3yaJIU3alluU PEHT-
TCHOKOHTPACTHBIX MaTOJIOTMYECKUX 3JIEMEHTOB JIUC-
(YHKITMOHAIBHOTO TIPOTE3a.

3akiIouenue

[IpoBenenHoe nccie0BaHue MOKA3ajio, YTO Me-
TOA KOMIIBIOTEPHOH MHUKPOTOMOTpadUd MO3BOJIET
BU3yaJIM3UPOBaTh M OLCHUBATh PEHTICHOIUIOTHBIC
YYaCTKH IaTOJIOTUYECKHA U3MEHEHHBIX OMOIPOTE30B
KJIallaHOB CepAlla — MAacCHBOB KaJbUU(UKATOB, B
TOM YHUCIIE MUKPOpPa3MepHBIX, 00beMoM 110 0,5 mm>.
IToaxon mo3BONAET YCTAHOBUTH Ka4€CTBEHHO acco-
Uanuio 001acTel MUHEpAIU3aluu ¢ APYTUMH die-
MEHTaMH, OLIEHUBAaTh pa3Mephl JaHHBIX oOmacreil, a
TaK)X€ BHM3YalIM3UpPOBATh BHYTPEHHIOI CTPYKTYpY
o0ObekTa 6e3 ero paspymieHus. Takoil aHanu3 MOXKeT
CTaTh JIOMOJHEHHWEM JUIl yCTAHOBJIECHUS NPUYUH U
0o0beMa pa3BHUBIIMXCS MAaTOJOTHUYECKUX M3MEHEHUH
B paMKax COYETaHHOTO MCCJIEIOBAHHS 3KCIUIAHTHU-
POBaHHBIX OHMONPOTE30B ONMUCATEIBHBIMHU, THCTONO-
TMYECKUMH U PEHTTCHOJOIMYECKUMHU METOJaMHU H,
B KOHEYHOM HUTOTe, K NMPUKIAJHON peanu3aluu Ux
pe3ynsTaToB — pa3paboTKe METOAMK YBETUYEHHS
Cpoka (PYHKIMOHHPOBAaHUS OMONPOTE30B KJIallaHOB
cepaua.
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OpurnnanpHOE uccnenoanue / Research article
A prospective study on clinical profile and trend in suicide attempters

R. Jahagirdar

Zydus Medical College and Hospital, Shri Govind Guru University
India, 389151, Godhra, Dahod, Gujarat

Abstract

There is a high risk of suicidal attempts in patients with psychiatric problems. This risk varies according to the
sociodemographic status and clinical presentation. Periodic systematic profiling of suicidal risk factors in developing
countries is an established need. Objectives. The objective was to study the sociodemographic data, psychiatric disorder,
precipitating events, mode of attempt, and intent of attempt in suicide attempted patients. Material and methods.
During the 1.5 years, 150 referrals were screened for the presence of suicide attempters in consultation-liaison services.
Those who fulfilled the criteria for suicide attempters were evaluated by using semistructured pro forma containing
sociodemographic data, precipitating events, mode of attempt, psychiatric diagnosis by using ICD-10 and intent of the
attempt. Results. Adult age, rural background, housewives and students, unemployed, below matriculation educated
were more represented in this study. Gender wise more females are represented. More than 80 % of all attempters had
a psychiatric disorder. The majority had a precipitating event before the suicide attempt. The most common method
of attempt was by use of insecticide poison. Many have moderate intent in the attempt. Conclusions. The majority of
suicide attempt patients had a mental illness. Early identification and treatment of these disorders would have prevented
morbidity and mortality associated with this.

Key words: consultation-liaison services, suicide attempt, intent.
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IIpocnekTHBHOE UCCJIEI0BAHNE KIMHAYECKOT0 NPOoQHJIsa U
CKJIOHHOCTEH Y JIMI, COBEPIIMBIIUX CYUIMAATBHYIO IONBITKY

R. JIxaxarupaap

Meouyunckuii koanedac u bonvuuya 3udyc, Ynueepcumem Llpu I'osuno Iypy
Hnous, 389151, I'ooxpa, Haxoo, I'yoxcapam

Pe3rome

VY ManueHToB ¢ MCUXHATPUIECKIMH MPOOJIeMaMU CYIIECTBYeT BBHICOKHN PHCK CYHIMOAIBHBIX HOMBITOK. DTOT PHUCK
BapbHPYETCS. B 3aBUCUMOCTH OT COILMATBHO-IEMOTrPaHUECKOro CTaTyca W KIMHUYSCKON KapTuHbl. [lepuoamueckoe
CUCTeMaTH4ecKoe MpopmmpoBanne GaKTOPOB CYHIUAATHFHOTO PICKA B Pa3BUBAIOLINXCS CTPaHAX SBISETCS HACYIITHOMN
HeoOxomuMocThI0. 3agaun. Llenpio uccnenoBanus ObUIO U3YYCHHE COLUAIBHO-AEMOTrpaGUUICCKUX JaHHBIX, TICUXHA-
TPHYECKUX PACCTPONCTB, MPOBOLUPYIOIINX COOBITHH, CITI0CO0a MONBITKMA W HAMEPEHUS MOIMBITKH Y MAlUEHTOB C CyH-
IUAaTBHBIME TonbITKaMu. MaTepuaa u MeToabl. B Tedenue 1,5 roma 150 oOpaniennii ObUTH IPOBEPEHBI HA HATUYNE
CYUIIIATBHBIX MOMBITOK B KOHCYIFTaTHBHO-MEXXIUCIUTUIMHAPHON ciyxk0e. Te, KTo COOTBETCTBOBAN KPUTEPHUSM JIHII,
C BBICOKOW BEPOSITHOCTHIO COBEPIIHUTH MOMBITKY CaMOyOUICTBa, OBLIN OI[CHEHBI C TIOMOIIIBIO MOy CTPYKTYPUPOBAHHOMN
AHKETHI, COAepIKaIlel COaIbHO-IeMorpaduaecKie JaHHbIe, COOBITHS, CIIOCO0 ITOIBITKH, ICUXHATPHIECKAN THATHO3
o MKB-10 u Hamepenue nonbiTku. Pe3yabsTarhl. B nanHOM mccieoBaHiy ObUTA 00CIICIOBAHBI MAITUCHTHI TOXKHIIIOTO
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BO3pacTa, M3 CENbCKOW MECTHOCTH, JOMOXO3SIMKH M CTYHACHTHI, Oe3paboTHBIE, ¢ 0Opa3oBaHHEeM HIDKe cpemHero. Ilo
TeHJIEPHOMY TPU3HAKY OOJIbIIIe TIPeACTaBIeHbI KeHIuHbL. boiee 80 % Bcex cOBepIIMBIINX TOMBITKY UMENH MCUXHa-
TPHUYECKUE paccTpoiicTBa. Y OONBIIMHCTBA MEpe MOMBITKON CyHIINAA IPOU30ILIO COOBITHE, TTOCTYKHUBIIEE TTIOBOOM
JU1si camoyOuiictBa. Haubosnee pactpocTpaHeHHBIM METOJIOM MOMBITKH OBLIO UCIIOJIb30BaHUE HHCEKTUIIUIOB B KAYECTBE
sna. Y MHOTHX OBUTH YMepeHHbIE HAMEPEHHS TOMBITKA CYHUIIA. BHIBOABI. BOTBIIMHCTBO MAIMEHTOB, COBEPIITMBIITIX
MOMBITKY CaMOYOUICTBA, CTpagali ICUXHUCCKAMU 3a00JIeBaHUsIMA. PaHHEe BBISIBICHHUE U JICUCHUE ITHX PACCTPOUCTB
MTO3BOJIMIIO OBI IPEOTBPATHTD 3a00JIEBAEMOCTh H CMEPTHOCTb.

KiroueBrbie ciioBa: KOHCYJIBTATUBHO-MCKANCIUIIIMHAPHAA ITOMOIb, ITONBbITKA CaMOY6PII71CTBa, HaMEpCHHC.

KondumukT nHTEpecoB. ABTOp 3asBIIsET 00 OTCYTCTBHH KOH(PIMKTA HHTEPECOB.

ABTop 1015 nepenucku: xaxarupnaap P., e-mail: rohanjahagirdar@outlook.com

Jost umruposanust: J[xaxarupaap P. [IpocniekTMBHOE HCCIIENOBAHNE KIIMHAYECKOTO TIPOQUIIS U CKIOHHOCTEH Y
JIUII, COBEPUIUBIINX CYUIIUAATBHYIO TONBITKY. Cubupckuti Hayunvit meouyunckutl scypruai. 2022;42(4):96-101. doi:

10.18699/SSMJ20220409

Introduction

Suicidal attempts are a challenging public health
issue. A high suicide rate in any society is an index
of social disorganization. Suicide is a complex,
multidimensional phenomenon that has been studied
from a philosophical, sociological, and clinical
perspective. Suicidal behavior and suicidality can be
conceptualized as a continuum ranging from suicidal
ideation to suicide attempts and completed suicide.
Attempted suicide is defined as a potentially self-
injurious action with a nonfatal outcome for which
there is evidence, either explicit or implicit that the
individual intended to kill himself or herself. The
action may or may not result in injuries. The majority
of suicides (85 %) in the world occur in low- and
middle-income countries. Over 100,000 people
die by suicide in India every year. The National
Crime Records Bureau’s report on the number of
suicides in the country is to be believed, during
the five years (2016-2020), increased to 11.3 per
100 000 population in 2020 from 10.3 in 2016). The
highest incidents of 19.909 suicides were reported
in Maharashtra followed by 16,883 suicides in
Tamil Nadu and 14,578 suicides in Madhya Pradesh
accounting for 13.0, 11.0 and 9.5 % respectively of
total suicides in 2020 [1-4].

Suicide attempts range from 10 to 40 times
and are more frequent than completed suicide.
In a large WHO multicenter study on incidences
of attempted suicide in Europe it was found that
the highest frequencies were among young adults
between 24 and 34 years. In India, suicide attempts
are more common in females, the majority were
Hindus, married, and the suicide rate is three times
higher in rural areas than the overall national rate.
The majority were staying in a nuclear family and
they were unemployed [1, 5-9]. Poisoning (36.6 %),
hanging (32.1 %), and self-immolation (7.9 %) were
the common methods used to commit suicide and

poisoning is the commonest mode of the attempt by
the Indian population [9, 10].

In India and elsewhere, acts of suicide are
heterogeneous concerning the level of suicide intent.
Signs and symptoms that indicate suicide risk may
be displayed for weeks before high-intent acts
are committed, and strategies that seek to identify
individuals at risk (e.g., depression screening) [6,
7] may be required. Low-intent acts of suicide may
happen quickly, which leaves little time for risk
recognition.6 One strategy for reducing suicidal
behavior is to reduce access to methods of suicide
[8].

Suicide intent is a complicated construct that
comprises 2 major elements: 1) the level of planning
and forethought preceding an act of suicide (objective
planning), and 2) the intended outcome and perceived
lethality of the act (perceived intent) [10-12].
Although objective planning and perceived intent are
related variables, they are not redundant. For example,
less-planned acts of suicide may be accompanied by
high perceived intent, as documented in a case series
of individuals in London who attempted suicide
by jumping in front of a railway train. Interviews
with survivors of the attempts determined that the
acts were preceded by little planning yet there was
a high perceived intent to die. It has been argued
that the study of planning in particular can inform
suicide prevention policy. Supporting this viewpoint,
an investigation of suicide in India showed less-
planned suicides were especially likely to be carried
out by individuals who ingested pesticides stored in
the home, which suggests that measures to restrict
home storage of pesticides in India may have the
largest effect on suicides carried out impulsively.
The primary purpose of our study was to identify
correlates of the level of intent of suicide attempts
among individuals who lived in rural areas of India
and attempted suicide. We also sought to examine
correlates of planning and perceived intent among
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individuals who lived in rural India and attempted
suicide.

Material and methods

This investigation was a prospective study and
was carried out for 1.5 years. It was carried out in Dr.
Vithalrao Vikhe Patil Foundation’s Medical College
and Hospital (Ahmednagar, India) from January
2015 to June 2016. All the referred cases are initially
evaluated by a senior resident and subsequently
reviewed by a consultant psychiatrist. The cases
are evaluated for psychiatric illness and diagnoses
are made as per the ICD-10 and appropriate
treatment plans are formulated and carried out
(WHO 1992) [12]. The semi-structured pro forma
was made to document the information regarding
sociodemographic data, source of referral, diagnosis
of the physical condition, assessment of intent of
the attempt, the reason for psychiatry referrals,
psychiatric diagnosis, and management done.

The specialized semi-structured pro forma
was made for patients who were admitted with
deliberate self-harm. This pro forma contained the
documentation of a sociodemographic profile, a
detailed psychiatric evaluation for psychiatric illness,
immediate precipitating event before self-harm
(within a week), the method used, family history of
psychiatric disorders including suicide or deliberate
self-harm, current mental status examination,
etc. Daily all the referrals were screened for the
presence of any case with suicide attempters and this
specialized semistructured pro forma was applied to
gain more information related to suicide attempters.

After the initial evaluation, these patients were
subsequently followed up in the in-patient setting
till they are physically stable. After this, depending
on the mental status examination and risk of future
attempt, these patients are either transferred to the
psychiatry ward or are followed up in psychiatry
OPD. Psychiatry management usually involves
treatment of axis I and axis II diagnosis either by
pharmacotherapy or psychotherapy or both. The
degree of suicide intent was assessed using total
scores on the Beck Suicide Intent Scale (SIS). Terciles
were used on total scores to divide case patients into
subgroups according to low intent (SIS < 10, n = 85,
31 %), intermediate intent (SIS 10-15, n =98, 35 %),
and high intent (SIS > 15, n = 94, 34 %). Terciles
were also used to divide case patients into 3 levels of
objective planning (< 3, 3—6, > 6) and into 3 levels of
perceived intent (< 7, 7-10, > 10).

Results

During the study period (2012-2014) of 2 years
duration, we totally received a referral of 150 cases

from various departments for evaluation of attempted
suicide and self or brought by relatives. The majority
of the study sample was not referred by various
professionals (40 patients).

Sociodemographic details are displayed in Table
1. The mean age at suicide attempt was 26.5 years
(standard deviation 11.6), with a range of 10-60
years.

When the subjects were assessed for psychiatric
illness, 70 % of them were diagnosed to have some
psychiatric disorder, with emotionally unstable/
impulsive personality traits/disorder (51 %) being
the most common and next to that were depression-
related disorders and other psychotic-related
disorders (Table 2).

The most common method of self-harm was the
consumption of pesticide poisoning (46 %) followed

Table 1. Sociodemographic data

Variable n %
Age
10-20 36 24.0
21-30 39 26.0
31-40 57 38.0
41-50 18 12.0
Gender:
Male 57 38.0
Female 93 62.0
Education:
Below 10th class 57 38.0
10th class and above 93 62.0
Marital status:
Married 84 56.0
Unmarried 60 40.0
Divorced 6 4.0
Family Status:
Nuclear 15 10.0
Joint 72 48.0
Extended 63 42.0
Occupation: 0.0
Student 38 253
Housewife 48 32.0
Labourer 36 24.0
Teacher 6 4.0
Professional 7 4.7
Farmer 15 10.0
Religion:
Hindu 136 90.7
Muslim 8 5.3
Christian 6 4.0
Residence:
Rural 114 76.0
Urban 36 24.0
Past history of suicide attempts 51 34.0
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Table 2. Clinical features Table 3. Mode of attempt

Provisional/current psychiatric % Mode of attempt n %
diagnosis " ° Poison consumption 46 30.7
Impulsive/emotionally unstable Sleeping pills 39 26.0
personality traits or disorder 511 34.0 Hangi 21 14.0

anging .

Depression (unipolar/bipolar disorder) 36 | 24.0 Fall from height 12 8.0
Schizophrenia and other psychotic 18 | 120 Cut thff)at 7 4.7
disorders ) Drowning 8 53
Adjustment disorder 18 | 12.0 Self-immolation 6 4.0
Intentional self-injury 12 8.0 Facing opposite to moving vehicle 6 4.0
Other psychiatric disorder 15 | 10.0 Forced starvation 4 2.7

by the use of sleeping pills consumption (39 %),
and the hanging method (21 %) (Table 3). Use of
poisoning was more in the female gender (65 % for
females and 35 % for males).

Further analysis showed that 51 % of individuals
having the intent to commit suicide is moderate only.
Nearly one-fourth (25 %) had high intent, one-fifth
(21 %) had low intent to commit suicide with a casual
parasuicidal attempt.

