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PE3IOME

Llenb uccnemoBaHnsi — NPOBECTU CPABHUTENbHBIA KIUHUKO-MOPAONOrMYECKMn aHanmM3 nenoMmMombl MaTtkvi B
3aBMCKMOCTY OT BO3pacTa NaLyeHTOoK, JIokanvaaLmm y3noB, MX MHOXKECTBEHHOCTM 1 pa3MepOoB, KITMHNYECKOTO TeHeHus,
CTPYKTYpbI anob u Hanuuus conyTcTBylomMx 3aboneBaHuii. Matepuan u metogbl. [1poBenéH peTpocneKkTUBHLIN
aHanuM3 MeguUMHCKONW AOKYMEHTaUMM MauMeHTOK C NeroMMOMON MaTku (n=288), HaXO4MBLUMXCS Ha ONepaTUBHOM
neyeHun. OueHnBanm xanobbl, TMHEKONOrMYECKUA U COMaTUYECKNA aHaMHe3, AaHHble KIMMHMKO-MOPONornyeckoro
nccnenoBaHuin. Pesynbtatel. Cpean xanob v KNMHWYECKMX NposiBneHui Hanbonee yacTbiMu ObinvM aHoMarnbHble
MaTo4Hble KPOBOTEYEHUs!, 0BUbHbIE MEHCTpyaLuW, 6oneBol CUHOPOM, AMCMEHOpPEs; pexe OTMeYancb aHemust u
6ecnnogune. CybceposHasi nokanusaums yanos (Tvn 5-7 no FIGO) sBnsinack Hanbonee pacnpocTtpaHeHHon (n=156,
57,2%). OgHako cybmykosHble (Tun 0-2 no FIGO, n=48, 16,7%) n uHTpamypansHble y3nbl (Tun 3-4 no FIGO, n=84,
29,2%) conpoBoxaanuck 6onee BbIPAXEHHON KMMHUYECKON CUMNTOMaTMKON B CPABHEHWUN C KITMHUYECKON KapTUHOM
y NaumeHTok ¢ cybcepo3HbiMK y3naMn MUOMbl MaTkv. lonyyeHHble AaHHble Moka3any 0COGEeHHOCTU KIMHUYECKOon
KapTUHbI NeoMUOMbI B 3aBMCMMOCTU OT fOKanusaumMn 1 pasmepoB y3roB B pasfyHbIX BO3PACTHbIX rpynnax, 4To
onpenensieT BbIOOp TakTUKW BedeHWs NaumeHToK. 3aknoyeHve. B xoge peTpocnekTMBHOMO aHanv3a nauueHTOK
C NeioMMOMON MaTKv BbIsiBfieHa B3aWMOCBSi3b BO3pacTa XEHWWH C KIMUHUYECKUM TeveHnem 3aboneBaHust u
MOpPEONorMyeckMMmn ocobeHHOCTAMM, YTO ONpeAenseT AanbHENLLYIO TaKTUKY BEAEHUS MauMeHTOoK.

KnroueBble crnoBa: nerioMmMomMa MaTKu, rnokanusauusi y3noB, MUOM3KTOMUA, mopdoTtun NeoMUOMBI.

CLINICAL AND MORPHOLOGICAL CHARACTERISTICS OF
UTERINE LEIOMYOMA DEPENDING ON AGE

Gubanova E. V.!, Kazakova D. K.!, Krasnova M. V., Gureev V. V., Epifanov A. A3,
Islamova M. N.!, Kasianov A. A.!, Zorin L. A.!, Matevosian A. G.!, Maksarova D. D.!
'Engineering Physics Institute MEPhI, Moscow, Russia

2«MIREA - Russian Technological University», Moscow, Russia
3«Peoples’ Friendship University of Russia named after Patrice Lumumba» (RUDN), Moscow, Russia

SUMMARY

The aim of this study was to conduct a comparative clinical and morphological analysis of uterine leiomyoma
based on patient age, nodule location, multiplicity, and size, clinical course, pattern of complaints, and the presence of
comorbidities. Material and Methods. A retrospective analysis of the medical records of patients with uterine leiomyoma
(n=288) undergoing surgical treatment was conducted. Complaints, gynecological and somatic histories, and clinical
and morphological examination data were assessed. Results. Among the complaints and clinical manifestations, the
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most frequent were abnormal uterine bleeding, heavy menstruation, pain syndrome, dysmenorrhea; less common
were anemia and infertility. Subserous localization of nodes (FIGO types 5-7) was the most common (n=156, 57.2%).
However, submucosal (FIGO types 0-2, n=48, 16.7%) and intramural nodes (FIGO types 3-4; n=84, 29.2%) were ac-
companied by more pronounced clinical symptoms in comparison with the clinical picture in patients with subserous
uterine fibroid nodes. The obtained data showed the features of the clinical picture of leiomyoma depending on the lo-
cation and size of the nodes in different age groups, which determines the choice of patient management tactics. Con-
clusion. A retrospective analysis of patients with uterine leiomyoma revealed a relationship between the women'’s age,
the clinical course of the disease, and its morphological features, which determines subsequent patient management.

Key words: uterine leiomyoma, node localization, myomectomy, leiomyoma morphotype.

JlefiomromMa MaTKH SBJISIETCS HamOOJEe pacIpo-
CTPaHEHHON 10OPOKAYECTBEHHOM OIYXOJIbIO Y JKEH-
LIVH pENpOAYKTUBHOIO BO3pacTa M OHON U3 YaCTBIX
MPUYMH aHOMAJIBHBIX MaTOYHBIX KPOBOTCUCHHIA, Ta-
30BOM 00JH, TUCMEHOPEH, aHEMHUH U CHIKEHHS Ka-
gecTBa Xm3HU [2; 8]. COBpeMeHHbIEC TaHHBIC CBHIC-
TEJIBCTBYIOT O TOM, YTO JISHOMHOMA MaTK1 PeICTaB-
J5ieT cOOOH IeTepOreHHyYI0 IPyIIly 100pOKaueCTBEH-
HBIX HOBOOOPa30BaHUN MaTKH, Pa3IHYAIOIIUXCS 110
OMOJIOTHH POCTA U B3aUMOJICHCTBHUIO C DIIEMEHTAMH
MHKpOOKpyxeHus [1; 4]. YuursiBas 3HAUHNMYIO
JIOJII0 XUPYPrUUECKUX BMELIATENIbCTB MIPU JICUCHUU
NeiioMHUOMBI, 3a00JIeBaHIE UMEET CYLIIECTBEHHOE CO-
HAIBHO-3KOHOMHUYECKOE 3HaueHue [§].

Cpenu GpakTopoB prcKa JICHOMHOMBI MaTKH MOK-
HO BBIJICIIUTh — TCHETHUYECKUE (DAKTOPBI, paHHEe
MeHapxe, OTCYTCTBHE POJIOB B aHAMHE3e, IIepUMe-
HoIay3ajbHbIN nepuol, oxupenue [4; 6; 10]. Cy-
LIECTBEHHYIO POJIb UTPAIOT U3MEHEHUS] HMMYHHOTO
MUKpOOKpyskeHus y37a [1]. IIpu aTom, KiinHnueckas
KapTHHA JIEHOMHUOMBI OCTaeTcs BapuabenbHON: y
OZIHUX TALMEHTOK KPYIIHbIE MHOKECTBEHHBIC y3JIbI
aCcCOLMNPOBAHbI ¢ 0ECCHMITOMHBIM T€UEHHEM, TOT-
Jla KaK y JPYTHX CONPOBOXIAIOTCS aHOMAaJbHBIMU
MaTOYHBIMU KPOBOTEUYEHUSIMH, THIIEPMEHOpPEEH,
JIMCMEHOpEEH, aHEMHUEN U HApYILLIEHUEM PENpPOayK-
tuBHOM (hyHKTIHH [9; 13].

Knunuueckuil UHTEpEC NpeiCcTaBiIseT CBOEBpe-
MEHHOCTb BBISIBICHHS JIEHOMHOMBI MaTK1, KOTOPBIE
HEpEAKO TUAarHOCTUPYIOTCS y MOAPOCTKOB M XKEH-
LIMH B Bo3pacTHOU rpynme 1o 30 net [6; 10]. ¥V na-
LMEHTOK JAHHOW KOTOPTHI OTMEYEHBI TUTIEPMEHOpEs,
JIMCMEHOpEsI C COMYTCTBYIOIIEH aHEMUEH, IPU 3TOM
CTaHJApTHBIC METO/bI TOPMOHAIBHOMN Tepanuu ya-
CTO MOTYT OBbITb HEOCTaTOUYHO () (HEKTUBHBIMH [2;
3; 6]. Jleranu3zanus JoKaaIU3aluu y3J10B (THII y3JI0B
no FIGO, ux pa3mepsl 1 KOJIMYECTBO), BO3PACT, a
TaKX€ BBIPAXKEHHOCTb CHUMIITOMOB 3a00JI€BaHUS
SIBJISIFOTCS. OCHOBOIIOJIATAIOIIMMU AJIST ONIPEeICHUS
TaKTUKH JICUEHUS marueHToK [11].

Takum 00pa3om, mpeacTaBisieTcs Lenecooopas-
HBIM IIPOBEJEHUE CPABHUTEIBHOTO PETPOCIEKTHUB-
HOTO KJIMHUKO-MOP(}OIOTHYECKOr0 aHaiInu3a Jieio-
MHOMBI MaTKH y MALMEHTOK PA3JIMYHBIX BO3PACTHBIX
IPYIII C yYETOM JIOKAJIU3aLUH Y3JI0B.

Ilesb uccnenoBanus — MPOBECTH CPABHUTENIbHBIN
KJIIMHUKO-MOP(OJIIOTUUYESCKHUI aHATU3 JICHOMUOMBI
MAaTKH B 3aBUCUMOCTH OT BO3pacTa NalUEeHTOK, JI0-
KaJM3alHuU y3JI0B, UX MHOXECTBEHHOCTH U pa3Me-
POB, KIIMHMYECKOTO TEUCHHS, CTPYKTYPHI Kallod U
HaJMYUs COMYTCTBYIOIIUX 3a00JICBaHUIA.

MATEPHUAJ 1 METO/JbI

IIpoBen€éH peTpoCEeKTUBHBINA aHATU3 MEIUIIUH-
CKOH IOKyMEHTAIlMU U apXMBHOTIO MaTepuana (mapa-
(uHOBBIC OJIOKH) MAIMEHTOK (n=288), HAXOANUBIINX-
Csl Ha ONIEPATUBHOM JICYCHUH B TMHEKOJIOTHYECKOM
oTneneHnn (yapexacHue) ¢ nuarao3om mo ICD-11:
Jletiommnoma matkn (2E86.0 — Leiomyoma of uterus).
HUccnenoBanue 66u10 0100peHO DTHUECKUM KOMHUTE-
ToM HanmoHaisHOTo Hecnen0BaTeabeKoro SASpHOTO
yHusepcurera « MO, a Tak:ke COOTBETCTBOBAIIO
TpeboBaHusIM XenbCUHKCKOU jaeknapanun (WMA
Declaration of Helsinki — Ethical Principles for
Medical Research Involving Human Subjects, 64th
WMA General Assembly, Fortaleza, Brazil, October,
2013).

Bce manueHTKy B 3aBUCIMOCTH O BO3pacTa ObUIH
pasJieneHbl Ha TPU TPYIIIIbL:

* rpymma I (n = 12) — paHHU#N penpoayKTHB-

HbIH Bo3pacT (< 30 set; n=12);

* rpymna Il (n=216) — penponyKTUBHBIN BO3-

pact (31-45 net; n=216);

* rpymnmna III (n = 60) — mpemeHomay3a u mocT-

MeHormay3a (> 46 net; n=60).

[Ipu ananu3e KIMHAYECKUX AaHHBIX YYUTHIBAIN:
BospacT (M£SD); UMT; cTpykTypy *anol (cum-
MITOMHOE/0ECCUMIITOMHOE); THHEKOJIOTHYECKUN
aHamMHe3 (BO3pacT MEHapxe, MapuTeT, THHEKOIOT H-
yeckue 3a00J1eBaHus, BHYTPUMATOYHbIE MAHUITYJIs-
LMY B aHAMHE3€); JIOKAIN3ALUIO0 JIeHOMIOMAaTO3HbIX
Y3JI0B U UX MHOXXECTBEHHOCTb (CyOMYKO3HBIE — THII
0-2 o FIGO, untpamypansnsle — tun 3-4 no FIGO,
cyoceposnsie — tut 5-7 o FIGO); anamHe3 XU3HH;
COMyTCTBYIOMINE 3a00JIeBaHUS; §) METOIBI OTepa-
TUBHOTI'O JICUCHUSI.

Tucmonozuueckoe uccnedosanue.

OparMeHThl IeHOMUOMBI MaTKH (PUKCUPOBAIIN B
10% dopmanune, 3anuBaiy B napapuHOBBIC OIOKU
0 CTaHJapTHOM MeTojuKe. Cpe3bl OKpaIluBali re-
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MaTOKCWJINHOM U 303uHOM. [Ipenapars! uccnenona-
JIM TIO/T CBETOBBIM MHKpockonoM Leica DM2000 ¢
BO3MOJKHOCTBIO MUKPO(POTOCHEMKH. C TIOTYyUEeHHBIX
undpoBeix n3o00pakennit B 10 cirywaitHo BeIOpaH-
HBIX NTOJISIX 3peHus pu yBenudueHnu 400 mpoBoau-
JIM aHalu3 MOp(OMETpHUYECKUX TTOKazaTenel ¢ uc-
MOJIb30BaHKUEM ITPOrpaMMHOTo obecrnieyenus Leica
Application Suite (Bepcust 4.9.0) u Image].

CraTtucTuyecKuil aHaJIu3 pe3yabTaToB MPOBOAU-
T ¢ moMoIiklio nakera nmporpamMm SPSS 12.0 (IBM
Analytics, CILIA). HopmanbHOCTB pacnpenenenus
KOJIMYECTBEHHBIX ITaPaMETPOB OLIEHUBAJIN C UCIIOIb-
3oBanueM kpurepus Hlanupo-Yunka. Pacnipeneine-
HHE CUMTAIM HOpMaJIbHBIM Tipu p >0,05. Jlist cpas-
HEHUs TPYNI HCIONb30BAIN MApaMETPUUYECKUE U
HernapaMeTpUYecKre METObI B 3aBUCMOCTH OT Xa-
pakTepa pacnpeneiaeHns JaHHBIX: KOJTUYeCTBEHHbBIE
JaHHBIe, HE MPOTHBOpEYaIe HOPMATHLHOMY pac-
[IPEIEICHHUIO, CPAaBHUBAIN C IIOMOLIBIO t-KpUTEpUs
CrplofieHTa, a IPU OTKJIOHCHUH OT HOPMAJIbHOTO
pacnpeaenenus npuMensuin U-kputepuit MaHHa-
Yurnu.

PE3VJIBTATBI U OBCYXJIEHUE

[Ipu ananusze MEIULIMHCKON TOKYMEHTAlUM Ta-
IMeHTOK (n=288) ¢ 1eliOMHOMON MaTKH IO JIOKaJIH-
3anuu npeodagany cyocepo3Hble Y3Ibl (THIIEL 5, 6,
7 no FIGO), xoropsie B 1,2 pa3za BcTpeyainch yale,
yeMm uHTpamypansHbie (Tunsl 3-4 o FIGO) u cy6-
mykozHbIe (Tumbl 0-2 o FIGO).

KnuHuveckoe TeuyeHne B BEIOOpKE HAIPAMYIO
3aBUCEIIO OT THUIIA JIeOMUOMAaTo3HOro y3ia. Cyo-
Myko3Hble neiiomuoMmsl (tun 0, 1, 2 mo FIGO),
BHE 3aBHCUMOCTH OT Pa3MepOB COMPOBOXKIAIUCH
AHOMAJBHBIMH MAaTOYHBIMH KPOBOTEYECHHSIMHU,
JIMCMEHOpee W HapyIICHUSMH PerpOayKTUBHON
(hbyHKIIUHU, 9TO, BEPOSITHO, OOYCIOBIICHO JIOKAJIH-
3alueil y3J0B, NECTPYKTUBHBIMU U3MCHECHUSIMU
SHIOMETPUS U NTUCOATAHCOM KITIOYEBBIX MapKEPOB
JIOKQJIbHOTO reMocTta3a. MHTpaMypasbHble JIeHoMHU-
OMBI, JJOKAJIN3YIONUECS B TOJIIE MUOMETPHUS (THUII
4 o FIGO), gare sBIsUIHCh O€CCHMIITOMHBIMH, B
TO BpeMs KaK UHTpaMypalbHbIe y3/bl 3-T0 THUIIA 110
FIGO xapakrepu30Bajinuch BapuaOeIbHbIM KITHHH-
YECKUM TEUCHHUEM, CXOXKHUM C y3namu (-2 Tuma mo
FIGO.

Kimanyeckue nposiBieHns y MaleHToK ¢ Cyo-
CEpO3HBIMHU y3J1aMu JeiioMuoMsl (Tum 5-7 o FIGO)
B OOJIBIIMHCTBE ClIy4aeB OTCYTCTBOBaIU. B To ke
BpeMs mpu OONBIINX pa3zMmepax ysna (6omee 5 cm)
BO3pacTaljia YacTOTa BBISBICHUS CUMIITOMOB KOM-
MIPECCHH COCEIHHUX OPTaHOB — AMCIIAPEYHUH, TU3Y-
puu 1 OO BHU3Y JKUBOTA.

[Ipu aHanu3e kajiod y MarMeHTOK OTMEUCHBI:
OOWIIBHBIE MEHCTPYALlUH, MEKMEHCTPATHHBIE Ma-
TOYHBIE KPOBOTEUCHHS, OOJICBON CHHAPOM, a TaKKe
Oecruiofiie, acCCOIMUPOBAaHHOE C MHOMOHN MAaTKH.

OPUTI'MHAJIBHBIE CTATbU

AHanmn3 NanueHToK C JIEHOMHOMOM MaTKu Io-
Ka3aJl BapuaOeIbHOCTh KIMHUYECKHUX MPOSBICHUN
OITyXOJIU: y OOJBIIMHCTBA MAIIMEHTOK 3a00JIeBaHue
COTIPOBOXAAIOCH OOMIBHBIMU MEHCTpPYalUsIMH,
c1a00CTHIO, TOJTOBOKPYKEHUEM M COHJIMBOCTHIO
Ha (hoHE aHEMHH, OOJICBBIM CHHIPOMOM, BKJIIOJAs
JUCMEHOPEIO U JUCHAPEYHHIO, YTO COINACYETCs C
JaHHBIMU JIUTeparypsl [2; 3; 6]. OOpamiaet Ha ceds
BHUMaHHE CBA3b KIIMHUYECKOTO MPOSBIEHUS MUOMa-
TO3HBIX YJIOB C UX JIOKaJH3aMel 1 MHOE/ICBTEHHBIM
poctoM. B Harmme#t Beroopke cyomykosHas (tum 0-2
o FIGO) u unTpamypanbHas ieioMuomsl (tum 3-4
no FIGO) wame acconuupoBanach ¢ CAMITOMHBIM
TEUCHHEM, TOTJa KaK MpHU cyOCcepo3HOM pacioio-
xenuu (tun 5-7 no FIGO) cumntomaruka BcTpeya-
JIach CyIIECTBEHHO pexe. [laHHble pe3yabTaThl co-
[IOCTaBUMBI C (PYHKIIMOHAIBHBIMUA OCOOCHHOCTAMU
MAaTK{ — HapyLLIEHUEM COKPaTUTEIbHON aKTHBHOCTH
MHUOMETpPHS IIPU MHOKECTBEHHBIX y3JaX MUOMBI U
nx cyOMyKo3HOH jokanu3zanuu [2; 12]. Baxso ot-
METHTH, YTO BBIPAKEHHOE CHMIITOMHOE TE€YEHHUE
yalie OTMEYAJIOCh y KCHILMH CTapliel BO3pacTHON
IPYIIIBL.

AHanu3 MEIUIMHCKON JOKYMEHTAIMH TTOKa3al,
YTO B CTPYKTYpPE COMyTCTBYIOIIMX COCTOSHUI Hau-
OoJsiee 4acTo BCTpevaluch pyOer Ha MaTKe Mmocie
paHee NepeHECEHHBIX OIIEPaTUBHBIX BMEIIATEILCTB
(B TOM umcIIe TIOCIEe KecapeBa CEUCHHs UM MHO-
M3KTOMUH) U anemusi. CylIeCTBEHHOE MECTO Cpeau
COMYTCTBYIOIIMX (haKTOPOB TAKKE 3aHUMAJIU TTOBBI-
meHHsle 3HadeHust UMT, uTo no3BossieT paccMarTpu-
BaTbh 0COOEHHOCTH MaccChl T€Ja KaK OAUH U3 KOMIIO-
HEHTOB O0IIEro KIMHUYIECKOTO (hOHA y TIAI[EHTOK C
neioMmuoMoin Matku. Heckonbko pexke oTMedanuch
BHYTPUMATOYHbIC MAHUMYJISALUU B aHAMHE3€ U T10-
JIUTIBI HAOMETPHUS C THUINEpIUIa3uel dSHIOMETPHS.
Kpowme Toro, y 4acTu mannueHTOK BBISBISUTNCH apTe-
pHasibHAsl TUIEPTEH3Us, TUPEOUAHAS NaTOJIOTHUS U
BapUKO3HOE PACIIMPEHUE BEH HIPKHUX KOHEUHOCTEH.
3HAYUTENBHO PEXKE PErHCTPUPOBAIHCH AIEHOMHO3 U
JOOPOKaYECTBEHHBIC 00Pa30BaHMs MOJIOYHOM XKeJe-
3bl. B eZIMHUYHBIX HAOMIONEHUSIX OTMEYAINCh BOC-
HaJuTeabHble 3a00JI€BaHUSI OPraHOB MaJoOro Tas3a
B aHaMHe3e, UH()EKUNH, ePEJatoInecs MOJIOBbIM
nyTéM, u GuOpO3HO-KKCTO3HAs MacTonaThs (puc. 1).

CTpyKTypa COIyTCTBYIOLIUX COCTOSIHUM Koppe-
JUpOBaja C BO3PACTOM KEHINIWH, OTpakast HEOAHO-
pomaHOCTh KauHHUYecKoro (ona (puc. 2). B Ill-eit
rpymie (> 46 net; n=60) HaOnI0#aIN BBICOKYIO Ya-
CTOTY OOMJIbHBIX MEHCTPYaLUi U, B CJICIICTBHE YETO,
y OONBIIMHCTBA NALIMEHTOK OTMeYanach aHeMus. Y
naruenTok 1I-oit rpynmst (31-45 net, n=216) otme-
4yeHbl 2 U 0oJiee ONepaTHBHBIX BMEIIATEIHCTBA HA
OpraHax Majoro Tasa II0 [I0BOAY THIlepIIacTHye-
CKHX MPOLIECCOB YHJOMETPUS/TIOIUIIOB YHIOMETPUS,
a/IcHOMHO03a, U TIpepbIBaHus OepeMeHHOCTH (pyder
Ha MaTKe/BHYTpUMATOYHbIE onepanun). B aToit ke
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Puc. 1. ConyTcTBYIOLIHE COCTOSIHUSA Y MAIIMEHTOK C JIEHOMHOMOI MaTKH.
Fig. 1. Comorbidities in patients with uterine leiomyoma.
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Puc. 2. ConyTcTBYIOLIHE COCTOSIHUS 110 BO3PACTHBIM I'PYyIIIaM.
Fig. 2. Associated conditions by age group.

rpymme 6ojee BBICOKAs 4acToTa OOWMIIBHBIX MEH-
cTpyauui, 0oeBoro cuaapoma 1 decrionus. Menee
BCETO COMYTCTBYOINX 3a00JICBaHII OOHAPYKHITH Y
naruenTok [-oi rpymnmsl (<30 net, n=12), 11 KoTO-
PBIX OBUTH XapaKTEePHBI IPEKIE BCETO OTIEPATHBHBIC
BMeIIaTenbcTBa. Bee momydeHHble JaHHbIe CTaTH-
CTHYECKH JIOCTOBEPHBI U OTPAXKAIOT B3aUMOCBS3b
BO3pAcCTa, JOKATU3ALUIO U KIMHUYECKUE TPOSBIIC-
HUSI MUOMATO3HBIX Y3JI0B. BBISIBICHHBIE pa3nuyus B
CTPYKTYpe KOMOPOUIHOTO (hOHA MEKTY IPyIIaMu
TaK)Ke OTIPENEISIOT HE TOBKO KITMHNYECKYIO KapTH-
HY, HO ¥l TAKTHKY JAJIbHEHIIEro JISYeHHS MAI[eHTOK.

Mopdonoruyeckasi KapTuHa B MUKpOITperaparax
nanueHTok (n=288) He 3aBuceNa OT Bo3pacra: Jei-
OMHOMATO3HBIE Y3JIbl OBLITH MPEACTABICHBI TUITHY-
HOU MOOPOKAYECTBEHHOW TIAJKOMBIIICUYHON OITy-
XOJIbIO, TIOCTPOEHHOW M3 ITyYKOB BEPETEHOBUIHBIX
JNeHOMUOIIUTOB 0€3 NMPU3HAKOB KJIETOUYHOH aTHITHH
U BBICOKOM MHUTOTHYECKOW aKTMBHOCTU. Bmecte ¢
TEM B 4aCTH HAOIIOJCHUI BBHISBISUINCH OUaroBHIC
BTOPUYIHBIC U3MEHEHUS B BUJIE THATMHO3a U (hUOPO-
3a, 9TO TPeOOBAJIO UX COTIOCTABICHHUS C BO3PACTHOM
MPUHAIJIC)KHOCTBIO MALUEHTOK. Y MaueHTOK [-0it
rpymibl MOpGOJIOrHYECKasi KapThHa B OOJIbIIEH cTe-

TIEHU COOTBETCTBOBAJIA THITMYHOMY CTPOCHHIO JIeH-
OMHOMBI 0€3 BBIPQ)KEHHbBIX BTOPUYHBIX U3MEHEHUH.
Bo II-0if rpynne Hapsiay ¢ THIUYHBIM CTPOCHUEM
y3JI0B BCTPEUAIUCH OYaroBbl€ JE€r€HEPATUBHBIEC U3-
MeHenust. Y nanuenTok Ill-eli rpymnmsr Mmopdoro-
rUyYecKas KapThHa Takke COOTBETCTBOBAJA JOOPO-
Ka4yeCTBEHHOW JIEHOMHOME, ONHAKO MPU HATHYHH
ruajgnHo3a u GulOpo3a Takue M3MEHEHHUs MOIIIH
oTpaxkaTh OoJiee ATUTEIBHOE Pa3BUTHE y371a U BO3-
pacT-aCCOLMUPOBAHHYIO TKAHEBYIO IIEPECTPONKY. B
LIEJIOM TIOJTyYeHHbIE JIaHHbIe YKa3bIBAIOT Ha TO, YTO
THUCTOJIOTHYECKOE CTPOCHUE JIEHOMUOMBI HE OTIIH-
yaeTcs OT BO3pacTa, HO BIMSET Ha BHIPAKCHHOCTh
BTOPUYHBIX MOP(OJIIOTHUECKUX U3MEHEHUH (pHc. 3).

[Tpu MopdorornyeckoM Uccae0BaHUN 0COOCH-
HO Ba)XKHO OIPENENUTh BapHaHT JEHOMHUOMBI, CTe-
neHs (hrbpo3a, 0COOEHHOCTH PA3BUTHS COCYAUCTO-
T'O KOMITOHEHTA (MH/IEKC BaCKYJISIPU3AIAN) U IPYTHE
XapaKTEPUCTUKH y371a, HEOOXOIUMBIE AJIST KOPPEKT-
HOTO CONOCTaBJIEHHS KIIMHUYECKUX MPOSBIEHUN C
MopdoTunaMu jeioMuoM U auddhepeHInaIbHOMI
JTUArHOCTHUKH PeKnX BapruaHToB [5]. Tem He MeHee,
YUUTBIBasI COBPEMEHHYIO HH()OPMALIUIO O POJIH 3JIe-
MEHTOB MUKPOOKPYKEHUSI, PEMOACINPOBAHUS BHE-
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Ta0nnua 1. CpaBHUTEIbHASI XaPAKTEPUCTHKA NMAIMEHTOK C JICHOMHOMOM MATKH 110 BO3PACTY.
Table 1. Comparative characteristics of patients with uterine leiomyoma across age.

Kpurepuit <30 zner (n=12) 31-45 net (n=216) >46 net (n=60)
Bospact, M+SD, ner 26,0 +0,0 38,9+ 4,6 47,6 £2,6
AHaroMuuecKast TOKaIU3AIHS Y3JI0B
CyomyxkoszHast, n (%) 0(0,0) 48 (22,2) 0 (0,0)
WuTpamypanbras, n (%) 0(0,0) 36 (16,7) 48 (80,0)
CyOceposHas, n (%) 12 (100,0) 132 (61,1) 12 (20,0)
Knunnueckoe Teuenue
CumntomHoe, n (%) 0 (0,0) 132 (61,1) 60 (100,0)
Beccumnromuoe, n (%) 12 (100,0) 84 (38,9) 0(0,0)
CrpyKTypa *anod cpeay CHMITOMHBIX ITAI[HEHTOK
AMK/O06unpHbIe MEHCTpYyaluy, n/
Nsym (%) 0/0 (-) 96/132 (72,7) 48/60 (80,0)
Boneroit cuanpom /nucnapeyHus/ auc-
meHopes, n/Nsym (%) 0/0 (-) 72/132 (54,5) 24/60 (40,0)
Bbecmionue, cBI3aHHOE ¢ HATUYHEM
MHOMBb1 Marici, 1/Nsym (%) 0/0 (-) 36/132 (27,3) 0/60 (0,0)
CoITyTCTBYIOIINE COCTOSTHISI
JloOpokauecTBeHHBIE 00pa30BaHNUs
MOJIOYHO# kerne3bl, n (%) 0(0,0) 126.6) 0(0,0)
Bapuko3Hoe pacimpeHie BeH HIKHIX
KoHeuHoCTeM, n (%) 0(0,0) 240LD 0(0,0)
Tupeouanas narosorus, n (%) 0 (0,0) 36 (16,7) 0(0,0)
AptepuanpHas runeprensus, n (%) 0 (0,0) 12 (5,6) 24 (40,0)
BHyTprMaToYHbIC MAHUTYISIIIUA B
anamHese, n (%) 0(0,0) 36 (16,7) 0 (0,0)
HUMT, n (%) 12 (100,0) 36 (16,7) 12 (20,0)
PyOubt Ha MaTKe/OHSpaHI/II/I B aHaMHe3e, 0(0,0) 60 (27.8) 0 (0,0)
n (%)
[ommm sHAOMETPHS U THIIEPILIA3US
sutomerprs, n (%) 0(0,0) 24 (11,1) 0 (0,0)
Anenomuos, n (%) 0(0,0) 12 (5,6) 0 (0,0)
Crioco0bl J1eueHus
Muomakromus, n (%) 12 (100,0) 156 (72.,2) 24 (40,0)
FI/ICTepOpGSeKTOE(;)(;HI/ISI/HIEI/IBI/IHF, n 0(0,0) 60 (27.8) 12 (20.0)
Okcrupmanyst Matku/Hansnaraaumiaas
amnyTtanus MaTtku, n (%) 0(0,0) 0(0,0) 12(20,0)

KJIETOYHOTO MaTpUKCa U MMMYHHBIX MEXaHHU3MOB
B IPOTPECCUPOBAHUM JEHOMUOMBI, paclIMpeHue
MOp(}OIOrHUecKOro (MMMYHOTHCTOXUMHUYECKOTO)
UCCIIeZIOBaHUsl U YHU(DUKAIUS TaTOMOpoIoruye-
CKOT'O OIMCAHUS PECTABIIAIOTCS IEPCIIEKTUBHBIMU
HaTpaBJICHUSAMU JIUIS TajbHemei padbots [1; 4].

B ctpykType onepaTuBHOIO Je4eHNs JIEHOMIOMBI
MaTK# Ipeoliajaiyd opraHoCOoXpaHsIone MoaXo-

JIbI, TIPEUMYIIIECTBEHHO MUOMAKTOMHUS JIaNapoCKO-
MUYECKUM JOCTYIIOM, TUCTEPOPE3CKTOCKOTMUECKAs
MUOMAKTOMHS, PEKE — JIAMAPOCKOMUIECKast IKCTUP-
TAIMs] MATKY WJTH HAJBJIATAIAIITHAS aMITy TaIlHsI MaT-
K#. BBIOOp TakTHKHU OTEpaTHBHOTO BMENIATEIHCTBA
HaIpsIMyIO 3aBHCEI OT BO3pacTa MAIUEeHTKHA U ee
PENPOIYKTHBHBIX TUIAHOB, & TAKXKE OT JIOKATU3AIUU
U pa3MepoOB TOMUHUPYIOUIUX MUOMATO3HBIX Y3JIOB.
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Puc. 3. Jleiiomunoma matku. OKkpacka reMaTOKCHJINHOM U 303MHOM, yBeJ. X10. I'pynnsi: ciaeBa - I-1,
nocepeaune - II-s1, cnpasa - I1I-11.
Fig. 3. Uterine leiomyoma. Hematoxylin and eosin staining, magnification x10. Groups: left — group I,
middle — group I, right — group III.

[Ipu cyOcepo3Hoii 1 cyOMyKO3HOH (hopMax BBITION-
HSJIAaCh MUOMAYKTOMHSI, PEKe — KOMOMHUPOBAaHHOE
JIeYeHUE W TUCTEPOCKOMMYECCKUE BMEIIATeNIbCTBA.
[Ipu uHTpamMypasnbHOl (opMe BBITIOTHSUICH MH-
OMAIKTOMHUS M THCTepIKTOMUSI. KoMOMHMpOBaHHOE
JieYyeHHEe BKJIIOYAJI0 MHOMAIKTOMHIO B COUETAHUU C
TUCTEPOPE3EKTOCKOIMEH; K THCTEPOCKONYECKUM
BMELIATENbCTBAM OTHOCHJIM THCTEPOPE3EKTOCKO-
MU0/ EHBUHT; B KATETOPHIO T'UCTEPIKTOMHUH OBLTH
BKJTFOUCHBI SKCTHPIALINS MATKU M HAJIBJIAraJIuIIHASL
ammyTaius MaTtku (puc. 4).

HHTpaMypanwuan

Takum oOpa3oM, MOJydyeHHBbIC NaHHBIE MOJ-
YEPKHUBAIOT BAJXHOCTh KOMIIEKCHOTO MOJX0Aa K
JMarHOCTHKE JIEHOMHUOMBI MaTKH, KOTOPBIH JT0JIKEH
YUHUTBIBATh HE TOJBKO pa3Mep U MHOKECTBEHHOCTD
y3JI0B, JIOKAITU3AIUIO 1 MOP(OIOTHYECKHE XapaKTe-
PHUCTHKH, a TAKKE BO3PACT U OLIEHKY PENPOAYKTHUB-
HOTO TIOTEHIMaJIa JIJIsl ONPEAEIEHUS TEPCOHATN3H-
POBAHHOTO MOJXOJA B JIEYEHUH MAI[UEHTOK.

Takum 00pa3oM, aHAIU3 TAIUCHTOK C JICHOMU-
OMOM MAaTKH, PACIpeAeIEHHbIX HA TPHU BO3PACTHBIE
TPYIIIBI TO3BOJIMII HE TOJBKO ONPENEIUTh Xapak-

Gl Py MM 5

Puc. 4. Pacnipenesienne cnoco0oB JedeHus! M0 JOKAJIM3ANMH JIeHOMHOMBI MATKH.
Fig. 4. Distribution of treatment methods by location of uterine leiomyoma.

TEPUCTUKH TE€UCHMs 3a00JIeBaHUS B 3aBUCUMOCTHU
OT BO3pacTa, HO U COTMOCTABUTh 3TH MaPaMETPHI C
AHATOMUYECKOH JIoKau3auuei J1eioMrOMaTO3HbIX
y3J10B, KJIMHHYECKUM TCUCHHEM 3a00JIeBaHMSI, CO-
MYTCTBYIONIMMH 3200JIEBAaHUSIMU U METOJIaMH OTIe-
PaTUBHOTO JICUEHUsI. YCTAHOBJIEHO, YTO OCHOBHYIO
4acTh BEIOOPKU COCTABIISUIN HALMEHTKH PEHpOIyK-
TUBHOTO Bo3pacTa (mudpa). CpenHuii Bo3pact 00-
clieIoBaHHBIX >keHIIMH cocTaBui 40,21+6,24 ropa.
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Haunbomnee 9acTo BBIABISIIUCH CYOCEPO3HBIE Y3ITHI,
JUTSL KOTOPBIX Yarie ObUIO XapaKTepHO 0eCCHMITTOM-
Hoe TeueHue. Cpean xanod npeodiagani OOUIbHbIC
MEHCTpYalHH, a Takke 6oneBoit cuaapom. (Taom. 1).
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PE3IOME

Llenb wnccnepoBaHus — mopdhonormyeckast oOueHKa W3MEHEHWI CTPYKTYp KOMEeHHOro cyctaBa B MoAenwu
MOHoVoAaLeTaT-MHAYLMPOBaHHOTO OCcTeoapTpuTta y kpbic. MaTepuan n metogbl. [TpoBeaeHoO akcnepuMeHTanbHoe
ncecnegoBaHne Ha Kpbicax nuHMM Buctap (n=20), KOTOpbIM BbIMOMHANN OQHOKPaTHOE BHYTPUCYCTAaBHOE BBEAEHMWE
MoHovogauetata Hatpus (MIA) (1 mr B 50 MKI) B NONOCTb NPaBOro KOMeHHOro cyctasa. KOHTPObHOW rpynne BBOAMN
3KBMBANEHTHbIN 06beM 0,9% pacTtBopa Hatpus xnopupa. Ha 58 cyTkM >XMBOTHbIX BbIBOAUIM U3 3KCMEPUMEHTA.
[MpoBegeHo Mopdonornyeckoe nccrnefoBaHe KOMeHHbIX CYCTaBOB C OKPACKOW reMaToKCUIMHOM U 3031HOM (obLuas
CTpykTypa) n cacdpaHuHom O (cogepxaHve npoTeornukaHoB). PesynbraTtbl. B KOHTPOMbHOW rpynne cycTaBHOM
XpsILL, COXpaHsAN POBHYIO MOBEPXHOCTb, YETKYIO 30HaNbHOCTb W PaBHOMEPHOE PacriofioKEHNe XOHAPOLMTOB;
cybxoHAparnbHas KOCTb MMena HOpMarbHY0 apXMTEKTOHMKY. B akcnepumeHTanbHOW rpynne BbiSBNEHbl TUMWYHbIE
NpU3HaK1 OcTeoapTpuTa: HapyLlleHVWe LIeNOCTHOCTU MOBEPXHOCTM Xpsilia ¢ (hOPMUPOBaHMEM 3pO3unii U AedeKToB,
VCTOHYEHWE XPSALLEBOW NIAaCTUHKW, CHUXKEHME KIIETOYHOCTM XOHAPOLIMTOB C NOSIBNIEHNEM NKHOTUYHBIX SAep, a Takke
pemogenvpoBaHue CyoxoHapanbHOW KOCTU (YNIOTHEHVE, HepaBHOMEPHOCTb TpabeKynapHOW CTPYKTypsbl). [pu okpacke
cadpaHnHoM O OTMEYEHO BbIPAKEHHOE CHUKEHWE MHTEHCMBHOCTU OKpalUMBaHWSA, OCOGEHHO B MOBEPXHOCTHBIX W
NPOMEXYTOYHBIX CMOSIX, YTO YKa3blBAET Ha 3HAYUTENbHYIO MOTEPIO NPOTEOrNMKaHOB. 3aknodeHne. Takum obpasom,
MIA-nHAayumMpoBaHHas mMogernb ocTeoapTpuTa MO3BOMNSET BOCNPOU3BOAUTL OCHOBHbIE MOPJOIOrnyeckne npusHaku
3ab0neBaHUsi 1 MOXET paccMaTpmBaTbLCS Kak YA0OHbIN 1 BOCTIPOU3BOAVMBIA MHCTPYMEHT AN 9KCNepuMeHTarnbHOro
N3y4YeHns ocTeoapTpuTa.

KnioueBkle crioBa: ocTeoapTpuT, 3KCNepuMeHTanbHaa moaenb, MoHouoaauetat Hatpusa MIA, MIA-
MHAYLMPOBaHHbIA OCTE0apTPUT, CYCTaBHOM Xpsill, Cy6XoHAparnbHas KoCTb, KPbIChI.
MODELING OF EXPERIMENTAL MONOIODOACETATE-INDUCED
OSTEOARTHRITIS: HISTOLOGICAL CHARACTERISTICS
Zurabov M. B."?, Dontsov 1. D.}, Markarov A. 1.3, Guseva A. A3, Kasyanov A. A.!,
Samborskaya E. A.', Maksarova D. D.!, Tsibulevsky A. Yu.'
'Engineering Physics Institute MEPhI, Moscow, Russia
2Sechenov University, Moscow, Russia
SRussian National Research Medical University named after N. 1. Pirogov, Moscow, Russia

SUMMARY

The aim of this study was to conduct a morphological characterization of changes in the knee joint in a model of
monosodium iodoacetate-induced osteoarthritis in rats. Material and Methods. An experimental study was conducted
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on Wistar rats (n=20), which received a single intra-articular injection of monosodium iodoacetate (MIA) (1 mg in 50
ul) into the right knee joint. The control group received an equivalent volume of 0.9% sodium chloride solution. On day
58, the animals were sacrificed. A morphological examination of the knee joints was performed with hematoxylin and
eosin staining (general structure) and Safranin O staining (proteoglycan content). Results. In the control group, the
articular cartilage retained a smooth surface, clear zonality, and uniform distribution of chondrocytes; the subchondral
bone had normal architectonics. In the experimental group, typical signs of osteoarthritis were revealed: disruption
of the cartilage surface integrity with the formation of erosions and defects, thinning of the cartilage plate, reduced
chondrocyte cellularity with the appearance of pyknotic nuclei, as well as subchondral bone remodeling (thickening,
uneven trabecular structure). Safranin O staining showed a marked decrease in staining intensity, especially in the
superficial and intermediate layers, indicating a significant loss of proteoglycans. Conclusion. The MIA-induced model
of osteoarthritis reproduces the main morphological features of the disease and can be considered a convenient and
reproducible tool for the experimental study of osteoarthritis.

Key words: osteoarthritis, OA, experimental model, sodium monoiodoacetate, MIA, MIA-induced

osteoarthritis, articular cartilage, subchondral bone, rats.

OCTeoapTpHT SABISIETCS] OMHUM U3 HanOoJIee pac-
MPOCTPaHEHHBIX XPOHUYECKUX 3a00JIeBaHUH OTIOP-
HO-JIBUTATEIILHOTO arapaTa ¥ Beaylleld MpuIuHON
00K, OrpaHHYCHUS TIOABMKHOCTH M CHIDKCHHSI Ka-
YECTBA KU3HU Y MAIUEHTOB CPEAHEr0 M MOXKHUIIOTO
Bo3pacta [1; 2]. Ilo coBpeMeHHBIM MpeACTaBICHU-
SIM OCTEOAPTPUT MPEACTABIICT COOOM CIIONKHBIN
MYyJIbTH(AKTOPHBIN MMaTOJIOTUYECKHUH MpoIiecc, 3a-
TParuBarIIUN BCE KOMIIOHEHTHI CYCTaBa, BKIIHOYAs
CYCTaBHOM XpsIll, CyOXOHAPAIbHYIO KOCTh, CHHOBH-
aJIbHYH0 000JI0YKY, CBA30UHBIN arnapar v repuapTH-
KyJIsIpHBIC TKaHW [3; 4]. Jlerenepartist THATMHOBOTO
XpsiIlla CONPOBOXKIACTCS HAPYIICHHEM MeTaboIn3-
Ma XOHJIPOIMTOB, JErpajalueil MeKKICTOUHOTO
MaTpUKCa, U3MCHEHUSMHU CyOXOHPaTbHON KOCTU U
Ppa3BUTHEM XPOHUYECKOTO HU3KOMHTEHCUBHOIO BOC-
naneHus [4]. B COBOKYITHOCTH 3TH TIPOIIECCHI TTPHU-
BOJISIT K TIPOTPECCUPYIOIEMY pa3pyIICHHIO CyCTaB-
HBIX CTPYKTYP ¥ ()OPMHUPOBAHHIO CTOMKOTO OOJIEBOTO
cunapoma [3].

HecMoTps Ha 3HAYUTENBHBIN MTPOTpecc B U3yUe-
HUU [aTOT€HE3a 0CTEOapTPUTA, MHOTHE ACICKThI
€ro Pa3BUTHS OCTAIOTCS HEJOCTATOYHO M3yYEHHBI-
MU. OJTHOH M3 KITIOYEBBIX MPUYUH TOTO SBISETCS
OrpaHWYCHHAs! BOBMOXHOCTh UCCIICAOBAHSI PAHHUX
cTaauii 3a0oneBaHus y yenoBeka. Mopdonoruue-
CKUI MaTepuas CyCTaBHBIX TKAHEH Yalile BCero cra-
HOBUTCS JIOCTYITHBIM TOJBKO Ha MO3THUX CTaAMIX
3a00eBaHUS IPU TIPOBEJCHUH SHIOTPOTE3UPOBa-
HUS CYyCTaBOB. B CBsI3U C 3TUM 3HAUUTEIBHYIO POJIb
B U3YUYCHHH MEXaHU3MOB Pa3BUTHS OCTCOAPTPUTA, a
TaKXKe B pa3pabOTKe U JOKINHUYCCKOHN OIICHKE I10-
TEHIIHAIBHBIX TePAeBTUYECKUX MOAXOA0B HUTPAIOT
SKCTIEpUMEHTAIILHBIC MOJIENTH 3a00eBaHus [5].

B Hacrosiiee Bpems pa3paboTaHO HECKOIBKO TH-
MOB AKCIIEPUMEHTAIBHBIX MOJICIICH OCTEOapTpHTa,
KOTOPBIE TIO3BOJISIIOT BOCIPOU3BOAUTH Pa3IndHbIC
ACIIeKTHI TTATOJIOTHYECKOTO TpoIiecca. YCIOBHO UX
MOYKHO Pa3/IeNTh Ha CTIOHTaHHBIE, XUPYPrHIECKIe
U XMMHYECKU UHAYLUHUPOBaHHbIE MofenH [5]. CroH-
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TaHHbIE MOJIEJIN OCHOBAHbI Ha €CTECTBEHHOM pa3-
BUTHH JIETCHEPATUBHBIX U3MEHEHUI B CyCcTaBe, CBsl-
3aHHBIX C BO3PACTOM WJIM I€HETUYECKOH Ipenpac-
MOJIOKEHHOCTBIO KUBOTHBIX. K TakuM MOJemnsim oT-
HOCSTCS, HATPUMEDP, HEKOTOPBIE JIMHUU J1a00paTop-
HBIX MBIIIEH, Y KOTOPBIX OCTEOapTPUT pa3BUBACTCS
o Mepe craperns [5]. OCHOBHBIM PEUMYIIIECTBOM
CIIOHTAHHBIX MOJIETICH SBIIAETCS WX OTHOCHUTENbHAS
(bM3HOIOTHYHOCTD, OTHAKO OHU XapaKTEPU3YIOTCS
JUINTENILHBIM BpeMeHeM (OPMHUPOBAHUS NATOJIOTH-
YECKHUX M3MEHEHUH U BBICOKOH BapHabelbHOCTHIO
MOP(OIOTHYECKUX MPOosiBIICHNH [6; 7].

[lInpoxoe pacmpocTpaHeHNe MOIYYHIH XUPYP-
IHYECKHE MOJIEIM OCTE0apTpUTa, OCHOBAHHbIE HA
HNCKYCCTBEHHOM CO3JIaHHH MEXaHHYECKOH HecTa-
OwibHOCTH cycTaBa [6-8]. Hanbonee n3BecTHRIMU
13 HUX SABIAIOTCS MOJIETH TepecedeHus nepeaHei
KpecTooOpa3Hoii cBA3KH [9], necrabuinzannn mMe-
nuaapbHOTO MeHHCKa [10] ¥ 9aCTUYHOM WK TTOTHON
MenuckdkTomuH [11]. Hapymenue crabunbHOCTH
CyCTaBa MPUBOIUT K U3MEHEHUIO OMOMEXaHUUECKON
Harpy3Kku Ha CyCTaBHbIE IOBEPXHOCTH, UYTO CO Bpe-
MEHEM BBI3BIBAET MPOTPECCUPYIOIEe pa3pylIeHne
CYyCTaBHOTO XpsIIa W PEeMOJENNpPOBAaHNE CYOXOH-
IpajibHOUM KocTH [6; 8]. Xupypruueckue Moaeau
MTO3BOJISIIOT BOCHIPOM3BOANUTH MOCTTPaBMaTHYeCKUN
OCTEO0apTPUT U IIUPOKO HCTONb3YIOTCS AJIs U3yde-
HUSI MeXaHUYecKHnx (pakTopoB maroreHesa 3aboe-
Banus [10; 12]. Bmecte ¢ Tem oHU TpeOyIOT BBI-
IIOJTHEHMS CJIOKHBIX ONEPAaTHUBHBIX BMEIIATEIbCTB,
COIPOBOKAAIOTCS ONPEIeIEHHON BapHaOeIbHOCThIO
Pe3yNbTaTOB U XapaKTepU3YIOTCsI OTHOCHUTEIBHO
JUTATENILHBIM MTEPHONIOM (POPMUPOBAHHS BBIPAKECH-
HBIX MOP(OIOTHYECKUX U3MEHEHUH [6; 9].

AJNBTepHATUBHBIM IIOAXOJOM SBJISIFOTCS XUMHYE-
CKH UHyLIUPOBAaHHBIC MOJIEJIN OCTE0APTPUTA, OCHO-
BaHHBIC Ha BHYTPHCYCTaBHOM BBEICHHH BEILECTB,
BBI3BIBAIOIIUX TIOBPEKJCHUE XPSILEBON TKaHU U
HapyuieHue Merabosn3ma XOoHApouuToB [7; 13].
Cpenn HUX HanbOOIbIIEE pacIpoCTpaHEHUE TIOTY-
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YU MOJEIU, HHIAYUHUPOBaHHBIC MamanHoM [14],
KoyutareHa3oi [15] m MoHOMOnmameTaToM HaTpuA
[16]. JarHbIe MOAETH TTO3BOJISIOT BOCIIPON3BOINUTD
JIeTeHepaTUBHBIE U3MEHEHUS CYyCTaBHOTO Xpslia B
OTHOCHUTEIIEHO KOPOTKHE CPOKU U OTIUYAFOTCS BbI-
COKOM BOCIIPOM3BOAMMOCTBIO. [Ipu 3TOM BBIpaXKEeH-
HOCTb MaTOJIOTMUECKUX U3MEHEHUN MOYKET KOHTPO-
JUPOBATHCS 3a CYET O3Bl BBOAMMOTO BEIIECTBA U
YCIIOBHH ITPOBEJICHHUS YKCTICPUMEHTA.

Oco0oe MeCTO cpeii XUMUYECKUX MOeIeH 3a-
HUMAaeT MOJIeIb OCTE0apTPUTA, HHIYIIUPOBAHHAS
MoHonogareraroMm Harpus (MIA). Mononomanerar
SIBIISIETCSI HHTHOUTOPOM TITUKOJIUTHIECKOTO (hepMEH-
Ta TIHIepaIbaerua-3-gocharaernaporeHassl, 9To
MIPUBOJINT K HAPYIIEHUIO SHEPTETHYECKOTO MeTabo-
JU3Ma XOHAPOIUTOB U UX IMOCIeAyomeld rudenu.
OpnHako, B CHICIUATN3UPOBAHHON JIUTEPATYyPE MaJIO
JTAaHHBIX, BKJIFOUAIOIIMX KOMILJICKCHBIN MOJX0/] aHa-
N33 TaHHOW MOJIIENTH, KOTOPBIM YUHUTHIBAT OBl HE
TOJILKO THCTOJIOTHYECKYIO KapTHHY, HO U pacipere-
JICHUE NPOTEOITTUKAHOB [16].

Lenp uccnenoBanus: MOpdoIoruyeckas OeHkKa
M3MEHEHHUI CTPYKTYp KOJICHHOTO CyCTaBa B MOJICIIH
MOHOHMOAINETaT-HHAYIIUPOBAHHOTO OCTE0APTPHUTA Y
KpBIC.

MATEPHUAJI U METO/bI

Ju3aita uccienoBaHus

B skcriepuMeHTaIbHOM HCCIICAOBAHUN UCTIONB30-
BaJu KpbIc TuHIK Bructap (n=25; 9-10 Henmens). XKu-
BOTHBIE CO/IEPIKAJINCh B KOHTPOJIUPYEMBIX YCIOBUSIX
BHBApHsl [P TEMIIEPAType OKPYKAIOIIETO BO3yXa
20-24 °C, oTHOCHTEIBLHOM BlIaxkHOCTH 45-65 %, co
CMEHOM CBETOBOTO TEPHO/Ia M NUMENT CBOOOIHBIH J10-
CTYTI K KopMy ¥ Bofie. OHU OBITH pacmpeesieHbl Ha
JIBE DKCIIEPUMEHTAIbHBIE TPYIIIHL:

I rpynma (n=10) — koHTpOIBHAS (TUTa11e00). B KO-
JICHHBIW CyCTaB HUYETO HE BBOJWIIM, OH OCTaBaJICs
0e3 Bo3eiCTBYS (MHTAKTHBIM).

Il rpymia (n=15) — Momems ocTeoapTpuTa, BBEIC-
HHE MOHOMOJIAIleTaTa HaTPHsl B CYCTABHYIO MOJIOCTh
MPaBoOro KOJICHHOTO cycTaBa. B momocTs mpaBo-
ro KOJICHHOTO CyCTaBa BBOAWIU cTepuiibHbIN 0,9%
PacTBOP HATPHs XJIOPHIA B SKBUBAICHTHOM 00BEME
C LIEJIbIO KOHTPOJISI TPAaBMaTHUECKOTO BO3JCHCTBYS,
00yCIIOBIEHHOTO TIPOIIEAYPOH BHYTPHUCYCTaBHOU
WHBEKITUH.

Mooenuposanue ocmeoapmpuma

OKCIEepUMEHTAIIbHBIN 0CTEOapTPUT MOJCIUPO-
BaJld Y *KUBOTHBIX II rpyIiibl myTeM OQHOKpPATHO-
r0 BHYTPHUCYCTABHOTO BBEJIEHUS MOHOMOMAAIETaTa
HaTpHs B CYCTaBHYIO ITOJIOCTh MPABOTO KOJIEHHOTO
cyctaBa. HBEKIIUIO BBITIONHSIN TIOJ Celaruen
(3onernn + Kcunasun). PactBop BBOAMIN € TOMO-
uipio sl G31 yepe3 cyxokuiine HaJKOJIEHHUKA.
B nonocts cycraBa BBOAWIM 1 MI MOHOMOAALETA-
Ta HATPUs, PaCTBOPEHHOTO B 50 MKII CTEpUIBLHOTO
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0,9% pactBopa Harpus xsuopuna. [lociae BBenenus
HH/IYKTOPa CyCTaB MOABEPrad MOCICA0BaTEIbHBIM
JBIDKCHUSIM CTHOaHMs M pa3ruOaHusl 3aJHel KOHeU-
HOCTH 5 pa3 Ajid PaBHOMEPHOTO paclpeaeieHus
pacTBopa B CyCTaBHOI MOJIOCTH. MeCTO HHBEKITUU
oOpabarsiBamu 70% pacTBOpOM CIUpTA.

Mopdgonoeuueckoe uccreoosanue

JKMBOTHBIX BBIBOJWJIM U3 DKCIIEpUMEHTa Ha 58
CYTKH, MTOCJIE 3TOTO BBIITOJIHSAIN PE3EKIUI0 KOJEeH-
HBIX CYyCTaBOB, KOTOpbIE (PUKCHPOBAIH B PacTBOpE
HeHTpanpHOro opMannHa, mocie 4ero IpoBOANIN
JeKaJIbLINHAIMIO KOCTHOM TKaHHU. [laiee MaTepuai
MOJBEprajii CTAaHAAPTHOM TUCTONOTUYECKOH 00pa-
00TKe ¢ mocieayIouell 3aJIMBKON B mapauH 1 npu-
TOTOBJICHHEM CEPHIHBIX CPE30B, KOTOPHIE OKPAIIH-
BaJIM '€MATOKCUJIMHOM U 303MHOM AJISI OLIEHKH 00-
el cTpykTypsl U cappanuaoM O 1Jis BBISBICHUS
MPOTCONNIMKAHOB B XPSLICBON TKAHH IPU TMCTOXH-
MUYECKOM ucciiefioBanuu. [loaydeHnslie mpenaparsl
HCCIIEIOBAJIN C UCIIOJIb30BAaHUEM CBETOBOM MHUKPO-
CKOITHH.

[Ipu mopdonornyeckom aHanau3e OLCHUBAIN
COCTOSIHME CYCTaBHOTO Xpslla, KIETOYHOCTh XOH-
JIPOLIUTOB, CTPYKTYPY MEXKKIETOUYHOTO MAaTpHUKCA,
W3MEHEHUS! CyOXOHAPaTbHOH KOCTH, HapylleHUe
APXUTEKTOHUKHU M CHHUKEHHE COZEPKaHUS MPOTEO-
IIMKAHOB.

Cmamucmuyeckuil aHamus

MaremaTn4eckuil aHaIu3 MOJYyYEHHBIX JaHHBIX
ocyiecTsisu B nporpammHoi cpenie STATISTICA
13.5 (TIBCO Software Inc., CIIA). Ouenky xapax-
Tepa paclpelesIeHus KOJINYEeCTBEHHbIX IPU3HAKOB
MPOBOAMIIN ¢ MpuMeHeHueM kpurtepus Llanupo-
VYunka (W-tect). lanpHeias TaKTHKa MEXTPYIIIIO-
BBIX CpPaBHEHHH OIpeseNsylach TUIIOM paclpeere-
HUS: TP HOPMAJIBHOM PACIIPEIeIEHUH IPUMEHSIIN
omHO(aKTOPHBIN AucTiepcuonHbIi aHau3 (ANOVA)
C HOCJIEAYIOIUMHU NTONAaPHBIMU CPAaBHEHUSIMU 110
Merony TbIOKH; B ciydasX OTKJIOHEHHUS OT HOP-
MaJIbHOTO paclpeaesIeHNsl JaHHBIX HCI0JIb30BaIN
HenmapaMeTpHyecKuil AucnepcuoHHbil ananu3 Kpa-
cKeJa-YoJIIuca ¢ MOCT-XOK CPaBHEHHMSIMH 10 KPH-
teputo Jlanaa. CpaBHEHHE HE3aBHCHMBIX BBIOOPOK
poBoAWIH ¢ nomouibto U-kputepus ManHa- YUTHH.
Kputndecknm ypoBHEM CTaTUCTHYECKON 3HAUNMO-
ctu cuntanu 3HaueHue p <0,05 (kpurepuii ObLI 3a-
JlaH 710 Hayajla MaTeMaTHYeCKOTo aHalln3a).

Coomeemcmeue npuHyunam SmMuKu

[InaHupoBaHue UCCIEIOBAaHMS, BHIIIOJIHEHUE
BCEX IKCIEPUMEHTAIIBHBIX MIPOLEAYP, PETUCTPALIUIO
MOJTyYEHHBIX JJAaHHBIX U NPEICTaBICHUE PE3YIIbTaTOB
OCYIIECTBIISUIM B COOTBETCTBUU C PEKOMEHAAUIMU
ARRIVE 2.0 (ot anr. Animal Research: Reporting
of In Vivo Experiments), [IpaBunamu HapIexarieit
nabopaTopHON MpakTHKU EBpazuiickoro SKOHOMH-
YECKOro coro3a, yrBepxkaéHHbIMU Pemennem Co-
BeTa EBpa3zuiickoii 3KOHOMHUYECKON KOMHCCHU OT
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03.11.2016 Ne 81, I'OCT 33044-2014 «IIpuHiumnst
HajJIexkKalel 1adoparopHoi NpakTuku», PykoBos-
CTBOM TI0 TIPOBEJICHHUIO JOKIMHUYECKHIX HCCIIeI0Ba-
HUH JIEKapCTBEHHBIX CpeacTB (1o pemakiueit A. H.
Muponosa, 2012), a Takxke PykoBoacTBoM 1o 3Kcrie-
PUMEHTAILHOMY (JIOKIMHUYECKOMY) M3yUEHHIO HO-
BBIX (papMaKOJIOTUYCCKUX BEIIEeCTB (101 peaaKiuen
P. V. Xabpuena, 2005). Coneprxanue J1a00paTOPHBIX
JKUBOTHBIX, YCIIOBUS UX pa3MeIIeHHs, KOPMIICHHS,
BETEPUHAPHOTO HAOIIOACHUS M yX0/1a COOTBETCTBO-
Banu tpeboBanusm ['OCT 33216-2014 «PykoBos-
CTBO IO COACPKAHUIO H YXO[Y 3a JJa00paTOpHBIMU
JKUBOTHBIMUY. [IpoBeseHne sKkcepuMeHTaIbHON
pabothel omoOpeno Komuccuelt mo OMOITHKE TIPH
OI'AOY BO IlepBbiit MockoBCKHi rocyqapcTBEH-
HBIM MenuuHCKU yHuBepcurer umenu 1. M. Ce-
yeHOBa MuHHCTEpCTBA 31paBooxpaHeHus: PO (mpo-
Tokoa Ne 19 ot 06.03.2025).

PE3YJIBTATbBI

[Ipu THCTONOrMYECKOM HCCIEAOBAHUM KOJICH-
HOIO CyCTaBa B KOHTPOJIBHOM I'pyIIIle OTMeYanach
COXpaHHasi CTPYKTypa cycTaBHOro xpsima. [ToBepx-
HOCTB Xpsiina ObUTa pOBHOW, 0€3 IpHU3HAKOB 3PO3UHU
nnu nedexToB. 30HaTbHAS OpraHU3aIus (TIOBEpPX-
HOCTHasl, IPOMEKYTOUHAsl U TIIyOOKasl 30HbI) YET-
KO TPOCIEKNBaIach. XOHAPOLUUTHI Pacloiarainch
paBHOMEPHO, PEUMYIIECTBEHHO B BUJI€ N30IN€HHBIX
rpynim, 6e3 MPU3HAKOB ASCTPYKIUU WU BBIPAYKEH-

I rpynna

HOH knetoyHo# rubenu. CyOXoHapanbHas KOCTh
nMena HOpMaJIbHYIO apXUTEKTOHUKY, 0€3 IPH3HAKOB
CKJIep0o3a WU pemMozienupoBanus (puc. 1).

