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Kapb6okcunentupasa A3 B CTPYKType npoTteasHoro ¢peHoTtuna
TYUHbIX KNEeTOK: LUTO(U3NO0NI0ornyecKme acrneKkTbl

LA, Atakmma" > |g, A.A. Koctun' ', . [. TponeHko'

B.B. lllumkuna®* ~, M. Tumann® —, VI.b. ByxBasos®

! Poccuiickuii yHUBepCUTeT pY»KObI HapooB, 2. Mockea, Poccultickas @edepayus
“BOpOHEeXXCKHI roCyapCTBeHHbIN MeULMHCKUH yHuBepcuteT uMenr H.H. BypaeHko, e. BopoHesic, Pocculickas @edepayus
SUIHCTUTYT reMatonarosiorud, 2. 'ambype, I'epmanus
P atyakshin-da@rudn.ru

Amunnoranus. Kapookcunentugasza A3 (CPA3) sieasteTcs crienidryeckoi rpoTteasoii TyuHbix KieTok (TK) ¢ BaprabesibHOM
9KCTIpeccrell ¥ BXOAUT B YMCJIO TIPe()OPMUPOBAHHBIX KOMITOHEHTOB cekpeTtoMa. CPA3 mprHHMaeT yyacTve B peryssLun
COCTOSIHUS CIIelr(HUUeCKOro TKAaHeBOr0 MUKPOOKPY)KEHHUsST U KOMITOHEHTOB MHTerpaTUBHO-0yhepHol MeTabommueckol cpe/ibl
TIpY aJANITUBHBIX U MAaTOJIOTHUeCKUX TIpoLieccax, 3aTpariBasi peaiu3alyio BpOKeHHOT0 IMMYyHHTeTa, MeXxaHU3Mbl aHTOTeHe3a,
TIpOLIeCChl peMOZieNIMPOBaHUs MeXKK/IETOYHOT0 MaTpuKca u Ap. aentudukariys CPA3 ¢ moMolbio IPOTOKOJIOB MY/IbTUTIIEKCHON
MMMYHOTHCTOXVMHH TI03BOJIsIeT KOHKPETHU3UPOBATh JIeTa/li OPraHoCIel(prUeCKUX MOMYJISLMOHHBIX XapaKTePUCTHK TyUHbBIX
KJIETOK, BKJTIOUasi MPOTeasHbId (HeHOTHI, MeXaHU3MbI OMOreHe3a C LIUTO- U TUCTOTONOrpaduieCKUMU KPUTEPHUSIMH, a TAaKXKe
0COOEHHOCTH CEKPETOPHBIX MyTel. MHorourc/ieHHble Gronoruyeckue 3ddextsl CPA3, BK/IOUAs yyacTrie B PEry/IsLUN COCTOSHUS
JIETOUHOU TTaPEHXUMbI M CUCTEMHOTO KPOBOTOKA, B OMOTeHe3e U peMOie/TMPOBaHUK BOJIOKHUCTOTO KOMITOHEHTA BHEK/IETOUHOTO
MaTpHKCa, B SMUreHeTHUeCKOM PeriporpaMMHPOBAHIH, OTPEeIsOT Ba)KHOCTh (hyHAaMeHTalbHBIX UCC/Iel0BaHuM (PH3MO0I0ryeCcKo
aKTMBHOCTH TIPOTEa3bl U ee BOBJIEUEHHOCTH B Peasii3alj|io MaTo/IorMueCcKuX npolieccoB. JlanbHeie uccienoBanus oyayt
CrIoCoOCTBOBATh PACKPBITHIO TPAHCIISILIMOHHOTO 3HaUeHust XapakrepucTrk skcnpeccurt CPA3 TK B kauecTBe MPOTHOCTHYECKOTO
(hakTOpa U MepCIeKTUBHOW MOJIEKY/ISPHOM MUILIEHU T€PANUK COLMATBHO 3HAUMMBIX 3a00/IeBaHUM.

KroueBbie c10Ba: KapbokcumnenTtigasa A3, TyuHble KJIeTKH, CeKPETOM, ITPaHy/Ibl, CEKPETOPHBIE My TH, CrieLudruuecKoe
TKaHeBOe MUKPOOKpY)KeHue
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Carboxypeptidase A3 in the structure of the protease phenotype
of mast cells: cytophysiological aspects
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Abstract. Carboxypeptidase A3 (CPA3) is a specific protease of mast cells (MC) with variable expression and appears
to be one of the preformed components of the secretome. CPA3 is involved in regulation of the state of a specific tissue
microenvironment and components of the integrative-buffer metabolic environment in adaptive and pathological processes; it
affects implementation of the innate immunity, mechanisms of angiogenesis, processes of the extracellular matrix remodeling,
etc. CPA3 identification using protocols of multiplex immunohistochemistry allows specifying details of the organ-specific
mast cell population features, including the protease phenotype, mechanisms of biogenesis with cyto- and histotopographic
criteria, and features of secretory pathways. Numerous biological effects of CPA3, including participation in the regulation of
the pulmonary parenchyma and systemic blood flow, in biogenesis and remodeling of the fibrous component of the extracellular
matrix, in epigenetic reprogramming, determine the importance of fundamental investigation of the physiological activity of
protease and its involvement in the implementation of pathological processes. Further studies will contribute to the detection
of the translational value of the mast cell CPA3 expression features as a prognostic factor and a promising molecular target for
treatment of socially significant diseases.
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BBeneHue

Tyunble kneTku (TK) siBAsitOTCS BaXKHOM 4acThbiO
VIMMYHHOW CUCTeMbI U HaXOZASTCS B LIEHTPe BHUMAaHUS
MHOTOUHC/IEHHBIX OMOMEIUI[UHCKUX VCCIIe0BaHHH.
[Tocne oTkpbiTUs [laysieM DpaUXOM TYUHBIX KI€TOK
OBLIM TIO/TyYeHbI MHOTOUKCJ/IeHHbIe JaHHbIe 00 0COOeH-
HOCTSIX UX (PyHKLIMOHA/IbHOTO MOTeHLIMasa B 3aBUCH-
MOCTH OT COCTOSIHUS CIieL{u(pu4eCcKOro TKaHEBOr0 MHU-
KPOOKDY>KeHHUsI, BK/TFoUasi CEHCOPHbIe U Pery/siTOpHbie
CBOWCTBA K K/IeTKaM M HEK/IeTOYHbIM CTPYKTYPaM 3KC-
Tpatle/monsipHoro Marpukca [1-9]. JuddepeHppyscs
ot CD 34+ kJieTok KpacHOT0 KOCTHOT0 Mo3ra, TK mo-
CTYTaroT B KDOBEHOCHOE PYCJI0 M BEIOOPOYHO 3acerisitoT
pas/MuHble TKAHW U OpraHbl, B KOTOPIX TPOUCXOAUT UX
co3peBanue [10-12]. PerynsTopHoe BiusiHUe Ha JU}-
(epeHLpoBKy TK 0Ka3bIBatOT LIUTOKUHBI, XEMOKHUHBI
1 (haKTOpBI pOCTa, BK/ItOYasi HEKOTOPbIe UHTepJIeHKHU-
uel (WT): WJI-3, UJI-4, UJI-9, NJI-10, UJI-33, dhakTop
CTBOJIOBBIX K/IETOK, TPaHC(OPMUPYHOLIUH (haKTOp pocTa
Gera u ap. B utore TK nprobpeTaroT CeKpeTOMHbBIH
(dbeHOTUT, XapaKTepU3YIOLUICS crieliudrueCcKum
COOTHOILIeHHeM Npe(OpMHUPOBAaHHBIX KOMIIOHEHTOB,
BKJ/ItOUasi MpOTeasbl, IPOTEOr/IMKaHbl, TM30COMallb-
Hble (hepMEeHTBI, OMOreHHbIe aMUHbI, JAKTOPBI POCTa,
XeMOKUWHBI, ITUTOKWHBI U Ap. [1, 13, 14]. Haubonee
yacto TK yesioBeka K/1acCU(PUIIUPYIOT B COOTBETCTBUU
C cofepkaHueM crieljupryecKux rmpoTeas — XruMa3sbl
v TpunTassl [15, 16]. B To ke Bpemsi HapaBHe C HUMU
kapookcurientuzgasa A3 (CPA3) siBisieTcst He MeHee
OOWTEHBIM KOMITOHEHTOM CE€KPeTOMa TYUYHBIX KJIETOK
B KOJIMUEeCTBeHHOM oTHoIleHuu [17-21]. Buorenes
CPA3 HauMHaeTCs C MpOoLeCCOB TPAHCKPUIILIVHU B sApe,
rpozo/Kascek B nutoryia3me TK Ha pubocomax, 1u-
CTepHax 3H/I0I/Ia3MaTUUeCKOM CeTU U MTOCTTPaHC/IsA-
LIMOHHBIMU MOJIM(UKALIUSIMU B KOMIIEKCe [0JbpKuU.
B xone nanbHetiniero nporjeccudra CPA3 cTaHOBUTCS
aKTUBHBIM ()epMEHTOM TpU CO3peBaHUU TPaHy/I U MPU-
obpeTaeT XapaKTepHYIO JIOKa/IU3al|i0, OTIPeerisis
0COOEHHOCTH IUTOJIOTUUECKOTO U Y/IBTPACTPYKTYPHOTO
¢eHotumna TK. PasnnuHble ceKpeTOpHbIe MeXaHW3MbI

PHYSIOLOGY

BbIBeZieHVst CPA3 BO BHEK/IETOUHBII MaTpUKC IIPHUBOAT
K popMHpOBaHHIO O1oIorHuecKux 3hheKToB, Hanbosee
3HAUMMbIMH CPe/Id KOTOPbIX MOXXHO CUMTATh peansa-
LIMI0 BPOXKJIEHHOTO IMMYHHUTETA, PEry/IsILI0 COCTOSHUS
crieli(ryeCcKoro TKaHEBOro MUKPOOKDPYKEHUSI U KOM-
TTOHEHTOB MHTETPaTHBHO-0yhepHOM MeTaboue Ko
CpeJibl, yuacTve B MexaH/3Max aHrMoreHesa, rporieccax
peMo/ie/IMpOBaHUs MEXXK/IeTOUHOTO MaTpUKCa U JIp.
Bkirouenne CPA3 B (hopmupoBaHue psiia Grosioruue-
ckux 3 dexToB Apyrux crerupryeckux rnporea3 TK
pacimpsieT guara3oH (GyHKLMOHAIbHOTO 3HAUeHUSsI
5K30menTyzasbl. B yacTHOCTH, OKa3aHa BOB/IEYEHHOCTh
CPA3 B matoreHe3 paka, BOCIa/IUTe/IbHBIX 3a00/1eBaHUM
OpraHoOB KeJTy/I0YHO-KHUIIIeYHOTO TPAKTA, JAbIXaTebHON
Y CepeuH0-COCYANCTON CUCTeM, HapyllleHHi Orop-
HO-/IBUraTe/IbHOTO arrapara, B TOM 4ucie 6arogapsi
perynsTopHbIM 3¢ deKTaM 1o OTHOLIEHHIO K COCTOSTHHIO
HWHTerpaTuBHO-0ydepHO MeTaboMueCcKol cpe/bl
crieliupruueckKoro TKaHeBOr0 MUKPOOKPYKEHUSI U UM-
MyHoreHe3y [18, 22-39]. Kpome Toro, CPA3 B nzia3me
KpPOBH T0Ka3as cebsi Kak 00beKTHBHBINM OMOMapKep
[/ BbISIBJIEHUS TTALIMEHTOB C TSDKEIbIM TeueHheM
COVID-19 [40].

KoueBast pabota B o6sact 6uonoruu TK 1o cu-
creMaru3alyi MophodyHKIMOHAIBHBIX 0COOeHHOCTeH
CPA3 TK 6b111a BeiriosiHeHa B 2009 rogy, [17] v K Ha-
CToOsIIIIeMy BpeMeHU Ha3pesa HeoOX0AUMOCTb [JOTION-
HUTb UMeEIOLLeCs CBe/leHHsI HOBBIMU pe3y/bTaTaMHu.
TexHO/I0rMA UMMYHOTUCTOXUMHYECKOW BU3yaTu3aliun
CPA3 packpbIBalOT HOBble OpraHocreluduueckue
xapakrepucTtuku nonynsguu TK v npegocTraBisitoT
JOTIOJIHUTE/IbHYI0 MH(OPMALUIO ITPU UHTEepIIpeTalyy
pe3y/ibTaTOB MOP(OJIOrMUeCcKoro aHar3a, BaXKHYH Kak
[J71s1 TIOBBIIIIeHNsI 0OObeKTUBHOCTH JMarHOCTHUYeCKUX
a/ITOPUTMOB, TakK U 60Jiee TOUHOM OL|eHKYU Pe3y/ibTaToB
TIPOBO/IMMOTO JIeUeHUs], BKJItouasi poTeasHbli (heHOTHII,
MeXaHH3Mbl OMOreHe3a C [UTO- ¥ TUCTOTOmorpaduue-
CKVIMH KPUTEPUSIMH, a TaK)Ke 0COOEHHOCTH CeKpPeTop-
HbIX TyTeld. PyHAaMeHTaIbHbIe aCMeKThI MPOLIeCCUHTa
CPA3 Ty4HBIX KJIETOK UMEIOT Ba)KHOE MPUKJ/IaJHOe
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3HaueHWe B KaueCTBe 00beKTa JUarHOCTHKY, apma-
KOJIOTMYeCKOW MUIlleHU U KpuTepusi 3(h(PeKTHBHOCTU
Teparivu.