Discussion

The study obtained data on the sociodemographic
and clinical profile of subjects with suicide attempters
presenting to a tertiary care hospital and referred
to psychiatry consultation-liaison services for
psychiatric evaluation. The sociodemographic profile
of our sample was similar to that in other studies from
India [3]. Majority of our sample comprised adults
(mean age 28.5 years) suggesting that they constitute
a vulnerable group. This observation is identical
to previous literature from India and the West
[13—15]. There are reports of both male and female
predominance in suicide attempters in hospital-based
studies. The gap between male and female suicide
rates in India is relatively small and our study also
shows similar findings [14]. However, this is at
variance with Western literature wherein the majority
of attempters were females [15]. However, in Indian
studies, it is common to find a higher proportion of
attempters being married, as observed in this study. A
considerable proportion of attempters had Life Events
related to relationships and marriage. Similar results
are shared by the multinational study by Fleischmann
et al. in which subjects from an Indian center who
attempted suicide/indulged in self-harm were more
frequently married than single [16]. In India, the joint
family concept still exists and people are living in
joint rather than in the nuclear family setups. The fact
that predominant cases were from rural backgrounds
also perhaps reflects the enmeshment living relations
with relatives and neighbors which makes them an
early presentation to our department. Though another

pragmatic reason for the predominance of rural
subjects could be accessibility to the hospital leading
to greater treatment-seeking behavior.

The common method employed to execute self-
harm was insecticide poisoning. Similar findings
have been reported from elsewhere in India and
other low- and middle-income countries [14—16].
Unrestricted availability of organophosphorus
poisons in Indian households for agricultural
purposes is the probable cause. Easy availability of
sleeping pills from pharmacies without a prescription
from doctors. Restriction of access to the methods
of suicide has received some attention as a possible
way of preventing suicidal death. However, it has
been observed in an Indian study that when the use
of pesticides was restricted, the mode of suicide
changed while the total number of suicides remained
static. Nevertheless, as poisoning was the most
common method of suicide attempt, and pesticides
were used most frequently, restricting the availability
of organophosphorus compounds, banning the more
toxic ones, as well as efforts to decrease the period
between the ingestion and initiation of treatment
by having poisoning treatment facilities in primary
healthcare centers, may help prevent or lower the rate
of suicidal attempts [17].

Siwach and Gupta reported marital disharmony,
economic hardships, and scolding/disagreement with
other family members as the major precipitating
factors [16]. Interpersonal problems and academic-
related problems found in our study are in line with
the same.

A variation in the type and frequency of the
psychiatric disorders is noted in suicide attempters
in India, although depressive disorders are common
[14-16]. In this study, the diagnosis of emotionally
unstable/impulsive personality traits/disorders being
commonest constituting 34 % subjects nearly matches
the existing literature in the world. Patients with a
mood disorder were more vulnerable than others
considering planned attempts of high potential, even
though most of them used chemical methods. It is to
be noted that 82 % of our subjects had a diagnosable
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psychiatric illness, but most of them had not sought
treatment for the same (70 %). This implies that there
is an urgent need to promote education regarding the
nature of psychiatric disorders and their treatability
across the community to allow their early detection
and timely treatment thereby minimizing suicide
attempts. Stigma reduction programs, effective skills
on the part of primary care and family physicians for
identification and management of potential suicidal
persons, coverage of unreached areas in terms of
better accessibility of mental healthcare should be
promoted. Suicide prevention must form an integral
part of community-based mental healthcare activities.
The commonest site for treatment being sought
was medicine and surgery where they land up with
various complications related to suicide attempters.
So consultation-liaison services are very important
in these departments and timely referral will prevent
them from a subsequent suicide attempt, its related
morbidity and mortality.

Conclusions

The young age group represents the most
vulnerable group nearly more than three fourth in
need. Four-fifth of the patients were diagnosed with
psychiatric illness at presentation, which clearly
argues for the need of early, prompt diagnosis and
treatment of such cases to prevent such attempts.
Public education for early identification and help-
seeking for mental disorders, awareness regarding
this in the healthcare staff, and facilities for the
management of common mental disorders in rural
and urban areas would probably help.
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Metabouyeckue U3MEHEHHUS y JIIOIeH MOKIUJI0r0 BO3pacra
C CapKoOIleHUeH

T.A. Axmenos, Y.P. Caruntaes, C.A. PykaBuiHnkoBa

Canxm-IlemepoOypeckuti uncmumym 6uope2yisiyuu U 2epOHMON0SUU
197110, Cauxm-Ilemepbype, npocn. Hunamo, 3

Pe3rome

CapxorneHus — pacipocTpaHeHHOE 3abosieBaHNe, pa3BHUBatoIIeecs y JII0Ei cTapiero Bo3pacra — IpeAcTaBIsIeT co0oi
TIOTEPIO MBIIIEYHON CHIIBI M MacChl M CBsSI3aHa C HEOIaronpHusTHBIMH TTOCIEICTBUSIMHU JUIsI 310POBbs. B CBsI3U ¢ BIMsSHU-
€M CapKOIIeHUH Ha KaueCTBO JKU3HU, MHBAJIMAN3ALUIO U CMEPTHOCTh HE0OX0arMa 00oJIbIIasi OCBEIOMIICHHOCTD /IS Ipa-
BIJIBHOW MJICHTU(HKALIMN 3TOTO COCTOSHUS U €r0 OMOJIOTHYEeCKNX MMMYHO3HIOKPHHHBIX MapkepoB. Llenbio uccneno-
BaHUSI BUJIIOCH U3YUCHUE 0COOCHHOCTEH MeTaboIM3Ma IIPH CApKONICHUH Y JIMI] TIOKMIIOTO BO3PAcTa Ha MOJIEKYIISIPHOM,
KJIETOUHOM M OpraHM3MEHHOM ypoBHe. MartepuaJs u Metoabl. B uccnenoBanue BkmodeHo 402 yenoBeka MOXKHUIOrO
Bo3pacta (199 myxuun u 203 XeHITUHBI, cpenHui Bo3pact 68,9 + 1,2 rona), pa3aeseHHBIX Ha TP TPYIIIHI B 3aBHCH-
MOCTH OT HaJIM4Ms WINA OTCYTCTBHsI apTepHaIbHOI TUNEPTeH3UU U capKoneHnu. COCTOSHUE KUPOBOM M MBIIIEYHON
TKaHHU M3y4YaJId IPU TIOMOIIH aHTPOIIOMETPUYECKUX U3MEPEHHN, ONONMIIEIaHCO- U AMHAMOMETpHUH. Pe3yabTaThl H HX
o0cy:kaenne. BoIIBICHO 1OCTOBEPHOE TOBBIICHHUE HANPSHKEHHOCTH B 3HEPreTHYECKOM 0OMEHE y JIHII ¢ apTepUalIbHOM
THIEPTEH3Uel 1 OTCYTCTBHEM CapKOIICHHUH, BBIpa3UBILEECs B MOBHIMIEHHH coaepxanusi AJl®, koToporo, ogHaKo, OKa-
3aJI0Ch HEJJOCTATOYHO [T monaepkanus cootHomeHns AT®/A /1D Ha momkHOM ypoBHE. Y MAIIMEHTOB ¢ apTePHAbHON
THIIEPTEeH3UeH 1 capKorieHuel Habnronancs BoipakeHHbIN neuuut AT® u AJI® u ux cootHotnenus. Hannunem suep-
rofeUIITa MOXXHO OOBSCHUTH M HaOOaeMoe MOBBIIICHNE aKTHBHOCTH JIAKTATIAETHAPOTeHa3bl y OOJIBHBIX apTepH-
AIBHOM TUIIEPTEH3HUEN I KOMIICHCAIIMH SHEPreTHYeCKOM HEJOCTaTOYHOCTH MyTeM YCHUJICHHUS MPOIECCOB IIHMKOIN3A.
OnHaKo MpH MPUCOETNHEHUH CapKOIICHUH 3TOT CAHOTECHETHYECKHUH KOMITCHCATOPHBIM MEXaHU3M yxe He padorai. 3a-
KJIo4enue. J{uchyHKuus >KUpOBOM TKaHM y JIMII C apTepHaIbHOMN THIIEPTEH3UEeH MpeaIIecTBYeT Pa3BUTHIO CapKoIe-
HUH, TIPYA 3TOM HAOIIONAETCs MOBBIIICHUE HANPSHKEHHOCTH SHEPreTHYECKOro 00MeHa, BRIpaKalolieecs B YBEIIMUCHUN
coaepkanus AJlD, a mpu MPUCOCTUHEHUH CAPKOIICHUH HAOIIONACTCs BhISIBICHHBIH neduuut kak ATD, tak u AJ1D.

KiroueBble €J10Ba: CApKOIICHHS, TIOKUION BO3PACT, METa0OIM3M, JIMITHIHBIA OOMEH.
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Metabolic changes in elderly people with sarcopenia

T.A. Akhmedov, U.R. Saginbaev, S.A. Rukavishnikova

St. Petersburg Institute of Bioregulation and Gerontology
197110, St. Petersburg, Dynamo ave., 3

Abstract

Sarcopenia is a special condition that develops in older people. Sarcopenia represents a loss of muscle strength and mass
in the elderly and is a common disease and is also associated with several adverse health effects. Due to the impact of
sarcopenia on quality of life, disability and mortality, greater awareness is needed to correctly identify this condition
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and in particular its biological immunoendocrine markers. The purpose of the study was to study the characteristics of
metabolism in sarcopenia in elderly people at the molecular, cellular and organizational levels. Material and methods.
The study included 402 elderly people (199 men and 203 women, average age 68.9 + 1.2 years), who are divided
into three groups depending on the presence or absence of arterial hypertension and sarcopenia. The state of adipose
and muscle tissue was studied using anthropometric measurements, bioimpedansometry and dynamometry. Results
and discussion. The present study revealed a significant increase in energy exchange tension in patients with arterial
hypertension, expressed in the increase in ADP content, but it was not enough to maintain the ATP/ADP ratio at the
proper level. In patients with arterial hypertension and sarcopenia, a pronounced deficiency in ATP and ADP content, as
well as ATP/ADP ratio was observed. The energy deficiency can also be explained by increase in lactate dehydrogenase
activity in patients with arterial hypertension to compensate for energy deficiency by enhancing glycolysis processes.
However, when sarcopenia was attached, this sanogenetic compensatory mechanism no longer worked. Conclusions.
Dysfunction of adipose tissue in patients with arterial hypertension precedes the development of sarcopenia, while there
is an increase in tension in energy exchange, expressed in elevation of ADP content, but when sarcopenia joins, there is

a pronounced deficiency in both ATP and ADP content, as well as ATP/ADP ratio.

Key words: sarcopenia, elderly age, metabolism, lipid metabolism.
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BBenenue

OrpannueHue TEPEABMKCHUS SIBISETCS TIPU-
3HAHHBIM W HanOosiee MH(OPMATHBHBIM MapKEpOM
crapenus [1]. V3MeHeHuss B cucteMe JOKOMOLIMU
OTIOCPENYIOTCS B3aUMOJICHCTBUAMHU MEKIY KOCTHOH,
MBIIIEYHON 1 )KUPOBOU TKAHIMHU U, COOTBETCTBEHHO,
CUTHAJILHBIMHU MOJIEKYJIaMH, KOTOPBIE MU TPOTYIIHU-
PYIOTCS, aTUTTOKNHAMU, MEOKIHHAMH U OCTCOKIMHAMH
[2]. Buomornyeckum U KIMHUYECKUM MPUMEPOM Ta-
KOTO POJia B3aUMOJICHCTBHIA ABJISICTCS HOBast 00JIC3Hb,
MIPHUCYIIAsk CTAPEHUIO, — CAPKOIICHHS, 0CO00€ COCTO-
SIHY€, Pa3BUBAIOIIEECs Yy JIIOJeH cTapIiero Bo3pacra
1 TIPEACTABIISIONIEE COOO0H MOTEPIO MBIIIIEYHON CHITBI
1 mMacchl [3]. CapkoTieHuS SIBISIETCS pacpOCTpaHEH-
HBIM 3a00JIeBaHMEM Y TMOXHJIIBIX JIIONEH, CBS3aHa ¢
HEeOJIaronpUsTHEIMU TOCIIEACTBUSIMU JIJISL 3I0POBBS
[4]. B cBs3u ¢ BIUsSIHUEM CapKOIIEHUM HAa Kau€CTBO
JKU3HU, HHBATTU/IM3AIAIO U CMEPTHOCTH HE0OXoAMa
0oJpIIasi 0CBEAOMIIEHHOCTD JIJISl TIPABHIIBHOW M/ICH-
TA(DHUKAITIN STOTO COCTOSHUS M €T0 OMOJIOTHIECKUX
MMMYHORH/IOKPUHHBIX MapKkepoB [5].

B ocHOBe coCTOSIHMSI CapKOMIEHUU JIeKAT KOJIH-
YECTBCHHbIE M KaY€CTBEHHBIC IIOTEPH CKEJIETHOMN
MYCKYIIaTypbl, OMOCPEIOBaHHBIE MHUKPOOKPYKEHHU-
€M, T.€. TIOTEPSIMU KOCTHOM U OKpY>KaroIlel >Kupo-
BOH TKaHell [6]. DTH acmeKThl CIIEAYyeT YYHUTHIBATh
npy pa3pabOTKe W TECTHPOBAHUH OHMOIOTHYECKUX
OCHOB MPO(QUITAKTUYCCKUX U TEPATICBTUYCCKUX BMeE-
IaTeNbCTB.

Lens wuccrenoBaHuss — HM3y4UTh OCOOEHHOCTH
MeTaboIM3Ma IPH CapKOTIEHWH Y JIHII TIOKUIIOTO BO3-
pacta Ha MOJIEKYJISIPHOM, KJIETOYHOM M OpTraHU3MEH-
HOM ypOBHE.

CUBUPCKUIN HAYYHBIN MEOVLUMHCKAW XXYPHAT 2022; 42 (4): 102—106

MarepuaJ u MeTOAbI

B uccnenosanue Obuto BKItoueHOo 402 yenoBeka
noxkuioro Bospacta (199 myxuus u 203 >KEeHIIMHBI)
Uil yrTyOJIeHHOTO OMOTEPOHTOJIOIMYECKOrO HCCie-
JOBaHHUS METOIOM ciydaiHoro Habopa. Bce mromu
HAMeJTH BO3pacT oT 65 1o 74 ner (cpenuuit 68,9 + 1,2
rozga). OGciIeA0BaHHBIX Pa3AENIId Ha TP TPYIIIHI B
3aBUCUMOCTH OT HAJIMYHS WM OTCYTCTBHS apTepH-
aNBHON THIIepTeH3UU U capkorneHuu (tadm. 1). Co-
CTOSIHUE KUPOBOH U MBIIICYHON TKaHU U3Y4aH MpU
MIOMOIIM aHTPOIIOMETPUIECKUX U3MEPEHUH, OHONM-
[IeIaHCO- U TUHAMOMETPHUH.

IIpoBeneHo m3MepeHue pocTa U Macchl TeJa, a
TaKke pacuer uHaekca maccol Tena (MMT):

HMT = macca tena (kr) / poct (M?).

dusnyeckyio paboToCIoCOOHOCTh OLIEHUBAIH C
MIOMOIIBI0 T€CTA CKOPOCTH MOXOAKH (6-MUHYTHBIN
TECT CKOPOCTH XOI50BI). MBIIIEUHYIO CHITY OT[CHUBA-
JI TIO CHJIE 3aXBaTa PyKH C ITOMOIIBIO THHAMOMETPA
AK-100 (AO HmwxHeTaruiabCKuid MeEAUKO-HHCTPY-
MEHTAaJIbHBIA 3aBOA). YUaCTHUKaM OBLIO TpenjioKe-
HO JAepkaTb IWHAMOMETP B JOMHUHHPYIOIIEH pyKe,
COTHYB JIOKOTb o1 yriioM 90°, a npearuieyse napai-
JIETILHO TI0JTY, MBIILIEYHYIO CUITY ONPEeIIsIN 10 JIyd-
IIEH U3 TPEX UCIBITAHUMN.

i olleHKHM cocTaBa Tejla UCIONb30BaJIN aHa-
nu3arop mmreaanca MTZ-35 (Bio-Logic Science
Instruments, CIIIA). M3mepenns npoBOAUIN B IO-
JIOKEHUH JiexKa. DIEKTPOIbl HOMELIAIN Ha PYKY, 3a-
IICTBE, HOTY W JIONBDKKY; OIPEHCIISUIN JKUPOBYIO U
TOIIYI0 MAaccCy, a TaKKe CONMpOTHBIEeHUE. MHIEKCH
’KUPOBOM M TOIIEN MacChl, MACChl CKEJIETHBIX MBIIIIL]
(ompeneneHHON ¢ MOMOIBIO ypaBHEHHs Janssen et
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Tabnuua 1. Xapaxmepucmuxa epynn o6¢c1e008aHHbIX

Table 1. Characteristics of the examined groups

['pynma nanmeHToB

0e3 apTepHuanbHOI
IToxazarens

THIIEPTEH3UH U CapKOIICHUU
(KOHTpOJIbHAS T'PyTITA)

C apTepUAIILHOM rumnep-
TeH3uel 6e3 capkore-

C apTepHaIbHOU
TUNEpPTEeH3UEeH U

(n=112) Huu (n = 116) capkonenueii (n = 174)
Bospacr, net 69,0+ 1,3 69,1 +1,1 69,1 +1,1
KomnuectBo my»xunH, 1 (%) 52 (46,4 %) 55 (47,4 %) 92 (52,9 %)

KonmuecTro sxenmuH, n (%) 60 (53,6 %)

61 (52,6 %) 82 (47,1 %)

al., pexomenoBanHoro EBpomneiickoit paboueii rpyt-
TI0¥ 110 CapKOTIeHNH Yy MOKWIBIX Jroneit (EWGSOP2)
[7]) paccunThIBamM Kak OTHOIIEHHWE COOTBETCTBYIO-
LIMX BEJIMYMH K KBajpary pocra uenoBeka. Cornac-
HO IMAarHOCTUYECKUM KPHTEPHUSAM, YCTAHOBICHHBIM
EWGSOP2, capxornieHusi 1uarHoCTUpoBajach Ipu
HaJTMIUH HU3KOH MBIIICIHOW MacChl (MHIEKC MacChl
CKEJIETHBIX MBI < 7 Kr/M? y My»4uH 1 < 5,5 kr/m?
y KEHIIMH) U HU3KOH MBIIIEYHON CHJIBI (CHIIA 3aXBa-
Ta pykd < 27 KT'y My>X4rH U < 16 KT y sxeHImuH) [1].