B »skcmepumeHTanbHoi rpynme ¢ MIA-
HMHAYLHPOBaHHBIM OCTEOaPTPUTOM BBISBIISUINCH BbI-
paKCHHBIE IeTCHEPATUBHbIE N3MEHEHUS CYCTaBHOTO
xpsama. OTMeuyanoch HapyleHHe [IeTIOCTHOCTH T0-
BEPXHOCTH XpAlla ¢ pOPMUPOBAHUEM HEPOBHOCTEMH,
3po3uil U ydacTkoB aedekra. B psme ciydaer Ha-
0J11071a710Ch 3HAUNTENIBHOE UCTOHYCHHE XPSIIEBON
IUTACTUHKH BIUIOTH 0 €€ YaCTUYHOH yTpaTsl (puc. 1)

Krerounsrii cocraB xpsia ObUI U3MEHEH: KO-
JUYECTBO XOHAPOLNUTOB CHHUYKAJIOCh, OTMEUYAJIUCh
MpU3HAKK MX J€30pTaHu3ainii, GopMHUpOBaHUE
Y4aCTKOB THIOLEIUTIOISIPHOCTH, @ TAKKE TOSIBIICHHUE
MTUKHOTHYHBIX SIIEP, YTO MOXKET CBUAETEIILCTBOBATh
0 JIereHepaTHBHBIX MpolLeccax 1 rudenu kieTok. Ha-
pylIanack TUIIWYHAS 30HAIBHOCTD XPslla, TPaHHUIIbI
MEX/1y CJIOSMHU CTAaHOBUJIMCH Pa3MBITBIMU.

CyOxoHIpanbHast KOCTh B OKCTICPUMEHTAIBHON
rpymnie JeMOHCTPUPOBaa IPU3HAKH PEMOAEIUPO-
BaHUS: YIUIOTHEHHE KOCTHOW TKaHM, HEpaBHOMEP-
HOCTb TPaOEKyYISPHOU CTPYKTYPbI, MECTAMHU — yTOJI-
HIeHUe CyOXOHIPaIbHOM TUIACTHHKY.

Oxpacka cadpannHom O B KOHTPOJIBHOH rpyTire
XapaKTepHU30BaJIaCh UHTEHCUBHBIM M PABHOMEPHBIM
OKpAIIMBAaHUEM MEXKKJIETOUHOTO MaTPHKCa CyCTaB-
HOTO XPAIla, YTO CBUJETEIBCTBYET O BEICOKOM CO-
JepKaHUK MPOTEOrTHKaHOB. Hanbomnpias MHTEH-

II rpynna

T'eMaTOKCHUIIMH U D03UH

Cadpanun O

Puc. 1. I'ncrosiornueckne MEKpOINpenapaThl KOJICHHOIO CyCTaBa, 00/1aCTh THAJTHHOBOIO XPSAIIa (CyCTABHbIC
noBepxHocTH) :kUBOTHBIX I 1 Il rpynnsl. YBeauuenue x100.
Fig. 1. Histological sections of the knee joint, hyaline cartilage area (articular surfaces) of animals in I and II
groups. Magnification x100.
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CHUBHOCTbH OKpaIlllMBaHHs HAOI0aIach B TIIyOOKOH
30HE XPsIIl[a, YTO COOTBETCTBYET HOPMAJILHOMY pac-
MIPEICIICHUI0 MATPUKCHBIX KOMITOHEHTOB.

B rpynme ¢ WHAYIUPOBAHHBIM OCTEOAPTPUTOM
OTMEYAJIOCh BBIPAKCHHOE CHIIKEHUE WHTESHCUBHO-
cTh okpammBanusa cadppanunom O. Okpacka cra-
HOBUJIACh HEPABHOMEPHOH, C y4aCTKaMH PE3KOTO
00eCIBEUNBaHMS, 0COOCHHO B MTOBEPXHOCTHBIX H
MPOMEKYTOUHBIX CIOSX Xpslia. ITH H3MEHEHUS
YKa3bIBAIOT HA 3HAYUTENILHYIO TIOTEPIO MPOTEOTIIH-
KaHOB U JICTPaIAIMi0 BHEKJIETOYHOTO MaTPUKCA.

B Haunbos1ee BhIpaXKSHHBIX CITy4asx HaOJro1aIach
NPAKTUYECKU II0JIHAS yTPAaTa OKPAIIUBAHUS B 30HAX
Pa3pyILICHHOIO XPsIlia, YTO KOPPEIUPOBAIO C MOP-
(horornvYecKkuMH MPU3HAKAMH 3PO3UU U UCTOHYCHHUSI
TKaHU.

OBCYXJIEHUE

HccnenoBanme mokasano xapakTepHbie Mopdo-
JOTUYECKUE M3MEHEHUs CYyCTaBHOTO Xpslla Ipu
MOJICIIMPOBAHUU OCTEOAPTPUTA C UCIOJIb30BAHUEM
MOHOMOZALETaT-UHYIUPOBAaHHOU Mojenu. Mmero-
IIMecs TaHHbIE O HAPYIIEHHOM CTPYKType Xpsila,
CHIKEHHOM KJIETOYHOCTH U MAaCCMBHOM NOTEpE Npo-
TEOINIMKAHOB YKA3bIBAIOT HA OCHOBHBIC NMPU3HAKHU
JIETeHePaTUBHOTO Ipoliecca, oJ00HOTro ocTeoap-
TPUTY.

Bri6bop MIA B kauecTBe MOIEIN UCCIIECTOBAHMS
OB cAenaH HAa OCHOBAaHUU €€ MPEUMYIIECTB Iie-
pea APYrUMU SKCIIEPUMEHTAIbHBIMU METOAUKAMU.
MIA-Mozenp UMEET BHICOKYHO BOCIIPOU3BOJUMOCTh
IIpH TOCTATOYHOM mpocToTe peanuzanuu [3; 8].
WNntpaapTukynsapHoe BBeJeHHE MOHOHOAAIETATa
HaTpus MPUBOJNUT K CKOPOMY U IMpEIIoiaraemMo-
MY Pa3BUTHIO JE€r€HEPATUBHBIX U3MEHECHUH H3-3a
[JIMKOJIM3a B XOHAPOLUTAX, U3-3a YETO IPOUCXOIUT
UX THOEb U CIeAYeT pa3pylieHHe BHEKICTOYHOTO
MaTpHKca.

BecombIM npenMy1iecTBOM CTajia yeTKast XpOHO-
JIOTUYECKAsl IMHAMUKA BbIIICyKa3aHHbIX U3MEHEHUH.
B cpaBHEHMM CO CIOHTAHHBIMU WJIM BO3PACTHBIMU
MOJISJISIMH, T7ie (POPMHPOBAHUE TIATOJIOTUU 3aHUMA-
€T JJIUTENILHOE BPEMsI M COITPOBOXKAETCSI BBICOKOM
BapHrabeJIbHOCThIO pe3yiibraTtoB, MIA-mMonens gaért
BBIpQXCHHBIC M3MEHEHHUS B CPABHUTEIHHO KpaTKHe
CPOKH, YeM OHa 0COOCHHO yI0OHA IJIS TOKITMHIYC-
ckux uccienoBanuii [12; 17]. Ilomumo storo, MIA-
UHAYIUPOBAHHBIN OCTEOAPTPUT BOCIPOU3BOIAUT
IJIaBHBIE 0COOCHHOCTH 3a00JICBaHUS — JETPaJainio
XpAlIa, TOTEPIO MPOTEONTUKAHOB U U3MEHEHHS CYO-
XOHJPAJIBHON KOCTH, YTO OATBEPKIAETCS B HALLIEM
HCCIIEIOBAHUM: CHI)KCHHAsI UHTEHCUBHOCTb OKpa-
mvBaHus cadpanuHoM O yKa3bIBaeT Ha pa3pylIcHHIe
MaTpHKca U Ja€T OpsMYIO CBSI3b C IITYOMHOW CTPYK-
TYPHBIX TOBPEXICHUI.

B ommame ot xupyprudeckux mogaeneit, MIA-
MOJI€JIb MAJIOMHBA3UBHA, BCJIECICTBUE YETO YMEHb-
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IaeTcsl PUCK BOZHUKHOBEHUS JOMOIHUTEIBHOIO
BOCHAJIIUTEIBHOIO KOMIIOHEHTA, BJIMAIOIIETO Ha
Ka4yecTBO MccienoBanus. [Ipu 3Tom oHa mo3BosIs-
€T U30JIMPOBAHHO M3Y4YUTH MPOLCCChI ACTCHECPpAllNN
XpsIa.

OpHaKo Ba)KHO YYUTBIBATH OTPaHUYCHUS BbI-
OpanHoil monenu. KonkpetHee, oHa B OCHOBHOM
OTpaykaeT XUMUYECKH MHAYLHPOBAHHOE MOBPEXK-
ACHUE U HE MOJHOCTHIO BOCIIPOU3BOAUT BCE TOHKO-
CTH MHOTO(AKTOPHOTO MaToreHe3a 0CTe0apTPHUTa y
YeJI0BeKa, HAIpUMEDP, KOMIIOHEHTBl MEXaHNYECKOU
Harpy3ku, MeTadoiIn4Yeckue (pakTopsl U CUCTEMHOE
Bocnasienne. Ho B KoHTeKcTe MOP(HOIOTHYECKOTO
aHaIM3a U OLICHKH Jerpananuu xpsma MIA-monens
ocTaeTcsi OJIHUM M3 HauboJee ynoOHbIX U paTuUIIU-
POBAHHBIX HHCTPYMEHTOB.

Pesromupys, MIA-mozens obecrieunBaeT HalexK-
HYIO U BOCIIPOM3BOANMYIO CUMYJISALINIO OCTE0APTPH-
Ta JJIs U3y4eHUs! CTPYKTYPHBIX U3MEHEHU U BbIpa-
JKCHHOCTH ACTCHCPATHBHBIX N3MEHCHUM.

3AK/IIOYEHUE

B namewm uccnenoBanuu OblLTa IPUMEHEHA MO-
JIeJIb MOHOMOJIAIETaT-HH Ty [TIPOBAHHOTO OCTE0ap-
TpUTA U 3apUKCUPOBAHBI XaPAKTEPHbIC U3MEHEHUS
Xpsla: Ae30praHu3aius apXUTeKTOHUKH, CHIDKEHA
KJIETOYHOCTh, ICTOHYCHA XPSAIIEBas TUIACTUHKA U
3HAYUTENbHAS MMOTEPs MPOTEOTTHKAaHOB. Pa3BuTne
JIETCeHEPATUBHOTO IMPOIIECCa MOATBEPKIAETCS TIPH
OKpAacKe reMaTOKCHIIMHOM M D03HHOM, a TaKxe cad-
parnHoM O. MIA-Mozens o0ecriednia BOCIPOU3BO-
nuMoe (popMHUPOBaHHNE CTPYKTYPHBIX H3MEHECHUN B
KpaTKHe CpPOKH, 9TO yKa3bIBaeT Ha yI0OCTBO e€ MpH-
MEHEHHS KaK HHCTPYMEHTa JIJIsi MOP(OIOTHIECKUX
HUCCIICIOBAaHUM.

KonduaukTt unTepecoB. ABTOPHI 3asBISIOT 00
OTCYTCTBUHU KOH()IMKTA HHTEPECOB.
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PE3IOME

Llenb wvccnepoBaHus: M3yunTb OMHaAMUKY MOPAOMYHKLMOHANbHOM peopraHu3aumMm CyCcTaBHOMO XpsiLia U
CybXxoHApanbHOW KOCTU MpW 3KCMEPUMEHTanbHOM OCTEe0apTpo3e W OLEHWUTb TepaneBTUYecKyl 3ddeKTUBHOCTb
riokanbHOro NpUMEHeHUst akToBernHa. Matepuan u metTofbl. AKCNepUMeHTanbHOE UccrnenoBaHmne Gbino BbINOMHEHO
Ha 40 nonoBo3penbiX Kponukax-camuax nopoabl LUunHwunna maccon 2,5-3,0 kr, koTopble Oblnn pacnpegeneHbl
Ha 4 rpynnbl (N=10 B KaXAoW): MHTaKTHble, MOAENb OCTe0apTpo3a, KOpPeKUMs XOHAPOMPOTEKTOpoM (npenapat
ranypoHOBOW KUCIOTbI), MECTHasi Tepanusi akToBermHom. MopdomeTpuyecknin aHanms (TonwuHa XpsiLia, NioTHOCTb
XOHAPOLMTOB M oueHKka no wkane Mankin) npoBogunu ¢ ucnonb3oBaHnem Imaged, crtatuctuyeckyto obpaboTky
AaHHbIX BbIMOHANM C NoMoLblo Kputepust ManHa-Yuthn (U). Pasnuumsa cuntanm CTaTUCTUYECKM 3HaYMMbIMU
npu p<0,05. Pe3synbratbl. B rpynne MoaenvpoBaHusi ocTeoapTpo3a Habnojanucb BblpaXXeHHble AereHepaTuBHO-
AvcTpoduyeckne N3MeHeHUss B XOHAPO-CMHOBMaNbHOM Ornoke. B rmanmHoBom xpsilie Habnioganvcb HEPOBHOCTM
MOBEPXHOCTU, BbIPaXEHHbIE KIETOYHbIE U3MEHEHNS, NPUBOASLUME K HApYLUEHWIO BU3yanusauum nuHnm Tugemapka.
B nognexallenn cybxoHApanbHOW KOCTM Habnoganucb MUKPOKWUCTBI, YTOMWEHWE W Oe30pueHTauust Tpabekyn,
npopacTtaHue KpOBEHOCHbIX COCYA0B. B rpynne ¢ knaccuyeckvm XoHAPONpoTEKTOPOM Habnoganack kKoMneHcaTopHas
CTPYKTYpHas nepecTpomnka, 3amepnsioowias nporpeccupoBaHne 3aboneBaHus, MposBASOWAncs B MNOSABNEHWN
6OMbLIOro KOMMYeCTBa U30reHHbIX rpynn 1 opMUPOBaHUM NaHyca. B rpynne ¢ MecTHbIM NMpUMEHeHVEe aKkToBernHa
Habntoganocb 4OCTOBEPHOE YMEHbLLEHUE AECTPYKTUBHbBIX M3MEHEHWI B CyCTaBHOM XpsiLLe 1 CybXoHApanbHOM KOCTH.
[ToBEpXHOCTb CyCTaBHOIO Xpsilla He copepxana rnybokux TpewuH unu aposun. Habnioganocb BoccTaHOBNEHMeE
30HasbHOWM OpraHM3auMmn Xpsillia U OTCYTCTBME MPU3HAKOB CKNEepo3vMpoBaHus cybxoHAparnbHoW kocTu. OCHOBHbIM
pe3ynsTaToM SIBUIOCh NpefoTBpalleHne NpopacTaHnst KPOBEHOCHbIX COCYAOB M3 KOCTHOW TKaHU B XPSILLEBOW CrOW,
4YTO CNOCOOCTBOBANIO COXPaHEHWIO GEeccocyancTon CTPYKTYpbl Xpslla U ero ¢yHKUMOHANbHOW MOMHOLEHHOCTU.
3akntoyeHne. NpuUMeHeHNe akTOBErMHa Mnpu nokanbHOM BBeAEHWM CMOcOOCTBYeT cTabunusauum metabonusma B
XOHApPO-CUHOBManbHoOM 6roke. [penapat He TonbKo 3ameansieT AerpagaLmio rmanvMHoBOro Xpsillia, Ho u NnpegoTepaLlaeT
naToNorMyecKyto peopraHm3aunio cybxoHapanbHON KOCTH, YTO B CBOKO O4Yepedb MO3BOMISET PEKOMEHAOBATh ero Kak
3(PheKTUBHbBI KOMMOHEHT KOMMIEKCHOWN Tepanuu AereHepaTnBHO-AUCTPOUYECKIX MOPaXKEeHUI CyCTaBOB.

KnroueBble crnoBa: rmanmHoBbIA XpsLl, CyOXoHApanbHasi KOCTb, OCTe0apTPUT, MopcdomeTpus,
HeoaHruoreHes.
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SUMMARY

The aim — to study the dynamics of morphofunctional reorganization of articular cartilage and subchondral bone in
experimental osteoarthritis and to evaluate the therapeutic efficacy of local application of actovegin. Material and Meth-
ods. An experimental study was performed on 40 mature male Chinchilla rabbits weighing 2.5-3.0 kg, which were divid-
ed into 4 groups (n = 10 each): intact, osteoarthrosis model, chondroprotector correction (hyaluronic acid preparation),
topical actovegin therapy. Morphometric analysis (cartilage thickness, chondrocyte density and assessment according
to the Mankin scale) was performed using ImageJ, statistical data processing was performed using the Mann-Whitney
test (U). Differences were considered statistically significant at p < 0.05. Results. In the osteoarthrosis modeling group,
pronounced degenerative-dystrophic changes in the chondro-synovial unit were observed. Surface irregularities and
pronounced cellular changes, making Tidemark difficult to detect, were observed in the hyaline cartilage. Microcysts,
thickening and disorientation of trabeculae, and vascular invasion were observed in the underlying subchondral bone.
In the group receiving a classic chondroprotector, compensatory structural changes were observed, slowing disease
progression and manifested by the appearance of a large number of isogenic groups and the formation of panus. In
the group receiving topical Actovegin, destructive changes in the articular cartilage and subchondral bone were sig-
nificantly reduced. The articular cartilage surface did not contain deep cracks or erosions. Zonal organization of the
cartilage was restored, and there were no signs of sclerosis of the subchondral bone. The primary outcome was the
prevention of blood vessel growth from bone tissue into the cartilage layer, which contributed to the preservation of the
avascular structure of the cartilage and its functional integrity. Conclusion. The use of Actovegin with local administra-
tion promotes the stabilization of metabolism in the chondro-synovial unit. The drug not only slows the degradation of
hyaline cartilage but also prevents pathological reorganization of the subchondral bone, which in turn allows it to be
recommended as an effective component of complex therapy for degenerative-dystrophic joint lesions.

Key words: hyaline cartilage, subchondral bone, osteoarthritis, morphometry, neoangiogenesis.

OPUTI'MHAJIBHBIE CTATbU

B cTpykType maTonoruii ormopHO-IBUTAaTEIIEHOTO
anmapara, nopaxas 0omnee 15% B3pocioro Hacesne-
HUS TIAHETHI, TUAMPYIOIIee MECTO 3aHUMAIOT Jere-
HEPaTUBHO-IUCTPO(PHUUECKUE TTOPAKEHNUS KOJIEHHOTO
cycTaBa, B yacTHOCTH ocTeoapTpurt [1-5]. Cornac-
HO JaHHBIM JINTEPATYPHBIX NUCTOYHUKOB KITFOUEBYIO
MaTOT€HETHYECKYIO POJIh B Pa3BUTHU OCTE0APTPO3a
WIpaeT B3auMOJEHCTBHE MEXy THAIMHOBBIM Xpsi-
oM U cyOXOHpaibHOU KOoCcThiO [1; 3; 5]. Mopdo-
(hyHKIMOHANIBHAS TepecTpoiika CyOXOHAPaTbHON
KOCTH B OOJIBIIIMHCTBE CITy4aeB MPEAIIECTBYET BbI-
pakeHHOH AecTpykuuu xpsima. [Ipu sTom, HEcMOTps
Ha 00MJIHE XOHPOIIPOTEKTOPHBIX CPEJCTB, BOIIPOCHI
COYETAHHOM KOPPEKLUH U3MEHEHHUM KAK B XpsIle-
BOM, TaK U B KOCTHOM TKaHWU Ha paHHMUX CTaJIUSIX 3a-
00JIeBaHUS OCTAIOTCS OTKPBITHIM [6-10]. [TornManmue
JTMHAMAKA MOP(OPYHKITHOHATEHON peopraHu3aIii
3TUX CTPYKTYP B YCIOBHSX KCIEPHUMEHTAIBHOIO
MOJIEIIMPOBAHNUS U MOCIEYIOIIEH Teparnuu SBIsSeT-
sl OCHOBOM JUTst pa3paboTKU MaTOreHeTHIecKH 000-
CHOBaHHBIX METOJIOB PAHHETO JIEYCHHUS, CTIOCOOHBIX
3aMeTUTh POTPECCUPOBAHNE UHBAITNIU3UPYIOIIAX
W3MEHEHHH cycTaBa.

Lenp nanHo# pabOThI — M3yYUTH AUHAMUKY MOP-
(hodhyHKIIMOHAILHON peopraHu3aIuu CyCTaBHOTO
XpAlIa 1 CyOXOHIPATbHOW KOCTH TPH SKCTIEPUMEH-
TaJHLHOM OCTEapTPO3€ U OIEHUTH TEPATIEBTHIECKYIO
3¢ PEKTUBHOCTH JIOKAJTLHOTO IIPUMEHEHHSI aKTOBETH-
Ha.

MATEPHUAJI 1 METOJbI

DKCIepUMEHTATbHOE UCCIICIOBAHNE OBIIIO BBI-
notHeHO Ha 40 MOJIOBO3pEeNbIX KPOIHKaX-camIax
nioponel HoBo3enanckast 6enast maccoii 3,0-3,5 kr,
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BBIOOP KOTOPBIX O0YCIIOBIIEH CXOACTBOM OHMOMeEXa-
HUKH KOJICHHOTO CyCTaBa KpOJMKa U ueroBeka. Bee
MaHMITYJISIIUU C )KUBOTHBIMHU IPOBOIMIIUCH B COOT-
BeTcTBUU ¢ TpeboBanusiMu Jupextussr 2010/63/EU
EBpomneiickoro napnamenta u Coeta EBpomneiicko-
ro Coro3a 1o oxpaHe >KMBOTHBIX, HCIIOJIb3YEMBIX B
HayuHbIX LessX. JlaHHoe uccienoBaHue ObLIO 010-
openo POK Ne4 ot 24.11.2023 . mipu ®I'BOY BO
«Kypckuii rocyaapcTBeHHbIN MEIUIIUHCKUNA YHUBEP-
cute™» Munszapasa Poccun. JKuBoTtHble Ob11H pac-
npenenensl Ha 4 rpynns! (n=10 B kaxxaoi): 1 rpyn-
Ma — MHTAKTHBIE KPOJIMKH, 2 TPYTIa — MOJIENb OCTe-
0apTpo3a, 3 rpymnna — papMaxoIorudeckas Koppex-
LU CTAaHAAPTHBIM XOHIPONPOTEKTOPOM (TIpernapar
THaJypOHOBOM KHCJIOTBI), 4 TpyIIa — IKCIIEPUMEH-
TaJbHOE JIedeHNe (MECTHas Tepamusi akTOBETHHOM ).
MozenupoBaHue 0CTe0apTpO3a POBOAMIIN 110 METO-
my Hulth A. u Telhag H. (1970), sBrsromierocst «30-
JIOTBIM CTaHAAPTOMY JUISl XUPYPTrUUECKOTO CO31aHMs
aptpo3sa. [Tog o0mmm 06e300a1MBaHuEM BBITTOTHSITH
apTPOTOMMIO IIPABOTO KOJIEHHOTO CyCTaBa, IPOBOJIH-
JIU Pe3eKINI0 TIepeHe KpecToo0pa3HON CBI3KH U
YaCTHUYHYIO MEIMAJIbHY0 MEHUCKIKTOMUIO. JlaHHbIE
MaHUMYJSILUY TPUBOAWIN K 1ECTa0MIN3ALIHN CyCTa-
Ba U Pa3BUTHUIO BTOPUYHOTO OCTE0apTpo3a, Mop(o-
JIOTHYECKH CXOKUM C OCTE0apTPO30M y UeJIOBeKa.
DapMaKoIOrHYeCKyI0 KOPPEKIIUIO0 HauWHAIHN Yepe3
14 cyTok moce ornepaTiBHOTO BMEIIATeNIbCTBA — B
nepuon (hopMHUPOBAHUS IEPBUYHBIX AECTPYKTUBHBIX
W3MEHEHUH. DTalOHHBIN XOHPONPOTEKTOp (Ipena-
par ruanxypoHOBOH KHMCJIOTBI) B 3 rpymie BBOIWIN
BHYTpHUMBIIIeyHo B o3¢ 0,1 mi B Tedenuu 15 queit,
B 4 rpymre - akTOBeTWH BHYTPHCYCTaBHO B 03¢ 0,5
MJI pacTtBopa 1 pa3 B Tpu JHS, KypCcOM 5 UHBEKITUH.
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KPBIMCKHI )KYPHAJ SKCITEPUMEHTAJIbHOM M KJIMHUYECKON MEIUIIAHBI

Bce xupypruueckue MaHUMYISIIME TPOBOJAMINUCH
OJT TITYOOKHM HapKO30M (KCHIa3aH+KeTaMuH). BbI-
BEJICHNE )KNBOTHBIX U3 DKCTIEPIMEHTA OCYIIECTBIS-
noch Ha 30-e CyTKH METOIOM BO3JIYIITHOW dMOOHH
KpaeBOi BEHBI yXa, YTO MOTHOCTHIO COOTBETCTBYET
npuHIMIaM 6nodTuku. [lomyyeHHslli GnomaTepuan
(obmacTh KoeHHOTO cycTaBa) ukcupoBanu B 10%
HEeUTpaasrHOM 3a0ydeperHoM dopManrHe, nanee B
JEKAIBIIUHUPYIOIIEM PacTBOpe «TPHIIOH By mpwu
pH 7.4. 3atem marepuas 00e3BOKMBAIN B CEPUH
CIIUPTOB BO3PACTAIOIICH KOHIICHTPAIMH U 3aJTUBAIIN
B napauHoBbIe OJIOKH. ['MCTOIOTHUECKUE CPEe3bl,
TOJIIIMHON 5-7 MKM OKpallluBajId reMaTOKCUIMHOM
1 5031HOM U cadppannaoM O. MopdomeTprueckuit
aHanu3 (TOJIIMHA XPAIMIA, MIIOTHOCTh XOHIPOIIH-
TOB W OIICHKA 10 mkajge Mankin) mpoBoauiu ¢ uc-
nonb3oBaHueM Imagel, craTuctTuyeckyio 00padoTKy
JIAHHBIX BBITIOJIHSJIN C TIOMOIIBIO KpUTepUsi MaHHa-
Yurau (U). Paznuuns cauranm cTaTHCTHYECKH 3Ha-
yumbIMU T1pH p<0,05.

PE3YJIBTATBI

B rpynne kontposns (rpynmna 1) cyctaBHbIE MO-
BEPXHOCTH Tagkue 6e3 medopmaruii 1 BEIPOCTOB,
MOKPBITHI CIIOEM F'MAITMHOBOTO XPAIA, TOIIINHA KO-
Toporo BapeupyeT ot 0,28 MM 110 0,39 MM (Gonbiine
3HA4YEHUS CO CTOPOHBI OeapeHHoit koctn). CycTas-
HOM XS MHTAKTHBIN O3 MPU3HAKOB JIeTeHEePaTHB-
HO-IUCTPO(PUUIECKNX M3BMEHEHNH, XapaKTePHBIX IS
ocTeoapTpo3a. Marpukce xpsma JaeT HHTCHCHBHYIO
MeTaxpoMa3nio. XOHIPOLUTH! YIIOPAI0YEHBI 110 30-
HaM. B cTpykTypHOIl opranuzanuu xpsiia Xopouio
BHU3YyaJu3UpyeTcs 4 30HBI: MOBEPXHOCTHAS — TOH-
Kast, TPAHUYHUT C CYCTaBHOM IMOJIOCTHIO, COMEPIKUT
YIJIOIIEHHBIE XOHIPOUUTH U KOJIJIATEHOBBIE BO-
JIOKHA, OPUEHTHPOBAHHBIE TAPAJUIETIBHO CYyCTaBHOM
noBepxHocTH. [lepexogHas WK nMpomexyTodHas
30Ha UMeeT OOJIBIIYIO TOJIIUHY U COACPKUT Oojee
KPYIIHbIE XOHAPOLUTHI OKPYIJTION WJIM OBOMJIHOMI
(opMEBI U pacrionararomuecs HeOOIbITUME TPYII-
aMy B BUJI€ M30TCHHBIX IPyIN 0e3 4eTKOI OpHeH-
Tauuu. [II0THOCTB KIIETOK 3/1€Ch HECKOJIBKO BBIIIIE
4YeM B MOBEPXHOCTHOM 30He. KommareHoBble BOJIOK-
Ha PACIIONIOKEHBI Xa0TUYHO, MOJ] Pa3HBIMHU YIJIaMH.
Pannanbras win rmyOokast 30Ha camasi MIHPOKasd,
COCTOUT U3 BEPTUKAIBHBIX KOJIOHOK XOHJIPOLIUTOB,
OPHEHTHPOBAHHBIX MEPIEHAUKYISIPHO CyCTaBHOU
MOBEPXHOCTU. MaTpUKC BOKPYT XOHAPOLMUTAPHBIX
KOJIOHOK TOMOT€HHBIH, IIJIOTHBIN, BU3yAJIU3UPYEMbIE
KOJITar€HOBBIE BOJIOKHA PACTIOJIOKEHBI TIEPIICHINKY-
nsipHo. [1pn okpacke cadparmaomM O HHTEHCHBHOCTH
BO3PAcCTaeT B INIyOOKOM CJIO€, YTO CBUAETEIILCTBYET
0 OoJIblIeH KOHLIEHTPALUU B HEM [TIMKO3aMUHOIIIN-
kaHoB. JIunus Tunemapka, pacooKeHHast Ha Ipa-
HUIIE MEX]ly HEMUHEPAJTU30BaHHBIM pagralbHBIM
XPSIIOM U KJIBLIUHUPOBAHHBIM XPSIIOM TEMHO-0a-
30(uIbHAsL, TOHKAs!, BOMTHUCTAs. XOHAPOLUTHI MEJ-
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KHe, CyOXOH/IpajbHask KOCTh, COCTOAIIAs M3 TPaOeKy-
JISIPHOM KOCTH C KOCTHBIMHU TPaOEKyJIaMu U KOCTHBIM
MO3roM, 0e3 BUJMMBIX 04aroB HEKPO3a, KUCTO3HBIX
U3MEHEHUH U ckiiepo3a. ['ybuaroe BemecTBo nme-
€T MPaBUIBHYIO0 OPUEHTAIUIO, COOTBETCTBYIOIIYIO
JUHUSIM MeXaHu4yeckod Harpys3ku. KpoBeHocHbIe
COCY/IbI OTPAHUYEHBI KOCTHIO, B THAJTHHOBBIA XPSIIIl
He npoHuKaroT. OnucaHHble MOP(HOIOTHIECKUE 0CO-
OCHHOCTH IpeACTaBIeHbI Ha puc. .
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Puc.1. Muxkpodortorpadus KoJIeHHOro cycraBa
(rMaJIMHOBOTO XPSAINA U CYOXOHIPATbHONH KOCTH)
Kposnka B rpynmne koHTpoas (1 rpynna). OxpamieHo
cagpannnom O. VB. x 200. O0o3Ha4yeHuUsI: A — cBA3Ka
(1), ruanuHOBbIN XpALL (2), FHXOHAPAJIBbHAS KOCTH
(3); b — moBepxHocTHas 30Ha (1), nepexogHast 30Ha
(2), rny6okas 30Ha (3), munusa Tugemapka (4), JHXOH-
JapajbHas KocTh (5).

Fig.1. Micrograph of the rabbit knee joint (hyaline
cartilage and subchondral bone) in the control group
(group 1). Stained with safranin O. Magnification x
200. Designations: A - ligament (1), hyaline cartilage
(2), enchondral bone (3); B - superficial zone (1),
transition zone (2), deep zone (3), Tiedemark line (4),
enchondral bone (5).
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B rpynme ¢ octeoaprpo3oM (rpynna 2) HoBepx- ¥ HEPOBHOCTH Ha FpaHHIlEe ¢ CyOXOHIpaIbHOU KO-
HOCTb CYCTAaBHOTO XpSIIa BRINIAUT MOBPEXACH-  CThI0. [loqyexamas cyOXoHapanbHas KOCTh MOA-
HOM, BBIpaXeHBI MPU3HAKHU TIIyO0KO# (pUOpIIIL- Bepraercs 3HAYNTENHHON MepecTpoiike, HabIo-
LMW 1 YaCTUYHOM MOTEPH MOBEPXHOCTHOTO CJIOS,  AAIOTCS MUKPOKHCTBI, YTOJIIAIOTCS TPAOCKYIbl U
BU3yaJU3UPYETCs MAHYyC U TPEIIMHBI B paJuallb- HapyllaeTcs WX MpaBUIbHas opueHTauus. Spkoe
HOW 30He (puc. 2). HaGmronaeTcs yBennueHue KpacHOE/OpaHKEBOE OKpallMBaHHE cappaHHHOM
KOJIUYeCTBA XOHJPOIMTOB, OPraHM30BaHHBIX B O MPUCYTCTBYET B HEKOTOPHIX OCTATOUYHBIX OUarax
KpYyIHbIE U30T€HHbIE IPYIIIBI C OOJIBIINM KOJIMYE-  XPSALIEBOM TKAHU, YTO YKa3bIBAaeT HAa COXPAaHEHUE
CTBOM KJIETOK B Ka)KJOM, YTO CBHUAETEIBCTBYET O HEKOTOPOIO KOJIMYECTBA IIPOTEOITIMKAHOB B 3THX
3HaYUTENIbHOH KileTouHOM nponudepaunu. JIlunus — perpanupyromux ydactkax. Habmogaercs npo-
Tunemapka B HEKOTOPBIX 00JIACTAX TPYAHOPA3JIU- pacTaHHe KPOBEHOCHBIX COCYIOB M3 KOCTHOM TKa-
YUMa M3-3a BBIPAXKEHHBIX KIETOYHBIX U3BMEHEHUN  HU B XPALIEBOU CIIOMU.

W

Puc.2. Mukpodororpadusi KoJIeHHOro cycTapa (rHaJHMHOBOIO XpsIa U CyOXOHIPAJIbLHONH KOCTH) KPOJIHKA B
rpymnme ¢ ocreoaprpo3om (2 rpynmna). Oxkpameno cappanunom O. YB. x 200. O6o3nauenns: nanyc (1), Tpemu-
HBI (2), n3orennbie rpynmnsl (3), munnsa Tunemapka (4), cydxoHapaabHast KOCTh (5), KpoBeHOCHBIE cocyasbl (6).

Fig. 2. Micrograph of the knee joint (hyaline cartilage and subchondral bone) of a rabbit in the group with

osteoarthritis (group 2). Stained with safranin O. Magnification x 200. Designations: panus (1), fissures (2),

isogenic groups (3), Tiedemark line (4), subchondral bone (5), blood vessels (6).

B rpymnme 3 — ¢ je4eHneM 3TaJOHHBIM XOHAPO-  APOLUTOB, 30HAJIBHAS OpTaHU3alus Xpsia Obula
MPOTEKTOPOM HaOIIo1asIachk KOMIICHCATOpHAst CTPYK-  coxpaHeHa. Ha HipkHel rpanuie ¢ cyOXoHapaib-
TypHas IepeCTPOiiKa, CIOCOOCTBYOIIAs 3aMe/iie-  HOW KOCTBIO SIBHOTO MPOPACTaHUS KOCTHOHM TKaHU B
HUIO MPOTPECCUPOBAHUIO 3a00JIeBaHuUs U ylydlla-  Xpsil He HaOmonanock. B cpenneit u rmybokux 30-
fomas (PyHKIHMIO CyCTaBa, KOTOpas 3aKJIlo4ajiach B HaX KOJUYECTBO XOHAPOLUTOB UMENIO TEHACHILIUIO K
00pa30BaHNYU W30TCHHBIX I'PYIN (O3UTUBHBIM pe-  yBEIMYEHHIO, C (POPMUPOBAHHEM MHOTOYHCIIEHHBIX
TeHepaToOpHBII MPU3HAK) 1 MTOBEPX CYCTaBHOTO Xps-  M30TeHHBIX rpymi. [Ipu okpacke cadpannzom O oT-
IIa - MaHyca, 4YTO CBHETEIbCTBOBAJO O MPOLECCe  MEeJalloch paBHOMEPHOE M HHTEHCHBHOE OKpPAIINBa-
3aMenieHus AedexTa MeHee (YHKIIMOHAIBHOM, HO  HHE, CBUIETEIbCTBYIOIIEE O XOPOLIeH COXPAaHHOCTH
HaunboJee JOCTYHOM TKaHbio (puc. 3A). nporeornukanoB. [Ipu aToM, B caMoii MOBEpXHOCT-

B rpynme ¢ npuMeHeHneM aKTOBETHHA MECTHO — HOHW 30HE BU3YaJIH3HPOBAIOCH HEKOTOPOE CHIKEHUE
(BHYTpHCYCTaBHOE BBejieHue) (rpymma 4) HaOMroAa- MHTCHCHBHOCTH OKpallWBaHUE MaTpHUKca Xpslia.
JIOCh JJOCTOBEPHOE CHIDKCHUE CTETIIEHH BhIpakeHHO-  ClieyeT Tak e OTMEeTUTh, YTO HaOIonaeMoe yBe-
CTH JICCTPYKTUBHBIX H3MCHEHUH B CyCTABHOM XpSILE  JIMYCHHE N30TCHHBIX TPYIIT CBUIETEIBCTBYET O MO-
U CyOXOHIpaJIbHOM KOCTH. Bu3yanusupyemsblil ria-  3UTHBHOM pEreHepaTopHOM IPU3HAKE, a JeIISIINecs
JIUHOBBIN XSl B JIOKaJBHBIX y4acTKax UMeINl He-  XOHIPOIMTHI U 00pa3yroliue KIacTepbl, KOMIICHCH-
POBHOCTH TIOBEPXHOCTH, TIPH 3TOM, TIIyOOKHX Tpe-  PYIOT MOTEPI0 MaTpUKCca U ONTHUMHU3PYIOT BOCCTa-
IIUH WA 3PO3UH, TOCTUTAIOIINX CYOXOHIpallbHON  HoBIeHHE xpsmia (puc. 3b).

KOCTH, He Habironanock. Ha gone nmosBistomuxcs JlanHble MOP()OMETPHIECKOTO HCCIIETOBAHUS
MIPU3HAKOB J€30pTraHU3aluy U KJIacTeprU3alli XOH-  IpeACTaBlIeHbI B Tadiuue 1.
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Puc. 3. Mukpodotorpadus KoJeHHOro cyctaBa (rHaJUHOBOIO XPSAIIA H CyOXOHIPATbHOI KOCTH) KPOJINKa
B rpynne 3 (A), rpynne 4 (b) (3kcnepuMeHTaJbHasA ¢ akToBernHoM). Okpaureno cagppanunom O. VB. x 200.
Oo6o03HaueHus: A - nanyc (1), u3oreHnsie rpynnsi (2); b — ruaJJMHOBBII XpsIIL ¢ XOPOLIO BU3YaIU3HPYyeMbIMU
3onamu (1), munus Tuaemapka (2), JHXOHAPATbHAS KOCTH (3).
Fig.3. Micrograph of the knee joint (hyaline cartilage and subchondral bone) of a rabbit in group 3 (A), group
4 (B) (experimental with actovegin). Painted with safranin O. Magnification x 200. Designations: A - panus (1),
isogenous groups (2); B - hyaline cartilage with well-visualized zones (1, Tiedemark line (2), enchondral bone

@3)-

Tadnnua 1. MopgomeTpuyecKkue Noka3aTeJad COCTOSTHUS CYCTABHOIO XPSIIA M CYOXOHAPAJIBHONH KOCTH KOJIeH-
Horo cycrasa (M+ m).
Table 1. Morphometric parameters of the joint cartilage and subchondral bone of the knee joint (M+ m).

rovima 1 rpynmna 2 rpymma 3 rpynmna 4
/H [Toka3zareb Py (Momenb ocTeoap- (craHapTHBIN (BHyTpHCYyCTaB-
(KOHTpOJIB) s
Tpo3a) XOHJIPOITPOTEKTOP) | HOM aKTOBETHH)
THATIHHOBBIA XPSIIIT
OO01as ToIKHA
1 | xpsmeBoro Iiacra, 215+12.3 142,8+10,5* 168,2+9,4%# 195,611,247
MKM
p | TbmoTHOCTE XOHAPO- | 45 1495 280,0+18,0* 340,0422,0%# 410,0+20,0#"
uToB (Ha 1 MM?)
3 WHnexc n30reHHbIX 12402 5.840,6* 4,040,444 2.1240,3#~
TPy, €11
CyOXOH/IpaJibHas 30HA
TomnmHa cyOXoH-
4 JIpalibHON KOCTHOU 110,2+8.4 185,6+12,4%* 155,4+10,2%# 128,5+9,1#"
[UIACTHHKH, MKM
Konuuectso cocy-
5 | noB, npobomarommx 0,1+0,05 4,2+0,5* 2,8+0,4*# 0,8+0,2#"
Tidemark (1a 1 Mm)
6 | Cymmapbii Gann 0,5+0,2 9,4+0,8% 6,240,5%# 2,8+0,4#"
1o mkane MaHkuH

[pumeuanue: *- p<0,05 — B cpaBHEHHH ¢ KOHTPOJIBHOU rpynmoii; #- p<0,05 — B cpaBHEHHUHU ¢ TPyHIIOH
ocTeoapTposa; - p<0,05 — B cpaBHEHUU C TPYMION CTAHAAPTHOTO JICUCHUS

pyIOImei poiu KOMITJIEKCHOTO HapyIIEHHS BCEX

OBCY)I(I{EHI/IE CTPYKTYPHBIX KOMIIOHCHTOB KOJICHHOI'O CyCTaBa, a

B coBpeMeHHON KOHUENUHUHU NAaTOrEHE3a OCTe-
0apTpo3a akUEHTUPYETCS BHUMaHUE Ha JTOMUHHU-

HE TOJIBKO PEOPTaHU3ALNU U NEPECTPOUKHU THaIH-
HOBOTO Xpsia. /JlaHHble, Tody4YeHHbIE B Ipymme 2
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(Mozmensb ocTeoapTpo3a), MOTHOCTHIO MOITBEPKIAIOT
CYIIECTBYIONIYIO KOHIIETIIIUIO, COTIIACHO KOTOPOW,
MeXaHUUYeCKas Ieperpys3Ka, BO3HUKAOLIas Ipy Je-
cTabuiM3aluy CycTaBa, BbI3bIBAET MUKPOIIOBPEK-
JIeHHsI CyOXOHIpaTbHON KOCTH, €€ CKIEpO3 U Maro-
noruueckuii anruorenes. Ocoboe 3HaUeHUE UMEET
BBISIBIIEHHOE HaMU SIBJICHHE POCTa MUKPOCOCYIOB U3
CyOXOHIIpaIbHOW KOCTH Yepe3 MuHUI0 Tuaemapka B
ruaJnHOBBIN XpAawl. [losBreHre KPOBEHOCHBIX CO-
CYIIOB SIBJISIETCS MOP(OIOrHYECKUM MapKepoM He-
00paTHUMO peopraHu3alMy Xpsiia, a TPAHCIOPTHU-
pyemble UMHU KJIETKH U MEAMATOPHI BOCTIAJICHHS CIIO-
COOCTBYIOT MHUHEPAJIN3ALINU XPSIIEBOTO MaTPUKCa.

B naHHOM HMCCleIOBaHUU CTENEHb BaCKYJSIPU-
3anuu ObUTa HAOOIBIIEH B rpyIime 0e3 JIeYeHUs
KOppeIupoBaia C HAJTMYUEM YPO3HUBHBIX OBPEKIE-
HUM Ha [IOBEPXHOCTHU XPsllla U MOTEPEN METAXPO-
Ma3uu martpukca. ITpoBeieHHBIN CpaBHUTEIbHBIN
aHAaJIM3 Pa3HBIX TEPANEBTUUECKUX [IOAXO0B BBIIBHII
HaJIMYKMe OTIMYMI B MEXaHU3MaxX pereHepaunu cy-
CTaBOB. B yacTHOCTH, MIpUMEHEHUE CTAHIAPTHOIO
XOHAPONPOTEKTOpa (TpyIa 3) mpUBeIo K YacTH4-
HOM CTPYKTYPHOM CTa0WIIN3aluu, MOP(HOIOTrHUSCKU
MpOSIBIISIEMO oOpa3oBaHWEM B o0macTu nedexra
(ubpoxpsmeBoro nmanHyca. [1pu sTom, ciexyer oT-
METHTB, 4TO HaOII0aeMasi 3aMeCcTUTeNbHast pereHe-
pauust GuOPO3HOI TKaHBIO, B CHITY €€ HauMEHbLICH
ANIACTUYHOCTH U HECIIOCOOHOCTH YPPEKTUBHO «I10-
[JIOIIATh) MEXaHWYeCKHe Harpy3KH, B JOJTOCPOU-
HOM HEepPCIIEeKTUBE NPUBOIUT K PELUIUBUPYIOIIUM
00JISIM M AECTPYKLIMH CYCTaBa.

HaunbGonee ontumMansHas pereHepamnus xpsia
ObLTa BBISIBIICHA MPU BHYTPHUCYCTABHOM BBEICHUHU
akToBeruHa (rpymnma 4). HaGmaromaeMbie TOIOXKHU-
TeJIbHbIE MOP(OTIOrHYECKHE U3MEHEHMS], BEPOSITHEE
BCEro, 00yCJIOBJICHBI MEXaHU3MOM JICHCTBUS JAHHO-
ro mpemnapara. AKTOBEI'MH, ABJSSACH AETIPOTEMHU3H-
POBaHHBIM TeMOJINATIU3aTOM, COIEPKUT IIUPOKUI
CHEKTP HU3KOMOJIEKYISIPHBIX KOMIIOHEHTOB, CTUMY-
JIUPYIOIIUX NOTpeOIeHNe KUCI0Poia U TPAHCIIOPT
IVIIOKO3bI B YCJIOBUSIX TKAHEBOW MMITOKCHH, XapaKTep-
HOW Ju1s apTpo3a. B pesyibrare, ynydlieHue MeTa-
0OJIMYECKUX MPOLECCOB B XOHIPOIUTAX, TO3BOJIIIO
HE TOJILKO COXPaHHUTh MX JKU3HECMOCOOHOCTh, HO U
AKTUBHOCTH CHHTE3a KOMIIOHEHTOB MEKKIIETOYHOTO
MaTpHKCca, O YeM CBUAETEIILCTBOBAJIO MHTEHCUBHOE
okpamuBanue cagpanuHoM O M BOCCTAHOBIICHUE
MeTaxpomazuu. OCHOBHBIM MOP(OIOTUYECKUM JI0-
CTHIKCHHEM B JITAHHOMW T'pyTIIe cTajia CTabuin3anus
CYOXOHPaTbHOM 30HBI, MTPOSIBIISIONIAACS OTCYTCTBH-
€M MOBBIIIEHHOTO CKJIEPO3a M IIOYTH MOJIHOH 010~
KHPOBKOM MaToiorudeckoro pocra cocynos (0,8+0,2
npotus 4,2+0,5 B KOHTpOIBbHOI rpymne). Habmrona-
emasi onTHMH3alusi 0OMeHa KHCIopoaa B CyOXOH-
JpaJIbHOM KOCTH IIPHU BHYTPHUCYCTaBHOM BBEACHHUU
AKTOBETMHA, BEPOATHEE BCEI0, YCTPAHSIET CTUMYII
JUIs1 BBICBOOOXKICHHS aHTHOT€HHBIX (DaKTOPOB, CII0-
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COOCTBYS TAKMM 00pa30M COXPAHHOCTH O€CCOCYIH-
CTOrO U (PyHKITMOHAIBHO HETIOBPEIKICHHOTO XPSIIIA.

Takum oOpa3om, MECTHOE PUMEHEHHE (BHY-
TPUCYCTaBHOE BBEJCHHE) aKTOBETMHA YCTpaHSIET
MATOTeHETHYECKYIO CBSI3b MEXKJY OCTEOapPTPO30M,
KJIETOYHOU THITOKCHEH 1 MeTaboImIecKuM aucoha-
JIAHCOM B XOHJPO-CHHOBHAILHOM KOMIUIEKCE, UTO,
B CBOIO O4€pElb, HE TOJIBKO 3aMEeJISICT pa3pylleHue,
HO U BOCCTaHABINBAET THAITMHOBYIO CTPYKTYPY XpPs-
112 1 HOPMAJIU3YET CTPYKTYPHYIO OpPraHU3aInio cyo-
XOH/JIpaJIbHOM KOCTH.

3AK/IIOYEHUE

Takum o0Opa3om, HaOIrOIAEMasl TTIO3UTHBHAS JIH-
HaMHKa B TPYIINE C MECTHBIM (BHYTPUCYCTABHBIM)
[IPUMEHEHUEM aKTOBETHHA, MPOSBIAIOIIAICI CO-
XPaHHOCTBIO CTOJIOYATOI OpraHU3aIi XOHIPOIIUTOB,
CTUMYJISILIMEH PO epaTiBHON aKTUBHOCTH B U30-
TeHHBIX TPYIIaX, JOCTATOYHOW TPO(PUKON CYyOXOH-
JpaTbHON KOCTH, UMEIa, TaK JKe, TOCTOBEPHO 3HAYU-
MO€ TIOATBEPKICHUE B TPYIIIE MOP(HOMETPUIECKHUX
roKasaresieil B CpaBHEHUH C KOHTPOJIBHOM U TPYTIION
cpaBHEHUs. BHyTpucycTaBHOE BBEICHUE aKTOBETMHA
CIOCOOCTBOBAJIO CTAOMIIN3AIMK METa00IM3Ma B TKa-
HAX, 00pa3yIouX CyCTaB, 3aMeJISLIIO Pa3pyIICHUE
THAJIMHOBOTO XPSIIa, MTaTOJIOTHUECKYI0 PEOpTraHn3a-
IUI0 CyOXOHIPAbHOW KOCTH, YTO, B CBOIO OYEPEIb,
[103BOJISIET PEKOMEHI0BATh JAHHBIN Ipenapar npu
Ha3HAYCHUU KOMIUIEKCHOM Tepanuu ereHepaTuBHO-
JTCTPOUUSCKUX TIOPAXKESHUH CYCTaBOB.
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PE3IOME

[McrnxoamMoumoHanbHbIN CTPecc y NOAPOCTKOB ABMSIETCA YAaCTO BCTPEYAEMOM MPUYNHON HAPYLLEHUS NCUXUYECKOTO
1 COMaTU4ECKOro 300POBbS, CHUXEHUSI coLmarnbHON agantaumm n (hOpMUPOBaHUS OTKITOHEHWIA OT HOPM MOBEAEHUS.
[MoapocTku, okasaBLUMECS B TPYAHON XU3HEHHOW CUTYaLMmn, OTHOCATCS K rpyrne BbICOKOrO pycka MCUX03MOLIMOHANIbHOMo
cTpecca. Llenbto nccnenoBaHns sIBUNOCb M3yYeHWEe BIUSTHUST NMCUXOSMOLMOHANBbHOIO CTpecca Ha MHAMBUAYyanbHble
0COBEHHOCTM HEpBHOW cUCTeMbl nogpocTkoB. MaTepuan u metodbl. B uccnegoBaHum npuHsnu yydactne 112
nogpocTkoB (52 manbyvka 1 60 geBo4vek) B Bo3pacTe 12-17 neT, npoxuBatoLwyx B 3aMeLLalLLmnX CeMbAX UMK AeTCKUX
yupexaeHuax coumanbHoro Tuna PocTtoBckon obnactu. Pesynbratel. Mo pesynsratam ncmMxodu3nonornyeckoro
obcnenoBaHnsl, NOAPOCTKOB pas3fenunu no CTEeneHW MPOSIBIEHUSI aCTEHUM U NMCUXOTUYECKOW AEMpPeccun Ha Tpu
rpynnbl NPOSIBNEHUS MCUXO3MOLMOHANbBHOrO cTpecca: Hu3kuin (1 rpynna), ymepeHHbii (2 rpynna), Bbicokui (3
rpynna). B kayecTBe OCHOBHbIX MoKa3aTenen yCTOMYMBOCTM K CTPECCY MCMONb30Bany HEBPOTUYECKUE NPOSIBIIEHUS,
onpegensiemMble ¢ MOMOLLbIO AnarHocTU4eckoro kputepuss Mengenesuya. CBoricTBa HEPBHOW CUCTEMbI ONpeaensnu
C UCMomnb30BaHWEM TEMMUHI-TECTa, BereTatMBHble NPOsiBNeHUst no nHaekcy Kepno, opto-knuHocTaTtuyckon npobe n
¢ ucnonb3oBaHvem npubopa «lynbc—Bocy. 3aknioyeHne. AHanmM3 NCUXoNorM4YeckMX N 3MOLIMOHANbHbIX MPU3HAKOB
cTpecca y MNOAPOCTKOB BbISIBAN 3HAYMMble OTNUYMS U3yYaeMmblxX rokasaTenein y uccriegyembix. [lokasatenb
VHTEerpansHon agantauum, y nogpocTkoB 2 rpynnbl 6bin Hke, YeM B 1 rpynne Ha 19%, a y ucnbiTyembix 3 rpynmnbl Ha
60%. Hanbonee 3HauyMmble NPOSIBMEHNS aCTEHUN U OENPECCUM OTMEYanuChb y NOAPOCTKOB 3 rpynnbl. BeretatmeHoe
HanpsikeHve ¢ npeobnagaHnem CUMMNaTUKOTOHUU OTMEYanoch Npy YMEPEHHOM 1 BbICOKOM YPOBHE CTpecca.

KnioueBble cnoBa: NCMXO3MOLMOHANbHbIN cTpecc, ncunxonornyeckue nokKkasartesnin, HepBHas
cucrtemMa, noApPOCTKNU.

THE INFLUENCE OF PSYCHOEMOTIONAL STRESS ON THE INDIVIDUAL
PROPERTIES OF THE NERVOUS SYSTEM OF ADOLESCENTS

Kolmakova T. S., Akimenko M. A., Loseva E. S.
Rostov State Medical University, Rostov-on-Don, Russia

SUMMARY

Psychoemotional stress in adolescents is a common cause of impaired mental and somatic health, reduced social
adaptation and the formation of deviations from the norms of behavior. Adolescents in difficult life situations are at high
risk of psycho-emotional stress. The aim of the study was to study the effect of psychoemotional stress on the individ-
ual characteristics of the nervous system of adolescents. Material and methods. The study involved 112 adolescents
(52 boys and 60 girls) aged 12-17 years living in foster families or social institutions of the Rostov region. Results.
According to the results of psychophysiological examination, adolescents were divided by the degree of manifestation
of asthenia and psychotic depression into three groups of manifestation of psycho-emotional stress: low (group 1),
moderate (group 2), high (group 3). Neurotic manifestations determined using the Mendelevich diagnostic test were
used as the main indicators of resistance to stress. Nervous system properties were determined using a tepping test,
autonomic manifestations according to the Kerdo index, ortho-clinostatic sample and using the Pulse-Bos device.
Conclusion. Analysis of psychological and emotional signs of stress in adolescents revealed significant differences in
the studied indicators in the subjects. The indicator of integral adaptation, in adolescents of group 2 was lower than in
group 1 by 19%, and in subjects of group 3 by 60%. The most significant manifestations of asthenia and depression
were observed in adolescents of group 3. Vegetative tension with a predominance of sympathicotonia was noted at
moderate and high stress levels.

Key words: psychoemotional stress, psychological indicators, nervous system, adolescents.
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KPBIMCKHI )KYPHAJ SKCITEPUMEHTAJIbHOM M KJIMHUYECKON MEIUIIAHBI

CoBpeMeHHOE MOAPACTAIOIICE TTOKOJICHHUE CTa-
KHBACTCSI C MHO)KECTBOM CTPECCOTCHHBIX (DaKTOPOB,
MPUBOJALINX K 3HAYUTEIBHOMY HAIIPSDKCHUIO U UC-
TOILCHUIO aJaNTALMOHHBIX PE3EPBOB Opranusma. B
TPYIIIE MOBBIIICHHOTO PUCKA CHIKCHUS alanTalu-
OHHOTO TMOTEHIIMAJa, HAPYIIICHUSI COMATUYECKOTO U
TICUXUYECKOTO 3I0POBBSI HAXOMSATCS IETH U ITOIPOCT-
KM, OKa3aBIlIUECS B TPYAHOMN KU3HEHHOU CUTYyalluu
WJIM OCTaBIKECS 0€3 MONeueHHs POIUTENeH.

Jns nanHOM rpymIbl 1eTel, BOCIUTHIBAIOLIUX-
Cs B YUPECKACHUSIX COLUATBHOTO THUIA, XapaKTepeH
BBICOKHI YPOBEHb TICHXOAMOIIMOHAIEHOTO CTpecca B
CBSI3U C HAIMYUEM Pa3INIHBIX BHIIOB JICTIPUBAIIUN.
Crpecchl 1 HeraTuBHBIC JKU3HEHHBIE COOBITHSI BBI3bI-
BalOT y JI€TEH U MOJIPOCTKOB (PU3UYECKOE U TICHXU-
YeCKOE HeOIarononyne, CHIKAIOT UX CIIOCOOHOCTh
K CAMOKOHTPOJIO ¥ BOBMOKHOCTH aJallTUPOBATHCS
K YCJIOBUSIM COLlMyMa. AJIEKBATHBII ypOBEHb aJIall-
TalU{ PEajIM3yeTCsl TOJIbKO MPU COOTBETCTBYIOLLEM
aJanTalMOHHOM IOTEHILIMAIEe OpraHu3Ma, KOTOPbII
00yCIIOBJICH MMEHIUMUCST (PYHKIIMOHAIBHBIMU
pe3epBaMU U YCHECHIHON JEATEIbHOCTHIO PETyIis-
TopHBIX cucteM [1]. C yueToMm mpupoasl, XapakTe-
pa U CTENEHHU aJanTaluy BbIICISIOT COLUAIbHYIO,
MICUXOCOIMAJBbHYIO U MATOICHHYIO Je3adanTalluio
yenoBeka [2]. Ilpu3Haku ncuxocounanbHO ne3a-
JalTalliy CBSI3aHBI C BO3PACTHBIMHU, MOJOBBIMU U
MICUXOAMOILIMOHAIBHBIMUA OCOOCHHOCTSIMH pPeOCHKa
unu moapocTtka. ConmmanbHas Ae3amamTamus ae-
MOHCTPHUPYETCSI B UTHOPUPOBAHUM HOPM MODPaIU
W TpaBa, acoIUaIbHBIX (POpPMax MOBEACHUS H, KaK
MIPABUJIO MIPOSIBIISIETCA B PA3HBIX BAPUAHTAX HAPYIIIE-
HUS TIOBEICHUS, TAKUX KaK arpeccus, HeTaTUBU3M,
MOBBIIICHHOE YyBCTBO BUHBI, acTeHUs U 1p. [3]. He-
CMOTpS Ha MHOTOYHCIIEHHBIE HaydyHBIE PabOTHI TIO
JIAHHOH MpoOIeMe K HACTOAIIEMY BPEMEHHU HE 10
KOHIIa OTpeJIeiIeHa POJIb TUIOJIOTUYECKUX CBOMCTB
TeMIepaMeHTa, (PyHKIMOHATIBHOTO COCTOSIHUS 1[CH-
TpansHO# HepBHOH cuctembl (LIHC) n mexann3mbl
WX y4acTHs B (U3UOJIOTHYECKONW peaKTUBHOCTH TIPH
MICUXOAMOLMOHAJIBHBIX CTPECC-BO3EUCTBUX [4].
[TockonbKy (hyHKIIMOHAIBHBIE H3MEHEHHUS B Opra-
HHU3ME YEeJOBEKa MPHU MCUXOIMOIUOHATLHOM Ha-
npspKeHuH onpenenstorest uamenenusimu B LIHC, To
€e WHIWBHUIyaJbHbIe 0COOCHHOCTH PabOTHI MOTYT
HCII0JIb30BAThCS KaK MPOTHOCTUUECKUI [T0KA3aTEb
MOBE/ICHUE YeJIOBEKa. BaskHYI0 posib B ICUXUYECKOM
U COLMAJIbHOM Pa3BUTHH YEJIOBEKA UTPACT a/larTa-
IMOHHBIN moTeHIan JuayHocTH (ATLJ]) Baskuekei
XapaKTEPUCTHKON KOTOPOTO SIBIISICTCS HEPBHO-TICH-
XHUYECKasl yCTOWUUBOCTh K CTPECCY, KOTOpas oIpe-
nenseT 3p(OEeKTHBHOCT aJalTallid 4elloBeKa K
CJIOKHBIM YCJIOBHUSIM KU3HU U AesTeNbHOCTHU [5]. B
MOJIPOCTKOBOM BO3PacTe 0COOYIO OCTPOTY UMEET CO-
[IUaTbHAs aJanTaIrs, KOTopas 3aKII0UaeTCs B U3Me-
HEHHSIX HE TOJBKO (PH3MONIOTHYECKNX CHCTEM aJlall-
TalllH, HO B OOJIBIIEH CTEIIEHN CUCTEM OOIIECTBEH-
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Horo noseaeHus [6]. CHUKeHUE YyCTOMYUBOCTH K
cTpeccy B IOAPOCTKOM BO3PACTE OJIHA M3 OCHOBHBIX
NPUYUH UCKAKEHHOTO BOCHPUSATUS ACHCTBUTEIb-
HOCTH U HapYIICHUS MPUHATHIX HOPMBI TIOBEICHUE,
YTO MPOSIBIISETCSI XyTUTAHCTBOM, TIPOTHBOIIPABHBIMHU
JEHCTBUSIMH, arpeccrei, GopMHUPOBAHUEM 3aBUCH-
mocTeit [7].

IIpu ocTpoM U XPOHUYECKOM SMOLMOHATHLHOM
CTpEeCCe APKO MPOSIBISIFOTCS ICUXOBET€TATUBHBIC U3-
MEHEHUS, B CBOIO OUEPE/Ib PACCTPOHCTBO BET€TaTUB-
HOTO 00€CTIeueHNsT MOXET MPUBECTH K CHIKEHUIO
aJlanTallMOHHBIX BO3MOXHOCTEH opranusma [8].
OMOIMOHANBHBIN (OH BBICTYyNAaeT KIIOUEBOH CH-
CTEMOM ympaBiIeHUS MOBEACHUEM YETIOBEKA, BCIC-
CTBHE O0OECIEUCHUsI peaM3allui €r0 OTHOIICHUS
K COOBITHSIM OKPYKAIOIIEro MUpa U CIIOCOOCTBYET
BBICTPAWBAHUIO C APYTUMU JIOABMHU aJeKBATHBIX
B3aUMOJIEUCTBUM.

enps nanHOrO HCCIEIOBAHUS — U3YUUTH BIUSHUE
WHJIMBUIyaJIbHBIX OCOOCHHOCTH HEPBHON CHCTEMBbI
ITOIPOCTKOB HA TICUXOJIOTUYECKHE TIOKA3aTeNN TICH-
XOAMOITMOHAJIFHOTO CTpEcca.