MOﬂeKYHFIpHO-FEHeTM\IECKMe acneKkTbl

VHdopmarnus o poTeasax 3aHUMaeT OK0JIO 5 %
0e0K-KOAUPYIOIIUX M0C/Ie0BaTe/IbHOCTeH TeHoMa
yesi0BeKa, YTO IM03BOJIsIeT YPOBHIO 0b1jero mysna
cootBercTByrOmMX MPHK B TK HaxoguThcs B COMoO-
CTaBUMBIX BeJIMUMHAX C pe3y/bTaTaMH 3KCIIPeCcCUu
TeHOB «JIOMallIHero x03si1cTBa». BeencTBre BbICO-
KO0 YPOBHSI 3KCITPECCHHU TIPOTeasbl MOTYT COCTaB-
JIITh TPETHIO YaCTh OT 00I1lero KomyecTBa OeKoB
B nuroruiazme TK [16, 41-43]. CPA3 BXOAUT B UKCJIO
crnetyduueckrx nporeas TK, v B OT/IMUMe OT TPUITA3bI
WM XUMa3bl SIB/ISIeTCs LIMHK-COofiepyKalliell MeTasuionpo-
TEeMHA30M C 3K30IIeITH/Ia3HOM aKTUBHOCTBRIO [21]. 'en
CPAS3 yesioBeKa COCTOMT M3 11 3K30HOB U JIOKa/IM30BaH
Ha 3 xpomocome 3 (3q24), bopmMupysi BMeCTe C reHOM
KapOokcunenTugasel B 1 momkeny104HOM >Kele3bl
(CPB 1) obocobnennbiii iokyc «CPB1-CPA3». [Tan-
HBIM JIOKYC PACIIO/IO’KeH Ha IrpaHMLie C 00/1acTbiO TeHa
pelieniTopa aHruoteHsuHa Il Tumna c ojHOl CTOPOHBI
W, C Apyroi ctopoHsl, ¢ reHamu GYG1 v HLTF. T'en
GYGI1 kopvpyeT (hepMeHT IMIMKOTeHWH-1, yUacTBYIOIIUIA
B CHHTe3e [VIMKOreHa, a reH HLTF kovpyeT XeJuKaso-
nof00HbIH (hakTop TpaHCKpuriwu [21]. B rpanynax TK
CPA3 moxeT coctaBnsith ot 0,5 10 16 MKr/10° TyuHbIX
KJ/IETOK B 3aBUCHMMOCTH B 3aBUCMMOCTH OT OpPraHHOM
npuHazexxHocty [44]. ITpu stom CPA3 uenoBeka
“MeeT rOMOJIOTUYHbIe TIpu3Haku CPA3 rpei3yHOB
10 MOJIEKY/ISIPHOM OpraHU3aliui U aMUHOKUC/IOTHBIM
OCTaTKaM, YYaCTBYIOIIMX B CBSI3bIBAHUU LJMHKA C Cy0-
cTpartoM [44, 45]. Ha ceropHsILLIHWI /JeHb SKCIIPeCcCcusi
reHa CPA3 ob6Hapy»keHa To/bko B TK, 3a BO3MOXXHBIM
UCK/TFOUeHreM 06a30()M/TbHBIX JIEUKOL[UTOB Y TIALHEHTOB
C a/uiepruyeckum aHamHesoMm [41, 45-51]. ¥ kpsic
10 0,5 % obmero mysa MPHK B TK Gpro1iHoii rooctu
cocrtapssier MPHK CPA3, npeBbliiiasi 9KCIIpeCCHOHHBIM
yPOBEeHb TPaHCKPUIILIUY T'eHa akThHa [52].

B Toxe Bpems, CylecTBYIOT OpraHocreLyduue-
ckue ocobenHocTy comepxkanust CPA3 B TK, nocKobKy
skcrnpeccust reHa CPA3 MOXXeT XapaKTepu30BaThCs
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BBICOKOU BapuabenbHOCThIO. Harmpumep, y rpbI3yHOB
skcnpeccusi CPA3 BbIsiB/IsiIach B CyOMOIT/ISIIIAM Coe-
JVMHUTebHOTKaHHbIX TK, HaXoAsAIUXCs B CePO3HOM
TI0JIOCTH, KOXKe U TO/IC/TU3UCTON 000/I0YKH OpraHoB
TMUIIIeBAPUTE/TBHOTO TPAKTa, ¥ He 0OHapy»kuBaiachk B TK
CJIM3UCTON 000/I0YKU KUILIEYHUKA U /IbIXaTe/TbHbIX ITy-
Tel [48, 52, 53-55]. ¥ ueyioBeka Kcripeccusi KapOoKcu-
nienTr/ia3bl A3 OblIa BhISIB/IEHA B COeIMHUTETbHOTKAH-
HbIX TK, 06s1afjaro1yx, Kak rmpaBuio, O/HOBPEMEHHBIM
O6uoreHe3om TpUIITa3bl U xuMa3sbl [17, 56]. B To ke
BpeMsl B IIPOBeIEHHbIX UCC/IEI0BAHUSX 110 BbISIBJIEHUIO
crierfuduueckux rporea3 TK Mbl 00HAPYKU/IH, UTO
CPA3 MoxeT 3KCIIpeCcCUpOBaThCA TaKKe U B TPUIITa-
3a-1103uTHBHBIX TK uenoBeka C OTCyTCTBHEM XMMa3bl,
B TOM YHCJIe B C/TU3UCTOM 000/I0UKe >KeTyKa U TOH-
KO KUIIIKW. AHA/IOTHYHbIe [JaHHbIe ObUIN TIOTy4YeHbl
B He/IaBHEM MCCJIe[IOBaHMH, MTOKa3aBLIMMU pa3/MUHbIe
ypoBHU cofiepkaHusi CPA3 B TYUHBIX KJ/IeTKaxX KOXH,
nerkux u kuineunuka [20]. TK c akcripeccueit obenx
crierudurueckux rportea3 copepskand CPA3 B 6osbiem
KO/IMUeCTBe 110 cpaBHeHU!O ¢ ¢eHoTunom TK «Tpun-
Tasza'xrmasa ». B TO ke BpeMs YpOBEHb 3KCITPeCCUN
MPHK CPA3 B HekoTopbix TK 6b171 IPOTHBOIIO/IOKHBIM
CoZlepyKaHuIo crielvryeckoi mporeassl B Kietke [20].
ITpucytcreue CPA3 B Tpunrasa-nosutuBHbix TK cy-
11[eCTBEHHO /IOTIO/THSIeT JJaHHbIe O (PYHKI[MOHA/TbHOU
3HAUMMOCTH cojiokann3auuu CPA3 ¢ xumasoi [17,
20]. bonee Toro, mpy HEKOTOPBIX MATOJIOTAYECKUX
COCTOSTHUSIX OBL/T OOHAPY’)KeHbI XMMa3a-HeraTuBHbIe
TyuHble KJeTKu ¢ sKcripeccueit CPA3 [37, 57-59].
KonnuecTBeHHbIe TOKa3aTe/lu BHYTPUK/IETOU-
Horo coziepkaHusi CPA3 MOryT OBITH HCITO/Ib30BaHbI
B KauecTBe Mapkepa aAuddepenuposku TK, no-
CKOJIbKY CO/iep>KaHHe IpoTeasbl BO3pacTaeT BO BpeMsi
co3peBanus [53, 60, 61]. M3BecTHa onpeseneHHast
ponb (pakTopoB TpaHckpuriuu GATA B perynsiiuu
skcripeccuu reHa CPA3 [62, 63]. Haobopot, MITF,
WIParoLii Ba)XKHYIO POJIb B PEry/sLiiy FTeHOB X1Ma3bl
u TpunTasbl TK, He oka3bIBaeT BAMSIHUS Ha TPaHC-
kpuriuio reHa CPA3 [64]. Takxe ObLIO MOKa3aHO, UTO
sKkcripeccus reHa CPA3 cy1jeCTBeHHO Bo3pacTaert Ipy
BJ/IUSIHUY TJIFOKOKOPTUKOUZIOB [65, 66]. B TK nerkux
Obls1a oKa3aHa TecHasi CBs3b dKcrpeccur reHa CPA3
c conep>xanveM MPHK tpumnrassbl, a He xuma3ssl [20].
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Bb110 caenaHo npejnonokeHue, YTo Ha 3KCIIPeCCHI0
reHa CPA3 BIUSIIOT CTUMY/IbI, CBI3aHHbBIE C BPOXKEH-
HBIM, a He C a/IalTUBHBIM UMMYHHUTeTOM [17].

Buorene3 CPA3 B TK peammsyeTcs B Xo/je MOC/e0Ba-
TeJTbHbIX BHYTPUK/IETOUHBIX 3TAriOB CHHTEe3a U 3aBepliia-
eTCs1 OCTerNeHHOM YKJIa/IKOM ee B TPaHy/IaX B KOMITIEKCe
C IpyT¥MY KOMITOHEeHTaMU ceKpeToMa. Ha 3aBepiiiarorpx
sTariax 6uorene3a CPA3 npezcrasnsieT coboii hopmy,
obnazaroriyto 6uosiornyeckor akTMBHOCTHIO. Ha mipes-
rosiaraemMon cTpyktype mosekynbl CPA3, 1o aHaiorum
C MaHKpeaTHyeCcKol KapOoKcuTenTra30i B cBuHel, Obta
Tpe/iCKasaHa ee I00y/sIpHask CTPYKTYPa, TIPeICTaBIISIFO-
1iasi co00¥ TPeXC/IONHbIN Oe/IOK C PacTioNoyKeHHeM BOCEMU
[-Tierieii B IieHTpe U O-CMAPAJISIMKA CHAPY KW, aKTUBHBIM
JIOKYC KOTOpOro pacrosioykeH Ha C-koHLie [3-csosi [17].
ITpu stoM B Mosiekysie CPA3 ObI/10 MPe/Io/ioKeHO Mpeod-
J1ajlaHye TI07I0KUTEJTbHO 3apsDKEHHbIX aMUHOKHC/IOTHBIX
octatkoB (Arg, Lys u His), uTo BayKHO C TOUKM 3peHusI
B3aMMO/IENCTBUS C MO/TMaHUOHAMU CEKPEeTOPHBIX IPaHy/T
TK B mporiecce UHTparpaHy/IsIPHOM YK/Ia/[KU, B YaCTHOCTH,
¢ rentapyHoM. CeKpeTopHbIe IpaHyJibl Kak UCTOUHKK CPA3
TIPe/ICTaB/ISIIOT COO0M YHUKAbHbIe BHYTPUK/IETOUHbIE
CTPYKTYPBbI C BbICOKOCTIELIU(UUHOM peryJisiLiieii akThB-
HOCTH BbIBe/IeHUsI IPOTeasbl U APYTruX KOMIIOHEHTOB
CeKpeToMa 3a Ipe/ie/ibl MaTepUHCKOM rpaHy/ibl B LIATO30/1b
Y BHEKJIeTOUHbIN MaTpukc [1, 17, 67-70].

BuoreHes CPA3+ rpaHyn Ty4HbIX KNeTOK

HauasbHble sTamnbl popMHUpOBaHUs TIPeALeCcTBeH-
HUKOB CPA3-mio3uTtnBHBIX rpanyn TK npoucxonst
B OIIC B nporiecce TpaHC/ISILIMK U TPAHCIIOpPTa OeJTKoB,
CUHTe3a JIMINK/OB U IPYTUX KOMIIOHEHTOB CEeKpeToMa.
B komrinekce I'onbmxu CPA3 nioc/iezioBaTesibHO repe-
MelLL[aeTcsi OT LUC-0T/e/1a K TPaHC-OT/ie/ly U B KOHEYHOM
WUTOTe OTLIHYPOBLIBAETCS B COCTaBe TPAHCIIOPTHBIX
Be3MKYJI, TIOKPBITIX KJaTpUHOM [71-73]. [JaHHbIE
odopM/ieHHbIe CTPYKTYPbl, KOTOPbIE MOYKHO Ha3BaTh
«TIpOrpaHy/aaMu», MOTYT COeJUHATHCS JPYT C IPYTOM
W paHHUMH 3H/I0COMaMHU, TTOCTENEeHHO YBeJINUUBasiCh
B 00beme [68, 74]. MexaHU3MbI CITUSIHUST «IIPOTrpa-
HYJ», TIPOUCXOJSIIUX C yYaCTHEM CeKpeTOorpaHu-
Ha 11, 10 cux mop Hen3BeCTHBI U HAXOJATCS B hOKyCe
(dbyHgameHTanbHBIX UccienoBanuii [1]. [TocTenenHoe
CO3peBaHMe «IPOTrPaHyJI» COMPOBOXKAAeTCs BbIOO-
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POYHBIM HaKOIJIEHHEM B MaTpPUKCe crieljuduuecKrux
MpoTeas, a TakKXKe JPYyrux KOMIIOHEHTOB CeKpeToMa
BMeCTe CO CHKeHreM pH MHTparpaHy/sipHO# cpejibl
1o 5,5 [61]. CoryiacHO pa3nUUHbBIM TIPe/ITIONIOKEHUSIM
(hopmHpoBaHUe OKOHYATE/ILHOTO MTPOMEKYTOUHOTO Ce-
KPETOPHOr0 (PeHOTUIa MOKET IPOUCXOJUT Kak 3a CYeT
CeIeKTHBHOTO BK/TFOUEHUSI HOBBIX MPOAYKTOB 110 Mepe
nipoxokzieHust B komruiekce Tombmpku (KI7), Tak v BbIOO-
POUHOTO y/la/ieHrs1 HEKOTOPBIX MPOAYKTOB B MpoLiecce
CO3peBaHus1 rpaHy/bl. B UaCTHOCTH, C MOMOLLIBIO [JIMKO-
3U/IMPOBaHMsI CEKPETOM HAChIIIaeTCsl JIM30COMaTbHBIMU
ryjposiazamu [71, 75]. B mexanu3max BkitoueHust CPA3
B MHTparpaHy/sipHblii MaTPUKC MPUHUMAIOT yuacTre
CepIIMLIVMH Y TJTMKO3aMHUHOIJIMKaHbI, 00ecreurBao-
1[Me KaK HaKoTJIeHWe, TaK Y Pery/siliuio akKTHBHOCTH
nipoTeassl [1, 17, 76, 77]. CepriiiyH HeoOXoAUM 1/1st
xpaHenusi CPA3 u o61aziaeT criocoOHOCTBIO MOAY/TUPO-
BaTb aKTMBHOCTb NPOTeas3bl NIOC/Ie CeKpeLy, IPUHUMast
yudacTue B TPAHCIIOPTe, aKTUBALIMK U B3aUMOJeMCTBUS
¢ cybcTpaTamu Wi KiieTkaMu-muiieHsimu. Cresyet
0COOEHHO OTMETUTh 3aBUCHMOCTb KOJIMYeCTBEHHOTO
WHTparpany/sipHoro pacrpezenenus CPA3 ot 6uosio-
ruyeckux 3((eKToB MPOTeOrIMKaHOB, MPUHUMAOLIUX
yuyacTHe B Ba)KHEMIIMX 3Tarax NpoLeCCUHra U JMHaMU-
YyeCKoW akKyMYJISILU Tipec)OPMHUPOBAHHBIX KOMITOHEH-
TOB cekpeToMma [1, 61, 78]. B uacTHOCTH, MPO1eCCHUHT
1po-CPA3 3aBUCHT OT rerapyHa, aCCOLMMPOBAaHHOIO
C cepmIMLMHOM [79]. [laHHBIe CBOWCTBA CepriMLMHa
TIPOSIBJISIFOTCSI aHA/IOTUYHBIM 00pa3oM Tpu OuoreHese
TpunTasbl U xumasel [80-83]. [Ipu cozpeBanuy proCPA3
B 3pesiyio crieLjuguueckyto nporeasy TK moryT npu-
HHUMaTh yyacTHe LJUCTeHHOBbIe [POTeasbl, BK/IOYas
nM30coMarbHble KaTericuHbl [84]. ITpu 3ToM ocoboe
3HayeHHe NMPYHUMAIOT JIOKa/IM30BaHHbIE B CEKPETOPHBIX
rpanynax Karericunbl E, C, S [85, 86]. Bo3aMoxHOCTB
OKOHUaTe/IbHOT'0 3aBeplleHHs M0CTPAHC/ISLIMOHHbBIX
n3MeHeHuii CPA3 Herocpe/iCTBEHHO B IpaHy/iaxX pac-
cMatpuBasack B pabote Rath-Wolfson L. [87]. Crenenb
niporjeccuHra nnpo-CPA3 B akTUBHYIO IIpOTeasy MOXeT
3aBMCETh KaK OT BO3pacTa K/IeTOK, TaK U BCero opra-
Hu3Ma [87, 88].