Conepxanune AT® u AJI® onpenensin dH3UMAa-
TUYECKUM METOZOM [ 8], aKTUBHOCTH JTAaKTaTACTHUAPO-
TeHa3bl — PSIMBIM MAPYBaTHBIM METOJIOM Ha aBTOMa-
TUYECKOM OnoxumuueckoM aHamm3arope Architect
(Abbott Laboratories, CII1A).

ApTepHaTbHYIO KECTKOCTh OIIEHWBAJH IO CKO-
POCTH pacTpoCTpaHEeHMs ITyJIbCOBOM BOJIHBI MyTEM
CHHXPOHHOW PErucTpanuuu CGUrMOrpaMM COHHOIA,
Ty4eBOoW u OeApeHHOW apTepuii, M3MepeHue BKIIO-
4ajo OLEHKY BPEMEHHU NPOXOAA IIyJbCOBOW BOJIHBI
0 aHAJIM3UPYEMOMY CETMEHTY COCY/Zla U PacCTOSHUS
MEXAy TOYKAaMH PErucTpaluy IyJIbCOBOW BOJHBI
(cucrema EPIQ CVx, Philips, CILIA).

Cratuctudeckyto 00pabOTKy pe3ynbraTtoB WC-
CIIEZIOBAHUS TPOBOMAWIIN, BBIUUCISASA CpefHee apud-
MeTHUYecKoe 3HaueHue (M), omuoKy cpeaHero apud-
METHYECKOTO 3HaueHHus (), ¥ MPEACTABISIN B BUIC
M * m. Paznuuug Mexay rpynnamMu OLEHHBAIH C

noMoIpo Kpurepust CThIONEHTa, AO0CTOBEPHBIMU
CUMUTANUCH pe3ynbTaThl npu p < 0,05. CBA3p Mexay
Pa3IMYHBIMU TPU3HAKAMU B MCCIEIyeMOl BBIOOpKe
OTIpe/IeTsIach C MOMOIIBIO KOPPEISAIMOHHOIO aHa-
JM3a BEMYMHON KoddduunenTa koppensaun Crup-
MeHa (7).

Pe3yabTarhl M X 00CyKIeHHE

B Tabn. 2 mpencraBieHa XapaKTePHUCTHUKA KH-
pOBOM TKaHU OOCIEIOBAHHEBIX, MOATBEPKIAIOIIAS
MIPUBEJCHHBIE B HAyYHOW JINTEpaType CBENCHUS O
HJINYMN TUCHYHKIHMN SKUPOBON TKAHHU y MOXKHIIBIX
JIIOACH C apTepuaibHOW THIIEPTEH3UEH, KOTOpasl He
TOJIBKO TIPOSIBIISIETCSI OMOXUMHUYECKUMH H3MEHECHU-
SIMH, HO M peaJI3yeTcsl B BUIE AOCTOBEPHOIO YyBe-
JIMYEHUS MTOJKOKHOTO M BUCLIEPAJIBHOTO JKHUPA U 00-
el Macesl xxupa. [Ipu npucoeMHEHNN CapKOIIEHUN
naHHbIe () (PEKTH COXPAHSIOTCS U OTYACTH YCHIINBA-
FOTCSI (ITOJIS JKUpa 3HAYUMO OOJIBINNE, YeM y OONBHBIX
TOJIBKO apTepHalibHOM TunepTeH3uei) (cM. Tadm. 2),
9T0 OOYCIIOBJICHO 3aKOHOMEpPHOH MoTepeil oObema
MBI ¥ CHUKEHHEM MBIIIEYHON MacChl B Pe3yibTa-
T€ ee MPOrpecCHpPOBaHUSI.

OTuMH QakTaMd MOXHO OOBSICHUTH BBISBIICH-
Hble y OOCIICIOBaHHBIX HApyIICHHs MOKa3aTelel
SHepreTudeckoro oomMeHa (Tadi. 3), KOTOpHIH, co-
1aCHO COBPEMCHHBIM IIPEACTABICHUAM, SBIACTCA

Tabnuua 2. Cocmas mena y n00eil nOAHCUL020 803PACMA C HATUYUEM UTU OMCYMCMEUuemM apmepuaibHol
2UnepmeH3UU U CapKoneHuu

Table 2. Body composition in elderly people with or without hypertension and sarcopenia

I'pynna nauueHToB

ITokazarenb

rpymma) (n=112)

0e3 apTepraabHOI TUIIEPTCH3UN
1 CapKOIleHUH (KOHTPOJIbHAS

C apTepUalbHOU
THIIEpTEeH3ueH 0e3
capxorienun (n = 116)

C apTepHaIbHOU
TUIEPTEH3UEN U
capxorienueit (n = 174)

Macca xwupa, KT 18,3+0,6 27,1 +£0,5* 26,9 +0,6*
Jounst xwupa, % 27,5+ 0,04 30,9 £ 0,03* 33,8 £ 0,08*#
TToAKOXKHBIN KUP, CM> 209,5+4,3 2524 +£2,6* 250,0 £4,2*
BuciepasbHblil )KUp, CM? 46,0£0,5 63,6 +3,3* 60,9 £5,1*
UMT, kr/m? 233+1,4 32,0+ 0,5% 30,0 £ 0,1*

Ilpumeuanue. O603Ha4YEHB! CTaTUCTHYECKU 3HauMMble (p < 0,05) oTMMYMsA OT BENMYMH COOTBETCTBYIOLIMX IOKa3aTeneil:
* — JIMI] KOHTPOJBHOI TPYIIIHI, # — MAI[MEHTOB C apTepUaIbHON TUIIepTeH3Hel 063 CapKOIIeHN.
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Taonuya 3. Cooepocanue AT® u ALD, akmuenocms 1akmamoe2uopocerHasvl 8 CblGOPOMKe KpogU U noKazameni
MbIUEYHOU QYHKYUU Y TH00ell NONCUTI020 803PACA C HATUYUEM UTU OMCYMCMBUEM apmepuanbHoll 2unepmeH3un
u capxonenuu

Table 3. ATP and ADP content in blood serum, lactate dehydrogenase activity and indicators of muscle function
in elderly people with or without arterial hypertension and sarcopenia

I'pyria nanueHToB
6e3 apTepHaIbHOI - C apTepUaJIbHON C apTepUAJILHOMN
Iokazatens MEPTEH3UH U CAPKOIICHUU TUIEePTEeH3UeH TUIePTeH3UeH
(KOHTpOIBHAS TPYIIIA) 0e3 capKOIICHUU U CapKOIICHUECH
(n=112) (n=116) (n=174)

Conepxanne ATD, MKMOJIB/JT 2942 £ 6,7 170,8 + 6,4* 26,3 +1,9%#
Conepxanne AJID, MKkMOITB/ 1T 253+1,3 51,2+ 0,5% 12,2 £ 1,6%#
Cootnomenne ATD/A]D 12,1+0,2 3,5+0,2% 2,1 +0,3%#
AKTUBHOCTB JIaKTaTACeTUApOreHassl, EJI/n 366,4 +9,9 E/l/n 459,3 + 8,2* 312,1 £8,4*
CKOpOCTB TOXOZKH, M/C 0,9+ 0,06 0,8 + 0,04 0,6 £ 0,01**
MpliieyHas cuia, Kr
JKeHmuHbI 21,4+04 17,4 £0,3* 12,2 +£ 0,6%*
My KYUHBI 32,6 +0,8 26,5+ 0,4% 19,0 £ 0,7*#

ITpumeuanue. O603Ha4YCHBI CTATUCTUUECKH 3HAYMMBIE (p < 0,05) OTIINYHS OT BEJIMYMH COOTBETCTBYIOIIHX ITOKa3aTeneit: * — nuiy
KOHTPOJIBHOM TPYIIbI, # — MAIIMEHTOB ¢ apTEPUaIbHON IHIIePTEH3HEH 6e3 CapKOICHUH.

COBOKYNMHOCTBIO PEaKUUU OKHCIEHUS, NPOTEKaro-
HIMX BO BCEX JKUBBIX KIETKaX, U 00ecleunBacT op-
TaHW3M SHEPrUel B TOCTYMHOM JUIsl UCIOIb30BAHUS
tdhopme — AT®. TpygHOCcTH amanTaruyl MOXKHIIBIX
JIOZIeH K pa3iIM4YHBIM CTPECCOpPaM MOTYT OBITH 00Y-
CIIOBJICHBI HAPYLICHUSIMH B SHEPreTUIECKOM 0OMeHe
opraHu3Mma.

BrIsiBiI€HO OCTOBEpHOE MOBBIIIEHUE HAIPSKEH-
HOCTH B DHEPIreTHYECKOM OOMEHE y JIML C apTepH-
albHOW TUTIEPTEH3UEN U OTCYTCTBHUEM CApKOIECHUH,
BbIpa3zuBIlIeeCs B IMOBBILIEHUH copepxkaHus AJ[D,
KOTOPOTO, OJHAKO, OKAa3aJloCh HEJOCTAaTOYHO IJIf
nonnepxkanus cootHormeHuss ATD/AJ[D Ha momxk-

HOM YpOBHE. Y MAalMEHTOB C apTEpUAIbHOMN rumep-
TEH3WEH M capKOTICHHEH HaOMomaICs BBIPasKEHHBIH
nepurur ATO® u AJI® u ux coorHomienus. Hamu-
yheM dHeprogepuiruTa MOXKHO OOBSICHUTH M HAaOIO-
JlaeMOe TIOBBIIIIEHNE aKTHBHOCTH JIAKTATIETHIPOTe-
Ha3bl y OOJBHBIX apTepHalbHON THIIEPTEH3UEH IS
KOMITEHCAIIUM JHEPreTUYEeCKOH HEeIOCTaTOYHOCTH
IyTEM YCHJICHHS TIPOIIeCCOB mTnKonn3a. OMHAKO TP
MPUCOCIMHEHNUN CApKOMEHUU 3TOT CaHOTCHETHUYe-
CKH{ KOMITEHCATOPHBIM MeXaHHW3M yxe He padorai
(cm. Tabm. 3). O4eBUAHO, AJIS MOXKUJIBIX MAI[MEHTOB
C apTepHUalIbHON TUIIEPTEH3UEH XapaKTEPHO COCTO-
STHHE THUIepMeTadoIn3Ma, KOTOpOe TNpH HAIWIHH

Tabnuua 4. Pe3ynemamol buoumneoancmempuu y io0etl RONCUI020 B03PACMA € HATUYUEM UL OMCYMCMEUem
apmepuanibHoU 2uNepmensuy U capkoneHuu

Table 4. Results of bioimpedancemetry in elderly people with or without arterial hypertension and sarcopenia

['pynma manmeHToB
TMokaszarens 0e3 apTepuanbHOH C apTepHaIbHON C apTepUaJIbHON
TUINEPTEH3NU U CApKOIICHNH | THIepTeH3uel 0e3 THIIepPTEH3UeH u
(KOHTpOJIBHAS TPYIITIA) CapKOTMIEHUHN capKoIeHuel
WHpekce ®UpoBOil Macchl, Kr/m?
JKeHIHEI 10,1 £1,5 13,3 +0,7* 13,5+ 1,4%
My KYHHBI 8,1+0,8 11,4+ 1,1* 11,7+ 1,2%
WHaeke Tomel Macesl, Kr/m?
KeHmune 152+1,2 13,2 +1,0* 9,7 +0,3*#
My KIHHBI 17,2+1,2 15,1 +£1,3* 11,3 £1,1*#
WHeKe MacChl CKEIIETHBIX MBIIIIL, KI/M?
JKeHIMHBI 9,2+0,2 6,4 +0,4* 4,9 +0,.2%*
My:KUUHBI 9,7+0,5 7,1 £0,4* 5,5+ 0,3*%#

Ipumeuanue. O603Ha4YeHBI cTATUCTHUECKH 3HauMMble (p < 0,05) omIMuMs OT BENMYHH COOTBETCTBYIOIIUX IOKa3aTeneil:
* — U1 KOHTPOJIBHOM TPYNIIBI, # — MALMEHTOB C apTepHalbHON rHIepTeH3Hel 0e3 capKoIeHnH .
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CapKOTIeHNH KOHBEPTUPYETCS B COCTOSHUE THIIOMe-
TaboiM3Ma, YTO MPUBOIUT K JEMPECCHU CHCTEMBI
CaHOTEHE3a.

[Ipn amanmmze MbIMIeIHOW (YHKIIUHA BBISCHH-
JIOCh, YTO CKOPOCTH MOXOJAKH Y IMAI[MEHTOB C apTe-
pHaNbHON TWNEpPTEeH3Meld M capkoneHuedl Ha 33 u
25 % ™eHbIIIe, YeM Y JIHI KOHTPOJIBHOW TPYTITE U
OOJIHBIX apTEepUANBbHONW THIEpTEH3Hel 0e3 capko-
IIEHHH COOTBETCTBEHHO (cM. Tabn. 3). Melmreunas
CWJIa KaK y MYXXYWH, TaK U Y KCHIIUH C apTepHalb-
HOU TMIIEPTCH3MEH 3HAYUMO CHIDKEHA, KOMOMHAIUS
apTepuanbHON TUTIEPTEH3UU C CapKOIIEHHEeH Compo-
BOXKIAJIACh eIlle 00iIee BRIPAKEHHBIM YMEHBIIIEHUEM
nokaszarens (cMm. Tabn. 3). Takum oOpaszom, yxe Ha
CTa/INY TIOPAKEHHSI CEPIETHO-COCYUCTON CUCTEMBI
CO3JIaI0TCS yCIIOBHSI, KOTOPhIE PEaTU3yIOTCs B IOpa-
’KeHUH MBI B BUJIE quHareHuu [9]. B nanpHeiimem
3TO OOBACHSET IPOTPECCHUPOBAHNE ITATOIOTHYECKOTO
mporiecca 10 YpoBHS CapKOIIEHNH, YTO IOATBEpIK/1a-
10T pe3yNbTaThl OnonMIegancMeTpun (Tad. 4).