MATEPHUAJI U METO/IbI

B uccnenosanuu npunsum ydactue 112 noxpoct-
koB (52 manpunka u 60 geBouex) B Bozpacte 12-17
JIET, TPOKUBAIOIIHNX B 3aMEMIAIONINX CEMBSIX HIIH
JETCKUX YUPEKJICHUSAX COLUAIBHOTO THMa PocToB-
ckoii obnactu. Bee uccienoBanus mpoBOIWINCH B
COOTBETCTBUU C TPeOOBaHUSMU XEIbCUHKCKOH Jie-
kiapanuu 1964 roga v moCIeIyonuX MOIPaBoOK K
Hel, omo0peHs! aTHueckuM KomuteToM ®I'EOY BO
«PocToBcKuil rocy1apCTBEHHbIN MEIULIMHCKUMA YHU-
Bepcute™ (mmpotokon Ne 10/21 ot 27.05.2021 rona),
a Takke npu 100pOBOJIILHOM MHCbMEHHOM HH(OP-
MHUPOBAaHHOM COITIACHH TOMEUNTEINIEH, MOTyYnBIINX
Pa3bsCHEHUS O LIEJIH UCCIEOBAHUSI.

B kauecTBe OCHOBHBIX IOKa3aTele yCTOMYUBO-
CTH K CTpecCy UCTOIh30BAIA HEBPOTHUYECKHE TIPO-
SIBJIEHUS TICUXO9MOIIMOHAJIBHOTO cTpecca, onpee-
JieMBble C TOMOIIBIO TUAarHOCTHYECKOTO KPUTEPHUS
Menpenesnua. OCHOBOM MeTO/a SBISETCSA KIMHH-
YECKHUH OITPOCHUK, COCTOSIINN 13 68 BOIIPOCOB, pas-
paborannsii K. K. Sxunemv u . M. MenneneBndem
[9]. AHanuTHKa OTBETOB MO3BOJISET OXapaKTEPU30-
BaTh COCTOSIHUE MOJIPOCTKOB 10 YPOBHIO TPEBOTH,
HEBPOTUYECKON IeNPECCHH, aCTeHNH, HCTEPUIECKIX
9epT, 00CECCUBHO-POONICCKUX U BETETATUBHBIX Ha-
pymienuii. [lomydeHHbIe pe3ynbTaThl HHTEPIIPETHPY-
FOTCSI COTJIACHA CXEeMeE: YeM BBIIIE 0ajll, TeM JIydIle
MICUXOAMOIMOHAIILHOE COCTOSIHUE 00CIeayeMOToO.

C ucnonp30BaHMEM TpaJjallii COIMATbHO-TICH-
XOJIOTUYECKOH afanTHPOBAaHHOCTH, pa3padoTaHHON
K. Pomxepcom u JI. JlanmonHmOM, MOAU(DHUITHPOBAH-
Hoii T. B. CHerupeBown, ObLTH MOMyYEHBI pe3yiabTa-
ThHI 110 CIEAYIOIIUM I10Ka3aTesiM: HHTerpajbHast
ajanrtaunus, SMOIMOHATIbHAsT KOM(QOPTHOCTH, Bepa
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B ce0s u okpyxkaronux [10]. [llkana Bxmodaer 101
cyXkJeHne, 36 U3 KOTOPBIX OTBEYAIOT KPUTEPHUSIM
COIMABHO-TICUXOJIOTHIECKON aJanTHPOBAHHOCTH
JIMYHOCTH, OPUEHTUPOBAHHBIX Ha BO3pacT 14 neT u
crapue. KospduuueHt counaabHO-NCUXOT0THYE-
CKOW aJanTHPOBAHHOCTH BBIYUCIISIETCS 110 CyMME
MO3UTHUBHBIX M HETaTHBHBIX BBICKA3bIBAHUH C COOT-
BETCTBYIOITUM 3HAKOM («+» HITH «-») U BBIPAYKACTCS
B Oamrax. MHTepripeTaris pe3ynbTaToB MO3BOISET
CYIHUTH 00 AYMOIMOHAIBHOW PETrYISIIIAK aIallTalluu
MOIPOCTKA K COLUATBHBIM YCIOBHSIM OKPYXKalo-
mieid cpefbl (BICOKH KO3 (QUIIMEHT COOTBETCTBYET
HOpME, HU3KUH - HAPYIICHUIO a/IalTAIlMOHHBIX Me-
XaHU3MOB).

CBoiicTBa HEPBHOW CUCTEMBbI ONPEECTSIIN C UC-
M0JIb30BaHUEM TEIINHT-TECTa, BEreTaTUBHBIE TIPO-
sIBIICHUA 110 nHAeKcy Kepo, opTo-KnMHOCTaTHUCKOM
po0e u ¢ ucrmonb3oBanueM npudopa «Ilymsc—bocy.
Hanee no metonuke E. H. UnbuHa onpenensercs
TUT HEPBHOW CHCTEMBI: CHIIBHBIH, CPEIIHECUITBHBIH,
cpenHecia0bIi u cnadbrii [11].

KonnyecTBeHHbIe TOKa3aTenn, BLIOOPOUHOE pac-
pejesieHre KOTOPhIX COOTBETCTBOBAJIO HOPMaJIbHO-
MYy, aHAJIM3UPOBAIHCH C UCTIOIB30BAaHUEM CPETHUX
apudmernyeckux BeanuuH (M) U CTaHIApTHBIX OT-
kioHenuii (SD). B kauecTBe Mephl penpe3eHTaTHB-
HOCTH JJIsl CPETHUX 3HAYCHUH YKa3bIBaJIUCh IPaHH-
bl 95% nosepurenbHoro untepsana (95% ). B
YCIIOBUU OTCYTCTBHSI HOPMAJILHOTO pacIpeelIeHUs
KOJIMYECTBEHHBIE TAHHBIE ONMCHIBAIACH C IIOMOIIBIO
MenuaHbl (Me) 1 HUKHETO U BEepXHETO KBapTHIICH
(Q1-Q3).

KareropuanbHble JaHHBIE OMMCHIBAINCH C YKa-
3aHMEeM a0CONIOTHBIX 3HAYEHUW W MPOLEHTHBIX
noneit. 95% noBepuTeNbHBIE HHTEPBAIIBI IS TIPO-
LIEHTHBIX JI0JIEH paccYUThIBAIKCH 10 MeToay Kirom-
nepa-ITupcona. KonmnuectBeHHbIe MOKa3aTenu ole-
HUBAJIMCH HA IPEIMET COOTBETCTBHSI HOPMaJIbHOMY
pacmpeneneHuio ¢ momouisio kpurepus lamupo-
Yunka. CpaBHEHHE TpexX U O0jIee TPYIIT 0 KOJIHJe-
CTBEHHOMY IOKa3aTeIio, pachpeieeHne KOTOporo
B KaXJIOH M3 TPYIII COOTBETCTBOBAIO HOPMaJIbHO-
MY, BBITIOJHSIIOCH C MOMOIIBI0 OAHO(PAKTOPHOIO
JUCTIEPCHOHHOTO aHalin3a, all0CTEPUOPHBIE CpaB-
HEHUSI IPOBOJIMIIMCH C MOMOIIBIO KpuTepus: ThioKH
(Tpum ycrmoBHH paBeHCTBA TUCIIEPCHIT), KPUTEPUS
leiimca-Xaysnna (Ipu HEpaBHBIX AUCIEPCHUSIX).
CpaBHeHue Tpex U 0osee TpyI M0 KOJIHYeCTBEH-
HOMY I0Ka3aTellio, pacnpeieleHue KOTOporo oT-
JINYaioch OT HOPMAJIBHOTO, BBITTOJIHSIOCH C TO-
molbio kputepus Kpackena-Yominuca, anocrepu-
OpHBIE CpaBHEHUS — C MMOMOIIBI0 KpuTepus JlaHHa
¢ momnpaBkoil Xonma.

Pasznuuus cunTanuch CTaTUCTUYECKHA 3HAYMMBI-
mu nipu p<0,05.

ITo pe3ymbpraraM mCUXO(PU3UOIOTHIECKOTO 00-
CJIEI0BaHUS TOJIPOCTKOB Pa3NENUiIN MO CTETEHU
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MIPOSIBJICHUS aCTEHUU U IICUXOTUYECKOW Jenpeccun
Ha TPU IPYIIIBI IPOSIBJICHUS ICUXO3MOLMOHAIBHOTO
cTpecca: Hu3kuii (1 Tpynmna), ymepeHHsbli (2 rpyr-
1a), BEICOKMH (3 rpyrmma).

PE3YJIBTATbI

CornacHO NOy4YEeHHBIM JaHHBIM, IPEACTABICH-
HBIM B Tabnuue 1, MeXIy rpynmnaMu OTMEYaInuCh
3HaYMMbIe OTIMYUS U3yYaeMbIX MToKa3aTesei.

Tak, mokaszaTenb WHTETPAIHHOW ajamnTaluu,
onpenensemoit mo meroauke Jaiimonna-Poxaepca,
y MOAPOCTKOB 2 IPyIIbI ObIT HUXKE, YeM B 1 rpynme
Ha 19%, a 'y ucnsiTyeMsIx 3 rpymmsl Ha 60%. [Toxa-
3aTesid aCTEHUHU U IICUXOTUYECKOM IENPECCUH TakkKe
MIPOrPECCUBHO YMEHBIIAINCH OT 1 TPpyNIbI K 3 rpyI-
II€, YTO CBUJETEJILCTBYET 00 YXYyNIIEHUH IICUX03MO-
LIUOHAJIBHOTO COCTOSIHUS TTOIPOCTKOB.

[Tokazarenu SMOIUOHAIBHONW KOM(POPTHOCTH,
BEpHI B ce0sl U APYTUX AalOT BO3MOXHOCTD CYIUTh
00 YMOIMOHATILHOM COCTOSIHUH MOAPOCTKOB U ajarl-
TaIUK K COIUAIBHBIM (pakTopam.

VY noxnpoctkoB 1 rpymnmnel BEICOKHH ypPOBEHb
SMOLMOHANBHONH KoM{opTHOCTH. OCHOBY Onaro-
MOJTy4YHsl COCTABIISIOT Bepa B ce0sl U YBEPEHHOCTh
B TMOJAEPKKE APYTUX, 4TO (GopMUPYET IMOLHO-
HaJIbHBIH KOM(OPT U COOTBETCTBEHHO OTCYTCTBHE
MPU3HAKOB acT€HUHU U Jenpeccuu. [logpocTku 2
IPYHIBI TAK)KE HAXOAATCS B 30HE SMOLMOHAIBHO-
ro koM(popTa, OAHAKO Bepa B ce0s1 U APYTUX Yy HUX
HECKOJIBKO HIKE, YeM B | rpyIe, HO HaXOIUTCS
B pamKkax ajgantupyemocTH. [lokazaTenu acreHun
U JEIPECCUM XYyXKE, YEM Y MOAPOCTKOB 1 IpyIIIbl.
Cy1iecTBeHHOE OTINYNE YPOBHS UCCIIEyEMBIX I1a-
paMeTpOB OTMEUAJIOCH Y UCIBITYEMBbIX 3 TPYyIIIbL:
OHM HMCHBITHIBAJIN AMOLMOHAIBHBIA JTUCKOM(OPT
Ha (OHE HEyBEepEHHOCTU B ceOe U B BOBMOKHOCTHU
MOJIYYHUTh MOAJEPIKKY CO CTOPOHBI IPYTUX JIIOZIEH.
3TO0 CTa’10 OCHOBOI CHUXEHMsI [10Ka3aTessl NHTe-
IpajbHOM aganTauuy ¥ NOSBICHUN KIMHUYECKHX
MPHU3HAKOB aCTCHUHU U JICIIPECCHH.

OMoUMM YyeaoBeKa KOHTPOIUPYIOTCS HEPBHOMN
CHUCTEMOM, U ee (PyHKIIMOHAIBHOE COCTOSHUE OT-
pakaeTcs Ha BBINOJIHEHUH U KOHTPOJIE IPOU3BOIb-
HBIX AedicTBuil. [Ipon3BonbHyI0 chepy MOKHO
OLICHUTH C IOMOILBIO TENIHUHT-TECTa, KOTOPBIN OT-
pakaeT CBONWCTBA HEPBHOM CUCTEMBI B MOTOPHOU
nesTenbHOCTH. Pe3ynbTaThl TaHHOTO TecTa IOo-
kazanu, 49to B 1 rpynmne 36% moapOoCTKOB MMEIOT
CUJIBHBIN THII HEPBHOW cUCTeMBI U 64% cpenHunii
tun (puc.1).

B a710i1 rpymniie He ObUIO MOAPOCTKOB CO CpeIHE-
ciaboit uim caboi HepBHOU cucTeMbl. Bo BTOpOi
TPyIe CHUIBHBIM TUI HEpBHOU cucTeMbl y 20%,
cpennawuii 40%, cpexane-cinadbiii y 40% MOIpOCTKOB.
B 3 rpynrie noapocTKoB ¢ HU3KUM YPOBHEM aJianTa-
un 66110 80% co cpenne-ciaadbiM THIOM 1 20 % co
cJ1a0bIM THUIIOM HEPBHOW CHCTEMBI.
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Tabauua 1. AHaIU3 NpPosiBJIEHUsI CTeNeHU MCUX0JI0TMYeCKMX U SMOLMOHAJIBHBIX PU3HAKOB cTpecca y Mmoj-
POCTKOB.
Table 1. Analysis of the degree of psychological and emotional signs of stress in adolescents.

Kareropuu
ITokazarens I'pynma p
M+ SD 95% U Me Q1-Q3

1 rpynna 7,59+1,00 7,01 - 8,16 7,39 7,02 — 8,52 <0,001*
2rpynna | 2,34+0,41 2,09 —-2,59 2,29 223-240 | plrpymma—2
rpynma < 0,001
Actenus pl rpynma — 3
3 rpymma -1,28+1,19 -2,27—--0,28 -1,50 2,24 —-0,08 | Tpymma <0,001
p2 rpymma — 3
rpymnma < 0,001

1 rpymnmna 6,52 +0,93 5,98 - 7,05 6,54 5,947,227 <0,001*
2rpymma | 2,12+0,41 1,86 —2,38 2,11 1,92 -2.36 pl rpynmna — 2
rpymmna < 0,001
Henpeccus pl rpynma -3
3rpymma | -2,88+0,56 | -3,35--2,42 2,94 -3,35 - -2,54 | Tpymma <0,001
p2 rpymma — 3
rpynma < 0,001

| rpynma | 75,86 +5,93 | 72,43 — 79,28 78,00 71,00-80,75 |  <0,001*
2 rpymma | 67,00 + 3,83 | 64,69 — 69,31 67,00 65,00 — 69,00 | Pl rpymma—2

Wurerpans- rpynmna = 0,002
Has ajanra- pl rpynmna — 3
st 3rpyrma | 44,33+£9,10 | 37,34 - 51,33 45,00 39,00 — 48,00 | rpymma < 0,001
p2 rpymma — 3
rpyrnma < 0,001

| rpynma | 83,36 +7,55 | 79,00 — 87,72 86,00 77,25-90,00 |  <0,001*

2rpynma | 71,31 + 10,18 | 65,15 — 77,46 68,00 62,00 — 79,00 | P1rpynna—2
rpynna = 0,003
Bepa B ce0s pl rpynmna — 3
3rpymma | 52,33 +7,98 | 46,20 - 58,47 49,00 47,00 — 57,00 | TPynma <0,001
p2 rpynmna — 3
rpymma < 0,001

1 rpymma | 71,14 6,53 | 67,37 - 74,91 71,00 67,00-76,00 |  <0,001*

2 rpynmna | 64,85+ 6,74 | 60,77 — 68,92 65,00 61,00 — 70,00 | Pl rpymma—2
rpynmna = 0,027
pl rpynmna — 3
3rpymma | 46,78 £3,35 | 44,21 - 4935 46,00 44,00 — 49,00 | rpynna < 0,001
p2 rpynmna — 3
rpynmna < 0,001

Bepa B apy-
I'nux

| rpynma | 76,57 6,55 | 72,79 — 80,35 79,00 72,00-82,00|  <0,001*
Swomm- | 2rpymma | 65,08+7,96 | 60,26 - 69,89 65,00 62,00 — 71,00 | Pl rpymma—2

rpymnma < 0,001
OHaJIbHAsI

pl rpynmna — 3
KoM opT- <0001

HOCTB 3 rpynma | 35,67 +4,15 [ 32,47 -38,86 35,00 33,00 — 39,00 | rpymma <o,
p2 rpynmna — 3
rpymna < 0,001

I rpynma | 12,87+ 1,42 | 12,05 - 13,69 13,12 11,68 — 14,04 <0,001*
2rpymma | 4,17+0,86 | 3,64 4,69 4,20 3,67-4,78 | plrpymma—2
Bererarus- rpymma < 0,001
HOE Harpsi- pl rpymma — 3
KEHMe | 3rpynma | 1,79+036 | 1,52-2,07 1,76 1,64 - 1,80 | rpymna < 0,001
p2 rpynmna — 3
rpynmna < 0,001

Ipumeuyanme: * — paznuuus mokaszareneil craructudecku 3HaYUMBI (p < 0,05) (Mcmonb3yeMblii METO:
Kpurepuit Kpackena-Yommuca).
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Tuno HepBHOIT cHCTEMBI

1 rpynma

B CHJIbHAA

W cpenHasa

2 rpynnoa 3 rpymma

cpenHe-ciadas cradas

Puc.1. Pacnpenenenue TUIIOB HEPBHOM CHCTEMBbI Y MOJAPOCTKOB IPH ICHX0IMOIHOHAJIBLHOM CTpecce.
Fig. 1. Distribution of types of the nervous system in adolescents under psychoemotional stress.

A):[aHTaI_[I/IOHHI)Ie pCaKknun 4Y€JI0BCKa 3aBUCAT HC
TOJIBKO OT LIEHTPAJIbHON PETYIISALIH, HO U COCTOSIHUS
BereTaTuBHOrO obecneueHus. Hapymenue dyHkuo-
HaJILHOTO 0ajlaHCa CUMIIaTHYECKOM 1 apacuMIaTu-
YeCKOW perymsuei TakKe MOXKET IPUBECTH K HEO-
CTaTOYHO ONTHUMAJIbLHOU ajarnraigyuu U HapylmIeHUIo
IIOBCACHUS YCIIOBCKA. I/IHZICKC BEIr€TaTUBHOI'O HAIIPA-
JKEHHSI TIO3BOJISIET OIIEHUTH (PyHKITMOHAIBHYIO cOa-
JIAHCUPOBAHHOCTH OCHOBHBIX 3B€HBEB BEI'€TaTHBHON
perymsiuu. OneHKa BEreTaTUBHOTO HATIPSDKEHMS 110-
Kazalia, 4TO BereTaTHBHOE 00EeCIieYeHHEe OTBETa Ha
CTpecce MaKCUMAaIbHO TIPECTABIEHO Y TIOAPOCTKOB
1 rpyIiIibl U Pe3KO CHUKEHO Y UCCIIETyEMBIX 2 U 0CO-
6enHo 3 rpynmnbl. OQHAKO MPOSIBICHUE ICUX03MOLHU-
OHAJILHOTO CTpecca MPUBOAUT K YCHIICHHIO CHMIIa-
TUYECKON peryiianruu, MakKCUMaJIbHO BBIPAXXCHHOEC
y TMOJPOCTKOB B 3 TPYIIIe, YTO yKa3bIBaE€T HA UCTO-
IIEHUE ITOTO 3BEHA U CHU)KEHHUE €r0 BO3MOKHOCTEH
o0ecreunTh aJanTHBHbBIC U3MEHEHHUS BUCLIEPATBbHBIX
CHCTEM.

OBCYXJIEHUE

B coBpeMeHHOM MOHUMaHUH CTPECC CIOCOOCTBY-
€T YS3BUMOCTH YeJOBeKa K JIEHCTBHIO Pa3TUIHBIX
(hakTOpOB, paboTaeT KaK KaTaju3arop, UCTOIIas BHY-
TPEHHUE PECYpPChl OPraHU3Ma, IOIPHIBAET MEXaHU3-
MBI TICUXOJIOTHYECKOM 3allUThI U MOXKET MMPUBOAUTH
K pas3sjIMYHbIM IICUXOOMOIINOHAJIbHBIM HAPYHICHUAM
(TpeBore, mempeccuu, arpeccuu, (GopMHPOBAHUIO
3aBHUCUMOCTeW). EcTh JaHHBIE, YTO TIOAPOCTKH B
CUJIYy KPUTHYECKOTO CTAHOBIICHUSI HEHUPO(DU3HOIO-
THYECKUX (DYHKIMH MOJIBEPraloTCs MOBBIIICHHOMY
PHUCKY (OPMHPOBaHUSI XPOHHUECKOTO CTpEcca Mo
NEHCTBHEM COIMAIBHBIX (aKTOpPOB. BhI3BaHHBIE
nepeHanpssKkeHneM TIoBeIeHYeCcKue U (hU3MOoJI0TH-
YEeCKHUE M3MEHEHHS MOTYT OBITh JUTUTEIbHBIMU U
coxpaHsATbcsl BO B3pocioM Bospacte [12; 13]. Ilo
JIAaHHBIM HccienoBanust Schmidt u coaBTopoB, 3TH-
OJIOTHEH CTpeCcC-aCCOIMMPOBAHHBIX PACCTPOUCTB Y
YeJoBeKa SIBIIOTCS (PaKTOPBI COIUAIBHOTO Xapak-
tepa. [locnencTByst BO3EHCTBUS COXPAHSFOTCS JTAKe
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nocie npekpauienus ero nercteus [14]. Ocolyio
rpyniy pucka GopMUpOBaHHS XPOHUUYECKOTO TICH-
X03MOIIMOHAJIBFHOTO CTPEecca COLUAIBLHOM ITHOIO-
THH COCTaBISIOT MOJPOCTKH, OKa3aBIIuecs 0e3 1mo-
neuenus poaurenei. I1o Mmuenuro XapiaameHKOBOH
H. E. ¢ coaBTOpaMu, HEeraTUBHBIH ONBIT ACTIPUBALIN
MaTepUHCKOM 3a00THI OKa3bIBAET TITyOOKOE BIUSHHUE
Ha KOTHUTUBHEIC U TIOBEJICHUYECKHE TIpoIiecchl [15].

ITo pe3ynbraraM Hccaen0BaHUN KUTAHCKUX KOJI-
JIET TIPH TIPOSIBIIEHUH TICKXOAMOITMOHAIBHOTO CTPEC-
ca MOJPOCTKH JIEMOHCTPUPYIOT TIOBBIIIICHHYIO Tpe-
BOJKHOCTb, arPECCHIO U TUIOXUE PE3yIbTaThl B TUHA-
MuKe o0ydenust [16], uTo coBmamaeT ¢ pe3yasraraMu
HAIIIETO MCCIIETOBaHMS.

B TOXe Bpemsi XpOHMYECKUN CTpecc IIUPOKO
paccMaTpuBaeTCs KaK KIHYeBOW (aKTop pUcKa
Pa3BUTHA pa3IMYHBIX COMAaTHYECKUX 3a00JICBaHUM.
YcTaHOBIIEHO, YTO MPHU CTpecce y MOAPOCTKOB Ha-
pylIaeTcs peryisiiys CepAeIHON 1eATeIbHOCTH, YTO
yKa3pIBaeT Ha AucOalaHC BEreTaTUBHON HEPBHOU
cucremsl [17].

N3yueHne nocneacTBUil XpOHUUYECKOTO MCUX0)-
MOIIMOHAJILHOTO CTpecca B MOJPOCTKOBOM BO3pac-
T€ JIOJDKHO MPUBECTH K MOHMMAHUIO Pa3IMuuil B
4acTOTE€ BOSHUKHOBEHUS JIETPECCUBHBIX U TPEBOXK-
HBIX PacCTPOMCTB, PA3BUTHS COMATHYECKUX O0Ie3-
Hell U KOTHUTHUBHBIX HapyIIeHHUH, a TaKKe COBEp-
LICHCTBOBATh CTPATETUH NPO(PUIAKTUKHI U JICUCHHUSI.
CrnenoBarenbHO, HOHUMaHKE TOTO, KaK BO3/eicTBHE
CTPECCOPOB B 3TOT KPUTUUECKUI MIEPHOT PA3BUTHUS
MPUBOJUT K HETAaTUBHBIM MOCIEICTBHUAM, UMEET
MEPBOCTENIEHHOE 3HAUCHHE.

3AK/IIOYEHUE

CoriacHO MONTy4YeHHBIM JJAHHBIM CTETIEHb IPOSIB-
JICHUS CTpecca OTpa)kaeTcsi Ha CBOMCTBaX HEPBHOMU
cuctemsl. [Ipy HU3KOM ypOBHE CTpecca y IOAPOCT-
KOB | rpynimbl crja HEPBHBIX MTPOLECCOB MOAJEPHKH-
BaeTCsl yMEPEHHBIM HaIPSKEHUEM CUMITaTHYECKOTO
3BeHA BEreTaTUBHON HEpBHOI cuctemsl. [1pu Gonee
BBIP@KEHHBIX NICUXOJIOTHUECKHUX MMPU3HAKAX TICHXO-
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SMOIMOHAIBHOTO CTPecca UCCIIEAYEeMbIX 2 U 3 Ty
OTMeYaeTcs MOKa3aTeNu CHHIPOMAa BET€TaTHUBHOU
JUCYHKIMN, KOTOPbIE MPOSBISIOTCS THIIEPCUMIIA-
TUKOTOHHUEH, IPUBOASIICH K HCTOILCHUIO ITPOLIECCOB
agantauuu. [IpsMas cBA3b MEXAY MCHXOIMOIHO-
HaJILHOH c(epoii ¢ BereTaTuBHOW HEPBHOW peryIisi-
IIUeH OTpakaeTcsi Ha COMaTHYECKOM M TICHXOJIOTHYe-
CKOM 3JJ0pOBbE 1TOAPOCTKOB. IIcuxo3MonnoHanbHas
cdepa HoAPOCTKOB XapaKTEPU3yeTCsl BBICOKOH 1yB-
CTBUTEIBHOCTBIO K (DaKTOpaM COLUAIBHON CPEbl.
TpyaHas >ku3HEHHas CUTyalusl B TOAPOCTKOBOM BO3-
pacTte MPUBOAUT K JINYHOCTHOM TPEBOKHOCTH U JITH-
TEITBHOMY TICUX0OMOIIMOHAIHFHOMY HAaIPSIKEHUIO,
HPOSIBJISIOLINXCS B aCOLMANIbHBIX (hopMax mosene-
HUSl, IPU3HAKAX arpecCUy WM Aenpeccuu. Takum
00pa3oM, MCUXO03MOLMOHAIBHBIH CTPEcC SIBISETCS
COLIMANIbHO 3HAYMMOM poOsIeMOH, KOTOPYIO CIIEAyeT
NpOQHUIAKTUPOBATH C IIETBI0 COXPAHEHHUS 37I0POBBSI
U COLIMAIbHON alalTalluy MOJPOCTKOB.
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PE3IOME

Xviposas 6onesHb neyeHun, KnaccuuLMpyeTcst Ha ankorosibHyl0 U HeanKkoronbHyt opMbl U ABMSETCS OQHON
13 Hambornee 4acTbix XpoHu4ecknx bonesren nevyeHn. OHa xapakTepnayeTcs N3bbITOYHBIM HAaKOMMEHNEM NUNUAOB B
renaTouMTax U MOXET nporpeccmpoBaTb A0 cTeaTtorenartuta, dmbposa v umpposa. Lienb nccnegosaHnsa — cpaBHUTL
0COBEeHHOCTV OOMeHa CUanornMKONPOTENHOB B TKaHSAX Xenyaka W TOHKOW KULLKW KPbIC MPU Pas3nUyHbIX MOAENsX
XMpoBOW BOMNesHN nedyeHn Ha OOHe BBEAEHWSA ageMeTuoHnHa. MaTtepuan u mMetodbl. SKCNEPUMEHT BbIMOMHEH Ha
64 B3pocnbix Benbix GecrnopogHbiX Kpblcax-caMuax, KoTopble MoaeneHbl Ha ABe rpynnbl: 32 KpbiCbl C MOAENbIO
HearnkoronbHou >xwupoBoi GonesHu nevenn (HAXBI) n 32 Kkpbicbl C Mogenblo ankoronbHon 6GonesHn neyeHu
(ABIT). Ha dpoHe aByx ykasaHHbIX dopMm >xupoBon 6onesHun nevenn (XKBI1) obeum rpynnam xuBoTHbIX C 21 OHA
BHYTPUMBILLEYHO BBEAEH pacTBOp S-afeHo3nnmeTnoHnHa (SAMe). Pesynbtathl n obcyxaeHne. SKcnepumeHTanbHble
AaHHble CBUAETENbCTBYIOT O TOM, YTO BBeAeHne SAMe yny4liaeT GuoxuMmyeckme nokasartenu nevyeHn (CHKeHue
TpaHCcaMuHa3s), 3ameqnsaeT pasBuTWe cTeato3a W CnocobCTByeT pereHepauuu renatouutoB. [lpu cpaBHeHWUM
KonmyecTBa obLLMX CUanoBbIX KUCMOT B TKAHSIX XKENyaKa v TOHKOW KUKV MeXay ABYMSi aHanvMavpyeMbiMu rpynnamm,
nx npeobnagaHve oTMeYaeTcs B rpynne XUBOTHbIX C Pa3BMBLLENCS HEanKoronbHOW >KMPOBON BONE3HbI0 NeYeHn un
BHYTPUMbILLEYHbIM BBEAEHUEM MpenapaTta afeMeTMOHNHA, a YPOBEHb cumanuaasHbix pepmeHToB Gbin, Haobopor,
fonbliue B rpynne ankoronuavpoBaHHbIX KPbIC, Takke MOMy4aBLUMX BbILLEOMUCAHHBIA renaTonpoTekTop. BbiBoabl.
Mcxoas m3 aToro, nNpu HeamnkoronbHOW XXMPOBOW GOMe3HW neyveHy MCnonb3oBaHWe AAHHOW rpynnbl nNpenapaTtos
YMEHbLUNT BOCMarneHne B MeYeHW M B [arnbHenlleM MOXeT CrocobCTBOBaTb BOCCTAHaBIIEHUIO HOPMarbHOMN
aPXUTEKTYPbI MEYEHOUHbBIX TKaHewW, YTO OTPaXaeTCsl CHUXKEHUEM YPOBHSI MapKepoB MOBPEXAEHUS.

KnioueBbie cnoBa: o6wue cuanoBble KUCHNOThbI, cuanuaasa, HeankoronbHas XunpoBas 6onesHb
neyvyeHu, ankorosibHas 6omne3Hb Ne4YeHU, aAeMEeTUOHMH.

COMPARATIVE FEATURES OF SIALOGLYCOPROTEIN METABOLISM IN THE TISSUES
OF THE STOMACH AND SMALL INTESTINE OF RATS IN VARIOUS MODELS OF FATTY
LIVER DISEASE ON THE BACKGROUND OF ADEMETIONINE ADMINISTRATION

Oksuzyan A. V.

Izhevsk State Medical University, Izhevsk, Russia

SUMMARY

Fatty liver disease (FLD) classifies into alcoholic (AFLD) and non-alcoholic (NAFLD) forms and ranks among the
most common chronic liver diseases. It features excessive lipid accumulation in hepatocytes and can progress to
steatohepatitis, fibrosis, and cirrhosis. The aim of study was to compare sialoglycoprotein metabolism features in the
stomach and small intestine tissues of rats under different fatty liver disease models during S-adenosylmethionine
(SAMe) administration. Material and methods. Researchers conducted experiments on 64 adult male outbred white
rats. They divided the animals into two groups: 32 rats with a non-alcoholic fatty liver disease (NAFLD) model and
32 rats with an alcoholic liver disease (AFLD) model. Starting from day 21, both groups received intramuscular S-
adenosylmethionine injections against the background of the respective fatty liver disease models. Results and discus-
sion. Experimental data show that SAMe administration improves liver biochemical parameters (lowers transaminases
and the atherogenic index), slows steatosis development, and promotes hepatocyte regeneration. When researchers
compared total sialic acid levels in stomach and small intestine tissues between the two groups, they observed higher
levels in the NAFLD group that received intramuscular ademetionine. In contrast, sialidase enzyme activity increased
more in the alcohol-exposed rats that also received the hepatoprotector. Conclusions. In non-alcoholic fatty liver dis-
ease, this group of drugs reduces liver inflammation and restores normal liver tissue architecture. This effect manifests
as lower levels of damage markers and prevents destructive processes in gastrointestinal tract tissues.

Key words: total sialic acids, sialidase, non-alcoholic fatty liver disease, alcoholic liver disease,
ademetionine.
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[To naHHBIM 3KCIEepUMEHTAJBHBIX HCCIe10Ba-
HUH panuoH, 00oraméHHbI GPYKTO30ii, BBI3bIBA-
€T y KpPBIC pa3BUTHE CTEATOTENaTUTa, CXOHOTO TI0
MOP(OIIOTHIECKIM TPU3HAKAM C HEalIKOTOJIBHOM
xupoBoi Oose3nwto neuenu (HAXKBII) y uenose-
ka [1]. [Tatorene3 ABII cBs3an ¢ mpsiMoil TOkCHY-
HOCTBIO 3TaHOJIa U MPOAYKTOB €ro MeTaboiau3ma,
YTO, TOMAMO XKHPOBOW TUCTPO(UHU MTEUECHH, BHI3bI-
BaeT reHepaIn3aIiio OKCHIATHBHOTO CTpecca U I10-
BPEKICHUE KIIETOK KETYI0YHO-KHILIEYHOTO TPAaKTa
(OKKT) [2; 3]. ITpu atom HAXBII acconunpyercs
C CUCTEeMHBIMH METa0O0IMYECKUMHU HAPYIICHUSIMHU:
OXXHpEHUEM, TuadeTOM 2 THUIA, TUCIHIUICMUCH,
IIPU KOTOPBIX MEYEeHBb CIYKHUT IO s N30BITKA
munuoB. B mobom cnygae, n pu HAXKBIL, u mpu
ABII HakonieHue Kupa B IEYEHN CONPOBOKIAETCS
MOBBIIIEHHEM YPOBHEH TpaHcaMHHa3 U MapKepoB
MoBpeXKAeHNS renarouToB [4; 5]. OxHol U3 axry-
anpHBIX KoHUenuuil B marorenese JKBII aBnsgercs
OCh «KHIIIEYHUK—TIeueHb» (gut—liver axis), oTpaxa-
romas asyHanpasieHHoe B3aumozeiicteue XKKT u
MeYeHH Yepe3 MOPTaIbHYI0 HUPKYIALHUIO U JKETd-
Hble myTH. Hapyienns MUKpoOHOTHI KUIIIEYHUKA U
MTOBBIIIEHHAS TIPOHUIIAEMOCTh CIIM3UCTON 000J104Y-
KU CITOCOOCTBYIOT TPAaHCIOKAIIUN OaKTepHaTbHBIX
MeTa0oIUTOB (PHJOTOKCUHOB, Mosiekynl MAMP/
PAMP) B BOpOTHBIN KPOBOTOK, YTO MHAYLHUPYET
BOCHAINUTEIbHBIE PEAKIIUK B NIEUEHU U YCYTyOser
cteatos [6]. Mcxoms w3 3TOT0, COCTOSIHUE CITH3UCTO-
ro 6apeepa JXKKT cunraercst KIIFO4eBBIM (PaKTOPOM
passutus u nporpeccupoBanus JKBII. Cnuzucterit
Oapbep KelyaKka U TOHKOH KHIIKH (OopMHUpYyeTCs
[JIaBHBIM 00pa30M CEKPETHPYEMBIMH JIHTEINEM
MYIIMHAMH - BBICOKOTJIMKO3UIIMPOBAHHBIMU OETIKaMH
(CHAITOTIIMKOTIPOTEMHAMH ), COCTABJISTFOIIIMMH MYKO3-
HYyI0 000JIOUKY W TJIMKOKAJIUKC AnuTenus. OHU BbI-
MOJHSIOT OapbepHYIO M 3aIIUTHYIO (QYyHKIHUH, Mpe-
MSATCTBYSI IPOHUKHOBEHHIO TOKCUHOB, MUKPOOOB 1
arpeccHuBHbIX BelllecTB K TkaHAM cTeHkH JKKT. B3a-
umocBsizb Mexy JKBIT u nmartonorueit KKT xopoiio
W3BECTHA: TIPU OKUPEHUH W META0OIUIECKOM CHH-
npome, xapaktepHbIx 111 HAXKBII, ctaructiuuecku
yale BCTPEeYaroTCsl TaCTPUTHI U SI3BEHHBIE TOpaXKe-
HUA, @ XPOHUYECKUN aJIKOTOJIM3M TMOBBIIIAET PUCK
racTpOdHTEpPHUTA U KpoBoTeueHuit [2]. I3BecTHO, 4TO
S-aneHO3MIMETHOHHH SBIISIETCS BaYKHBIM KOMITOHEH-
TOM METa0OJIM3Ma TeNaTOIMTOB U MIMPOKO UCTIOh-
3yeTcsl B KaUeCTBE IenaTonpoTeKTopa MpU pa3HbIX
¢dopmax XKBII [5]. On yyacTByeT B METHIIMPOBAHUU
dhochomumuaoB MeMOpaH, CHHTE3€ TIIYTaTHOHA
PETYISIUY TeHOB perapannuy IedeHw.

Takum 00pa3oM, y4WUTHIBasg BO3PACTAIONIYIO
pacupoCTpaHEHHOCTh U B3aMMOCBS3b JKMPOBOU
Oone3nu nedenu ¢ Hapymenusmu JXKKT, uccneno-
BaHHE OOMEHa CHAJIOTJIMKOTIPOTENHOB B JKEIyJKe
u ToHKo# kumike npu momensx HAXXBII u ABII
CTAHOBHUTCS OCOOEHHO aKTyalbHBIM. BoBieueHue
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3Tux opraHoB B natorenes JKbII 1aétr BO3MOKHOCTh
MOJYJIUPOBATh UX COCTOSHUS TEPaleBTHUCCKUMH
CpelICTBaMH, B YaCTHOCTH, IeMaTONPOTEKTOPOM —
S-a/IeHO3MIMETUOHUHOM.

enpro mccienqoBanus OBLUTO IPOAHATU3UPOBATH
CpPaBHUTEIIbHBIE 0COOCHHOCTH 0OMEHa CHAIOTITHKO-
MIPOTENHOB B TKAHSX YKEITYKa M TOHKOH KUIIIKH KPBIC
MIPH Pa3IIUYHBIX MOJISIISX KUPOBOH OOJIE3HU NICUCHH
Ha ()OHE BBEICHUS aJICMETHOHUHA.

MATEPHUAJI 1 METO/bI

OnbITH TPOBOIMIH Ha 64 B3pOCIBIX OeNbIX Oec-
MOPOJHBIX KpbIcax caMuax maccoit 220-260 rpam-
MOB. JlJIsl JOCTUXKEHHUS NIOCTABICHHON LIEJIM BCEX
9KCIEPHUMEHTAIBHBIX JKUBOTHBIX pa3Zesisiiif Ha JIBe
MTOATPYIIIBL: TiepBasi — 32 1abopaTopHBIC KPBICH,
Yy KOTOPBIX (POPMHUPOBAIN MOJIEIb HEAIKOTOJbHON
KHUPOBOH OOJIC3HU NEYEHHU € ITOMOLIBIO KOPMJICHHUS
nuieH, odorameHHol QPyKTO30i HA MPOTKEHUN
35 cyrtok [12]; BTOpas — 32 ONBITHBIX I'PBI3YyHA, Y
KOTOPBIX HHIYIIMPOBAJIN aJIKOTOJIHYIO OOJIE3Hb Tie-
yeHu (ABII) exenHeBHBIM OTHOKPATHBIM BHYTPH-
XKelynouHbIM BBeaeHueM 40% pexkruduuupoBaH-
HOro 3ta”oja B TeuyeHue 70 nueil. OqHOBPEMEHHO
Ha (oHE ABYX yKa3aHHBIX (JOPM KUPOBOH OOie3HN
reyeHn 00enM rpyIinaM KUBOTHBIX ¢ 21 1HA BHY-
TPUMBIIIEYHO BBOJIMIIN I€IIATOIPOTEKTOP C AECHCTBY-
FOLIMM BEIIECTBOM S-aJIeHO3UIMETHOHUHA B 103¢€ 20
MI/KT Beca tena [13].

KoHTponbHY!0 IpyIiny cOCTaBIIsIM IIECTHAATh
KpBIC: BOCEMb 13 HUX CO/Ep)Kalii Ha OOBIYHOM pa-
LIMOHE BUBApUS U BHYTPUMBILIEYHO OHU IOIyYaslnd
0,9% pactBop NaCl na 20 Mr/Kr Beca >KHBOTHOTO;
OCTaJIbHBIE BOCEMb €)KECAHEBHO BHYTPIHIKEITYJOYHO
nosydanu (GU3HOJIOTHYECKUI pacTBOp U BHYTPH-
MBIIIEYHYI0 HHBEKINIO aHAJIOTUYHO MPEIbIIyIIeH
KOHTPOJIBHOM rpymrie.

PasButue sxcniepumenTanbHbix moaenei XKbBIT
MOATBEPKAAIN PE3YJbTaThl TUCTOJIOTHYECKUX HC-
CJeA0BaHUN, MPOU3BOJUMBIX MOJ MHKPOCKOIIOM
«Olympus CX31» ¢ yBenn4deHneM B 4eThIpecTa pas,
Y U3MEHEHHSI aKTUBHOCTH ()EPMEHTOB: allaHWHAMHU-
HoTpancdepassl (AJIT) u acmapraramuHOTpaHChE-
passl (ACT), menounoii pocdarazer (IL[D) u ramma-
rytamuitpancdepassl (I'T'T). lannbie mokazarenu
OIIpEIEIISUIN C TOMOUIBIO CTaHJAPTHBIX HA0OOPOB.

OOMeH CHaJIOTIIMKOIIPOTEUHOB OLICHUBAIN Ha 21,
35, 60 1 90 cyTku. B 3TH CpOKM KMBOTHBIX JICKa-
MUTUPOBAIN 110J U30(IypaHOBBIM HAPKO30M C CO-
OJIIOICHUEM BCEX ATHUYECKUX HOPM (JIOKQJIbHBIN aKT:
anmIuKanguoHHeld Homep 751/1 ot 01 mapra 2023
roga). B chIBOpOTKE KpOBU B TOMOTEHATaX (CIM3U-
CTOM CJIO€ M CTEHKE JKeJTyJIKa U TOHKOM KHIITKU U TIe-
YeHHU KPBIC) OIICHUBAIN 00IIee KOTMIESCTBO CHAJIO-
BbIX kucioT (OCK) u cnanunazer (CA), ¢ moMoIIsio
TecT-cucteM [14]. CTaTUCTUYECKU aHATIU3 pEe3yJib-
TaTOB MPOBOJWIIN C TOMOIIIBIO HEMapaMeTPUUECKUX
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METOJIOB: JJISl KOJTMYECTBEHHOM OLIEHKHU MCTIONIb30Ba-
nu U-kputepuit MaHHa-YUTHU C I0CTOBEPHOCTbHIO
p<0,05; k02hHUITHEHT KOPPETAIIUHA OTICHUBAIIH TI0
Meronuke CrnupmeHa ¢ JocToBepHOCThIO p<0,05 ¢
noMoInbe nporpamm Microsoft Excel u «Statistica
13.5». B rpynnax BbIOOPKH BBIYHCISUIH CIEAYIO-
M€ MapaMeTphl: 3HaYeHUs MeaAnansl (Me), HKHUN
(Q25) u Bepxuwmit (Q75) KBapTHUIH.

PE3VIIBTATBI U OBCYXJIEHHUE

[TaTomoponornueckue ncciaeT0BaHus CPE30B
neyeHu npu GpyKro30000raleHHOHN aueTe Ha poHe
BBEJICHHUSI T€MaTONPOTEKTOPa S-aJICHO3UIIMETHOHIHA
CBHJICTEIHCTBYIOT O HaJIW4MH Ha 21 cyTku ciabo-
BBIPQXKEHHOH 3epHUCTON auctpoduu, a kK 35 qHIO
— HEHTpaJIbHas BEHA MEYEHU PE3KO PaclIMpEeHa, HO
apXUTEKTOHUKA TKaHU coxpaHeHa. K 60 nHio Bu3y-
anmuzupyercst auddy3Has BeIpakeHHast AUCTPOPuUs
I10 BCEH TKAHU IIEYEHH U BBIABISIETCS Ipoaudepanys
KyI(epOBCKUX KJIETOK, IIPU 3TOM I'elaTOLUThI Ha-
XOJISITCSI B COCTOSIHUM AUCTPOHH ONMXKe K LEHTPY
JOJbKH, a 1o nepudepun Hopmaibubie. Ha 90 cyT-
KM OKOJIO IIEHTPAJIbHOW BEHBI COXpaHEHa 3epHUCTAs
JUCTpOo(Us renaTonuToB, HO Y>K€ MEHbILE, YEM Ha
riepudepun.

Ha mukpornpenaparax rne4eHu ankoroJu3upOBaH-
HBIX KpBIC, KOTOPBIM C 35 IHS BBEIEH pacTBOp aje-

50%
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10%

METHOHHUHA Ha 21 JeHb — OTMEUaeTCs BhIpaKCHHAS
nuctpodust Onmke K nepudepun JoNbKH, a yiKe K 35
1 60 cyTKam BBISBIICHBI BEIPAKEHHBIE JIECTPYKTHUB-
HEIE TIPOIIECCHI OMIIKE K TIepu(epun TOIbKH, TOTIA
kak Ha 90 1eHp HaOMOTaeTCsl yMepeHHas 3epHUCTAs
JUCTPOQUS B OTJIENBHBIX TPYIIAX eMaToUTOB.

B chiBopoTKE KpOBH J1a00OPATOPHBIX KPHIC TIEp-
BOI 3KCIIEPUMEHTAJIBLHON TPYIIIbI, Y KOTOPBIX BbI-
3BaHa MOJICNIb HEATKOTOJIBLHOU KUPOBOU OOIE3HU
MEYeHH JUTUTEITHHBIM PPYKTO30000TallIEHHBIM ITH-
TaHWEM M OJHOBPEMEHHO C 21 CyTOK HaOIIOICHHHA
BHYTPUMBILICYHO MOTYUYAIOIINX PACTBOP aJeMETHU-
onuHa (SAMe), B HaYaIbHOMN JI€KaJ]le OMBITOB BbI-
SIBJICHO JJOCTOBEPHOE CHUIKCHUE aKTUBHOCTH (ep-
menToB AJIT u I'TT, a mmenno ¢ 21 o 35 gum, a
taxxe sH3uMa LD, Ho ¢ 21 no 90 cyTku, Torga kak
ACT crarucTHuecku 3HauuMoO yBenaudeHa ¢ 60 1o
90 nuu (puc. 1).

IIpn 3TOM BO BTOPOM I'pynIie ONBITHBIX KUBOT-
HBIX, Y KOTOPBIX OKCIIEPUMEHTAIBHO cPOPMHUpPOBaHa
AJIKOTOJNIbHAs OOJIe3Hb TICYCHH €KETHEBHBIM HHTpA-
racTpajibHbIM BBeAeHueM 40% pacTBopa STUIOBOrO
criupta B TeueHue 70 AHEH U OTHOBPEMEHHO UHB-
SIUPOBAHBI IIPerapaToM S-aaeHO3MIMETHOHIUHA C
21 mast u 7o 90 cytok, kounentparuu AJIT u ACT
BO3pACTaIOT B TEUCHHUE BCETO TIEPHOIa HAOMIOMECHUS
C MaKCUMaJbHBIMU MOKa3aTensiMu Ha 21 1 Ha 35 cyT-
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Puc. 1. lnunaMuka akTUBHOCTH ()¢PMEHTOB B CBIBOPOTKE KPOBU KPBIC ¢ HEAJIKOT0JIbHOI :KMPOBOI 00/1€3HbI0
NneYyeHu, BHYTPUMBbILIEYHO MoJy4aBuiux ageMeTuoHud (Me [Q25;Q75], n=8). [Ipumevyanue: 10cTOBEPHOCTH
pa3au4nii MeKAy ONbITOM H KOHTpoJeM: - p < 0,05. Yci1oBHbIe 0003HAYEHHSI MEKTPYNNOBBIX CPABHEHHMIi:

A - p<0,001,#-p>0,001, a — U=0, p — U#0.

Fig 1. Dynamics of enzyme activity in the blood serum of rats with non-alcoholic fatty liver disease treated
with intramuscular injections of ademetionine (Me [Q25;Q75], n=8). Note: the validity of differences between
experience and control: * - p < 0.05. The symbols of intergroup comparisons are * - p < 0.001, # - p > 0.001,
o —U=0, g — U#£0.
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Puc 2. /lunamuka akTHBHOCTH ()ePMEHTOB B CHIBOPOTKE KPOBHU I'PBHI3YHOB € aJIKOTOJILHOI 00/1€3HBIO TEeYeHH,
O/THOBPEMEHHO HHBbEeNNPYeMbIX NpenapaToM S-aJeHO3UJIMEeTHOHNHA B IMHaMuKe onbIToB (Me [Q25;Q75],
n=8). Ilpumeyanue: 10CTOBEPHOCTHL PA3TNYHIl MEKIY ONBITOM U KOHTpoJseM: - p < 0,05. YciioBHBIe 0003HAaYe-
HHS MEKTPYNIOBBIX cpaBHenmii: * - p < 0,001, #- p > 0,001, a — U=0, § — U#0.

Fig 2. Dynamics of enzyme activity in the blood serum of rodents with alcoholic liver disease treated with
concurrent injections of S-adenosylmethionine during the course of the experiment (Me [Q25;Q75], n=8).
Note: the validity of differences between experience and control: * - p < 0.05. The symbols of intergroup
comparisons are * - p < 0.001, # - p > 0.001, a — U=0, § — U#0.

ku. Kpome storo, konudectBo D u I'TT nmokassi-
BaeT paBHOMEPHBII POCT B TE€UEHHUE BCETO NMEPUOAA
HaOmoneHus (puc. 2).

IIpu ananu3e nokaszareyeil AByX cepuil B MEK-
TPYNIIOBOM CpaBHEHUHM OTMEYaeTcs Ipeodiaganme
BO BTOPOI MMOAONBITHOHN IpyIIE KUBOTHBIX IO aK-
tuBHOCTH (pepmentoB AJIT (p=0,014, r=-0,617),
ITT (p=0,001, r=-0,827) u 1D (p=0,001, r=-0,827),
torna xak yposeb ACT nHa 21 nens (p=0,001, r=-
0,827) mMeeT aHATOTHYHYIO TEHACHIIUIO C U3Me-
aeansimu dH3uMa AJIT (p=0,001, r=-0,827), a x 90
cyTtkam, Haobopot, yposerb ACT (p=0,001, r=0,827)
JIOMHUHUPYET B CEPUH MTPH HEAJIKOTOIBHOM JKUPOBOH
OoJie3HU TIeYeHU Ha (OHE BBEIEHHSI renaTonpoTeK-
Topa (puc.1, puc.2).

B cp1BOpoTKE KPOBU IKCIEPUMEHTATBHBIX KH-
BOTHBIX, HAXOSIIIUXCS Ha BRICOKO(PPYKTO3HOM JTHe-
TE€ C OAHOBPEMEHHBIM BHYTPUMBIIICYHBIM BBEICHH-
eMm S-aneHo3unMeTnoHnHa (SAMe) KOHLIEHTpaLus
obumx cuanobix kucior (OCK) u cuanunaznoit
aktuBHOCTH (CA) coxpaHseT JUHAMHKY POCTa C
HanOonpImmMu 3Ha4eHusIME Ha 35, 60 u 90 cyTkw,
coorBerctBeHHO OCK — Ha 47,1% (p=0,001), 32,4%
(p=0,001) u 22,1% (p=0,001), a CA — na 182,4%
(p=0,002), 170,6% (p=0,002) u 211,8% (p=0,002)
OT KOHTPOJISL, a B TPYTITIE aJIKOTOIN3UPOBAHHBIX I'PhI-
3yHOB Ha (hoHE BBEJICHHS TEMaTONPOTEKTOpa aieMe-
tuoHuHa ypoeHb OCK u CA yBenuuuBaeTcs ¢ Mak-
CHMaJIbHBIMH 3HaUueHUsMU Ha 21, 60 1HH, a IMEHHO
Ha 636,8% (p=0,001), 120,6% (p=0,001) u nHa 35,
60 cytku Ha 267,6% (p=0,002) u 229,4% (p=0,002)
COOTBETCTBEHHO OT KOHTPOJBHBIX 3HAYCHUH.

B romorenarax nedenn 1abopaToOpHBIX TPHI3Y-
HOB, KOTOPBIM €XE€ITHEBHO B TeueHue 35 nHeil npo-
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BeJICHBI NHBEKITUU SAMe 1 HaKOPMJICHBI MUIICH,
oborameHHol (PyKTO30H, BEIABIsACTCS Ha 60 NeHD
HaOJIOIeHHS I0CTOBEPHOE CHUKEHUE KOJTUYECTBA
OCK na 17% (p=0,001) B oTiinuue oT mokaszare-
JIeil ”HTaKTHBIX KpbIC, a 3HaueHue CA mokas3biBaeT
pa3HOHANIPABICHHYIO TUHAMHKY: MaKCUMAaTbHBINA
poct Ha 21 n 35 cyTKH, cOOTBeTCTBEHHO Ha 43,1%
(p=0,041) u 51,7% (p=0,041), Torna xax Ha 60
JeHb OTMeuaeTcst ymeHoenue Ha 51% (p=0,041)
OT aHAJIOTUYHBIX [TOKA3aTeJIeH IPyIIbl CPAaBHCHUS.
B TkaHSX medeHW aJKOTOJIM3UPOBAHHBIX KUBOT-
HBIX C OJTHOBPEMEHHBIM BBEIACHHUEM TEIIaTOIPO-
TEKTOpa HAOIIOIaeTCs CTATHCTUYECKN 3HAUNMOE
camkenne konundectsa OCK, B ocoOeHHOCTH Ha
35 u 60 nuu, a umenno Ha 58,1% (p=0,001) u 47%
(p=0,001) ot kouTpons. I[Ipu >ToM aKTUBHOCTH
cHauaa3bl TOCTOBEPHO yMeHbImaerca Ha 60 u
90 cytkm, coorBeTcTBeHHO Ha 49,2% (p=0,041)
u 72,3% (p=0,041) B cpaBHEHHH OT 3HAUYCHUH
KOHTPOJBHBIX JXUBOTHBIX. [Ipu aHanu3e BhINICO-
MHUCAHHBIX MOKa3aTeae MeXAy ABYMsS CEpHUSIMU
AKCTIEPUMEHTOB B TOMOTCHATAaX MEYCHU B TCUCHHUE
BCETO Tepuoaa HaOIIOACHUS BBISBIAIOT MPE0O-
NajaHue OOIIMX CHUANOBBIX KUCIOT Yy TPHI3YHOB
C DKCIEPUMEHTAIbHON HEAJIKOTrOJIbHOU KUPOBOI
0oJIe3HbIO MeUCHN Ha (DOHE BBEACHUS aJ[EMETHO-
HuHa (Tabdmn. 1).

B cnuzucToit 000m0UKe jKemyIKa OMbITHBIX TPhI-
3YHOB TIEPBOH T'PYIIIBI OTMEUYAETCS CTATUCTHYECKH
3HAYMMOE TTOBBIIICHHE COIEPIKAHUS OOIIUX CHAIIO-
BBIX KHCJIOT U CHAJIMJIA3HOW aKTUBHOCTH, IPH 3TOM
B0 BTopoii rpymre ypoBenb OCK Bo3pactaer oT KoH-
Tpoisit Ha 21 1 35 AHM, a aKTUBHOCTH CHATUIA3HbIX
tdhepmenToB ¢ 21 mmo 35 cytku (Tabm. 1).
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Tabauua 1. Ilunamuka nokasaresieil 00MeHa CHAJIOIIUKONPOTEMHOB B TOMOI€HATAX Pa3HbIX €J10€B TKaHel
JKeJIYAKA KPbIC IPU HEAJKOr0JIbHOM KMPOBOi 00/1e3HU NeYeHU U AJKOIr0JbLHOM 00J1e3HH IeYeHU U NPH BHY-
TPUMBbILIEYHOM BBeleHUuM ajeMeTnonuna (Me [Q25; Q75], n=8).
Table 1. Dynamics of sialoglycoprotein metabolism in homogenates of different layers of rat gastric
tissues in patients with non-alcoholic fatty liver disease and alcoholic liver disease and with intramuscular
administration of ademetionine (Me [Q25; Q75], n=8).

1 rpynna (HeasikoroJyibHasi ;kupoBasi 60J1€3Hb Ne4eHH NPH BBeJAeHUHU S-a/IeHO3UJIMEeTHOHUHA)

OCK B ciu- CA B causu xe- OCK B cTeH- CA B cTen-
IToka3zarennb
(e, m3m.) 3W KENyJIKa myaka (MMOJb/ Ke KeIyKa K€ KeyKa
’ ’ (MMOJIB/KT) Kr/q) (MMOITB/KT) (MMOTIB/KT/9)
I—— 7,2 7,5 3,85 2.9
P [6; 8,4] [6,2:9.3] [3.4;4,3] [2,6;3,3]
54,3 47,5 6,9 3,65
21 [51;56,5]* [44; 52]* [6,05; 7,8]* [3;4,35]*
+654,2% #a, +533,3% #a +79,2% #a. +25,9% "B
46 42.5 5,75 2,25
35 [40; 52] * [38,5; 47,5]* [5.45; 6]* [1,8;2,7]*
JHH +538,9% #a +466,7% #a 49.40% -22,4% #a,
JKCTIEPUMEHTA 73 27,5 7,7 1,05
60 [68; 76,5]* [24; 32,5]* [7; 8,55]* [0,85; 1,5]*
+913,9% #a. +266,7% #a +100,0% #a. -63,80%
97,5 46,5 6,3 2,85
90 [88,5;114] * [41,5; 517* [5,75; 7,25]* [2,4; 3,3]
+1254% #o. +520,0% #a. 63,60% -1,7% "B
2 rpynna (AJIKOroJbHas ;KupoBasi 060J1e3Hb NeYeH! NPH BBeIeHUH S-2/IeHO3UIMEeTHOHMHA)
n OCK B ciu- CA B causu xe- OCK B cTeH- CA B cTen-
oKas3aresb
(e, m3m.) 3W KENyJIKa myaka (MMOJb/ Ke KeIyKa K€ Key/IKa
) ’ (MMOJIB/KT) Kr/4) (MMOJB/KT) (MMOB/KT/4)
I—— 7,2 7,5 3,85 2.9
P [6; 8,4] [6,2;9,3] [3,4;4,3] [2,6; 3,3]
11,5 21 8 5,1
21 [10,2; 13,5]* [20; 227* [6,9; 8,7]* [4,6; 5,71*
+59,7% #a, +180% #a. +107,8% #a. +75,9% "B
10 16,5 5,55 4,2
35 [9,0; 11]* [15,9;17,5]* [4,9; 5,8]* [4; 4,5]*
JHH +38,9% #ao +120% #o. 44.20% +44,8% #a,
SKCIICPUMCHTA 7,4 11,5 3,55 3,1
60 [7,0; 8,0]* [10,6; 12,5]* [3,2;3,9] [2,6; 3,5]
+2,8% #o. +53,3% #a -7,8% #ao. 6,90%
6,7 9,3 3,65 2,65
90 [5,4; 8,1] [7,6; 11,6] [3,5;3.9] [2,5; 3]
-6,9% #ao +24% #o. -5,20% -8,6% "B

Mpumeuanne: OCK — obmue cuanorsie KucioTsl, CA — cuanuja3Has akTUBHOCTb; JIOCTOBEPHOCTh pas3-
JUYHA MKy OMBITOM U KoHTposieMm: — p<0,05 u Mexay onbsiTHEIMU cepusimu:  — p< 0,001, # — p>0,001,

a—U=0, B — U0.

Note: TSC — total sialic acids, SA — sialidase activity; the validity of differences between experience and
control: *- p<0.05 and between the experimental series: * — p<0.001, # — p>0.001, o — U=0,  — U#0.

B crenke xenyjka J1abOpaTOPHBIX KPBIC HaXo-
JUIIUXCST Ha (PPYKTO30000TaIICHHOM JHUETE C OIHO-
BPEMCHHBIM BBEIICHHEM PAacTBOpPA aIeMETHOHUHA,
HaOmomaercst Bo3pacranne OCK ¢ HanbonpmmmMu
3HaueHusAMH Ha 21 u 60 1HU B TO BpeMs, KaK ak-
TUBHOCTh ()EPMEHTOB, Pa3pyIIAIOIINX CUATIOTITHKO-
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MIPOTEUHBI, Ha 21 CyTKM 3HAYMMO yBEJIUYHUBAETCS, a
¢ 35 musa 1o 60 CyTOK TOCTENEHHO CHUXKACTCA U K
90 mHIO TIPUOTMKACTCS K KOHTPOIIO. B cTeHke ke-
Jy[Ka y SKCHEPUMEHTAIbHbBIX KHBOTHBIX, KOTOPBIX
B TeueHune 70 nHel BHyTprokenyaouHo norT 40%
PEKTH(OUIMPOBAHHBIM ATAHOJIOM U, TAKHMM 00pa3oMm,
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MPOAHAIM3UPOBAHA IMHAMUKA TTOBBILIICHUS O0IINX
cuanoBbIX kucaot ¢ 21 mo 90 nHu, npu 3TOM cHua-
JUIa3Hast aKTUBHOCTH ¢ 21 1m0 35 CYTKHM CHIDKEHA,
a 3atem Ha 60 neHp moBEBIIIEHA, a K 90 mHIO J10-
CTUTHYTa 3HAUYECHUS KOHTPOJIS.

MOJISJIUPYIOT AJIKOTOIBHY0 O0Jie3Hb neuenu (ABIT),
BU3YATN3UPYETCS JOCTOBEPHBIA POCT OOIINX CHa-
JIOBBIX KHCJIOT W cHanuaasbl Ha 21 u 35 cyTku, a
B OCTaJIbHBIC THH OTMEYEHO MPUONIMIKEHUE K KOH-
Tpoito (taba. 1). B cauzucroit 060104Ke TOHKOH
KUIIKYU B IIEPBOU MOJONBITHON I'PYIIIE TPBI3yHOB

Tabauua 2. luHamMuka nokasaresieid 00MeHa CHAJIOIVIMKONPOTEMHOB B TOMOI€HATAX PA3HBIX CJ10€B TKaHel
TOHKOIi KHIIKH KPbIC IPH HEAJTKOT0JILHOMN KUPOBOIi 00J1e3HH MeYeHH U AJKOTOJIbHOI 001€3HH MeYeHn U MPH

BHYTPUMBIIIEYHOM BBeieHHHU ageMeTHoHHHA (Me [Q25; Q75], n=8).
Table 2. Dynamics of sialoglycoprotein metabolism in homogenates of different layers of rat small intestine
tissues in patients with non-alcoholic fatty liver disease and alcoholic liver disease and with intramuscular
administration of ademetionine (Me [Q25; Q75], n=8).