[1pu 06pa3oBaHUM CEKPETOPHBIX JTM30COM KOMILIEKC
Tonbmky QyHKIIMOHUPYET KaK COPTUPOBILMK O€/KOB,
co371aBast Heo6X0JuMble yCJIOBUS [1Jis1 CeJIEKTUBHOTO
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BK/IFOUEeHMS U MOZIM(UKALMK aCCOLMMPOBaHHBIX C rpa-
Hy/IaMU TIPOTEOTIMKAHOB, a TaK)Xe Cy/Ib(haTHpOBaHUS
YI7IeBOJHBIX U O€/TKOBBIX KOMITOHEHTOB, UTO [103BOJISIET
OCYLL[eCTB/ISATh KOHCTUTYTUBHBIE U UHAYLIUDYeMble
CeKpeTOpHbIe MeXaHH3MbI B a[ileKBaTHOM o0beme [71,
73, 78]. ITocne otHypoBKY 0T KI' ceKpeTopHbIe «I1po-
rpaHyJ/ibl» NOCTENIeHHO yBeIUUMBalOTCs B pa3Mepax
U Tipruo0peTatoT 0COOEHHOCTH CTPOEHUS LIeHTPaIbHOU
U nepudepuyeckoii obsacteit, 00ycoBIeHHbIE UX
KaueCTBeHHBbIM COCTaBOM [1]. BbicoKasi akKyMyJisiLuist
JIM30COMaJIbHBIX I'M/IpO/a3 B COCTaBe FPaHy/I MOCTy)Kiia
TIPUYMHOM HCITI0/Ib30BaHUS TEPMHHA «CEKPETOPHbIe
nm3ocoMbl». Co3peBaHMe T'paHyJl COIPOBOXKAeTCs
XapaKTepHOM akKKyMYy/siljheii ornpe/ieJieHHbIX KOM-
TIOHEHTOB CeKpeToMa B KOHKPeTHBIX 00/1acTsX, TIpy
5TOoM (hOPMHUPYIOTCS KaueCTBeHHbIe 0COOeHHOCTH LieH-
Tpa/IbHOM U NeprepryecKoi 30H, UTO HAXOLUT CBOE
OTpa’keHHe Ha pe3y/ibTaTaX UMMYHOIMCTOXUMHUYECKOTO
Y Y/IbTPacTPYKTYPHOI'O aHa/ln3ax.

B uactHOCTH, CUsiHMe TIPOTpaHy/Ibl C TTO3HeH
5H/I0COMOM MPUBOJUT K (POPMUPOBAHHIO B CEKPETOPHOU
JTM30COMe 30HBI C BbICOKOM TMIOTHOCTBIO aKKyMYJTH-
POBaHHOI0 MaTepuasa, KOTopasi OorpaHUueHa 10 Ie-
pudepry TIOMUHAIBHBIMU Be3uKynamu [89] (puc. 1).
[Tocnepyroliye 3Tarbl CO3peBaHUsl FPaHy/l IPUBOAST
CeIeKTUBHOM KOHLIEHTPALUHY Pery/sTOPHbIX IPOTEHHOB
B LIEHTPa/IbHOM 06s1acTy, 60/IbIIasi YaCTh KOTOPBIX
COCTOMT U3 MPOTeorMKaHoB. CPOpMUPOBAHHOE «SI/IPO»
IPaHy/Ibl SIBJISIETCS] apEHOM MHOTOUMC/IEHHBIX O1OXU-
MUYeCKHUX U TIPOCTPAHCTBEHHBIX MMPeo0Opa30oBaHM,
KOOP/IMHUPYIOILMX B [ja/IbHeMIIIeM CIielianai3upoBaH-
Hble Y/IbTPAaCTPYKTYPHbIE U (DYHKLIMOHAIbHBIE COOLITHSI
cekpetopHoii AestenbHOCTH TK. Kak ripaBusio, 1ieHTp
rPaHy/Ibl HACKIIIIAETCsT KOMIUIEKCOM CepIyIMLMHA C Terla-
PUHOM WM XOHJpOoUTHHCYAb(aroM [90]. B nipeapiay-
IIMX UCC/Ie/JOBAHUSIX MBI TIOJTy YW MOP(O/IoruyecKye
NOJTBEPIK/IeHUs JaHHOW 3aKOHOMEPHOCTH, B YaCTHOCTH,
MeHbIMe pa3Mepsl rpanyn TK nocie okpammmBanus
TOJIyUIMHOBBIM CUHUM T10 CPaBHEHUIO C UMMYHOTH-
CTOXUMUUECKOU nieHTUGUKaluent Tpuntassl TK [91].

KoopguHupytoiias posib cepryviyHa /sl UHTP-
arpaHyJ/sipHOTO pacripejiesieHUs creluduueCcKUx
1poTeas U AIpyrux MeAuaTopoB CBsi3aHa C ero XuMHu-
YyecKol CTPYKTYpOH, obecrieunBatoitieli (hopMrpoBaHre
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3JIEKTPOCTaTHYeCKMX B3aUMO/eMCTBUIN OTpHULaTeTbHO
3apsUKeHHBIX [VIMKO3aMUHOTI/IMKAHOB C y4aCTKaMH
crieLMUUeCKUX TIpoTeas, 00/1afarolX MO3UTUBHBIM
3apsgom [1].

BaxubiM nHCTpyMeHTOM TK /11 KaueCTBEHHOT0
Y KOJTMUECTBEHHOI0 U3MEHEeHHs1 CeKpeToMa I'paHy/1 Ipy
WX CO3peBaHUM U peasn3aliii HeKOTOPhIX MeXaHU3MOB
CeKPeTOPHbIX IyTel sIB/ISeTCS HZ0COMabHbIN perup-
Ky/nvpytoluii komnapTtmeHTt [78] (puc. 1). ['panysnbl
TK moryT cTaTh MCTOUHHUKOM (hOPMUPOBAHUS TIPOTe-
asa-cogieprKalllix 5K30COM, ITIPU 3TOM He UCK/I04aeTCst
Bk/toueHune B HUX CPA3 (puc. 1) [92, 93]. [1o cTenenu
3pesIoCTU CeKpeTOpHbIe IPaHyJ/ibl MO)KHO OTHECTH
K TPeM OCHOBHbIM TuraM [1, 72, 78]. I'panynamu I Tvna,
10 CYyTH, SIBJISTFOTCSI 9H0COMBI WJIU JIM30COMBI C JTFOMU-
Ha/bHBIMU Be3UKYy/IaMU. YIbTPaCTPYKTYPHbIM aHaIu3
CBU/ETE/IbCTBYET O HU3KOU CTereHu yrIOTHEHHOCTH
B HUX COCTaBHBIX KOMIIOHEHTOB U Mpeobsazatoiee
copiep)kaHue MUKpoBe3uKyi [94]. B mexaHu3max o0b-
e/IMHeHUsI «IIPOrpaHy/I» C HA0COMaMHU, MPUBOZSLLIUX
K popMHpoBaHHIO O0Jiee KPYITHOM OpraHesuibl, pH-
HUMaeT yuactue 6enok Rab5 [95] (puc. 1). Luks
00beIHEeHNS] MOTYT MHOTOKPATHO ITOBTOPSITHCST MEXK-
[y CeKPeTOPHBIMU I'PaHy/1laMU Pa3/MyHOM CTeleH!
3pesioCTH, IPUBOAS K (hopMrpoBaHuto rpany 11 tumna
Y COTIPOBOXK/AsiCh U30MpaTebHbIM HaKOTI/IeHeM HeKo-
TOPBIX MPe(OPMUPOBAHHBIX KOMIIOHEHTOB CEKpeToMa
B oripefiesieHHOM cooTHottienuu [94, 95]. UccnenoBanuis
Ha y/bTPACTPYKTYPHOM YPOBHE BBISIBUHU Psifi OTIMUUN
cTpoeHus1 ceKpeTopHbIX rpany [ u Il Tunos, B Tom
yrcsie 0Opa3oBaHue B IOC/IEHUX 37I€KTPOHHOIIOTHOTO
/1pa, BOKPYT KOTOPOrO aKKyMYJIMPYIOTCS MYJ/IbTUBe-
3UKYyJIsIpHBIe Tesbla [72, 94]. Cpeau 1ocpeJHUKOB
Rab5-acco1umpoBaHHOTO C/TUSTHUSI CEKPETOPHBIX Ipa-
Hy/1 HeOOX0/IUMO YUUTBIBaTh MeMOpaHHbBIN TTPOTENH
VAMPS, KoTOpbIi1 IPUHUMAET y4yacTHe B Orpeje/ieHnu
WTOTOBBLIX pPa3MepoB rpaHys [96].

Ckopoctb co3peBanusi o dhopmara III Tumna mo-
JKeT CyLeCTBeHHO pa3nuuarbcsi [68]. B cooTBeTcTBUM
¢ TpebyeMoi HHTeHCUBHOCTBIO OMOreHe3a B rpaHy/iax
C XapaKTepHOM MHTparpaHy/IsipHOMN YK/IaJKOW aKkKy-
MYJIUPYIOTCSI IPOTEOI/IMKAHbI, TPe()OPMHUPOBaHHbIE
KOMIIOHEHTBI CeKpeToMa U ipyrue meauaTtopbl. Co-
3pesiive rpanyssl 111 Tvmna o61azaroT Hanboiee Kpyri-
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Puc. 1. OcHOBHble 9Tarbl GroreHesa v CeKpeTOpHbIX NyTei kapokeunenTnaassl A3 (CPA3) TyUHbIX KNETOK C y4eTOM

uMTOTOMNOrPatuK, BHYTPUrPaHyNAPHOM NOKaNM3aLmMm 1 CEKPETOPHBIX MEXaH3MOB. (aaanTmposaHo no Atiakshin DA ¢ coasT., 2021)

PHYSIOLOGY

15



Amsaxwun [[.A. u Op. Bectaux PYIH. Cepust: Mepuuuna. 2022. T. 26. Ne 1. C. 9—33

Autonomous Degranulation of '
fragment of MC <= autonomous fragment : ?WWMW” {cm{rsomﬂ hydrolases
cytoplasm - o} “e ey
o'. :& .... @ Chymase ——=5 Maturation pathways

° 0g o0 ® 4 oy @ proteoglycans . Secretory pathways

4 :

(¢}

|

Formation of X Compound exocytosis Anaphylactic
macro-vesicles Kiss and R Plecemeal degranulati ) o ©® :x.h:' degranulatlon
e el °® 3 o8 o0 9059 ..\..“ %

® !
Type TIT 8G e G
CPA3t tryplaset T
chymase+

vy 5 4 ® e
N N
am— @
oY N 58 hpenss i |

@ CPAG+ chymase+ @ Type 11SG
CPAZschymase

TypelSG‘\“ﬁ\I

CFA3+ Iryptaser chymase+
$G maturation

Secretion

o - @,\ Y
" @
&

A Type 115G

Om . i .m 7N
@ sm:&ng%ﬂc . Ea o) S—1__

i 5 Exosome . -
@ S secretion (.  Fast mcyr-:‘;)
i recycling
, nnduwne Lysosome

Fig.1. The main stages of biogenesis and secretory pathways of mast cell carboxypeptidase A3 (CPA3) in terms of
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HBbIMU pa3MepaMu, U TIPY HEKOTOPBIX MaTo/I0ruueCKUX
COCTOSIHUSIX MOTYT JOCTUTaTh pa3Mepa 1 MKM u Goree.
CnepiyeT yuuThIBaTh, UTO 0011[asi COBOKYITHOCTh I'PaHYy/I
€ 0COOEHHOCTSIMU COZlep>KaHUsi MeJMaTOPOB CO3/al0T
B OMpe/ie/IeHHOM CMbIC/Ie HETTOBTOPUMbIN UHJUBUAY-
anbHBIM ceKpeTOpHbIM (peHoTun Kaxzaon TK. Kpome
TOT0, 3peJible TPaHY/Ibl COXPAHSIIOT CIIOCOOHOCTH K /IU-
HaMUYHOMY U3MEHEHHIO CBOer0 COCTaBa 1, BO3MOXKHO,
obbvema. B uacTHOCTH, MPOIeCChI BK/IHOUEHUS psijia
MeJMiaTOpPOB B COCTAB rPaHy/IbI WK, HA000POT, CeKpe-
LMY COMPsDKeHbI IPYT C IpYyroM. B HEKOTOPBIX M3 HUX
NPUHUMAET y4yacThe MPOTerH cuHanTotarMuH 111,
OTOCPe/IYIOIIUIA CeIeKTUBHBINM 0OMeH 1 HarpaB/ieHHbIN
TPaHCIIOPT HEKOTOPbIX KOMIIOHEHTOB CEKPeTOMa MEXy
3H/J0COMaJIbHbIM PeLIUPKY/IUPYIOLIUM KOMITapTMEHTOM
Y CeKpeTOpHbIMU IpaHynamu [97]. B pesynbrare 3pesbie
rpanysbl TK MoryT HakariMBaTh apceHas crietiudurye-
CKMX IIPOTea3’ B TECHOW B3aMMOCBSI3U C IDYyTUMH Me/iua-
Topamu (puc. 1). ITocTyrieHre ructaMrHa U CepOTOHU-
Ha B rpaHy/Ibl IPOMCXOJUT C UCII0/Ib30BaHUEM CHUCTEMBbI
Be3UKY/ISIPHOTO TPAHCIIOpPTa MOHOAMHKHOB. [1pu 3TOM
TMOBBILIEHNEe YPOBHS FTMCTaMKHa B FPaHy/ax KOppesu-
pyeT € Bo3pacTaHHWeM KOHLIeHTpaLyK crielupruyeckux
MpoTeas, YTo M03BOJIsIeT MPe/TO0I0KUTh pa3/InuHbIe
MeXaHW3MbI JJAHHOTO OMOTeHHOT0 aMUHa B OuoreHese
TpunTasbl, xuMmasbl U CPA3 [76, 98]. Ha koHeuHbIx
jTarax Co3peBaHusl CEKPETOPHBIX TPaHy/l CTAHOBUTCS
pa3IMuMMON MperMylileCcTBeHHas repudeprueckas
nokanu3auusi CPA3, ocobeHHO B ciiyuae J0CTHKEeHUs
VMU KPYITHBIX pa3MepoB rpaHy (puc. 2, 3).