3akaoueHune

JuchyHKIMs )KUPOBOW TKaHM Y JIUI] C apTepH-
aJbHOW TUIEPTEH3UEH IMPEIIIECTBYET PA3BUTHUIO
CapKOIICHUH, IIPU 3TOM HAOIIOAAETCS] MOBBIIICHHUE
HAINpPSDKEHHOCTH JHEPreTHYecKoro oOMeHa, BhIpa-
J)Karomieecs B yBelauueHuu copepxkanus AIlD, a npu
IIPUCOEIVHEHUH CapKOIIEHUN HAOIIONAeTcsl BbIIB-
neHHbii neuut kak ATO, tak u AJ[D.
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OpurunanpHOe uccinenoanue / Research article

KomnbrorepHasi Tomorpausi B OlieHKe MepejioMoB KOCTel Ta3a
y HALUEHTOB € COYETAHHBIMU TPABMAaMHU

I'.III. I'aceiM3ane

Azepbatiodcanckuil 20Cy0apCcmeenHblll UHCIUMYM YCo8epuleHcmeosanus epaveil um. A. Anuesa
Pecnybnurxa Azepbatiooncan, AZ1012, e. baky, Tounucckui npocn., 3165

Pe3rome

Jlo HacTosIIero BpeMeHH CMEPTHOCTh OT CIOKHOW TPaBMBI Ta3a OCTaeTCs BHICOKOW. J[MarHocTHYecKasi BU3yaIu3anus
UTpaeT BEAYLIYIO POJIb B JICYCHUH MEPEIOMOB Ta3a, a Ka9€CTBO M300paKeHHsI IOMOTaeT CHU3UTh CMEPTHOCTH Malld-
€HTOB OT TakuX TpaBM. Llenp nccinenoBanus 3aKiIr04aIach B OLIEHKE 3HAUMMOCTH KomrbloTepHoit Tomorpaduu (KT) ¢
TPEXMEPHOU PEKOHCTPYKLMEH B IHArHOCTUKE NEPEIOMOB KocTel Taza. Meroabl. B Teuenue 36-mecsiuHOro nepuojia
o0cenoBaHo 76 manueHToB 060ero mnona (54 myxunusl (71,0 %) u 22 xennwusl (29,0 %)). Jlist oneHky xapakTepa
MIepesIoMOB Ta3a UCIOJIb30BAIACh cucTeMa Kinaccuukanuu Sara—bepmkecca. Vcnons3oBan ciupaibHBIH KOMIBIOTEP-
HbIit Tomorpad Aquilion 16 Model TSX-101A (Toshiba, SInonust). Bee maiueHThl CKaHUPOBaHBI B TIOJIOKEHHHU JIEKA
Ha cIMHE ¢ n30eraHneM IBIXEHUs BO BpeMs ocMoTpa. CkaHMpOBaHNE HaYMHAIHM C BEPIIMHBI TPEOHS MOIB3IOIIHOM
KOCTH M MPOJOJDKAJIH Yepe3 YPOBEHb CelalnIIHbIX OyrpoB. TommuHa cpes3a u mar ToMorpaduu 10 M, nmoaada cro-
na 15 mm 3a obopot TpyOku, muty 1,5:1, Bpems ckanupoBanus 20-30 c. Pesyabrarsl. CpenHuid BO3pacT MalMeHTOB
pasnsuics 35,2 + 1,77 rona. Haubosnemryto gomto (86,9 %) cocTaBrir JOPOXKHBIA TPaBMaTH3M: JOPOKHO-TPAHCTIOPTHBIC
npoucmectsus — 30,3 %, cTolkHOBEHHKE C nemexoqoM — 32,9 %, aBapuu ¢ y4acTHEM MOTOLUKIIMCTOB U BEJIOCHIIEIMC-
ToB — 23,7 %, magenue ¢ BoICOTHI — 13,1 % manueHToB. PeHTreHOrpadust Ta30BBIX OPraHOB JHATHOCTUPOBAJIA IEPEIOM
kpecria y 33 (43,4 %) 6onpubIX. [lepennesanuee cnasnenune (AC) 3aduxcuposano B 9,2 % cinydaes, u3 Hux AC-I — B
7,89 %, AC-II — B 1,31 %. JlatepansHoe cnaBnenue otmedeHo y 73,68 % 6onbubix: LC-1 - 57,89 %, LC-11 — 10,53 %,
LC-III - 5,26 %. BepTukanbHblil CABUT U CMELIAHHAS MEXaHUUYECKask TpaBMa BhIABIECHHI B 7,89 u 7,89 % ciryuaes co-
OTBETCTBEHHO, HEKJIacCU(PHULIUPOBaHHBIN nepesioM — B 1,31 % ciy4aes. [lepenoMbl Ta30BOro Konbla ObLIIM CBA3AHBI C
nepenomamu kpecria (69 (90,8 %) nanmeHToB) U BepTIyXHOH BriaauHbl (63 (82,9 %)), He cBsa3anbl —y 6 (7,9 %) naun-
eHTOB. 3akaioueHnne. [Ipu coueTaHHBIX TpaBMax YaIle BCTPEYAINCh OOKOBBIE KOMIIPECCHOHHBIE TPaBMBbI Ta3a, KOTOPHIE
B CPaBHEHHH C TPAIUIMOHHBIMHA PEHTTEHOTPAMMaMHK CTaTUCTHYECKH 3HAUMMO pacrio3HaBaiuch Ha KT-n300paxeHusax
(» <0,001), moaTBepskaast TOT (akT, YTO MEPEIOMBI Ta3a YaIlle BCTPEUAIOTCS ITPH OOKOBBIX KOMIIPECCHOHHBIX TPaBMaX,
4yeM Ipu nepenHe3aqHux. st moIHoH OIeHKH Ta30BOTo KOJblia, IOMUMO 0030pa Ta3a, HeoOxoaumo BeimoaHenne KT
JlaTepaJIbHOM YacTu KpecTiia.

Ki1roueBble cjioBa: TpaBMa, Ta3, HEpenoM KOCTeH, ciupaibHast KOMIBIOTEPHAs TOMOTpadust, KpecTell, BepTIyKHAs
BIIa/IMHA.
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Abstract

To date, mortality from a complex pelvic injury remains high. It is noted that the total mortality from pelvic injury is
4.7 %. It is recognized that diagnostic imaging plays a leading role in the treatment of pelvic fractures, and image quality
helps to reduce the morbidity and mortality of patients with injuries. The aim of the study was to evaluate the role of
CT with three-dimensional reconstruction in the diagnosis of pelvic bone fractures. Material and methods. During the
36-month period, 76 patients of both sexes (54 (71.0 %) men and 22 (29.0 %) women) were examined. The Young—
Burgess classification system was used to assess the nature of pelvic fractures. A spiral computed tomograph Aquilion 16
Model TSX-101A (Toshiba, Japan) was used. All patients are scanned in a supine position with no movement during the
examination. The scan was started from the top of the iliac crest and continued through the level of the sciatic tubercles.
The thickness of the cut and the step of the tomography is 10 mm, the table feed is 15 mm per tube revolution, the pitch
is 1.5:1, the scanning time is 20-30 seconds. Results. The average age of the patients was 35.2 + 1.77 years. The largest
share was road injuries — 86.9 %: road accidents — 30.3 %, collisions with a pedestrian — 32.9 %, motorcycle and bicycle
accidents — 23.7 %, falling from a height — 13.1 % of patients. Pelvic organ radiography diagnosed a sacral fracture in
33 (43.4 %) patients. Anteroposterior compression (AS) was recorded in 9.2 % of cases, of which AS-I in 7.89 %, AS-
IT—1.31 %. Lateral compression was observed in 73.68 % of cases: LC-1 - 57.89 %, LC-1I — 10.53 %, LC-III — 5.26 %.
Vertical shift and mixed mechanical injury were detected in 7.89 and in 7.89 % of cases, respectively. The unclassified
fracture was detected in 1.31 % of cases. Pelvic ring fractures were associated with sacral fractures (69 (90.8 %)
patients) and with acetabular fractures (63 (82.9 %) cases), in 6 (7.9 %) patients — not associated. Conclusions. In
combined injuries, lateral compression injuries of the pelvis were more common, which, in comparison with traditional
radiographs, were statistically significantly recognized on CT images (p < 0.001), which confirmed the fact that pelvic
fractures are more common in lateral compression injuries than in anteroposterior injuries. For a complete assessment of
the pelvic ring, in addition to the pelvic view, a CT scan of the lateral part of the sacrum is required.

Key words: trauma, pelvis, bone fracture, spiral computed tomography, sacrum, acetabulum.
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Beenenne a Ka4eCcTBO HM300pa)KeHHWsS IOMOTaeT CHU3HUTH 3a-
0011€eBa€MOCTh U CMEPTHOCTH IMAIMEHTOB C TpaBMa-
MU. OObIYHAsE PEHTIeHOJOTHYECKasi BH3yalU3allus
HEPEKO MPOIMYCKAET MEPEIOMBl 3aJHEr0 Ta30BOTI0
KOJIBLIA, YTO MOJKET MOBIMATH HA JI€UEOHYIO TAKTUKY
[5]. B momomHenne K mepBUYHON peHTreHOTpaduu

komnbroTepHas Tomorpagus (KT) moxer obecre-

TpaBMBI, 3a TIOCIEIHHWE HECKOJIBKO JIET CTaB-
e OJHOW W3 BEAYIIUX NPUYMUH 3a00JI€BAEMOCTH
U CMEPTHOCTH YE€JIOBEYECTBA, MPEACTABIISAIOT COO0M
BaXHYIO IpobseMy. B Mupe kaxnas necsras cMepTh
Yy MY>KYUH U KEHIIUH TPOUCXOUT U3-3a TPABM, UTO
JiefaeT UX MIeCTOU M0 3HAYMMOCTU NMPUIUHON cMep-

TH Y TSATOU MO 3HAYUMOCTU MPUYUHON MHBAIHUIHO-
ctu [1]. Jo HacToAIEro BPEMEHH JIETANIbHOCTb OT
CJIOKHOW TpaBMBI Ta3a OCTAETCS BBICOKOW, COCTaB-
s 4,7 % [2].

V nanueHToB ¢ COYETaHHOM TpaBMOM 4acTOM UX
MPUYMHOMN ABJISIETCA MEPEIOM KOCTEH Ta3a, KOTOPHIN
BcTpedyaerca mpuMepHo B 20 % ciyyaeB MHOXe-
CTBEHHBIX TPaBM, a YPOBEHb CMEPTHOCTH ITPH HECTa-
omnbHOCTH reMoauHamMuku nocruraer 20 %. O0masa
CMEPTHOCTB OT IEPEIOMOB Ta3a Koyiebiercst oT 5 110
16 %, yacToTa HeCTaOMIIbHBIX MEPEIOMOB Ta3a CO-
craBnger okoino 8 % [3]. [lepenomsl nepenHero Ta-
30BOr0 KOJIBIA YAaCTO CBS3aHbl C CONMYTCTBYIOIIMMU
MOPaXXEHUSMHU 3aIHETO Ta30BOTO KOJIBLIA, KOTOpHIE,
[0 JTaHHBIM JINTEPATYpBl, BBIABISIOTCT ¥ 54-97 %
MarueHToB [4].

[Ipu3HaHo, 9TO MUArHOCTHYECKAsT BU3YaTN3aIlUs
WTpaeT BEAYIIYIO POJIb B JICUCHUH NIEPEIOMOB Taza,
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YUTH YAYYIIEHHOE pa3pelieHue U oOIerdyuTh oOHa-
pyXeHHe HeOONMbITUX TIepeIoMOoB. J{JIsl yMEHBIICHUSI
KOJIMYECTBA MPOMYIIECHHBIX CIYy4acB MOBPEKIACHUS
Ta30BOTO KOJNbI]a PEKOMEHAYETCS HCIIOIb30BaTh
nostHOe oOcnenoBanue u KT, kotopast oObr9HO TIpO-
BOAUTCA IIpU HepBH‘-IHOfI OIICHKC MAllMCHTOB C TpaB-
Mamu Ta3a. CunTaeTcs, 4TO B HMCCIECIOBAHWU Ta3a
HanOonee wHpoOpMaTuBHA MynbTHCTHpanbHas KT
[6]. B cryuae mepenoMa epeIHero Ta30BOro KoJIbIa
KT pexomenayercs Al OLIEHKH 3aJHETO Ta30BOTO
KoJibIIa [5].

ITepenombl Ta30BOTO KOJIbLIA SBIISIFOTCA TOTEHIU-
AIIBHO CEPbE3HBIMU TPABMaMH C PUCKOM 3HAYUTEIb-
HOTO KPOBOTEYEHUS W OCIOKHeHUH. OHH OOBIYHO
BO3HHUKAIOT B PE3YJIBTATC TPAaBMbI C BBICOKOM KHHE-
THYECKOM :-)HepI“I/IeI\/'I " MOTYT BbI3bIBATb OITACHBIC JIs1
KU3HU KPOBOTECUECHHsI M3 3a0pIONIMHHBIX ApTEPHIA.
[ToMrMO KPOBEHOCHBIX COCYHOB, MOBPEKIAIOTCS
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MMOYKH, TICUeHb, CEJIe3¢HKa, OpraHbl MOYEBOHW CH-
creMbl U qip. [7]. [losToMy BaskHOE 3HAUEHUE IMEET
cTparerus o0CiIe0BaHusl.

Hecmotps Ha ycnexu, TOCTUTHYTBIC B HEOTIOXK-
HOH MOMOIIM TPAaBMHUPOBAHHOTO TAIlMEHTA, CMEPT-
HbI€ CIIy4al HEPEAKHU, YTO CBUACTEILCTBYET O He-
00XOAUMOCTH JalbHEHIINX uccleqoBanuid. Ilenb
uccienoBaHus 3akiodanack B orenke poiau KT ¢
TPEXMEPHOUN PEKOHCTPYKIMEH B IUAarHOCTHKE TIepe-
JIOMOB KOCTEH Tasza.

MarepuaJj 1 MeTOIbI

C 2016 mo 2018 r. nposenena KT u usyuensr me-
JULMHCKUE KapThl MALUEHTOB C MEPeIOMaMH KOCTEH
Ta3a MpH COYCTAHUH C TePEeTIOMaMHU 1 BEIBUXaMH KO-
HeuHocTel. B Teuenune 36-mecsyHOro mepuosna o0-
cieoBaHo 76 marmeHToB o6oero momna (54 MyK4du-
HBI (71,0 %) u 22 xenmunst (29,0 %)). Kputepusmu
BKJIIOUEHHUS B MCCIIEOBaHNE ObUIM TPaBMaTHYECKHE
MIEPEJIOMBbl Ta30BOTO KOJIbIA, KPUTCPUSIMU HCKIIIO-
yeHus1T — OepeMEeHHOCTh, BO3pacT Mojoxke 18 mer,
NepeHeCceHHbIN cepaeyuHblil mpucTyn. MccaenoBanue
BBINIOJIHEHO B COOTBETCTBUM C NPUHIMIIAMH XeJlb-
CHUHKCKOH JIeKJIapaluu.

Bce manueHTs! mponuy 00630pHy0 peHTIeHOrpa-
¢uro Ha ammapate Plessart Model DXB-0324CS-A
(Digital Radiography System) (Toshiba, Smonus).
st oLeHKH XapakTepa MeperoMOB Ta3a HCIONb30-
Bajlach cucTeMma kiaccubukanuu SAura—bepmxecca
[8]. Jlarepanbnas xommpeccus IIl Tuma, mepemue-
3aausis komnpeccus I u I TunmoB, BepTUKaIbHBII
C/IBHT M TIEPEIIOMbI KOMOMHUPOBAHHOTO THTIA OBUIH
ompeeNieHbl KaKk HecTaOWIbHbIe, OCTaJbHBIE Bapu-
aHThl — Kak crabunpHele. KT BeImonHsAnach ¢ uc-
MOJIb30BAHUEM CIIMPAIBFHOTO KOMITBIOTEPHOTO TO-
morpaga Aquilion 16 Model TSX -101A (Toshiba).

Bce nanyeHThl ckaHUPOBaHBI B TIONOKEHUH JIe)Ka Ha
CIMHE ¢ n30eraHueM JBIXKEHHS BO BPEMsl OCMOTpa.
CxaHrpoBaHWE HAaYMHAIW C BEPIIMHBI TpeOHS IMOM-
B3JOLIHOM KOCTH M TPOAOJDKAIN Yepe3 ypOBEHb Ce-
JnanuinHeIX OyrpoB. TonmmuHa cpesa u mar ToMorpa-
¢uu 10 MM, noaua cTona 15 MM 32 000pOT TPYOKH,
nut4 1,5:1, Bpemst ckanuposanus 20-30 c.

JUid  cpaBHEHMsI M CTaTUCTHYECKOM OLEHKH
pasnuuMii MEXIy TpyIIamMH HUCIOIb30BaHBl METO-
IObl TUCKPUMHHAHTHOTO aHaJM3a, pPacCUUTHIBAIH
y*-kpurepuii [Tupcona, orHomenue mancos (OL) ¢
95%-m noBepuTenbHBIM HHTEpBaoM (/IN).

Pe3yabTaThl M MX 00CYKIEeHHE

Bospact nanuentoB konedaincs ot 18 mo 66 et
(35,2 £ 1,77 rona), pacrpe/enenue ObLIO CIEIyO-
mm: 18-20 ner — 11 (14,5 %) uenosek, 21-30 nert —
24 (31,6 %), 31-40 tetr— 17 (22,4 %), 41-50 net — 13
(17,1 %), 51-66 netr — 11 (14,5 %) nanuenros. Hau-
Oompryro nomo (86,9 %, 66 deroBek) coCTaBmI J0-
POKHBIN TPAaBMATU3M: TOPOKHO-TPAHCIOPTHBIE TPO-
ucmectsust — 30,3 % (23 manueHTa), CTOJIKHOBEHUE
¢ memexonom — 32,9 % (25 genoBek), aBapuu ¢ yda-
CTHEM MOTOIIMKIIMCTOB U BEIOCUIIEAUCTOB — 23,7 %
(n=18), magenue ¢ BoicoThl — 13,1 % (1 = 10). Penr-
reHorpa¢usi Ta30BBIX OPraHOB IWATHOCTHpPOBAA
niepenioM kpectua y 33 (43,4 %) nanuenton. Pacnpe-
JieJIeHue OOJNIBHBIX C TUAarHOCTHPOBAHHBIMH C TIOMO-
mpio KT u pentrenorpadun nepeinomamMu Ta30BOroO
KOJIbLIa IPEJICTAaBIICHO B TaOMuIIE.