1 rpynna (HeasnkorosibHasi ;KHPOBasi 00J1€3Hb MeYeHH NMPU BBeAeHUH S-a/IeHO3UIMETHOHHHA)

Tokasarens OCK B ciu3u CA B cinusu OCK B cTeHke CA B cTenke
(en. wsm.) TOHKOM KMITKA | TOHKOM KHMIIIKM | TOHKOM KHIIKH | TOHKOM KUIIKH
o ) (MMOJIB/KT) (MMOJTB/KT/4) (MMOJIB/KT) (MMOJIB/KT/9)
KOHTPOJIb 4,3 8,4 4,25 1,85
pot [3,5; 5,3] [6,2; 10,2] [3.4;4,7] [1,6; 2,3]
12,7 6,1 5,35 2,85
21 [9,9; 15,6]* [5,7; 6,6] [4,9; 5,6]* [2,35; 3,3]*
+195,3% #a. -27,4% #o. +25,9% #a. +54,1% #a.
10,7 5,7 6,05 1,8
35 [8,2; 12]* [4.8; 6,5]* [5; 6,7]* [1,35;2]
JHH +148,8% #a. -32,1% #a. +42,4% #a, -2,7% #o.
SKCIICPUMCHTA 12,1 12,1 6,7 2,75
60 [11,4;13,2]* [11,7; 13]* [6.,45; 71* [2,35;2,95]*
+181,4% #a. +44,0% #a +57,6% #o. +48,6% #a,
10,3 8 5,95 3,85
90 [8,5;12,3]* [7,5; 8,5] [5; 7,2]* [3.4; 4,2]*
+139,5% #a. -4,8% #o +40,0% #a. +108,1% #a.

2 rpynna (AJIKOroJbHas KUPoBasi 00Jie3Hb NeYeHU NP BBeIeHHU S-2/1eHO3HIMEeTHOHIHA)

Tokasarens OCK B cim3u CA B cim3u OCK B cTeHKe CA B cTenke
(en. wsm.) TOHKOM KUIIKK | TOHKOW KUIIKH | TOHKOM KMIIKH | TOHKOM KHMIIKH
’ ) (MMOJIB/KT) (MMOJB/KT/4) (MMOJIB/KT) (MMOJTB/KT/4)
KOHTPOITD 43 8,4 425 1,85
[3,5;5,3] [6,2; 10,2] [3,4;4,7] [1,6;2,3]
5,75 26,6 6,25 4.1
21 [5.4; 6,5]* [24; 31,6]* [5,9; 6,7]* [3,8; 4,4]*
+33,7% #ao +216,7% #o. +47,1% #a, +121,6% #a.
4,05 21,7 4,15 3,55
35 [3,7; 4,6] [19,4;23,8]* [3,9; 4,5] [2,8; 4,6]*
IHU -5,8% #a +158,3% #a -2,4% #a +91,9% #a.
IKCIIEPUMEHTA 3 16,2 2,7 2,1
60 [2,6; 3,4]* [15,2; 17,4]* [2,5; 3]* [1,8;2,4]
-30,2% #a +92,9% #a. -36,5% #a. +13,5% #a.
3,05 11,9 3,3 2,05
90 [2,7; 3,7]* [10,6; 12,4]* [3,1; 3,6] [1,9; 2,2]
-29,1% #a +41,7% #o. -22,4% #a, +10,8% #a,

Mpumeuanune: OCK — oOmue cuanosbie kuciotel, CA — cuaiuia3Has akTHBHOCTb; JJOCTOBEPHOCTh pa3-
JIWYUN MEXKIY OMBITOM U KoHTposeM: — p<0,05 u mexay onsITHBIMU cepusmu: ~ — p<0,001, # — p>0,001,
o — U=0, B — U#£0.

Note: TSC — total sialic acids, SA — sialidase activity; the validity of differences between experience and
control: * —p <0.05 and between the experimental series: * — p<0.001, # — p>0.001, a. — U=0, B — U#0.
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B cauzucroit 060104Ke TOHKONH KUK BTOPOH
rpymsl Kpsic konnaectBo OCK mocToBepHO yBeu-
YeHO Ha 21 AeHb OT 3HaYCHUN MHTAKTHBIX KUBOT-
HbIX, a Ha 60 1 90 cyTKu - yMeHblIeHO. OHOBPEMEH-
HO C 3TuM, ypoBeHb CA Bo3pacTaeT Ha IPOTSKEHUN
BCEro nepuoja HabIoeHU ¢ HauOOIBIIUMH 3HA-
YEHUSMU B [IEPBOH JIEKaJle CEpUU OIIBITOB. B cTeHKE
TOHKOW KHIITKY SKCIIEPUMEHTAIBHBIX TPHI3YHOB, Ha-
XONIAIIUXCS Ha BBICOKO(PYKTO3HOH Anere Ha GoHe
BHYTPHUMBILLIEYHOTO BBeieHUsT SAMe, 0TMEUeHO Ho-
BoieHue coaepkanus OCK Ha mpoTsHKeHHH BCEro
nepuojia HaOroeHus, a yposeHb CA Bo3pacTaeT Ha
21, 35 u 90 cyTku ot KoHTpOJIA. (Tabm. 2). [Ipu 3TOM
B TPyNIE alKOTOIU3UPOBAHHBIX KPBIC, KOTOPHIM C
21 mHS SKCIIEpUMEHTA MPOBEICHBI HHBEKIINH Pac-
TBOpOM Jinopuin3ara S-aJeHO3WIMETHOHUHA, Ha 2 1
JIeHb OTMEUYAETCs pOCT OOIIMX CHAJIOBBIX KUCIIOT, &
Ha 60 CyTKM MX CHIIKEHHE OT TPYyMIIbl CPAaBHEHHUS.
AKTHBHOCTH (hepMEHTa, pa3pyIIafoIIero CHaIOTIIN-
KOIIPOTEUHBI, JOCTOBEPHO MOBbIIeHA HA 21 u 35
JTHH OIIBITOB OT KOHTPOJIA (Tada. 2). [Ipu cpaBHeHNN
BBIIICOMTUCAHHBIX TIOKa3aTelel KOTMYECTBO OOLINX
CHAJIOBBIX KHCJIOT M@Ky ABYMs aHAJIM3UPYEMBbIMU
rpymnmnaMu mpeodiagaeT B TPyIIe 1abopaTOPHBIX
KpBIC C pa3BUBIIEHCS HEATKOTOIILHOM JKUPOBOii 00-
JIE3HBIO NIEYCHN U BHYTPUMBIIICYHBIM BBEJICHHEM
npenapara aieMeTHOHUHA, & YPOBEHb CHATHIa3HBIX
(hepMeHTOB, HA00OPOT, OOJIbIIIE B IPYIINE AJIKOTOJIH-
3MPOBAHHBIX KPBIC, TAK)KE MOTYYAIOIINX BBIIIICOH-
CaHHBIN remaronpoTekTop (Tadm. 2).

DKCIIepUMEHTAIBHO JI0KA3aHO, YTO Y JKUBOTHBIX
¢ mozpesimMud HAJKBIT u AXKBII nabnaronaroTcs BbI-
pakeHHbIE HapyIIeHHUs roMeocTas3a CIM3UCTOro Oa-
prepa 1 0OMEeHa COCTABIISIIONINX €r0 ITUKOIPOTEH-
HOB. MHOTHE HCCIIeIOBaHNS yKa3bIBAIOT HA TO, YTO
MeTa0O0IH3M CHAJIOTIIUKOIIPOTEMHOB (0COOEHHO CO-
JIeprKaIliX CHAIOBYIO KHCIIOTY) CYIIECTBEHHO MEHSI-
eTcst Iipu (POPMHUPOBAHUH KUPOBOI OOJIE3HN Teue-
Hu. Tak, B cpaBHHTENBEHOM dKcriepuMeHTe Rasineni
u coaBT. (2016) BeIgBIeHO, uTO B MOmessix AXKBIT
Y KpBIC CHI)KEHBI ITOKa3aTeNn dHI0IMTO3a CHAJIO-
DJIMKONPOTEUHOB, Torna kak B moaenu HAXBII na
BBICOKOKMPOBOM TUETE 3TH MapaMeTphl OCTAIOTCS
HEU3MEHHBIMH. JTO TOBOPHUT O TOM, YTO 3TaHOI
cnenn(pUIecKy HapymaeT YTHIN3AHIO ITeIEHOTHBIX
[JIMKOTIPOTENHOB, B TO BpeMsI Kak caM (paKT cTeaTosa
ipu HAXKBIT Takux ¢ dexroB He BeI3BIBaET [7].

B cBoto ouepenb, OTEUECTBEHHBIE HCCIIEJOBAHUS
MOKa3bIBAIOT pasznuuHyto peakuuio TkaHei XXKKT Ha
XKBIT. ITpu sxcnepumentansaori HAYKBIT Ha done
BBICOKO(PYKTO3HOW TUETHI B CTEHKAX JKEIyaKa U
TOHKOHW KHIIKH MPeodaatoT KaTaOoINIeCKue 13-
MEHEHHs CHAJIONINKOIPOTENHOB: OTMEUYEHO J1€CH-
aJMpPOBAaHUE MYI[MHOB, YTO COIYTCTBYET BOCHAIH-
TEJIHHOW peaKIMK CIU3UCTON 000JOYKH BHIIIEHA3-
BaHHBIX opranoB JXKT. ITpuuém, naHHbIe Tpo1iecchl
OKa3anch 0oJiee BHIPAKEHHBIMH B JKEIy/IKe, YeM B
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TOHKOH KHILIKE, YTO comlacyercs ¢ Oojiee arpeccus-
HOW cpeloi B KEIyIOYHOM OT/ele U HaOMIONCHHSI-
MU O YacCTBIX IPO3UBHBIX MOPAKEHUX JKEITyIKa IPU
MEeTa0OIUYEeCKUX HapyIIeHUsIX [8].

Knuandeckne u sKCriepuMEHTaJIbHbIE JaHHBIC
CBHUJIETEIIbCTBYIOT, UTO BBeneHne SAMe, KOTOpBIN
yiy4lnaeT OMOXUMHUYECKHUE TIOKa3aTeNu IIe4eHN (CHU-
JKEHHE TpaHCAMHHA3), 3aMeUIeT Pa3BUTHE CTEaTo3a
U CHOCOOCTBYET pereHepanuu renarouutos [5; 10].
B yacTHOCTH, B YCIOBUSAX XPOHUYECKON AJIKOTOJIN-
3aruu SAMe TIPOSIBISIET SIPKO BBIPAKEHHBIN «perra-
patuBHBII» 3()(EKT HA TeNaTOLUMUThI U CMATYaeT Me-
TaboIMYecKre HapyLIeHus! B )KUpoBoM oomene [11].
Amnanoruuno, npu HAXBII ucnions3zoBanue qaHHON
TPYyMIIBI IPETapaTroB MO3BOJSET YMEHBIIATh BOCIa-
JICHHE B IEYCHW W BOCCTAHABIMBATH HOPMAJIbHYIO
ApPXUTEKTypy NMEUEHOYHBIX TKAHEH, 4TO OTpa)KaeTcs
CHIDKEHUEM YPOBHS MapKepoB noBpexkaeHus [5; 10].

BBIBO/IbI

Mopens BEICOKO(QPYKTO3HOW THUETHI, peatn3y-
OII1asi HEATKOTOIBHYIO )KHUPOBYIO OOJIE3Hb TEUEHH,
a Tak)Ke OTBITHI, (POPMHUPYIOIINE aJTKOTONBHYIO 00-
JIC3Hb TICYCHH B CTCHKAX JKEITYKA U TOHKOW KHUIIIKH,
aKTHBHPYET MpoIlecchl KaTaboian3Ma B 0OMEHe cHa-
JIOTJIMKOIIPOTEUHOB (POCT OOIIKX CHATIOBBIX KUCIIOT
Ha (OHE MMOBHIICHHSI AKTUBHOCTH CHAJTUIA3BI), UTO
posiBisieTcss 0a30BBIM 3BEHOM B YIbIIEpOTeHE3E.
[Ipu aTOM TIpoIIECCH HANOOIEE BBIPAKEHBI B TKAHAX
JKeIy/IKa B IKCIIEPUMEHTaIbHON CepuH, TjIe 1abopa-
TOPHBIM KpbICaM BBOAUTCS BHYTpHxkerynodHo 40%
9TaHOJ C MENBI0 (POPMUPOBAHUS MOAETH AJIKOTOJb-
HO¥ 00JIe3HU TIEYEHH.

[Ipu BHYTpHMBIIIEYHOM BBEJCHUH pPacTBOpa
S-afeHO3UIMETHOHUHA, TIPOIECCHl ASCTPYKIIUU B
CTEHKaX JKEJIyJIKa U TOHKOW KUIIKUA KPBIC TTOKa3bI-
BAIOT MTpeobiIaiaHue MPOIeCCOB aHA0OIN3MA TITHKO-
MIPOTEHHOB (POCT OOIIMX CHAJIOBBIX KHUCJIOT Ha (poHe
HEU3MEHSIOIIEHCs UM CHIYKEHHON aKTUBHOCTH CH-
anua3bl, Ha OoJIee MO3IHUX CPOKAX aJIKOTOJIN3AIUH,
YTO OTpakaeT KOMIIEHCATOPHO-MIPUCTIOCOOUTEIbHBIC
MEXaHU3MbI a1l TaI[|H.
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PE3IOME

KomnnekcHyto oLueHKy (YHKLMOHANbHOMO COCTOSIHUSI BeretaTtuBHOM HepBHoW cuctembl (BHC) moxeT patb
COBMECTHbIVi aHanv3 napameTpoB MynunnomeTpun n sapuabensHoctn ceppedHoro putma (BCP). Buonornueckas
obpatHasa cBa3b (BOC) no yactoTe cepgedHbix cokpaileHun (YCC) ¢ ucnonb3oBaHMEM PE3OHAHCHOMO AblXaHus
paccmaTtpuBaeTcsi Kak NepcneKkTUBHbIA MeTon Koppekuuy BereTatuBHoro 6anaHca. Llenb nccnegoBaHus: oLeHUTb
BrnusiHne 10 ceaHcoB BOC no YCC npu MCnonb3oBaHUM PE3OHAHCHOTO AbIXaHWs Ha Mokas3aTenu BeretaTuBHON
perynaumm n AMHaMmnKy CyGbekTUBHbBIX OLIEHOK YTOMITEHUSI M TPEBOXHOCTM Y NpenofasaTerneii C MCXOQHO HOPMarbHbIM
NCUX03MOLMOHanbHbIM cocTosiHneM. MaTtepvan un metogbl. B nccnegosaHnm npuHanu yyactue 13 npenopasatenen-
XeHLWWH cpegHero Bo3pacta 46,77+12,12 net. [lo n nocne 3aBeplieHns kypca BOC no YCC peructpupoBanmu
nynunnomeTpuyeckne napametpbl, BCP, oueHky TpeBoxHoCTM (wkana Cnunbeprepa-XaHuHa) 1 yTOMIEHWS
(FAS). PesynbtaTbl. 10 ceaHcoB BOC no YCC npuBenu Kk CHUXKEHUIO pasMepHbIX XapakTepUCTUK 06OMX 3paqkoB
no GOMbLUMHCTBY MapaMeTpoB W YBEMUYEHUIO amnnuTygbl MoAbl npasoro 3padvka (p=0,041). B otHoweHun BCP
BbISIBITIEHO MOBbILLIEHWE BeretaTneHoro pasHoBecusi (LF/HF) (p=0,027) n HopmupoBaHHoro ypoBHsi LF, mc? (p=0,024)
6e3 M3MeHeHWst Apyrux 4acTOTHBIX M BCEX CTaTUCTUYECKUX MokasaTenei. YpOBHW TPEBOXHOCTM M YTOMIIEHUSI He
nsmenHunuce. ObcyxaeHne. CyxeHne 3payvkoB yKasbiBaeT Ha yCWUNeHve napacumMmnaTMyeckoro TOHyca, Npu 3TOM
poct LF/HF oTpaxaeT He cumnaTtuyeckyio akTuBauuio, a hOpMUPOBaHNE KapAMOPeCnUMpaTopHOro pesoHaHca npu
Abixanum 0,1 I'y: AbixaTenbHas crHycoBas apuTMust «nepemetiaetca» B LF-ananasoH, nosbilwas 6apopednekTopHyto
YyBCTBUTENBLHOCTL 6€3 yBenuMueHnss cumnatmyeckon akTuBHOCTM. 3aknodeHue. [locne BOC Habnopganuck
CTaTUCTUYECKN 3HaYMMBbIEe M3MeHeHusa nynunnomeTpun n BCP, ceugetensctytowmne o6 ynyyiienmn pabotsl BHC 1
nposieneHunsx agantaumn. Tawke 10 ceaHcoB BOC He noBnusinu Ha MCXOAHO HOPMaribHbIe NoKa3aTeny TPEBOXHOCTH
n ytomnenus. OTCYTCTBUE M3MEHEHWI MCUXO3MOLIMOHANIBHOTO COCTOSIHUSI YKa3biBaET, YTO BblsiBNEHHblE 3adhdeKTbl
BOC HocaT npenMyLLecTBEHHO (PU3MONOrMYECKUii XapakTep 1 He ONocpeaoBaHbl U3MEHEHNEM CaMOYyBCTBUS.

KnioueBble cnoBa: 6uonorunyeckas obpaTtHas cBA3b, NyNUIIoOMeTpUsA, BapmabenbHOCTb
ceppeyvHoro putMa, npenogasaTtenu, 6apopecdnekc.

THE EFFECT OF BIOFEEDBACK ON HEART RATE AUTONOMIC
REGULATION IN A NORMAL ANXIETY AND FATIGUE

Pashkovskaya D. V., Zagulova D., Lasukova T. V., Pozdnyakova N. V., Gorbunov A.V.,
Kolobovnikova Yu. V.

Siberian State Medical University, Tomsk, Russia

SUMMARY

A comprehensive assessment of the functional state of the autonomic nervous system (ANS) can be provided by
a joint analysis of the parameters of pupillometry and heart rate variability (HRV). Biofeedback (BFB) based on heart
rate (HR) using resonant breathing is considered as a promising method for correcting vegetative balance. The aim
of the study was to evaluate the effect of 10 sessions of HR monitoring using resonant breathing on the indicators
of autonomic regulation and the dynamics of subjective assessments of fatigue and anxiety among teachers with an
initially normal psychoemotional state. Material and methods. The study involved 13 female teachers of average age
46,77+12,12 years. Before and after the completion of the BFB course, pupillometric parameters, HRV, anxiety as-
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sessment (Spielberger-Khanin scale) and fatigue (FAS) were recorded according to heart rate. Results. 10 sessions of
HR monitoring led to a decrease in the dimensional characteristics of both pupils in most parameters and an increase
in the amplitude of the mode of the right pupil (p=0.041). With respect to HRV, an increase in vegetative equilibrium
(LF/HF) (p=0.027) and a normalized level of LF, mc2 (p=0.024) were detected without changes in other frequency and
all statistical indicators. The levels of anxiety and fatigue did not change. Discussion. Pupil constriction indicates an
increase in parasympathetic tone, while an increase in LF/HF does not reflect sympathetic activation, but the formation
of cardiorespiratory resonance when breathing 0.1 Hz: respiratory sinus arrhythmia «moves» into the LF range, in-
creasing baroreflective sensitivity without increasing sympathetic activity. Conclusion. After BFB, statistically significant
changes in pupillometry and HRV were observed, indicating an improvement in the work of the ANS, manifestations of
adaptation. Also, 10 sessions of BFB did not affect the initially normal indicators of anxiety and fatigue. The absence
of changes in the psycho-emotional state indicates that the identified effects of BFB are mainly physiological in nature

and are not mediated by changes in well-being.

Key words: biofeedback, pupillometry, heart rate variability, teachers, baroreflex.

ONuaeMUOJ0TUYECKUE UCCIIEI0BAaHUS IEMOH-
CTPHUPYIOT, YTO XPOHUYECKUH CTpECC SBISIETCS 3HA-
YUMBIM (aKTOPOM PUCKA PAa3BUTHS BEreTaTUBHON
JucYHKIMHY y TIperioAaBaresiei BpIcie mKombl [ 1].
[Ipu 3TOM ICUX03MOLIMOHATBHOE COCTOSHUE CaMo
110 cebe MOXKET OKa3blBaTh MOIIHOE BIMSHUE HA I1a-
paMeTpbl BEreTaTUBHON Peryssiiyi, 4To 3aTpyIHsIeT
uHTepIperanuto pusnonorundeckux 3pPexroB kop-
PEKLMOHHBIX BMENIATENLCTB, BKIIOYAsk OMOIOTHYE-
ckyto oopatayto cBs3b (bOC).

BOC mo wacToTe cepaedyHBIX COKpaIIeHUU
(YCC), mmurenpHocTH NN-HHTEPBAJIOB B PacdET-
HBIM IIOKa3aTesiiM BapuaOeIbHOCTH CEPAEYHOTO
putma (BCP) nokasana cBoio 3)peKTUBHOCTH B
BOCCTAHOBJICHUH BEreTaTUBHOTO OallaHCa, yMEHb-
IIEHUH TPEBOKHOCTH [2-5].

DddexTuBHOCTE BOC B OTHOIIEHUN BeTeTa-
TUBHOTO OajlaHca MOXKET OBITh OLIEHEHA C MOMO-
mpo nokazareneid BCP u nymmiomerpun [6].
BCP cunrtaercsi oOmEenpuHATHIM MapKepoM (QyHK-
LMOHUPOBAHUS BEre€TaTUBHONW HEPBHOM CHCTEMBI
(BHC), ognako wHTEpIpETAIUs €0 KOMIIOHCHTOB
HMEET CYIECTBEHHbIE OIPAaHMYECHHUS M HE BCEr-
Jla TIO3BOJISICT OJHO3HAYHO CYAUTHh 00 aKTMBHOCTH
CHUMIIaTUYECKON M TapacuMmaTuyeckoil BeTsei [7].
[ynunnomerpus orpaxaer Bnusaue BHC Ha 3pa-
YOK, NHHEPBUPYEMBIN KaK IMapacHMITaTHIECKOM (m.
sphincter pupillae, ganglion ciliare, nucleus Edinger-
Westphal, area pretectalis), Tak 1 cumMnarndeckoi
(m. dilatator pupillae, ganglion cervicale superior,
substantia intermedia lateralis, nuclei hypothalamici
posteriores) cucrtemamu [6]. KomOuHHpOBaHHOE
MIpUMEHEHHE MeTO0B myniuioMeTpun u BCP mo-
3BOJISIET MOJIyYUTh OOJiee LIEOCTHYIO KapTUHY Be-
reTaTUBHOU Peryssiiuu.

OnHoli U3 3PEKTUBHBIX CTPATErUid, UCTIONIB3Ye-
MbIX B BOC-TpeHnHrax, aBiseTcst pe30HaHCHOE JIbI-
xanue [8]: nuadparmanbHOE ABIXaHUE C YACTOTOM
5-6 LMKJIOB B MUHYTY U PaBHOM IPOAOIKUTEIBHO-
CThIO BI0XA U BbI1oXa [9]. Takoil marTepH ycUIuBaeT
Oapopedriekc 1 MOBBIIIAET MOIHOCTE KOJICOaHUH B
HU3KouacToTHOM jauarnasone (LF), He BrI3bIBas Hc-
TUHHOHM cuMmaTtudeckoil akruaruu [10].

JUis BBISIBIIEHUS! HEIIOCPEICTBEHHOTO (hPU3UOII0-
rugeckoro 3 dexra BOC, He HCKkaXKEHHOTO N3MEHe-
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HUSIMHU B TICUXOAMOLIMOHAIILHOM cpepe, B UCCIEI0-
BaHME OBLITN BKJIIOUCHBI MPEIIOIABATEIIN C UCXOTHO
HOPMaJIbHBIM YPOBHEM CUTYaTUBHOM U IMYHOCTHOM
TPEBOKHOCTH, YTOMJICHHSI. DTO TIO3BOJTUIIO MHHUMHU-
3WpOBATH BIUSHUE KOH(DAYHMHTOBBIX TIEPEMEHHBIX
u o1leHUTh noteHnuan 10-ceancororo kypca bOC y
JIUI] C UCXOHO HOPMaTHHBIM IICHX0IMOITMOHATHHBIM
COCTOSTHHEM.

Ilens uccnenoBanus: oneHuTh Biusaue 10 ceaH-
coB bOC no YCC npu ucnonap30BaHUH PE30HAHC-
HOTO JIbIXaHUSI Ha MOKA3aTeNIN BEreTaTUBHOM pery-
JSUU U TUHAMUKY CYObEKTUBHBIX OLIEHOK yTOMIIC-
HUSI ¥ TPEBOXKHOCTH Y TIPETIOIaBaTeIeH ¢ UCXOMHO
HOPMAaJTbHBIM TICHX03MOIOHAIBHBIM COCTOSTHHUEM.

3aa4n uccie0BaHus:
onenuts Bnusiaue 10 ceancoB BOC mo UCC
Ha MyTHWUIOMETPUYECKUE TTOKA3aTeNH;
MIPOAHATTN3UPOBATH U3MEHECHHSI CTATUCTHYC-
CKHX U CIIEKTPpaIbHBIX TToKa3aresneit BCP mon
pmusganeM 10 cearncoB BOC mo UCC;
OXapaKTepHU30BaTh AMHAMUKY UCXOIHO HOP-
MaJIbHBIX YPOBHEH yTOMIICHUS U TPEBOMKHO-
ctu ipu npoxoxkaennu 10 ceancos bOC no
UcCcC.

MATEPHUAJ U METO/bI

Cobop oannbix

B uccnenoBanuu yyactsoBaio 13 mpenojgasare-
JIel MEeIMIIMHCKOTO By3a KEHCKOTO I10JIa CPEeIHEero
Bo3pacta 46,77+12,12 net. UccrenoBanue omoOpeHo
JIOKaJbHBIM 3THYeCKUM KomuTeToM Cubl' MY (mipo-
Tokost Ne 9628 ot 18.12.2023). Bee yuactHukH ObLTH
O3HAKOMJIEHBI C LEJIBIO, 3a/ladaM1 U IIPOLEAypoil nuc-
CIICJTIOBAHMS U MTOAITUCATIH HHPOPMUPOBAHHOE COTVIA-
cue. Kputepun BKITFOUCHNS: HOPMAJTBHBIN CYOBEKTHB-
HBIH YPOBEHb TPEBOXKHOCTH M yToMiIeHH. Kputepun
HCKJIIOYEHUS: OCTPOE MM 00OCTPEHUE XPOHUIECKUX
3a00eBaHNi B TEUCHUE MECSILA, CEPIICUHO-COCYIH-
CThle 3a00ieBaHus, caxapHblid 1uabet. J{nzaiH nc-
CJIeIOBaHMS TIPEACTABISI COOON OJHOIIEHTPOBOE
IIPOCTIEKTUBHOE UCCIIEAOBAHUE C U3MEPEHUAMHU «10»
u «mocne» 10 ceancos kypca BOC mo YUCC.

[lepen nagamom Tpennnros ¢ BOC u no okoHya-
Huu 10 ceaHCOB y yUaCTHUKOB PErUCTPUPOBAIH (HO-
toretuzmorpammy (®@I1I') ykazarenpHOTO Maibiia
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JIEBOW PYKHU B TE€UEHUE 5 MUHYT (T10CJ]IE€ S-MUHYTHOT'O
OT/BIXa), IPOBOIMIIN Iy THJUIOMETPHIO U OIIEHUBAIIN
YPOBEHb CUTYaTUBHOMW U JIMYHOCTHOU TPEBOKHOCTU
[11] u yromnenus [12].

IIpomokon mpenunzos ¢ 5OC

BOC-TpeHnHr1 IpoBOMINCH C TIOMOIIBIO TIPO-
rpaMMHoO-anmnaparoro komijekca «bOC-mynbe»
(BOSLAB, 1. HoBocubupck). B kagecTBe ympanis-
€MOT0 MapaMeTpa UCIOIb30BaINCh NN-HHTEpBaIbI,
peructpupyemblie OIIT-garynkoM ¢ ykazaTenabHOro
najnbla JieBoi pyku. Kaxaslil ceanc nmpeacTaBisia
co0oll cOpeBHOBaHUE YYaCTHUKA C CONEPHUKOM Ha
JIOIKAX, T7I€ TIEPBHIH 3aITBIB SIBIISIICS O3HAKOMUTEIb-
HBIM C OLICHKOM TeKymnx NN-HHTEepBaloOB y4yacT-
HUKa, a BO BCEX MOCIEAYIOINX CEaHCaX CKOPOCTh
JIBMOKEHUS JIO/IKA COIIEPHUKA PACCUUTHIBAIACH OTHO-
CUTEJIBHO CpeJHell CKOPOCTH yYacTHHKA B MPEbI-
IyIeM 3arssiBe. Bo BpeMs Bcex 3arIbiBOB, KpOMeE
MIEPBOT0, YYaCTHUKAM C LIETIbI0 YBEINYCHHS CKOPO-
CTH JIOIKH M YMEHBILEHUS MyIbca ObLIO PEKOMEH-
J0BaHO AuagparMaibHOE JIbIXaHHUE OKOJIO O BIOXOB
B MUHYTY (5 CEKYHJ Ha BAOX, 5 CEKyH/]I Ha BbII0X).
[Ipr BOZHUKHOBEHUM T'OJIOBOKPYKEHUs, CIab0CTH
WM IPYTHX CUMIITOMOB YXYAUICHHS CAMOYyBCTBHS
y4acTHUKaM ObLIO PEKOMEHIIOBAHO BEPHYThCS K
pekHEMY OeccO3HATEIbHOMY MAaTTePHY ABIXaHUS
710 HOpMaJIM3aluy cocTosiHus. Beero Obu10 mpoBe-
neno 10 ceancoB no 10 MUHYT.

Ilynuniomempus

W3mepeHns MpOBOAMINCH B CBETOM30JINPOBAH-
HOU KOMHAaTe€ IpHU MOCTOSIHHOHN ocBewwEHHOoCcTH 30
JK ¢ ucnosbzoBanueM mynumiomerpa (FOMCCodr,
Poccust). YuactHuk (pukcupoBai B3MIsA HA HENOA-
BIDKHOHM TOYKE Ha PAacCTOSTHUU 45 CM B TeUeHHUE 5
CEKyH], TIOCJIE YeTr0 MPENbABISINCH ABE MOCIEN0-
BaTEJIbHBIE CBETOBBIE BCIBIMIKHU JIUTEIBHOCTHIO
200 Mc (uaTeHcuBHOCTH 500 1M). AHaNMU3UpOBa-
JIUCh CTAaTUYECKKE (MUHUMAIIbHBINA, MAKCUMAJIbHBIH,
CPeIHMIA pa3Mepsl 3padka, MeIuaHa, Mojia, HHKHUN
1 BEpXHUH KBapTHIIH, BAPUAIIMOHHBINA pa3Max) 1 In-
HaMHU4YecKHe (aMIUTHTY/Ia Cy)KeHHs rmocie 1-if u 2-i
BCIIBIIIEK, JIATEHTHOE BPEMs PEaKIMH, BpeMs CykKe-
HUSl, CKOPOCTbH CYEHHs, POLIEHT BOCCTAHOBIICHMS,
aMIUTATYZIa MOJIBI) ITapaMeTphl.

Ananuz BCP

Hnsa pacuera napamerpoB BCP ucnosnb3zoBanu
S5-munytabie OIII" ykazarenbHOro manbua JeBoi
PYKH, pETUCTPUPYEMBIE B TIOJOXKEHUH CUIS MOCTE
S5-MHHYTHOTO OTABIXa C MOMOIIbIO (OTOTICTH3-
morpada PulseLite (Poccus). B ananu3 Bximrouanu
criektpaisabie (VLF (0,0033-0,04 I'm), LF (0,04-
0,15 I'm), HF (0,15-0,4 I'n), TP (0-0,4 '), LF/HF)
u craructuyeckue (RMSSD, pNN50, SDNN) moxka-
3arenu BCP.

Oyenka mpesoXCHOCmU U YMOMIEHUsL

CuryatuBHas (CT) m ITUYHOCTHAs TPEBOXK-
Hocth (JIT) omenuBamucek mo mkaine STAI (State-
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Trait Anxiety Inventory) Y. CnimniGeprepa B agar-
tanuu 1O. JI. Xanuna [11]. YpoBeHb yTOMIIEHUS
onpenensuics no mkane yromnenusi FAS (Fatigue
Assessment Scale) [12].

Cmamucmuyeckuti aHauu3

CorracHo kputeputo Kommoroposa-CMupHOBa
pacrpeneneHue 3Ha9eHUi OTINYaI0Ch OT HOPMaJIb-
HOTO. B CBSI3U € 3TUM pe3yabTaThl NPEICTaBICHBI B
BHUe MenuaHsl U kBaptmieit: Me [Q1; Q3], a mus
OLICHKM U3MEHEHUI 3HaYeHUH [TapaMeTpOB J0 U M0-
cine BOC ucnonb3oBaiics Kputepruii BHIIKokcoHa.
[Topor craructuyeckoit 3Hauumoct 0=0,05.

PE3YJIBTATbBI

Bruanue 10 ceancos FOC no YCC na peaxyuio
3pauka

ITocne 10 ceancoB bOC no YCC mpowuzouwno
YMEHBIICHHE Pa3MEPHBIX XapaKTEPUCTUK MYTHIIIO-
METPHH JIEBOTO U IIPABOTO 3pavyKoB. Y 000MX IJ1a3 Ha-
0Jr0aNI0Ch YMEHBIIICHUE MEJaHbl, HIYKHETO KBap-
THJIS ¥ CPEIHETo pa3mepa 3padka (tabmn. 1). Kpome
TOTO, YMEHBIITWIICS BaPUAIIMOHHBIA pa3Max JIEBOTO
3padka (p=0,027), 9To OTpakaeT yMEHBIIICHHE aM-
TUTUTY/bl CIIOHTAHHBIX KOJICOAHHUN pa3Mepa 3pavka.
Cpenu TuHaAMMYECKHUX MapaMeTpOB CTaTUCTHYECKU
3HAYMMBbIC pa3inuus 10 U nociie kypca bOC Obutn
BBISIBIICHBI TOJIBKO JIJIST aMILTATYJBI MOJBI TIPaBO-
ro 3paudka (p=0,041). [Tomumo storo, mocie bOC
BpeMsi BOCCTaHOBJICHHsI TIpaBoro 3pauka (97 [91,0;
108,0]) crano 6osbiie (p=0,004), yem y seBoro (91
[88,0; 96,0]).

Bauanue 10 ceancoe BOC no YCC na BCP

Cpenu Bcex U3MEPEHHBIX y MpenojgaBaTeiei mo-
kazareneit BCP no u nocne npoxoxaenust 10 cean-
coB bOC crarucTuyecky 3HaYMMBIE PA3INYHs ObLIN
BBISIBJICHBI TOJIBKO JJIS TIOKAa3aTeNsl BETeTaTUBHOTO
pasuosecus (LF/HF) (p=0,013) u HopmMupoBaHHOTO
ypoBHs BOH HU3KOH gacToTsl (LF nu, %) (p=0,024)
(Tabm. 2).

Hsmenenus yposueti mpegodicHocmu u ymomJie-
nusa nocae 10 ceancoge 5FOC

10 ceancoB BOC-TpeHnHra He OKa3aau BIUSHUS
Ha ypOoBHH cuTyatuBHOHU (p=0,58) m MMIHOCTHOM
TpeBoxkHOCTH (p=1,0) mpenonaBareneit 10 u mocie
Kypca (Tabmn. 3). B oTHOmEHNN yTOMIIEHUS TPEro-
naBarenei, onenennoro mno mkaie FAS (p=0,62),
TaKke He ObIO OTMEUEHO M3MEHEHHH 710 U mocie
npoxoxknenns 10 ceancoB BOC (tabm. 3).

OBCYKJIEHUE

[TomydeHHble pe3ynbTaThl BBISIBUIN U3MEHEHMUS,
KOTOpBIE KaXyTCsl IPOTHUBOPEUUBBIMU: TIOCTIE Kypca
BOC mo UCC 6b110 3apeTHCTPUPOBAHO OJHOBPE-
MEHHOE CY>KEHHUE 3pauKoB, YKa3bIBaIOIIEE HA yCHIIE-
HUE MTapacUMIIaTHYE€CKOTO TOHYCa, U POCT HHAEKCA
LF/HF, xoTopslii acCOUMUPYIOT ¢ CUMIATUYeCKON
aktuBanuen. OJJHaKo JaHHOE IPOTUBOPEUHE MOKHO
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Ta6u. 1. [loka3zaTeJn NnynuJIOMeTPHH /10 U NOCJIe Kypca 0H010rHyeckoil 00paTHO CBSI3H.
Table 1. Parameters of pupillometry before and after biofeedback.

[Tokazarenn | Ho BOC | [Mocne BOC | p

JleBblil 3paduok

MakcnMyMm pasmepa, K 1650 [1592; 2215] 1339 [1200; 1484] 0,006*

Cpemnnnii pasmep, Ik 1389 [1221; 1750] 1114,5 [1031; 1242] 0,006*

Mennana pa3mepa, K 1491 [1245; 1797] 1195,5 [1073; 1340] 0,027*

Q1 pa3mepa, ik 1176 [1014; 1580] 994,5[907; 1213] 0,006*

Q3 pasmepa, K 1587 [1484; 1978] 1254,5 [1156; 1366] 0,027*

DapuaIONHLIH pasMa, 801 [694; 844] 565 [462; 744] 0,027
IIpaBsIii 3pavok

CpenHuii pa3mep, 1K 1293 [1056; 1975] 1059,5 [951; 1234] 0,027*

Menuana pa3mepa, 1k 1352 [1110; 1942] 1119,5 [954; 1296] 0,027*

Q1 pasmepa, K 1186 [955; 1862] 961 [742; 1234] 0,027*

Awmrmntyna Mmojpl, % 1,0 [1,0; 1,0] 2,0 [1,0; 3,0] 0,041%

[pumeuanne: * — p<0,05, paznuyus mokasareneil CTaTHCTUYECKN 3HAYUMBI.

Taoa. 2. [Toka3aTejn BapuadeJbHOCTH CePAEYHOTr0 PUTMA 0 U MOcJe Kypca 0uoiornyeckoii 00paTHoii cBA3MU.
Table. 2. HRYV (heart rate variability) indicators before and after biofeedback.

[Toxazarenb Jo BOC [Mocne BOC p
YCC, yn/mun 77,04 [73,74; 81,02] 78,07 [77,56;79,72] 0,579
LF/HF 0,80 [0,56;2,41] 2,13 10,65;3,49] 0,013%
LF nu, % 44,31[35,80;70,66] 68,03 [39,50;77,72] 0,024*
HF nu, % 55,69 [29,34;64,20] 31,97 [22,28;60,50] 0,980
RMSSD, mc 23,99 [18,35;26,60] 24,25 [18,41;28,41] 0,607
pNNS50, % 2,68 [1,86;6,25] 2,78 [1,79;7,24] 0,632
LF, mc? 173,69 [77,38;242,30] 204,21 [128,58;608,81] 0,108
HEF, mc? 150,46 [98,91;277,24] 166,63 [89,77;220,22] 0,658
TP, mc? 595,25 [430,93;782,37] | 673,12 [514,81;1037,86] 0,249
SDNN, mc 31,58 [28,49;33,47] 33,37 [27,54;36,77] 0,682

[pumeuanmne: * — p<0,05, paznuaus mokasareneil CTaTHCTUYECKH 3HAYUMBI.

Ta6.. 3. YpoBHH CHTYaTHBHOI M JIMYHOCTHOI TPeBOKHOCTH Mo MKajde Cninmiadeprepa-XaHuHa U yTOMJIEHHSA
no mkaJje FAS 1o u nocie kypca BOC.
Table 3. Anxiety level according to the Spielberger-Hanin scale before and after biofeedback.

[Tokazarenn o BOC [Hocne BOC p
CurtyaruBHas TPEBOTA, 22,5[19,0; 29,0] 23,0 [20,0; 34,0] 0,580
OaIlIbI
JIngHOCTHAS TPEBOXK- 28,0 [24,0; 35,0] 35,0 [25,0; 36,0] 1,000
HOCTB, OaJIIbI
Yromienue, 0amibl 24,0 [17,0; 27,0] 25,0 [19,0; 25,0] 1,000

OOBSICHUTB C TIO3UIIMY KOHIICTIIIUHN KapAHOpecupa-
TOpHOTO pe3onanca [13].

BOC-TpeHUHT B peXUMe IBIXaHUS ¢ YaCTOTOU
0,1 I'm (5 cexyna Ha BIIOX, 5 CEKyHJ Ha BBIJIOX)
BBI3BIBACT CABUT CHEKTpaibHON MorHocTu BCP B
HU3KOYAaCTOTHYIO 00J1acTh. [lpIxaTenibHasi CHHyCOBast
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apuUTMUsL, perucTpupyemas B HopMme B auanazone HF
(0,15-0,4 I'), B pe3yabrare NPUHYIUTEIHEHOTO JIbI-
xaHnsa cMmemaercs B LF-guanazon (0,04-0,15 I'm).
Oto cmemenue npuBoant K pocty LF/HF u LFnu (c
44.31% no 68,03%; p=0,024), 4To B TaHHOM ciIy4ae
OOBsICHSICTCS. HE AKTHBALUEH CUMIIATHYECKOW HEPB-
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HOW CHCTEMBI, a YCHIIeHHEeM OapopedieKTOpHOMI
YyBCTBUTENbHOCTH [14].

OTH pacCyKaeHHs TOATBEPKIAI0TCSI TaHHBIMH ITy-
MMJUIOMETPUH, @ UMEHHO YMEHBIIIEHHEM pa3Mepa 3pad-
ka (p=0,006) u BapmammonHoro pazmaxa (p=0,027),
KOTOpBIE CBUJIETEIILCTBYIOT O MOBBIIEHUH d(Hh(DEKTHB-
HOCTH TapacUMIIaTUYEeCKON PEryisiliuy 4epe3 sapo
Onunrepa—Becrdans. Cornacno padoram Lowenstein
et al. (1963, 1964), yBenuueHue aMILIUTYbI CIIOH-
TAHHBIX KOJIEOAHWH 3padKa OTPaKaeT COCTOSHHE IIEH-
TPAIBHOTO KOHTPOJIS OOIPCTBOBAHUS ITPH YTOMIICHIH,
a CHW)KEHHE ITOTO ITOKA3aTels yKa3bIBaeT Ha TTOBBIIIIE-
HUE TTapacuMIIaTHYecKko peryssinuu [15; 16].

[Ipu 3TOM He OBIIO 3apErHCTPUPOBAHO H3MeE-
HeHus apyrux nokxazarenei BCP, uto moxHO pac-
LIEHUTh KaK OTCYTCTBHE CYIIECTBEHHOTO POCTa
BaryCHOTO KOHTPOJIS B OTHOIIIEHUH PUTMa CepIia.
JlanHbI (aKT MOXKHO OOBSICHUTH, BO-TIEPBBIX, TEM,
YTO JUIsl IEPECTPOUKH aKTUBHOCTH Oy>KIAIOLIETO
HepBa TpeOyercst Oonee quTenbHbI Kype ¢ BOC
(ot 4 menens) [17; 18], 1, BO-BTOPBIX, OTIINIHEM HUC-
TOJTb3yEeMOM YaCTOTHI IBIXaHUS OT MHIUBUIYAIbHON
PE30HAHCHOI YaCTOTHI, KOTOpasi BApbUPYeET B JHaria-
30He 0T 4,5 10 6,5 BI0X0B B MUHYTY [19].

Ecnu npeanonoxutek, yto poct LF/HF Obin
CJIE/ICTBMEM CTpecCa MU TPEBOXKHOCTHU, TO y 00-
ciemyeMbIX HaOmomancs 061 Mumpuas. OmHAKO cO-
yetanue Muo3a ¢ yBenmdeHuem LF/HF nokxaseiBaer,
yto Kypc bOC akTHBHpOBaN Baryc-omnocpeaoBaH-
HYIO PeryJsiiuio, KOTopas Ha ypOBHE cepja Mnpo-
sIBUJIACh depe3 Oapopediiekc, a Ha ypoOBHE 3pad-
Ka - gepes mapacummnaruaeckuii 3¢ dext. CorracHo
CyIIEeCTBYIOIIHUM TipeacTaBieHusM, poct LF/HF B
YCJIOBUSIX PE30HAHCHOTO JIBIXaHUS SBIISIETCS UHIH-
KaTOpOM aJJallTUBHOU NEPECTPONKH, HAIIPABIEHHON
Ha ONTUMH3AIHUIO Baryc-3aBUCUMBIX PETYISTOPHBIX
MexaHn3moB [20].

BaxxHo Takke OTMETUTh aCUMMETPHIO PEAKIUN
3pavKoB Ha CBET, KOTOpas MOsBUIACH MTOCIIE Kypca
BOC: y npaBoro 3pauka cTajau BbIIIE, YEM Y JIEBO-
0, aMIUIUTY/Ia MOAIBI U BpeMs BoccTaHoBeHus. Co-
YeTaHHOE N3MEHEHNE ITUX MMapaMeTPOB YKa3bIBACT
Ha yCHJIEHHE EHTPATHHOTO MapacuMITaTHIeCKOTO
KOHTPOJISL X, BO3MOXKHO, O0YCJIOBJICHO aCUMMETPH-
€l MO3ra B OTHOIIIEHUH BET€TaTUBHOTO PETYINpPOBa-
uus [21]. Kak npaBuio, mpaBasi 0CTpOBKOBas Kopa
yarie cBsizaHa C MpeobialaHueM CHMIATHYeCKOM
HEpPBHOM CUCTEMBI, a JIeBas - ¢ MapacuMIaTHYeCKON
MOJYIISAIIUEH (XOTS 3Ta 3aKOHOMEPHOCTH HE SIBIISETCS
abcomtoTHoOI) [22]. Jlarepanu3aius OTBETOB 3pauka
comnacyercs ¢ JaHHbIMA Schumann et al. (2021), ko-
Topble nokazanu, yto poct BCP npu BOC-tpennnre
KOppPEIHUPYET C U3MEHEHHEM (PYHKITMOHAIBHON CBA3-
HOCTH JICBOTO OCTPOBKA, OTBETCTBEHHOTO 3a Iapa-
CUMIIATUYECKYI0 PETYISIIHI0 BUCIEPATBHBIX (DYHK-
uuii [23]. Takum 00pa3oM, yIJTMHEHNUE BPEMEHHU BOC-
CTaHOBJIEHHS IPABOTO 3padKa SBJISIeTCS CIEACTBUEM
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YCUJICHUS MapacUMIaTHYeCKOTo BIHMSHUS JIEBOTO
OCTpPOBKA, aKTUBHOCTH KOTOPOTO MOAYIHPYETCS
BOC-TpeHuHTOM.

Coueranue nynutomerpun, BCP u mkan cy0os-
€KTHBHOM OLIEHKHU MO3BOJIMJIO UHTEPIPETHUPOBATH
cioxHble Guznonoruyeckue SPQPEKThl U aganTaiu-
OHHYIO NIEPECTPONKY CHCTeMbl. METOI0JIOTHUeCKUM
peleHreM, 00eCIIeUnBIINM UCKITFOUEHUE HCKaXKat0-
mux (HaKTOpPOB, CTAJIO BKIIOYCHHE B BHIOOPKY JIMIL
C UCXOJHO HOPMAJIbHBIMU YPOBHSMH yTOMIIEHUS,
CUTYaTUBHOW TPEBOTH U IMYHOCTHON TPEBOXKHOCTH.
CTaOuIIbHOCTD CyOBEKTUBHBIX MOKa3aTesel Ha (oHe
BBIPKEHHBIX BETETATUBHBIX CJIBUTOB TIOITBEPKIACT
(PM3HOIOTHYECKYIO «IHCTOTY» MOTydeHHBIX d(PPek-
toB BOC.

PesynbraThl uccieoBaHus MOKa3alld, YTO Kyp-
ca BOC u3 10 ceaHcoB HETOCTATOYHO ISl yBEIH-
geHHs BapruabelbHOCTH cepledHoro putma. Kpa-
TKOBPEMEHHOE BMEILIATEIbCTBO JINIIb HHULUUPYET
aJalTHUBHYIO MEPECTPONKY, HO HEe 00ecleurBacT
MIOJTHOTO MEPEX0/ia K pe3epBOEMKOMY PEXKHUMY PeTy-
sauuu. IIpoBenEHHBIN UK TPEHUHIOB 3aI1yCKaeT
MIPOIIECCHI aAANTHBHOI OpTaHU3aIMH BETE€TaTHBHOTO
KOHTPOJIs1, 4TO 00OCHOBBIBAET €TI0 MIOTEHIIUAI B IIPO-
¢unakTrueckux nporpamMmax. OnHako amst Gopmu-
POBaHMsI yCTOHYMBOTO BArOTOHUYECKOTO MPOQHUILS C
Bbicokoii BCP TpeOyercs Oonee AMUTENBHBINA Kype
BO3JICHCTBUI.

3AK/IIOYEHUE

Kypc u3 10 ceancoB BOC no YCC ¢ ncnons3oBa-
HHUEM PE30HAHCHOTO JIbIXaHUs MPUBEN K CTaTUCTHYE-
CK{ 3HAYUMBIM M3MEHEHMSIM HEKOTOPBIX MOKa3aTe-
nert nymunometpun U BCP, cBUAETETHCTBYONTIX
0 CMEIIEHNU BEreTaTHBHOTO KOHTPOJS B CTOPOHY
YBEJIWUYCHUS TMapacUMIaTHYeCKON aKTHBHOCTH.
HecmoTps Ha kaxylieecss MPOTUBOPEUHE MEKIY
poctom LF/HF u cyxxeHuem 3padkoB, pe3yiabTaThl
CBUJICTEIBCTBYIOT HE O CUMITATHYECKOM aKTHBAIUH,
a 00 yCHJICHHH Baryc-oImocpeoBaHHONW Oapoped-
nektopHoit perymsinuu. 10 ceancoB BOC no YCC
WHULUHPYIOT MPOIECC aJanTalii BEreTaTuBHOIO
KOHTPOJIS, HO MX HEIOCTATOUHO JUT (JOPMUPOBAHUS
ontumanbHoro npoduist BCP.

Oepanuyenusl.

Heb6ompmoit 006éM BeIOOpKH (N=13) cHIKaeT
CTaTUCTUYECKYIO MOITHOCTh. OTCYyTCTBHE KOHTPOIIb-
HOM I'pyMNIbl CHUXKAET BaJIUIHOCTb UCCIIEAOBAHUS.
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PE3IOME

Llenb unccnepoBaHns — MPOBECTV CPaBHUTENbHBIN  KIIMHWKO-MOPMOMOrMYECKUA aHanmM3 «4eppu»-aHrmom wu
NoBynApHbIX KanMNNapHbIX reMaHrMom y nuvu cpegHero Bospacta. Matepuan n metoasl. B nccnegosaHune BKoYEHb!
112 naumeHTOB cpepHero Bo3pacta (45-59 net, knaccudukauma BO3): | rpynna — «4eppu»-aHrnomsl (n=66), Il
rpynna — nobynspHble KanunnspHele remaHrmombl (n=46). lNMpoaHanusnpoBaHbl KMMHWYECKME XapaKTepUCTUKU,
npoBefeHbl MaKpOCKOMWYECKUA aHanua W TUCToNorMyeckoe uccrnegoBaHne GuoncuiHoro martepvana (okpacka
reMaToKCUITMHOM W 903MHOM), pe3ynbTaThl 0bpaboTaHbl cTaTucTuyeckn. PesynbraTbl. [pynnbl conoctaBuMbl Mo
nonosomMy cocrtaBy. OBGHapyXeHbl 3HauMMble MEXIPYMnoBble pas3nNuMyMa MO Jokanu3auum HOBOOOPa3oBaHWIA:
«4eppu»-aHrmombl pacnonaranmcb NpPeuMyLeCTBEHHO Ha TYMOBWLLE W KOHEYHOCTSX, NoBynspHble KanunnsipHble
reMaHrmombl — B obnacTtu ronosel 1 wewu (B 6,4 pasa yalue, p<0,0001). «Heppu»-aHrnomel Obinm kpynHee (B 1,4 pasa,
p=0,012) n B 95,5% cny4yaeB HOCUNIN MHOXECTBEHHbIN XapakTep, TorAa kak nobynspHble KanunnspHble reMaHrMombl B
97,8% cny4yaes sBnsnucb conutapHbiMu (p<0,0001). FMCTONOrMYECcKkn «4eppu»-aHrMoMbl XapakTepuayTcs aKTasnemn
KPOBEHOCHbIX COCY0B KanumnispHoro Tuna 6e3 BocnaneHus, NobynspHble KanunnsipHble reMaHrmMoMbl — AONL4aToN
nponudepaumeri sHAOTENManNbHbIX KIETOK, COMPOBOXAAIOLENCS WU3bA3BNEHMEM W KIETOYHOW BOCNANUTENbHON
WHUneTpaumen. llonyyeHHble KNMHWYEckMe W Mopdonornyeckne pasnmuyms CornacyrTcs C COBPEMEHHbIMU
MOMNEeKYNsApHbIMM AaHHbIMK: Npu «yeppu»-aHrnome MyTtauum GNA14/GNAQ/GNA11 obycnoenuBaloT ANUTEMbHYO
nponudepaumio, Toraa Kak npu nobynsapHon kanunnapHon remaxrnome mytaumn BRAF/KRAS nHuumnmpytoT 6eicTpyto
KMOHarbHY0 3KCnaHcumio ¢ aHrnoreHesom de novo. 3akniodeHne. B HacTosiLem nccnegoBaHnm NpogeMOHCTPUPOBaHbI
KMUHUKO-MOPEONOrnyeckne naTTepHbl «4eppu»-aHrMoMbl M NOBYNSPHON KanUNMSpHOW reMaHrmombl, pasnmuns
MeXAy KOTOPbIMM MOFYT MOCIYXWTb OCHOBOW AN YTOYHEHMS uX AnddepeHumanbHOn ANarHOCTUKU B PYTUHHOW
naTomMopdonornyeckon npakTuke.

KnioueBble crioBa: remaHrmomMa, Yeppu-aHruoma, o6pokavyecTBeHHble HOBOOGPa3oBaHuUsl, KoxXa,
BacKyrioreHes.
COMPARATIVE CLINICAL AND MORPHOLOGICAL ANALYSIS OF SKIN HEMANGIOMAS

Filippov A. L.!, Chernyshev H., Sazonova M. V.!, Piskunov A. A., Holdeenko V. D.2, Kazhura D. V.2,
Sedlyarov M. V.2, Thaler A.}

"Engineering Physics Institute MEPhI, Moscow, Russia
*Belarusian State Medical University, Minsk, Belarus
*GmbH “THALDERMA?”, Leipzig, Saxony, Germany

SUMMARY

Objective. To perform a comparative clinical and morphological assessment of cherry angiomas and lobular capil-
lary hemangiomas in middle-aged individuals. Material and Methods. The study enrolled 112 middle-aged patients
(45-59 years, WHO classification): Group | — cherry angiomas (n=66); Group Il — lobular capillary hemangiomas (n =
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46). Clinical characteristics were analyzed; macroscopic examination and histological evaluation of biopsy specimens
were performed (hematoxylin and eosin staining), and the results were subjected to statistical processing. Results. The
groups were comparable with respect to sex distribution. Statistically significant intergroup differences in neoplasm
localization were identified: cherry angiomas were located predominantly on the trunk and extremities, whereas lobular
capillary hemangiomas occurred in the head and neck region 6.4 times more frequently (p < 0.0001). Cherry angiomas
were larger in size (p = 0.012) and exhibited a multiple character in 95.5% of cases, whereas lobular capillary hem-
angiomas were solitary in 97.8% of cases (p < 0.0001). Histologically, cherry angiomas are characterized by ectasia
of capillary-type blood vessels in the absence of inflammation, while lobular capillary hemangiomas demonstrate
lobular proliferation of endothelial cells accompanied by ulceration and cellular inflammatory infiltration. Clinical and
morphological differences identified in the present study are consistent with current molecular data: in cherry angioma,
GNA14/GNAQ/GNA11 mutations drive sustained proliferation, whereas in lobular capillary hemangioma, BRAF/KRAS
mutations initiate rapid clonal expansion with de novo angiogenesis. Conclusion. The present study has demonstrated
clinical and morphological patterns of cherry angioma and lobular capillary hemangioma, the differences between

OPUTI'MHAJIBHBIE CTATbU

which may serve as a basis for refining their differential diagnosis in routine pathomorphological practice.

Key words: hemangioma, cherry angioma, benign tumors, skin, vasculogenesis.

CocyaucTtbie HOBOOOpPa30BaHUS KOXKHU SBISIOT-
Csl OJJTHUMHU M3 CaMbIX PaclpoOCTPaHCHHBIX N00po-
KauyeCTBEHHBIX OMYyXOJiel BO B3POCIOM BO3pacTe
[1]. Cornacuo knaccudukammu MexIyHapOIHOTO
o0I1ecTBa 0 U3yYEHHUIO COCYIUCTHIX aHOMAJIHIHA, X
MIPUHSITO JCIUTh HA «HCTUHHBIC» OIYXOIIU U Mallb-
(hopmariym, Mpyu 3TOM OKOHYATEIILHBIN TUATHO3 BhI-
CTaBJIICTCS HA OCHOBAHHMHU PE3yJbTaTOB MOP(OII0-
rudeckoro ananmsa [2]. Beumy tpynHoctei qudde-
pEHITHATBLHON THATHOCTHKHU 0COOBIA HHTEPEC Mpe-
CTaBJISIFOT JIBa KJIMHUYECKH CXOKHX THUIIA TeMaHTH-
OM — «UEPPHU»-aHTHOMA ¥ JIOOYIISIpHAS KAl pHAS
remMaHruoma (IMMOreHHAs TpaHyJIeMa).

MHOTOYHUCIICHHBIC KIMHUYECKUE UCCIICIOBAHUS
YKa3bIBAIOT Ha 3HAYMMOE TPeoOIagaHne «aeppu»-
AHTHOM B CTPYKTYpE BCEX COCYAMCTHIX HOBOOOPa30-
BaHUH KOXH Y JIUI] CPETHETO U TIOXKHIIOTO BO3pacTa
[3]. IIpu >TOM yacTOoTa BCTPEUAEMOCTU COCTABIISICT
oxono 22% x 20-30 ronam u nocruraet 78% B Ko-
ropTe MaIMeHTOB CTapUyeckoro Bo3pacta [4]. Ha-
MIPOTHB, JIOOYIAPHYIO KaMMWJUIIPHYIO TeMaHTHOMY
JTUATHOCTUPYIOT B JIFDOOM BO3pacTe ¢ HEKOTOPBIM
npeoOialaHieM B KOTOPTE JUI] PENPOAYKTHBHOTO
nepuona [5].

HecMoTpst Ha CXOKYIO KIIMHUYECKYHO XapaKTepH-
CTHUKY, YKa3aHHBIE TUIIBl TEMAaHTHOM CYIIIECTBEHHO
pa3MYaroTCs 1Mo MPUYWHAM Pa3BUTHS U MOP(OIIOTH-
yeckuM napamerpam [6]. uckyccuu OTHOCUTENIBHO
ATUOJIOTUU JOOYISIPHON KAMMIIIIPHON T€MaHTHOMBI
MPOJIOJIXKAIOTCSI: HEKOTOPBIC aBTOPHI B MOCICIHUX
paboTax CUHMTAIOT €€ «UCTHHHOW» OMYXOJbI0, pa3-
BHBAIOIIEHCS B PE3y/IbTaTe HAKOTUICHUS MyTalluii B
reHax BRAF n KRAS, B To Bpems kak apyrue cuu-
TaIOT e¢ MOSBJICHUE PEaKIMed Ha Pa3JInYHbIC TPUT-
repHble hakTopsl [5].

HenaBuue mccrmenoBaHus Tak)ke MPOJAEMOH-
CTPHUPOBAIIN HEOTUIACTHYECKYIO TIPUPOTY «UEPPH»-
AHTHOMBI, CBSI3bIBAs €€ ITPOUCXOXKIACHHUE C HApYyIIe-
HueM cTpykTypbl reHoB GNA14, GNAQ u GNA11 B
MOJIABJISAIONIEM OONBIIUHCTBE HaOoieHuk [7]. Tak,
HAaKOIJICHHBIC B MOCJICAHEE BPEMsI JaHHbIC O MPHH-
IUTHATEHBIX MOJEKYJISPHBIX Pa3IMYHSIX TO3BOJSIOT
[M0-HOBOMY TPaKTOBaTh KIIMHUYECKHUE U CTPYKTYP-
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HO-()YHKIIMOHAJIbHBIE U3MEHEHHUS IIPU YIIOMSHYThIX
COCYANCTBIX HOBOOOPA30BaHMAX, a CPABHUTEIILHBIC
pabOThl HEMHOTOYNCIICHHBI U IPOTUBOPEUHBEI.

IIpoBeneHue HOBBIX KOMIIJIEKCHBIX KJIMHHKO-
MOp(OIOTHYECKHX UCCIIEOBAHUN MTO3BOJIUT YTOU-
HUTH 3aKOHOMEPHOCTH OMOJIOTHU KPOBEHOCHBIX CO-
CYIIOB, a TaK)e KpUTEPUU THATHOCTHUKHU Pa3IUYHBIX
COCTOSIHHH, CBSI3aHHBIX C HApYIIEHNEM aHTHOTeHe3a
y JIALl CTApIIUX BO3PACTHBIX [PYIIIL

enp uccaenoBaHus: NPOBECTU CPABHUTEID-
HBIH KITMHUKO-MOP(HOJIOTHYECKHH aHAITU3 «IepPh»-
AHTUOM U JIOOYJISIPHBIX KalWUISIPHBIX TEMAHTHOM Y
JIUL] CPETHETO BO3pacTa.

MATEPUAJ 1 METOIbI

st mccnenoBanust 0TOOpaHbl (hparMeHTHI COCY-
JHMCTBIX HOBOOOPa30BaHUM, [1OIYYE€HHBIE IPU HHIIH-
3MOHHOM OMOIICHH OT MALEHTOB, paclpeIesIeHHbIX
10 TPyHIaM:

I rpynna (n=66) — mamMeHTBl C «YEPpU»-
AHTHOMAaMU Pa3IUYHOMN JIOKaIN3allny;

II rpynma (n=46) — ManueHThl ¢ JIOOYIIPHBIMH
KalWUIIPHBIMYA FeMaHTHOMaMH Pa3JInYHON JIOKAJIH-
3aLuu.