ITpu 3TOM Ba)KHOW MHTparpaHy/sipHON 0cobeH-
HocThio CPA3 o cpaBHeHMIO C APYTUMU crieljuduye-
ckumu npoteaszamu TK siBnsieTcs 6osiee LieHTpanibHOe
pacnosiokeHue, KHyTPHU OT JIOKYCOB aKKyMY/ISILIUU
TpUMTa3bl U XMMashbl (puc. 3).

HekoTopble KOMITOHEHTBI CEKPeTOPHBIX FPaHy/I MO-
ryT noctynarhk B TK 13 BHEK/IETOUHOTO MaTpyKCa, B TOM
yucsie akTop HeKpo3a OMyxoJiel, TJIaBHbIN 11[e/I0OUHOM
MPOTerH 303UHOPUIIOB, TUCTaMUH U fp. [99-101].
[Tpu 3TOM ICKyTabebHBIM OCTAeTCsI BOTIPOC O (yHK-
LIMOHA/IbHOM 3HaU€HUU JAaHHOTO SIBJIEHUs 110 OTHO-
LLIEHUIO K COCTOSTHUIO Crel(ruyeCcKoro TKaHeBOro
MUKPOOKDPY>KeHHSI.

PHYSIOLOGY

[1pu HaNMMYUKU MOJIEKYJISIPHBIX CUTHAJIOB J1JIs1 aKTH-
Bal[M CeKpeTopHbIX myTeit CPA3, ocobeHHO, B Cliydae
MIPUCYTCTBUS CEKPETOPHBIX CTUMYJ/IOB Ha MPOTSHKEHUN
JUTATEeIbHOTO BpeMeHH TIPY XPOHM3aLMy 1laTo01oo-
rMYeCcKUX TpolieccoB, oOpa3oBaHue IPaHY/l UHTeH-
CUQULIMPYeTCS U COMPOBOXKAETCs1 Ooiee aKTUBHBIM
tdhopmupoBanuem B KI' «riporpanysi» € AajbHeNILIAMU
sTanamu co3pepanus [13, 61, 74, 102, 103]. ITogobHO
apyruM cnermguueckum npoteasam TK, CPA3 xpa-
HUTCS B CEKPETOPHBIX I'PaHy/iaXx B aKTUBHOM (hopMme.
9710 6b1710 10Ka3aHo A5 3penbix TK B To Bpemst Kak
B MeHee quddepenimpoBaHHbix TK kocTHOrO Mo3ra
BbIAB/IsUIH TIPO-CPA3 € coOXpaHeHHBIM aKTHBaLIMOHHBIM
MenTU/I0M, KOTOpasi MOKeT JOMUHUPOBATh HaJ| aKTHB-
HOU opmoii pepmenTa [79, 88]. Huskas pepmeHTaTns-
Hasl aKTUBHOCTb BpPeMsl UHTParpaHy/IsipHOr0 XpaHeHust
obecrieunBaeTcst Kuciou cpegoi rpanyn (pH 5,5),
B TO BpeMs Kak ontuManbHbli pH f/1s festensHOCTH
CPA3 naxoputcs B fuanasoHe pH ot 7 1o 9.

Jlokasm3arusi KapookcurenTyia3el A3 B rpaHy-
JlaX OTpa)kaeTcsl Ha UX roMeocTase. JKCITepUMEHThI
Ha MBbIIIaX C HOKayTUPOBaHHbIM reHoM CPA3 noka-
3a/11 U3MeHeHHe TUCTOXMMUUECKUX CBOMCTB TYUYHBIX
KJIeTOK, CHU)KeHUe 3(ddekTa MeTaxpomMasuu Tpu
OTCYTCTBUM Y/IbTPAMHUKPOCKOMTMYECKUX M3MEHEHUH,
a TakkKe TeCHYIO B3aUMOCBs3b cofep>kanusi CPA3
c Apyroi crietuduueckoi nporea3oii— Mouse Mast
Cell Protease-5 (mMCP-5), siBasitolelicsi aHaiorom
xumMa3ssbl uesnioBeka [104, 105]. [Ipu 5TOM MoBbILLIeHVE
comep>kaHus B TydHbIX KiieTkax CPA3 conpoBosk/a-
JIoCh Bo3pactaHueM ypoBHsa mMCP-5, a HemocTaTtok
mMCP-5 npuBoAMI K HECTTIOCOOHOCTH HAKOTIIEHUS
B rpanynax CPA3 [85].

®dyHameHTanbHbIe ucciaenoBanus Dvorak AM
TI03BOJIM/TA €M U KOJ1IeraM MpUO/IN3UTECS K TIOHUMato
(hr3noornyeckoro 3HaueHust yiokanusaiuu PHK B Ma-
TpuKce rpanHyn [67, 106-108]. brarogaps nosyueHHbIM
JAHHBIM (DYHKLIMSI HAKOTI/IeHHS], XpaHEeHUsI U CeKpeLiun
MeJMaTOPOB CEKPETOPHBIX I'PaHYJ/ TYUYHbIX K/IETOK,
BK/mtouasi CPA3, Obl1a JOIT0O/IHeHA BO3MOKHOCTBIO
aBTOHOMHOT'O OHOTeHe3a HeKOTOPbIX KOMITOHEHTOB
cekpeToma. /laHHbIe MPOLeCChl B CEKPeTOPHBIX I'pa-
Hy/laX MOTYT MPOUCXOUTb KaK BHYTPUK/IETOUHO, TakK,
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Puc. 2. Lintotonorpacus n Mopdonorndeckne npusHaku 6noreHesa CPA3 TK: (a) — TOH3M/NG, HaYanbHble CTaanm
NHTparpaHynapHoi yknaaku CPA3 TK; (6) - »enynok, o6pasoBaHme Heckonbkix CPA3+-rpaHyn B TK, cBo6oaHO
pacronoXeHHbIX B UUTOMNIa3Mme; (B, T, [, €) - MenaHoMa KOXW, pa3fnnyHble BapuaHTbl pacnonoxeHust CPA3+-rpaHynamu B
LUMTOMNNAa3Me; X, 3 - MenaHoMa Koxu, fieHykneauus sapa TK; (3, 1) - Koxa, nperMyLLEeCTBEHHas Nepudepryeckas nokanmnsaums
CEKPETOPHbIX rpaHyn B LuTonnasme TK; (K) - MenaHoMa KoK, 06LLMIA BUA TYYHOM KNETKM, 3aN0NHEHHO 3penbiMn CPAS-
NO3UTUBHbIMW FpaHynamMu, NpoTeasa pacnosoXeHa Ha nepudepum rpaHynbl (yKasaHo CTPENKoM), MPOMCXOAMT NPOLECC
reTepoOTUNYECKOrO CAMAHNUA rpaHys, MPUBOAALLMIA K YBENMYEHNIO UTOFOBOMO paamepa GOopMUpYHOLLLECS CTPYKTYpPbI! (ABOMHas
CTpesnKa); MacliTabHas Wkana: K — 1 MKM; ocTasbHble = 5 MKM

Fig. 2. Cytotopography and morphological features of MC CPA3 biogenesis: (a) tonsillar, the initial stages of intragranular
stacking of CPA3 MC; (6) stomach, formation of several CPA3+ granules in MC, freely located in the; (B, T, 1, €) - skin melanoma,
various options for the CPA3+ granules location in the cytoplasm; (3, 3) - skin melanoma; denucleation of the MC nucleus;

(1) — skin, preferential peripheral localization of secretory granules in the MC cytoplasm; (k )- skin melanoma, general view of a
mast cell filled with mature CPA3+ granules of an approximately equal size, the protease is located at the periphery of the granule
(indicated by an arrow), the process of heterotypic fusion of granules occurs, leading to an increase in the final size of the forming
structure (a double arrow); scale: k — 1 um; the rest - 5 um
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OUeBH/HO, U TIPOZO/KAThCS TI0C/Ie CEKPeLIMH B MeX-
KJIETOYHBIM MaTPUKC.

LiutoTonorpaduyeckune oco6eHHoct CPA3

Copepyxanue CPA3 B rpaHy/iax ¥ KOJIMueCTBO
CPA3* rpanyn B iutoriasme TK ob6aaeT mmpokoi
BapuabebHOCTBIO, OT OTCYTCTBUSL UM Majoro Co-
Jlep’KaHusl /10 TIOJTHOTO 3arlojTHeHUsI 00beMa KIeTKH
(puc. 2-5). Jlokanu3anusi KapOOKCUIIENITHIA3 B I'pa-
Hynax TK ybeauTenbHO MTOKa3bIBaeTCsi UMMYHOTHCTO-
XUMHUUYECKUMU TIPOTOKOJIaMU M MOXKET OBbITh UCITOJTh-
30BaHa Jj/1s1 XapaKTePUCTUKH CTPYKTYPbI MTOMY/ISLUN
TK (puc. 2-5) [109]. TexHOM0THH MY/IBTUTIIEKCHOM
MMMYHOTHCTOXUMHH OTKPBIBAIOT HOBbIe 0COOeHHO-
CTH KJIETOYHOW U UHTparpaHy/IsipHON JIoKaau3aluu
CPA3 B TK c apyrumu crieliupyiue CKUMU IpoTea3amu
(puc. 2), a TakKe XxapakKTepUCTUKY I'MCTOTOIIOrpagu-
yeckoro pacrnionoxeHuss CPA3" TK B opranax (puc. 5).
VimmyHoMopdosioruyeckas orieHKa cekperun CPA3
K CeJIEKTHBHBIM MUILIEHSIM CITeLjU(pUYeCcKOro TKaHeBOro
MHKDOOKPY’KeHHUsI CITIOCOOCTBYeT PACKPBITUIO PaHee
HEeU3BECTHBIX JieTajield (PyHKIMOHAIbHOIO MOTeHLraa
3K30MeNTH/asbl.

3akoHOMepHOCTH pacnpenenenuss CPA3 B rpany-
J1aX 10 CUX IOP SIBJISIFOTCSI HEPACKPBITBIM BOIIPOCOM.
CorviacHO HallUM TIPe/TIOIoKeHUsIM (epMeHT 0bpasyer
MAaKpOMOJIEKYJ/ISIPHbIe KOMIUIEKCHI C IVIMKO3aMUHOIIMKA-
HaMU B TpaHy/iaX B TECHOM B3aMMOCBSI3U C TPUMNTA30M
Y Xx1Ma30ii. B To ke BpemMsi BO3MO)KHO U30MpaTebHOe
B3aumogelictBre CPA3 c onpeziesieHHbIMU MPOTEOT/IU-
KaHaMu rpaHy/. B uacTHoCTH, Takoe CyKaeHHe ObLI10
C/ie/laHO MPU aHa/M3e CeKPeTOPHbIX FPaHysl MOC/e
nerpanynsitun TK, B KoTopbix 06Hapy»KuBaach Xxyvmasa
¢ CPA3, nubo Tonbko Tpuritasa [46, 47, 53]. B To ke
BpeMs MbI TI0Ka3aJ/Ii, 4To TocJe ferpaHynsuyu B CPA3+
rpaHy/ax JeTeKTupyeTcs u Tpurrasa (puc. 3). Takum
obpasom, heHOTHI CcrieLidrUeCcKUX MPOTeas CeKpeTH-
PYEMBIX I'PaHy/1 MOXKeT ObITh CyIIleCTBEHHO Bapradeb-
HBbIM B 3aBUCUMOCTHU OT COCTOSIHUSI CTIeLiu(pruuecKoro
MUKPOOKPY>KeHHs1. DTO HaXOUT CBOE MO/TBEpKeH e
B paboTax 1o IMMyHOMOP(OJIOrHUeCKOMY HCCIe/[0Ba-
Huro TK, moka3aBuImx Haauuue TpaHys C pa3IudHbIM
KaueCcTBeHHbIM cocTtaBoM [109]. imeroTcst jaHHbBIe

PHYSIOLOGY

0 HeoOxonuMocCTH Kostokanu3aluu CPA3 ¢ xumasoit
Il ee erioHMpoBanus [17].

Haiiu pe3ynbTarhl IOKa3bIBaoT, UTO B He3aBUCH-
MOCTH OT HaJIM4UMs TpUITasbl Wi xumasel CPA3 moxeT
COoZlep>KaThCsl B TpaHy/laX TYUHbIX K/IETOK B BbICOKOM
KO/IMYecTBe. B 3aBUCHMMOCTH OT ypOBHsI OHoreHe3a
rpaHys1 CPA3 MoskeT 3aHMMarth LjeHTpa/IbHYI0 00/1acTh
rpaHyJ/i, Wik OBITH B BU/Ie KOJIbIlA 110 niepudepun
(puc. 1-3). B mobom ciyyae HeOOXOAUMO OTMETHTb,
uTo Konokanm3auss MC—CPA3 B rpaHynax ¢ ApyruMu
crierrueCKMMU pOTea3aMu IPOUCXOAUT C BHYTPEH-
Hel CTOPOHBI IPaHy/Ibl, MHOI/A 3aHUMasi BCIO IJIOLIA/lb
TIpU rpaHy/ax HeOOobIINX pa3MepoB (puc. 3).