Kak crmemyer w3 TaOmuipl, yamie OTMEYAIINCh
W30JIUPOBAaHHBIE PA3pBIBBI CHUM(U3apPHBIX CBS30K.
CTaTHCTUYECKU 3HAYMMBIX Pa3IMuUil MEXay Tpa-
murroHHoN pentreHorpadueit 1 KT npu BelsBie-
HUM CIABIICHHS Ta3a B IEPEAHE3aJHEM Harpaslie-
HUU HE OTMEYasoch. lloBpexkaeHUs narepanbHON

Pacnpeoenenue nayuenmos ¢ neperomamu kocmet masa no kiaccuguxayuu Anea—bepoicecca (n = 76)

Distribution of patients with pelvic bone fractures according to the Young—Burgess classification (n = 76)

Tumn nepemoma onTwm . KT % p PeHTreI:A] v p OLI (95 % AN) p
AC-I 6 7,89 4 5,26 0,428 0,513 1,54 (0,42 —5,70) 0,516
[Mepenmesannee AC-II 1 1,31 1 1,31 0,507 0,477 | 1,00 (0,06 -16,28) 1,000
cnasnenue (AC) AC-III 0 0 0 0
Bcero 7 | 9,20 5 6,58 0,362 0,547 | 1,44 (0,44 -4,76) 0,549
LC-I 44 | 57,89 28 36,84 6,756 0,009 2,36 (1,23—4,52) 0,010
JlarepasbHoe LC-II 8 | 10,52 4 5,26 1,448 0,229 | 2,12(0,61—7,36) 0,238
cnasnenne (LC) | LC-IIT | 4 | 526 | 0 0 4,108 | 0,043
Bcero 56 | 73,68 | 32 42,10 15,545 0,001 | 3,85(1,94-7,63) 0,001
BeprukanbHblid caBUT 6 7,89 4 5,26 0,428 0,513 1,54 (0,42 —5,70) 0,516
CMemanas MeXanmieckan | ¢ | 599 | 5 | 963 1,188 | 0276 | 3,17(0,62-16,24) | 0,166
TpaBMa
HexmaccuummpoBaHHbIit 1 1,31 0 0 1,007 0,316
Bcero 76 | 100 43 56,58 42,151 0,001
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Puc. 1. Komnviomepnvie momozpammel kocmeu masa, nepenomst noomuna LC-1. Ilepenom semaeti ceoanuwynoil kocmu,
nepenom GepMAYHCHOU 6NAOUHDL, NEPELOM KPeCmyd U paspble KPeCmyo80-no08300WHO20 COUNEHEHUsA CnpaAsa
(cmpenxu): a, 6 — aKcuanbHas nPoeKyusl;, 8 — MmpexmepHas peKOHCMPYKYUs u300paxsceHus

Fig. 1. Computer tomograms of pelvic bones, fractures of LC-I subtype. Fracture of the branches of the sciatic bone,
fracture of the acetabulum, fracture of the sacrum and rupture of the sacroiliac joint on the right (arrows). a,
6 — axial projection; 6 — three-dimensional reconstruction of the image

komnpeccuu ¢ nomoinsio KT oOHapyxuBaiuchk Ha
42,9 % (p < 0,001) game, yem Npu TPaIULMOHHON
pentreHorpaduu (cM. TabIHIly), B OCOOCHHOCTH 3TO
KacaJjoch MepesioMOB BETBEH C WIICHUIIaTepaTbHBIMU
IepeoMaMi KpecTHOBBIX KpbuibeB (moarum LC-I)
(p» <0,01). 13 44 mauuenTos ¢ nogrunom LC-I nepe-
JIOMBI BETBEW CENAJMLIHBIX KOCTEH BBISBISUIUCEH Y
19, nepenoMbl BEpTIYKHOW BHAIUHBI (BHYTPEHHS
CTCHKa W LEHTpaJbHBIN BBIBUX Oezipa) —y 16, un-
CWJIaTepalbHBIN MEPEoM KpecTia — y 9 maiueHToB
(puc. 1).

N3 8 manmentoB ¢ moaTunom LC-II onuu umen
TOPU30HTAIBHBIA IEpesioM BETBEH CENaIUIIHBIX/
JIOHHBIX KOCTEH, OJIUH — I1€PEJIOM BHYTPEHHEU CTEH-
KM BEPTIY)KHOW BIAJAWHBI, OAWH — ICHTPAJbHBIN
BBIBHX Oeljpa COOTBETCTBEHHO, JBOE — MEPEIOM 00-
KOBBIX Macc Kpectiia (puc. 2). M3 geTsipex marueH-
TOB C JlaTepasibHbIM caaBieHueM noarumna LC-III y
JBOMX HaWJEH TOPU3OHTAJIbHBIN MEPENOM, Y OIHO-
ro — IEPEJIOM BHYTPEHHEHN CTEHKU BEPTIYKHOU BHa-

JIUHBI, 1€ Y OJHOTO — IIEHTPaJIbHbINA BBIBUX Oenpa 1
nepenoM OOKOBBIX Macc KpecTna (puc. 3).

W3 mecTn manmeHToB ¢ MEpEHE3aHUM ClaB-
nmenneM moaruma AC-1 Tpoe mMenn BepTUKAIBHBIN
MepesioM BEeTBEH CelaMIHbIX KOCTel, Tpoe — nepe-
JIOM IepeqHeN U 3aHeH KOJIOHHBI BEPTIIY>KHOH BIa-
JuHEL Y naruenTa ¢ montunoM AC-11 Habmonanuch
MIepesioM NepeaHeil U 3aJHel KOMOHHBI BEPTIYKHON
BIIA/IMHBI U PACXOXKAECHHE KPECTIIOBO-II0/IB3A0LIHOTO
COWJICHEHUS B MEpeAHuX oTaenax. M3 mectu 00mb-
HBIX C BEPTUKAJIBHBIM COBUIOM Y ABOMX BBISBJICHBI
BEPTUKAJIBHBIM IIEPEIOM BETBEH CENANMILHBIX KO-
CTell U MepesioM KPecTHa, y IBOMX — IEePEIOM KpbI-
M BEPTIIY>KHOW BIAJMHBI, BEPTUKAIBHBIN MEPENIoM
KpecTla M BEPTUKAIbHOE CMEIICHHE KPECTIOBO-
MOJB3/IOLITHOTO COYJICHEHHMS, Y IBOMX — BEPTHKAIIb-
HBIH MEepesIoM KpbUIaTON KOCTH U MEPENIOM KPECTLA.
W3 mectn nmanMeHTOB CO CMEIIAHHBIM IIOBPEXIe-
HUEM y JBOUX OOHAapyeH BEPTHKAJLHBIA MEperoM
BETBEH CeJAJIMIIHBIX KOCTEeH, OOKOBBIX Macc KpecT-

Puc. 2. KomnvromepHuie momozpammuvl kocmeii masa, nepeiromst noomuna LC-11. Ilepenom obeux n10HHbIX U ceOanuuy-
HbIX KOCThell, Nepeiom 6HympeHHel CIeHKU 6ePMIYHCHOU 6NAOUHBL. 4 — aKCUATbHASA NPoeKyus; 6 — @poumanns-

HAsl NPOeKyuUsl;, 8 — MpexmMepHas peKOHCMPYKYUs U306padsceHus.
Fig. 2. Computer tomograms of pelvic bones, fractures of LC-II subtype. Fracture of both pubic and sciatic bones,
fracture of the inner wall of the acetabulum: a — axial projection; 6 — frontal projection; ¢ — three-dimensional

reconstruction of the image
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Puc. 3. Komnviomeprvle momocpammol kocmeti masa, nepenomvt noomuna LC-111: a, 6 — ¢hponmanvras npoexyus, 6 —
AKCUATIbHASL RPOEKYUsL; & — MPEXMEPHA PEKOHCMPYKYUsL U306pasxcerus y nayuenma c norumpagmoil. Onpeoe-
JIAAEMCSA NEPeNoM 8EPMAYHCHOU BNAOUHDL C HESHAUUMENbHBIM CMeleHUeM OMIOMKOS, BbI8UX U nepeiom 6edpa

Fig. 3. Computer tomograms of pelvic bones, fractures of LC-11I subtype: a, 6 — frontal projection, 6 — axial projection;
2 — three-dimensional reconstruction of the image in a patient with polytrauma. A fracture of the acetabulum with
a slight displacement of fragments, dislocation and fracture of the hip is determined

I1a C paCXOXKJIEHHUEM KPECTILIOBO-TIOAB3IOIIHOTO COY-
JICHEHUS, Y TPOUX — MEPEIOMbI MepeaHEN KOTOHHBI
BEPTIY)KHOH BIAUHBI C PACXOXKIEHUEM B OOKOBBIX
OTJeNnax KpecTIOBO-TO/AB3/I0IIHOTO COYICHEHUS U
KOCOH ITepesioM Kpbula MOB3I0IHON KOCTH, y OJHO-
0 — TOPU30HTAJILHBIN TIEPEJIOM BETBEH JIOHHBIX KO-
CTeH ¢ BepTHKAJIbHBIM CMEIEHNEM KPECTIIOBO-TIOI-
B3/IOIIHOIO COWICHEHUS U MEIUANIbHBIM CMEIICHUEM
Ta30BOTO KOJIBIIA.

Takum 00pa3oM, B HallleM HCCIICIOBaHUU Iepe-
JIOMBI Ta30BOTO KoIbla y 69 (90,8 %) u 63 (82,9 %)
MAIeHTOB ObUIN CBS3aHBI C MIEPETIOMaMH KpecTia 1
BEPTIY>KHON BHAJAMHBI COOTBETCTBEHHO, HE CBS3a-
HBI — Y 6 (7,9 %) denoBek.

N3-3a BHyTpeHHEH CTPYKTYpHOM U MEXaHU-
YECKON HEIOCTHOCTU Ta30BOI0 KOJbIA Ta3 Mpea-
cTaBisgeT co0oil O4YeHb CTAOWIBHYIO CTPYKTYpY.
IlepenoMbl Ta3a yaile BCEro BOSHHUKAIOT B yCJIOBH-
SIX CHJIBHONEHCTBYIOIICH TpaBMBl W, KaK IPaBHIIO,
CBSI3aHBI C JOMOJNHUTENHHBIMUA TIEPEIIOMaMU HITH
TpaBMaMM JApPYTUX 4YacTeil Tena. B maHHOM ciydae
MBI HaOJTFOANIHA TIEPEIOMbI M BEIBUXU KOHEYHOCTEH.
TpaBMBI OT CHIBHBIX YZApOB dalle BCETO COIpO-
BOXKIAIOT JTOPOYKHO-TPAHCIOPTHHIE MPOHUCILIECTBUS,
HaTpuUMep, CTOJKHOBEHHUS TPaHCIOPTHBIX CPEICTB
JIpyT C APYTOM WJIH C TEHIEXOI0M, MIIM TaJeHUs CO
3HAYMTENbHON BBICOTHL. Ilo pesympraraMm HacTod-
IIETO WCCIIEJIOBaHUSI B PE3YJIBTATe JIOPOIKHO-TPAHC-
MOPTHBIX MPOUCHIECTBUM TpaBMa Ta3a MPOU30ILIa B
86,9 % cmydaes.

Koctn Taza, cocrosimnye u3 moaB3A0ITHON KOCTH
(KpBUTHEB TTOJIB3IOITHON KOCTH), CENATUIITHON KOCTH
1 J100Ka, 00pa3yloT aHaTOMHUYECKOE KOJIBIO C KPecT-
oM. M3-3a cuibl, HEOOXOAUMOM Al pa3pymIeHUs
3TOTO KOJIbIIA, IEPETIOM OJHOW YacTH Ta3a 4yacTo CO-
MPOBOXKAAETCS IEPEIIOMOM UITU TOBPEKICHUEM CBSI-

30K WIK CTPYKTYp BHYTPH WJIM 3a TpenenaMu Tas3a
[9].

[Ipu oleHKe TepesloMOB KOCTEH Taza MBI HC-
nmojip3oBany  Kinaccudukanuio  Snra-bepmkecca,
HanOojee 4YacTo IMPHUMEHSIEMYI0 IpPU OLEHKE II0-
BPEKACHUI Ta30BOTO KOJIbIIA ¥ YPE3BBIUAITHO M0JIe3-
HYIO Ul PYKOBOJCTBA MEPBOHAYAIBHBIM JIEUEHUEM
[8]. Ona paznmuaer pa3nuyHBIE TPaBMBI Ta30BOTO
KOJIbIIa MEXaHHCTHUYECKHU, NIPU STOM THIHUYHBIE Xa-
PaxkTepsl MEepeoMOB KOPPENHPYIOT C HarpaBJeHU-
€M TPWIOKEHHOIO yrapa Bo Bpems TpaBMbl. Kiiac-
cuduranus Sura—bepmkecca onmuceBaeT Tpu BUAa
MOBPEKICHUI: TepeqHe3afHie KOMIPECCHOHHbIE
(AC), 6okoBrIie kommpeccuonubie (LC) 1 BepTHKaIh-
Hele casuroseie (VS). B mepBoM ciydae cBS304YHBIC
CTPYKTYPBI Pa3pyIIalOTCs OT MEPEIHEr0 K 3aJHEMY
HAIpaBJICHUIO (IOBPEXKICHUE CBSI30K JIOOKOBOTO
cumuza). Ilpu 3TOM NPOUCXOAUT Pa3phIB CBA30K
Ta30BOTIO JIHA, T.€. KPECTLOBO-OCTUCTBIX U KPECTLO-
BO-OyTPHCTHIX CBSI30K, 1 HAPYIICHUE 38 THETO KPECT-
LOBO-TIOJB3A0IIHOTO KOMILIEKCA.

Ilo cremenu pa3BUTHSL TPaBMbI Ta30BOTO KOJIb-
na tuma AC gensrcs Ha 3 monrumna. TpaBmber AC-I
OTIPENENSIOTCS HapYLIEHHEM TOJIBKO CBSI30K M OOBIY-
HO BBI3BIBAIOTCS W30JIMPOBAHHBIM Pa3pbIBOM CBS30K.
Tpasmsl AC-II onpenenstorcs Kak pa3pylieHre CBs-
30K cUM(H3a U Ta30BOTO AHA (KPECTLIOBO-OCTUCTHIC
U KPECTIIOBO-OyTPUCTHIE CBSI3KH). Ha peHTreHorpam-
Max 3TO MPOSBISIETCS B PACHIMPEHUH CBS30K Oolee
4yeM Ha 2,5 cM. bOoKoBbIE KOMIIPECCHOHHBIE TPaBMBI
(mepesiombl) yailie BCTPEYAIOTCS MPU OOKOBBIX KOM-
MPECCUOHHBIX TMOBPEKACHUSAX, YeM IpH MepenHe-
3aJHUX KOMIIPECCHOHHBIX TpaBMaX. OTH IMeEpeno-
MBI BETBEH OOBIYHO COMPOBOXKIAIOTCS MEPEIIOMaMU
KPBUIbEB KPECTIa MM KpbUla MOAB3IOLUIHON KOCTH
[10].
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TpaBmbl moaruma LC-1 mpemcraBistor coboit
MEpEeNIOMBbl BETBEW C WIICHUIIATEPATBHBIMU IEPETO-
MaMH KPeCTLIOBOTO Kphljia, BOSHUKAIOIIUE B PE3YIb-
TaTe OOKOBOTO yAapa IO 3aTHell MOBEPXHOCTH Taza,
LC-II — pe3ynbrarsl 60KOBOTO KOMIPECCHOHHOTO I10-
BpEXKJICHUSI C HarpaBieHHoU Briepen cunoit, LC-IIT —
WIICHIIaTepaIbHOE pPa3pyIICHHE JaTepalbHOW KOM-
npeccuoHHou TpaBmbl I unu II Tumna ¢ nopakeHuem
TUIa KOHTpaJaTepabHOM BHEIIHEH pOTaluH, Halo-
muHaromee TpaBmy thrna AC [9]. Ilpu Bepruxans-
HOM CIBUT€ KPBUIO MOJB3AOILIHOM KOCTH CIBUHYTO
BBEPX OTHOCHUTENBHO KPECTLA C Pa3pbIBOM CBSI30K
cuMdu3a, Ta30BOTO THA M CHIILHOTO 3aHETO KPEecT-
LIOBO-TIOAB3A0IIHOTO Komrmiekca [10, 11].

MHoruMu HcCCIeAOoBaTENsIMU OTMEUAETCS BaXK-
HocTh ucnonbszoBanusi KT B oOcnenoBanuu nepBuy-
HBIX AIIMEHTOB C MOBPEKICHUEM Ta3a U COYETAaHHOM
TpaBmoii [12, 13]. s obciienoBanus MBI IPUMEHU-
nu cnupanbiyto KT u cuuraeM, 4yTo mocie mnepBo-
HayaJlbHOW MPOCTOM peHTreHorpaduu Uil TOYHOU
OIIEHKH TiepesiomMa kocter taza Tpedyercs KT. B Ha-
crosimee Bpemst KT — 310 MeTon BeIOOpa /U1 TOYHO-
ro U300paXEHUS CIOKHBIX TEPEIOMOB BEPTIYKHOM
BIQIMHBI U Ta30BOTO Kojibiia [10, 11].