Kputepun BkiroueHus: Bospact 45-59 ner
(cpenuumit Bo3pact nmo kinaccupukaiuu BO3); ou-
OINICUMHBIM WM ONEPAlMOHHBIA MaTepuall KOXHU
pa3IUYHON JTOKaIHW3anuu; BepuPUITUPOBAHHBIN
IuarHo3 «4eppu»-anruomsl (I rpynma) unm mo0y-
nsIpHOH KanmuuisipHoW remanruomsl (11 rpynma) mo
JAHHBIM TaTOMOP(}OIOTUUECKOTO 3aKIIoueHMs (Ha-
JINYMEe MaKpo- U MUKPOCKOITMYECKOTO OTMHUCAaHMs,
3aKITFOUEHHS ).

Kputepun uckioueHus: Bo3pacT NaueHTa Mo-
noxe 45 umy crapiie 59 net; uHoi Mopdoaoruye-
CKHUI [1arHo3 (TapreTougHas reMOCHIepOTHYECKas
reMaHTHoMa, KaBepHO3Hasi TeMaHTHoMa, aHTHOKepa-
TOMa, TEeJIEaHTUIKTA3HUH 1 JI.); BRIPAKEHHAS! BTOPHY-
Has ajpTepalys npermapara (TpoM003 OOBITNHCTBA
KPOBEHOCHBIX COCYZOB, MACCUBHBIN HEKPO3, Tpydast
TpaBMaTH3aLysl); Ipyras JOKaIu3aus HOBOOOpaso-
BaHUsI, KPOME KOYKHOM (CIM3HUCTBIE 000JI0YKH, BHY-
TPEHHHE OPTaHbI U JIp.); MPEIIECTBYIONIEe MECTHOE
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nedeHrne o0pazoBaHusl (KpUOAECTPYKIIMS, JIa3epHast
KOAryJsnys, CKIEpOTepanusl); IMOBpPeKIeHIE ONOTI-
CHUIHOI0 MaTepuasia — ayToJIu3 TKaHeH, HeJJ0CTaTou-
HBI 00beM MaTepualia, omuoku 3a00pa, PUKcauu
U / WK XpaHEHHs MaTepuana.

Bo Bcex ciywasix ObUIO MONTYy4YeHO UH(POPMHU-
poBaHHOE TOOPOBOJIBHOE COTJIacHe MAIMeHTOB Ha
UCIIOJIb30BAHNE MaTepuaja B HAyYHBIX LENX, UC-
clleJ0BaHKUE O0JOOPEHO Ha 3aCE€IaHUM JTUUYECKOIO
komurera HUAY «MUDN».

Knuanveckue naHHble ObUIN MOMYYEHbI U3 3JICK-
TPOHHBIX HCTOPH 0OJIE3HU M TPOTOKOJIOB MAaTOJIO-
rOaHaTOMHYECKOTO HCCIIeIOBaHUSI OMOIICHIHOTO
MaTepuaia: MalueHTOB Pacupenessyid 0 oIy U
BO3DPACTy, a TAK)Ke OLEHUBAJIN JIOKAJIN3aLHUIO, pa3-
Mep M XapakTep pocTta (OAMHOYHBIC, MHOXKECTBEH-
HBIE) COCYANCTHIX HOBOOOPA30BaAHHI.

Tucmonozuueckoe uccnedosanue

@parMeHThl TEMaHTMOM OLIEHUBAIN MAKPOCKO-
MUYECKH, TTOCIIE Yero MPOBOAMIM (PUKCALMIO B pac-
TBOpe opmanuHa. [lo okoHyarnnu 0OpabOTKH B at-
napare TUCTOJIOTHYecKOi nmpoBojku Tkanel (Leica
Biosystems, ['epmManus) noixy4yeHHble pparMeHThI
3aJMBald B apaWHOBBIC OJIOKH, M3 KOTOPBIX 3a-
TEM TOTOBMJIM CEPHUHHbIE THCTOJOTHUYECKUE CPE3bI
tomuHou 3 MkM. X nenapaduHupoBany, neruapa-
TUPOBAJIH, [TOCIIC YeTO OKPAIINBAIH TeMaTOKCHIH-
HOM W D03MHOM JUISI MUKPOCKOTIHYECKOTO aHaln3a.
Mukpornpenaparbl aHaJIM3UPOBAIU B IATH CIy4daii-
HBIX [OJISIX 3peHUs Ipu yBearuueHuu 400 cBeToBOro
MHUKPOCKOIIA B KQXKJIOM U3 CPE30B, JUIS MMOJIy4CHUS
HU(POBBIX U300paKEHUH UCTIOIB30BAIN CUCTEMY
BUJcO-MHUKpockonuu (Mukpockon Leica DM3000,
Leica Biosystems, I'epmanusi; kamepa DFC450 C,
Leica Biosystems, ['epmanus) u mporpammy 00-
pabotku Leica Application Suite V. 4.9.0 (Leica
Biosystems, ['epmanus).

Cmamucmuyeckuti aHanu3s

KonmdecTBenHble naHHBIC OBLTH COOpPAHBI B 00-
mue 0a3el naHabix Excel (Microsoft Corporation,
CHIA), a mocne cTaTUCTUYECKOW 00paboTKH ¢
UCIIOJIb30BAaHUEM NMPOTPAMMHOIO OO0eCHeYeHHS
SPSS 12 (IBM Analytics, CLLIA) npeactaBieHbl B
BHJIC CpeJlHEEe 3HAUCHHE + CTaHJapTHas OLIMoOKa,
CTATUCTHYECKH 3HAYMMbBIM CUHTAIN TIOKA3aTeNb P
<0,05.

PE3YJIBTATBI

B unccaenoBanue BKIIOUEHBI 112 manueHTOB
cpeaHero Bo3pacrta (45-59 ser no kinaccupukanuu
BO3). B rpymnmax «geppu»-aaruomsl (I rpynma) u
NoOyNsIpHON KammisipHO# reManTruomsl (11 rpymma)
HaOII0aIN COIOCTaBUMOE COOTHOLICHNUE MY>KUYNH
u xeHIyH (p>0,05), 4To CBUAETEILCTBYET 00 OTHO-
POIHOCTH BBIOOPKH MO TTOJIOBOMY IpU3HAKy. BHy-
TPH TPYIIIBI JUI] CPETHETO BO3PACTA, MAIMEHTHI C
«Ueppu»-aHTHOMaMH OBLTH CTATUCTHYECKU 3HAUNMO
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cTapIie MarueHToB ¢ JOOYISPHON KalMILIIPHOH Te-
manruomoit (p=0,023) (Tabmumna).

[Ipu cpaBHUTENBHOM aHaNIHM3€ XapaKTEPUCTUK
COCYIHUCTBIX HOBOOOpPa30BaHUI yCTaHOBIICHBI CTa-
TUCTUYECCKU 3HAYUMBIC MEKTPYIIIOBBIC PA3ITHUMUS
110 JIOKaIIM3aIliu, pasMepy M XapakTepy pocTa.
«Heppu»-aHTHOMBI TIPEUMYIIECTBEHHO JIOKAIH30-
BaJIMCh Ha TYJOBUIE, BEPXHUX U HUIKHUX KOHEU-
HOCTSIX, TOTJa KaK JOOyJIsipHble KanuJUSIPHbIE Te-
MaHTHOMBI B 6,4 pa3a daiie BBISIBISIN B 00J1aCTH
rosoBel U men (p<0,0001); mpu 3TOM Ha BEpXHHUX
KOHEYHOCTSAX «YepPU»-aHTHOMBI PETHCTPUPOBAIH
B 2,2 pa3a vame (p<0,0001), a Ha HUKHUX KOHEY-
HocTsX — B 4,4 pa3a ygame (p<0,0001), uem 100y-
JSIPHBIC KaTMJUIIpHBIE TeMaHrHoMbl. CpeiHUI pa3-
Mep «9eppru»-aHTHOM TIPEBHIIIa TAKOBOW B TPYTINE
N0OYISPHBIX KaMMJUTSIPHBIX TeMaHTHoM B 1,4 pasa
(p=0,012). Haubosee BrIpaskeHHBIC pa3auyuns ObLTH
oOHapyKeHBI IIPH OLIEHKE XapaKkTepa pocTa: MHO-
JKECTBEHHBIC 3JIEMEHTBI TUIIMYHBI IS «YEPPH»-
aHTHOM, TOTJ]a KaK JIOOYIspHbIE KalUJUIIPHBIE Te-
MaHIuoMbl B 97,8% ciy4yaeB HOCUIM COJIUTAapHBIN
xapakrep (p<0,0001) (Ta6mx. 1).

B rpynmne «4eppu»-aHrHOM MPU MaKpOCKOIHU-
YECKOM aHaJIN3€ OTMeUaid YeTKO OTIPaHUYEHHBIN
y3eJ MONYIMAapHOH WiIH OIsSIIKOoOpa3Hoi (GopMBI,
nuametpom 0,2-1,2 cM, CHHIOITHO-KPACHOTO 1[BETA,
MATKO-31aCTHYECKON KOHCUCTEHIINHU, OJJTHOPOTHBIH
Ha paspese. [Ipu rucromornyeckoM MccleOBaHUH
B COCOUYKOBOM CJIO€ JIEPMBI OTPENEIISIIIM MHOXeE-
CTBEHHBIE HKTA3MPOBAaHHBIE TOHKOCTEHHBIE TOJIO-
cTH, cOPMHUPOBAHHBIE U3 KPOBEHOCHBIX COCYIIOB
KaWUISIPHOTO ¥ TOCTKAMJUISIPHOTO THUIIOB, BHI-
CTJIAaHHBIC YIUIOIIEHHBIMH JHIOTEIHONUTAMU 0€3
aTUIUHU U MaTOJOTHYECKUX MHUTO30B (PUCYHOK).
Crpoma o0pa3oBaHus phIXjasi, OTEYHAs, MECTAMHU
OTMEYau THaJIMHO3 COCYAUCTON cTeHKH. ITokpbI-
BaIOIIMH »mHAepMuUC arpodudeH, mo nepudepun
HaOmronanu GopMUpOBaHUE XapaKTEPHOTO IITUTE-
JMATBHOTO «BOPOTHHYKA (aKAHTOTHYECKOTO YTOJI-
mieHus snuaepmuca). BocnanurensHas WHOUIb-
Tpamus OTCyTCTBOBAJA BO BCEX CIIydasX.

[Ipn MakpoCKOTTMYECKOM aHaln3e JT0OyIsIpHas
KanuJUIsIpHas reMaHrnoMa Obliia MpeIcTaBiIeHa
MOJUIOBUAHBIM 00pa3oBaHWEM Ha HOXKE Jua-
metpoM 0,2—-1,3 cM, ¢ OyrpuUCcTOi MOBEPXHOCTBIO,
CEpPO-KPaCcHOTO I[BETA U MATKOW KOHCUCTEHIIUEH.
[Ipu rucToNOTrNYEeCcKOM HCCIEIOBAHNU OTMEYaH
BBIpaKEHHOE JIOJIBYaTOe CTPOCHHE: MHOTOYHNCIICH-
HBIE KalMJUISPHI C Y3KUM IIPOCBETOM (B pe3ylibTare
HaOyXaHUs YHAOTEIHAIBHBIX KIETOK) POPMHUPYIOT
KOMITaKTHBIE JIOJbKHU, pasjeicHHble GUOPO3ZHBIMU
centamu (Puc. 1). B equHUYHBIX MUKpoOTIpenapa-
Tax HaOJIomaIy MUTO3bI 0€3 MPU3HAKOB aTHUITHH.
[ToBepxHOCTh 00pa3oBaHMS B psijie CIIy4aeB po-
3UpOBaHa WM U3bS3BIICHA, & B CTPOME HabIroqann
HHOUIBTPALHMIO HEUTpopUIaMu, TMMPOLUTAMHU U
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Tadauua 1. Kiiuanyeckasi XapaKTepucTHKA BLIOOPKH NALMEHTOB M COCYIUCTHIX HOBOOOPA30BAHMI KOXKHU, B
¢popmare n (%) nau M £ SD/SE (95% JAN).
Table 1. Clinical characteristics of the patient sample and vascular skin lesions, as n (%) or M = SD/SE (95%

CI).
«HUeppu»-aHrroma, JloGynsipHas remaHruoma,
roKas3aresb =66 =46 p-value
oI
MY>KYHUHBI 31 (47 %) 22 (47,8 %)
YKEHIIIMHBI 35 (53 %) 24 (52,2 %) =0,9292
CpeIHUI BO3pPACT, JIeT 34850 52,6+ 4,9 =0,0231
pext pact, (53,57 — 56,03) (51,14 — 54,06) ’
JIOKAITU3aIHs:
roJIOBa/IIest 4 (6,1 %) 18 (39,1 %) <0,00012
TENOo 27 (40,9 %) 20 (43,5 %) =0,7862
BEpXHUE KOHEUHOCTH 16 (24,2 %) 5 (10,9 %) =0,0742
HIKHUE KOHEYHOCTH 19 (28,8 %) 3 (6,5 %) =0,0042
CPeHIH DAZMED. C 0,75 £ 0,06 0,55+0,05 ~0.0121
PC/IHHI pasMep, cM (0,63 — 0,87) (0,45 — 0,65) ’
XapakTep pocra:
OJIMHOYHAS 3(4,5%) 45 (97,8 %)
MHOKECTBEHHAs 63 (95,5 %) 1(2,2 %) <0,00012

Ipumeuanmue: ' — t-kputepuii CThrofieHTa (BapuaHT Yamiua); > — y>-Kpurepuii [lnpcona; momy>xupHBIM BbI-

nenensl 3HageHus p < 0,05

Note: ' — Student’s t-test (Welch’s variant); > — Pearson’s y*-test; p values < 0,05 are shown in bold

«Yeppu»-anruoma

JloOyasipHasi reMaHruoma

x50

x200

Puc. 1. ®@parMeHTHI KOKH NALHEHTOB € KYePPU»-AHTHOMOI (cj1eBa) U JI0OYIAPHOI KaNnMJIAPHOI reMaHruo-
Moii (cnpaBa). OKpamiuBaHue reMaTOKCUJIMHOM U 303UHOM, YBeJaud. X50 u x200.
Fig. 1. Skin fragments from patients with cherry angioma (left) and lobular capillary hemangioma (right).

Hematoxylin and eosin staining, magnification x50 and x200.
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MTa3MaTHYECKUMH KIETKAMU ¢ XapaKTepHOH MOp-
(hostorueii.

OBCYKJIEHUE

Hacrosmee uccnenoBanue mocBsIeHO CpaBHU-
TEeJbHOU KJIMHUKO-MOP(OIOTHIECKON XapaKTEePHCTHKE
JIByX TUIIOB COCY/IUCTHIX HOBOOOPA30BaHHH — «IepPU»-
AHTHOMBI ¥ JTOOYIISIPHOM KaImIITAPHON TeMaHTIOMBI.

IIpu ananmze pacrpeneneHuss OTMEYEHO TIPE0o-
TaJaHue «9ePPU»-aHTHOM Ha TYJIOBHINE U HIIKHUX
KOHEYHOCTSIX, B TO BpeMs KaK JOOYJISIPHBIC KaIuJI-
JISIPHBIE TEMAHTHOMBI IPEUMYIIIECTBEHHO pPacIoia-
rajnch Ha TYJIOBHUIIE U TOJIOBE/IIee, YTO COTacyeT-
Csl C IaHHBIMH, TTOJIYYCHHBIMHU JIPYTUMHU aBTOPAMHU
[4]. Onnako, NpUYKHBI Pa3IMYU B JIOKAJIU3aLUU
OCTAIOTCS HEPACKPHITHIMU U TPEOYIOT MPOBEIICHUS
JNaJIbHEHIIINX UCCIEIOBAaHUM.

Kpome Toro, «ueppmn»-aHTHOMBI XapaKTepHU3y-
FOTCSl MHOYKECTBEHHBIM POCTOM, a X YUCJIO yBe-
JUYHBAETCS C BO3PACTOM, UTO, BEPOSTHO, CBSA3AHO
C HAKOIJICHHMEM COMAaTUYECKUX MYyTalHUi I'€HOB
GNA14, GNAQ u GNAL11, mpuBOaAIIuX K MOIYIs-
1uu curnanpHoro mytd MAPK/ERK u akruBanuu
peryaupyeMoi uM nponudeparuu dHI0TEeInab-
HBIX KJeToK [7; 8]. HanpoTus, conuTapHblii pOCT
T0OYJISPHBIX KAMWJUIPHBIX TEMaHTHOM B 00JIaCTH
TOJIOBBI/IIIEU MOXKET OOBSICHSACTCS BEIYIICH POJIBIO
MEXaHHYECKOW TPaBMBI, TOPMOHAIBHBIX HapYIIIe-
HHM, BOCTIAJICHHUS WJIA TIPHEeMa HEKOTOPBIX JICKap-
CTBEHHBIX CPEJICTB, KK TPUTTEPHBIX (DAKTOPOB IS
pa3BUTHS TaHHOU Ho3onoruu [9]. He uckioueHo,
YTO COILYTCTBYIOIIEE HAKOINICHUE MyTalluii B TEHAX
BRAF u KRAS Takxe cnocoOCTByeT JTOKaIbHOU
Moayssiiuu curaanuara RAS-MAPK u moteniu-
pyeT nponudepaiio KpOBEHOCHBIX COCYI0B Ka-
nuuisipHoro tuna [10].

OnucaHHbIC B HACTOSILIEM HCCICIOBAHUU KIIH-
HUKO-MOP(}OJIOTHYECKUEe NATTEPHBI OTPAXKAIOT HE
CTOJIBKO Pa3Nu4us KJICTOK-MPEAIICCTBEHHUKOB,
CKOJIPKO JMHAMHKY WX OHKOTEHHOW aKTHBAIWH.
Tak, mpu «ueppu»-anruome MytanTHble Go-0emkn
(mponyxter GNA14/GNAQ/GNA11) obecneunBa-
10T JUIUTEIBHYIO TPOIU(EPAIHIO YHI0TSIUATBHBIX
KJIETOK U TPOTPECCUPYIOIIYIO AUIATAINIO 3PEIIbIX
KamJUISIPOB M TIOCTKAMUJUISIPHBIX BEHYM [7]. 3TO
00BsCHSIET 00HAPYKEHHYIO AKTA3UI0 COCYIUCTHIX
MOJIOCTEH TIPU OTCYTCTBUY BOCIIAJICHNS 1 MATOTHYE-
CKOIl akTUBHOCTU. HampoTuB, akTUBaIusi CUTHAIb-
Horo kackana RAS/BRAF-MAPK nipu no0OyssipHo#i
KaMUIAPHOW TEMaHTHOME HHUIIUUPYET OBICTPYIO
KJIOHAJLHYIO TIPOHQEPAIuio U BacKynoreHes (00-
pazoBaHHMe KammwUIsipoB de novo) ¢ nanbHEHInM
MpOpacTaHUEM COCIUHUTEILHOU TKaHU U (HOpPMH-
pOBaHUEM KOMMAKTHBIX JIOJICK, YTO B PAJNIC CIydacB
MIPUBOINT K MIOBPEKICHUIO IIOKPBIBAIOIIIETO U
MHCa W HAKOTUICHUIO KIJIETOYHOTO BOCTIATUTEILHOTO
nHwmeTpara [11-13].
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Takum 00pa3oM, HECMOTPSI HA HEKOTOPOE KITH-
HUYECKOE CXOJICTBO, 0COOCHHO Ha PAHHUX CTaUIX
Pa3BUTHS, «IePPU»-aHTHOMA U JIOOYJISIpHAS KaITHJI-
JspHasi TeMaHTMOMa CYIIECTBEHHO Pa3IMYaroTCs
o TEMITy poCTa, CKIOHHOCTH K MU3BA3BJICHUIO U
KPOBOTOUHMBOCTH, & TAK)KE MO PUCKY pPEIVIHBA.
IIpoBeneHNEe HOBBIX KOMITJIEKCHBIX KIIMHUKO-MOP-
(honOTUYECKUX M MOJEKYISIPHO-OMOIOTUYECKHUX
HCCIIeIOBAHUN TTO3BOJUT CTaHIAPTHU3UPOBATH Ta-
TOMOP(OJIOTUYECKHIE KPUTEPUN U TIOAXOABI K JAHa-
FHOCTUKE reMaHTHoM. Kpome Toro, nomoiHeHne
PYTHHHBIX METOJIOB MOP(HOIOTHIECKOTO UCCIE0-
BaHUS COBPEMEHHBIMHA METOIaAMU UMMYHOTHCTOXU-
MHH U MOJICKYJISIPHO-T€HETUYSCKOTO aHau3a 1o-
3BOJIUT YTOUHUTH DTHOMATOICHETUUCCKUEC aCIICKThI
OMOJIOTHH COCYIUCTHIX HOBOOOPA30BaHUM, a TAKKE
CTaTh OCHOBOU /ISl pa3pabOTKKU HOBBIX TAPTETHBIX
TEPANEBTUUECKUX CTPATETHI.

3AKJIFOYEHUE

B HacTosiem uccieJoBaHUU TPOAEMOHCTPH-
pPOBaHBI KIWMHUKO-MOP(POIOTHIECKHE TATTEPHBI
«IePPU»-aHTUOMBI U JIOOYISPHON KamWJUISPHON
FEMAHTHOMBI, PA3JIUYUs MEKAY KOTOPBIMU MOTYT
MOCITY>KUTh OCHOBOM JIJIsl yTOuHEHUS uX auddepen-
[MAaJbHON TUAarHOCTUKH B PyTHHHOM maToMopdo-
JIOTUYECKOU TTpaKTHKE.
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SUMMARY

Vitamin B12 (cobalamin) deficiency affects an estimated 6% of adults under 60 and nearly 20% of those over 60
in developed countries; prevalence exceeds 70-80% in developing countries. Despite these numbers, the diagnosis
is easily missed. Neurological impairment — including subacute combined degeneration of the spinal cord, periph-
eral neuropathy, and cognitive decline — can develop and progress even in the absence of anemia or macrocytosis.
The assays have well-documented blind spots, and the early symptoms are nonspecific: fatigue, paresthesia, gait
unsteadiness, and cognitive slowing are readily attributed to aging, diabetic neuropathy, or depression. The result is
a common condition that remains undiagnosed in a substantial proportion of affected individuals. The clinical under-
standing of B12 deficiency has undergone a quiet but profound transformation over the past five decades. Several
observations were made independently and confirmed repeatedly, which forced the medical field to abandon its older,
simpler version. First, neurological disease from B12 deficiency frequently occurs without anemia or macrocytosis - in
one landmark series of 141 patients with neurologic disease from B12 deficiency, more than a quarter had a normal
hematocrit, and one in six had neither anemia nor macrocytosis. Second, the assays most laboratories used for
decades measured not only true B12 but also biologically inactive cobalamin analogs, generating normal results in
patients who were, in fact, deficient — false negatives that could delay diagnosis by years. Third, Pernicious anemia,
long considered the prototypical cause, accounts for only a minority of cases; food-cobalamin malabsorption driven by
the atrophic gastritis of aging is the dominant mechanism in the elderly. Fourth, metformin and proton pump inhibitors
-two of the most widely prescribed medications worldwide, especially in high-income countries - reliably lower serum
B12 over time, a risk factor that is rarely discussed when these medications are prescribed. Fifth, high-dose oral B12,
absorbed by mass action, is as effective as intramuscular injections for most patients, a practical reality that has yet
to fully penetrate clinical practice. This review synthesizes the current evidence on the pathophysiology, epidemiology,
clinical spectrum, diagnostic approach, and management of vitamin B12 deficiency. It is written for the clinician who
must decide which patient with fatigue, paresthesia, cognitive complaints, or a borderline-low B12 level actually has
tissue deficiency requiring treatment, and who must then choose between oral and injectable therapy, determine the
dosing schedule, and know when the patient can simply stop.

Key words: B12, Homocysteine, Neurogenesis, Metformin, Pernicious anemia.
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Hedvunt BuTammnHa B12 BctpedaeTcsi npumepHo oT 6-20 % B pa3BuTbIX CTpaHax; B pa3BMBaOLLMXCA CTpaHax —
npesbiwaet 70-80 %. MoxeT pa3snBaTbCsi U MPOrpeccnpoBaTh HEBPOOrMveckoe nopaxeHue (cybakyTHoe nopaxeHue
CMMHHOTO MoO3ra, nepudepu4eckyto HEBPOMATMIO N CHUXKEHWE KOTHUTMBHBIX (PYHKUMIA) NPU OTCYTCTBUM aHeMun
UM MakpouuTosa. TecTbl MMEIOT «Crienble 30HbI», a8 PaHHUE CUMMTOMbI HECMeUMdUYHbI: yCTanocTb, napecTesnmn,
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LaTKoCTb Npu xoabbe U 3amedneHue KOTHUTUMBHBIX (PYHKLMIA NErko CMMUCLIBAKTCS Ha CTapeHune, AvabeTuyeckyto
HeBponaTuio Wnu penpeccuto. B utore ato pacnpocTpaHEHHOe COCTOsiHME OCTaéTcsl HeAMarHOCTUPOBAaHHbIM Y
3HauUUTENbHON YacTy nioaen. KnuHnyeckoe noHmmanve gedpuumTa B12 nperepneno sHaumTenbHy TpaHchopMaumo
3a nocriegHve naTb AecATuneTuin. Hesponornyeckne 3aboneBanusi, BbldBaHHble gedunumtom B12, yacto Bo3HuKaoT
6e3 aHemMuUn nnuM makpouuTosa. nabopaTopHble TecTbl TPaAWULMOHHO M3MEPSIIOT HEe TOMbKO akTUBHYyl dopmy B12,
HO 1 BUOMOrNYeckn HeakTUBHbIE aHanory kobamnamuHa, YTO NOXHble OTpuULaTeNbHble pesynbraThl Y NaluuMeHToB C
0edrunToM, YTO MOFTIO 3a4epXKMBaTb ANArHOCTMKY Ha rofbl. 3rIoka4ecTBEHHas aHEMUS, AONTOe BpeMsi cCuMTaBLUasics
TUMUYHON MPUYUHOW, BCTPEYAETCS NULIb B MEHBLUMHCTBE Cry4aeB; Y MOXMIbIX MoAell OCHOBHOW MeXaHu3m —
3T0 Manbabcopbuuss nuwm ¢ kobanammHOM, Bbi3BaHHAsi aTpOPUUECKMM racTpUTOM, CBSI3@HHbIM C BO3PACTOM.
MeThopMUH 1 MHIMBUTOPBI MPOTOHHOW MNOMMbl — [ABa U3 CaMbIX LLIMPOKO Ha3HavyaeMbIx NpernapaToB B MUpe 0COBEHHO
B CTpaHax C BbICOKMM YPOBHEM [0XOAa HaAEXHO CHWXalT ypoBeHb BUTammnHa B12 B cbiBOpoTke, YTO SBMSETCSA He
nonynsipHelM ¢pakTopoM pucka. BbICOKME 403bl MepopanbHoro ButamuHa B12, yceanBatowmecs 3a cHET MacCcoBOro
OeNCTBUSA, TaK ke 3(PEKTUBHBI, KaK BHYTPUMbILLEYHbIE UHBEKUUWN AN GOMbLUMHCTBA MaLMEHTOB, YTO SABMSETCH
NpaKkTU4YeCKON pearnbHOCTbI, KOTOPasi 4O CUX MOP He MoMyyYuna NonHoro BHeAPEHUs B KIMHUYECKON npakTuke. B atom
0630pe 0606LeHbI TEKYLLME AaHHbIE O MATO(PU3NONOTNX, ANMAEMUOIOTNU, KMMHUYECKOM CMEKTPe, ANarHOCTUYECKOM

OBb30PbI

nogxoge u neveHun gecuuynta ButammHa B12.

KnroueBble cnoBa: B12, romouuncTeuH, HenporeHes, MeT)OpMUH, 3ri0Ka4eCTBEHHAA aHeMUSA.

In 1855, Thomas Addison described a pernicious
anemia. Patients died during two to three years of
diagnosis. The 1926 discovery by Minot and Murphy
that feeding patients of raw liver daily could reverse
the anemia, and the subsequent isolation of vitamin
B12 as the active principle, represented one of the
genuine therapeutic breakthroughs of early 20th-
century medicine [1]. For this work, Minot, Murphy,
and Whipple received the 1934 Nobel Prize.

For the next five decades, B12 deficiency
was understood through a narrow hematologic
lens. Medical textbooks described it as a cause
of macrocytic anemia, diagnosed by measuring
serum B12 and confirmed by the Schilling test, and
treated with lifelong intramuscular injections. This
framework was tidy, teachable, and incomplete [2].

The clinical reality is messier. Patients arrive not
with “macrocytic anemia” but with burning feet that
keep them awake at night. With a gait disturbance,
with forgetting. With a depression that has not
responded to successive antidepressants. With a
normal hemoglobin level. In each case, the question
is the same: could this be B12 deficiency?

The transformation in our understanding of
B12 deficiency over the past several decades has
been driven not by a single breakthrough but by a
series of clinical and laboratory observations that,
taken together, dismantled the older model. Healton
and colleagues (1991) published results which
findings forced a fundamental reconsideration of the
relationship between B12 and the nervous system:
more than a quarter had a normal hematocrit, and
one in six had neither anemia nor macrocytosis
[3]. The inverse correlation between hematocrit
and neurologic severity — the worse the neurologic
findings, the milder the anemia - suggested that
these were not the sequential stages of the same
disease but independent consequences of the same
deficiency [4].
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Further, the Framingham study applied
metabolic markers - serum methylmalonic acid and
homocysteine — to a community-dwelling elderly
population and found that 12-15% had tissue
evidence of B12 deficiency, the vast majority of
whom had serum B12 levels in the “low normal”
rather than frankly deficient range [5]. These
findings raised a question: how many patients with
nonspecific symptoms and normal blood counts were
being missed?

Subsequent work expanded the picture further.
The recognition that food cobalamin malabsorption,
not pernicious anemia, is the dominant cause in the
elderly, affecting approximately 40% of older adults
with unexplained low B12, explains why deficiency
becomes more prevalent with age, even when intrinsic
factor secretion is intact [6; 7]. The demonstration
that metformin and proton pump inhibitors, two of
the most widely prescribed medications worldwide,
predictably lower serum B12 over time identified
a large and growing iatrogenic contributor — one
that is rarely discussed when these medications are
prescribed [8]. The finding that Helicobacter pylori
infection is an independent and treatable cause of
B12 deficiency added an infectious etiology to the
differential [9]. And the randomized evidence that
high- dose oral B12 is as effective as intramuscular
injections for most patients changed what clinicians
can offer [10].

Today, B12 deficiency is understood as a global
health problem with diverse etiologies, protean
clinical manifestations, and readily available
treatment that can prevent irreversible neurologic
damage if initiated early. The challenge for the
clinician is not knowing that B12 deficiency exists
but recognizing it in the individual patient.

This review provides a current, evidence-based
synthesis of the pathophysiology, diagnosis, and
management of vitamin B12 deficiency, with



2026, T.16, Ne 3

KPBIMCKHI )KYPHAJ SKCITEPUMEHTAJIbHOM M KJIMHUYECKON MEIUIIAHBI

emphasis on the clinical decision that determine
outcomes.

Biochemistry and Physiology of Vitamin B12

The B12 molecule is a water-soluble vitamin
with a complex corrin ring structure containing a
central cobalt atom [11]. It is synthesized in nature
exclusively by certain bacteria and archaea. Plants
do not produce it; humans obtain B12 almost entirely
from animal — source foods, including meat, fish,
eggs, and dairy products [12]. The recommended
dietary allowance for child is 0.4 mcg/day going
up to 2.4 mcg/day for adults. Total body stores
range from 1 to 5mg, roughly half of which is
hepatic stores. Symptoms develop gradually — over
months to years- and the earliest complaints are
often nonspecific: fatigue, mild paresthesia, subtle
cognitive changes. By the time the deficiency is
clinically evident, substantial tissue depletion has
already occurred [11].

The B12 Pathway from food to the cells of the
body involves a remarkable, elaborate transport
system requiring more than 15 gene products [13].
Each step represents a potential site of failure, which
produces a distinct clinical cause of deficiency. B12,
bound to food protein, is released by the action
of gastric acid and pepsin. Free B12 then binds to
haptocorrin (R — protein), a salivary glycoprotein
that protects the vitamin from acid degradation [14].
Anything that impairs gastric acid secretion (atrophic
gastritis, proton pump inhibitors, H2 receptor
antagonists) interferes with this very first step.

In the duodenum, pancreatic proteases degrade
haptocorrin. The liberated B12 is transferred to
intrinsic factor (IF), a glycoprotein secreted by
gastric parietal cells. Intrinsic factor deficiency,
whether autoimmune (pernicious anemia) or surgical
(gastrectomy), is the most common cause of B12
malabsorption, but it accounts for only a minority of
cases overall [15].

Ileal Phase: The IF-B12 complex is recognized
by the cubam receptor (comprising cunbilin
and amnionless) on the apical surface of ileal
enterocytes. This receptor-mediated endocytosis
is the rate-limiting step in B12 absorption and is
capable of absorbing only 1-2 pg per meal [15].
Disease or resection of the terminal ileum abolishes
this pathway.

Cellular Processing: After lysosomal degradation
of IF, B12 is exported from the lysosome into the
cytoplasm by the recently discovered membrane
protein transporters LMBRD1 and ABCD4. 1t is
then processed into its two active coenzyme forms.
Mutations in these genes encoding these transporters
cause rare inherited deficiency syndromes (the cbl
complementation groups) [16].

Systemic Transport: B12 enters the portal
circulation bound to transcobalamin (TC), forming
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holotranscobalamin(holoTC) — the metabolically
active fraction that delivers B12 to all tissues via the
CD320 receptor [13]. Only approximately 20% of
total serum B12 is present as holoTC; the remaining
80% is bound to haptocorrin, whose metabolic
function remains unknown despite decades of
investigation. This distribution explains a key
diagnostic point: total serum B12, most of which is
haptocorrin-bound and functionally inert, can be a
misleading indicator of tissue B12 status [17].

Metabolic Function and the Folate Trap

B12 serves as a cofactor for two enzymatic
reactions in humans.

Methionine Synthase (Cytoplasm).
Catalyzes the transfer of a methyl group from
5-methyltetrahydrofolate (5-methyl-THF)
to homocysteine, generating methionine and
tetrahydrofolate (THF). Methionine is subsequently
converted to S-adenosylmethionine (SAM),
the universal methyl donor for DNA synthesis,
neurotransmitter metabolism, and myelin formation
[18]. When methionine synthase fails, two things
happen: homocysteine accumulates, and folate
becomes trapped as 5- methyl —THF.

In B12 deficiency, methionine synthase cannot
convert 5-methyl-THF to THF — the methyl folate
trap. Folate is trapped in its methylated form,
unavailable for the reactions of DNA synthesis — a
functional folate deficiency. Both (true and functional
folate deficiency) produce megaloblastic anemia of
the bone marrow. Both responses, at least partially to
high-dose folic acid, which can correct the anemia of
B12 deficiency while leaving the neurologic disease
to progress unchecked [1; 18]. This is why folic
acid fortification, for all its benefits in preventing
neural tube defects, has made the diagnosis of B12
deficiency harder: it masks the hematologic signal
without touching the neurologic risk.

Methyl malonyl-CoA Mutase (Mitochondria):
This enzyme converts methyl malonyl-CoA to
succinyl-CoA, a key step in odd-chain fatty acid
metabolism. Impairment of this reaction leads to the
accumulation of methylmalonic acid (MMA). Unlike
homocysteine, MMA is specific for B12 deficiency —
it does not rise in folate deficiency — making it
the most useful metabolic marker for confirming
tissue — level B12 depletion [1; 19]. Beyond its
role as an enzymatic cofactor, B12 functions as a
mitochondrial antioxidant. Higher serum B12 levels
are associated with increased antioxidant enzyme
activity and lower levels of oxidative stress markers
and pro-inflammatory cytokines. This may contribute
to the neuroprotective effects of B12 independent of
its classical metabolic functions [20].

Why This Biochemistry Matters in Practice.
The two B12-dependent reactions correspond to
the metabolic markers used to confirm tissue-
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level deficiency. When methionine synthase fails,
homocysteine accumulates; when methyl malonyl-
CoA mutase fails, methylmalonic acid accumulates.
Homocysteine is sensitive but nonspecific — it rises in
folate deficiency, renal failure, and other conditions —
while MMA is specific for B12 deficiency and is the
more reliable diagnostic marker.

The methyl folate trap explains why B12 and
folate deficiency produce identical bone marrow
findings, why folic acid can partially correct the
anemia of B12 deficiency, and why fortification
programs have altered the clinical presentation
of B12 deficiency in ways that make it harder to
recognize. The transport pathway explains why
measuring only serum B12 can be misleading, why
oral B12 works when given in high doses, and why
the cause of deficiency in an individual patient has
direct implications for treatment. Emerging evidence
suggests an additional role for B12 in epigenetic
regulation. Deficiency leads to dysregulated m6A
RNA methylation, altering expression of genes
involved in neuronal function and neuroplasticity.
This may explain some of the long-term effects of
early — life B12 deficiency on brain development and
cognitive [21].

Epidemiology: A Global Health Problem

In the United States, NHANES data from
1999-2002 demonstrated that approximately 6%
of adults aged > 60 years have serum B12 levels
below the conventional deficiency threshold of 148
pmol/L, with an additional 20% having marginal
status (148-221pmol/L) [12; 15]. The Framingham
study provided an even more sobering picture:
among 548 community-dwelling elderly subjects,
40.5% had serum B12 < 258pmol/L, and 12% had
metabolic evidence of tissue deficiency defined by
elevated MMA [5]. Similar prevalences have been
documented across European populations [6; 12].

Population-rates across regions from 2002 to
2026 include: India and south Asia: 47% to 53%
general population is affected with up to 70% to 80%
of certain demographic (particularly vegetarians and
pregnant women [22; 23]. Latin America: average rate
about 40%. Africa: prevalence up to 70% in certain
vulnerable populations, such as Kenyan school
children [24]. United States and United Kingdom:
Affects approx. 3% to 6% of the general population,
but rises to 10% to 20% among adults over the age of
60. Brazil: population level analyses reveal that B12
deficiency-related hospitalizations surged by 32%
[25; 26]. Allien et al. (2016) suggested that FUT2,
through its regulation of the cross-talk between gut
microbes and the human host, might explain a part of
the observational association between serum vitamin
B12 and BMI [27; 28].

The global burden of B12 deficiency is
disproportionately concentrated in low - and
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middle-income countries, where dietary intake of
animal-source foods is limited by poverty, cultural
practices, or religious dietary restrictions [12; 29].
The prevalence figures from these regions are
substantially higher than those from North America
or Europe, and the populations affected are younger.

In Pune, India, Refsum and colleagues found that
47% of adults had serum B12 < 150pmol/L, 73% had
elevated MMA, and 77% had hyperhomocysteinemia
[29; 30]. Remarkably, these metabolic abnormalities
were equally prevalent in both vegetarians and non-
vegetarians, reflecting the extremely low animal
food intake even among the latter group (Table 1).
Nationally representative surveys in Latin America
have documented deficiency rates of approximately
40% across multiple countries [12], while studies in
Kenya and Nigeria have reported rates exceeding
70% in children and pregnancy, and lactation is of
particular concern given the severe consequences for
infant neurodevelopment [31].

Importantly, the post — folic acid fortification
era has reshaped the epidemiology. In folate-
replete populations, B12 deficiency has
emerged as the dominant nutritional cause of
hyperhomocysteinemia. In one analysis, B12 status
accounted for 30-36% of the population attributable
risk for elevated homocysteine, while folate status
accounted for less than 1% [32]. This represents a
complete reversal from the pre-fortification era and
has practical consequences: in a patient with elevated
homocysteine, B12 deficiency is now statistically the
more likely explanation.

Etiology and Pathophysiology

B12 deficiency is not a single disease with a
single cause. It is the final common pathway of
several distinct disruptions.

Malabsorptive Causes. Pernicious Anemia
(Autoimmune Atrophic Gastritis) the classic cause
of severe B12 deficiency, results from autoimmune
destruction of gastric parietal cells, leading to two
parallel losses: intrinsic factor secretion and gastric
acid production [33]. Without an intrinsic factor, the
ileal cubam receptor has nothing to bind. Without
acid, even food-bound B12 cannot be released
from its protein carriers. The autoimmune process
is marked by antibodies directed against parietal
cells and intrinsic factor itself. Anti-parietal cell
antibodies are present in more than 90% of patients
with pernicious anemia but can also be found in up to
10% of healthy individuals, limiting their specificity
[34]. Anti-intrinsic factor (IF) antibodies are far less
sensitive — they are found in only 50-70% of cases —
but are highly specific. A positive anti-IF antibody
in a patient with low B12 effectively confirms the
diagnosis [11; 33].

Pernicious anemia does not occur in isolation.
It is associated with other autoimmune conditions,
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Table 1. Special At Risk populations [1; 6; 7; 15; 31].

Taoauna 1. CniennajbHble TPYNNBI MOBBIMIEHHOT0 pucka [1; 6; 7; 15; 31].

Group

Characteristics

Infants

Breastfed children aged 4-10 months of mothers with B12 deficiency are
at extremely high risk. Characteristic signs include severe developmental
regression syndrome, hypotonia, and delayed growth and weight gain,
and neurological damage can become irreversible just a few weeks after
symptoms appear. A mother with undiagnosed pernicious anemia (strict
vegetarian or vegan diet, stomach diseases, etc.) may not have any symptoms.

Children and Adolescents

12.5% globally among children, rising to 21-45% in low - and middle-income
countries.

The Elder population

The prevalence of vitamin B12 deficiency gradually increases with age, mainly due
to a rise in cases of atrophic gastritis and impaired absorption of cobalamin from
food. About 60-70% of low B12 levels are linked to the inability to release B12
from food proteins.

Vegetarians and Vegans

Exhaustion or vitamin B12 deficiency occurs in 11-90% of vegetarians, depending
on their diet. Vegans are at the highest risk because they completely exclude animal
products. The EPIC-Oxford study showed the corresponding intake levels: vegans
consumed about 0.4 mcg/day, lacto-ovo vegetarians 2.6-4 mcg/day, and meat-eaters
7.2-4 mcg/day. Deficiency develops regardless of demographics, age, or place of

residence — it’s a direct result of the diet.

especially autoimmune thyroid disease (present
in roughly 40% of patients) and type 1 diabetes
(approx. 10%), as part of what is now recognized
as autoimmune polyendocrine syndrome [33]. The
clinical implication is direct: a patient diagnosed
with pernicious anemia should have their thyroid
function and glucose status checked, and patients
with autoimmune thyroid disease or type 1 diabetes
who develop unexplained anemia or neurologic
symptoms should be evaluated for B12 deficiency.
There are more serious long-term effects. The
chronic atrophic gastritis that underlies pernicious
anemia is a premalignant condition. These patients
have a two- to threefold increased risk of gastric
adenocarcinoma and a substantially elevated risk of
gastric carcinoid tumors [6].

Chronic Gastritis. In the Case Report and
Literature Review of Pustelnik E. in 2025, presents
a case of 15 year-old male patient with hemolytic
anemia, thrombocytopenia, emaciation, and a
prolonged history of impaired vision and gait
resulting from vitamin B12 deficiency. While food
restriction is the most common cause of vitaminB12
deficiency in children, this case highlights the
rarity of chronic atrophic gastritis as an underlying
4rgcondition [15].

Food — cobalamin Malabsorption. First
characterized by Carmel in 1995, food cobalamin
malabsorption is now recognized as the predominant
cause of B12 deficiency in the elderly [6, 7]. The
mechanism is fundamentally different from
pernicious anemia. Intrinsic factor secretion is intact,
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and the ileal absorption machinery is normal. The
defect is at the very first step; the stomach can no
longer generate sufficient acid and pepsin to cleave
B12 from dietary proteins. The results are an inability
to absorb food-bound B12 despite preserved ability
to absorb the crystalline form found in supplements
and fortified foods.

This difference — intact versus absent intrinsic
factor — determines treatment. Because intrinsic
factor and the ileal cubam receptor are functional
in food — cobalamin malabsorption, these patients
can absorb crystalline B12 (the form used in oral
supplements and fortified foods) normally. They do
not require intramuscular injections. High-dose oral
B12 is sufficient. The condition affects an estimated
40% of older adults with unexplained low B12 and
is strongly associated with age-related atrophic
gastritis [7]. The history can provide important
clues. Patients with food-cobalamin malabsorption
often have normal serum B12 when taking a standard
multivitamin, but become deficient when they
stop. They may describe a gradual decline in B12
levels over years of follow-up, corresponding to
progressive gastric atrophy. And they typically have
no evidence of intrinsic factors, antibodies, or other
autoimmune stigmata.

Helicobacter pylori Infection

H. pylori is among the most common chronic
bacterial infections worldwide, and its role in B12
deficiency has been clarified over the past two
decades. The mechanism involves a sequence: H.
pylori colonization, chronic superficial gastritis,
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progressive gastric atrophy, hypochlorhydria,
impaired release of food-bound B12 [9]. In
genetically susceptible individuals, molecular
mimicry between H. pylori antigens and gastric H+/
k+-ATPase may trigger the autoimmune process
that eventually results in pernicious anemia [33].
The most clinically relevant findings are that
eradication of H. pylori can correct B12 deficiency
in a substantial proportion of cases without the
need for long-term supplementation. Kaptan and
colleagues demonstrated that among H. pylori —
infected patients with B12 deficiency, eradication
therapy alone normalized B12 levels and corrected
anemia in approx 40% [9]. This is not universally
effective — patients with advanced gastric atrophy
or established pernicious anemia will still require
B12 replacement — but it is sufficiently common to
warrant testing H. pylori in B12 — deficient patients,
particularly those from populations with high H.
pylori prevalence.

Surgical Causes. Any operation that removes or
bypasses the stomach or terminal ileum disrupts the
B12 transport pathway. Total gastrectomy eliminates
intrinsic factor production entirely and makes B12
deficiency inevitable without supplementation.
Partial gastrectomy reduces acid and intrinsic factor
secretion to varying degrees. Roux-en-Y gastric
bypass excludes the gastric antrum and duodenum
from nutrient contact and is associated with B12
deficiency in 30-35% of patients within two to five
years without supplementation [35]. Ileal resection
removes the cubam receptor site and abolishes the
active absorption pathway, though passive diffusion
of high-dose oral B12 remains possible.

Dietary Causes. Dietary B12 was once thought to
occur only in strict vegans. But this perception is no
longer true. In populations where animal-source food
intake is limited by poverty, cultural dietary patterns,
or religious practices, dietary deficiency is endemic
and it affects vegetarians alike when overall animal
food consumption is low [12; 29].

The EPIC-Oxford study provided a clear
dose — response relationship: serum B12 levels
tracked directly with reported intake, from vegans
(lowest) to lacto-ovo-vegetarians (intermediate) to
meat-consumers (highest) [12]. But the Pune data
demonstrated that the problem extends beyond
self-identified vegans. In that cohort, metabolic
evidence of B12 deficiency was present in more
than 70% of adults, with no meaningful difference
between those who reported eating meat and those
who did not, because meat consumption among the
non-vegetarians was too infrequent and too small in
quantity to meet requirements [29; 30].

The clinical history should include specific
questions about dietary patterns, but it should also
recognize that simply asking “Do you eat meat?” is
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not enough. Frequency, quantity, and duration of low
intake all matter.

Drug-Induced Deficiency. Metformin: The
evidence that metformin lowers serum B12 is now
substantial and comes from randomized data with
long-term follow-up. The HOME trial, a 4.3-year
placebo-controlled study of metformin in type 2
diabetes, demonstrated a 19% mean reduction in
serum B12 in the metformin group compared with
placebo. The number needed to harm -the number of
patients who must take metformin for one additional
case of B12 deficiency to occur was 13.8 over 4.3
years [36]. The Diabetes Prevention Program
Outcomes Study (DPPOS) extended these findings
over a mean follow-up of 13 years and showed that
metformin use was associated with a 13% increased
risk of B12 deficiency per year of use. The effect
was cumulative: the longer the exposure, the greater
the risk [8].

The mechanism appears to involve metformin
interference with calcium-dependent absorption
of the intrinsic factor-B12 complex in the terminal
ileum. This effect is reversible with increased dietary
intake, though the more practical approach is periodic
monitoring and supplementation [36].

The clinical problem is not that metformin
causes B12 deficiency- that is well established. The
problem is that screening rates remain low. Many
patients on metformin for years have never had their
B12 levels checked. When they develop peripheral
neuropathy, it is attributed to diabetes. When they
experience fatigue or cognitive complaints, it is
attributed to aging. The overlap between the side
effects of metformin and the symptoms of B12
deficiency creates a diagnostic hazard. The only way
to avoid it is to check B12 levels periodically —before
neuropathy or cognitive decline are attributed to the
diabetes itself.

Proton Pump Inhibitors and H2 Blockers: A case-
control study by Valuck and Ruscin demonstrated
that chronic (>12 months) use of PPIs or H2RAs
was associated with a 4.45-fold increased risk of
B12 deficiency in older adults [37]. Short-term use
<12 months) showed no significant association,
consistent with the gradual depletion of hepatic
B12 stores. The clinical implication is not that these
medications should be avoided — many patients have
a clear indication for acid suppression — but that long-
term use should prompt periodic B12 monitoring,
especially in older adults, who are already at
increased risk of food-cobalamin malabsorption
and may be taking acid-suppressing drugs for years
without a clear indication.

Genetic Disorders and Molecular Mechanism of
Predisposition

Rare inherited disorder affecting various
components of the B12 transport pathway including
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Imerslund-Grisbeck syndrome (autosomal recessive
mutations in genes CUBN — cubilin and AMN —
amnionless), hereditary intrinsic factor deficiency
(GIF), transcobalamin deficiency, and the cblA-G
complementation groups — typically present in
infancy or childhood with megaloblastic anemia,
failure to thrive, and neurologic abnormalities [13].
These conditions are rare. The general physician will
encounter them only a handful of times in a career.
When suspected, referred to a metabolic specialist.

Much more often, genetic predisposition
manifests itself in the functional characteristics of
the transport proteins responsible for the absorption,
transport, and intracellular metabolism of cobalamin.
Epidemiological studies have shown differences of
at least 100 pmol/L depending on the number of
SNPs that increase B12 levels [27; 38]. At least 18
SNPs are associated with serum total homocysteine
(tHcy) concentrations, including several variants
affecting folate metabolism pathways. Three of
these (polymorphisms in the MUT, FUT2, and
CUBN genes) are also associated with serum B12
concentrations.

The most well-known are polymorphisms in the
fucosyltransferase 2 (FUT2) gene, where the AA
genotype (rs602662) of the secretory variant of FUT2
is associated with an increase in the concentration
of total and haptocorrin-bound B12 by 10-25%,
but does not affect the level of holotranscobalamin
(holoTC) [39]. For the HIBCH gene polymorphism
(rs291466), it was shown that homozygotes for the
TT allele have a serum MMA concentration that is
20% and 40% lower than carriers of the CT and CC
genotypes, respectively [40]. The transcobalamin
II protein is encoded by the TCN2 gene and affects
the delivery of cobalamin into cells. SNP rs1801198
alters the structure of the transcobalamin II protein
and can disrupt the binding of vitamin B12 or the
binding of the vitamin B12-TCN2 complex to the
TCN2 receptor on the cell surface. This disrupts
the delivery of vitamin B12 into cells, leading to
hyperhomocysteinemia [41]. Associations between
MTHFR gene polymorphisms and a predisposition
to vitamin B12 deficiency have been described
in the literature. MTHFR (C677T and A1298C)
are associated with reduced enzyme activity.
A homozygous genotype may protect patients
with reduced methionine synthase activity from
defective DNA synthesis, and folate metabolism is
shifted toward thymidylate synthesis. One-carbon
metabolism is disrupted and can cause functional
deficits, including the development of anemia and
neurological symptoms, even with normal serum
vitamin levels [42]. Polymorphisms in the MTR
gene (A66G) disrupt homocysteine remethylation
and methionine synthase reactivation; the G allele
of the A66G polymorphism of the MTR gene was
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associated with higher MMA levels, indicating poorer
vitamin B12 status [43]. The findings highlight the
need for larger, diverse population studies to better
understand the genetic basis of B12 status across
different ancestries [25].

Clinical Manifestation: Hematologic

The classic hematologic picture of B12 deficiency
is megaloblastic anemia with macrocytosis (MCV
more than 100fL) with hypersegmented neutrophils
on the peripheral smear and a hypercellular bone
marrow showing megaloblastic erythropoiesis [1].
This is the finding that generations of clinicians
were taught to recognize. The problem is that it is
neither sensitive nor specific. In the series by Healton
and colleagues, 27.4% of patients with neurologic
B12 deficiency had a normal hematocrit ,23% had
a normal MCV, and 16.3% had neither anemia nor
macrocytosis [3]. The inverse correlation between
hematocrit and neurologic severity-patients with
the worst neurologic findings tended to have the
least anemia-means. The peripheral smear can
provide clues even when the automated counts
are unremarkable. Hypersegmented neutrophils
(defined as five or more lobes in the nucleus)
are a characteristic finding and may precede
the development of anemia. Thrombocytopenia
and leukopenia can occur in severe cases due to
ineffective hematopoiesis affecting all three cell
lines [1]. A clinically critical point: Vitamin B12
deficiency can present with hemolytic anemia,
thrombocytopenia, and schistocytes-mimicking TTP
[15].

Neurologic manifestations are the most feared
consequence of B12 deficiency due to their potential
irreversibility. The classic syndrome - subacute
combined degeneration of the spinal cord — involves
demyelination of the dorsal (sensory) and lateral
(motor) columns [44]. The most common initial
symptoms are symmetric paresthesia of the lower
extremities (>70% of patients) and gait ataxia.
On examination, diminished vibratory sensation
and proprioception in the lower extremities are
the most frequent findings, around 88%. The
neurologic examination may be normal in up to
20% of symptomatic patients. A critical clinical
observation is the inverse relationship between
neurologic severity and anemia: patients with
less anemia tend to have more severe neurologic
damage. Cognitive dysfunction, ranging from subtle
memory impairment to frank dementia, is well
documented [45]. However, randomized trials of
B12 supplementation in patients with mild deficiency
have not demonstrated cognitive improvement,
suggesting that treatment may prevent but not reverse
established cognitive decline [46]. Optic neuropathy
in B12 deficiency presents as progressive, bilateral,
painless vision loss with abnormal color vision and
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central or Centro cecal scotomas. It is reported in
less than 1% of B12- deficient patients. Critically,
it can be irreversible — the patient in this case had
optic nerve disc atrophy on OCT six months after
treatment, with permanent visual impairment in one
eye [15].

Neuropsychiatric manifestations include
depression, psychosis, irritability, and personality
changes. These may be the presenting features and
are often reversible with treatment. The mechanism
is thought to involve disruption of monoamine
neurotransmitter synthesis secondary to impaired
methylation. The clinical relevance is that patients
with treatment — resistant depression, new-onset
of psychosis in older adults, coordination disorder,
mania or unexplained personality change should
be screened for B12 deficiency [3]. Patient whose
primary psychiatric manifestation was anorexia with
10 kg weight loss over one year, which resolved
completely with B12 replacements [15].

Infantile Neurodevelopment. B12 deficiency in
infancy presents with a distinctive and devastating
syndrome of developmental regression, apathy,
hypotonia, feeding difficulties (including refusal
of complementary foods), involuntary movements,
and failure to thrive, typically emerging at 4-10
months of age in exclusively breastfed infants of
deficient mothers [29]. A pooled analysis of 48
case studies found that 56-60% of affected infants
had developmental delay, with cerebral atrophy on
imaging in 28-37%. The response to treatment can
appear dramatic. Within days of B12 administration,
the infant often becomes more alert, feeding
improves, and involuntary movements diminish.
This rapid improvement can create a false sense of
reassurance about the long-term outlook. The pooled
data show that only 30-33% of affected infants
recover completely from developmental delay.
Between 38% and 50% are left with permanent
cognitive impairment [29]. This is why early
recognition matters. Because irreversible neurologic
injury can occur within weeks of symptoms onset,
treatment should begin immediately, on clinical
suspicion alone, before confirmatory labs return. The
test should still be done, but the first injection should
not be delayed.

Immunologic Manifestation. An underrecognized
consequence of B12 deficiency is impairment of
cellular immunity. Tamura et al. demonstrated a
significant reduction in CD8+ T lymphocytes and
natural killer (NK) cell activity in B12-deficient
patients, with normalization after B12 replacement.
These immunologic effects may contribute to
the increased risk of gastric cancer observed in
pernicious anemia [33; 47].

Pediatric and Adolescent Presentations. Severe
vitamin B12 deficiency in adolescents can mimic
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Evans syndrome (autoimmune hemolytic anemia
with immune thrombocytopenia) [15]. Pseudo-
thrombotic microangiopathic (pseudo-TMA) is
a rare presentation of vitaminB12 deficiency that
can be mistaken for thrombotic thrombocytopenic
purpura (TTP). Beyond infants, B12 deficiency in
children and adolescents can present with a range
of neurological symptoms including syncope,
dizziness, hypotonia, gait ataxia, seizures, tremor,
paresthesia, blurred vision, fatigue, and difficulty to
concentrate. In a retrospective series of 38 children
with confirmed B12 deficiency and neurological
symptoms, all recovered within one month of
treatment [20].

Other Manifestation. Glossitis (Hunter’s
glossitis), hyperpigmentation (particularly affecting
the palmar creases and knuckles), infertility, and
thrombosis (due to severe hyperhomocysteinemia)
are well-described [1]. In article of Pustelnik E.
presents a case with extensive annular, scaly skin
lesion that resolve with vitamin B12 deficiency
treatment. This article also notes that dermatologic
findings can include brittle hair, oral ulcer, angular
cheilitis, and xerostomia [15].

Diagnosis

The diagnosis of B12 deficiency rests on three
questions, asked in sequence. First, is there a tissue-
level deficiency? Second, what is the serum B12
level, and how should it be interpreted? Third, what
is the underlying cause? The order matters. Tissue
deficiency can exist with a normal serum B12. A low
serum B12 can occur without tissue deficiency. And
the cause determines treatment duration and the need
for additional investigation (Table 2).

Serum B12. The problem is that total serum B12
is a fake marker. Only about 20% of the measured
B12 is bound to transcobalamin and available for
cellular uptake. The remaining 80% is bound to
haptocorrin, which has no metabolic function and
whose level varies independently of B12 status [13;
17]. A patient with low haptocorrin level can have
a low total serum B12 without tissue deficiency.
A patient with normal haptocorrin and a normal
total B12 can have tissue deficiency because the
active fraction is depleted. The cobalamin analog
problem: The seminal work of Kolhouse, Allen, and
colleagues in 1978 revealed that commercial B12
assays using R-protein (haptocorrin) as the binding
protein measured biologically inactive cobalamin
analogs in addition to true B12, yielding falsely
normal results in up to 20% of deficient patients
[17]. Modern assays using purified intrinsic factor
have largely corrected this issue, but the fundamental
principles remain: a “normal” serum B12 does not
rule out deficiency.

Methylmalonic Acid (MMA) is the most
specific marker for B12 deficiency. It accumulates
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Table 2. Diagnostic Biomarkers for Vitamin B12 Deficiency [1; 5; 11; 35].
Taoauna 2. luarnocTudeckue 6uomapkepsl fepunura Butamuna B12 [1; 5; 11; 35].

Marker Serum Key Thresholds

Diagnostic Meanings

Total serum BI12 exclude deficiency.

unlikely.

<148 pmol/L — deficiency.
148-258 pmol/L — a gray zone.
>258 pmol/L — not absolutely

>350 pg/mL — deficiency

False negative — serum levels in the normal
range (at least 5% of patients with clinical B12
deficiency).

False positive — low serum B12 in the absence of
metabolic or clinical evidence of deficiency (low
haptocorrin levels, pregnancy, oral contraceptive
use, and multiple myeloma).

>376 nmol/L — considered

Most specific test. Elevated in more than 98% of

MMA (Methylmalonic elevated patients with clinical B12 deficiency. are strongly

Acid) >500 nmol/L - strongly suggests | suggestive of B12 deficiency even in the setting
B12 defiency of renal disease.

Homocysteine >15 umol/L Nonspecific. Also rises in folate/B6 deficiency,

hypothyroidism, and renal failure.

holoTC (active B12)

depletion

<35 pmol/L — an early B12

Superior early marker

when methyl malonyl-CoA mutase fails due to
insufficient B12 cofactor. MMA does not rise in
folate deficiency, making it useful for distinguishing
B12 deficiency from folate deficiency when both are
possible [1; 5]. Renal insufficiency causes modest
MMA elevation independently of B12 status, which
complicates interpretation in patients with reduced
kidney function.

Homocysteine rises when methionine synthase
fails. It is a sensitive marker it is elevated in the
vast majority of patients with B12 deficiency — but
it is nonspecific. Homocysteine also rises in folate
deficiency, vitamin B6 deficiency, renal failure,
hypothyroidism, and with certain medications. In
the post-folic acid fortification era, however, B12
deficiency has become the dominant nutritional
cause of hyperhomocysteinemia in folate-replete
populations, accounting for 30-36% of the
population’s attributable risk [32]. In a patient with
elevated homocysteine and normal folate levels,
B12 deficiency is statistically the most likely
explanation.

Holotranscobalamin (holoTC), the fraction of
serum B12 bound to transcobalamin, represents
the biologically active form available for cellular
uptake [11; 13]. Accumulating evidence suggests
that holoTC is superior to total B12 as a first-line
test; however, it is not yet universally available
[11]. The logic of using holoTC as a first-line
test is compelling: it measures what the body can
actually use rather than a pool that is mostly inert.
Accumulating evidence suggests that holoTC is
superior to total B12 for detecting early deficiency,
and some guidelines have recommended it as the
initial screening test [35]. The barrier is availability.
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HoloTC testing is not universally offered by clinical
laboratories, and many clinicians do not have access
to it. Where available, it is a useful addition.

Determining the Etiology. Once B12 deficiency
is confirmed — whether by low serum B12, elevated
MMA, or both the next step is to identify the cause.
The history provides most of the answers. The rest
of the diagnosis was confirmed by the lab results.

Anti-intrinsic factor antibodies are the most
specific serologic test for pernicious anemia.
Specificity approaches 100%, meaning a positive
test effectively rules in the diagnosis. Sensitivity
is only 50-70%, so a negative test does not rule it
out. Anti-parietal cell antibodies are more sensitive
(over 90%) but far less specific — they are present
in up to 10% of healthy individuals and in a variety
of other conditions [33]. Neither antibody test is
useful for screening the general population; they are
appropriate when pernicious anemia is suspected
based on clinical or hematologic grounds.

Fasting serum gastrin and pepsinogen [ are
serologic markers of atrophic gastritis. Gastrin rises
when gastric acid secretion falls, and pepsinogen
I declines as parietal cell mass is lost. Both are
useful when the clinical picture suggests pernicious
anemia or autoimmune atrophic gastritis, but the
antibody tests are negative or unclear [33]. The
gold standard for diagnosing autoimmune atrophic
gastritis is endoscopy with biopsy. Elevated fasting
serum gastrin and low serum pepsinogen provide
supportive evidence when endoscopy is not
immediately available or when biopsy results are
equivocal [14].