C TOUKM 3peHUsI 3/IeKTPOHHOW HMMYHOTHCTOXU-
MHH [IPOBO/JM/IACh OL|eHKA JIOKaIu3aluu crenudu-
yeCKHX TIpOoTea3 B rpaHy/iaxX Ty4uHbIX KieTok [110,
111]. TK myko3Ho#t cybrnionynsiiyu (c sKcripeccueit
TpUITasbl) 06/1a/jany rpaHy/iaMu «CBUTKOTIOZ00HOTO
YABTPacTpyKTypHOro ¢eHorumna» [112]. B sTom ciyuae
B IpaHy/iax UeHTU(ULIMPOBAIUCh TOXOXKME HA «CBUT-
KW» OJJHOHAIIpaB/leHHble KOHLIEHTPUUeCKUe M/1aCTHHBbI,
B HEKOTOPBIX C/IydasX OKpY’Karollye «siJpo» IpaHy-
761 [110]. B coeaunuTenbsHOTKaHHOM cyonomnysiipn TK
C O/THOBPEMEHHOI SKCIpeccreil TPUITas3bl U XUMa3hbl
rpaHy/ibl UMeJu CrieliuUUYHbIN yIbTPaCTPYKTYPHbIM
(heHOTHIT C MajIbIM KOJIMYECTBOM CBUTKOB U aMOP(hHOM
LieHTpasIbHOM 06/1aCThI0, OKPY)KeHHOM Mapa’iieNbHbIMUA
TIaCTUHOTIOA00HBIMU CTPYKTYypamu [112]. B 3aBucu-
MOCTH OT CTeIeHH 3pe/IOCTH, LieHTpaslbHasi 30Ha TaKKX
rpaHyJ MOIIa COZlep>KaTh 3/1eKTPOHHO-IIJIOTHBIN MaTe-
puas B BUJie pelleTKH, a TakKKe OJHO UM HeCKOJIBKO
amop(HbIX 06/1acTeli C BbICOKOW KOHTpPAacTHOCTbIO [111].
BwmecTe C 3TUM U3BeCTHBI JaHHbIe O BO3MOKHOCTHU
KOHTYPHUPOBAHUsI 3/1eKTPOHHOIIJIOTHBIX 00pa3oBaHuit
B pa3/IMYHbIX BapUaHTaX, BK/IHOUasi, TOMUMO CBUTKOB,
KpHCTa/bl, OyCHHBI U HUTeBH/IHBIe 0Opa3oBaHus [67,
113]. OueBHAHO, UTO AAaHHbIE CTPYKTYPhl MOTYT OBITH
00yc/IoB/IeHBI B3aUMHBIM pacrosiokeHnem CPA3
C TPUIITa30l M XMMa30M, a Takxe Apyrumu npedop-
MHPOBaHHBIMY KOMIIOHEHTaMHU CeKpeToMa. B panee
BBINO/THEHHBIX paboTax MoKa3aHo MPUHLIMITHAIbHAS
BO3MOKHOCTb cosniokaau3aruu CPA3 ¢ xumaszoi, Tpuri-
Ta3oM U KarencuHoMm G [112].
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Puc. 3. MHTparpaHynspHas nokanusaums CPA3 1 TpuNTasbl B Ty4UHbIX KNeTKax MenaHoMbl KOXU; (@) - onyxonesoe
MUKPOOKPY>XXeHWe, TeCHas conokanuaaumns Tpuntasdbl 1 CPA3 B rpaHyfax TY4YHbIX KNIETOK, HaCTb KOTOPbIX CeIEKTUBHO
COCpeAoToYeHa B 06/1aCTV KOHTaKTa C SAPOM CocefiHen KneTkn (ykasaHo CTPEenKoin); (6) - 06LLmit BUI TYYHOM KNETKM,

accoumMmMpoBaHHON € ONyXonbto, TpunTasa u CPA3 cONoKannM3oBaHbl B OOAHWX U TeX e rpaHynax TK, pu 3TOM B 3perbIx
rpaHynax CPA3 pacnonaraetcs KHyTpv OT TpMnTa3sbl (YKa3aHo CTPenikon); (B) - aCCOUMMPOBaHHast C OMyX0/bko Ty4Has KneTka
BbITAHYTOM GOPMbI, B KOTOPOI NpucyTcTBYOT CPA3 rpaHysbl 63 TpunTasbl (ykasaHo CTPESKOM) U ¢ TpUnTasoi (ABoiHas
CTpenka); MaclTabHas wkana: 6 — 1 MKM, ocTasibHble — 5 MKM

Fig. 3. Intragranular localization of CPA3 and tryptase in mast cells of skin melanoma: (a) -tumor microenvironment, close
co-localization of tryptase and CPAS3 in mast cell granules, some of which are selectively concentrated in the area of contact with
the nucleus of a neighboring cell (indicated by an arrow); (6) - general view of a mast cell associated with a tumor, tryptase and
CPA3 are co-localized in the same MC granules, while in mature granules CPA3 is located inwards of tryptase (indicated by an
arrow); (B) - tumor-associated elongated mast cell with CPA3 granules without tryptase (indicated by an arrow) and tryptase (a
double arrow); scale: 6 — 1 um, the rest - 5 um
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B nuHum Mbieit ¢ Hokaytom reHa CPA3 nedekTsl
rpaHy/ He OB BHISIBJIEHBI HA y/IBTPACTPYKTYPHOM
YPOBHe, 0/lHaKO Ha0/to/janack MOBbIIIIeHHast paCTBO-
pUMOCTB npoTeornvkaHoB rpanyn TK [104]. Bo3mox-
HO, uTO oTcyTcTBUe CPA3 NpUBOAMIO K U3MEHEHUO
MPOCTPAaHCTBEHHOW KOH(UTypaluU CepriauljuHa
co crel(puuecKMU NpoTea3aMy TyUHbIX KJ/IeTOK,
Y, KaK CJIe[[CTBHe, U3MEHEeHUIO0 TMCTOXUMUYEeCKOTO
OKpallMBaHWs FPaHy/L.

OpHako BONpOC O MOMEKY/ISIPHOM JI0KaIUu3aLuu
rpoTeas B BU3ya/IM3UPyeMbIX Y/ITPAaCTPYKTypax IPaHyJl
C/leflyeT CUMTaTh OTKPBITBIM, TIOCKO/IBKY C MOMEHTa LH-
TUPYeMbIX Pe3yJIbTaTOB 3/1eKTPOHHOMUKPOCKOIIYe CKUX
WCC/IeIOBAaHUM K HACTOSILLIEMY BPeMeHU U3MeHUach
KaK TeXHHUKa ITpoOOIoAroTOBKY, TaK U TeXHOJIOTUU
Mukpockorvu [114]. CtpykTypa rpaHysn OyzeT orpege-
JIITBCS CTEeTIeHbIO 3Pe/I0CTH, aKTUBHOCTBIO BK/IFOUEHHS
KOMITOHEHTOB CeKpeToMa, 3Taramy (pOpMHUpPOBaHUS
cneli(ruecKux rpoTeas, a TakKe UHTeHCUBHOCTBIO
CeKpeTOPHBIX TyTel, KoTopasi OyzieT onpeensiTbCs
COBOKYITHOCTBIO 3HAYMMBbIX BHYTPUK/IETOYHBIX U 3KC-
TpaL|e/UTIOJISIPHBIX CUTHAJIOB.

AcnexTtsl conokanusauuu CPA3 ¢ gpyrumu
KOMITOHEHTaMH TPaHy/ TyUHbIX K/IeTOK MOTYT OBITh
rcyeprblBarolle 0XapakKTepyu30BaHbl IPY UCII0/Ib30-
BaHWUU TEXHOJIOTUY MYJ/IbTUI/IEKCHOM UMMYHOTIMCTO-
xumuu [109]. Haim ucciegoBaHus ToKas3aJjiu, 4To
MpOTeasbl MOT'YT HAXOAWTCS KaK B Pa3HbIX I'PaHy/Iax, Tak
Y B OJJHUX U TeX ke, 3aHMMasi CXOZHbIe JIOKYChbl B UHTP-
arpanysisipHoM Marpukce (PucyHok 3). CooTHoIIeH e
TYYHBIX K/IeTOK C UMMyHOo(eHoTtunamu CPA3"Tr"Ch’,
CPA3'Tr*Ch™ unu CPA3*Tr Ch* B opranocnenyhuyHomi
TIONYJISIL{MU Y OL[eHKa aKTUBHOCTHU cekpeLun CPA3 nme-
eT Ba)KHOe 3HaYeHue [IJIsl OTpe/ie/IeHUs] COCTOSTHUS TKa-
HEeBOT0 MUKPOOKPY)KeHHs1, 00/1a/jast AUarHOCTHYe CKOM
3HAYMMOCTBIO KaK a/JaliTUBHBIX, TaK W 1aTOJIOrMYeCKUX
usmeHenwmii [10, 109, 115]. Kpome Toro, Ha ypoBHe
otziesibHO B3aToM TK C/1elyeT yuuThbIBaTh JI0Ka/IU3aLI0
KapboKkcunenTyasa-ro3UTHBHBIX I'PaHy/l, KOTOpbIe
MOT'YT pacrosararbCs NepuHyK/eapHo, 3aro/HATh BeCh
00beM LIMTOIIa3MbI C Pa3/TMYHOM CTeNeHbI0 IIOTHOCTH
pacriosioykeHust MO0 3aHUMATh repudepruuecKoe moJso-
JKeHHe, JIOKa/IM3ysiCh B IlepUIia3MaeMMHOM 00/1acTu
(puc. 2). [Ipu 5TOM B C/Ty4yae Halmu4usl y TYYHOU K/IeTKU
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BBITSIHYTOM LIUTOTI/Ia3MbI ee Oe3bsiZiepHasi 4aCTh MOYKET
HarlOMMHAaTh OTPOCTOK, B KOTOPOM TakKe COXpaHseTCsl
nepudepuyeckas JoKaau3auus rpadys. [laHHas 3aKo-
HOMepHOCTh ObuTa 06HapykeHa ¥ B TK mipy MacTonu-
To3e [109]. JanbHelliee ncceoBaHie MOEKY/ISIPHOM
MOpP(ONOTUU UHTPArpaHy/IspHON cookanu3aiiu CPA3
C IDyTMMU KOMITOHEHTaMH1 CeKpeToMa C OOJIBbILOH /1071ei
BEPOSITHOCTU MOXKET MPUBECTH K BepU(HKALMX HOBBIX
IUarHOCTUUEeCKMX MapKepoOB, BK/IKOUasi COLIMAaTbHO
3HauKMMbIe 3a00/IeBaHMUSI.

MoskHo ripenonoxuTh, uto CPA3 HeobxoarMa
[Jis1 OroreHe3a Kak TPUMTa3bl, TAK U XMMa3bl TYUHBIX
KJIETOK. B TO >Ke Bpemsi HeT yBepeHHOCTU B TOM, UTO
MMMYHOTMCTOXMUMHUUECKOe OKpalllMBaHUe YUUTbIBaeT
BeCh 00beM MOMNyJISUN TYYHBIX KJI€TOK B OpraHe.
B uvactHOCTH, B 5KCIIepUMeHTax Ha KpbICax C OMOLLbIO
KOMOWHHMPOBAHHOTO TMCTOXUMHUYECKOTO TIPOTOKOJIA
MbI [IOKa3a/u, YTO M0 NMPU3HAKY MeTaXpoMa3uu MOXKET
BBISIB/IATHCS OOJIbIlIee OOJIbIIIOe KOJTMYEeCTBO TYUHBIX
KJIETOK B KOKe. JTO M03BOJISIET CUUTATh, UTO OO Ty/T
TK B opraHe MOXeT yCKOJIb3aTh OT BHUMAaHUs UCCIIeZ0-
BaTeJieid, ec/ii OHU OMMPAIOTCS TOJBKO Ha COZiepKaHre
OJHOM 13 crieliuuueckux npoteas [91].

OcobenHocTbto, KoTopast otinyaetT CPA3 ot dep-
MEHTaTUBHBIX aHA/IOTOB KapOOKCHUITeNTH/IA3 B MOZpKe-
JIyJOUHOU >KeJie3e, SIB/JISIETCSI BBICOKOE COZleprKaHue
T0JIOXKUTEJIbHO 3apsKeHHbIX aMUHOKHUCJIOTHBIX OCTaT-
KOB. DTO MOXKET Omocpe/ioBaTh B3aumojeiicteus CPA3
C OTpULATe/IbHO 3apsPKEeHHBIMHU TTPOTeOrTMKaHaAMU
CepI/IMLIMHA B KOMIJIEKCe C reflapuHOM WJIM XOHJPO-
WUTUH-CY/Ib(aToM, KOTOpPbIe B OOJIBIIIOM KOJIMUYECTBE
MPUCYTCTBYIOT B CeKpeTOpHbIX rpanynax TK [116].
Brisa nokaszaHa BeicoKasi ahuHHOCTD cBsizu CPA3
C rerapuHoOM, TPYU 3TOM UMEIOTCS1 JaHHbIe 00 OT/IMUUU
KoMmIieKcoB rernapuda ¢ CPA3 u xvma3ol OT rerma-
PUH-TpUNTa3HbIX KomIuiekcos [110, 117]. Kpome Toro,
BO3MOJKHO, UTO T10CJ/Ie fAerpaHynsanuu xumasa u CPA3
HEKOTOpOe BpeMsl MOT'YT Y/ep’KUBaThCsl Ha MOBEPX-
Hoctu TK [118].

YeTKHe OKa3aTe/bCTBa HEOOXO[MMOCTH TeriapuHa
B pery/IMpoOBaHUM HakoruieHus U xpaHeHusi CPA3 Obuti
MO/IyYeHbl 10C/Ie SKCIIepUMEeHTOB 10 MHAKTHUBAL[UU
reHa KiroueBoro epmeHTa B 6rocHHTe3e rernapu-
Ha— N-geatjetusassl/N-cynbdorpaHcdepasbi-2 [119,
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Puc. 4. . Mopdonorndeckme skBMBaneHTbl CEKPETOPHbIX MyTein CPA3-MO3UTUBHbBIX TY4HbIX KNETOK: (a,6) — TOH3MNa,
CMeLLaHHbI 9K30LMTO3 CPA3 ¢ BEPOATHBIM y4acTUEM MeitCMeKepHON aerpaHynsaumy; (B) - MenaHoma KOXu, BbICOKOe
coaep>kaHwve ak3ocoM B CPA3+ TyuHol KneTke; (r-a) — TOH3uNa, Mopdosiormyeckme aKB1BaNeHTbl HanpaBIeHHOW cekpeLmnm
CPA3 k coceH1M KIIETKaM MEXaHW3MOM 9K30LMTO33; (€, )K) — KOyKa, COBMECTHbIN 9K30UMTO3 ABYX TK CPA3+ CEKpeTopHOro
MaTepuana no HanpasneHuto aapa drépobnacTa (yKasaHo CTPENKOI) U KOSIareHOBbIX BOTIOKOH (ABOVHas cTpesika); (3-

1) — TOH3UNA, HavanbHas (3) 1 nocneaytowas (M) cTagum AerpaHynaLnMm TyYHbIX KIETOK MEXaHN3MOM 9K30LMTo3a (YKa3aHo
cTpenkoi); (k-n) - Koya, akTUBHbI 9K30LMTO3 CEKPETOPHbIX FPaHysT BO BHEKIIETOUHBIV MAaTPUKC C hOPMMPOBaHMEM JTOKYCOB
TKaHEBOIO MUKPOOKPYXKEHUST C BbICOKMM cofiepykaHneM CPA3+ rpaHyn (ykasaHo CTPENKoi), Mophoornyeckme sKBMBaneHTbI
OTLUHYPOBKM MaKpOBE3MKyYJbl OT MaTepuHckol CPA3+ TK (yka3aHo CTPenkoi)

Fig. 4. Morphological equivalents of secretory pathways of CPA3-positive mast cells: (a, 6) -tonsilla. Mixed exocytosis of CPA3
with probable involvement of pacemaker degranulation; (B) - skin melanoma, high content of exosomes in CPA3+ mast cell; (r-
n) — tonsillar, morphological equivalents of CPAS3 directed secretion to neighboring cells by the mechanism of exocytosis; (e, ) —
skin, co-exocytosis of two CPA3+ MC of the secretory material in the direction of the fibroblast nucleus (indicated by an arrow)
and collagen fibers (a double arrow); (3-1) — tonsillar, the initial (3) and subsequent (1) stages of mast cell degranulation by the
mechanism of exocytosis (indicated by an arrow); (k-n) — skin, active exocytosis of secretory granules into the extracellular
matrix with the formation of tissue microenvironment loci with a high content of CPA3+ granules (indicated by an arrow),
morphological equivalents of the macrovesicle detachment from the maternal CPA3+ MC (indicated by an arrow)
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120]. ¥ Takux >KMBOTHBIX NTPAaKTHUUeCKH MOTHOCTbIO
orcytctBoBas 6esiok CPA3, HeCMOTpSsI Ha TofiJiep>KaHye
BBICOKOr0 ypoBHs cooTBeTcTBytoLeld MPHK. TTokasaHo
Ba)KHOE 3HaueHue rerapyHa U CepryivLivHa JJis XpaHe-
Hust CPA3[79, 81, 120].