Hcnons3oBanue criupansHoit KT ¢ TpexmepHoit
PEKOHCTPYKLUHKEN MPHU TpaBMax Ta3za MO3BOJMIIO MO-
JYYUTh YETKOE MPEJICTABICHUE O COCTOSHUU KOCTel
Ta3a, JIy4Ille OLEHUTh BEPTIYKHYIO BIIaJUHY, KPECT-
LIOBBIE TIEPEJIOMBI, OINPEACIUTh MNPOTIKEHHOCTh
TpaBMBI U OLICHUTH CII0)KHBIE IEPEIOMBI KOCTEH Ta3a.

3akaoueHune

[Ipu codeTaHHBIX TpaBMax dalle BCTPEYAIHCH
OOKOBBIE KOMIIPECCHOHHBIE TPaBMBI Ta3a, KOTOPHIC
B CPaBHEHHUH C TPAJAUIUOHHBIMH PEHTTEHOTpaMMa-
MH JIydire pacrio3HaBanuchk Ha KT-m3o00pakeHMIX
(» <0,001), moxTBepxaast TOT (HaKT, 4YTO IEPEIOMBI
Ta3a 4Yalle BCTPEYalOTCs MPH OOKOBBIX KOMITPECCH-
OHHBIX TPaBMax, 4YeM IpH nepeane3afHux. s mon-
HOH OIIEHKH Ta30BOTO KOJIbLIA, TOMUMO 0030pa Ta3a,
HeoOxonumo BeimonHenne KT natepanbHON wacTu
KpecTia.
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OpurnnanpHOE uccnenoanue / Research article
Conepxxanue KaAMusl 1 CBHHIA B TBEPAOil U MEJIKOAUCIIEPCHOM
(¢a3ax cHera u Bosiocax HacesieHus1 [opHoro Asaras

E.A. Yanuaea, B.C. Jlanun

TopHo-Anmaiickuii 20ocyoapcmeentblil yHugepcumen
649000, 2. I'opro-Anmaiick, yn. Jlenxuna, 1

Pe3ome

Jns co3maHus cMCTEMaTH3UPOBaHHON 0a3bl JaHHBIX O MPHCYTCTBHU METAJIOB B OKpY)KaIOIIEH cpele M OpraHu3Me
YyesoBeKa He0OXOIMMO ITPOBOIHTE JIOKAJIBHBIE HCCIIEIOBAaHMS B pa3HbIX peruoHax Poccuiickoit @eneparmu. Kommiexc-
HBII aHAJIN3 COZlepKAaHMsI KaJIMUs M CBHHIIA B Pa3HBIX LICHOTHYECKUX 3BEHbBSX, BKIIIOYAsi OPraHnu3M 4elloBeka, B Pecry-
6mmke Anraif He mpoBommics. Llens uccienoBaHns — BBISIBUTH YPOBEHb HAKOIJICHHS CBUHIIA M KaJMHUS B TBEPIOH U
MEJKOIUCIIEPCHOM (hazax cHera W Bojocax HaceneHus [ opHo-Anraticka. MaTtepuaa u MeToabl. ATOMHO-a0copOIIMOH-
HBIM METOJIOM OIICHHMBANHU COJEp KaHNE CBHHIIA U KaIMHS B CHETOBOM OCAaJKe, CHETOBOI BOJIE M B BOJIOCAX HACEIECHUS
TopHo-Anraiicka. OOpa3ubl cHeTa B3ATHl B paiiOHaX JECSTH HEHTPAIbHBIX YTOJIBHBIX KOTEJIBHBIX, 00pa3Isl BOJIOC — Y
122 1oOpoBOJIBIEB, MOCTOSIHHO MPOXHUBAONINX B ropoxe. Pe3yabTarhl. KoHIleHTpanys MeTanaoB B CHETOBOW BOJE
TIPEBBIIAA NPENeIbHO JOMyCTUMbIe KOoHIeHTpauuu: mo kaamuro (0,004-0,008 mr/kr) — B 3,8-8,2 pa3sa, no cBHHILY
(0,008-0,469 mr/kr) — B 2—15,6 pa3a. B TBepabix (ha3ax cHera copepikaHHe METAJLIOB ObLIO OOJIBIIIE JOMYCTUMOIO YPOB-
Hs IpuMepHO B 3 pasza. CpenHee 3HaYeHUE KOHIIGHTPAMU KaJMusl B BoJIocax HaceneHus coctasmio 0,16 Mr/kr, 4To He
HPEBBIIIANO0 00LIEPOCCHICKUIT pedepeHCHBbII TokaszaTesb (0,25 Mr/Kr), 10515 PEBHILICHNS CPEI HACEICHHS COCTaBUIIa
6,5 %. Conepxanue cBuHna (3,18 MI/KTr) MpUMEPHO COOTBETCTBOBAJIO O0IIEPOCCHICKUM 3HaueHMsM (3,0 Mr/Kr), mpe-
BBIIIICHUE BBISIBIIEHO Y 43 % HaceseHus. 3akjaoyeHue. B pe3yiasrare MUpoOKOro HCMOIb30BaHUS TBEPIOTO TOTUIMBA YBe-
JMYUBACTCS MIPUCYTCTBUE KAJMUS ¥ CBUHIA B OKPY>KafoIel cpezie, YTO MOATBEP)KAACTCS HAKOIUIEHUEM 3THX METAIIOB
B CHETOBOM ITIOKPOBE U aKKyMYJIHPOBAaHHEM aHAIM3HPYEMBIX MHKPOAJIEMEHTOB B BOJIOCax HaceneHus [ opHo-AnTaiicka.

KutioueBble ¢ji0Ba: KaJMUid, CBUHEI, CHET, BOJIOCKI, [ OpHO-AnTaiicK.
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(azax cHera u Bosocax HaceneHust [opaoro Anras. Cubupckuii nayunvlii meouyunckuil scypuan. 2022;42(4):114-120.
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The concentration of cadmium and lead in the solid and finely
dispersed phases of snow and hair of the population of Gorny Altai

E.A. Chanchaeva, V.S. Lapin

Gorno-Altaisk State University
649000, Gorno-Altaisk, Lenkin str., 1

Abstract

To create a systematic database on the presence of metals in the environment and the human body, it is necessary to
conduct local studies in different regions of the Russian Federation. A comprehensive analysis of the content of cadmium
and lead in different coenotic links, including the human body, has not been carried out in the Altai Republic. The aim
of the study was to reveal the level of lead and cadmium accumulation in the solid and finely dispersed phases of snow
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and hair of the population of Gorno-Altaisk. Material and methods. The content of lead and cadmium in the snow
and hair of the population of Gorno-Altaisk was estimated by the atomic absorption method. Snow samples were taken
in the areas of 10 central coal boilers, hair samples were taken from 122 volunteers permanently residing in the city.
Results. The concentration of metals in snow water exceeded the maximum allowable concentrations: for cadmium
(0.004-0.008 mg/kg) by 3.8-8.2 times; for lead (0.008—0.469 mg/kg) by 2—15.6 times. In the solid phases of snow, the
content of metals exceeded the permissible level by about 3 times. The average value of the concentration of cadmium
in the hair of the population was 0.16 mg/kg, which did not exceed the all-Russian reference value (0.25 mg/kg), the
proportion of excess among the population was 6.5 %. The lead content (3.18 mg/kg) approximately corresponded to
the all-Russian values (3.0 mg/kg), the excess was found among 43 % of the population. Conclusion. As a result of the
widespread use of solid fuels, the presence of cadmium and lead in the environment increases, which is confirmed by
the accumulation of these metals in the snow cover and the accumulation of the analyzed microelements in the hair of
the population of Gorno-Altaisk.

Key words: cadmium, lead, snow, hair, Gorno-Altaisk.
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BBenenue

AHTpPOTIOTEHHAS JIEATEIHHOCTh MPUBOANUT K CY-
HIECTBEHHBIM TpaHcopManusM B OKpyKaroulen
cpeJie 1o MHOTHM MeTajuiaM, B aOCOpOIIMOHHOM LIeH
MUTpAIHs 3THX BEIIECTB Yepe3 pa3iInyHbIe 3BEHBS
a’poOHOTeo1IeHO3a 3aMbIKaeTCsl Ha YPOBHE HAKOI-
JISHWs B Pa3IMYHBIX TKAHAX JKABOTHBIX W YeJIOBEKa
[1]. Kagmuii 1 cBHHEIl OTHOCSTCS K YHCITYy METAIJIOB
MIEPBOTro Kjlacca TOKCMYHOCTH. VX mupokoe pacmpo-
CTpaHEHHUE B OKPYXKaIOIIeH cpene 0ObsCHASTCS BbI-
OpocaMu OT CXKUTaHHUS KUJIKOTO U TBEPAOTO TOTLIHBA
[2, 3], ObITOBBIX OTXOMOB [4], OT IPOIYKTOB M3HOCA
aBTOMOOWIJIBHOTO TpaHCIopTa [5], CTPOUTENBHBIX
U JJEKTPOOBITOBBIX MaTepHayioB [6, 7]. Yka3zaHHBIC
WCTOYHHMKH BBIODOCOB KaJMHUSl M CBHHLA YHHBEp-
CaJbHBI KaK AJIsi OONBIINX, TaK M JUISI MaJbIX TOPO-
JIOB, TI0O3TOMY HEOOXOAMMa JIOKalTbHasg OILIEHKa HX
NPUCYTCTBHS B OKpY)KaIOLIEH cpesie BCeX CyObeKTOB
Poccuiickoit ®denepauun. KaprupoBaHue JaHHBIX
pernoHoB Poccun mMo3BOIUT CHCTEMAaTU3UPOBATh pe-
3yIBTAThl MCCIICIOBAHUN U MPOBECTH OOOOIIEHHBIN
aHaJIN3 CTENIEHH YKOJIOTHYECKUX PUCKOB.

O mpuCYTCTBUM METAJUIOB B OKPYXKAIOIIEH cpe-
JIe MOYKHO CYIUTh TI0 UX COMEPIKaHUIO B IPUPOIHBIX
azcopOeHTax, HapuMep B CHETOBOM IMOKPOBE, MPHU
9TOM aHaJHM3y MOABEPTaIOT CHETOBOW OCa/I0K (TBEp-
nmast ¢aza) ¥ CHEroTalIyk BOAy (METKOAWCIIEpCHAs
¢aza).

HakomnieHre MUKpPOSIEMEHTOB B OpraHu3Me
YeIIoBeKa BO MHOTHX HCCIEIOBAaHUSX OIMPEIEIISTIOT
M0 MX COAEpKaHMWIO B BOJOCax. Takue HCCleaoBa-
HUSI TIPOBOJISITCSI BO MHOTHX pernoHax Poccun. Tak,
KOHIIEHTpAIMs KaJMHsI ¥ CBUHIIA B BOJIOCAX Hacele-
Hus cocrasisier: B OpenOyprckoii odmactu — 0,097
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u 1,17 mr/kr [8], B XaHThI-MaHCHHCKOM aBTOHOM-
HOM oKkpyre — 0,05 u 1,04 mr/kr [1], B MocKkoBcKoit
obmactu — 0,034 u 1,04 mr/kr [9], B KemepoBckoit
oomacta — 0,09 u 2,09 mr/kr [10], B ToMckoit o6ma-
cta — 0,13 u 1,91 mr/kr [10] coorBercTBeHHO. s
CO3JIaHUsl CUCTEMATHU3UPOBAHHON 0a3bl JAHHBIX O
MIPUCYTCTBUH METAIJIOB B OKPY’KaIOIIEH cperne 1 op-
TaHU3ME YeJIOBEKa HEOOXOIMMO MPOBOIUTE JIOKATTh-
HBIC UCCIICJIOBaHUS B Pa3HBIX peruoHax Poccutickoi
Oenepanuu. KoMIUIEKCHBIA aHaIW3 COAEpKaHUA
KaJMUsI ¥ CBUHIIA B PA3HBIX [IEHOTHYCCKUX 3BCHBSIX,
BKJIFOYAsi OPraHU3M YelioBeka, B PecnyOnuke Anrai
HE TIPOBOFIICS.

ens wccrmenoBaHuss — BBIIBUTH ypOBEHL Ha-
KOTUICHUS CBUHIIA M KaJMUs B TBEPJOU U MEIKOIH-
CIIepCHOM (hazax CHeTra M BOJIOCax HaceneHus [opHo-
Anraiicka.

MarepuaJ u MeTOAbI

B nomuue p. Maiimsl, tie pacnonoxen I'opHo-
AnTalicKk, METEOpOJIOTHYECKHH ITOKa3aTelb CaMo-
OYMIICHUST aTMOc(hepbl CBUIETENBCTBYET O IMPO-
Leccax, ClocOOCTBYIOIINX HAKOIUICHHIO MpPUMECEH
B armocgepe. OTo 00yCIOBICHO OCOOEHHOCTSIMHU
ropHOTO penbeda, KOTIOBUHOOOPA3HBIM pacuiupe-
HUEM JOJMHBl M HE3HAYMTEIbHBIMHU IepenajaMu
BBICOT IIPHU CYLIECTBEHHOH IIOBTOPSEMOCTH AaHTH-
UKJIOHAJBHOM moroapl. OO0mias miomaas ropojaa
coctaBiseT 95,5 KM?, IpH 3TOM TPOMBIIUICHHAS U
nemorpadudeckas (64,5 Teic.) Harpy3ka HHU3Kas.
Hnst oOcnenyeMoro mojiuroHa aktyajibHa mpoOiema
HCIOJIB30BAHUS TBEPAOTO TOIUIMBA JUIS TEILIOAJIEK-
TpocTaHIuil eHTpaibHbIX cucteM (TOLL) (10 u3 30
(YHKIMOHUPYIOUIMX CHUCTEM pabOTar0T Ha KaMeH-
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HOM YIVIE€) M YaCTHBIX OTONUTENbHBIX CUCTEM, a TaK-
K€ CTPEMUTENILHOTO POCTa TPAHCIIOPTHOM Harpys3Ku.

Omnpenensny KOHIEHTPALUIO KaMHS 1 CBUHLIA B
CHETOBOH BOJZIC M CHETOBOM OCaJKe, B BOJIOCAX Ha-
cenenus ropona l'opHo-Anraticka. [lpumensum on-
HOMOMEHTHBIH METOJ TOIEPEUHBIX Cpe30B. PaboThI
BBITIONTHSJIACH B CIIEMYOIIEH MOCIEe0BATEIIbHOCTH:
1) 3a6op 00pa3uoB cHera B paifOHaX BCEX IIEHTPAIIb-
HBIX YTOJBHBIX KOTEIBHBIX TOpona, JIabopaTopHBIN
aHaNM3 CofepKaHMs KaJMWsS M CBHHIA B CHETOBOU
BOJIC U CHETOBOM 0CaJIKe; 2) 3a00p 00pa3IioB BOJOC
y HaceneHnus [opHo-AnTaiicka, IpoOOIOATOTOBKA U
aHaJN3 KOHIEHTPAlUd MHUKPODJIEMEHTOB B PacTBO-
pax BoJoc.

3a0bop 00pa3ioB CHera MPOM3BOAWIN B (heBpa-
ne—mapte 2021 1. B paiioHaX AECSATH LEHTPATbHBIX
YTOJNBHBIX KOTENBHBIX (pucyHOK). OOpasiel cHera
oTOMpanu MeToAoM Imypda Ha BCIO IIIyOHMHY CHe-
TOBOTO TOKPOBA, 32 MCKIIOUECHHEM 5 CM CJIOsl Haj
mo4Boi; mpoObl cHera (10—15 kxr) momenianu B mo-
TUATUICHOBBIC TTakeThl (30 1) U1t TOCTaBKH B J1abo-
paropHuio.