Testing for H. pylori should be considered in
B12-deficient patients, particularly those from a
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population with high H. pylori prevalence. A positive
test identifies a treatable cause, and eradication may
correct the deficiency in a subset of patients without
the need for lifelong supplementation [9].

Upper endoscopy is indicated when pernicious
anemia is diagnosed, because of the increased risk of
gastric adenocarcinoma and carcinoid tumor [33]. It
may also be appropriate when the cause of deficiency
remains unclear after serologic testing.

The following approach integrates the available
test into a sequence that minimizes unnecessary
investigation while capturing the information needed
for treatment decision (Fig.1).

1. Clinical
suspicion

Neurologic symptoms (symmetric paresthesia, gait ataxia, cognitive
decline),

Risk Factors (Age > 65, Vegan diet, Metformin, PPIs, Bariatric surgery)
Blood (Macrocytosis or Unexplained Anemia)

2. Initial ’ Serum — Total B12 ‘
R A
’ > 258 pmol/L ‘ ’ 148-258 pmol/L ‘

< 148 pmol/L

Deficiency is
likely. Start
Treatment

Do NOT delay
for

Usually stop Mand‘amr
y

UNLESS n
severe/progressive Confirmatory
testing

neurologic

symp
present
Serum
MMA and/or Homocysteine
’ Normal MMA ‘ ’ Elevated MMA ‘

l N

B12 deficiency is
unlikely, and other
causes of the clinical
picture should be
considered

|

4. Etiologic Anti-intrinsic factor Ab, Fasting TREATMENT
workup Gastrin, H. pylori stool/breath antigen

Fig.1. Practical Diagnostic Sequence Algorithm

are
results.

3. Confirmatory
testing

Confirms tissue
deficiency. Begin
treatment immediately.
Draw antibody panel
concurrently

This sequence is not rigid. In patients with severe
or progressive neurologic symptoms, treatments
should not be delayed while waiting for confirmatory
test results. Blood should be drawn for B12, MMA,
and antibody testing, and treatment should be
started immediately. The results will guide long-
term management even if they arrive after the first
injection.

Common diagnostic loopholes

Assuming a normal MCV rules out B12
deficiency: It does not. More than one in six patients
with neurologic B12 deficiency have a normal
MCV. Concurrent iron deficiency, thalassemia trait,
or chronic disease can keep the MCV normal even
when megaloblastic changes are present in bone
marrow [48].

Assuming a normal serum B12 rules out
deficiency: It can, particularly with neurologic
symptoms. A level above 258 pmol/L makes
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deficiency unlikely, but if the clinical picture is
compelling, check MMA.

Treating a low serum B12 without confirming
tissue deficiency: A low B12 in an asymptomatic
patient with normal MMA may reflect a binding
protein abnormality, not true deficiency. These
patients do not need treatment.

Reinforcing the need of multi-marker testing:
No single biomarker is sufficient for diagnosis
of borderline cases. The combination of holoTC
and MMA offers the highest diagnostic accuracy.
Patients with normal serum B12 but elevated MMA
and homocysteine have a significantly higher risk
of cognitive decline, underscoring the importance
of metabolic testing when clinical suspicion is high
[20].

Attributing neurologic symptoms to the wrong
cause: The classic example is a patient on metformin
with diabetes and peripheral neuropathy. The
neuropathy is blamed on diabetes. The metformin is
depleting B12. Both may contribute, but only one is
reversible. Check B12 in every diabetic patient with
neuropathy.

Failing to investigate the cause: A low B12
is a finding, not a diagnosis. Pernicious anemia
requires endoscopic surveillance. Food-cobalamin
malabsorption does not require injections. H. pylori
may be curable. Dietary deficiency needs dietary
advice. Treatment follows cause.

Assuming hemolytic anemia with
thrombocytopenia is TTP without checking B12:
Treating pseudo-TMA with plasma exchange (the
standard TTP treatment) is ineffective and delays the
correct therapy. The article cites that pseudo-TMA
accounts for 0.6-2.5% of B12 deficiency cases.

Treatment is effective, inexpensive, and can
reverse most manifestation if started early. The key
decision are route, dosing, and duration, determined
by the cause and severity. Cyanocobalamin (USA)
and hydroxocobalamin (Europe, slower excretion,
less frequent dosing) are the available forms [14].

Intramuscular Vitamin B12: The Traditional
Standard. For severe deficiency, neurologic
symptoms, or pernicious anemia, IM therapy
remains first-line [11]. Standard US regimen:
1000mcg daily for 1 week, weekly for one month,
then monthly for life if malabsorption is irreversible
[14]. Subcutaneous administration is an alternative
with less pain. Hematologic response occurs within
one week; neurologic improvement over weeks to
months [14].

High-Dose Oral Vitamin B12: Evidence of
equivalence. High- dose oral B12 is as effective
as IM for most patients. Kuzminsky et al. (1998)
randomized 33 patients to oral cyanocobalamin 2000
mcg daily or standard IM regimen; both groups show
equivalent responses, with ora achieving higher
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serum B12 and lower methylmalonic acid levels [ 10].
A Cochrane review confirm these findings [35]. The
mechanism: approx. 1% of an oral dose is absorbed
by passive diffusion, independent of intrinsic
factor. A 1000mcg tablet provides approximately
10 mcg absorbed, far exceeding the 2.4mcg daily
requirement. Oral B12 should be taken on an empty
stomach [14]. For severe neurologic disease, most
guidelines still recommend starting with IM therapy
[11; 35].

Special treatment considerations. Neurological
disease: parenteral loading doses every other day
for upto three weeks may be required [35]. H. pylori
eradication: May correct B12 levels and anemia,
potentially avoiding lifelong supplementation [9].
Iron and Folate monitoring: Iron stores should be
monitored due to increased erythropoiesis; folate
deficiency may be unmasked [11]. Pernicious anemia
requires lifelong treatment [14].

Prevention

Vegetarians and vegans should consume fortified
foods or supplements. At risk groups (elderly,
metformin/PPI users, post bariatric surgeries)
should have periodic monitoring (typically annual)
[14]. Adults over 50 should obtain most B12 from
fortified foods or supplements [12]. Post-bariatric
patients needs 1 mg oral B12 daily indefinitely [35].
Flour fortification is emerging as a population- level
strategy [12; 32].

Controversies and Unresolved Questions

Mild biochemical deficiency: Whether treating
it prevents clinical disease is unknown; most
clinicians treat confirmed metabolic deficiency
[20]. Cardiovascular disease: B-vitamin
supplementation lowers homocysteine but does not
reduce cardiovascular events. Cognitive decline:
Observational studies link low B12 to cognitive
impairment, but supplementation trials in established
dementia show no benefit [20; 49]. Optimal
diagnostics: Total B12 remains default; MMA is
useful in borderlines cases. Oral vs. IM for severe
neurologic disease: Most guidelines recommend
initial parenteral therapy. Drug-associated deficiency:
Metformin and PPIs cause B12 decline; monitoring
is prudent [50]

Emerging area of Research.

Preclinical studies suggest that B12 may have
neuroprotective effects beyond the correction of
deficiency [20].

Conclusion and Future Directions

Vitamin B12 deficiency is common, frequently
missed, and preventable. Key takeaways: normal
blood count does not rule it out; normal B12 can
mislead; cause is often dietary or drug induced
rather than autoimmune; high- dose oral therapy
works. Consider B12 deficiency in unexplained
neurological, cognitive, or hematological
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abnormalities. Use MMA in borderline cases.
Identify the cause to determine treatment duration.
Treat early — neurological damage reversible today
may be permanent tomorrow. The challenge is not
treatment availability but recognition.
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PE3IOME

B npepncraBneHHon ctatbe AemMOHCTpupyeTcs 3ddeKTVBHOCTb COBPeMeHHbIX MeTopoB 3D-mopenvposaHus
ANS TOYHOTO OnpeferieHns pacronoXeHNst BHYTPEHHUX OpraHOB OTHOCUTENbHO MepedHelrt OPIOLLIHON CTEHKW.
TpadWUMOHHbIE aHaTOMWYECKME CXEeMbl, OCHOBAHHbIE HA YCPEAHEHHbIX AaHHbIX, HE YYUTbIBAIOT UHAMBMAOYalbHbIE
0COOEHHOCTV CTpOeHust Tena. OTO 4acTo NPUBOAWT K OWMOKaM B AWMarHOCTUKE W MNaHWPOBaHWM OnepaLuii.
Mcnonb3oBaHne TpexMepHbIX MOAENe NO3BONSET yBUAETb pearnbHble (hOpMy M NMOMOXEHNE OPraHoB NuLLEeBapeHns
Yy KOHKPETHOro nauueHTa. Tako Nnoaxof NomoraeT TOYHee HaxOAUTb MPOEKLMU OpraHoB Ha noBepxHocTu Tena. B
pesynbrate Bpayn MOTyT ynyulnUTb AUArHOCTUHECKME anrOpUTMbl U CHU3UTb PUCKM OCIIOXHEHWI BO BpeMs 1 nocne
onepauuu. lNonck CoBpeMeHHON NUTepaTypbl NPOBEAEH NyTeM CUCTEMaTUYECKOro aHanun3sa nyonvkaumn B rmobanbHbIX
1 HaumoHarnbHbIX peno3utopusix, Takmx kak: PubMed n PubMed Central (PMC), ASP Journals, ResearchGate, eLi-
brary.ru n CyberLeninka. MouckoBbIli anropuTM BKIto4an coveTaHWe 3anpocoB MO AaHHOW TemaTtuke. [onyyeHHble
pe3ynbTaTtbl [OKa3biBalOT, YTO LMEPOBbIE TEXHOMOIMU BU3yanusauun HeobXxoavMO BHEAPSTb B MOBCEAHEBHYHO
KMUHUYECKYIO NPaKTUKy. OTO CTaHEeT OCHOBOW Af1s1 MEPCOHANMU3VPOBAHHOIO NEeYeHUs nauneHToB ¢ 3aboneBaHusMu
OpraHoB NuLLeBapeHuns.

KnioyeBble cnoBa: opraHbl NUWeBapUTeNIbHOM CUCTEMbI, MPOEKLUA OpraHoB, NepenHAs 6p|ou.||-|a;|
cTeHka, 3D-mopenupoBaHue, Busyanunsauus.
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SUMMARY

This article demonstrates the effectiveness of modern 3D modeling methods for accurately determining the posi-
tion of internal organs relative to the anterior abdominal wall. Traditional anatomical diagrams based on average data
do not take into account individual body structure characteristics. This often leads to errors in diagnosis and surgical
planning. Using 3D models allows one to visualize the actual shape and position of the digestive organs in a specific
patient. This approach helps to more accurately locate organ projections on the body surface. As a result, physicians
can improve diagnostic algorithms and reduce the risk of complications during and after surgery. A search of the cur-
rent literature was conducted through a systematic analysis of publications in global and national repositories, such
as PubMed and PubMed Central (PMC), ASP Journals, ResearchGate, eLibrary.ru, and CyberLeninka. The search
algorithm included a combination of queries on this topic. The obtained results demonstrate the need for digital visual-
ization technologies to be implemented in routine clinical practice. This will form the basis for personalized treatment

of patients with gastrointestinal diseases.

Key words: digestive system organs, organ projection, anterior abdominal wall, 3D modeling,

visualization.

AHaTOMUS MTUILEBAPUTEIHLHOTO TPAKTA YEIIOBEKA
o0nagaeT BBHICOKOH CTENEeHbIO CTPYKTYPHOH opra-
HU3AIHH, TPH 3TOM JICMOHCTPHPYS BBIPaXKCHHYIO
WHIWBUIYaJbHYI0 U3MEHYHBOCTH. BapuaruBHas
AHATOMUS OTPAXKAET CIOMKHYIO UCTOPHIO SBOIIOIIAN
YeJOBEKa M aJanTalui0 K Pa3IMYHBIM YCIOBUSIM
OKpYy arouleil cpenbl, IpUBOAsS K pazHooOpasuio
AQHATOMHUYECKHUX CTPYKTYpP, KOTOPbIE MOTYT OBIThH
KaK HeHTpalIbHBIMH, TaK U OKa3bIBaTh BIMSHUE Ha
(hyHKIIOHATBHOCT OpraHu3Ma [1]. Otu Bapuanun
B COYETAaHUU C HEAABHUMH TEXHOJIOTHUECKUMH JI0-
CTIDKCHUSIMH B METOJaX BU3YaJU3aLUH YIIyYLIHIN
MOHMMAaHHUE aHATOMHH U (PU3UOJIOTUU THILEBAPH-
TenpHOTO TpakTa [2]. CoBpeMEHHBIC TEXHOJIOTHUU
BH3YaJIH3aI[UU U MOJIEIMPOBAHUS TeNepb MO3BOJIS-
OT TTOJTyYUTh TOYHOE MPEJICTABICHHE O TPEXMEPHBIX
B3aMMOOTHOILCHUSX BHYTPEHHUX OPTaHoOB, Yy4Llast
Kak 00pa3oBarelbHbIe TIOIXObI, TAK H KIMHHYECKHE
MPAKTUKH.

Lensamu nccrienoBanus ABISUTNCH YCTaHOBIIE-
HUE€ 3aBHCHMOCTH MEX/Iy BapHaHTHON aHATOMHEH
1 QpyHKIMEH MTUIIeBAPUTEILHON CUCTEMBI, a TaKkKe
OILICHKA POJIM HOBBIX TEXHOJOTUH BU3yalTH3alUH,
KOTOPBIE TIO3BOJIMIIN KapJMHAJIBHO yCOBEPILIEHCTBO-
BaTh IMOJIXO/IbI K MPETOIaBAHUIO, H3YUYCHUIO U KJIH-
HUYECKOMY MCIIOJIB30BAaHUIO IAHHBIX 00 aHATOMHH
MUIIIEBAPUTEIHLHOTO TPAKTA.

MeTo00THsl UCCIEA0BaHUS 3aKI0Yanach B
TOM, 4TO JJIsl JOCTH)KEHHUSI IOCTABICHHBIX Ielel
OBLT MPOBEICH TOUCK M OTOOP UCTOYHUKOB COBpE-
MEHHOM Hay4YHOU JIUTEepaTypbl MyTEM CUCTEMAaTH-
YECKOTO aHan3a MPO(UIbHBIX MyOIUKAINi B TJI0-
0aNbHBIX 1 HALIMOHAIBHBIX PENO3UTOPUAX U 0azax
naHHBIX. bubnuorpaduyeckuii mouck 0xBaThIBaJ
6a3sl nanabXx — PubMed u PubMed Central (PMC),
crienmraau3upoBaHHbie pecypchl (ASP Journals), a
takxe npodeccuonanbHbeie cetn (ResearchGate),
Marepuansl oudnaunorek eLibrary.ru u CyberLeninka.
[TouckoBBIN aNnTOPUTM BKIIOYAJ COUETAHUE 3aMpo-
coB 10 TeMaTtuke 3D-mMopenupoBaHusi, BU3yaan3a-
MW M aHATOMHYECKOM MPOCKIIMH OPraHOB MUIIIe-
BApUTEIBHOTO TPAKTa HA TMEPEIHIOI OPIONTHYIO
CTCHKY.

7

[lepenHss OpromiHas CTEHKA MPENCTABISIET CO-
0011 MHOTOCJIONHYIO CTPYKTYpY, KOTOpasi HE TOJIBKO
o0ecrieynBaeT 3allUTy BHYTPEHHUX OPraHoOB, HO U
OTBEYACT 32 CTAOMIN3ALNIO TIOJIOKEHUS TYJIOBHILA
U ero OMOMEeXaHUYECKYI0 aKTHBHOCTh. AHATOMH-
YecKre TPaHUIlbl JAHHOW 30HBI YeTKO 0003HAUEHBI:
BBEpXY 00JIACTb OrpaHMYCHA MEUEBUIHBIM OTPOCT-
KOM U KpasiMi peOepHBIX IyT, JIaTepaibHO — JIMHH-
SIMH, TPOXOJSAIIMMH IO 3aJHUM HOJMBIIIEYHBIM
JUHUSM, a KayAallbHO — MOAB3IOIIHBIMH IPEOHIMHU,
MTaXOBBIMHU CBSI3KaMU U JTOOKOBBIM cuMpu3om [3].
OmnpeneneHne MPOSKIUOHHBIX 30H BHYTPEHHUX Op-
raHOB Ha MTOBEPXHOCTH TeJa YEJIOBEKA UMEET KPH-
TUYECKOE 3HAUEHHUE B KIMHHKE, T.K. 3TO MOBBIIIAET
JTMAarHOCTHYECKYIO LIEHHOCTh OCMOTpa, MO3BOJISIET
TOYHO JIOKAJM30BATh MaTOJOTHYECKHE TIPOIECCH U
PalMOHAIBHO IUIAHUPOBATh HHCTPYMEHTAJIBHBIE UC-
CJIEZIOBAHUSI.

B Tonorpaguueckoit aHAaTOMUM BBIAEISIOT Cle-
JYIOIIUE OPUEHTHUPHI: TUHUA [ €HKe MPOXOAUT ropu-
30HTAJIBHO HAa YPOBHE MEPEIHUX KOHIIOB JIEBATHIX
pebep; muana Crourens (Spigelian line) mmeer Bep-
THKaJIBHOE HAIPABJICHHE OT I'PYyOUHBI JO MaXO0BOM
CBSI3KHM U COOTBETCTBYET 30HE MEPEX0/1a MBILIEYHON
YacTH MONEPEYHON MBIl )KUBOTA B allOHEBPO3;
nuHus Jlyriaca mpoBOANTCS TOPU3OHTAIIBHO Ha ISATh
CAaHTHMETPOB HIKE MyIKa; EPEIHSS TTOYeYHas TOU-
Ka OIpPENEIAETCS B YIIIy MEXAY HapyKHBIM KpaeM
MIPSIMOM MBIIIIBI )KUBOTA U pEOEPHOH IYTOH; TOUYKA
Kepa nHaxoaures B MecTe niepecedeHus JaTepaibHo-
ro Kpasi IpaBoil MPSMON MBILILIBI )KUBOTA C IECATHIM
pebpom; Touka JlesxapaeHa pacronaraerca Ha TPU
CaHTUMETpa BhILIE U [IPaBee MyIKa 110 OMCcCeKTpuce
yIia MEeXIy CPEIHHHON JIMHUEW U TOPU30HTANIBIO
yepes Mymnok; Touka Mak-bBypHes mexny cpenHeit
U Hapy>KHOM TPEThIO MPaBOW OCTUCTO-ITYIIOYHOMN
JMWHMUY; Touka JlaHma ompexpensieTcss Ha TpaHUIlE
[IpaBOi Hapy»XHOM U CpelHEH TpeTel JINHUM, cOoe-
JUHSIOIIEH BEPXHUE MEPEIHUE OCTH MOAB3IOITHBIX
KOCTel; Touka Jlappes HaXoAUTCs ClIeBa y OCHOBa-
HUS MEUEBUIHOTO OTPOCTKA B YITIy MEXY IPyAUHON
U pedepHoit ayroii; Touka Mapdana npoenupyercs
CTPOro IO NEPENHEN CPEeIUHHON JIMHUM O]l MeUe-
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BUHBIM OTPOCTKOM; Touka Meiio-Pobcona pacmo-
JIaraeTcs Ha TPaHMIE HAPY>KHOW U CpEJHEH TpeTu
JIMHUH, COCIUHSIONIEN MYIMOK C CepeIMHON JIeBOU
pebepHoii yru [4].

Puc. 1. Cxema JI0kaIn3aluM TOYEK NPOEKIMH BHY-
TPeHHHUX opranos: 1— nunusa I'enke, 2 — muansa Cnn-
rejist (Spigelian line), 3-n1unus dyriaca, 4 — nepeaHsas
Mo4ye4yHasi TOUKa, S — rouka Kepa, 6 — Touxa Jle:xxap-

neHa, 7 — Touka Mak-BypHes, 8 — Touka Jlanua,
9 — Touka Jlappesi, 10 — Touxka Mapdana,
11 — Touka Meiio-Po6cona [4].
Fig. 1. Localization scheme of landmark points:

1 — Henke line, 2 — Spigelian line, 3 — Douglas line,
4 — anterior renal point, 5 — Kerr point, 6 —
Desjardins point, 7 — McBurney point, 8 — Lanz
point, 9 — Larrey point, 10 — Marfan point,

11 — Mayo-Robson point [4].

[Ipoexknus xemynka ompenenseTcs B mpenenax
7eBOi moapeOepHON 30HBI U AMHUTacTPaIbLHON 00-
JacTH, IIPHU 3TOM OOJIbIIas YaCTh OPraHa CMeEIIECHA
BJICBO OT CPEJMHHOM CarruTagabHOM MII0CKOCTH TEla,
a MeHbIIas pacrojaraercs npasee. B oTHomeHnn
CKEJIETOTOINHU KapMalbHBIN OT/Ie] MpoeLupyeTcs
Ha YpOBHE Xpslia CeIbMOTO JIEBOTO pedpa, OTCTy-
nast OT ABaJLaTu IATH 10 TPUALATH MUJUIUMETPOB
natepanbHee Kpas rpyauHsl. JIHO xelyaKa JocTura-
€T HIDKHETO Kpas ISITOro pedpa, OpUEHTUPYSICH 110
JIEBOM CpelHEKI0UYNYHON nuHuu. [Iunopuueckas
YacTh JIOKAJIN3YyeTCs Ha YPOBHE XPSIIeil BOCKMOTO
pebpa cnpaBa, orctynas Ha 1,5-2,5 caHTHMETPOB OT
CPEAMHHOMN JIMHUH, U 110 BEPTHKAJIN COOTBETCTBYET
CepeArHe OTpe3Ka MEXIY APEMHOM BBIPE3KOH Ipy-
JMHBI 1 BEpXHEH rpaHuliei 100koBoro cumdusa [5].
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Puc. 2. Ipoexnus skeayaKa Ha MepPeTHIOI0 CTeH-
KY OpromHoii moyioctu: 1 — JKeJynoK, 2 — KOHTYPbI
auagparmel, 3 — KOHTYpbI pedepHoii 1yru, 4 — nosu-
pebepHasi 1uHud, S — JieBast nogpedepHas 00/1aCTh,
6 — coOCTBEHHO MHUracTpaibHas 00/1acTh, 7 — TOUKA
Jlappes, 8 — Touka Mapdana, 9 — Touka Meiio-Po0-
coHa [4; 5].

Fig. 2. Projection of the stomach on the anterior wall
of the abdominal cavity: 1 — stomach, 2 — contours of
the diaphragm, 3 — contours of the costal arch,

4 — subcostal line, 5 — left subcostal region, 6 — proper
epigastric region, 7 — Larrey point, 8 — Marfan
point, 9 — Mayo-Robson point [4; 5].

ToHKast KUIIIKa JIOKATU3YeTCs B IEHTPAIIbHBIX OT-
Jienax OprOITHOM MOJIOCTH, TPEUMYIIIECTBEHHO 3aHH-
Masi OKOJIOITYTIOUHYIO 30HY, a TAKXKE IIPOELUPYsICh Ha
Me3oractpuil u runoractpuil. [lpu s3ToM Tommas Kui-
Ka pacrioyiaraercsi cjieBa OT CpeANHHON MI0CKOCTH
Teja, TOra Kak MoAB3oIIHAs — cripasa [6]. JBeHan-
LATUTIEPCTHAS KUIIKA HAXOAUTCSI B BEPXHEM JTaXKe
OPIONIHO TIOJIOCTH, YACTHIHO UMes 3a0pIOITHHHOE
IIOJIOKEHHUE, U MPOCLUPYETCS B SMUTACTPaJIbHON
U Myno4yHo# oOmactax. Mopgonoruiuecku opran
MOYKHO OIKCATh COCTOSIIIMM U3 YEThIPeX YacTed u
uMeronuM Tpu u3ruda. Ero Tonorpaguueckue rpa-
HUIIBI OTIPENEIIAIOTCS I€PECEUEHUEM JIBYX TOPU30H-
TaJbHBIX U ABYX BEPTUKAJIBHBIX IMHUN: BEPXHSISI TO-
PHU30HTAIb IPOXOAMT Yepe3 KOHIBI BOCBMBIX pedep,
HWDKHSISL — Ha YPOBHE ITyTKa; paBasi BEpTHKaJIbHAsS
JUHUS OTCTYHAaeT OT CPEeAMHHON ocH Ha 3-4 more-
pEYHHKA TTajIblla, a JieBast — Ha 1-2 momnepednnka [7].

Toncras kuuika 3aHUMAaeT nepudepuyeckoe mo-
JIOKEeHHE B OPIOLIHON MOJIOCTH, pacioiarasch mnpe-
HMMYIIECTBEHHO B e€ HibkHeM oTrene. Crernas KUIKka
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Puc. 3. [Ipoexuust ABeHAAATHNIEPCTHON KMIIIKH HA
NepeHIO CTeHKY OpromHoii monoctu: 1 — 1BeHan-
HATHIEPCTHASI KHIIKA, 2 — KOHTYPBI MPOEeKIHOHHOMI
30HBbI IBEHAAUATUIIEPCTHON KHIIKH, 3 — MyNOK; 4 —
JKeJIYIO0K, 5 — Touka Jlappesi, 6 — Touxka Mapdana,
7 —Touka Meiio-Poocona [4; 5].

Fig. 3. Projection of the duodenum on the anterior
wall of the abdominal cavity: 1 — duodenum, 2 —
contours of the projection zone of the duodenum, 3 —
navel, 4 — stomach, 5 - Larrey’s point, 6 — Marfan’s
point, 7 — Mayo-Robson point [4; 5].

MIPOEIMPYETCS B TIPABYIO MOAB3AONIHYIO 00IACTh,
IJIe OCHOBaHHE 4epBe0OpPa3HOTO OTPOCTKA COOTBET-
CTBYET TOMOTIPA(PUISCKUM OPHCHTUPAM - TOYKAM
Mak-byphes win Jlanna. JlansHeUmmii Xo1 KAIey-
HUKA OTIPENIENAETCS CIEAYIOUIIM 00pa3oM: BOCXOIs-
mast 000I0uHasT KUTITKA HAXOIUTCS B TTPABOH OOKO-
BOI1 00nacTw, rmorepeyHast 000109Has KUIIKA TIPOX0-
JUT Yepe3 BEpXHHUH Taxk OPIOLIHOM MOJIOCTH, HHUC-
xonsiiast 000j0YHasI KAIIKa CIEAyeT BIOJb JIEBOU
O0KOBOI 0071aCTH, @ CHTMOBU/IHAS U MTpsIMast KMIITKH
JIOKQJIM3YIOTCS B JICBOW HIDKHEW 4acTH OPIOIIHON
MOJIOCTHU U B IIpeienax Majoro Tasa [8].

Dopmuposanue opeanos HenyOOUHO-KUIUEYHO2O0
Mpaxma 6 Hopme 1 NPU HAPYUEeHUSX IMOPUOHATLHO-
20 paseumus

DopMHUpOBaHUE MHUIIEBAPUTEIBHONW CUCTEMBbI
HaYMHAETCs Ha TPEThell Hemene SMOPHOHATHLHOTO
pPa3BUTHS BO BPEeMsl TacTPYISILIUM, KOTAA SHI0AEpMA
HaunHaeT 00pa30BHIBATH IPUMUTHBHYIO KUIIICYHYIO
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Puc. 4. [Ipoexnus ToCTOH KNIIKH HA NePeIHIOI0
CTeHKY OpromHoii nmonocru: 1, 3 — npaBas u aepas
noapedepHbIe 001aCTH, 2 — COOCTBEHHO HATYpPEeBHASA
obnacTh, 4, 6 — mpaBas u JieBasi 00KOBbIe 00/1aCTH
JKUBOTA, 5 — mMynmouHast 06/1acTh, 7 — MpaBasi maxopas
obnacTh, 8 — 100K0Basi 00/1acTh, 9 - epeIHAA MOYeU-
Hast Touka, 10 — Touka Kepa, 11 - Touka [le:kapaena,
12 - Touxa Mak-BypHes, 13 — Touka Jlanua,

14 — Touka Jlappes, 15 — Touka Mapdana, 16 — Tou-
ka Meiio-Po6cona [4; 5].

Fig. 4. Projection of the large intestine on the
anterior wall of the abdominal cavity: 1, 3 — right and
left hypochondrium regions, 2 — epigastric region, 4,
6 — right and left lateral regions of the abdomen, 5 —
umbilical region, 7 — right inguinal region, 8 — pubic
region, 9 - anterior renal point, 10 — Kerr point, 11 —
Desjardins point, 12 — McBurney point, 13 — Lanz
point, 14 — Larrey point, 15 — Marfan point, 16 —
Mayo-Robson point. [4;5].

TpyOKy. K ueTBepToii Henene pa3BuTHs B CarUTTalb-
HOM TUIOCKOCTH (POPMUPYIOTCSI TPH OTHEa: Tepe/-
HSIST KUILKA, CPEIHssST KUIIKA U 3aJHss Kuluka [9].
OTH oT/AEIBI BIIOCIEACTBUHN AU (HEpeHIUPYIOTCS B
pa3IUYIHBIC YACTH JKEITYIOUHO-KUIIIETHOTO TPAKTA.
dopMHUpOBaHHE MEPBUTHON KUIICUHON TPYOKH
3aBepIraeTcs K KoHIy 3-4-if Heqenu sMOpHOTreHesa,
B XOZIc KOTOpOTO OHa nuddepeHnupyeTcss Ha TpH
000CO0JIeHHBIX cerMeHTa. V3 Mpon3BOIHbIX NIepe/-
Hel KUIIKA GOPMHUPYIOTCS THUILIEBOI, KEIYI0K, Ie-
MaToOMINapHas CuCTeMa (TIeYCHb, JKSTIHBIHN Ty3BIPh
Y TIPOTOKH), TTOKETYIOUHAS JKele3a, a TakKe Ha-
YyaJbHBIA OTAEIN ABeHaaUaTunepcTHor kumku [10].
CpenHsist KUIIKa CITy>KUT UCTOYHUKOM Pa3BUTHS TSI
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JMCTAJIBHOTO OT/AeJa JIBeHaAaTUIEePCTHON KHUII-
KM, TOHKOTO KWIIIEYHUKA (TOIICH W MOAB3IONTHOMN
KHIIIOK), & TAKXKE TOJCTOTO KUIIEYHHKA BILIOTH 710
MIPOKCUMAITBHBIX JIByX TPETeil rmomnepednoi 000104-
HOW KHIIKH, BKJIOYAsl CIIEMYIO KUILKY U alleHIHKC.
3ajHAsA KMIIKA JaeT Hayajao OCTaBIIEHCs YacTH I10-
nepeyHoi 000/J0YHON KUIIKH (AMCTambHas TPETh),
HUCXOASIIEN U CUTMOBHUJIHOM KMIIKAaM, a TaKXe
BEPXHEMY CEIMEHTY aHaJbHOTrO KaHaina [11].

K mecroit Henene pa3BUTUS MPOUCXOJUT MPO-
nudepanus SMUTENNATHLHON BBICTHIIKA KAIICYHON
TPYOKH, YTO PUBOJHUT K BPEMEHHOH 0OIMTEepaIiu
MpOCBeTa. 3aTeM LEHTpaIbHbIC KIETKN JeTeHEPH-
PYIOT, U K BOCBMOW He/elle MPOCBET KUIIEYHNUKA
BOCCTaHaBiMBaeTcs. Hapymiennus B 3ToM mporecce
MOTYT IPHUBECTH K TAKUM aHOMAJIUAM, KaK CTEHO3,
aTpe3us U AYIUTMKAIMK Pa3IUYHbIX OTJENIOB KHIIIey-
Huka [12].

Kemynok pasBuBaeTcsi U3 BepeTEeHOOOPA3HOTO
pacuImpeHus mepeHel KUITKA Ha YeTBEPTON Hezlese
sMOpHOHAIBHOTO pa3BuTHs. B mpouecce Gpopmupo-
BaHMSI JKENyA0K nperepreBaeT 90-rpaaycHblil TOBO-
POT TIO YacOBOM CTpeJKe, YTO MPUBOAUT K CO3/IaHUIO
MaJioil CaJTbHUKOBON CYMKH. DTOT TIOBOPOT MMEET
pelaroriee 3Ha9eHUe TS MPABUIIBHOTO PACIOIOKe-
HUS JKeTyZIKa U npuiteraromux opranos [13]. Ho Ha-
pYLIEHUS B Mpoliecce POTaLnH JKeIyaKa MOTYT MpH-
BECTH K Pa3JIMYHBIM aHATOMHUYECKHM BapUaLUAM.
OO6parHoe pacIoNoKeHNe KeTyKa (situs inversus):
BO3HHKAET, KOT/[a JKEIYIOK ITOBOPAYMBACTCS TIPOTHUB
YacOBOHM CTPEINKH, a HEe TI0 YaCOBOMW, YTO MPUBOIUT
K 3epKaJIbHOMY paclojioKeHHto oprada. Hapymenus
(hopMBI JKeTy/IKa, BapHaHTHI (POPMBI KeTyaAKa (B BUIE
pora, KacKaJHBIH JKEeITyIOK, TECOYHBIE YaChl) MOTYT
BO3HHKATh M3-32 HEPABHOMEPHOTO POCTA PA3TMIHBIX
OT/IEJIOB BO BPEeMs SMOPHUOHAIBHOTO Pa3BUTHA. AHO-
MaJIUH TIOJIOKEHUS: pa3IMYHbIE BAPHAHTHI BEICOKOTO
WM HU3KOTO PACIIOJIOKEHUS JKEIyIKa MOTYT OBITh
Ppe3yABTaTOM HapyIlIeHHH B Iporiecce GOpMHUPOBAHHS
nmuadparMel ¥ OPIOIIHOM mmostoctw [ 14].

Crerast KMIIKa ¥ alTNeHUKC Pa3BUBAIOTCA W3
«TIOYKH CIIETON KHUIIKWY», KOTopas GopMHUpyeTcs B
CPEHEHN KUIILKE PSAAOM € BEPXYIIKOU IIyIIOUHOU TPBI-
KM Ha 6-1 Heyese YMOPHOHATILHOTO pa3BUTHS. JTa
MOYKa CIIY>)KUT MapKepoM Tepexofa MoJIB3I0ITHON
KHUIIKA B 00070unyto [15]. Crermast Kumka MEHSIET
MOJIOKEHNE B COOTBETCTBUU C pOTaIel cpemHen
KUIIKA U yJUIMHEHUEM BOCXOJsIIed 000q0uHON
KUIIKY [16]. ANNEHANKC CTAHOBUTCS Pa3IMUUMbIM
Ha 8-i1 Hexmene rectanuu. JImmdarnueckue KIETKA
HAYMHAIOT 3aCeJIATh AIHUTEINH alleHIuKca B Tede-
Hue 14-15 wenens. [locne poxaeHus, korja ciaenas
KHIIIKa CMEIAeTcs JaTepajibHO, alllleHJUKC OCTaeT-
cs B Oosiee MenaibHOM mojioxkenuu [ 17]. YacteiMu
SMOPHUOIOTHYECKUMHU MaTb(POPMaIUIMH alIeH K-
ca SIBJIAIOTCA areHe3ns W AYTUINKAIUS, XOTSI OHH OT-
HOCHUTENBHO penkH [18].
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Puc. 5. HopmaJibHoe BpalieHle KHIIEYHUKA BO Bpe-
M pa3puTHs. Bepxuss Opblxkeeunas aprepusi (BBA)
siBJIsIeTcsl 0CbI0. JlyoeHOelOHAIbHASI eTJIs (Kpac-
Hasl cTpesika) HauuHaeTcs Bbilie BBA, a cieno-o60-
JA0YHasi MeTJIs (3eJIeHasi CTPesIKa) HAYMHAeTCsl HHIKe
BBA. Uctounuk [21].

Fig. 5. Normal rotation of the intestine during
development. The superior mesenteric artery (SMA)
is the axis. The duodenojejunal loop (red arrow)
begins above the SMA, and the cecocolic loop (green
arrow) begins below the SMA [21].

Pa3BuTHe TOJIICTON KUIIKKA TECHO CBA3aHO C IPO-
LIECCOM POTALMU CPEJHEHN KMILKU, KOTOPBIA MPO-
HUCXOIUT B HECKOJILKO 3TanoB. Ha mectoil Hexene
Pa3BHUTHS TETIS CPENHEH KUIIKH BBITISTIABACTCS
Yyepe3 MPUMHTHBHOE MYMOYHOE KOJBIO B (hHU3HO-
JOTUYECKYIO0 MyNOoYHYI0 TphiKy. K gecsaToit Henene
Pa3BUTHUS, IOCIIE POCTA OPIOIIHOM MOIOCTH, CPEITHSS
KHUIITKa BO3BPAIIAETCS B a0JJOMHHAIBHYIO TTOJIOCTh,
coBepias 270-rpalyCHbI HOBOPOT MPOTUB H4aCO-
BOW CTPEIJIKH BOKPYT BEPXHEH OPBDKEEUHOH apTepun
[19]. HapymieHus 3Toro ciaoXHOro mporecca pora-
WY TIPUBOJIAT K PA3IMYHBIM aHATOMUYECKUM Bapu-
AITUSIM TOJICTOM KHIIIKH: HEPOTAIHSI - 3TO OTCYTCTBHS
rocinenaux 180° poraruu cpenHeit KUIIKH, 9TO TPH-
BOJIUT K JIEBOCTOPOHHEMY PACIOJIOKEHHUIO BCEH TOJI-
CTOMW KHIIKH, BKJIOUasl CIENYI KUKy, MajibpoTa-
[Us POUCXOANT, KOTAa He yatoTces nociaeanue 90°
poTaIyy CpeAHEH KUIIKH, pacIojiarasi uieoneKaib-
HYIO TIETIIO IO IPUBPATHUKOM. B pesynbrare cire-
Tast KUIIKa MOXET MPUKPENUTHCS K 33JHEH CTEHKE
TeJa XKeIy/iKa CBI3KaMH, KOTOPbIe MOTYT C/IaBINBAaTh
UJICOLIEKANIbHOE OTBEPCTHUE B HANIPABICHUH JABCHAI-
natumnepctHoit kumku [20]. DTo, B CBOIO O4epep,
MOXET MPUBECTH K KUIICYHOW HETPOXOIUMOCTH.
[Ipu runepporanuu cienas KUIIKa pacroaraeTcs
y CeNe3eHOYHOTr0 M3rubda 000 J0YHON KUIIKA JIHO0
HEMOCPEACTBEHHO, TNOO KOCBECHHO, U3-3a Ype3Mep-
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HOTO OITYyCKaHHs U MPOXOXKICHUS Yepe3 Ta3 U BBEpX
710 IeBOro M3rnda odonouHoi kummkw [22]. [Toxneye-
HOYHOE TMOJIOKEHNE CIIENON KKK BO3HHUKAET, KOT-
Jla yAJMHEHHE BOCXOsIe 0000YHOM KUIIKK He
MIPOUCXOJUT WJIN HEAOCTATOUYHO, YTO MPENATCTBYET
HOPMaJIbHOMY OITyCKaHUIO CIENON KUIIKU. B pe-
3yJbTaTe KOMIUIEKC cienasi KMIIKa-alneHaNKC MO-
KET HaXOAUTHCS B 30HE OT MOIIEYCHOYHOI o0acTu
JI0 TIPABO TIO/IB3/IONIHOM MKW, MOOMITbHAS clierast
KHILIKA SBJISCTCS PE3yIbTaTOM HapylieHus Gukca-
MU OpBDKEHKH BOCXOJIAIICH 000I0YHON KUIIKU K
3aJiHel mapuetanbHoi OpromuHe [19]. D10 cocTos-
HUE TIpepacrioiaraeT K 3aBOpoTaM CIETON KUIIKH
WM HEMPABUIBHOMY ITOJIOKEHHIO CIIETION KUIIKH.
[IpsiMast KMIIKa ¥ aHAJIBHBIN KaHay (MIPOKCHU-
MajbHee 3yOuaToil TMHKUN) MPOUCXOIAT U3 3aJHEH
KHUIIKH U, CIe0BaTeIbHO, KPOBOCHAOKAIOTCSA OT
HIKHUX OpBDKeeuHBIX cocynoB [23]. 3yOuaras iu-
HUS NIPeACTaBIsAeT cO00H IIOCKOCTh CIUSHUSA H-
JOJIEPMaIIbHOM M SKTOIepMaNbHON TpyOOK. Jlo rsi-
TOM HeAeNN pa3BUTUSA KUILIEYHBI U MOYETIOJIOBOH
TPaKThl COEAMHEHBI Ha ypoBHE Kioaku. K BochMoii
HeJlelie ypOopeKTalbHas Meperopoaka MUTPUPYET
Kay#aJIbHO, YTOOBI Pa3Ae/InTh KIOAKaJIbHYIO ILIa-
CTHUHKY Ha MEPEIHIOI0 MOYETIONIOBYIO IUIACTHHKY U
3aJHIOI0 aHAJBHYIO IUIACTUHKY. AHOpPEKTaJbHbIE
KoJb1a (DOPMUPYIOTCSL B Pe3yJIbTaTe 3aHETO CMe-
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LIEHUS EPErOPOJKH U MOCIEAYIONEr0 MEHBIIIETO
aHajnpHOrO oTBepcTus. K necaroit Hepesne aHalb-
Hble OYTOpKH CIIMBAIOTCS B MOJAKOBOOOpPa3HYIO
CTPYKTYpPY AOPCAIIBHO U B MPOMEKHOCTHOE TEIO
criepenu [24].

Hapyxublii cdunkTep 3aaHero npoxoaa Gopmu-
pyeTcs U3 3aJJHUX 4acTeH KI0aKaJlbHOTO C(UHKTEpa
paHbllle pa3BUTHS BHYTpeHHETO cuHKTepa. BHy-
TpEeHHUU C(UHKTEp pa3BUBACTCS U3 yBEIMYHUBAIO-
HIUXCA BOJOKOH HUPKYISPHOTO MBIIIEYHOIO CIOA
npsaMmoit kumku [25]. HapymeHnust B HopMaibHOM
Pa3BUTHU MPSIMOM KHMILIKU M aHAJIBHOTO KaHala Mo-
T'YT NPUBECTH K PA3TUYHBIM aHOMAJIHSIM: IEPCUCTH-
pyroImas Kjioaka — pe3yJabTaT OTCYTCTBHS pa3jene-
HUS MPSIMOY KHUIIKH, BIArajavila i MOYEBBIBOAAIINX
nmyTeil. ATpe3uss U CTEHO3 BO3HUKAIOT M3-3a Hapy-
LICHHH Ipoliecca peKaHaIn3aluy KUIIeYHOH TpyOKn
B nepuon 6-8 Hemenb pa3BuTHs. Bapuanuu BeICOTHI
pacronokeHus 3y0uaToil IMHUY BIMSAIOT HA UHHEp-
BalMIO U (DyHKIMIO aHAJIBHOTO KaHajla. AHaJIbHbIE
MaJib()OpPMALMY BKIIIOYAIOT Pa3JIMUHbIC THITbI aHAJIb-
HBIX aTPEe3UH U CTEHO30B, KOTOPHIE MOT'YT OBITH CBSI-
3aHbl C HEIIPABUILHON MUIPALUEN yPOPEKTAIBHON
[eperopoku. Bapuanuu nepexoaHoil 30HbI: OHA
MMeeT KaK dHJ0/IepMaIbHbIC, TaK U SKTOIEPMaIbHbIC
KOMITOHEHTBI, M BApUALUX B 3TOH 30HE MOTYT BIIHSTH
Ha (yHKIIMOHAIILHBIE Pe3yabTaTh [26].

Tabauua. YacTtora nosiBjieHUs! BblllenepevyrcaeHHbIX 3200/1eBaHUIA.
Table. Frequency of occurrence of the above diseases.

Anomanus

UYactota (B%)

Hyonenanbnas atpesus 0,009% [27-30]

ATpGSI/IH M CTCHO3 KUIIICYHHUKA

Eronouneansnas arpesus 0,007-0,033 % [27-30]

Kononnas arpesust 0,0025% [27-30]

Bapuantel hopMbl U 10JI0KEHUS
Kely/Ka, TUI0POCTEHO3

Munopocrenos: 0,16-0,4% (2—4 na 1000 HOBOPOXKAEHHBIX) [31-34]

AreHe3us W JAyTJTUKAIWS alTeH-
JIMKCa

Arenesus: 0,001% cpean nanaporomuii mo noBoAy annexaunura [35-37].

MaJ'II)pOTaHI/Iﬂ KHUIICYHHUKA

0,2-0,5% (1 na 500—1 Ha 200 HOBOpOXKIEHHBIX) [21; 38-40].

[Iepcuctupyromas knoaka

0,002-0,005% (1 1a 20 000—1 na 50 000 neBoyek) [41-44].

Atpesusi ¥ CTEHO3 aHyca U IPSIMOM
KHIIKA

0,02-0,07% (1 Ha 1500-1 Ha 5000 HOBOpOKAEHHEIX) [27-29].

Knunuuecxoe 3nauenue anamomuueckux gapua-
yui

MHoTHe aHATOMHYECKHUE BapHAIlUH CTPOCHUS
BHYTPEHHHX OPTaHOB YacCTO HE OKa3bIBAIOT 3HAYH-
TEJILHOI'O BIMSHMS Ha COCTOSHME MAllMCHTA U KIIH-
HUYECKYI0 TAKTHKYy €ro oOcCJieZloBaHUs, OJIHAKO B
OIPEJICIICHHBIX CITydasiX OHH MOT'YT CIIOCOOCTBOBATh
Pa3BUTHIO MATOJIOTUN MUIIEBAPUTEIIBHON CUCTEMBI
WJIH TIPEJICTABIISATh TPYJAHOCTH IIPH MTPOBEACHUN Me-
JULUHUHCKUX BMemarenbeTB [45; 46]. CBoeBpeMeH-
HOC BBISIBJICHUE U YYET TOJA00HBIX aHATOMHYECKHUX
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BapHaluil B X0/1e¢ XUPYyPru4eckoro BMenlareabcTBa
MMeeT KPUTHYECKOe 3HaUEHHE JIIsl TIPeTyPEKICHUS
SITPOTEHHBIX OCIIOKHEHHUI U TOCTIKEHHS Oaronpu-
SITHOTO KJIIMHUYECKOTO UCXO/1a.

Deonroyus Memooo8 U3YAIUZAYUL 8 AHAMOMUU
nuweeapumenbHol CUCHeMbl.

Hctopuyecku CIOXKUIOCH TaK, YTO U3ydEHHUE
aHATOMHUU THINEBAPUTEIbHONW CHUCTEMBI OCHOBBI-
BAJIOCh B MEPBYIO OYEpPEllb HA BCKPBITUU TPYIOB,
KOTOPOE JIaBajio CTYACHTaM BO3MOXHOCTH IPHUO0-
peTeHus MpaKTUYeCKUX HaBBIKOB. Pabora ¢ kaja-
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Puc. 6. 3D Bu3yajm3anusi OpraHoB OPIONIHOI M0J10-
cru: 1 — aunus I'enke, 2 — Touka Meiio-PoOcona,
3 — touxa Mapdana, 4 — Touxa Jlappes [4; 5].
Fig. 6. 3D visualization of abdominal organs:

1 — Henke line, 2 — Mayo-Robson point, 3 — Marfan
point, 4 — Larrey point [4; 5].
*N300pakenue co3nano npu nomoumu 3D nporpam-
Mbl AnatomyLearning: HYPERLINK «https://
play.google.com/store/apps/details?id=com.
AnatomyLearning.Anatomy3DViewer3» https://
play.google.com/store/apps/details?id=com.
AnatomyLearning.Anatomy3DViewer3

BEPHBIM MaTEPUAJIOM OCTAETCS LIEHHON METOAMKOMN
B TIOJIYYCHUH aHATOMUYCCKUX 3HAHUU, y HEE €CTh
OTpaHWYCHHS, KOTOPBIE BKITIOYAIOT B CeOsI CTaTHU-
HOCTH NPENaparoB, MOTEHIIMAIEHOE TOBPEKICHNE
WU UCKAKCHUE TKAaHEH U JTUMHUTHUPOBAHHYIO J10-
CTymHOCTS [47].

TpaauuuoHHbIE YUeOHUKH U ABYXMEPHBIC HJI-
JTIOCTPAIH JOMONHAIN pabOTy C TPYITHBIM Mate-
puaIoM, HO 4acTO HE MOTIHU TEePeNaTh CIOXKHBIC
MPOCTPAHCTBEHHBIC OTHOLICHUSI MEXAY OpraHaMu.
duznueckre MOJEIH MpeIarail HEKOTOpoe yayd-
[IEHUE TPOCTPAHCTBEHHOTO TMOHUMAHUS, HO, KaK
MPaBUIIO, HE UMENIH AeTayieil, HEOOXOTUMBIX IS
MpE/ICTaBICHNS] aHATOMUYECKUX BapUAaHTOB WM
JTUHAMHYECKUX (PH3UOIOTHYECKUX MpoleccoB [48].

OnHUM U3 HanOoJIee 3HAUNTEIILHBIX JIOCTIIKCHUN
CTaJjia MHTerpaIus miathopM BUPTYyaJTbHOIO BCKPhI-
THS, KOTOPBIE UCIIONIB3YIOT TEXHOJIOTHH TPEXMEPHOU
BH3YQJIM3allM{ W MOJICIHPOBAHUA. DTH TIaT()OPMBI
CO3/Iaf0T peaJUCTHYHBIE aHATOMUYECKHE MOJICITH B
BUPTYaJIbHOM IIPOCTPAHCTBE, MO3BOJISS CTyACHTAM
HCCIIeIOBATh U B3aUMOJCHCTBOBATh C aHATOMUYE-
CKUMH CTPYKTypamu 0e3 orpanudeHuii [49].

PazpaboTka aHaTOMUYECKHUX TTPUIOKCHUA M WH-
TEPaKTUBHOTO MPOTPAMMHOTO 00ECIeYeHHUs elle
Ooupilie TIpeoOpa3uiia MpernojaBaHue aHATOMUH,

76

Puc. 7. 3D Bu3yaau3auusi OpraHoB OpPrOUIHONM 10J10-
cTu: 1 — ABeHAANATUNEPCTHAS KHIIIKA, 2 — MepeIHss
noyeyHasi Touka, 3 — Touka Kepa, 4 — KoHTYpBI po-
€KIIMOHHOM 30HBbI IBEHAAUATHIIEPCTHON KUIIKH, 5 —
Touka Jle:kapaena, 6 — Touka Mak-BypHes, 7 — Touka
Jlanua [4; 5].

Fig. 7. 3D visualization of abdominal organs: 1 —
duodenum, 2 — anterior renal point, 3 — Kerr’s point,
4 — contours of the projection zone of the duodenum,

5 — Desjardins’ point, 6 — McBurney’s point, 7 —

Lanz’s point [4; 5].

*U3o0pakenne co3qano npu nomouu 3D nporpam-
Mmbl AnatomyLearning: HYPERLINK «https://
play.google.com/store/apps/details?id=com.
AnatomyLearning.Anatomy3DViewer3» https://
play.google.com/store/apps/details?id=com.
AnatomyLearning.Anatomy3DViewer3

npeuiarasi HarvIsiAHbIA MaTepuan B nuHamuke. [1o-
CPEJCTBOM JIAaHHBIX TEXHOJIOTUH IOCTHTAETCS BbI-
COKasl CTETICHb JICTAN3AIUY TIPU TPEXMEPHOM MO-
JeJINPOBAHUN OPTaHOB, YTO MO3BOJISET I10JIb30BA-
TEJIO0 OCYILECTBISITh HHTEPAKTUBHYIO HABUTALIUIO.
[Tono0GueIit popmaT pabOTHI ynpouiaeT MOHUMaHHE
CIIOKHBIX CTPYKTYp, oOecreunBasi KaueCTBEHHYIO
BHU3yaJIM3AIMI0 U Pa3BUTHE MPOCTPAHCTBEHHOTO
MeItteHus [50].

Memoowvl 3D-mo0enuposanus u pekoHCmMpyKyuu

DyHIaMEHTOM 7151 TOCTPOCHHSI TOCTOBEPHBIX
TPEXMEPHBIX MOJAEJEH CIYKUT MOJydYeHHUE JHa-
THOCTHYECKHUX JIaHHBIX BBICOKOTO paspereHus. Co-
BPEMEHHBIE TEXHOJIOTUH JIy4€BOH BU3yalU3allH, B
gactHOoCTH KT 1 MPT, dhopmupyroT netanbHbie 1mo-
CJIOMHBIE CPE3bl, BEICTYNAIOLIIE OCHOBHBIM MaTe€pH-
aJIOM TSI TOCTIe Ty olIel 00beMHON PEKOHCTPYKIINT
[51]. Ha mpemporieccopHoM dTane JaHHBIE MACCUBBI
MIPOXOJISIT CTPOTYEO TIOAATOTOBKY, BKJIFOYAIOIITYFO YHH-
(hukanuro (hopMaToB M HOPMATH3AIMIO Pa3pEIICHUS.
ANTOPUTM AaJbHENIIEr0 MOACIUPOBAHUS TPAIULIH-
OHHO SIBJISIETCS MHOTOCTYIIEHYAThIM U BKJIIOYAET
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peructpanmio (IpOCTPaHCTBEHHOE BhIPaBHUBAHHE
cepuil M300paxxeHnit), CErMEeHTALHIO 1JIs1 BblIelie-
HUS 1eJIEBBIX aHATOMHUYECKUX OOBEKTOB, a TAKXKe
(UHATBHBIA 3Tan 00BEMHOTO WM TOBEPXHOCTHOTO
pennepunra [52]. XoTs cyImecTByIOT aBTOMaTH3UPO-
BaHHBIC METOMIBI CETMEHTAIINH, Py4dHas 00padoTka
4acTO HEOOXOANMA ISl BU3YaJIM3alUH MUILEBAPH-
TEJNBbHOW CUCTEMBI U3-332 HEUYETKHUX TPAHUL] OPTaHOB
1 BO3MOXHBIX CIAeK, KOTOPbIE YCIOKHSAIOT aBTOMa-
THYCCKHE MOAXoabl [53].

Tpumenenue nepedosvix memoodos ¢ mopgonou-
YecKUX UCCIe008aAHUSX

CoBpeMeHHBIE HHCTPYMEHTHI BU3yaIU3alllH,
takue kak Lludpoas oOpazoBarenpHas miardopma
Kadenpsr anaromun u rucronorun yenoseka Ce-
YEHOBCKOTO YHUBEPCHUTETA, SIBISIOTCS KIIIOYEBBIM
CrI0cOo0OM ISl IPEAOCTABICHHS UCCIIEA0BATEISIM U
KJIMHALUCTaM BO3MOKHOCTb BCECTOPOHHETO U3y4e-
HUsL MOP(QOJIOTHU OPraHoOB (HAMpHUMeEp, KeIyaKa,
TOHKOM M TOJICTON KHUIIIKH) 332 CUET HHTEPAKTUBHOTO
MacIITabMpPOBaHMs, TAHOPAMHUPOBAHUS U BPALCHHS
CO3aHHBIX TPEXMEPHBIX MojeleH [54].

Takast MORy/bHAs apXUTEKTypa oOecreuynBaeT
BBICOKYIO THOKOCTH B Pa3paboTKe CHEeIHaTIn3upo-
BaHHBIX WHTEPAKTUBHBIX MPUIOKEHUH I BU3ya-
JIU3AIMH, JIETKO aJalTUPYEeMbIX K CIIelU(pUICCKUM
HCCIIeI0BATEIbCKIM, 00pa30BaTEIbHBIM U KIIMHUYE-
CKHUM 3aJa4aM B 00J1acTd MOp(HOJIOTrHu.

IHpumenenue 3D-susyanuzayuu 8 MEOUYUHCKOM
00pa306aHUL U KAUHUYECKOU NPAKMUKe

TpexmepHble MOAETH MHUILEBAPUTEIBHON CHCTe-
MBI 00ecTieunBaroT 6osee 23 heKTHBHOE ITOHUMAaHNE
(hyHKIIMOHATBHOM aHATOMHH M TOTIOTpa iy OPTaHOB
10 CPABHEHUIO C TPAAULIMOHHBIMU MeToaMu [S5].
KiroueBoe mpenmyIecTBo TEXHOJIOTHHU - BO3MOXK-
HOCTb MHTEPAKTUBHOTO MAHHUITYIHPOBAHUS MOJE-
JIAMU JIJIS1 IOJTYYEeHHS TPAKTHYECKOTO OTIBITa, HEAO-
CTYITHOTO TIpH padoTe ¢ yueOHuKamu [56].

Brenpenne VR-npunoxenuit criocoocTByet 00-
nee rIyOOKOMY YCBOCHHMIO MaTepuaa 3a cyeT I0-
Ipy’KeHHs 00y4Jarolerocsi B MHTEPaKTUBHOE aHATO-
Mudeckoe mpoctpancTBo. 11omo6HbIi moaxon Hesa-
MEHHUM JJIS1 OCBOEHUS [IPOCTPAHCTBEHHON OpraHu-
3allMM U B3aMMHOT'O PACIOJIOKEHHSI OPraHOB, YTO
CJIOKHO peain30BaTh MPH HUCIOJIb30BaHUH TPalu-
LUOHHBIX TNTIOCKOCTHBIX W300paXCHUI N HATUBHOTO
Marepuana [57]. Mcnonp3oBaHne WHANBUAYATHHBIX
TPEXMEPHBIX MOJEJIEH B KIMHUKE ONTUMHU3UPYET
IUTAHUPOBAHUE XUPYPIHUECKUX BMELIATEIbCTB, CIIO-
cOOCTBYsI MPOrHO3UPOBAHUIO HHTPAOTIEPALIMOHHBIX
OCJTIO)KHEHUH U peann3aliy MPUHIMIIOB EPCOHANH-
3UPOBAaHHON MeaUIUHBI [58]. IHTepakTuBHAS BU3Y-
aJgu3amus CIyXAT d(PQPEeKTUBHBIM UHCTPYMEHTOM
KOMMYHMKALIUY, yilydllas IOHUMaHUe MalueHTa o
XapaxTepe ero 3a00ieBaHus U 1eneit oneparmu [59].

Bynyumee Bu3yanu3anuu NHUIIEBAPUTEIbHON
CHUCTEMBI, BEPOATHO, MpeArnojaraeT AajJbHeHIyio
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MHTETPAINI0 UCKYCCTBEHHOTO MHTEJICKTA JIJISl aB-
TOMAaTUYECKOW CErMEHTAIIUK M ITEPCOHATM3HPOBAH-
HOH TeHepanuu Mojaeyei. JlocTixkeHus B 001acTu
TEXHOIIOTHH JIOMOJIHEHHOW PeajbHOCTH MO3BOJIAT
co3zarp euie 6osee mojae3Hble HHTEPAaKTUBHBIE 00-
pa3oBarc/IbHbIC MCTOJAUKHU, 4 TAKIKE MOACIIUPOBATH
(pM3HOTOTHYECKHUE TTPOLIECCHI.

Saxnouenue

WuTerparyist COBpeMEHHBIX TEXHOIIOTHH B aHATO-
MHUYECKOe 00pa3oBaHue MTPpeoOpasuiia TPaUITUOHHEIE
METOJIbI 00yUEHHUsI, TIpe/ijIarasi pa3HOOOpa3HbIC U UH-
TCPAKTUBHBIC BO3SMOXHOCTHU JIsI IOHMMaHUs aHaTOo-
MWH TTUIIEBAPUTENIHLHON cucTeMbl. Bce 3Tu TexHOo-
JIOTUH (OT BUPTYATBHBIX TUIATGOPM IS TIPETIapHpO-
BaHUS JI0 MHTEPAKTUBHBIX POTPAMMHBIX TIPUIIOMKE-
HUI1) 00eCIIeYNBAIOT KOMIUICKCHBIC U IMHAMHYCCKHIEC
MOoAXO0[Abl K BU3yaliM3allu U U3YUYCHHIO CJIOKHBIX
CTPYKTYP KEITyIOTHO-KHUIIIEYHOTO TPAKTa. AHATOMU-
YeCKHe BApUAHTHI, KOTOPHIE BO3HUKAIOT BCIIC/ICTBHE
HapylICHUH pa3BUTHS B SMOPHUOHAILHOM TEPHO/IE,
CYIIECTBEHHO BIUSIOT Ha (PU3HOJOTUYCCKUE MPO-
ICCChI B HHIHeBapHTCHLHOﬁ CUCTEME U KIIMHUYCCKUC
MIPOSIBJICHUS Pa3JINYHBIX 3a00JIeBaHUNA. DBOJIOINSA OT
TPaIUIIMOHHBIX TIOX0/I0B, OCHOBAHHBIX Ha MPETapy-
pOBaHUH, K CIOKHOMY 3D-MoaennpoBaHHIo Crioco0-
CTBYET pa3padoTKe MepCOHATU3UPOBAHHBIX MOIXO0I0B
K JICUCHHUI0, OCHOBAHHBIX Ha TOUHON PEKOHCTPYKIHH
AHATOMHUU KaXXJ0Ir'o nalueHTa, 4YTO MO3BOJISACT YUU-
TbhIBaThb MHAWBUIAYAJbHBIC Bapyvallii W IMOBBLIIIATH
3¢ (HEeKTHBHOCTh MEIUIIMHCKHUX BMEIIATEIbCTB.

Bynymue HampaBieHUs BKIIOYAIOT B ce0sl BHE-
npeHue (QYHKIMOHAIbHBIX JAHHBIX B aHATOMUYE-
CKHE MOZCTH ¥ (OpPMUPOBaHKE HanboIee MOJTHOTO
MpeaACTaBICHUA 00 WHIWNBUAYAJbHBIX BapHUaHTax
aHATOMHWHU BHYTPEHHUX OPTaHOB. DTH pa3paboTKH
MO3BOJISIT YAYUYIIUTh 00pa3oBaTeIbHbIe pe3yiibTa-
TBI, TAK ¥ KIIMHUYECKUE MPUMEHEHUS, B KOHEYHOM
HUTOT€ yIIy4lllas yIpaBiIeHHE 310POBLEM B aCIIEKTE
MUILEBAPUTETHHON CUCTEMBI, 3a cUeT 0oJiee TOUHOU
1 paHHEH MUarHOCTHUKHU 3a00JIeBaHMH, pa3pabOTKH
HOBBIX T€PAIEBTHUECKUX CTPATET Ui, HAIIPaBIEHHBIX
Ha BOCCTaHOBJICHHUE (DYHKIIUI OPraHOB, U COBEPILICH-
CTBOBaHUS NMPO(UIAKTUYECKUX MEP, OCHOBAHHBIX
Ha MHAUWBUAYAJIbHBIX OCO6CHHOCTHX opraHuima,
9TO OYJIET CIIOCOOCTBOBATH OKA3aHHIO TIOMOIIIH Pa3-
JIUYHBIM KaTEeTOPHUSAM NAIMEeHTOB (B TOM YHUCIIE HOBO-
POXIEHHBIM, O€PEMEHHBIM, TIOKUIIBIM) C HCTIONIB30-
BaHUEM MEPCOHUPUITUPOBAHHBIX METO/IUK.