CekpeTtopHble nyTn CPA3

Mo>KHO TpeArnon0XuTh, UTO XpaHeHne CPA3
B aKTHBHOM (popMe, FOTOBOM [i/1s1 peaau3aliuu (pusu-
osioruueckux 3¢ dexToB, o3BosiseT TK ripakTuuecku
MOMEHTaJIbHO UCII0/b30BaTh ee (pepMeHTaTUBHbIM I10-
TEHLIWAJT TP Pa3/IMYHbIX C110Cc00axX CeKperyu, BKIFOUast
NeiicCMeKepHYIO JlerpaHy LU0, MexaHn3M «kiss-and-
run», CMellaHHbIA 5K30LMUTO3 U Jp. (CM. puc. 1, 4).
ITpu BeicBOOOXKJeHNHM CPA3 13 UHTparpaHy/IsipHbIX
JIOKYCOB XpaHeHUs B SKCTpaLle/I/TFO/ISIPHbINA MaTPUKC
coxpaHeHHe ee OMOIOrMUeCKOM aKTHUBHOCTH MOXKET
3aBUCeTb OT CBsI3el C rernapuHOM, 3allMIalLAM
OT J1eHCTBUSI SHJOTeHHBIX MHTHOUTOPOB. OUYeBHHO, UTO
crioco6b cexkperyiv CPA3 Bo BHEK/IETOUHBIN MaTPUKC
orpeziefsitoT 0CoOeHHOCTH ee bronoruueckux 3¢hekToB
Ha CTPYKTYPbI U KJIeTKU TKAHEBOI'O MUKPOOKDYKEHHUS.
[Tpu HeoO6XOAUMOCTH MO/ ep>KaHHsI OTpe/ie/IeHHbIX
koH1eHTpaluii CPA3 Bo BHEK/1IeTOUHOM MaTpPHUKCe ee
OTipe/ie/IeHHbIM YPOBEHb MOXKET CO3/iaBaThCsl (POHOBOU
ceKkpellyeii TipoTeasbl C OMOIIIbIO TTOCTerleHHOW (Wiu
neiicMekepHoii) ferpanyasaguu TK (cMm. puc. 1).

AKTHUBHOCTb MelicMeKepHOU CeKpeluu oripe-
JleisieTcsl Cy1eCTBYIOLMMU B HACTOSLLUA MOMEHT
CTUMYJIaMH BO BHEKJIETOYHOM Cpejie /ISl 1OCTUKEHUS]
orpeZiesieHHbIX (poHOBBIX 3HaueHUi CPA3 Bo BHeKJIe-
TOYHOU cpefie. be3yc0BHO, 3TH 3HaUeHHs ropaszio
HIDKe 110 CPaBHEHHIO C YPOBHSIMH, He0OX0JUMBbIMU
J/1s1 peanu3aliii BPOXK/IeHHOTO UMMYHHUTETA, OJHaKoO,
OYeBH/IHO, OHM BHOCAT CBOW BK/aZl B (pOpMUpOBaHUe
o0111eli pe3ruCTeHTHOCTH OpPraHU3Ma 0 OTHOIIEHUIO
K HEKOTOPBIM BbI30BaM. MexaHU3Mbl «Ue/THOUHOMN»
CeKpeL|H CBsI3aHbI C TporjeccaMu 060cob/eHust OT Ma-
TepPUHCKOM I'paHy/ibl MUKPOBE3UKYJI, pa3Mep KOTOPbIX
coctassisieT oT 30 710 150 HM [121]. MUKpPOBe3UKYJIbI
MOT'YT cofiep>kaTh HeboibIle KoJIMuecTBa poTeas,
MPOTEOIVIMKAHOB U JIPYTUX MeUaToOpOB, MpeJHa3Ha-
YeHHBIX /IJIs1 CeKpeLuH 3a rpegebl MaTepuHcKoil TK
JI7IsT cesieKTUBHBIX 3(h(heKTOB Ha KOMITOHEHThI Crieludu-
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YeCKOro TKaHeBOr0 MUKPOOKpY»keHuUs. IToka3aHo, uTo
B MeXaHH3Max MelicMeKpeHOU ZierpaHy/Isiiuy KroueBoe
3HauyeHue BBITIOMHSIOT Be3uKyssipHble berku (v-SNARE)
u Gesiku mpuHKUMarolteli opranesuisl (t-SNARE), oGe-
CreYuBaroLyie TPaHCIIOPT MUKPOBEe3UKYJI B LIUTOILIa3Me
TK, a Takke cusiHAe C JPYyTMMA MeMOpaHHBIMHU Op-
raHe/yIaMy WM TJla3MaThue CKOW MeMOpaHoii [122].
Hecmotps Ha TO, UTO UHTEHCHBHOCTb MOCTENIEHHOMN
JlerpanysisiLiuM ¢ BopieueHreM CPA3 MOXXeT MeHATbCI
B COOTBETCTBHU C CYIL[eCTBYIOIMMHU TTOTPeOHOCTIMHI
TKaHeBOro MUKPOOKpY»xeHus [70, 78; 123], B epByto
ouepe/ib JaHHbIN CeKPeTOPHbBIM MyTb UCIOIb3YeTCs
[J1s1 OpraHu3alliy BbIBe/IeHUs B SKCTpaLle/UIFO/SIPHbII
Marpukc Hebombumx komuects CPA3 (puc. 1, 4 a, 6).
Kpowme Toro, QpyHKLMOHa/IbHBIN NTOTEHLMal Neicme-
KepHOM JlerpaHy/siLiuy UCT0Jb3yeTcsi B 00ecriedeHun
B3auMozelicTeust TK BHYTpU opraHocrnelupuyHou
MONYJ/ISILMH, U B HEKOTOPBIX C/1y4asiX aCCOLIMUPOBaH
C pa3BUTHEM [1aTOJIOTMH, B TOM YHCJIe a/lylepryuu, BoC-
rajieHuy, oHKoreHese u zip. [70].

Cekpenyst CPA3 ¢ moMolLibI0 reiicMeKepHou Jie-
TPaHY/SILUA MOXKeT ObITh MPeBaMPYIOIIUM MeXaHH!3-
MOM B TYuHBbIX KjleTKax. [Ipu sToM orcyrcrBue CPA3
B rpaHy/laX MOYKeT BbI3BaTh OLIMOOYHOE TIpe/iCTaBIeHe
00 ypOBHe 3KCIpecCuu JaHHOM TpOoTeasbl B TYUHOU
Kietke. [ToqoOHOe MHEHMeE BLIPayKarOT aBTOPBI O OHO-
reHese CPA3 B TyuHBIX KJ/IeTKax JIeTKUX, B KOTOPBIX
cekperusi CPA3 npeamonokuTebHO MPOUCXoauia 6e3
xpaHeHus B rpaHy/ax [20]. CekpeTopHble yTy npe/jBa-
pUTENbHO C(HOPMUPOBAHHBIX KOMIIOHEHTOB CEKpeTOMa
TYUHBIX KJIETOK C TOMOLLbI0 He-IgE-onocpeoBaHHbIX
MeXaHH3MOB LLIUPOKO UCIOJIb3YIOTCS TYYHBIMU KJ/leTKa-
MU B OTBeT BO3/eliCTBHe NH(EKLIMOHHbIX areHTOB, TOK-
CUHOB, TOPMOHOB, a/JapMUHOB, a TAK)Ke [IPU U3MEeHeHN!
rlapaMeTpOB UHTeT paTUBHO-OydepHoit MeTabonuuecKon
CpeJibl TKAHEBOTO MUKPOOKpPY>KeHuUs [2].

JlpyruMm BapraHTOM CEeKpeTOPHBIX IyTeil Meu-
atopoB TK siBnsiercsi MexaHusMm «kiss-and-run» [78]
(puc. 1). B HeKOTOPBIX MCC/IeJOBAHUSAX Obl/Ia MOKa3aHa
BBICOKAs1 YaCTOTa UCI0/Ib30BaHUS JaHHOTO MeXaHW3Ma
A1 cekperuu [124]. TIpu 5ToM cekpeTopHasi rpaHy-
na TK nokanusyeTcst B TiepuIljia3MasieMMHOM 00/1a-
CTH, COTIPUKACAETCs C Tla3MaThyeckoil MeMOpaHoi,
1 oOpasyeT BpeMeHHYI0 1opy. B 3ToT MoMeHT uepe3
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Puc. 5. MicToTonorpadudieckmne 0cobeHHOCTY pacnpeaeneHns CPA3+ TyuUHbIX KNETOK B OpraHax.: (a) — ToHauna, nokanmnsaumna CPA3+
TK B niMdomaHoON TkaHK (YKasaHo CTPenkom) 1 cTpoMe (YKa3aHo ABOVIHOM CTpesnkol); (6, B) — TOLLasA KULLKa, pacnpeaeneHie TK B
CTPOME BOPCUH (6 — yKasaHO CTPENKOM) U MEXKPUNTaNbHOM CTPOME COBCTBEHHOW MNACTUHKM CIM3UCTON 060MOUKN (B — yKa3aHo

CTPENKON); (r) — ToH3unna, TK B Tskax MMOOMAHON TKaHK; () — Tolana K1LLIKa, B3aumoaegicTame TK ¢ NOKPOBHbIM SMUTENEM
COBCTBEHHOM MACTVKe CIM3UCTOM 060M0UKY; (€—1) — XKenyiokK, conokanuaaums TK ¢ MOKPOBHBIM SMUTENMEM CIIM3UCTON 060104KN
(e), ragKUMmM MUOLIMTaMU B MbILLIEYHOM CII0€ (3K), KENE3UCTbIM SMUTENIMEM COBCTBEHHOM MNACTUHKYM CIIM3UCTON 0BOMOUKN
(3), NepuHeBpYEM NoACAN3NCTON 06oN04UKK (M); (K, 1) — KOYKa, Kanunnsipbl B AepMe KoK (YKasaHbl cTpenkoi) n CPA3+TK,
OKPY>KatoLLIast OfvH 13 HKX (yKasaHo CTpenkoi), (K) — conokanuaaums TK co CTpoMaribHbIMK KNETKaMU, O4eBUHO, UTO KIMA3 MoxxeT
BO3[EMCTBOBATb Ha HECKOJIbKO KITETOK OIHOBPEMEHHO, BKITHo4Uast hrbpo6nacT (0603HaYeH CTPESKOMR) M UMMYHOKOMMETEHTHYHO
KneTKy (ykasaHo [BOMHOM CTpenkow); (M) — Tolas Kuluka, B3aumoaencTamne CPA3+ TyYHOI KIETKM C aKTUBMPOBaHHbIM JIMMMOLMTOM
(ykasaHo CTpenkoi); (H—m) — MenaHoMa Koxw, conokanmaaLms TK ¢ hrepo61acToM (H), BOSIOKHUCTbIM KOMIMOHEHTOM (0), U
aMOPMHBIM KOMMOHEHTOM BHEKIIETOYHOIO MaTpUKCa; MacLUTab: a—8 — 100 MKM, oCTaslbHble — 5 MKM

Fig. 5. Histotopographic features of the CPA3+ mast cell distribution in organs: (a) — tonsillar, localization of CPA3+ MC in lymphoid
tissue (indicated by an arrow) and stroma (indicated by a double arrow); (6, B) — Jejunum, distribution of MC in the stroma of villi
(6 — indicated by an arrow) and the intercryptal stroma of the lamina propria (8 — indicated by an arrow); (r) - tonsilla, MC in the

cords of the lymphoid tissue; (1) — jejunum, MC interaction with the integumentary epithelium of the proper mucosal plastics; (e-1)
- Stomach, MC co-localization with the integumentary epithelium of the mucous membrane (e), smooth myocytes in the muscle

layer (), glandular epithelium of the lamina propria (3), perineuria of the submucosa (); (k, n1) — skin, capillaries in the skin dermis