B naboparopun npoObl cHera B T€UEHHE CYTOK
pacTamiMBajii B IUIACTHKOBBIX KOHTEHHEpaX, 4acTh
YUCTOM OTCTOSTHHOW BOJBI (5—6 1) CIIMBaIH, IPYTYIO
4acTh OT(UIBTPOBHIBAIN depe3 0e330JbHbIC (HITh-
TpBI («cHHSA TeHTa»). CHEroTanaylo BOAY KOHCEpBU-
poBasu U3 pacueTa Ha 1 7 Bozxbl 3 MJI KOHIEHTPUPO-
BaHHOH a30THOM KUCIJIOTHI MapKH «OcC. 4.». TBepable
(hazer cuera (TY) mpocymmBanyi Ha QUIBTpE, MPO-
CEHBAJIM Yepe3 CUTO (quameTp siaeiiku 1 MM) U B3Be-

4 YrojibHas KOTCJIbHas

pailoH mpoXKUBaHUS
00CJIeTOBAHHOTO HACEIICHUS

Pacnonooicenue y2onvrvix KOmenvHbIX U NPOACUBAHUA 0D-
C1e008aHHO20 HAceleHus 8 yepme 2opoda I opuo-Anmaii-
cKa

Location of coal-fired boiler houses and residence of the
surveyed population within the city of Gorno-Altaysk

116

IIMBAJIM, 3aT€M pas3jaraid METOAOM aBTOKJIABHOMN
MuHepanu3anuu. KoHIeHTparo KagMus U CBHH-
ua B TH u cHeroranoil Boie OMPEAENsIM aTOMHO-
abcopOrmonHbEIM  MeTogoM («KBaHT-2», Poccus).
PesynbraThl aHanusza cpaBHUBAIN C NPEICIBHO N10-
myctumoit korreHtpanuer (ILAK) [11]: comepxa-
HUE METAJNIOB B MeJkoaucrnepcHoi ¢aze — ¢ 11K
B npuponHoi Boae (0,001 mr/n g kagmus u 0,03
MTI/7 JJI9 CBHHIIA), COAEp KaHHE MEIH B CHETOBOM
ocaake — ¢ IIJIK B mouse (2,0 MI/KT A1 KaaMus U
32,0 mr/kr ans ceunMma) [11].

s ompeneneHus KOHIEHTpPAIMM KaaMUS W
CBHUHIIA B BOJIOCAX xuTenei ropona ['opHo-Anraiicka
OBLTO TIOy4YeHO cornache oT 122 mpakTUdecku 3710-
POBBIX T0OPOBOJIBLIEB U MX 3aKOHHBIX NPEJICTaBUTE-
nert 4-50 5et, MOCTOSTHHO MPOXXUBAIOIINX B TOPO/IE.
K xputepusiMm BKIIOUEHUSI OTHOCHIJIUA OTCYTCTBHE
TpueMa JIGKApCTBEHHBIX MPEmapaToB U BUTAMUHHO-
MUHEPATbHBIX KOMIUIEKCOB, CHMIITOMOB OOJIE3HH B
ocTpoit popme, BpeAHOM NPUBBIYKU TAOAKOKYPEHHS,
BO3ICWCTBUS XMMHUYECKUMH CPEJICTBAMH Ha HATy-
panbHOE coctostHue Boyioc. [lpu 3abope oOpasios
BOJIOC HCTIONIb30BaJI HETPAaBMATHYHBI HEWHBA3WB-
HBIH MeTof, He TpeOyIomuii 0100peHNsT DTHYECKOTO
KoMuTeTa. JlJs MOATOTOBKM K aHAIM3y PacTBOPOB
00pa3IoB BOJIOC MPUMEHSLTH METO MOKPOTO 030J1e-
Husd [12]. st onpeneneHus coaepKaHus KaaMUs H
CBHUHIIA B aHATM3UPYEMBIX pacTBOpPaX MUCIOIH30BAIH
aroMHO-asicoponmonnbii Meron («Kpanr-2»). Un-
JTUBUIyallbHBIE TOKA3aTeld CPaBHHUBAIM C OOIIe-
POCCHIICKHMH peepeHCHBIMU 3HAYCHUSIMH, COCTAB-
msroraMu 0,25 Mr/Kr mas kaamusg ¥ 3,0 MI/KT IS
cBuHIa [13].

JlaHHBIE XUMHUYECKOTO aHaJIN3a PECTABICHBI B
BHJIE CPETHETO apH(PMETUIECKOTO, METUAHBI U KBap-
tuneit (Me [Q1; Q3]), MUHUMAaNBHBIX U MAKCUMAITb-
HBIX 3HAYECHUH.

Pesynbrarbl

W3 mpexacraBieHHbIX B Tabn. | JaHHBIX BHI-
HO, 9TO KOHIEHTpAIMs KaaMUs W CBHHIIA B CHETO-
TaJol BOAE M TBEpIBIX (a3zax CHera MpeACTaBISET
OIacHOCTh A 4enoBeka. CopepikaHue KaaMmMus B
TBepabix (azax cuera 6ombmie [1/IK B 1,2-3,1 pa3a,
JTaHHOE TIPEBBIIIEHNE BBISBICHO B IATH oOpasIax,
B34THIX B palioHax koTelabHbIX Ne 16, 8, 21, 15, 26.
Eme Oonpmryto omacHOCTb MpeAcTaBiseT coOoi
MEJIKOIUCIIEPCHOE COCTOSIHHE KaIMHs B CHETOBOH
Boge. Bo Bcex oOpasmax CHEroBOH BOIBI KOHILICH-
Tpanus Metaiia npesbimaia [IJIK B 3,8-8,2 paza.
Conep>xanue cBuHIA B TBepaoi (aze Oombine 1K
B cpeqHeM Oosiee yeM B 3 pasa; JUlllb B TpeX 0Opas-
[1aX CHETOBOW BOJBI U3 AECITH OHO HE MPEICTABIISIET
OIaCHOCTH, B ocTanbHbIX npeBbimaeT [IJIK B 2-15,6
pasa (cM. Tabm. 1).
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Taonuya 1. Cooepoicanue Kaomus u CBUHYA 8 MBEPOOLL U METKOOUCNEPCHOU (hazax cHeaa
. loprno-Anmaiicka, me/xe

Table 1. Lead and cadmium content in snow-melted water and solid phases of snow of Gorno-Altaisk, mg/kg

CBuHen Kagmuit
Ne CHeroBoi CHeroBas Bozia CHeroBoit CHeroBas Boja
KOTeIb- Mecro B3sTHS IPOOBI ocanox (TTK B (ITIK B mpu- ocagok (ITAK | (ILJK B mpu-
HOM POIHEBIX BOIAX B [TI0YBE POIHBIX BOAX
mouse 32 Mr/kr) | 03 v 2.0mr/kr) | 0,001 mr/m)
16 ya. Jlenuna, 239 186,76 0,026 2,4383 0,00819
8 yn. bapHaynbckas, 8 104,15 0,030 6,1703 0,00816
21 ya. Toncroro, 72 156,77 0,059 2,4099 0,00565
23 ya. OnoHckoro, 8/1 38,67 0,469 0,3784 0,00628
18 yi. Jlucasenko, 1 135,06 0,111 1,7858 0,00591
14 ya. Ocrpogsckoro, 30 96,19 0,065 0,8349 0,00395
15 ya. Conmanucruueckas, 21/1 12,05 0,054 2,5001 0,00468
27 p. Kommynucrnaeckwid, 87 49,18 0,316 1,2300 0,00381
24 yia. Mapecnega, 6/1 127,11 0,008 1,2647 0,00501
26 p. Kommynucrraeckuii, 109 139,40 0,049 3,9500 0,0039
Cpennee 3HaYCHHE 104,534 0,119 2,2971 0,0056

JlaHHBIE O KOHIIEHTPAaIWW CBUHIIA W KaIMHUS B
Bojiocax skuteneil [opHo-AnTalicka npelcTaBiIeHbI
B Ta0I. 2. B cpeqHem comeprkaHne 000MX METaIOB
COOTBETCTBOBAJIO OOLIEPOCCUICKIM pedepeHCHBIM
3HaYEeHUSAM. B KOHIIEHTpanusix, 3HaUUTENbHO UX Mpe-
BBITIIAIOMINX, CBUHEI] cofepkalcs B Bomocax 43 %
xwurened [opHo-AnTaiicka (0onee 6 Mr/Kr), KaaiMui —
B BoJlocax 6,5 % nacenenus (Oonee 0,35 mr/kr).

Taxum 00pazoM, KOHIIEHTPAIMS KaIMHS U CBUH-
1[a B CHETOBOM ITOKPOBE B pallOHAaX YTOJIbHBIX KO-
TenbHBIX [opHO-AnTaiicka mpessimaer I1JIK. Ha-
KOIIJIEHHE MHUKPO3JIEMEHTOB B BOJIOCAX HACETIEHUS B
OCHOBHOM TPHUOIMKEHO K OOIIEpPOCCHIICKUM 3Haue-
HUSIM, JIOJIS1 )KUTENIeN ¢ KOHLIEHTpalel, BRIXOAIEH
3a paMKH peepeHCHOTO YPOBHS, 110 KaJIMHUIO COCTa-
Buia 6,5 %, no cBuHLy — 43 %.

Obcyxaenne

ITo manHBIM ATEHTCTBa MO OXpaHE OKPYXKalo-
mieit cpensl CIIA [14], kaamuii U CBUHEI] HApSAY C
MBIIIBSIKOM, PTYThIO U XPOMOM H3-32 BBICOKOW TOK-
CHYHOCTH BXOJAT B YUCIIO IPUOPUTETHBIX METAJLIOB,
MMEIOINX 3HAYEHHE IS OOIIECTBEHHOTO 3/IPaBOOX-
paHeHus. B uccnenoBaHusx cooOIaercs, 4ro B pe-

Tabnuya 2. Konyenmpayus kaomus u C6UHYA

3yAabTaTe MPUCYTCTBUS ITHX METAIOB B BBICOKHX
KOHLICHTPALUAX 3aIllyCKAIOTCSI MEXaHU3MbI 00pazo-
BaHMS aKTHBHBIX ()OPM KMCIIOPOAA, Pa3BUTHUS OKHUC-
JUTENBPHOTO CTpecca M, KaK CIEACTBHE, MPOIECCH
KaHIIEPOTEHE3a U alloNnTo3a.

B nuTeparype cBHHEL ONKCHIBAETCA Kak Hanbo-
Jiee OMacHbI MOJUTIOTAHT, IHPOKO PaclpoCTpaHeH-
HBIA B OKpY’Karollel cpejie B pe3yabTaTe aHTpPOIo-
reHHOU AesTenbHOocTU [15]. Bo BHYyTpeHHIO10 cpeny
OpraHM3Ma OH MOKET IPOHHKATh C MHILEH, BOAOH,
C BIBIXa€MBIM BO3AYXOM H 4€pe3 HETIOBPEKACHHYIO
Kkoxy [13, 16]. TokcnuuHble 103bI CBUHLA YTHETAIOT
MOYEYHYI0, TEMOMIOATHYECKYIO U HEPBHYIO CUCTEMBI,
MIPUCYTCTBHE CBHMHIIA B OpPraHU3Me B IOBBIIIEHHBIX
KOHLIEHTPALUSAX CBSI3bIBAIOT C NE(GHULINUTOM KOTHH-
TUBHBIX (yHKIMA. B ocHOBe ero HelpOoTOKCHYHO-
CTH JIeKaT MPOLECChl HAapyIIEHUsI cHHTe3a Oellka B
MEXHEHPOHAJIBHBIX KOHTAaKTaX M CHHAITUYECKOU
nepeayll CUTHaJIOB. B CIOKHBIX MeXaHu3Max CH-
Hepru3Ma M aHTaroHu3sMa Makpo- U MUKPO3JIEMEH-
TOB JI0Ka3aHO CBOICTBO CBHHIIA YMEHbBIIATh KOH-
LEHTPALUIO KaJbI¥sl, IMHKA U CEJICHA — DIIEMEHTOB,
B)XHBIX U ()YHKIMOHUPOBAHUS UIMMYHHOH CHCTe-
Mbl. CBUHEIl MO/aBIsIeT UMMYHOPETYISATOPHYIO aK-

6 gonocax nacenenus I opno-Anmaiicka, me/ke

Table 1. The concentration of cadmium and lead in the hair of the population of Gorno-Altaisk, mg/kg

Oobmepoccuiickoe
Muxpo- Cpennee Me [Q1; Q3] MuHuMansHOE MaxkcumanbsHOe pedepercHoe
SJIEMEHT | 3HaYeHHe 3HAYCHNE 3HaYeHUE
3HAUCHHE
Pb 3,18+ 0,30 2,04 [0,82; 5,20] 0,001 21,60 3,0
Cd 0,16 +0,01 0,14 [0,046; 0,270] 0,001 0,35 0,25
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TUBHOCTH JIMM()OIIMTOB, BBI3BIBAET THUIIEPCEKPEITUIO
TUPEOTPOITHOTO U JIOTEHMHU3HPYIOIIETO TOPMOHOB
[13]. Ecut oH mocTymaeT B OpraHu3M C BIBIXaeMBIM
BO3IIyXOM, TO a0COPOITHS BO3MOXHA BO BCEX OTAENIaX
JbIXaTeNIbHOM cucTeMbl. IIpu HMHralsIIIMOHHOM IIO-
CTYIUICHHH MHKPORJIEMEHT MPENMYIIECTBEHHO aK-
KyMYJIUPYETCsl B IEYEHU U JerKux. Jlpyrue myTH mo-
CTYIUICHHS CBHHIIA (C MUIIEH, BOJIOH, Yepe3 KOXKY) BO
BHYTPECHHIOIO CpEly OpTaHW3Ma W €r0 HaKOIUICHHE
IPUBOJAT K 3HAYUTEIBHON aKKYMYJISILIMKA B KOCTHOU
TKaHH, a 14 BBIBCJACHUA CBUHIA U3 OpraHnu3Ma Tpe-
Oyetcst mmutenpHOE Bpems [13, 14, 17, 18].

Kanmuil, kak 1 cBUHEl, IPOHUKAET B OPTaHU3M
YeJI0BEKa ¢ MUIIEH, BOJON U CO BABIXa€MbBIM BO3[Y-
XOM, IIpH 3TOM aHHMeHTapHBIP'I IMyTh ABJISICTCA IIPH-
OPHUTCTHBIM IS aKKYMYJISIIHUU KaJIMUA B pa3JIMYHBIX
TKausx [17-20]. KonnenTpanus kaamMusi B TUTHEBOM
BOJIE IICHTPAJIBHBIX CUCTEM BOJOCHAOKEHUS SBJISCT-
Cs OIHUM W3 KPUTCPHUEB, ONPEACISIOMUX ITPUTO-
HOCTh K €€ YNOTPEOJICHUI0, MO3TOMY CHCTEMHBIN
MOHHUTOPUHT Ka4€CTBa MUTHEBOW BOIBI U MEPOIPH-
SITUSL TI0 €€ OYUCTKE OT Pa3IMYHBIX 3arps3HUTENCH
HCKITIOYAIOT BEPOSATHOCTh IMOCTYIUICHUS KaJMUs
JIaHHBIM criocoOoM. CBoe IMIMPOKOE PacIpocTpaHe-
HUE B OKPYXAIOMIeH cpelie STOT TOKCUYHBIH MUKPO-
AJIEMEHT IOJTyYaeT B Pe3yJbTaTe UCIIONB30BAHUS €T0
COEMHEHHH JIJIS TPOU3BOICTBA KagMHU(ochaTHBIX
yI00OpeHu, COKUTaHHS ICKOTIAeMOTO TOTUTHBA, OBITO-
BBIX OTX0M0B. HempodeccronanbHOe BO3ZeHcCTBHES
KaJIMUsI BO3MOXKHO TIPH TabaKOKypeHUH, yrnorpeoie-
HUU TIPOJIOBOJIECTBEHHBIX KYIBTYD, BBIPAIIEHHBIX Ha
MMOYBaX, COAEPIKAIINX 3TOT METAILI, IPOILYKTOB YKH-
BOTHOTO MTPOUCXOXKIEHUS, AKKYMYIIUPYIOIIHX TOKCH-
KaHT [21].