KondaukTt unTepecoB. ABTOpHI 3agBISIOT 00
OTCYTCTBUHU KOH()INKTAa HHTEPECOB.

Conflicts of interest. The authors have no
conflicts of interest to declare.

JIMTEPATYPA

1.  MolnarJ. L., Diogo R. Evolution, Homology,
and Development of Tetrapod Limb Muscles.
Diversity. 2021;13(8):393. doi:10.3390/d13080393.



2026, T.16, Ne 3

KPBIMCKHI )KYPHAJ SKCITEPUMEHTAJIbHOM M KJIMHUYECKON MEIUIIAHBI

2. Steele S. R., Johnson E. K., Champagne
B., Davis B., Lee S., Rivadeneira D., Ross H.,
Hayden D. A., Maykel J. A. Endoscopy and polyps-
diagnostic and therapeutic advances in management.
World J Gastroenterol. 2013 Jul 21;19(27):4277-88.
doi:10.3748/wjg.v19.127.4277.

3. Parker S. G., Halligan S. , Liang M.,
Muysoms F. E., Adrales G. L., Boutall, A, et al.
International Classification of Abdominal Wall
Planes (ICAP) to Describe Mesh Insertion for
Ventral Hernia Repair. Br J Surg (2020) 107(3):209-
17. doi:10.1002/bjs.11400.

4. Jla63un B. 1., Ponnonos A. A. Ilpoekmu-
OHHBIC JIMHUH, O0TACTH M TOYKH HA TEJe YeJIOBEKa.
VYuebnoe nmocodue. biaarosemenck; 2005.

5. Amnaromus udenoBeka. B aByx tomax. Ilon
pen. M. P. Canuna. M.: U3narensctBo [ DOTAP-
Menua; 2021.

6. Hansen J. T, Netter F. H., Machado, C. A. G.
Netter’s clinical anatomy. 4th edition. Elsevier; 2019.

7. Arnac aHaTOMHH YEJIOBEKa: B YETHIPEX TO-
Mmax. [Ton obmelt penakuueil JOKkTopa MEAULIMHCKUX
Hayk, npodeccopa A. I. I[piOynbkuna. M.: HoBas
BoitHa, M3marens Ymepenkos; 2018.

8. Richard L. Drake Gray’s Anatomy for
Students. 5th Edition; 2020.

9. McKenney E. A., Hale A. R., Anderson J.,
Larsen R., Grant C., Dunn RR. Hidden diversity:
comparative functional morphology of humans
and other species. Peer]. 2023 Apr 24;11:e15148.
doi:10.7717/peerj.15148.

10. Rubarth L. B., Van Woudenberg C. D.
Development of the Gastrointestinal System: An
Embryonic and Fetal Review. Neonatal Netw.
2016;35(3):156-8. doi:10.1891/0730-0832.35.3.156.

11. ChinA. M., Hill D. R. , Aurora M., Spence J.
R. Morphogenesis and maturation of the embryonic
and postnatal intestine. Semin Cell Dev Biol. 2017
Jun;66:81-93. doi: 10.1016/j.semcdb.2017.01.011.

12. JiaY., Zou X., Yue W., Liu J., Yue M., Liu
Y., Liu L., Huang P., Feng Y., Xia X. The distribution
of hepatitis C viral genotypes shifted among chronic
hepatitis C patients in Yunnan, China, between
2008-2018. Front Cell Infect Microbiol. 2023 Jul
11;13:1092936. doi:10.3389/fcimb.2023.1092936.

13. McCracken K. W., Wells J. M. Mechanisms
of embryonic stomach development. Semin Cell
Dev Biol. 2017 Jun;66:36-42. doi:10.1016/j.
semcdb.2017.02.004.

14. Willet S. G., Mills J. C. Stomach Organ and
Cell Lineage Differentiation: from Embryogenesis
to Adult Homeostasis. Cell Mol Gastroenterol
Hepatol. 2016 Sep;2(5):546-559. doi:10.1016/j.
jemgh.2016.05.006.

15. Malone J. C., Arbor T. C., Shah A. B.
Embryology, Midgut. Treasure Island, Florida; 2023.

78

16. Ueda Y., Yamada S., Uwabe C., Kose K.,
Takakuwa T. Intestinal Rotation and Physiological
Umbilical Herniation During the Embryonic Period.
Anat Rec (Hoboken). 2016 Feb;299(2):197-206.
doi:10.1002/ar.23296.

17. Girard-Madoux M. J. H., Gomez de Agiiero
M., Ganal-Vonarburg S. C., Mooser C., Belz G. T,
Macpherson A. J., Vivier E. The immunological
functions of the Appendix: An example of
redundancy? Semin Immunol. 2018 Apr;36:31-44.
doi:10.1016/j.smim.2018.02.005.

18. Sakellariadis A., Sofou F., Chrysikos D.,
Sampsakos-Mariolis T., Schizas D., Troupis T.,
Filippou D. Anatomical Variations of the Vermiform
Appendix. Acta Med Acad. 2024 Dec;53(3):335-
342. doi:10.5644/ama2006-124.461.

19. Kostouros A., Koliarakis I., Natsis K.,
Spandidos D.A., Tsatsakis A., Tsiaoussis J. Large
intestine embryogenesis: Molecular pathways and
related disorders (Review). Int J Mol Med. 2020
Jul;46(1):27-57. doi:10.3892/ijmm.2020.4583.

20. Sokic-Milutinovic A. Appropriate
management of attenuated familial adenomatous
polyposis: Report of a case and review of the literature.
Dig Dis. 2019;37:400-405. doi:10.1159/000497207.

21. Salehi Karlsldtt K., Husberg B., Ullberg U.,
Nordenskjold A., Wester T. Intestinal Malrotation
in Children: Clinical Presentation and Outcomes.
Eur J Pediatr Surg. 2024 Jun;34(3):228-235.
doi:10.1055/s-0043-1764239.

22. Chevalier N. R., Gazguez E., Bidault L.,
Guilbert T., Vias C., Vian E., Watanabe Y., Muller
L., Germain S., Bondurand N., et al. How tissue
mechanical properties affect enteric neural crest
cell migration. Sci Rep. 2016;6:20927. doi:10.1038/
srep20927

23. Malakorn S., Wanitsuwan W., Chowchankit
I., Kajohnwongsatit K., Rojanasakul A. Simplified
anal sphincter anatomy. Int J Colorectal Dis. 2016
Aug;31(8):1567. doi:10.1007/s00384-016-2578-6.

24. Taithongchai A., van Gruting 1. M. A,
Vollgyhaug I., Arendsen L. P., Sultan A. H., Thakar
R. Comparing the diagnostic accuracy of 3 ultrasound
modalities for diagnosing obstetric anal sphincter
injuries. Am J Obstet Gynecol. 2019 Aug;221(2):134.
el-134.e9. doi:10.1016/j.2jog.2019.04.009.

25. Watanabe J., Ota M., Suwa Y., Suzuki
S., Suwa H., Momiyama M., Ishibe A., Watanabe
K., Masui H., Nagahori K., Ichikawa Y., Endo
I. Evaluation of the intestinal blood flow near the
rectosigmoid junction using the indocyanine green
fluorescence method in a colorectal cancer surgery.
Int J Color Dis. 2015;30(3):329-35. doi: 10.1007/
s00384-015-2129-6.

26. Carmichael J. C., Steven Mills. Anatomy
and Embryology of the Colon, Rectum, and Anus.



2026, T. 16, Ne 3

ASCRS Textbook of Colon and Rectal Surgery, 4th
ed., Springer Nature Switzerland AG; 2022.

27. Kudo H., Kazama T., Fukuzawa T., Ando
R., Okubo R., Sakurai T., Hashimoto M., Endo Y.,
Nio M., Wada M. Utility of the web excision with
pre-membranous incision for congenital intestinal
atresia-type I and stenosis. BMC Pediatr. 2024 Jul
15;24(1):454. doi:10.1186/512887-024-04925-6.

28. Sara¢ M., Tartar T., Bakal U., Aydin M.,
Akdeniz I., Kazez A. Intestinal Atresia: Twenty
Years of Experience at a Reference Hospital.
Istanbul Med J. 2021 Feb;22(1):19-24. doi:10.4274/
imj.galenos.2020.98957.

29. Macharia E., Simon N. Huddart. Neonatal
abdominal conditions: a review of current practice
and emerging trends. Paediatrics and Child Health.
Volume 20, Issue 5, May 2010, Pages 207-214.
doi:10.1016/j.paed.2009.12.004.

30. Koenig S. M., Russell R. T., Quevedo
O. G., Chen M. K. Intestinal Atresias: A Ten-
Year Evaluation of Outcomes. J Surg Res. 2024
Apr;296:130-134. doi:10.1016/].jss.2023.12.015.

31. ChalyaP. L., Manyama M., Kayange N. M.,
Mabula J. B., Massenga A. Infantile hypertrophic
pyloric stenosis at a tertiary care hospital in
Tanzania: a surgical experience with 102 patients
over a 5-year period. BMC Res Notes. 2015 Nov
18;8:690. doi:10.1186/s13104-015-1660-4.

32. Staerkle R. F., Lunger F., Fink L., Sasse T.,
Lacher M., von Elm E., Marwan A. 1., Holland-Cunz
S., Vuille-Dit-Bille R. N. Open versus laparoscopic
pyloromyotomy for pyloric stenosis. Cochrane
Database Syst Rev. 2021 Mar 9;3(3):CD012827.
doi:10.1002/14651858.CD012827.pub2.

33. Donda K. Asare-Afriyie B., Ayensu M.,
Sharma M., Amponsah J. K., Bhatt P., Hesse M.
A., Dapaah-Siakwan F. Pyloric Stenosis: National
Trends in the Incidence Rate and Resource Use
in the United States From 2012 to 2016. Hosp
Pediatr. 2019 Dec;9(12):923-932. doi:10.1542/
hpeds.2019-0112.

34. Garfield K., Sergent S. R. Pyloric stenosis.
StatPearls. StatPearls Publishing; 2023.

35. Rodriguez-Garcia F. A, Guerrero-
Ramos F. Appendicular agenesis. Rev Med MD.
2018;9.10(1):35-38.

36. Bell D. Agenesis of the appendix. Reference
article, Radiopaedia.org (Accessed on 08 Jul 2025).
doi:10.53347/rID-66524.

37. Yohannes B., Abebe K. Appendiceal
Agenesis: A Very Rare Intraoperative Diagnosis -
A Case Report. Int Med Case Rep J. 2021 Apr
9;14:233-236. doi:10.2147/IMCRJ.S309192.

38. Zeng X., Lian N., Wang X., Du D.
Abnormal anatomical landmarks: the guide points
of laparoscopic Ladd’s surgery for neonatal
congenital intestinal malrotation. Surg Endosc.

79

OBb30PbI

2025 Jul;39(7):4386-4391. doi:10.1007/s00464-025-
11764-8.

39. Ayane G. N., Kadimo K. Diagnosis and
surgical management of congenital intestinal
malrotation presenting with midgut volvulus in an
adult: high index of suspicion (case report). Pan
Afr Med J. 2018 Mar 15;29:154. doi:10.11604/
pam;j.2018.29.154.13910.

40. Ribeiro T., Greene B., Bennett S.,
Msallak H., Karanicolas P. Variations of intestinal
malrotation in adults: A case report of midgut
volvulus and literature review for the surgeon. Int J
Surg Case Rep. 2022 Feb;91:106750. doi:10.1016/.
ijscr.2021.106750.

41. Kubota M. The current profile of persistent
cloaca and cloacal exstrophy in Japan: the results
of a nationwide survey in 2014 and a review of the
literature. Pediatr Surg Int. 2017 Apr;33(4):505-512.
doi:10.1007/s00383-016-4053-4.

42. Kawamura T., Kamo A., Nishiguchi T.
Diagnosis of Persistent Cloaca by Ultrasonography
and MRI: A Case Report. Am J Case Rep. 2020 May
8;21:€921576. doi:10.12659/AJCR.921576.

43. Thomas D. F. M. The embryology of
persistent cloaca and urogenital sinus malformations.
Asian J Androl. 2020 Mar-Apr;22(2):124-128.
doi:10.4103/aja.aja 72 19.

44. Chaux A. Persistent cloaca.
PathologyOutlines.com website. URL: https://www.
pathologyoutlines.com/topic/bladdercloacogenic.
html. (Accessed 02.02, 2026).

45. Renault G. Variations in the Digestive Tract
Anatomical Insights and Clinical Implications. Int J
Anat Var. 2024;17(10):679-680. doi:10.37532/1308-
4038.17(10).447.

46. Klein M., Varga I. Hirschsprung’s Disease-
Recent Understanding of Embryonic Aspects,
Etiopathogenesis and Future Treatment Avenues.
Medicina (Kaunas). 2020 Nov 13;56(11):611.
doi:10.3390/medicina56110611.

47. McMenamin P. G., McLachlan J., Wilson
A., McBride J. M., Pickering J., Evans D. J. R.,
Winkelmann A. Do we really need cadavers anymore
to learn anatomy in undergraduate medicine? Med
Teach. 2018 Oct;40(10):1020-1029. doi:10.1080/01
42159X.2018.1485884.

48. Heather A., Chinnah T., Devaraj V. The
Use of Virtual and Augmented Reality in Anatomy
Teaching. MedEdPublish (2016). 2019 Apr 5;8:77.
doi: 10.15694/mep.2019.000077.1.

49. Keenan I. D., Ben Awadh A. Integrating 3D
Visualisation Technologies in Undergraduate Anatomy
Education. Adv Exp Med Biol. 2019;1120:39-53.
doi:10.1007/978-3-030-06070-1 4.

50. Shen Z., Yao Y., Xie Y., Guo C., Shang X.,
Dong X., Li Y., Pan Z., Chen S., Xiong G., Wang F.
Y., Pan H. The process of 3D printed skull models for



2026, T.16, Ne 3

KPBIMCKHI )KYPHAJ SKCITEPUMEHTAJIbHOM M KJIMHUYECKON MEIUIIAHBI

anatomy education. Comput Assist Surg (Abingdon).
2019 Oct;24(sup1):121-130. doi:10.1080/24699322.
2018.1560101.

51. Van Vlasselaer N., Van den Broeck J.,
Serrien B., Cattrysse E. Creating and hosting 3D
photogrammetry models for anatomical education:
An accessible and student-centered approach. Anat
Sci Educ. 2025 Jul;18(7):657-669. doi:10.1002/
ase.70052.

52. AbouHashem Y., Dayal M., Savanah S.,
Strkalj G. The application of 3D printing in anatomy
education. Med Educ Online. 2015 Oct 16;20:29847.
doi:10.3402/me0.v20.29847.

53. Hahn M., Nord C., Eriksson M., Morini F.,
Alanentalo T., Korsgren O., Ahlgren U. 3D imaging
of human organs with micrometer resolution - applied
to the endocrine pancreas. Commun Biol. 2021 Sep
10;4(1):1063. doi:10.1038/s42003-021-02589-x.

54. HudpoBas obpazoBareapHas miIaTdop-
Ma Kadeapsl aHaATOMHUU ¥ THCTOJOTHH YEIOBE-
ka CeueHoBckoro yHuepcutera: Mocksa. URL:
https://morphology.sechenov.ru. (/lara obpare-
uus:10.07.2025)

55. Henssen D., Karstens J., De Jong G., Duits
J. D., Boer L., Brink M., Maal T., Peters-Bax L.
Implementing 3D printing and extended reality in
anatomy education: Organization, evolution, and
assessment of an innovative teaching program in an
undergraduate medical school in the Netherlands.
Ann Anat. 2025 Jan;257:152354. doi:10.1016/j.
aanat.2024.152354.

56. Ye Z., Dun A., Jiang H., Nie C., Zhao S.,
Wang T., Zhai J. The role of 3D printed models in
the teaching of human anatomy: a systematic review
and meta-analysis. BMC Med Educ. 2020 Sep
29;20(1):335. doi:10.1186/512909-020-02242-x.

57. Murgitroyd E., Madurska M., Gonzalez
J., Watson A. 3D digital anatomy modelling —
Practical or pretty? Surgeon. 2015 Jun;13(3):177-80.
doi:10.1016/j.surge.2014.10.007.

58. Chytas D., Noussios G., Salmas M.,
Demesticha T., Vasiliadis A. V., Troupis T. The
effectiveness of three-dimensional printing
in undergraduate and postgraduate anatomy
education: A review of reviews. Morphologie.
2024 Jun;108(361):100759. doi:10.1016/].
morpho.2023.100759.

59. Pietrabissa A., Marconi S., Negrello E.,
Mauri V., Peri A., Pugliese L., Marone E. M.,
Auricchio F. An overview on 3D printing for
abdominal surgery. Surg Endosc. 2020 Jan;34(1):1-
13. doi:10.1007/s00464-019-07155-5.

REFERENCES

1.  MolnarJ. L., Diogo R. Evolution, Homology,
and Development of Tetrapod Limb Muscles.
Diversity. 2021;13(8):393. doi:10.3390/d13080393.

80

2. Steele S. R., Johnson E. K., Champagne
B., Davis B., Lee S., Rivadeneira D., Ross H.,
Hayden D. A., Maykel J. A. Endoscopy and polyps-
diagnostic and therapeutic advances in management.
World J Gastroenterol. 2013 Jul 21;19(27):4277-88.
doi:10.3748/wjg.v19.127.4277.

3. Parker S. G., Halligan S., Liang M.,
Muysoms F. E., Adrales G. L., Boutall, A, et al.
International Classification of Abdominal Wall
Planes (ICAP) to Describe Mesh Insertion for
Ventral Hernia Repair. Br J Surg (2020) 107(3):209-
17. doi:10.1002/bjs.11400.

4. Labzin V. 1., Rodionov A. A..
Proyektsionnyye linii, oblasti i tochki na tele
cheloveka. Uchebnoye posobiye. Blagoveshchensk;
2005.

5. Human Anatomy. In two volumes. Edited by
M. R. Sapin. Moscow: GEOTAR-Media Publishing
House; 2021.

6. HansenJ. T., Netter F. H., Machado, C. A. G.
Netter’s clinical anatomy. 4th edition. Elsevier; 2019.

7. Atlas of Human Anatomy: in four volumes.
Edited by Doctor of Medical Sciences, Professor
A. G. Tsybulkin. Moscow: Novaya Volna, Publisher
Umerenkov, 2018.

8. Richard L. Drake Gray’s Anatomy for
Students. 5th Edition; 2020.

9. McKenney E. A. , Hale A. R., Anderson J.,
Larsen R. , Grant C., Dunn RR. Hidden diversity:
comparative functional morphology of humans
and other species. PeerJ. 2023 Apr 24;11:e15148.
doi:10.7717/peerj.15148.

10. Rubarth L. B., Van Woudenberg C. D.
Development of the Gastrointestinal System: An
Embryonic and Fetal Review. Neonatal Netw.
2016;35(3):156-8. doi:10.1891/0730-0832.35.3.156.

11. ChinA. M., Hill D. R., Aurora M., Spence J.
R. Morphogenesis and maturation of the embryonic
and postnatal intestine. Semin Cell Dev Biol. 2017
Jun;66:81-93. doi: 10.1016/j.semcdb.2017.01.011.

12. JiaY., Zou X., Yue W,, Liu J., Yue M. , Liu
Y., Liu L., Huang P., Feng Y., Xia X. The distribution
of hepatitis C viral genotypes shifted among chronic
hepatitis C patients in Yunnan, China, between
2008-2018. Front Cell Infect Microbiol. 2023 Jul
11;13:1092936. doi:10.3389/fcimb.2023.1092936.

13. McCracken K. W., Wells J. M. Mechanisms
of embryonic stomach development. Semin Cell
Dev Biol. 2017 Jun;66:36-42. doi:10.1016/j.
semcdb.2017.02.004.

14. Willet S. G., Mills J. C. Stomach Organ and
Cell Lineage Differentiation: from Embryogenesis
to Adult Homeostasis. Cell Mol Gastroenterol
Hepatol. 2016 Sep;2(5):546-559. doi:10.1016/j.
jemgh.2016.05.006.

15. Malone J. C., Arbor T. C., Shah A. B.
Embryology, Midgut. Treasure Island, Florida; 2023.



2026, T. 16, Ne 3

16. Ueda Y., Yamada S. , Uwabe C. , Kose K.,
Takakuwa T. Intestinal Rotation and Physiological
Umbilical Herniation During the Embryonic Period.
Anat Rec (Hoboken). 2016 Feb;299(2):197-206.
doi:10.1002/ar.23296.

17. Girard-Madoux M. J. H., Gomez de Agiiero
M., Ganal-Vonarburg S. C., Mooser C., Belz G. T.,
Macpherson A. J., Vivier E. The immunological
functions of the Appendix: An example of
redundancy? Semin Immunol. 2018 Apr;36:31-44.
doi:10.1016/j.smim.2018.02.005.

18. Sakellariadis A., Sofou F., Chrysikos D.,
Sampsakos-Mariolis T., Schizas D., Troupis T.,
Filippou D. Anatomical Variations of the Vermiform
Appendix. Acta Med Acad. 2024 Dec;53(3):335-
342. doi:10.5644/ama2006-124.461.

19. Kostouros A., Koliarakis I., Natsis K.,
Spandidos D.A., Tsatsakis A., Tsiaoussis J. Large
intestine embryogenesis: Molecular pathways and
related disorders (Review). Int J Mol Med. 2020
Jul;46(1):27-57. doi:10.3892/ijmm.2020.4583.

20. Sokic-Milutinovic A. Appropriate
management of attenuated familial adenomatous
polyposis: Report of a case and review of the literature.
Dig Dis. 2019;37:400-405. doi:10.1159/000497207.

21. Salehi Karlslatt K., Husberg B., Ullberg U.,
Nordenskjold A., Wester T. Intestinal Malrotation
in Children: Clinical Presentation and Outcomes.
Eur J Pediatr Surg. 2024 Jun;34(3):228-235.
doi:10.1055/s-0043-1764239.

22. Chevalier N. R., Gazguez E., Bidault L.,
Guilbert T., Vias C., Vian E., Watanabe Y., Muller
L., Germain S., Bondurand N., et al. How tissue
mechanical properties affect enteric neural crest
cell migration. Sci Rep. 2016;6:20927. doi:10.1038/
srep20927

23. Malakorn S., Wanitsuwan W.,
Chowchankit I., Kajohnwongsatit K., Rojanasakul
A. Simplified anal sphincter anatomy. Int
J Colorectal Dis. 2016 Aug;31(8):1567.
doi:10.1007/s00384-016-2578-6.

24. Taithongchai A., van Gruting [. M. A,
Vollgyhaug 1., Arendsen L. P., Sultan A. H., Thakar
R. Comparing the diagnostic accuracy of 3 ultrasound
modalities for diagnosing obstetric anal sphincter
injuries. Am J Obstet Gynecol. 2019 Aug;221(2):134.
el-134.¢9. doi:10.1016/j.aj0g.2019.04.009.

25. Watanabe J., Ota M., Suwa Y., Suzuki
S., Suwa H., Momiyama M., Ishibe A., Watanabe
K., Masui H., Nagahori K., Ichikawa Y., Endo
I. Evaluation of the intestinal blood flow near the
rectosigmoid junction using the indocyanine green
fluorescence method in a colorectal cancer surgery.
Int J Color Dis. 2015;30(3):329-35. doi: 10.1007/
s00384-015-2129-6.

26. Carmichael J. C., Steven Mills. Anatomy
and Embryology of the Colon, Rectum, and Anus.

81

OBb30PbI

ASCRS Textbook of Colon and Rectal Surgery, 4th
ed., Springer Nature Switzerland AG; 2022.

27. Kudo H., Kazama T., Fukuzawa T., Ando
R., Okubo R., Sakurai T., Hashimoto M., Endo Y.,
Nio M., Wada M. Utility of the web excision with
pre-membranous incision for congenital intestinal
atresia-type I and stenosis. BMC Pediatr. 2024 Jul
15;24(1):454. doi:10.1186/s12887-024-04925-6.

28. Sara¢ M., Tartar T., Bakal U., Aydin M.,
Akdeniz I., Kazez A. Intestinal Atresia: Twenty
Years of Experience at a Reference Hospital.
Istanbul Med J. 2021 Feb;22(1):19-24. doi:10.4274/
imj.galenos.2020.98957.

29. Macharia E., Simon N. Huddart. Neonatal
abdominal conditions: a review of current practice
and emerging trends. Paediatrics and Child Health.
Volume 20, Issue 5, May 2010, Pages 207-214.
doi:10.1016/j.paed.2009.12.004.

30. Koenig S. M., Russell R. T., Quevedo
0. G., Chen M. K. Intestinal Atresias: A Ten-
Year Evaluation of Outcomes. J Surg Res. 2024
Apr;296:130-134. doi:10.1016/j.jss.2023.12.015.

31. ChalyaP. L., Manyama M., Kayange N. M.,
Mabula J. B., Massenga A. Infantile hypertrophic
pyloric stenosis at a tertiary care hospital in
Tanzania: a surgical experience with 102 patients
over a 5-year period. BMC Res Notes. 2015 Nov
18;8:690. doi:10.1186/s13104-015-1660-4.

32. Staerkle R. F., Lunger F., Fink L., Sasse T.,
Lacher M., von Elm E., Marwan A. 1., Holland-Cunz
S., Vuille-Dit-Bille R. N. Open versus laparoscopic
pyloromyotomy for pyloric stenosis. Cochrane
Database Syst Rev. 2021 Mar 9;3(3):CD012827.
doi:10.1002/14651858.CD012827.pub2.

33. Donda K. Asare-Afriyie B., Ayensu M.,
Sharma M., Amponsah J. K., Bhatt P., Hesse M.
A., Dapaah-Siakwan F. Pyloric Stenosis: National
Trends in the Incidence Rate and Resource Use
in the United States From 2012 to 2016. Hosp
Pediatr. 2019 Dec;9(12):923-932. doi:10.1542/
hpeds.2019-0112.

34. Garfield K., Sergent S. R. Pyloric stenosis.
StatPearls. StatPearls Publishing; 2023.

35. Rodriguez-Garcia F. A, Guerrero-
Ramos F. Appendicular agenesis. Rev Med MD.
2018;9.10(1):35-38.

36. Bell D. Agenesis of the appendix. Reference
article, Radiopaedia.org (Accessed on 08 Jul 2025).
doi:10.53347/rID-66524.

37. Yohannes B., Abebe K. Appendiceal
Agenesis: A Very Rare Intraoperative Diagnosis -
A Case Report. Int Med Case Rep J. 2021 Apr
9;14:233-236. doi:10.2147/IMCRJ.S309192.

38. Zeng X., Lian N., Wang X., Du D.
Abnormal anatomical landmarks: the guide points
of laparoscopic Ladd’s surgery for neonatal
congenital intestinal malrotation. Surg Endosc.



2026, T.16, Ne 3

KPBIMCKHI )KYPHAJ SKCITEPUMEHTAJIbHOM M KJIMHUYECKON MEIUIIAHBI

2025 Jul;39(7):4386-4391. doi: 10.1007/s00464-025-
11764-8.

39. Ayane G. N., Kadimo K. Diagnosis and
surgical management of congenital intestinal
malrotation presenting with midgut volvulus in an
adult: high index of suspicion (case report). Pan
Afr Med J. 2018 Mar 15;29:154. doi:10.11604/
pamj.2018.29.154.13910.

40. Ribeiro T., Greene B., Bennett S., Msallak H.,
Karanicolas P. Variations of intestinal malrotation in
adults: A case report of midgut volvulus and literature
review for the surgeon. Int J Surg Case Rep. 2022
Feb;91:106750. doi:10.1016/j.1jscr.2021.106750.

41. Kubota M. The current profile of persistent
cloaca and cloacal exstrophy in Japan: the results
of a nationwide survey in 2014 and a review of the
literature. Pediatr Surg Int. 2017 Apr;33(4):505-512.
doi:10.1007/s00383-016-4053-4.

42. Kawamura T., Kamo A., Nishiguchi T.
Diagnosis of Persistent Cloaca by Ultrasonography
and MRI: A Case Report. Am J Case Rep. 2020 May
8;21:€921576. doi:10.12659/AJCR.921576.

43. Thomas D. F. M. The embryology of
persistent cloaca and urogenital sinus malformations.
Asian J Androl. 2020 Mar-Apr;22(2):124-128.
doi:10.4103/aja.aja_72 19.

44. Chaux A. Persistent cloaca.
PathologyOutlines.com website. URL: https://www.
pathologyoutlines.com/topic/bladdercloacogenic.
html. (Accessed 02.02, 2026).

45. Renault G. Variations in the Digestive Tract
Anatomical Insights and Clinical Implications. Int J
Anat Var. 2024;17(10):679-680. doi:10.37532/1308-
4038.17(10).447.

46. Klein M., Varga 1. Hirschsprung’s Disease-
Recent Understanding of Embryonic Aspects,
Etiopathogenesis and Future Treatment Avenues.
Medicina (Kaunas). 2020 Nov 13;56(11):611.
doi:10.3390/medicina56110611.

47. McMenamin P. G., McLachlan J., Wilson
A., McBride J. M., Pickering J., Evans D. J. R.,
Winkelmann A. Do we really need cadavers anymore
to learn anatomy in undergraduate medicine? Med
Teach. 2018 Oct;40(10):1020-1029. doi:10.1080/01
42159X.2018.1485884.

48. Heather A., Chinnah T., Devaraj V. The
Use of Virtual and Augmented Reality in Anatomy
Teaching. MedEdPublish (2016). 2019 Apr 5;8:77.
doi: 10.15694/mep.2019.000077.1.

49. Keenan I. D., Ben Awadh A. Integrating 3D
Visualisation Technologies in Undergraduate Anatomy
Education. Adv Exp Med Biol. 2019;1120:39-53.
doi:10.1007/978-3-030-06070-1_4.

50. Shen Z., Yao Y., Xie Y., Guo C., Shang X.,
Dong X., Li Y., Pan Z., Chen S., Xiong G., Wang F.

82

Y., Pan H. The process of 3D printed skull models for
anatomy education. Comput Assist Surg (Abingdon).
2019 Oct;24(sup1):121-130. doi:10.1080/24699322.
2018.1560101.

51. Van Vlasselaer N., Van den Broeck J.,
Serrien B., Cattrysse E. Creating and hosting 3D
photogrammetry models for anatomical education:
An accessible and student-centered approach. Anat
Sci Educ. 2025 Jul;18(7):657-669. doi:10.1002/
ase.70052.

52. AbouHashem Y., Dayal M., Savanah S.,
Strkalj G. The application of 3D printing in anatomy
education. Med Educ Online. 2015 Oct 16;20:29847.
doi:10.3402/me0.v20.29847.

53. Hahn M., Nord C., Eriksson M., Morini F.,
Alanentalo T., Korsgren O., Ahlgren U. 3D imaging
of human organs with micrometer resolution -
applied to the endocrine pancreas. Commun Biol.
2021 Sep 10;4(1):1063. doi:10.1038/s42003-021-
02589-x.

54. Digital educational platform of the
Department of Human Anatomy and Histology
at Sechenov University: Moscow. URL: https://
morphology.sechenov.ru. (Accessed: July 10,
2025).

55. Henssen D., Karstens J., De Jong G., Duits
J. D., Boer L., Brink M., Maal T., Peters-Bax L.
Implementing 3D printing and extended reality in
anatomy education: Organization, evolution, and
assessment of an innovative teaching program in an
undergraduate medical school in the Netherlands.
Ann Anat. 2025 Jan;257:152354. doi:10.1016/].
aanat.2024.152354.

56. Ye Z., Dun A., Jiang H., Nie C., Zhao S.,
Wang T., Zhai J. The role of 3D printed models
in the teaching of human anatomy: a systematic
review and meta-analysis. BMC Med Educ. 2020
Sep 29;20(1):335. doi:10.1186/s12909-020-
02242-x.

57. Murgitroyd E., Madurska M., Gonzalez
J., Watson A. 3D digital anatomy modelling —
Practical or pretty? Surgeon. 2015 Jun;13(3):177-80.
doi:10.1016/j.surge.2014.10.007.

58. Chytas D., Noussios G., Salmas M.,
Demesticha T., Vasiliadis A. V., Troupis T. The
effectiveness of three-dimensional printing
in undergraduate and postgraduate anatomy
education: A review of reviews. Morphologie.
2024 Jun;108(361):100759. doi:10.1016/j.
morpho.2023.100759.

59. Pietrabissa A., Marconi S., Negrello E.,
Mauri V., Peri A., Pugliese L., Marone E. M.,
Auricchio F. An overview on 3D printing for
abdominal surgery. Surg Endosc. 2020 Jan;34(1):1-
13. doi:10.1007/s00464-019-07155-5.



2026, 1. 16, Ne 3 OB30PbI

YOK: 616.72-002-092: 577.161.2 DOI:10.5281/zen0do.23326219
BUTAMUH D U OCTEOAPTPUT

®enyanues I1. H.!, Pymsinuesa 3. C.!, lllaguneBa H. A.', IcenoBa A. 3.2, PagaeBa O. A5,
Marseea JI. B.3, Uapucoa M. A.2, CeiiukoBa O. B.4, Maiiasu 1. 9.4, ®exyaunues /. I1.},
Po:xxnoB A. A.!

'Opnena Tpynosoro Kpacuoro 3uamenn Menuiuackuit nactutyT uMeHu C. U. TeoprueBckoro ¢enepanbHOro
roCyJapCTBEHHOTO aBTOHOMHOTO 00Pa30BaTeIbHOTO YUPEKIACHUS BhICIIEro 00pazoBanus «KpeIMCKuii eepaibHblit
yHuBepcureT umenu B. . Bepnaackoro» (Menunuacknii uHCTUTYT uM. C. U. I'eopruesckoro ®I'AOY BO «KOY
uM. B. 1. Bepraznckoro»), 295051, 6yn. Jleauna, 5/7, Cumdepomnons, Poccus

2denepalibHOE TOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEXKICHHE BhICIIIEro 00pa3oBanus «JlarecTanckuii
TOCyHapCTBEHHBIM MEIUIMHCKANA yHUBepcuTeT», 367000, tur. um. B. U. Jleanna, a. 1, Maxaukana, Poccus

3®enepanbHOC TOCYJAaPCTBEHHOEC aBTOHOMHOE 00pa30BATENbHOC YUYPEKICHHE BBICLIIEr0 00pa3oBaHMUs
«HauunonanpHblil HccnenoBaTensckuil Mopnosckuil rocynapetseHHbsl yauBepeuteT uMenu H.IT. Orapésax, 430005,
yi. bomsmesucrtckas, 1. 68, Capanck, Poccus

‘®enepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEIKACHNE BhICIIero oopaszosanus «J{oHenknit
rOCyIapCTBEHHBIM MeIUIUHCKUNA yHIUBepcuTeT M. M. T'opekoroy, 283003, mp. Unenya, 16, lonenk, Poccus

s koppecnonaenuuu: Genxynuues [lapen HukomaeBud, TOKTOp MEAUIMHCKUX HayK, mpodeccop Kadeaps
TPaBMaToJIOruu u oproneauu, Memuunnckuii unctutyT uM. C. U. I'eopruesckoro ®IAOY BO «KOVY um. B. H.
Bepnanckoroy», e-mail: p.fedulichev@gmail.com

For correspondence: Fedulichev Pavel Nikolaevich, MD, Professor of the Department of Department of
Traumatology and Orthopedics, Order of the Red Banner of Labor Medical Institute named after S. I. Georgievsky
V. L. Vernadsky Crimean Federal University (Medical Institute named after S. I. Georgievsky of Vernadsky CFU),
e-mail: p.fedulichev@gmail.com

Information about authors:

Fedulichev P. N., https://orcid.org/0000-0002-5492-0270

Rumyantceva Z. S., https://orcid.org/0000-0002-1711-021X

Shadchneva N. A., https://orcid.org/0000-0001-9717-7782

Esedova A. E., https://orcid.org/0000-0002-9311-1791

Radaeva O. A., https://orcid.org/0000-0003-1383-2474

Matveeva L. V., https://orcid.org/0000-0001-9342-3157

Idrisova M. A., https://orcid.org/0000-0002-3251-5418

Syshchikova O. V., https://orcid.org/0009-0008-7202-4606

Mailyan D. E., https://orcid.org/0000-0003-4428-022X

Fedulichev D. P., https://orcid.org/0009-0002-9265-6973

Rozhnov A. A, https://orcid.org/0009-0004-7382-9562

PE3IOME

MoBpexaeHne cycTaBHOMO XpsiLia npu octeoapTpuTe 00yCnoBEHO CIOXHBIM B3aUMOAENCTBUEM FEHETUHECKUX,
MeTabonmyecknx, BUoOXMMnYeckmx, BocnanutenbHbiX 1 BruoMexaHnvecknx akTopoB. BaxHylo ponb B natoreHese
3aboneBaHus urpaeT BUTaMnH D, ogHako AaHHble O ero Bknaje B pa3BMTUE W NPOrpeccMpoBaHye naTorormyeckoro
npouecca HeoaHO3HayHbl. Hamu npoaHanuanpoBaHbl Hay4Hble UCCedoBaHWs, NOCBALLEHHbIe BNNAHUIO AedurumnTta
BuTamnHa D Ha OCHOBHble naToreHeTM4eckne 3BeHbs ocTeoapTpuTa. [lpeacTaBneHbl AaHHble O  BAWSHUM
KanbLMTpMOna Ha OCHOBHble KNETKU TKaHeW cycTaBa — XOHAPOUWTbI, OCTeouMTbl, ocTeobnactbl. OTmeyeHo,
4yto adppekT BUTamMmHa D obycrnoBneH BO3AENCTBMEM Ha pasfMyHble MeXaHW3Mbl XOHAPO- W OCTeoreHesa, B
TOM 4WCME Ha CUHTE3 B CYCTABHOM Xpsille BHEKMETOYHOrO MaTpuKca, Perynsaumio akTUBHOCTU MaTPUKCHbIX
MeTannonpoTenHas, CTUMYINSLMIO MUHEPanu3aumio KocTel octeobnactamu. MNpuBeaeHsbl AaHHbIE O NMOMOXUTENBHOM
BNMUAHUM BUTaMMHA D Ha aHrvoreHes, 4To CnocobCTByeT BOCCTAHOBIIEHMIO XpALla. YCTAHOBEHO MoaynupytoLlee
BMUSIHWE KanbLMTPUOMa Ha KIoYeBble KMEeTOYHbIe MPOLEeCcChl B MOMYNALMM MMMYHOKOMMETEHTHbIX KNeToK. [laHHoe
BO3[eNCTBMNE XapakTepuayeTcsa MHMMbnposaHnem nponudepaTMBHON akTUBHOCTH, CTUMYNsLMen AnddepeHLmMpoBKu
1N Hopmanusaumen YHKLUMOHANMbHOrO cTaTyca pasfuyHbiX cybnonynauui numdoumMToB M Makpodaros, 4TO
onocpeayeT Cynpeccuio MHTEHCMBHOCTU BOCManNmUTENbHON peakummn B CUHOBMAarbHOW obonoyke cyctasa. Kpome Toro,
HepocTtatodHocTb 1,25(0OH)2D accouumnpoBaHa C ycurieHMeM OGUOCUHTE3a MNpPOBOCMANMUTENbHbIX WMHTEPENKUHOB
npy OAHOBPEMEHHOM MOAABMEHUN JKCMPECCUN aHTUBOCManUTENbHbIX MeanatopoB. COBOKYMHOCTb yKa3aHHbIX
(haKTopOB MO3BONSET paccMaTpvBaTb AeduunT BUTaMmHa D B kKauecTBe 3TMOMOrMYECKOro Tpurrepa, MHALMMPYIOLLEErO
Kackaf BOCManuTenbHbIX W ayTOMMMYHHbIX peakuuii B CyCTaBHbIX TKaHsIX. BkriouyeHne B KOMMMEKCHylo Tepanuio
ocTeoapTpuTa KanbUMTpUOmn-coaepxalumnx npenapatoB 060CHOBAHO BbISIBMEHHLIM CMOXHbIM MHOTOKOMMOHEHTHbIM
NpPOTMBOBOCNANUTENbLHBIM AenCcTBrEeM BUTaMmHa D.

Kniouesble cnosa: ocTteoapTpuT, BuTamud D, runoButammnHos D, BocnaneHwue.
VITAMIN D AND OSTEOARTHRITIS

Fedulichev P. N.!, Rumyantseva Z. S., Shadchneva N. A.!, Esedova A. E.2, Radaeva O. A3,
Matveeva L. V.3, Idrisova M. A.2, Syshchikova O. V.4, Mailyan D. E.%, Fedulichev D. P.!,
Rozhnov A. A.!

83



2026, T.16, Ne 3

KPBIMCKHI )KYPHAJ SKCITEPUMEHTAJIbHOM M KJIMHUYECKON MEIUIIAHBI

"Medical Institute named after S. 1. Georgievsky of Vernadsky CFU, Simferopol, Russia
"Dagestan State Medical University, Makhachkala, Russia
*National Research Mordovian State University named after N. P. Ogareva, Saransk, Russia
“Donetsk State Medical University named after M. N. Gorky, Donetsk, Russia

SUMMARY

Damage to articular cartilage in osteoarthritis is caused by a complex interaction of genetic, metabolic, biochemi-
cal, inflammatory and biomechanical factors. Vitamin D plays an important role in the pathogenesis of the disease, but
data on its contribution to the development and progression of the pathological process are ambiguous. We have ana-
lyzed scientific studies on the effect of vitamin D deficiency on the main pathogenetic links of osteoarthritis. Data on the
effect of calcitriol on the main cells of joint tissues — chondrocytes, osteocytes, osteoblasts are presented. It is noted
that the effect of vitamin D is due to the effect on various mechanisms of chondro- and osteogenesis, including the
synthesis of extracellular matrix in articular cartilage, regulation of the activity of matrix metalloproteinases, stimulation
of bone mineralization by osteoblasts. The data on the positive effect of vitamin D on angiogenesis, which contributes
to the restoration of cartilage, are presented. The modulating effect of calcitriol on key cellular processes in a popula-
tion of immunocompetent cells has been established. This effect is characterized by inhibition of proliferative activity,
stimulation of differentiation and normalization of the functional status of various subpopulations of lymphocytes and
macrophages, which mediates suppression of the intensity of the inflammatory reaction in the synovial membrane
of the joint. In addition, the deficiency is 1,25(0OH)2D is associated with enhanced biosynthesis of pro-inflammatory
interleukins while suppressing the expression of anti-inflammatory mediators. The combination of these factors makes
it possible to consider vitamin D deficiency as an etiological trigger that initiates a cascade of inflammatory and autoim-
mune reactions in joint tissues. The inclusion of calcitriol-containing drugs in the complex therapy of osteoarthritis is

justified by the revealed complex multicomponent anti-inflammatory effect of vitamin D.

Key words: osteoarthritis, vitamin D, vitamin D deficiency, inflammation.

Octeoaprput (OA) npencrasisieT coO00H XPOHH-
yeckoe 3a00JIeBaHHE CYyCTaBOB, 3HAYUTEIILHO CHH-
JKaroIIee KaueCTBO JKU3HU MUJUTMOHOB MAITUEHTOB
BOo BceM mupe. OCHOBHBIMH MOP(]OTOTHIECKUMHU
npusHakamMu OA SIBISIOTCS TIOCTENEeHHasl Jerpajia-
U Xpsiia, 00pa3oBaHue CyOXOHIPaNIbHBIX KHUCT,
CKJIEPO3 MpUJIETaIIeii CyOXOHAPaIbHOW KOCTH,
pa3BuTHE OCTCO(UTOB U CUHOBUAJIBLHOTO BOCIAJIC-
Hust. [ToBpexenre cycTaBHOTO Xpsiia 00yCIOBIEHO
CIIO)KHBIM B3aMMOJICHCTBHEM T€HETHYECKUX, METa-
0ONMMYECKUX, OMOXMMHUYECKUX, BOCITAIUTEIHHBIX
u Onomexannueckux axropos [1]. K ocHOBHBIM
(hakTOopam puCKa 0CTe0apTpUTa OTHOCSTCS BO3PACT,
T0JT, TeHETUIECKAsl TIPEIPACTIONOKEHHOCTh, MEXaHU-
YeCKHe Harpy3KH, TPAaBMbI U OXKUPEHHE.

B mocnennne rompl 0ONBIIOE KOIMYECTBO HC-
cJeoBaHUN OBLIO HANIPABIICHO HA M3yYEHUE POIIU
TUMOBUTAMUHO3a D B pa3BUTUU TaHHOTO MAaTOIOTU-
YECKOT'0 COCTOSIHUS, OIHAKO JJaHHBIE O ero BKJIAJIE B
pa3BUTHE U MPOTPECCUPOBAHNE IETCHEPATUBHBIX U
BOCHQJIUTENBHBIX TIPOIIECCOB HEOAHO3HAUHBI.

Hamu Obima mocTaBiieHa 3aj1ada MpoaHaIH3upo-
BaTh IyOJIMKAIIMK, TOCBAIICHHBIC POIH Je(hUIIUTA
BUTaMuHa D B BOSHUKHOBEHHUE U TIPOTPECCUPOBAHUE
BOCHAJICHUSI CyCTaBHbIX TKaHEW. bbIn UcTob30Ba-
HBI HayYHBIE MCCIIEOBAHNS HA PyCCKOM U aHTIIHHA-
CKOM s3bIKaX, omyonukoBaHHbIe B 2010-2026 romax
(amektrponnbie 6a3bl eLIBRARY, PubMedCentral,
PubMed, GoogleScholar).

Memabonusm u nietiomponnule 3¢hghexmol 6uma-
muna D

Knaccnueckol (hyHKIMEW MaHHOW TPyNIIBI Ce-
KOCTEPOUOB SIBIISIETCS MOAJIEPKAHUE KaJbIUEBOTO
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u pochopHOrOo romMeocTasa, YTo CIYKHT HEO0OXO-
JUMBIM YCJIOBHEM JJIsl aJleKBaTHOM MHHepaau3a-
uuu KocTHOU TKauu [2]. Ilomumo kiroueBoi poiu
B MHHEpalbHOM OoOMeHe, BUTaMUH D peanusyer
cBou (pyHKIMHU yepes siiepHbii perentop (Vitamin
D Receptor, VDR)-omocpenoBaHHy0 CUTHATHHYTO
TPaHCIYKIMIO. DKCIIpecCcHsi JAaHHOTO PeLenTopa B
HMMYHOKOMIETEHTHBIX KJI€TKaX, MBIIICYHON TKaHU
1 SIHUTENNHU 00eCTIeunBaeT IMUPOKHUNA CIIEKTP IIeHo-
TPOIHBIX OMOJIOIMYECKUX OTBETOB Opranusma [3-9].
Hedurmr 1,25(OH)2D BrICTYyIIaeT B PO HE3aBUCH-
MOTO TTaTOT€HETHYECKOTO (pakTopa, ycyryOstoniero
TEUYECHHE KIMMAaKTepPUIECKOTO CHHAPOMA, a TAKKE
ACCOIIMUPOBAHHOTO C MOBBIILICHUEM PHCKA Pa3BUTHUS
aTONMUYECKHUX PEeaKINi, MaTUTHU3AINU U CePIeuHO-
cocynucToro koutuayyma [10-15].

Crenyer muddepeHITUpOoBaTh IPTOKATBITH(EPOIT
(Butamun D2), cuHTe3upyeMblii (PUTOIIIAHKTOHOM,
pacTeHHus MU U TpruOamMH, U XoJeKaaburepon (BuTa-
muH D3). [locnennuii oO6pa3yercs B 0a3aibHOM CIIOS
AMHJIEPMHUCA YeTIOBEKa MOCPEICTBOM (POTOXHMHUYEC-
CKOM peaKITH: Ol BO3IECHCTBUEM YIIETPAPHOIETO-
BOTO M3IyueHHs B-nuanasona npoucxoaut ¢orou-
30MepH3aLusl 7-1eruApOXoIecTepoia B IPEBUTAMHUH
D3 ¢ nocnenyroiieil TepMO3aBUCUMON U30MEPHU3a-
nueid B crabwinbHblid D3. Byyun nunoduibHOM MO-
JIeKyJOH, HEaKTUBHBIN XoNeKatbln(epos o0pasyeT
KOMIUIEKC CO CTICTIU(UICCKUM TPAHCIIOPTHBIM OeJI-
koM (vitamin D-binding protein, DBP) u moctymaet
B MIEYEHb. 3/1eCh IO ACHCTBUEM MUKPOCOMATIBHOTO
(depmenTta ButamuH D 25-ruppokcuiiassl ocymect-
BJISIETCS TUAPOKCUIHMpoBaHue 1o C25-1oI0KeHnI0
CTEPOUIHOIO SApa, MPUBOISIIEE K 00Pa30BAHUIO
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kanenuauona (25(OH)D3). [lannas gopma xapak-
TEPU3YEeTCs ATUTEIHHBIM IIEPHOIOM TTOJTyBBIBEICHHS
(mpubnusurensHO 3-4 Henmenw) [ 16], aTo ompenenseT
e€ IIEHHOCTh KaK OMOXUMHUYECKOTO MapKepa cTaryca
BuTtaMuHa D mipu 1a00paTopHO# TUarHOCTHKE.

B mocnenyromem B mpoKCHUMalbHBIX KaHaJb-
[ax MoyYek, a TakXke B KJIeTKaX UMMYHHOH cHCTe-
MBI ¥ KOCTHOW TKaHW MUTOXOHAPHAIBHBIN (ep-
MeHT la-rugpoxcunaza (CYP27B1) yuactByer B
npeo0pa3oBaHUU KaJbI[UAOTA B KAJIbIHTPHUOII
(10,25(0OH)2D3) — aktuBHYy0 Qopmy BUTamuHa D
C BBICOKHMM cpozicTBoM K VDR.

Ipsmvie a¢hghexmul akmusnoti hopmovl sumamuna
D na xnemxu mkaueti cycmasa

XOHIPOIUTHI, 0CTE00TACTHI, ATUIOIUTHI OEPYT
Ha4aso OT ME3CHXUMAJIbHBIX KICTOK-IIPEAIICCTBECH-
HukoB [17]. Okenpeccupys VDR, kineTkn kocTHOM
TKaHU CTAHOBSATCS MEINATOPAMH CHUTHAJIOB KaJlb-
nuTpuosa. CoOCTBEHHO POCT KOCTH MPOUCXOIUT
BCJIE/ICTBAE HHTEHCUBHOW Tponudepannu XOHIpo-
IUTOB AMU(U3apHON TUIACTUHKHU U X TpaHCchop-
Mallusi B THNEPTPOPUUYSCKHE XOHIPOIUTHI. IDTa
1 depeHIUPOBKa COMPOBOKAACTCSI KOHCTUTYTHB-
HOH dKCTIpeccrel OETKOB BHEKJIETOTHOTO MaTPHK-
ca, Bkirodast koyutareusl X u I Tumos, uTo co3maér
MIPENIOCHUIKH JIJISl TIOCIIEAYIONIeH MIUHEPATU3alliu.
MexaHnu3m nelcTBua BUTaMMHa D omocpenoBan
spepHbIM penentopoM VDR, depe3 koTopslil oka-
3BIBACTCS CTUMYIUPYIOUI 3 ekt Ha ONOCHHTES
MIPOTEOTIIMKAHOB 3PENBIMU XOHAporuTamMu. Kpome
TOTO, SKCIIEPUMEHTABHBIC JaHHBIE TPOIEMOHCTPH-
poBaiu, 4To aKTUBHas (hopma BuTamuHa D (Kayibu-
TPHOJT) HAIIPSIMYIO MHIYLIMPYET CUHTE3 KOJUIareHa u
MeMOpaHHBIX hepmenToB-Tpancnoprepos (Na+/K+-
AT®a3), TeM caMbIM MOIYIUPYS METaOOTHMIECKYIO
AKTUBHOCTPH U (D)YHKIIMOHAILHOE COCTOSHHE XPSIIe-
Boil Tkanu. Hurst-Kennedy J. u coaBT. mpunum x
BBIBOJY, YTO BO BHEKJIETOUHOM MaTPUKCE XPSIIIICBON
TKaHHU KaJbIUTPUOI YCKOPSET CHHTE3 XOHJPOIIH-
TaM# CyIb()aTHPOBAHHOTO TITIOKO3aMHHOTIINKAHA,
a Tak)Ke CHI)KAaeT aKTUBHOCTh MaTPUKCHBIX MeTaJ-
nonporenHas (MMP). DTumu xe aBTopamu ycra-
HOBJICHO, YTO BUTaMUH D-omocpenoBaHHas CTUMY-
JISAUS TPOAYKIUH J1130(ochaTHANHOBON KUCIOTHI
n aktuBanms ¢ocdonunassl D momasnser anmontos
XoHIpoIuToB [18].

[Ipu 5TOM HEOOXOTUMO OTMETHUThH, YTO B OT/CIh-
HBIX pa00Tax MPUBOMSTCS CBEACHUS, TIOATBEPIKIA-
IOIllMe HE TOJIBKO OJaronpusiTHOe JeHCTBHE BUTA-
MuHa D Ha XpsIIeByio TKaHb, HO U €T0 0OpaTHBIC
apdextrr. Tak, Tetlow L.C. u coaBt. eme B 2001
MPUBOJWIN JAHHBIE, YTO B IKCIIEPUMEHTATbHBIX
Mozensx Bosaeicteue 1,25(0OH)2D3 crumynupo-
BaJIo npoAykiuw MMP-3 B o0Opa3max XpsiieBoit
TKaHH CyCTaBOB, MOPAKEHHBIX OcTeoapTpuToM [19].
Kax m3BecTHO, yKka3aHHBIN (hepMEHT CITOCOOCTBYET
CHIDKEHUIO TPOYHOCTH XPAIIEBON TKaHU, YIaCTBYS
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OBb30PbI

B paCIIEIUICHNH KOJUTar€HOB, IPOTEOTIINKAHOB, (H-
OpOHEKTHHA U JIPYTUX KOMIIOHEHTOB Xxpsima [20].

W3BectHO, uTO B maroreHe3 OA HENmOCpeICTBEH-
HO BOBJICUCHA CYOXOH/ IpaibHas KOCTh [21]. [Ipuuem
Cyzp0a CyCTaBHOTO XPSIIIa OMPEAeNsieTCs] He UCKITIO-
YUTENHHO YIJIOTHEHUEM CYOXOHAPAIhHON KOCTH, a
CKOopee HapyIIeHHEeM TIpoIlecca ee PeMOIeINpOoBa-
Husi. Kinunnueckue ucclieoBaHus y MalleHTOB C
OA mokazainy, 4To Mmpolecc pe3opOoLnu KOCTH yBe-
JUYMBACTCS HA PAHHUX CTAaIUAX 3a00JIE€BaHNs, B TO
BpEMS KaK CKJIEPO3 CyOXOHAPATHHON KOCTH SBISET-
Csl OTHOCHUTEIIFHO TO3HUM SIBIIEHHEM. XOPOIIO H3-
BECTHO, YTO KOCTHBIH METa0O0IN3M KOHTPOIUPYETCS
LUTOKMHAMH CEMENCTBa (pakTopa HEKpO3a Oy XOJIH,
a UMeHHO MoJekynsipHoi Tpuagoir OPG/RANK/
RANKL. B ocHOBE 3T0#1 CUCTEMBI JISKUT PELIENTOP-
aKTHUBATOP SIEPHOTO TPACKPHUIIIMOHHOTO (aKTopa
NF-kB (receptor activator of tumor necrosis factor,
RANK). EnuHCTBeHHBIN THraH, CBSI3bIBAIOIIHICS
¢ BHekJeTouHbIM ToMeHoM RANK (RANKL), cun-
TE3UPYEeTCs B OCHOBHOM KJIETKAMH OCTEO0JaCTHOTO
MIPOUCXOXKICHUS, IMMYHOITUTAMH, HEKOTOPBIMH pa-
KOBBIMH KJIETKAMH W yYaCTBYET B PE30POIMH KOCTH
MOCPEICTBOM aKTHUBALIMK 3PEJIBbIX OCTCOKIACTOB U
cTUMYJISIMK ocTeoknactoreneza. RANKL ctumynu-
PYeT OCTEOKJIACTOT€HE3 U AKTHBHOCTH OCTEOKIIACTOB
MTyTEM CBSI3BIBAHUA C PELETITOPOM KIETOYHOU TO-
BepxHocTH RANK, pacnoniosxeHHbIM Ha OCTEOKIIa-
cTax (MpennecTBEHHUKaX U 3pelibix). CBSI3bIBaHUE
RANKL ¢ RANK npuBOAHT K aKTUBAIIUHU CIICITU(U-
YECKUX CUTHAIBHBIX IMyTEH, KOTOPHIC YIACTBYIOT B
(hopMHpPOBAaHUHN OCTEOKIACTOB M PE30POITHH KOCTH.
Octeonporerepur (OPG) cexpeTupyercst CTpoMaib-
HBIMH KJIETKAMH U JPYTUMU THIIAMU KJIETOK, BKIJIFO-
4asi 0CTe00JIACThI, U JICHCTBYET KaK PacTBOPUMBII
penenrrop-noBytika st RANKL. OPG, B3aumozeii-
ctBys ¢ RANKL, naru6upyer csspiBanne RANKL
¢ RANK, tem cambiM mpejoTBpalias aKTHUBaIUIO
RANK u nocneayronuii 0CTeOKIaCTOreHes3 U, KaK
CIJIC/ICTBHE, HHTHOUPYET pe30pOLUIO KOCTH.

[TokazaHo, YTO XOHAPOLMTHI CIOCOOHBI HANPS-
MYIO PETYJINPOBATh OCTEOKIACTOTE€HE3 ITOCPEICTBOM
nepeaadyur curHayioB yepe3 VDR, 4To mpuBoauT K
nHaykuuu skenpeccun RANKL. AxktuBanus cu-
cteMbl RANK-RANKL npuBoauT K yBeITHYEHUIO
AKTUBHOCTH OCTEOKJIACTOB M YCHJICHHIO Pe30pO-
umu cyoxonapaibHoi koctu. [Ipomykius RANKL
MIPUBOANT TAKK€ M K Pa3pylICHUIO XPSAIIa, TaK KaKk
yBemmuenne cootHomeHnst RANKL/OPG cBsizano ¢
BBICOKUM cuHTe30M MMP-13 1 noBbIIEHHOM HKC-
npeccueit MMP-9 [22].

B uccnenosanuu Corrado A. u coasr. [23] 6bL10
BBITTOJTHEHO (DEHOTHITNYECKOE pa3ieieHnue ocTeo0a-
CTOB, MTOJyYE€HHBIX OT KOTOPT MAIIMEHTOB C KOKCap-
Tpo3oMm, octeonopo3oM (OIT) u muI U3 TPyl KOH-
TpoJis 0€3 KOCTHO-CYCTaBHOM MaTOJIOTUU. AHAIIN3
9KCIPECCUH KITIOYEBBIX METMATOPOB PEMOJIETUPOBaA-
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HUSI KOCTHOH TKaHH BBISIBUJL, YTO B KYJIBTYpE KIETOK
oT narueHToB ¢ OA HabIIOAATOCH CTATUCTUIECKU
3HauMMoe cHkeHue cootHoueHnss RANKL k ocre-
onporerepuHy. JlaHHbl peHOMEH ObIT 00yCIIOBICH
NPEUMYIIECCTBEHHBIM YBETUUECHHEM MTPOTYKIIUH MO-
nexyn OPG, BBICTyHarOMKX B POJIN «JIOBYIIKH» JUIS
RANKL.

B paborax ucciemoBarenbCKO TPYyTIIIBI IO Py-
koBozictBoM Giner M. [24] ObUTH TIOTYYEHBI THaMe-
TPaJIBHO MTPOTHBOIIONIOKHBIE Pe3ynbTaThl. COracHo
ux naHHeiM, cekpeuns OPG ocreobnacramu npu
OA, HampoTuB, yCTyNaeT TaKOBOM y MaIlMeHTOB ¢
OIl. Yka3zaHHOE pacXoXJIEHHE MOXKET OBITH CBS3a-
HO C TETEPOTCHHOCTHIO UCCIIEyeMBbIX MOMYIISIIHIHA,
METOJIOJIOTHYECKUMH Pa3INIHUsIMU B M3OJISIITUN U
KyJIbTUBUPOBAHUH KJIETOK, a TAaKXKe cTajgueil 3a00-
JIeBaHHUA.

Crnemyer OTMETHTD, YTO IPUMEHEHNE BUTAMUHA
D npu nedenun 60apHBIX OA MPUBOAUIO K 3HA-
YUTEIFHOMY yBEIUYCHUIO poiudepanunu 0cTeo-
01aCcTOB M UX aKTUBHOCTH, YTO MOATBEPKAAIOCH
CYLIECTBCHHBIM BO3pacTaHUEM MPOAYKIHH OCTe-
OKallbIIMHA M LIeJI0YHOH (pocdaTazsl — OENKOB,
UTPAIONINX [EHTPAIBHYIO POJb B (OPMUPOBAHUU
U MUHepanu3auuu Koctu [23]. Tak kak OCHOBHBIMU
(yHKUMAMH 0CTE00JIaCTOB SIBIsIIOTCS (hopMupoBa-
HUE KOCTH U €€ MUHepalu3alus, TO IOBBILICHUE
UX aKTMBHOCTH BEJIET K C/IBHTY OajaHca KOCTHOTO
pPEMOJIETTNPOBAHNS B CTOPOHY (hOopMaIiyl KOCTHOM
TKaHHU CyCcTaBa. Y YUTHIBas MOBBIIIEHHYIO pPe30p0-
U0 cyOXoHApanbHOU KoctH npu OA, 0coOeHHO
Ha PaHHUX €ro CTAaJusX, aKTUBAILUS OCTEO0IacTOB
UTPaET MOJOKUTENBbHYIO POJb B AaTOreHe3e 3a00-
JIeBaHUS.

Baxnsim actiektom marodusuoiaorun OA sSBis-
eTcs aHruoreHe3. Pa3sBuTue u pacimpenne cocyau-
CTBIX ceTell HabIIoAaeTCsl B CHHOBHAIBHOM 0007104-
K€, MEHHUCKaX, MTaHHYyCe, 0CTeO(PUTaX U OCTEOXOH-
JPALHBIX COCTIMHEHUSX TIOPAKEHHBIX CYCTABOB ITPU
OA, 9T0 MOXET MMPUBOJUTH K YCUICHUIO OOJIEBBIX
OIIYIIEHN! W3-3a PACIIUPEHUS CETH YyBCTBUTEINb-
HbIX HepBOB [25]. CocynuCThI 3HAOTEIUANBHBII
¢akrop pocta (Vascular endothelial growth factor,
VEGF) sBnsieTcs MOUIHBIM aHTHOTCHHBIM ITUTO-
KUHOM, MECTHBI U CUCTEMHBIH YPOBHU KOTOPOTO
cBs13aHbI ¢ TsoKecThio OA [26]. Dxenpeccus VEGF
yactuaHo perynupyercs 1,25(OH)2D3 B octeobna-
crax. Kpome Toro, aHruoreHHbIi NOTEHIMAT KYJIBTY-
PalbHOM CpeJIbl, B3STON U3 O0CTEO0IACTOB OOIBHBIX
¢ OA, 3HAUUTEITHHO YBEITUIUBACTCS MTOCIE JICUCHIS
BUTaMHHOM D.