(indicated by an arrow) and CPA3+ MC surrounding one of them (indicated by an arrow) (k), MC co-localization with stromal cells, it

is obvious that CPAS3 can affect several cells simultaneously including fibroblast (indicated by an arrow) and an immunocompetent

cell (indicated by a double arrow); (M) — jejunum, interaction of CPA3+ mast cell with an activated lymphocyte (indicated by an
arrow). (H-n) Skin melanoma. MC co-localization with fibroblast (H), fibrous component (0), and an amorphous component of the
extracellular matrix; scale: a-8 — 100 ym, the rest - 5 um
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COyCTbe C MEeXXKJIETOYHBIM MaTPUKCOM BO3MO’KHA
cekpeLysi IpoTeas y pyrux MenuaTtopoB, KOTOpbIe
MOTYT OKa3biBaThb CBOU (pu3rosiorudyeckue 3pPeKTobl
B MeCTe JlerpaHy/isiLiiu, IIpU 3TOM peCypc MeAaTopoB
CeKpeTOpHOMI rpaHy/ibl coxpaHsieTcs. BeposTHo, uTo
TIPY TAaKOM Criocobe [ierpaHy/isiLiii BO3MOXXHO OoJiee
WHTeHCUBHOe BbiBeZieHe CPA3 3a eluHULy BpeMeHH.
VimeroTcst Mopdosioruyeckue CBUAETeNbCTBA
0 BO3MOYKHOCTH UCII0/Ib30BaHUS B CEKPETOPHBIX MYTSIX
CPA3 TK MOneKyssipHOro MexaHu3Ma TPaHCTpaHyJisi-
uuu (puc. 1). [Ipy conokanu3aLuu C pyruMu KaeTKaMu
B TIPWJIETAOIL[eM JIOKYCe T/Ia3MaTHueCKoi MeMOpaHBI
TK dhopmupyroTcss MUKPOBBITITUUBAHMS, KOHTAKTH-
pyoLLMe C Ijia3ManeMMon Apyrou KiaeTky. OnucaHa
TpaHcrpanyasius mexay TK u ¢ubpobaacramu,
9H/I0Te/TMeM KarwisipoB U HelipoHamu [70]. MoxHO
WHTEepPIIPeTUpOoBaTh UHAYKTUBHOe BivsaHue CPA3 mipu
nipuiexxaHu TK K Jpyrum KiieTKam ¥ BHEK/IETOUHbIM
CTPYKTYypaM crielji(hrueCcKoro TKaHeBOro MUKPOOKpPY»Ke-
HU$1, BK/TFOYasl UMMYHOKOMITETEHTHbIe K/IeTKHU, SITUTe/THH,
ripesctaBuTesield pubpobaacTrueckoro auddepoHa,
KOJIJlareHOBbIe BOIOKHA U T.71. [125] (puc. 5).
dopmupoBaHUe 3K30COM Ipe/CTaBsieT CO00it
Ba)KHBIM MeXaHU3M 110 peasn3aliy O61MoIorunyecKux
3¢ dekToB crielupryeCcKUx rMpoTeas TyUHbIX KIeTOK
Kak B (PM3MOI0OTUYECKHX YC/IOBUSAX CeKPeLUH, TaK
Y MIaTOJIOTUUeCKUX COCTOSTHUSIX aKTUBAL[MK JleTpaHyJisi-
uu [70, 92, 93, 126] (puc. 1). CocTa npofyLMpyeMbIX
sk3ocom B TK siBnsieTcst maacTUYHBIM MTapamMeTpoM
Y MOXKET CyIL|eCTBEHHO U3MEHSTHCS B 3aBUCUMOCTH
OT KOHCTUTYTUBHOM CEKpeLU WK CTUMY/IMPOBaHHOM
JlerpaHyJ/IsiLiuM, BbI3BAHHOM Pa3/IMUHbIMU [TPUUYKHA-
mu [93, 101]. B sK30Cc0Max MOTYT COJepKaThCsl pas-
ymunble BUAbl PHK, Bkmtouass MPHK n Mukpo-PHK,
(haxkTop HeKpo3a onyxosu anbga 1 Jpyrvie KOMIOHEHTbI
CeKpeToMa, KOTOpble MOT'YT I0/IBePraroTcs TpaHchepy
B apyrue TK, a Take B ipyrvie UMMyHOKOMIIETEHTHbIE
Y CTPOMaJIbHble KJIeTKU B 30He NapaKpUHHOTO B/IUSHUS,
oKasbiBas criefjuduueckre 3¢PeKTbl Ha MpoLiecChbl
Pa3BUTHSI, MUTPALNU U OMOCUHTE3a LINTOKWHOB, Xe-
MOKHMHOB U (hakTopoB pocTa [126]. Bo3aMo)XHOCTB
mubepanusanuu CPA3 u3 TK B cocTraBe 3K30C0M
CYLL[eCTBEHHO pacCIIUpsieT PeryasiTOPHbIN MOTeHLa
MpOTeasbl 110 OTHOLIEHHUIO K K/IETOUHBIM U HEKIeTOYHBIM
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KOMITOHEHTaM CrieLu(pryecKoro TKaHeBOro MUKPOOKPY-
>kenust [93]. B cuy M3BeCTHBIX KOMILJIEKCOB XMMa3bl
¢ CPA3 Brio/iHe BO3MOKHa CeKpeLusi Moc/ieiHel C To-
MOLL[BIO 5K30COM. PasnnuHas crernieHb BOB/IEUEHHOCTH
9K30COMaJ/IbHOI'O MeXaHu3Ma B ceKpeTopHsble Iyt CPA3
TK nogTBep>xpaeTcs pe3y/bTaTaMyd MYJIbTUTIIIEKCHOTO
MMMYHOTMCTOXMMUUECKOTO OKpallMBaHus (PUC. 4B).
B HekOTOpBIX C/yuyasix Ajsi UHTEHCU(UKALUU
noctyrnaenuss CPA3 TK Bo BHeK/1€TOUHbIN MaTPUKC
MOTYT OBITh UCITOJIb30BaHbI MEXAaHU3MBbI CEKPeLUr
OT/ZIe/IbHBIX IPaHy/l UK OT/Ae/bHBIX (PparMeHTOB LIUTO-
mna3mbl TK— «makpoBe3sukyn» (puc. 4 r-n) [70; 82, 83,
127]. auHble criocobbl cekpeTopHOH AesiteibHOCTH TK
TIPUBOJAT K OPMHUPOBAaHUIO 060COOIEHHBIX CTPYKTYD,
o0afjaroInx CBOMCTBAaMU aBTOHOMUU M TEM CaMbIM
TPeZICTaB/ISATh COO0W BAPUAHT PACLIMPEHUs pear3aliu
noreHLManbHbIX 3¢ dekToB TK Ha paccTossHUM, 3HAYM-
Te/IbHO TMPeBbIIAIIMM 00/1aCTh PaCIIPOCTPAHEHUS
rapakpyHHbBIX 3¢ deKToB. B psifie ciiyuaeB CTaHOBUTCS
0ueBU/THOM HampaB/ieHHast cekperusi CPA3 B HampaBiie-
HUU Si7IEPHBIX CTPYKTYP APYTHX KJieToK (puc. 4 r-x). Vc-
cnenoBanre CPA3 B JaHHOM acrieKTe MpefCTaB/sIeTCs
0Cc06eHHO MHTePeCHBIM TI0C/Ie OTKPBITHS CIIOCOOHOCTH
TPUITa3bl OKa3bIBaTh Pery/saTOpHbIe 3(P(eKThbl Ha TUCTO-
HBI s1/Iep ¥ TeM CaMbIM B/IMSATH Ha NPo/idepaTuBHY0
aKTUBHOCTH KJ1eTok [128-130]. Tem Oosnee nmeroTcs
yeTKHe MMMYHOTHCTOXMMHUUYEeCKHe JoKa3aTebCTBa
cosiokanu3auuyuy TpunTassl 1 CPA3 nipy HarpaBieHHOM
CeKpeLH MpoTeas K siipaM Ipyrux KaeTok (puc. 3a).
Opnako 3HaueHre CPA3 B JaHHOM SIBJIEHUH ellle Mpej-
CTOUT BBbISICHUTB. VIHOT/]a BC/IeAICTBUE aKTUBHOM Jlerpa-
Hynstyn TK CPA3+ cekpeTOpHBIe FpaHyJIbl COAEPKaTCs
B BBICOKOM KOJTMUECTBE B 30HaX CEeKPeLMd TKaHEeBOTO
MHUKDPOOKpY>KeHust (puc. 4 e, K). Takol criocob cekpe-
11K, C OJHOM CTOPOHBI, TI03BOJISIET He TOJbKO CO3/laBaTh
BO BHEKJ/IETOYHOM MaTpHKCe 3HAUMTe/IbHbIe KOJIMUeCTBa
CPA3 TK B cocTtaBe rpaHys Ui ¢pparmeHTax LIUTO-
J1a3Mbl, HO ¥ ()OPMUPOBATh YC/JI0BUS MMPOJIOHTaLn
KOOpAUHUPYHoLLel fedaTeibHOCTU TK B OTHOILIEHUM
HEKOTOPBIX CTPYKTYp [67, 131]. Mbl Habatoganu
obpa3oBaHue 10BOJTbHO OOIIMPHBIX WH/YKTUBHBIX
rosieli ¢ BbICOKOM KoHIeHTpalueit CPA3, B uacTHOCTH,
y Nal[MeHTOB C MeJIaHOMOM B KOXKe W/IU B TOH3WJI/Ie
TIPU XPOHWYECKOM BOCHa/eHuu (puc. 4 K,/1). YibTpa-
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MUKPOCKOIIUUeCKKe CBUeTeNbCTBa pucyTcreus PHK
¥ pubOCOM B COCTaBe CeKPETOPHBIX IPAHYJI AOIMYCKAIOT
MPO/I0/DKeHHe GMOCUHTEeTUYeCKON aKTUBHOCTH U TIOCTIe
Bbixozia u3 ruroriasmbel TK [106, 107]. TTo cpaBHeHuUt0
C OTJebHBIMUA IPaHy/aMU (PparMeHThI LIUTOI/Ia3Mbl
TK M0)KHO paccMaTpMBaTh Kak MpoJioHranuio 3ddek-
TOPHOTO IeMCTBUS crieliuduueckux nporeas [82, 83].
Kpowme Toro, 3aciy>kvBaeT BHUIMaHUsI BOSMOXHOCTh
aKTUBHOW MHTPALIMU K TaKUM 00pa30BaHUSM JPYTUX
KJIETOK COeJIMHUTE/IbHON TKaHU, Harpumep JieHKOoIu-
TOB, J|/151 9H/J0LIUTO3a HeOOXOANMBIX KOMITIOHEHTOB U/IH
T0JTyYeHUs! Pery/issTOPHbIX 3(PQPeKTOB MpOoTeassbl.
Anacdunakruueckas gerpanyasuus TK npeg-
CTaB/sieT cOOO0M TaTOIOrMueCKUil BapUaHT CeKpeIfun
rpaHy/1 BO BHEK/I€TOUHbI MaTPUKC, TIPUBOASLLUAMN
K MacCCHBHOW U HEKOHTPOJMUPYEMOU 3KCTPY3UU
CO/lep>)KMUMOT0 IpaHyJl BO BHEK/IETOUHBIN MaTPUKC
(puc. 1) [78]. Ilpu sTOM B3aumogelictBue IgE ¢ penern-
topamu FceRI npuBoauT K ripotieccy ¢opcrpoOBaHHOTO
TPaHCIIOpPTa CeKPETOPHBIX I'PaHyJI K Tiadmanemme TK,
C/IUSIHUEM C Hel U lerpaHy/IsIuY MeuaTopoB, BK/IIO-
yas criegqu¢puueckre npoteassl TK. C moMoiiso
SNARE-komILIekca, B ToM uncie benkoB SNAP-23,
VAMP-7 n VAMP-8, B nnpouiecc fgerpanynsnyy BOB-
JIEKArOTCS B [IePBYIO Ouepe/ib TpaHysibl, 3aHUMaroLL1e
repuriasMajeMMHOe M0JI0KeHHe, OJJHAKO B TeUueHue
KOPOTKOTI'O B IPOLIeCC BCTYIAKOT O0CTa/IbHble IPaHyJIbl,
YTO TIPUBOJIUT K BBICBOOOXK/[€HUIO UX CEKPETOPHOTO
nyna (puc. 1) [78-132]. Mopdosiorruuecku npotiecc
TMPOSIB/ISIETCS [TOTeperl MHTeHCUBHOCTH OKpallMBaHUs
rpaHyJl BC/Ie/ICTBYE NTOTePU UX COZIeP’KUMOT0, a TAKKe
(hopMHpOBaHKEM KPYITHBIX L{UTOMNIa3MaTU4yeCKUX
BhIMsTuMBanuii 70 1,5 mkm [133]. B 1juroniasme TK
MO>XHO BH3ya/IM3UpOBaTh MOP(OIOrnyeckye nposiBie-
HUs1 GOPMUPOBaHUS BHYTPUK/IETOUHBIX MarucTpasiei
JlerpaHyJISL1H, TI0 KOTOPbIM OCYL[eCTBJISIeTCS] yCKO-
peHHbIi TpaHcniopT CPA3 K 10Kycam BbIBeZleHUS.

Buonorunuyeckune adgekTbl

Hecmotpsi Ha o6unre CPA3 B TYy4YHBIX K/IeTKax
B HacTosiilee BpeMsi OTMedaeTcs JeUIUT 3HaHUU
0 ee 6uosornueckux 3¢ dexKrax Mo cpaBHEHUIO
C ApyTUMHU cliellM(pruyeCKUMH NpoTea3saMy TYUYHBIX
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KJIeTOK — TPUIITa30i U xumasoii. Haubosee xopoiio
n3BecTHO yuactue CPA3 Bo BpOXXIEHHOM UMMYHUTeTE.
B uvacTtHOCTH, NOKa3aHO yyacTve NpoTeasbl B 3allUTe
opraHu3Ma OT s/10B 3Meli U HEKOTOPbIX TOKCMHOB [24,
134-136]. IIpogyuupyemslie HeMaTo0U Ascaris
naru6uTopel CPA3 TK cyIiecTBeHHO yBeTMUUBAIOT
BbDKHMBaeMOCTb Mapa3uTa npy uHguuypoBanuu [137].
TK gBnst0TCS KMFOYEBBIMU UTPOKAMHU B 3all[UTe OT CO-
CyAoCy>KuUBatollero nenruja sugorendda 1 (ET-1),
KOTOPBI/ UI'paeT B)KHYIO NaTOreHeTUYeCKYH0 POJIb IpU
cericrce, KOXKHOM 3yfie, pa3BuTur ¢hubpo3sa u ap. [24,
138-141]. Kpome Toro, orpaHnumBasi 6viooruyeckue
3¢ dekTrl ET-1 ¢ nomorpio CPA3, TK oka3biBatOT
BakHble 3¢ (eKThbl Ha COCTOSIHUE JIETOYHOM MapeHXUMbI
Y CUCTeMHbIN KPOBOTOK [138, 142].

Takrke 6b110 TI0Ka3zaHo, uto CPA3 TK omocpe-
JIOBaHHO 00s1aZiaeT Ba30iU/IaTOPHBIMU U OPOHXOIU-
naTopHbIMU 3¢ deKTamu 6arogapsi CriocOOHOCTH
K TpaHcdopmaLuu nelikorpreHa C4 B nelikotpreH F4
Y TeM CaMbIM CHIDKEHHSI BePOSITHOCTH 00pa30BaHuUs
neiikorpueHoB D4 u E 4 c 6osiee MOIIHBIMUA OPOHXO-
Y COCY[0CYKUBaOLMM 3¢ dextamu [143].