B nmureparype ommcaH MeXaHW3M Pa3BUTHA Kaj-
MHEBOH HEPPOTOKCHYHOCTH, TPOIM3M K SHIOTEIUIO
cocymos [13, 17, 20, 21]. B opranu3me >XKHUBOTHBIX
M 4YeloBeKa KaJMHUM B OCHOBHOM aKKyMYJIHPYETCA
B KOPKOBOM BEIIECTBE IOUYEK, MOpaxas TpyOuaTyro
cucreMy. Ha ypoBHe HepoHa ommcaH CIeayIOUUi
MEXaHN3M HapylUICHUs] KallbIIUEeBOW peadcopOormu
pHu KagMuo3e. B mpokcuMansHOM OTIENe H3BUTOTO
KaHaJblla KaJMHI OJOKHPYET KaJIbIUEBbIC KaHAJbI
SMUTENNS, YTO MPUBOIUT K THIEPKAIBLIUYPUH. Y Uu-
ThIBast TOT (hakt, uro 98 % Ca*" B mporecce mMoye-
oOpa3oBaHusi peabcopOoupyeTcs B KPOBb, CTAHOBST-
Csl TIOHSATHBI MAcIITA0bI TIOTEPh MaKPOAJIEMEHTA MPU
KaJMHEBOM TOBPEXJICHUU TMo4YeK. BrocnemcTeuu
npu kagmuose Ha (one nepurmura Ca?* pas3BuBa-
ercs Ca*-3aBucHMasi apTepuaibHas THIICPTCH3HSL.
[Ipenmonaraercsi, 9YTO BHYTPUKIETOUYHBIA MeXa-
HU3M yBEIMUYCHUs cofepxaHusi cBodomnoro Ca’*" B
[JIaIKOMBIIIEYHBIX KIIETKaX KPOBEHOCHBIX COCYIOB
TaK)Ke CBS3aH C BBITECHEHHEM MakKpodJIeMEHTa M3
CapKOTIa3MaTHYECKOTO PETHKYIyMa B pe3yibTare
moBpexaeHns kaamueMm Ca?-kaHanoB. BHyTpukite-
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tounblii Ca’’, KaKk W3BECTHO, SIBJISETCS IyCKOBBIM
CTUMYJIOM COKPAIIeHHS MBIIIEYHBIX KIETOK, 4TO Jie-
KUT B OCHOBE ITaTOT€HE3a apTepuaIbHON THIIEPTECH-
3un. Kagmuos compoBoxkmaeTcss MoTepeld HEe TOJb-
KO KaJIbIUs, HO M [IMHKA, MAarHUs, KaJlusl ¥ HaTpPUS.
Kak u npu miromMOu3Me, pu KaJMHUO3€ Pa3BUBACT-
Csl OKMCITUTENBHBINA cTpecc u Bocnanenue [20, 21].
OnucaHpl HEUPOTOKCUYECKUE, FE€MATOJIOIHUYSCKUE U
MMyHOTOKCHYeckne dhdextsl kaamus [13, 17, 20,
21]. Takum oOpa3oM, MPOJOHTHPOBAHHOE KyMYJIH-
pOBaHHE KaIMHUS B TKaHSIX 3aITyCKaeT MEXaHU3MBI
pa3BUTUS MHOTHX 3a00NE€BaHMA, ATHOJOTHUS KOTO-
PBIX B KIMHUYECKOW MEIUIIMHE 3a4acTyl0 CIOXKHA
JUISL aHAJIN3A.

Kpaiine Hu3Kas CIOCOOHOCTH OpraHu3Mma ynaa-
JIATh KaJMHUI Yepe3 MOUYKH OOBSICHSIETCS OTCYTCTBH-
€M €ro akTUBHOIO TpPaHCIOpPTa Yepe3 MeMOpaHy
KJIETOK, T.€. CEKpelusi MeTajla B yIbTpaduisTpar
HE TIPOUCXOIUT, Oojiee TOTO, OT(HILTPOBAHHEIN B
MEPBUYHYIO MOUY KaJIMHI ITOIBEPraeTcsi 00OpaTHOMY
TpaHcnopty B KpoBb [13, 17, 20, 21]. TokcuuHOCTH
KaJMUsl TPOSBISETCS JTaXKe MPU MaJbIX KOHILIEHTpa-
[USAX, TOATOMY OHMOJOTHYECKU JOMYyCTHMBIH YpO-
BEHb MHKPOJJIEMEHTA B TKaHAX YEJIOBEKa BO MHOTO
pa3 MeHbIIE, YeM MHOTHX JIPYTHX METaJUIOB.

3akiarouenue

Hecmorpss Ha mpoBoaMMBIE MEpPONPHUATHS IO
CHIDKEHHUIO WCIOJIb30BAaHUS KAMEHHOIO Yy B Ka-
YeCTBE HCTOYHHMKA DHEPIHH, HA CETONHSIIHUI €Hb
BBIOPOCHL B arMoc(epHbI BO3LYyX OT CXKUTaHHA
HCKOIIA€MOTO TOIUINBA MO-NPEKHEMY COCTABISIOT
3HAUUTEJBHYIO JIOJI0 OT 00mIero oobemMa 3arpsi3Hu-
teneil. Mcnonb3oBanue npupoaHoro rasza ans TOL,
OTOIIUTENIBHBIX CUCTEM YaCTHOIO CEKTOpa, a TAKXKE
JIBATATEJIel BHYTPEHHETO CrOPAHMs, 110 BCEH BUIU-
MOCTH, ITO3BOJIMT CHU3UTHh KPYTrOBOPOT MHOTIMX Ts-
JKEJIBIX METAJJIOB, K KOTOPBIM OTHOCSTCSI KaAMUI U
CBUHEII.

B pesynberare npoBeneHMs HACTOSIILETO UCCIIEN0-
BaHUS yCTAHOBIIEHO, YTO JaXK€ B YCIOBHUAX Majoro
ropojia ¢ HU3KOH NPOMBIIIJICHHONW U IeMorpaduye-
CKOM Harpy3ko¥ HIMPOKOE UCIOJIb30BaHUE TBEPLOTO
TOIUIMBA CO34A€T BBICOKMM IIOTEHLMAIBHBIM PHUCK
MNOCTYIUICHUSI KaJMHsI M CBHUHLA B OKPY>KAIOLIYIO
Cpelly, 4TO IOATBEPKAAETCs HAKOIIJIEHUEM JTUX Me-
TAJIJIOB B CHETOBOM IIOKPOBE M AKKyMYJIMPOBAaHUEM
aHAJIIM3HPYEMBIX MHKDPODIEMEHTOB B MATPHUKCE BO-
JIOC MOCTOSTHHBIX JkuTesier [opHo-AnTaiicka.
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tOBUNEW

KOHEHKOB Biaagumup Hocudosuu

(x 75-71€THIO CO THS POXKIECHUA)

12 wrons UCTIONMHUIIOCH 75 neT akajgemMuky Poc-
CUICKOH akajieMHuu Hayk, nmpodeccopy, TOKTOpy Me-
JUIIMHCKUX HayK, 3aciIy)KEHHOMY JeSTeNI0 HayKu
Poccuiickoit denepaniun HaydHOMY PYKOBOIHUTEIIO
Hay4Ho-HccnenoBaTenbckoro MHCTUTYTa KIMHHYE-
CKOW M JKCIEPUMEHTANBHOH JuMponoruu — Guiu-
ana UIul" CO PAH KonenkoBy Brnagumupy Hocu-
¢doBuUy.

Bmamumup Hocudosua KoHeHKOB pomwics B
ropone I'epa (I'JIP) B cempe BoeHHOCTYXamero. B
1971 1. okoH4mI JIedeOHbIN QakyasreTr HoBocubup-
CKOTO TOCYIapCTBEHHOTO MEIWIIMHCKOTO HHCTHUTY-
Ta. Ilo OoKOHYaHHMM WMHCTHTYTa paboTan MIIAIINM,
CTapUIMM HAyYHBIM COTPYIHHKOM, PYyKOBOIUTEIEM
naboparopun B MHCTUTYTE KIMHUYECKOH M DKCIIE-
pUMEHTaIbHOM MEAMLMHBL, a 3aTeM B WHcTHTyTe
knuHnuecko nMmmyHnonornn CO PAMH. B 1993 .
Konenkor B.U. n3bpan 3amecTureneM TUpEeKTOpa Mo
Hayke UKW CO PAMH, B 2001 r. — 3amecTutenem
mpejcenarens mo HayyHol pabore CuOupckoro or-
neneaust PAMH. C 2004 o 2015 . B.1. Konenkos —
nupekrop HaydHo-nccienoBaTenbCKoro MHCTUTYTA
KIIMHAYECKOW M DKCIEPUMEHTAIBHON JTUMGOIIOTHH
(HUMKD3JI), ¢ 2015 . apnsieTcst HAyYHBIM PYKOBOIH-
TEJeM OpraHHU3aIlHH.

B 1977 r. B.. KoHeHKOB 3aIMTHII KaHIWAT-
CKYIO JTUCCEepTaIiio Ha TeMy «PoJib CBIBOPOTOUHBIX
(axKTOpOB B aKTUBAIIMU IUTOTOKCHYECKUX pPEaKIHi
nuM(OIHUTOB MpU peBMaTu3Me», B 1986 r. — mokrop-
CKylo Ha TeMy «/IMMyHOreHeTHKa HapyIIeHUH HM-
MYHUTeTa IpHu AU Py3HBIX 3a007I€BaHUAX COSAUHU-
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TenpHOM TKaHm». B 1991 1. emy npucBoeHO yueHOe
3BaHHE «Ipodeccop» MO CIEeNUaTbHOCTH «ajiep-
roforust ¥ uMMyHonorus». B 1997 1. uzbpan wie-
HoM-KoppecnonaenToM PAMH, B 2004 1. — akagemu-
koM PAMH 1o crnenuanbHOCTH «MMMYHOJIOTHS, C
2014 1. B.1. KonenkoB — akanemuk PAH. B 2009 .
TIPUCBOCHO 3BaHWE «3aCIy’KEHHBIN NESITENh HAyKH
Poccuiickoit deaepanun».

Axanemuk B.M. KoHeHKOB sBIS€TCA N3BECTHLIM
CIICITHATTICTOM B OOJIACTH KIMHUYCCKOW JTUMEOIIO-
TUH, KIMHUYECKOH UMMYHOJIOTUN U UMMYHOTEHETH-
KH. Pe3ynmbTarsl ero paboT BRICOKO OIICHEHBI KaK pOC-
CUICKUMH, TaK U 3apyOeXKHBIMH YUEHBIMH — Oolee
600 omyOnMKOBaHHBIX Hay4yHBIX cTared, 18 MoHO-
rpaduii, 4 aBTOPCKUX CBUACTEILCTB U 25 MAaTEHTOB
Ha M300pETEHHUs] HOBBIX CIIOCOOOB MPO(UIAKTUKH,
MUATHOCTUKHU W JICUCHUS PA3IMYHBIX 3a00JICBaHUM.
B.. KoHeHKOBBIM cCO3[1aHa WLIKOJAa BBICOKOKBAJIU-
(bMIMPOBaHHBIX CHEIMATUCTOB, IMOJ[ €r0 PYKOBOMI-
CTBOM 3aIHIIEHO 9 TOKTOPCKUX U 27 KaHIUAATCKUX
JUCCEPTALMM.

Uccnenosanns B.M. KonenkoBa CBsI3aHEBI C BbI-
SABJICHHEM TE€HETHYECKMX MEXaHU3MOB (QOpMHPO-
BaHMsI TATOJIOTMYECKOTO TpoLecca, HU3YYCHUEM
FCeHETUYECKON JeTePMUHUPOBAHHOCTU  (PYHKIIHO-
HaJBHBIX CBOHCTB TNM(POHUTHBIX KIETOK, BO MHOTOM
peaNu3yIONINX 3alUTHBIC CBOHCTBA IUM(DaTHIECKOM
CHUCTEMBI.

[Ton pyxoBoacteoM B.U. Konenkoa npoBoasTcs
MMUOHEPHBIE HUCCIEIOBAHUSI TI0 MOJICKYJISIPHO-TEHE-
TUYECKUM MEXaHU3MaM PETYJIIHHA MEKKIECTOTHBIX
B3aUMOJICHCTBUN B XO/I€ BOCHAIUTEIBHBIX MPOIIEC-
COB TIpU Pa3IMYHBIX 3a00yieBaHUsAX yenoBeka. Cos-
JlaHa YHHUKAIbHAs CHCTeMa MMMYHOTE€HETHYECKOTO
MMPOTHO3a MPEAPACTIOIOKESHHOCTH YEJIOBEKa K 3a00-
JICBaHUSM OHKOJIOTHYSCKOM, JUCMETabO0IHIeCKOM,
AIIIEPTUYECKOM, ayTOMMMYHHOH W WH()EKIIMOHHO-
BOCIIATUTENBHON Tpuponbl. OmnpeneneHbl TeHeTH-
YecKHue TMPEAUKTOPHl OTBETa Ha TEParuio TEHHO-
WHXXEHEPHBIMU TpenaparaMd MNP PEBMATHUYECKUX
3a00JICBaHUSX.

B.M. KoHEHKOBBIM MOJIY4YEHbl HOBBIE JAHHBIE O
3aKOHOMEPHOCTSIX PETYJISIUN aHTHOTeHE3a U JUM-
(banTHOTEHE3a TIPU SHAOKPUHHOM, CEPAEIHO-COCY-
JUCTOM M ayTOMMMYHHOHM marojoruu. OmpenesneH
BKJIaJl TEHETHUUYECKUX (DAKTOPOB B pPa3BUTHE Hapy-
[IeHUH TpoIiecca aHTHOTEHE3a B YCIOBUSAX UIIIEMHUU.
Pa3paGoTaHbl HOBBIEC MOAXOJBI K TEPAIIEBTUIECKOMY
AHI'MOreHE3y IIPU XPOHUYECKON CEpEYHOM HEN0CTa-
TOYHOCTH, CHHApPOME NHaOeTHIeCKOW CTOMBI HA OC-
HOBE KJIETOYHBIX TexHosoruil. [llupokoe nprusnanue
MOJMy4Yuin pe3yiasTarsl ucciaenaopanuit B.M. Konen-
KOBa TI0 TIpo0IeMaM 3KOJIOTHH, B KOTOPHIX BIIEPBBIE
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Konenkov Viadimir losifovich (on the occasion of his 75th birthday)

ObUTa JOKa3aHa TEHETHYeCKas NpUpONa peakiuit
OpraHy3Ma 4YeJoBeKa Ha BO3JEHCTBHE 3KCTpeMallb-
HBIX 3Konorndeckux (akropos. Ilog pykoBoacTBoM
B.M. KoHeHkoBa B 3KCHEIUIIMOHHBIX UCCIEIOBAHU-
AX BIIEpPBBIE OBLIM MOJTY4YEHB! JAaHHBIE 00 MMMYHO-
TEHETUYECKON CTPYKType MOHTOJOMIOB TaiMbIpa,
Yykorku, TyBbl W AnTas, BOLIEAIIME B MUPOBBHIE
0aHKM JaHHBIX CO3IAaHHUS CAUHBIX CXEM BOIIOLUH U
MUTPAIUN HACETICHHS TUTAHETHI.

3HaKOM TIPU3HAHWS HAyYHOW W OOIIECTBECHHOU
nearensHoctu akagemMuka PAH B.M. Konenukosa sB-
nsieTcst ero n30paHue B PyKOBOJSIINE OPraHbl Hayd-
HBIX OOIIECTB ¥ PEJAKIIMOHHBIE COBETH HAyYHO-ME-
JTUIAHCKUX KYPHAJIOB.

Brnaguvup NocudoBuy mposBu ceds TaTaHTIH-
BBIM OPTaHM3aTOPOM M PYKOBOAWTENIEM aKTyalIbHBIX
Hay4HBIX HaIpaBJICHUA B 00JacTH COBpEMEHHOU
AMMYHOJIOTAY ¥ TUM(OJIOTHH, a Pe3yJIbTaThl €ro Ha-
YYHBIX M3BICKAHUN CIOCOOCTBYIOT YCIIEITHOMY pe-
[ICHUIO BAYKHBIX MPUKJIAIHBIX U (PyHIaMEHTAIBHBIX
po0JIeM METUITMHCKOW HayKd U 3APaBOOXPAHEHUSI.
Ero BbicOokui mpodeccHoHanm3M, IUpPOKas 3pyIu-
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L1, yMEHUE JJOCTUTaTh MAKCUMAJIbHBIX PE3YNIbTaTOB
B PELICHWH MOCTABJICHHBIX 3a/lad CHHCKAIHU 3aCciy-
KEHHOE yBa)KEHHE Hay4dHOTO coobiecTBa B Poccuu
U 3a ee NpeJieNaMu.

3a NOCTUTHYTBIE TPYAOBBIE YCHEXH W MHOTO-
JICTHIOIO J100pocoBecTHyi0 paboty B.U. KoneHkos
HarpaxJeH menanpio OpneHa «3a 3acioyru nepen
OreuectBom» II ctenenu, megansto um. I1. Dpnuxa
EBporneiickoli akaJleMH €CTECTBO3HAHUS, OPACHOM
[Muporosa EBponeiickoil akajeMun eCTECTBO3HAHUS,
30JI0TOH MeZanbio «3a BBINAIOIINECS JOCTHKECHUS B
obnmactu ummyHosnorun» ot Ilpesuanyma Poccuii-
CKOTO HAayYHOTO OOILECTBa MMMYHOJIOTOB, MEIAJIbIO
Poccutickoro HaydHOTO MEIUITMHCKOTO OOIIEeCTBa
TeparneBTOB, NMOYETHBIM 3HAKOM «30JI0Tas CUTMay»
Cubupckoro otnenenust PAH 3a MHOTrON€THUMI TBOP-
YeCKUH TpyA 1 OONBIION BKJIaA B Pa3BUTHE HAYKH.

Komnextu UHcTuTyTa OT BCEl MylIn MO3ApaB-
nsier Bnagumupa Mocudouya ¢ :oduiieeM u jxenaet
€My KPETIKOTO 3I0POBBS, JOITHX JIET )KU3HH, HEUCCS-
KaeMoro ONTHMH3Ma, BIOXHOBEHHUS, CHJI U SHEPTUU
JUTS. HOBBIX CBEPILICHUM.
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[Tommucarbcs Ha )KypHAI MOXKHO 10 00bemnHEeHHOMY KaTanory «[Ipecca Poccum»
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