Bo3sgelicTBue KanbIIUTPUOIA HA OCTEOKIACTHI
OCYUIECTBIIETCSA MPEUMYIIECTBEHHO KOCBEHHO Ye-
Pe3 aKTHBHOCTB OCTE00JIACTOB U Mepeiady CUTHaIOB
RANKL, nuib otTieapHbIe HCCIIeAOBaHMS TOKa3aIn
HEIOCPEJICTBEHHOE JAeiicTBUE BUTaMuHa D Ha octe-
okzactsl uepe3 VDR [27; 28].
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OmnocpenoBannbie d3QPexTs BuTaMuHa D Ha ma-
TOr€HEe3 OCTE0apTPHUTA MyTEM PErysUi UMMYH-
HBIX (pakTOpPOB

VYcraHnoBiieHo, 4To B naroreHe3de OA BakHOE
3HAa4YEeHUE UMCIOT HApYIICHUS] UMMYHHOH PEaKTHB-
Hoctu. llInpoko pacnpocTpaHeHHast THIIOTE3a [1aTo-
renesa OA mpennonaraet, 4To 3a001eBaHue CBA3aHO
C pa3BUTHEM BOCIAJICHUS, HHUIIMUPOBAHHOTO pa3-
JUYHBIMU (PaKTOpaMH, B TOM YHCIIE€ TEHETHYECKON
MIPEIPacTIOI0KEHHOCTHIO, OKUPEHUEM, META00IH-
YeCKMMHM HapyILIEHUSIMH, TPaBMaMH, Ipodeccuo-
HAJILHOW AESATEeNIbHOCTBIO, 3aHATHEM CIIOPTOM U T.JI.
[29-33]. IlaTonoruueckue U3MEHEHUS COTIPOBOXK A~
I0TCSl BBICBOOOXK/IEHUEM MEIUATOPOB, aKTHBHPYIO-
[IMX Pa3IUYHbIC MyTH BOCHAICHUS U MPHUBOJISIINX
K OBPEKACHUIO XPALIA.

K HacroseMy BpeMeHH He BbI3bIBAET COMHEHHE,
YTO pOJib BUTaMHUH D B opranusMe BBIXOAMT Jaje-
KO 3a IpEeAeIbl MOAAEPKaHus TOMEOCTa3a KalbLus
u dpocdopa. MHOTOUMCIIEHHBIE UCCIIEOBAHUS TTO]I-
TBEP)KAAIOT HAJMYUE Y BUTAMUHA U UMMYHOMOTY-
JUPYIOLIUX CBOMCTB. Jl0Ka3aHO ero peryaupyouee
JeHCTBUE Ha Pa3iIuyHble (aKTOPBl U MEXaHU3MBI
BPOXKICHHON M aAanTHUBHOW MMMYHHOW CHUCTEMBI
[34-36].

Tak, pe3ynbpTaTsl SKCTIEPUMEHTAIBHBIX HCCIIEI0-
BaHUH CBUAETEIbCTBYIOT O BJIMSHUU BUTaMuHa D
Ha QYHKLUUIO Makpodaros B XpseBol TkaHu. [is
0CTE0apTPUTA XapAKTEPHO YBEINYCHUE aKTUBHOCTH
Makpo(]aroB B IereHEPUPYIOLIEM XPSIIIE, YTO COMPO-
BOX/JIAETCS YBEJIIMYEHUEM MPOAYKIMH B TKaHSIX Me-
nratopoB BocnaieHus [37]. IlpoBocnanuTenbHbIC
makpodaru (M1 umm Ki1accu4eck aKTHBUPOBaHHEIE
Makpoharu) urparoT LHEHTPAIbHYIO POJib B 3aILUTE
opranu3ma oT MH(EKLINH, B TO BpeMs KaK IPOTHUBO-
BOCHIANIUTEIbHBIE Makpodaru (M2 uiun anpTepHa-
TUBHO aKTHBHPOBAaHHBIE MaKpo(aru) UMeIoT pemia-
IolI1ee 3HaYCHUE B IPOTHBOBOCIIAIUTEIBHOM OTBETE
U pemozenupoBanuu Tkaneu [38; 39]. denotun ma-
kpodaroB M2 npeoOianaer B nmo3iaHel haze Bocna-
JICHHSI, CIOCOOCTBYSI OCITa0JICHUIO BOCTIAJIUTEIILHOM
peakiuu. Ha »KMBOTHBIX MOZIEJISIX YCTAHOBJIEHO 3HA-
YUTENBHOE CHIDKEHHE dKCTIpeccnu MakpodaroB M1
Ha (oHe Oosiee BBICOKOTO cozepaHus BUTaMuHa D
B ceIBOpoTKe [40]. DTO comtacyeTcs ¢ pe3yiabraTaMu
JPYTUX UCCIECAOBAHHMN, yCTAHOBUBIIMX (DEHOTHUIIH-
Yeckoe nepekiroyenrne makpodaros M1 na M2 npu
yaactnu ButamuHa D [41].

1,25(0OH)2D3 perynaupyer Takxke (yHKIIHIO
u 1uPepeHINPOBKY aHTUTCHIPE3SHTUPYIOIINX
kietok (AIIK). O¢ddexrom Butamuna D siBnsercs
CHW)KCHHUE YpPE3MEpPHON NMpe3eHTallMi aHTUTEeHA U
YBEJIMYEHHE IKCTIPECCHUH MHTUOMPYIOINX MOJIEKYI
Ha kiertouHoi noBepxHoctu AIIK. B pesynbrare
nevicteusa suramuna AIIK cranossTcsa Ooliee Tose-
POTCHHBIMH U MeHee 3penbIMu. [Ipu 3ToM B KiteTkax
CHHUKAETCs IKCIPECCHs] aHTUTEHOB IJIaBHOTO KOM-
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IJIEKCA FMCTOCOBMECTUMOCTH Kiacca Il u xocTu-
MYJIHPYIOIIUX MOJICKYJI, HHTHOUPYETCS IPOYKIINS
pa3muuHBIX Tpynn wHTepaeknHoB (IL) — IL-12 n
IL-23 na done Hapacranus cuHTe3a [L-10 — Tome-
porenHoro nutokuHa. Buramun D Takke nogasnseT
skcnpeccuto Tomn-nmonoousix penentopos (Toll-like
receptor, TLR) Ha MoHOUIMTaX M UHTUOUPYET TPO-
JOYKIHIO TAKUX MOILHBIX IPOBOCHAIUTEIbHBIX 1IH-
TokuHOB Kak I1L-2, IL-6 u IL-17 [35].

1,25(OH)2D3 moaynupyeT aganTHUBHYIO HM-
MYHHYIO CUCTEMY IOCPEACTBOM penentopos VDR
B QHTUTC€HIPE3EHTUPYIOUINX KJIETKaX U aKTUBHPO-
BaHHBIX T- 1 B-mumdorurax, 9T0 IPUBOIUT K TIEpe-
KJIIOUCHHIO MIMMYHHOTO OTBETa C IIPOBOCIAIUTENb-
HOTO Ha TOJIEPOTeHHBIH (puc.1).
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Puc. 1 Biausinue Butamuna D Ha MMMYHHYI0 CHCTEMY
[42].
Fig. 1 The effect of vitamin D on the immune system
[42].
Hpumeuanue: AIIK — anTurennpeacrasisiioas
kiaerka, IFN — unrepgepon, IL — unrepieiikus,
Thl — T-xeanep 1 tuna, Th2 — T-xeqmep 2 Tuna,
Th17 — T-xeanep 17, TNFo — ¢pakTop Hekpo3a onyxo-
Ju a, Treg — T-peryasTopHasi KJeTKa.

Note: APC — antigen-presenting cell. IFN —
interferon, IL — interleukin, Th1 — type 1 T-helper,
Th2 — type 2 T-helper, Th17 — T-helper 17, TNFa —
tumour necrosis factor a, Treg — T-regulatory cell.

Burtamun D ciocoOGcTBYeT nepexoay oT UMMYH-
HeIx npoduneit Thl, Th9, Th17 k uMMyHHOMY TIpO-
¢wmo Th2, crumynupyer auddepenuposky Treg,
yBenmmumBaeT cootHormenne CD4/CDS [43].

Kpome Toro, 1,25(OH)2D3 HECKOIEKAMU My TSMH
perynupyer BeIpaOOTKY aHTUTEN MIa3MaTHYeCKUMU
KJIeTKaMu. Bo-TiepBbIX, HHAYyIHUPYET alonTo3 aKkTH-
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BHPOBAHHBIX B-KIJI€TOK, 4TO MPUBOAUT K YMEHBbIIIE-
HUIO0 00pa3oBaHus MIasMouuToB [44]. Bo-BTOphIX,
yepe3 CTUMYJISALUIO BBIPAOOTKHM TaKUX IPOTHBO-
BOCMAJIUTEIBHBIX ITUTOKMHOB KaK MHTEPICHKUH-10
n CC-xeMOKHHOBBIH nurany tuna 10 uarundupyer
T pepeHInpoBKy 3penbix B-kinerok B B-kietkn
MaMsITH U TUIA3MaTHYECKUe KIIETKH. TakuM 00pazoMm,
perynupys BRIpabOTKy aHTUTEIN, BUTaMUH D cHIKa-
eT PUCK Pa3BUTHsI QyTOUMMYHHBIX 3a00J€BaHUN U
NOBbIIAET 3PPEKTUBHOCTD JICUCHHUSI CUCTEMHON
KpacHOW BOYaHKH, caxapHoro quadera I tumna [45;
46].

B psine nccnenoBanwmii cooOmiaercs, 4To B MaTo-
reHese OA Ba)XHYIO POJIb UTPAIOT IIPOBOCIAIUTENb-
Hble TUTOKUHEI IL-1P u IL-18, xoTOphle aKTUBHO
PEKOHCTPYUPYIOT BHEKJIETOUHBIM MAaTPUKC XOHPO-
LUTOB, 3HAYUTEIILHO MOBBIIIAsI SKCIIPECCHIO OCIIKOB,
paspymaromux MaTpukc. Heo6xonmmMo yuuThIBaTh,
9TO Makpo(aru sIBJISIOTCS OCHOBHBIMH UMMYHHBI-
MU KJICTKaMH, IPUCYTCTBYIOIIMMH B CHHOBUAJIbHON
000JI0YKE U BBIMOJHSIIOMIMMHU BaKHbIE (DYHKLIHUU B
MOJIeP>)KaHUM UMMYHHOTO TomeocTasa [47]. IL-1f u
IL-18, cekpeTupyemble Makpodaramu, B OCHOBHOM
MIPOIYIHUPYIOTCS U3 HH(IaMMacoM MakpodaraibHO-
ro Nod-mmomo6Horo penentopa MIPUHOBOTO JOMEHA
3 (Nod-like-receptor, NLRP3) [48].

B narorenese ocreoapTpuTa OTHUM U3 KIFOUEBBIX
3BEHbEB CHHOBHAJIBHOTO BOCTIAJICHUS SBISETCS aK-
tuBaiyst nH(Gaammacombl NLRP3. JlanHbIi nporecc
COTIPSDKEH CO COOPKOM MHOTOOCITKOBOTO KOMILIEKCA
NLRP3, uro kataau3upyeT ayTonpoTEOIUTUYECKYIO
aKTHBALUIO Kacmasel-1. AkTuBHas opma sToro dep-
MEHTAa, B CBOIO O4Yepe/ib, OCYIIECTBIISAET IPOTEONNUTH-
YeCKOe pacHIenIeHHe MOJIEKYI-ITPE/IIeCTBEHHUKOB
pokacmassl- 1, mpo-unaTepneiikuna- 1 (pro-IL-1p) n
npo-uHTepieikuHa- 18 (pro-I1L-18), koHBepTHpYS X
B 3pelible, CEeKpeTUpyeMble (pOpMbI IPOBOCTIANIUTENb-
HBIX ITATOKKWHOB [49].

Crnenyer OTMETUTH, YTO MOBBIIIIEHHAs CEKPeLns
IL-1B u IL-18 mpuBOIUT K erpaganuy SKCTpaei-
JIIOJISIPHOTO MaTpHUKCa Xpsilla IPU OCTE0ApPTPUTE
[50; 51]. Buramun D 3a cueT MOAYIsIUMU B3aUMO-
nevicteug mexy VDR n NLRP3 B makpodarax, mo-
JIaBIJIAET UX aKTUBAIMIO M CHMKAET CEKPEIHIO Tpo-
BOCITATTUTENLHBIX ITUTOKUHOB [42; 52]. B pe3ynbrare
o[ BIUAHAEM BUTaMHHA D HaOIOIaeTCI UHTUON-
pOBaHME XOHAPOTEHHON Aerpaialiii SKCTPALIEIIIIO-
JIIPHOTO MaTpUKca Xpslla, YTO B KOHEYHOM HTOTe
MpHOCTaHaBIMBaeT nporpeccuposanue OA.

Ycunienue BoCMaguTeNbHOTo Tporecca npu OA
Ha poHe nedunmra BuTaMuHa D CBSI3BIBAIOT C TTOBBI-
meHHoH cexkpeuuert 1L-33, KoTOpbIil cTUMYIUpPYET
CEKPEIUI0 MPOBOCIAIUTEIbHBIX IUTOKUHOB (IL-4,
IL-5, IL-6, IL-8 u IL-13) [53]. 3apeructpupoBaHHas
Oonee Hu3Kas sKcripeccusi [L-33 y sxcriepumenTab-
HBIX )KHBOTHBIX C HOPMaJIbHBIM YPOBHEM BUTAMHUHA
D mpenamnosaraer ero mpoTHBOBOCIIATUTEIBHBIN (-
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KPBIMCKHI )KYPHAJ SKCITEPUMEHTAJIbHOM M KJIMHUYECKON MEIUIIAHBI

(heKT ¥ BOBMOXKHYIO POJIb B CHIDKEHUH BOCTIAJICHUS
npu OA [40].

Ceasv sumamuna D c 3a601e6aemocmuio ocmeo-
apmpumom u e2o msxHcecmsio

HWccnenoBanust moka3anu, 4TO THIIOBUTaMUHO3 D
CBSI3aH C MIOBBIILICHHBIM PUCKOM Pa3BUTHS U IIPOTpec-
CHUpPOBaHMs OCTEOApPTPUTA KOJIEHHBIX U Ta300eApeH-
HbIX cycTaBOB. CTaTUCTUUECKHE JaHHBIE YKA3bIBAIOT
Ha 00paTHYyIO 3aBUCUMOCTB: YeM HUXKE YPOBEHb BU-
TaMuHa D B KpOBH, T€M BbILIEC BEPOSITHOCTD TSXKe-
nbix Gopm Gonesnn [54]. B uccnenoBanun Zafeiris
E.P. u coaBrt. (2021) ObIIO yCTaHOBIICHO, YTO Y Ia-
UEHTOB ¢ JeuIToM BUTaMuHa D pHCK pa3BUTHS
TspKesnoro OA 3HAUUTEIBHO BBIIIE, YEM Y JIMILL C €T0
JOCTaTOYHBIM YPOBHEM (OTHOLICHHE MaHCOB=3,1;
95% noseputenbHblil nHTEpBaN 1,6-6,1; p=0,001).
[Ipu aTOM BKJIIOYEHHE B KOMIUIEKCHYIO TE€paIuio
OA kanpIuTpHoiaa criocoOCTBOBANIO 3aMEJICHUIO
Jerpajaluuy Xpsa y NalueHTOB C THIOBUTAMHHO-
30M D, HO He BIMsIIO HA TEMIT IPOTrPECCUPOBAHUS
3a0051eBaHUS TP HOPMAIBHOM YPOBHE BUTAMHHA
D [56]. B psiie kIMHUYECKUX UCCIICIOBAaHUI Oblia
MPOJIEMOHCTPUPOBAHA BbIpakeHHAs KOPPEJISIIus
MEKy HU3KUM ChIBOPOTOYHBIM YPOBHEM BUTaMMHA
D, TsKeCcThI0O CUMNTOMATUKH y NTalueHTOB ¢ OA u
PEHTICHOJIOrMYECKUMH IPU3HAKAMHU IIPOrPECCHPO-
BaHMA 3a00JI€BaHMsI, B YACTHOCTH, CTETIICHBIO CYKe-
HUS CycTaBHOM mmenu [57].

CrenyeTr OTMETUTb, YTO BBIBOJIBI O HAIMYHH JIaH-
HOW accoLuanuy He SIBIAIOTCS YHUBEPCAJIbHBIMHU.
Tak, pesynbrarel padotsl McAlindon T.E. u coasr.,
OCHOBaHHBIE Ha IaHHBIX MArHUTHO-PE30HAHCHOM TO-
morpaduu (MPT), cTaBsT noa cOMHEHHE TPSIMYIO
CBsI3b MEXKTy ieunTom BuTamuaa D u gerpananm-
el XpsAIIEeBON TKaHH, MOAYEPKUBAs T€TEPOreHHOCTh
JI0Ka3aTeIbCTB M 3aBUCUMOCTb BBIBOJOB OT METOJI0-
norun uccienoBanus [58]. [IpoBeaenusiit Yu Y. u
COAaBT. M€Ta-aHaJIN3 OIPOBEPT 3aBUCUMOCTb Pa3BH-
it OA KOJIEHHOTO CycTaBa OT TMIOBUTaMHHO3a D,
IPU 3TOM IOATBEPAUB CBSA3b IPOIPECCUPOBAHMS 11a-
TOJIOTMYECKOTO TpoLecca Ha (OHE HEAOCTATOYHOTO
ypoBHs ButamuHa D B kpoBu. B nannom o030pe He
ObUTIO OOHAPYKEHO YITyUlIeHNEe KIMHUYECKOH CHM-
NTOMAaTHUKH, 3aMEJJICHUE JIeTpaJalli CyCTaBHOTO
Xpsia npu npueme ButamuHa D [59]. B pannomusu-
POBaHHOM KJIMHHYECKOM HccienoBann McAlindon
T. ¥ cOaBT. HE MOATBEPANIIACH BO3MOXXHOCTH CHIXKE-
HUSI CKOPOCTH pa3pylleHHs Xpslla Ha QOHE Tepanun
BuTamuHoMm D [60].

Tem He MeHee, moaaBisAONIee OOIBIIMHCTBO
COBPEMEHHBIX HCCJIEIOBAaHUI CBUAETEIBCTBYET O
NPOTEKTUBHOM 3 PEKTE 3aMECTUTEIILHON Teparuu
ButamuHoM D. B uwactHocTH, pabora Askari A. u
COaBT. [61] ycTaHOBMIIA KOPPENSALINIO MEXY THUIIO-
BUTaMUHO30M D U pHCKOM pa3BUTHS OCTEOapTPHUTa,
a TAKXe CHCTEMaTHU3MPOBaIa MEXAHU3MbI BIUSHUS
KaJUIUTPUOJIAa HA IaTOTeHEe3 BOCHAJINTENbHBIX U
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JIETeHEePATUBHBIX MPOIIECCOB, MPOUCXOJSIINX B CY-
cTaBe. ABTOPHI CYUTAIOT, YTO HAMOOJBININN BKIIA]
BHOCHUT WHUIIMUPYEMBI HETOCTATKOM BUTaMuHA D
nucoamanc B cucreme RANKL/RANK/OPG, uro
MPUBOJAUT K OCTEOOKJIACTOTCHE3Y, U, BCICICTBHE
3TOTO, PE30POITMH KOCTHOM TKaHu. OJHOBPEMEHHOE
pasBuTHe MHONIAaTUU Ha (pOHE AePUITNTA AKTUBHBIX
(hopm BuTamuHa D BenéT K MBIIICUHON CIa0OCTH,
ydarasi najeHus U TpaBMaTU3aIHIO0 CyCTaBOB.

[Tomumo cucTeMHbIX YPPEeKTOB, akTHBHAS (hopma
BUTaMHHA D OKa3bIBaeT W mpsiMoe BIMSHHUE HA Me-
TabonM3M Xpsimia. BzanmoneicTBys ¢ penentopamu
VDR Ha xoHApouMTax, MOJEKyla KalbLIUTPHUOIA
MEHSET MPO(HIIb SKCIIPECCUN MATPUKCHBIX METaJl-
JIOTIPOTEUHA3 M JU3UHTETPUHA U METaJIONpPOTe-
WHAa3, COIEpPKAUIUX TPOMOOCIOHIUHOBBIN JOMEH
(A Disintegrin And Metalloproteinase containing a
thrombospondin domain, ADAMTS), nonasisis ne-
rpajaluio XpsIueBoro Mmarpukca [62].

Crnenyer Takxe MOMHUTh 00 y4acTHUH BUTaAMHHA
D B romeocrase KajblHsl: HEIOCTATOK KaJIHIIUTPH-
OJla 3aITyCKaeT BTOPUYHBIN TUIeprapaTHpeos, KOTo-
PBIii, B CBOIO 0UYEpElb, YCYT'YOISIET OCTEONICHHIO.

3axnouenue

CoBpeMeHHbIE HayYHbIE MCCIICOBaHUS yOeIu-
TEJIBHO MPOJEMOHCTPUPOBAIIU (DAKT TOrO, YTO BH-
TaMuH D SBIsIeTCS aKTUBHBIM YYaCTHUKOM Pa3iindd-
HBIX 3BEHBEB ITaTOTeHe3a ocTeoapTputa. Ero ponb
peanu3yeTcs yepe3 MpsiMoe BO3/ICUCTBUE HA KIETKU
TKaHEH CyCTaBa M 4epe3 CUCTEMHYIO PErysiuio
MeTa0O0JM3Ma KOCTHOW TKAHU M BOCIHAIUTEIBHOIO
rporecca.

Ha cucremuom ypoBHe VDR-onocpenoBanHas
CUTHAIIbHAS TPAHCIYKIUS 00€CIIeYnBaeT UMMYHO-
MoayJupytollee aeicTBrue BuTaMuHa D, momasiss
CUHTE3 MPOBOCHAJIUTEIILHBIX IIATOKUHOB U CMEILas
LUTOKMHOBBIN 0ajlaHC B CTOPOHY MPOTUBOBOCIIAIIH-
TeJIHHOTO OTBETA. JlepUITUT aKTUBHON (POPMBI BUTA-
muHa D, Takum 00pazom, BEICTyHaeT B pOJIM HE3a-
BHCUMOTO (DaKTOpa, CII0COOCTBYOIIETO XPOHU3AIUH
CUHOBHMAJILHOTO BOCHAJICHUS U MPOTPECCUPOBAHUIO
CTPYKTYPHBIX H3MEHCHHH CyCTaBa.

CrnemoBaTenpHO, BKITIOUEHHE MTPENapaToB BUTA-
MuHa D B KOMILIEKCHYIO TE€parneBTHYECKYIO CTpa-
teruto pu OA sIBIsSeTCS MATOTEHETUYECKU 000-
CHOBaHHBIM. TepaneBTU4YeCKUil MOTEHUHUA JaHHON
TPYyMIBI CEKOCTEPOUIOB OOYCIIOBIIEH UX CIIOCOOHO-
CTBIO OKa3bIBaTh XOHAPOIIPOTEKTUBHOE M OCTEOTIPO-
TEKTUBHOE JIEHCTBHE, a TAK)KE MOITHOE HMMYHOCY-
MIPECCUBHOE M MPOTUBOBOCIIATIUTEIBHOE BIHSHIE,
YTO B COBOKYITHOCTH CIIOCOOCTBYET 3aMEJICHUIO
JICTCHEPATUBHBIX MPOLIECCOB M YIYUIICHUIO KIMHH-
YECKOTO MCX0/1a 3a00JIeBaHMUS.

KoHdaukT nHTEpecoB. ABTOPHI 3asBIISIOT 00
OTCYTCTBUHY KOH(DINKTa HHTEPECOB.
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PE3IOME

OxupeHne paccmaTpyMBaeTcsl Kak CUCTEMHbIM pakTop, accouMMpOBaHHbIN C HapyLleHUeM perynsumm
penpoaykTMBHOM (OYHKLMW Ha KNETOYHOM, TKaHEBOM W OpraHM3MeHHOM YpoBHSX. Llenmblo HacToswero ob3opa
ABNSETCS CMCTEMATU3aLMS COBPEMEHHbIX AaHHbIX O BIIMSIHAN OXMPEHUS Ha LMTOU3NONOTNYECKNe XapakTepucTuku
0OLMTOB, paHHWI 3MBproreHes, peLenTUBHOCTb SHAOMETPUS Y UCXOAbI MPOrPaMM BCOMOraTenbHbIX PENpPOAYKTUBHBIX
TexHonormii  (BPT). OxupeHne accouumpoBaHO C W3MEHEHMeM MOP(OMETPUYECKUX, MeTabonmuecknx wu
BUOXUMUNYECKNX XapakTepUCTUK OOUMTOB. B 4YacTHOCTW, y NauMeHTOK C OXWpPEHMeM OTMEeYaeTCsi YMEHbLUEHne
AvamMeTpa OOLMTOB, UBMEHEHUS UX MUMUAHOTO NPOUIS, XapakTepusyoLwmnecs: AucbanaHcoM NonMHeHachILEeHHbIX
XUPHBIX KWACIOT, U3MEHEeHNe ANHAMUKVN 3MOPUOHANLHOTO PasBUTUSI, @ Takke CHIDKeHHoe MoTpebneHue rmiokosbl v
MOBbILLEHHbIN YPOBEHb 3HAOTEHHbIX TPUIMMLEPUAOB Ha cTaaun GnactoumucTtbl. Ha ypoBHe aHOOMETpUSi OXupeHue
accouMMpoBaHO C AuCperynsumen TPaHCKPUNTOMHOTO Mpoduns, HapyLleHMem MpoLeccoB Aeuuayanusauum
N UMMYHHOTO OTBETa, YTO MPUWBOAUT K CHWXEHWUIO PeLenTMBHOCTM W YacToTbl uMmnnaHtauun. KnuHuyeckue
NPOSIBNEHUS BKIMIOYAKOT CHUXEHWE YacTOTbl HACTYNNeHnsi 6EPEMEHHOCTU U KMBOPOXAEHWS, @ Takke MNOBbILIEHHbIN
pVCK HeBblHALLMBaHWS. PaccmaTpuBaloTcsl COBpPEMEHHbIE MOAXOAbl K KOppeKuun meTabonmyeckux HapyLleHui,
HanpaBneHHbIe Ha ONTUMU3aLIMI0 AMBPUONOTNYECKNX U KIIMHUYECKNX NCXOA0B Y MaLMEeHTOK C oXvpeHneM. B AaHHOM
0630pe 1cnonb3oBaHbl CTOYHWKM HA aHITIMINCKOM M PYCCKOM Si3blkax, MpeumMyLlecTBeHHo 3a nepuog ¢ 2015 no 2025
rogpl. Mouck nuTepatypbl NPOBOAWICSA B MEXAYHAPOAHbIX 1 poccuickux 6asax gaHHbIX, Bkovast PubMed, Scopus,
Web of Science, ResearchGate, eLibrary n CyberLeninka. OT60p UCTOYHMKOB OCYLLECTBMSANCS C UCMOMNb30BaHNEM
KOMOMHALMIA KMHOYEBbIX CMOB Y TEPMUHOB, OTpaXkaloLuyX OCHOBHbIE acrnekTbl Tembl, Bkrtoyas: obesity, bodymass
index (BMI), overweight, infertility, in vitro fertilization (IVF), pregnancy rate, live birth.

KntoueBble cnoBa: OXUpeHune, UHAeKC Macchbl Tena, 3M6pv|onormecxue ucxoasbl, BCnomMoratenbHble
penpoaAyKTUBHbIE TEXHONTOITUN.

WOMEN’S OBESITY AS A SYSTEMATIC FACTOR IN REPRODUCTIVE DYSFUNCTION
Shurygina O. V., Kosorlukova O. A., Tugushev M. T., Petrova A. A.

Samara State Medical University, Samara, Russia

SUMMARY

Obesity is considered a systemic factor associated with impaired regulation of reproductive function at the cellular,
tissue, and organismal levels. The aim of this review is to systematize current data on the impact of obesity on the cy-
tophysiological characteristics of oocytes, early embryogenesis, endometrial receptivity, and the outcomes of assisted
reproductive technology (ART) programs. Obesity is associated with changes in the morphometric, metabolic, and
biochemical characteristics of oocytes. In particular, obese patients exhibit a reduction in oocyte diameter, changes in
their lipid profile characterized by an imbalance of polyunsaturated fatty acids, altered dynamics of embryonic develop-
ment, as well as reduced glucose uptake and elevated levels of endogenous triglycerides at the blastocyst stage. At
the endometrial level, obesity is associated with dysregulation of the transcriptional profile, impaired decidualization,
and an abnormal immune response, leading to reduced receptivity and a lower implantation rate. Clinical manifesta-
tions include a lower rate of conception and live birth, as well as an increased risk of miscarriage. This review exam-
ines current approaches to correcting metabolic disorders aimed at optimizing embryological and clinical outcomes in
obese patients. Sources in English and Russian, primarily from the period 2015 to 2025, were used in this review. The
literature search was conducted in international and Russian databases, including PubMed, Scopus, Web of Science,
ResearchGate, eLibrary, and CyberLeninka. Sources were selected using combinations of keywords and terms reflect-
ing the main aspects of the topic, including: obesity, body mass index (BMI), overweight, infertility, in vitro fertilization
(IVF), pregnancy rate, live birth.

Key words: obesity, body mass index, embryological outcomes, assisted reproductive technologies.
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OskupeHue — CHCTEMHBIN (aKkTop, BIUSIONINN Ha
Ka)X/IbIi ATaIl penpolyKTUBHOTO MTPOIECCca U COTIPO-
BOXKTAFOIITHIICS TIEPECTPOUKON MeTaboIu3Ma KIIeT-
KH, JTUIUAIHOTO TOMEOCTAa3a U CUTHAJIBHBIX ITyTeH pe-
rynsaud. Vi3mMeHenust, ”HAyMPOBaHHbIE METa0O0IIH-
YECKUM CTpeccoM, (POPMHUPYIOT KIETOUHYIO CPEAY,
MOTEHIUAIBHO HEOMArONPUATHYIO ISl CO3PEBAaHUS
rameT, SMOPHUOHAIBHOIO PAa3BUTHUS, UMILJIAHTALIUH
U JaNbHEHIero TeueHns oepeMeHHocTr. KagecTBo
raMmeT U SMOPHOHOB SIBIISICTCS KJIIOUEBBIM YCIOBHEM
peanuzanuy penpoayKTHBHON QyHKIHUU. ITO 0CO-
OEHHO aKTyaJIbHO B YCIIOBHUSAX POCTa pacrpocTpa-
HEHHOCTH OKMPEHHS CPEIN JKEHIIWH (DepTHIILHOTO
Bo3pacTa [1].

YBenuueHue YacToThl METa0OIMUYECKUX HapyIle-
HU B MOMYJISILIMY HAIPSMYIO KOPPEIUPYET C pOCTOM
Y4acTOTHI OCCIUIOANS U CHUKEHUEM dPPEKTUBHOCTH
nporpamM BPT [2]. B aToif cBsizu, oxxupeHue cie-
IyeT paccMaTpuBaTh Kak (pakTop KJICTOUYHOH Jucpe-
TYJISIUH, CIIOCOOHBIN BIUATH Ha SHAOKPUHHBIN TO-
Me0CTa3, FaMEeTOTeHe3, UMIUIAHTALNIO U PAaHHUH M-
Opuorenes. Hacrosimuii 0630p MOCBSIIECH BIUSIHUIO
OKUPEHUS Ha COCTOSHUE OOIMTOB, SMOPHOHATILHOE
pas3BUTHE, IPOLECCH] UMIUIAHTALUU U YMOPHOJIOTH-
YECKHE U KIIMHUYECKHE NCXOIbl. PaccMarpuBaroTcs
MEXaHHM3MBI, JIEKAIIUE B OCHOBE BBISBICHHBIX U3-
MEHEHHH, a TakKe 00CYKIAI0TCs BO3MOKHBIE CTpa-
TEruu KOPPEKIMH MeTaboInuecKkn 00yCIOBICHHBIX
HapyLICHUI.

Brusanue osicupenus na yumoghuzuono2uro ooyu-
moe

[IpstMBIM CBUIETETLCTBOM BIIMSIHUS O’KUPEHHSI HA
KaueCTBO OOIIMTOB SIBIISIETCSl N3BMEHEHHUE UX (rznye-
CKHX XapaKTepHUCTHK. Tak, HaIn4Yne 0KUPEeHUs ac-
COLIMMPOBAHO CO CTATHCTUYECKH 3HAYMMBIM YMEHb-
IIEHHEM JTMaMETPa OOLIUTOB AAKE MPH OTCYTCTBUU
JpyTuX natonorui, Takux kak CITKS [3].

WHuTepecHbl TUTOPU3NOIOTHYECKHE XapaKTepH-
CTUKHU: TaKUE OOIUTHI MOCTE OIIOJOTBOPEHUS ObI-
CTpee AOCTUTraroT CTaAUU MOPYIIBL, @ HA CTaiuy Oi1a-
CTOLIMCTHI AEMOHCTPUPYIOT CHUKEHHOE noTpedie-
HUE TIIIOKO3bI ¥ OBBIIIEHHBIN YPOBEHb YHJIOTEHHBIX
TPUIIIMLIEPUIOB. B pesynprare, B Takux OnacTomm-
CTax OTMEUYEH MEHBIIHNH 00bEM KOIHYECTBA KIIETOK,
B 0COOCHHOCTH KJIETOK TPOGIKTOAEPMEI [4].

broxnMudecknii aHaau3 OOLUTOB YEIOBEKaA JIe-
MOHCTPHPYET, YTO OKUPEHUE CBA3AHO C U3MEHEHH-
€M HX JHUIHIHOTO COCTaBa, B YaCTHOCTH, ¢ nedu-
IUTOM N-3 MOJIMHEHACHIIEHHBIX )KUPHBIX KHUCIIOT.
[Ipoduib KUPHBIX KUCIOT B OOLIUTAX U3MEHSIETCS
B 3aBUCHUMOCTH OT CTaINU UX CO3PEBAHUS, IPH 3TOM
oonuTel Ha ctaauu MII y *KeHIIWH ¢ H30BITOYHBIM
BECOM MMEIOT 00Jiee HU3KUI YPOBEHb HACHIILICHHBIX
JKUPHBIX KUCIOT U OoJiee BBICOKUI YPOBEHb MOHO-
HEHACHIIIEHHBIX XUPHBIX KUCJIOT. DTO CBS3aHO C
HOBBIIIEHHON aKTUBHOCTBIO JeNbTa-9-necarypassl,
KOTOpasi KaTaJau3upyeT NpeBpalleHNue HaChIIIEHHBIX
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JKUPHBIX KUCJIIOT B MOHOHEHACHIIeHHbIe. Hapyrie-
HHUE COCTaBa )XKUPHBIX KUCIIOT B OOLUTAX KECHIIUH C
OXKUpEHHUEM, MoBbIleHne ypousa DHA (moko3arek-
caeHoBas Kucyora) u cHrkeHue EPA (siiko3anenTa-
€HOBAsI KUCJIOTa) MOTYT OBITh MEXaHH3MAMH, BITUSIO-
[TAMH Ha CHIDKEHUE KOMITCTCHTHOCTH OOIMTOB [5].
TepMHUH «KOMIIETEHTHOCTB OOIIUTOBY» MBI [IOHIMAaeM
KaK OTPEICISIONINN (PaKTop, BIUSIOUINI Ha yCIIe-
HOE OTIOAOTBOPEHHUE H (POPMHUPOBAaHNE KaYeCTBEH-
HBIX YMOPHUOHOB, CITOCOOHBIX K MMIUTAHTAIIHH [6].

Taxxe M3MEHEHHBIH JTUIMIIHBIN TPO(HITH 00TIH-
TOB CIIOCOOCTBYET NMPOTPAMMHUPOBAHUIO META0OIH-
YECKMX HapylleHui y motomcTsa [5]. CymecTByeT
TUIIOTE3a, YTO OoJiee HU3KUI YPOBEHb N-3 MOTUHE-
HACBHIIIIEHHBIX KUPHBIX KUCIOT B (POJLTUKYIISIPHOM
KUAKOCTH MOXKET OBITH CIIEZICTBHEM HX aKTHBHOTO
TIOTJIOIIEHHUs 00Jiee KaueCTBEHHBIMU OOIIMTaMH, HO
JTaHHAsI TUTIOTe3a TPeOyeT MPOBEPKH, yUUTHIBAs HU3-
KO€ cofiepKaHue N-3 MOTMHEHACHIIICHHBIX JKUPHBIX
KHUCJIOT B CAaMHUX OOIUTaX [7].

B perpocnekTnBHOM HCCen0BaHUH, Ky/la OBLIH
BKJItOUEHBI 1721 manueHTKu, poXoUBIIKE TIEPBYIO
nporpammy 9KO co cBe:xumMu cOOCTBEHHBIMU OOLH-
TaMH, y xKeHIIUH ¢ oxxupenueM Il u III crenenu, He-
CMOTpSI Ha MOJyYEHHE COMOCTaBUMOIO KOJTMYECTBA
3peNbIX OOLMTOB C TPYIIION MAIUEHTOK C HOPMailhb-
HOH Maccoil Tena, CTaTUCTUYECKU 3HaYMMO CHMIKa-
JI0Ch KOJIMYECTBO HOPMAIILHO OTLIOJIOTBOPEHHBIX 00-
LIUTOB, a TAK)Ke HAOrOIaIICs O0JIee HU3KUI MHKOBBIH
ypOBeHb 3cTpajuona [8].

Brusanue odxxcupenus na smopuoHanbHoe paseu-
mue

OreHnBast BIHMSIHAE OKUPEHUS HA MOP(POKUHETH-
YEeCKHe TapaMeTpbl SMOPUOHOB, MOKHO OTMETHT,
YTO BBICOKMM MHJIEKC MacChl Tejla OKa3bIBajJ HEra-
TUBHOE BJIUSHUE HA TEMIIbl SMOPHUOHAIBLHOTO Pa3BU-
THS: YMOPHUOHBI KEHITWH C O)KUPESHUEM JTOCTHT AN
cTamuu 5 6J1acCTOMEPOB U 8 6JaCTOMEPOB 3HAYUMO
M03Ke, YeM SMOPHOHBI JKEHIIHH C HOPMaJIbHOM
Maccoii Tena [9]. YV manueHToK ¢ M30BITOYHON Mac-
COMi TeJla M O)KUPEHHEM OTMEYaeTCsl CTATUCTUYECKU
3HAYUMOE CHMIKEHHUE J0JM OJIacCTOLHCT BBICOKOTO
Ka4ecTBa 10 CPAaBHEHUIO C KEHIIWHAMH C JeUIH-
TOM Macchbl Tejla U HOpMaJIbHOU Maccoit Tena [10].
Kpome toro, s5MOpHOHBI, TOTYYEHHBIE OT MAIIHEHTOK
¢ nedururom maccel rena (MMT <18.5), nocruraror
cTaauu § 6acToMepoB B cpeHeM Ha 4,5 yaca paHb-
11, 9eM SMOPHOHEI KEHIITMH ¢ HOPMAJIBHON Maccoi
Tena v oxxupenueM [11].

B otnuuwne ot npeapaynmx padot, B OHOM U3
HCCIIeIOBaHMI OBLIO BBISBICHO YCKOPEHUE AIMOPH-
OHAJIBHOTO Pa3BUTUA Y KCHIIHUH C OKUPEHUEM, Ui
HHZAEKC Macchl Tena coctapisut 30-39.9. DMOpHoHBI
B JTAHHOW TPYIIIIEe JOCTUTATH CTaauu 2 OJracToMe-
POB 3HAUUMO OBICTpee, YeM SMOPHOHBI KEHIIUH C
HOPMAJIbHOHM, M30BITOUHON MacCOU TeJia U JTake C
MOPOUTHBIM OKHPEHHEM.
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JanHblii 3 GeKT COXpaHsIICS U Ha MOCIISTYFOIIUX
CTaAuAX dMOpPHOHAIBHOTO pa3BuTHs. To ecTh B Ha-
CTOsIIIIee BpeMsI HE YCTaHOBJICHO MPAMOM, JIMHEHHOM
3aBHUCHMOCTH MEXJIy MHIEKCOM MAacChl Telld U CKO-
pocThI0 pa3BuTus 3MOpuoHa [12]. Bmecre ¢ Tewm,
craructuyuecku 3Haunmoe BiussHue UMT marepu Ha
OOJIBIIMHCTBO MApaMETPOB Pa3BUTHSI SMOPHUOHOB OT-
cytcrByert [13].

Brusnue oscupenus na umniaumayuio

OXUpeHne CBsI3aHO C U3MEHEHHUEM JKCIIPECCUU
TCHOB DHJIOMETPHS, OCOOCHHO B MEPHOJ UMILIAH-
tanuu (19-24 nHu MeHCTpyanbHOTO IUKiIa). Tak, y
MMAIIUEHTOK C OXUPEHUEM OBbLT UACHTHPUIIUPOBAH
151 reH ¢ HapylIeHHOH peryasuuei o CpaBHEHUIO
C KOHTPOJIBHOH TPYIIIOH, IPH 3TOM BBIPAKEHHOCTH
JAHHBIX U3MEHEHUN yCUINBAJIACh MPU COUCTAHUU
OXKUPEHUS ¢ CHHAPOMOM MOJTUKUCTO3HBIX SMUHUKOB
i 6ecrutonueM [ 14]. Takke MpoaeMOHCTPUPOBAHO
Hamnaue 1419 reHoB co 3HAYUTEIBPHBIMU PA3THUIHNS-
MU B DKCTIPECCUH Y JKEHIIIMH C N30BITOYHON MacCoi
TeJla U OXKUPEHHUEM, KOTOpbIe HE CMOIVIH 3a0epeme-
HETb, pu 3ToM 30% BceX BBISIBICHHBIX MMyTeH ObUIN
CBSI3aHBI C UMMYHHBIM OTBETOM W BOCIAJICHUEM
[15]. IIpoBens anamu3 TPAaHCKPHUIITOMHOTO TIPOdu-
JIs1, B OJTHOM M3 MICCIICIOBAHHIA OTMCAaHO HapyIIEHUE
akcripeccun psia reros (XCL1, XCL2, HMHAL,
S100A1, KLRC1, COTLI1, COL16A1, KRT7 u
MFAPS) supomeTpust B nepuoja UMIIAHTALNHN Y
MalMeHToK ¢ oxupenneM. [loHmkeHHas sxcmpec-
cus xapakrepna gt COL16A1, COTL1, HMHAI,
KRCLI1, XCL1 u XCL2; 6onee BbICOKas IKCIpeC-
cus - 1iag KRT7, MFAPS u S100A1. M3BecTHO, 4TO
BBIIIICNIEPEUUCIIEHHBIE T€HbI PETYIHPYIOT XEMOKHHO-
BYIO H ITATOKIMHOBYIO aKTHBHOCTh UMMYHHOM CHCTE-
MBI, Y9aCTBYIOT B OpTaHHU3aIMX SKCTPAIEILTIONISIPHO-
T'O MaTPHUKCa ¥ OCYIIECTBIISIOT KOHTPOIb IIPOTEUHC-
BszbIBatouielt Gpynkuuu [16]. Taxke ObUI0 OTMEUECHO
n3MeHeHHe NpouIeii IKCIIPECCHH TeHOB Y JKCHIIH
C OKUPEHHEM, B YACTHOCTH, UTPAIOLIUX KITIOYEBYIO
poJb B ycnexe uMIutanTanu# [ 17].

OsxupeHue BIUSET U Ha YPOBEHDb aTUTIOIIUTOKH-
HOB — cHIDKeHHe dKcnpeccuu aentuHa (LEP) u pe-
nenropos agunonekTrHa (ADIPOR1/R2) HerarnsHO
BJIMSIET HAa PEHENTUBHOCTh dHAOMETpUs. B wactHo-
CTH, JIEITHH OKa3bIBaeT JJ0303aBUCUMOE BIHMSHUE
Ha reHpl uMmIutanTaun (MMP9, HB-EGF, ITGB3,
IL1B) [18]. BaxxHyto posb B yCIIENIHON UMILIaHTA-
LMY UTPAET CKOOPIMHUPOBAHHOE ICHCTBUE JTUMHUIOB
1 UX MPOU3BOJHBIX, & UMEHHO N-3 U n-6 MoJIMHe-
HACBIIIEHHBIX KUPHBIX KUCJIOT, YHIOKAaHHAOWHOU-
OB (HampuMep, aHAHIAMHI) U TPOCTATIIAHINHOB
(PGE2, PGF2a, PGI2 u apyrue) [19].

MeTtabonuueckrue U3MEHEHHsI, aCCOLUMUPOBAH-
HbIE C 0)KMPEHHEM, pacCMaTpUBAIOTCA B psiJe HC-
CJICJIOBaHUH KaK OAMH U3 (HaKTOPOB, CIIOCOOCTBYIO-
X CHIDKEHHUIO PEIEITUBHOCTH dHAOMETpHs. Tak,
TUTIEPUHCYIIMHEMUS U WHCYTUHOPE3UCTEHTHOCTD
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HapyIIAloT SHAOMETPUATBHYIO (PYHKITHIO, TOIABIISAS
KIItoueBbie Mapkepsl nenuayanusanun (IGFBP-1),
Hapyllasi CUTHAJIU3AIUI0 HHCYJIMHA U YTUIU3AIUI0
[JTIOKO3BI, YTO B KOHEYHOM UTOTE TIPUBOIUT K CHIKE-
HUIO 9aCTOTHI IMIUIAHTAIINU. VI30BITOK aHPOTCHOB,
B CBOIO OYepelib, MOJABIAET SKCIIPECCHIO KPUTHYE-
CKM BaXHBIX TeHOB, Takux kak HOXA10 u WTI,
U UHTHOUPYET KIIYEBbIC META0OIMYECKHUE MYTH
(menTo30dochaTHbI MyTh), HEOOXOTUMBIE IS JIe-
nuayanusanun saaomeTpus [20]. Beicoknii ypoBeHb
JIETITUHA TIPH METa00IMYEeCKOM CHHAPOME TaKKe
BIIMSIET HAa Pa3BUTHE SHIOMETPHS M UMILTAHTAIIHIO.
AUTIOIUTHI TPOLYIIUPYIOT JICTITHH, YTO MPUBOIUT K
HapyUICHHIO METa00IM3Ma IIIFOKO3bI U CIIOCOOCTBYET
pa3BUTHIO TUTIEpaHAporeHnu. Hapynraercs 6ananc
TaKUX TOPMOHOB, KaK PE3UCTHH, TPEJINH U aJIUTIO-
HEKTHH, YTO JOTIOJHUTEIHHO BIUAET Ha (HOIITUKY-
JIOTEHE3 U COCTOSIHUE dHAoMeTpus [21].

MorekynsipHbie 1 MeTaO0JIMYeCKNUE HAPYIICHUS
HaXOJAT OTpa)keHUe Ha MOP(OIOTHUECKOM YPOBHE.
VY manueHTok ¢ OKupeHueM, 0COOEHHO MPH HaJH-
YHH Hepa3BUBArOIIeHcss OepeMEeHHOCTH B aHAMHE3e,
OIMCaHbI IPU3HAKU CTPYKTYPHOU J1€30pTraHu3alnun
JICIHTyaTbHON TKaHU, BKIIOYAIOIIIE aBACKYIIIpH3a-
LU0 JTHOO THITOBACKYISIPU3ALUI0 BOPCUH XOPHOHA,
OTEK W JICTCHEPATUBHBIC M3MEHEHUSI CTPOMBI, OT-
JIo)KeHue GUOpHHONIA, a TakKKe JUCTPOPUUIECKIE
n3MeHeHus KiaeTok [22]. [Ipu oxKupeHur npoucxo-
JUT TpaHCPOpPMAIIHS CTPOMATBHBIX KIETOK U3 (Pu-
OpobaacTHBIX (HOPM B KpyIJible, MOJUTOHAJIBHEIE,
SMUTETUOUIHBIC, AeUAyalbHbIe KieTku [23]. lo-
TTOJTHUTEHFHO BBISBIISIIOTCS TEMOPPArndeCcKHe u3Me-
HEHUS B MHTEPBUWILJIE3HOM MIPOCTPAHCTBE, IPU3HAKH
PETrpeCCHBHBIX H3MEHEHHI JKEIe3UCTOTO armnapara u
muMonurapras nHpuisTpanms [22].

Hcxoowt y srcenuyun ¢ odxcuperuem

MatepHuHCKOe OKUPEHHE aCCOIMUPYETCS C He-
ONaroNmpUATHBIMHU MCXOJIaMH KaK JJIs MaTepH, Tak U
Ut TTofa. B rpynmax ¢ m30bITOYHON Maccoi Tena
Y O)KUPEHHUEM BBISIBIICHO CHIYKCHHE YaCTOThI HACTY-
ieHus: OepeMeHHOCTH [24] OCTEeNIEHHOE U 3HAYH-
MOE CHIDKEHUE BEPOSITHOCTH YaCTOTHI JKUBOPOXKIIC-
Hus [25]. I[lomuMo 3TOTO, ITpH aHamu3e 22 0630poB
OBLJT CAeNIaH BBIBOJI, YTO T€CTAIIMOHHBIA CaxapHbBIN
ua0eT, MPEe3KIAMIICHs, THIIEPTOHHYECKast O0JIC3Hb,
nenpeccusi ¢ 0OJbIIEH BEPOSITHOCTHIO BO3HUKAIOT Y
JKEHIIMH ¢ O)KUPEHUEM T10 CPAaBHEHHIO C KCHIIUHA-
MM C HOpMaJIbHOM Maccoi Tena. Takxke y maiueHToK
C OKMPEHHEM B CPaBHEHHUH C MAllMEHTKAaMHU C HOP-
MaJbHOW MaccOl TeJia BBIIIE MPOIOJDKUTEIBHOCTh
NpeObIBaHUS B CTAI[IOHAPE B MIOCIEPOTOBOM IMEPH-
one — 2.12 must mpotuB 1.29-1.79 nHs B 0OCTaNBHBIX
rpymmax [26].

MartepuHCKOE OKHpEHHE Tak)Ke CBA3aHO C TO-
BBIMIEHHBIM PUCKOM IPEXJIEBPEMEHHBIX POJIOB,
POXJICHUEM KPYITHOTO TUIO/IA - JIaXKe COOonas pe-
koMenanmu NAM (National academy of medicine),
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JaHHBINA puck npesbimaeT 10% y KEHIIUH ¢ 0XKH-
penuem II u III crenenu [27], mopokamu pa3BUTHS
U072, BPOXKIEHHBIMU aHOMAIUSAMU 1 YBETHISHHEM
PHUCKOB NepUHATAIbHOU cMepTH [22;24]. Puck BbI-
KUZbILA MoBbIeH Ha 31%, BHYTpuyTpoOHO# rube-
nu wioga — Ha 34% npu UMT>30 u B 3.5 pasa npu
NMT>40 [29]. CornacHo pe3yasraTaM METaaHaIN3a,
00BEIMHSIONIETO JaHHbIE 6 UCCIIeIOBAHMI, BKIIFOUast
3800 >xeHIHH ¢ OXUpeHueM, 3792 — ¢ n30BITKOM
Maccbl Tena ¥ 17 146 — ¢ HopMaIbHBIM BECOM, YacTO-
Ta CaMOIIPOU3BOJIBHBIX BBIKU/BIIIEH Y MAIIUEHTOK C
okupeHuem gocturaia 16,6%, Torna kak y >KeHITUH
C HOPMAJIBHOM Maccol Tesa JaHHbIM IIOKa3aTellb COo-
craBisin 10,7% [30]. K ananoruaHoMy 3aKITFOYEHUTO
MIPHIIUTA aBTOPHI OOJBIIOTO PETPOCIIEKTUBHOTO HC-
CJICZIOBaHMSI, BKITFOUABIIETO UCXOBI 844 OepeMeHHO-
cteil y 491 sxenmunsl ¢ [IHD B anamuese. Ilokazano,
YTO Y HAIMEHTOK C O)KMPEHHEM CYIIECTBEHHO TO-
BBIIIIEH PUCK HEBBIHAIIMBAHUS MTOCIIEAYIOMIEH Oepe-
MEHHOCTH 110 CPAaBHEHHUIO C )KEHIIIMHAMH C HOPMaJTh-
HOU Maccolt Tena. JJaHHbIe perpecCHOHHOTO aHaIu3a
B TOM HCCJIEIOBAaHUH MMOKa3aJu, 4TO BeIcOKkuii UMT
SBIIAETCS. BTOPHIM 10 3HAYUMOCTH MPEAUKTUBHBIM
(hakTOpPOM B OTHOIIICHHUH HCX0/1a OEPEMEHHOCTH TI0-
CJIe CTapIlero pernpoayKTUBHOTO BO3pacTa MalreH-
ToK [31].

Krunuuecxue cmpameeuu 0ns yayuuwienus sm-
OPUOTOSUYECKUX UCX0O08, NEPCNEeKMUBLL UCCTe)0-
BaHUT

CymectByeT HeOOIBIIOE KOTMIECTBO PAHIOMH-
3UPOBaHHBIX KOHTPOIHPYEMBIX UCCIICIOBAHMIMA, 11O~
CBSIIIEHHBIX aHAJIM3y BMEIIATEIbCTB, HAPaBIEHHbBIX
Ha yJIy4IlIeHUE UCXOJIOB Y MALUEHTOK C OKUPEHUEM,
KOTOpBIE MPOXOJIAT JICUCHUE OCCILIONUS METOIaMHU
BPT.

Tepanueil nepBoil TUHUY SBISAETCS JUETA U U3-
MeHeHue oOpasa xu3HH. [ImioTHOE HccenoBanue,
B KOTOpoe Oblia BKIOYCHA 41 manueHTKa, OleHH-
BaJIO BIMSHHUE 12-HeNeIbHON AUEThI U (PU3UICCKUX
YIpaXHEHHUH Tepesl BCTYIJIEHHEM B MPOTPaMMy
OKO Ha 49acToTy HACTyIUIEHUS OEpPEeMEeHHOCTH
(UHB) y xenumH ¢ oxupenneM. CHUKEHUE MACCHI
Tena B CPelHEM Ha 5,9 Kr B HCCleyeMOH Ipymre
COTPOBOKJANIOCH JOCTOBEPHBIM YBEJIUUEHHEM Ya-
CTOTHI kuBOpoXxAeHUN (61,9% mnporus 30%) mo
CPaBHEHUIO C TPYIITION Oe3 MpeABapUTEILHOTO BMe-
marenscTBa [32]. B ogHOM M3 McciaenoBaHnii ObLIO
MIPOAHANU3UPOBAHO BIUAHUE |2-HEACIbHON TUETHI
B COYCTAHUM C BEJCHHEM JHEBHUKA MHUTaHUs, hu-
3UYCCKOM HArpy3KOH W COBMECTHOHN paboToii ¢ nu-
eTooroM. B pesymisrare, IpOIEeHT OTUIOI0TBOPEHNUS
B aHAIM3UPYEMOi rpymnme coctaBun 73% IpOTUB
49% B rpynne koutposst, YHB Ovin B 3,4 pasa Bbimie
[0 CPABHEHHIO € Ipymmoil koHTpoius (48% mpoTus
14%), wacTtoTa *xuBOpoxaeHus — B 3,1 pa3 BeIIe
(44% mpotus 14%). Takke mocne MPOXOKIACHUS
12-HeaenbHOM pOorpaMMsbl y NaMEHTOK OTMEYacs
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Oosee BBICOKUH yPOBEHb 3CTPAANOIA 10 CPABHEHUIO
C KOHTPOJIbHOH rpymnmoi [33].

MenukaMeHTO3Has Tepanus UrpaeT BCIOMO-
rareynbHyio poib. OCHOBHOM JIMHHEN IpenapaTos,
WCIIONB3YEMBIX TP JICYEHUU OXKUPEHHUS, SBIISIIOT-
Csl arOHHUCTBI PELENTOPOB INIIOKAarOHOMOAOOHOTO
nentuga-1 (al'TIII-1) u rmoKo303aBUCUMBIN HHCY-
muHotponHbld nonunentua (I'UIT), a umenHo nu-
pamtyTH, cemMarTyTua U tTupesnarui. [Ipumenenue
al'TII1-1 (mpartyTHaa) B KOMOMHAIMH ¢ MET(HOPMH-
HOM TIepe/I BCTyTUIeHHEM B Iporpammy IKO accorm-
HPOBAHO C MOBBIILICHUEM YAaCTOThI UMIUIAHTALIMU M-
Opuona [34]. Taxoke CylIecTBYeT TUIOTE3a, YTO yBe-
JMYEHHUE YACTOThI UMIIAHTALIMH MOXKET OBITH CIIEA-
CTBHEM IPOTUBOBOCTIAIUTENLHBIX CBOMCTB Teparnuu
MaHHBEIMU TiperrapaTamu [35]. Oxrako HeEoOXoMUMa
cBoeBpemeHHast ormeHa al TIII-1 u IT'UII nepexn mpo-
BenenueM nporpamm BPT B nensix Munumuzanuu
pucka ocioxkHeHnH. KommiekcHoe BMenareasCTBo,
BKJTIOYaroliee Moaudukaimio oopasa ;Ku3HH, peayK-
LMOHHYIO JTUETY, TPUMEHEHNUE WHTHOUTOPOB JINTIA3
(opnucTar) B KOMOMHAIIMHA CO BCTIOMOTATEIIHHBIMHU
BEIIECTBAMH CIIOCOOCTBYET 3HAYMMOMY CHHKEHHUIO
Macchl Tela U HOPMaJIU3aluy TOPMOHAIBHOTO TPO-
(buist, NTOTEeHIMAIBHO CHIYKAsE PUCK TUTIepIIacTHYe-
CKHX MPOLIECCOB U PETPOAYKTUBHBIX TTOTEPh [36].

Bapuarpuueckasi Xupyprus siBIs€TCS OJHOU U3
Kpaiinux mep. Jannas npouenypa naért sddexr
JIOJITOCPOYHON MOTEpPHU Beca U yIydIIEHUs caMo-
YyBCTBHUS, OJIHAKO MPSIMBIX J0Ka3aTeIbCTB €€ MO-
JIOKUTENBHOIO BIUSHUS Ha UcxXoAsl nporpamm BPT
IIPaKTUYECKH HET, UMEIOIUECS JaHHbIC OTPaHUYIEHBI
HeOonmpmuMu uccnenoBanusimMu [37]. B perpocmek-
TUBHOM HCCIICIOBAHUH, BKIIIOUAIOIINM B ceOsl aHa-
nm3 ucxonoB y 40 manueHToK, ObIJIO BBISIBICHO yBE-
JMYEHUE KOJIMYECTBA MOTYyYEHHBIX OOIIUTOB, yBEIH-
YEHHE KOJIMYECTBA OOI[UTOB U SMOPHOHOB BHICOKOTO
KauecTBa, OoJbliee KOJIMYECTBO OMIOL0TBOPEHHBIX
OOLIUTOB, a TaK»e NoBbllIeHUEe nokaszareneil YHDB
(37,5%) u wactotsl xxuBopoxaeHus (35%) B rpymie
MAaIUEHTOK MocJie OdapuaTpudeckoi omneparyu [38].
[lo maHHBIM cUCTEMaTHYECKOro 0030pa, B KOTOPHIHA
ObU10 BKIIOYEHO 11 mcciaenoBanmii, HanOOIbIIAs 110~
Tepsi Beca y NMalUeHTOK, INIAHUPYIOIIKUX BCTYIIUTD B
nporpamMmmy BPT, Obi1a gocTurayTa ¢ moMmoriso 6a-
puarpuueckoit xupypruu. Ficxons! ObuH KpaitHe BbI-
COKMMHM — YaCTOTa HACTyTJIEHUs] OEPEeMEHHOCTH CO-
craBmia 88%, yactoTa kxuBopoxaenus — 83% [39].

3AK/IIOYEHUE

Takum 00pa3zoM, IO JAHHBIM COBPEMEHHOM JIUTe-
parypsbl, O)KUpEHHUE, KaK CUCTEMHBIN (pakTop Hapy-
LIEHUS TIPOIECCOB PETPOIYKITNH, OKa3bIBa€T HEra-
THUBHOE BO3/I€HICTBHE Ha KJIETOYHbIE, MOJICKYJISIPHBIE
1 TKaHEBbIE MEXaHU3MBbI, YTO OTPHULIATEIBHO BIHSET
Ha peajH3aluio pernponyKTuBHON (pyHKunu. MeTa-
OoyMvecKre ¥ TOpMOHAIIbHBIE HAPYILIECHHSI, aCCOLIU-
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Fig. 1. Systematization of literature data. Schematic
representation of the impact of obesity on the cyto-
and histophysiology of oocytes, embryos, and the
endometrium, as well as clinical effects and possible
strategies for their correction.

HMpOBaHHBIE C OKUPEHUEM, IPUBOJIAT K U3MEHEHUIO
IUTO()HU3UOIOTUIECKUX XapaKTePUCTUK U JINTTHIHO-
ro oOMeHa B OOIMTAaX, YTO B AaJIbHEHIIIEM OTpa)ka-
€TCs Ha MOTEHITANIe Pa3BUTHsI SMOpHOHOB. Hapsy
C 9THUM, OKHPEHHE COMPOBOKIAAETCS HAPYIIEHUEM
PELEeNTUBHOCTH SHAOMETPUS, BIHIET HA MPOILECCHI
JeHTyaTn3aii, IMMYHHOTO OTBETa M OKCIIPECCHU
TeHOB, KPUTHYECKH BKHBIX JIJISI HMITIaHTAIuu. B
COBOKYITHOCTH JJAHHBIE U3MEHEHUS CIIOCOOCTBYIOT
CHIKEHUIO 3 exTuBHOCTH niporpamm BPT, a Tak-
K€ YBEJIMUMBAIOT YAaCTOTY PEIpOyKTUBHBIX OTEPh
1 HEONMaronpusTHBIX UCXOJJ0B OEPEMEHHOCTH.
OueBHIHO, UTO HEOOXOANMO MPOBEACHHUE KPYTI-
HBIX PaHIOMU3UPOBAaHHBIX KOHTPOJIHPYEMBIX UCCIIE-
JIOBaHUM NI ONpeAeeHUs BIUSHUS OXKUPEHUS U
MeTa0OIMYEeCKUX HAPYIICHUH Ha IUTOPUIUOIOTHIO
OOLIUTOB U (POPMHUPYIOIIUXCS SMOpHOHOB. OlieHKa
3¢ GEKTHBHOCTH CTPATETHid IPeTpaBUIAPHON TTOITO-
TOBKH, BEJCHHS TAIIHEHTOB Ha AMOPHOIOTHIECKOM
U KIuHu4YeckoMm stane nporpamm BPT sBnsercs
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