N3BecTHO, yTo CPA3 MOXeT paciienyisiTb Hei-
POTEeH3UH, KUHeTeH31H, HelipomeuH N Y aHMOTeH-
3uH I [23, 25, 134, 144, 145]. lerpagauus capado-
TOKCUHa, HelpoTeH3uHa U ET-1 npuBOAUT K moTepe
rx OMO/IOrMYeCKOM aKTUBHOCTH, TOT/IA KaK Aerpajaiust
aro/IMIonpoTerHa B MoxkeT crmocobCTBOBaTh CUSHUIO
JIATIONIPOTENHOB HU3KOM IJIOTHOCTU U, TaKKUM 00pa3om,
00pa3oBaHHIO aTepPOCKIePOTHUECKUX Ositiek [146,
147, 148]. Hepmoctarok CPA3 B 1y1a3mMe KPOBH ObLT
OTMeueH Kak (haKTop PHCKa [Ijisl pa3BUTHS 3a00/1eBaH1
Cep/leuHO-COCYAMCTON CUCTEeMbI, BK/TFOUast 37IeMeHThI
MUKPOLIMPKY/ISITOPHOrO pycia [34].

DyHKIMOHA/IbHOE 3HaueHue komiiekca CPA3
C XMMa30U HeOJHOKPAaTHO pacCMaTprBaioCh, B TOM
ymcse B acrekre Oosiee 3¢pheKTUBHON Jerpajaiiu
cybcTpaTa npu cosiokaau3alius npoteas [17, 139,
148]. Kpome Toro, xrumasa u CPA3 MoryT Takxe B3a-
UMO/IeliCTBOBATh B (DepMEeHTAaTHBHOM pacllierjieHUU
anruorensuHa Il [23], mpy KOTOPOM KaXKAblii U3 ep-
MEHTOB 00/1alaeT CBOEH KaTa/IuTHUYeCKON aKTUBHOCTBIO
T10 OTHOIIEHHIO K KOHKPETHBIM CyOCTpaTHBIM Oesikam.
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[JocTarouHo TecHast MOp(oIoruueckasi Coaoka-
s3auursa xumasbl 1 CPA3 MoXeT COXpaHATBCS MOCIIe
nerpanysiuu TK ¥ npyuHUMaTh yyacThe B KOHBeM-
€pHOM paclijeryieHny 0e/KOB WK JPYTUX MeNTUIHBIX
MUIlIeHel BHEK/IeTOUHOT0 MaTpPUKCa, TPeOyImmX
OJJHOBPEMEHHOT0 TIPUCYTCTBUS SH/0- U K30TeNTH-
na3. [Ipegnonaraercst BakHoe 3HaueHre CPA3 B 6u1o-
reHe3e BOJIOKHUCTOTO KOMITIOHEHTa BHEK/IETOUHOTO
MaTpHUKCa U pPeMo/leJIMPpOBaHUN BHEK/IETOUHOTO Ma-
Tpukca. C ofHOU CTOpOHBI, KoMmiieke CPA3-xumasa
MOXXeT MHJyL[MpOBaTh BO3pacTaHue MUTOTUUECKOM
aKTUBHOCTHU (hrbOp06/1acTOB BMECTe C MX OMOCUHTe-
THYeCKUM MoTeHLManom [149]. C apyroit CTOpoHBI,
JlaHHbIN KOMIIJIEKC WM MPOTeasbl M0 OTAeJIbHOCTH
MOTYT MPUHUMATh y4acThe B MOAU(PUKALIUIU MOJIEKYJT
TIPOKOJIIareHa, UHAYLMPYsl 00pa3oBaHKe KOJTareHOBbIX
¢bubpun [15, 150]. TIpoBeeHHbIe UCC/IEJOBAHHUS CBU-
JIeTe/IbCTBYIOT 00 aKTMBHOM yuacTiu TK B MexaHM3Max
(bubpusIoreHe3a, KOTOPOE MPOSIB/ISIETCS UHAYKTUBHBIM
B/IMsTHUEM Ha 0Opa30BaHe BOJIOKHUCTOTO KOMITOHEHTa
TKaHeBOTO MUKDOOKPY>KeHUsl, TIpexXzie BCero psiioM
C KJIeTOUHBIMY TTpeZicTaBuTe/IsIMU (hrubpobiacTHueckoro
nuddepona [125] (puc. 5 A, e, 1, H). Takke B Hero-
Cpe/iCcTBeHHOU 6/30CTH K 1y1a3mManemMme TK moka3aHo
Ha/IMuKe PeTUKY/ISIPHBIX BOJIOKOH WJIM TOUeK MHULIMALUN
¢ubpuinorenesa [125]. [laHHbIe acreKThl KOCBEHHO
MO/ TBEPIK/IAI0TCS MCCJIe/lOBaHUSMU 10 MO/Ie/TUPO-
BaHUIO CIIA€YHBIX MPOLIECCOB B OPIOIIHOM MOIOCTH
Ha /1ab0paTOPHBIX )KUBOTHBIX, a TaK)Ke B UCC/Ie/I0BaHUU
JIeTKUX, TI0/IBeP>KeHHbIX XPOHUYECKOMY BOCTa/IeHUIO
unu ¢pubposy, 1 moukax [20, 25, 151].

HenaBHO ObLIH 1TOKA3aHbI AMUTeHeTHUECKHe -
(ekThI TpUriTasbl O1arogapst BAUSHUIO Ha COCTOSTHHAE
TUCTOHOB szipa ¥ ctabumu3anuio JJHK [128-130].
TecHas conokanu3sanusi CPA3 ¢ Tpunrasoii co3zaet
orpe/ie/ieHHbIN UHTepeC K CTerleH! BOBI€YeHHOCTU
3K30MeNnTH/iasbl B laHHbIe 3P eKTh (puc. 3).

Y wmbiiieii vy Cpa3©” ¢ geduiurom CPA B TK
Ob1710 0OHapy’KEeHO HEeTI0/IHOL|eHHOe BOCCTaHOB/IEHH e
KOCTHOU TKaHH, 00yC/IOB/IeHHOE YMeHbILIeHUeM UHC-
JIEHHOCTH UHTpaopranHou nonyssitmu TK, 3agepskkoit
peBacKy/sipu3alii, HaKOTIJIeHUs] 1 MUHepaIn3aluu
Me)KKJIETOYHOTO BellleCTBa HOBOOOPa30BaHHOTO OCCe-
0W/1a, a TaK)Ke W3MeHeHHeM aKTHBHOCTU OCTeOK/IaCTOB
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1 Makpodaros [30]. [leTekiiysl U3MeHeHHs SKCIIpec-
cur CPA3 npu MHOTHX 3a00/71€BaHHUSX MTO[UEPKHUBAET
Cyll|eCTBOBaHHEe MHOT'MX JPYTHX TOUeK MPUI0XKeHUs
TPOTeasbl, UCC/Ie/I0BaHMs KOTOPBIX B Oy/yIlleM MOMOKeT
UZleHTU(ULIMPOBaTh HOBbIE MOJIEKY/ISIpHble MULLIEHU
TapreTHOU Teparuu [i/isi oBbIleHUs 3(PPeKTUBHOCTH
Jeuenus [33, 36, 37, 152-154].

3akJiroyeHue

I[Toka3aHHBIe 0COOEHHOCTH MTPOLIECCHHTA, aKKyMY-
JISILMU U ceKpeTopHbIX MyTeil CPA3 BMecTe ¢ (hakTamMu
06ubHOrO cofepykanus B TK M03BOJISIIOT CUMTATh JlaH-
HYI0 [1pOTeasy Ba)KHOM XapaKTepUCTUKOW IPOTeasHoOro
tenoruna TK v ogHUM U3 KTHOUEBbIX KOMIIOHEHTOB
opraHocreu(uyecKrix XapakKTepUCTHUK UX MOMYJISLWH.
Ocob6eHHOCTH BHYTPUK/IETOUHOU cosokanu3ari CPA3
C IpyrUuMu crieljuuyeCcKMMU MTpoTea3’aMu TYUHBIX
KJIETOK, a TaKKe IIPOCTPaHCTBEHHOE pacripesie/ieHne
CPA3" TyuHBIX K/IeTOK B TKAHU C yCTAHOBJIEHHUEM
3aKOHOMEPHOCTeMN UX COJIOKa/IU3aLii C UMMYHOKOM-
TIeTeHTHbIMU U CTPOMasIbHbIMU KieTKaMU (hOPMUPYIOT
HOBBIE TIpe/iCTaB/1eHus 0 (PyHJAMeHTa/IbHbIX MeXaHH3-
MaX PeryJsiliiy COCTOSIHUSI UHTerPaTUBHO-0ydhepHO
MeTabo/TMUeCKOM Cpefibl U BHEK/IETOUHOTO MaTpPHKCa.
B 10 >ke BpeMsi 0UeBH/IHO, UTO HAlLIM 3HaHUS O O1osIo-
rudeckux s¢dekTax JaHHOW NpoTeasbl M0 CPABHEHHUIO
C TPUMNTA30i M XUMa30M CyI|eCTBeHHO OrpaHUYEeHbI.
Bynymme vccieoBaHyst IPOBIOT CBET HA MeXaHW3-
MbI BOBJ/IeueHHOCTU CPA3 B naToreHes pasjiMyHbIX
3ab0/1eBaHM, ¥ UTO 0COOEHHO BaXKHO, MEXaHU3MbI UX
3apoXK/leHus1 Ha YPOBHe CIleLju(rueCcKoro TKaHeBOro
MUKPOOKpY>keHusi. CPA3 sBnsieTCs nepcrneKTUBHON
MUILIEHBIO B TPAHC/ISILIMOHHOM MeAULIMHE, KaK C TOUKH
3peHus1 JUarHoCTUYEeCKOI0 3HaYeHNs], TaK U B KaueCTse
TOTeHL[Ma/IbHOM MUILLIEHU TapreTHOU Teparivu.
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Abstract. Hypothermia or cold therapy is the local or systemic application of cold for therapeutic purposes. Local application
of cold is used to control inflammation: pain and swelling, hematoma and trismus reduction. Despite the frequent use of cooling in
prosthodontic rehabilitation and in physical therapy, as evidenced by many reports in the literature, there is scientific documentation
that suggests disadvantages of using this treatment in maxillofacial surgery and oral surgery. Also the clinical studies that have
been carried out in maxillofacial surgery and oral surgery have been conducted in an empirical manner, which casts doubt on
the results. In view of this, it is relevant to study the mechanisms of microcirculatory preconditioning and hypothermia. This
physiological process is so interesting for the development of medical devices of controlled hardware hypothermia to prevent
inflammatory symptoms at the stage of rehabilitation by targeting the vascular and cellular component of the inflammatory
process in different areas of the human body. To date, the use of local hardware controlled hypothermia in various pathological
conditions in humans is a topical trend in medicine. Microcirculatory bloodstream is directly related to temperature factors.
Although there are concepts of vascular spasm or dilatation in the microcirculatory bloodstream during systemic hypothermia,
there are no reliable data on the cellular and vascular reactions during local hypothermia. In this paper, a search for fundamental
and current scientific work on the topic of cellular and vascular changes under the influence of hypothermia was conducted.
The search for data revealed that the mechanisms of intracellular hypothermia are of particular interest for the development
of therapeutic treatments after surgical interventions in areas with extensive blood supply. With this in mind, it is relevant to
investigate several areas: the role of endothelium, glycocalyx and blood cells in microcirculatory-mediated preconditioning
and intracellular hypothermia, and in the molecular mechanism that regulates these processes, whether they occur in the same
way in all tissues.

Keywords: therapeutic hypothermia, microcirculatory bed, vasodilation, vasospasm, cellular hypothermia
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Therapeutic hypothermia. Historical sketch

The idea that cooling a person can slow down
biological processes and therefore death was first
described by Hippocrates (around 450 BC), who advised
laying wounded soldiers in the snow. In the early 1800s,
during the French invasion of Russia, a military surgeon
observed that wounded soldiers placed closer to fires
died earlier than those who placed in colder bunks.
During this period cryoanalgesia was also used for
amputations and surgeons noticed that hypothermia
not only acts as an analgesic but also slows bleeding.
Clinical interest in the use of therapeutic hypothermia
began in the 1930s with reports of cases of drowning
that were successfully resuscitated despite prolonged
asphyxia [1].

In 1943 Temple Fay published one of the first
scientific papers on therapeutic hypothermia. The author
observed improvement in patients after craniocerebral
trauma (CCT) when the temperature was lowered
from 38.3 to 32.7 degrees Celsius. In the 1950s and
1960s clinical trials using very deep hypothermia
were initiated but were soon discontinued due to
side effects. In the 1990s, moderate hypothermia was
used in three cases of cardiac arrest after successful
resuscitation, and in all three cases there was complete
recovery without residual neurological damage [2].
Therapeutic hypothermia began to attract attention
after two prospective randomised controlled trials,
published in the New England Journal of Medicine in
2002, showed significant improvements in short and
long-term survival as well as neurological outcomes [3].
Today, the term «targeted temperature management»
(TTM) is used instead of therapeutic cooling. TTC can
be used to prevent fever, maintain normothermia, or
induce cooling.

Three decades of research on animals have shown
that hypothermia has a strong cerebroprotective effect.

PHYSIOLOGY

The success of hypothermia in acute brain injury
research has not only stimulated continued interest in
investigating mechanisms, but has also generated a surge
of new interest in elucidating the beneficial signalling
molecules that play an important role in cooling [4].

Systemic hypothermia is a treatment option after
cardiac arrest, and the neuroprotective benefits of
systemic hypothermia after cerebral ischaemia have been
demonstrated [5, 6]. Duan, Honglian have proposed the
use of local endovascular infusion of cold saline directly
into the infarct focus using a microcatheter. In small
animal models, the procedure has shown incredible
neuroprotective promise [7]. Although total hypothermia
is recognized as a clinically applicable neuroprotective
treatment, moderate local hypothermia after spinal
cord injury is considered a more effective approach.
Teh, Daniel Boon Loong et al. (2018) investigated
the feasibility and safety of inducing prolonged local
hypothermia in the central nervous system in a rodent
model. The results showed significant recovery of
somatosensory potential amplitudes in groups with
local hypothermia [8].

Vipin, Ashwati et al. (2015) demonstrated the
neuroprotective effect of short-term moderate total
hypothermia by improving electrophysiological and
motor parameters as well as histological examination
after spinal cord injury in rats. The advantage of
short-term local hypothermia over short-term general
hypothermia after acute spinal cord injury has also
been shown [9]. Lewis, S. R. conducted a meta-analytic
review of the scientific evidence and found that mild
hypothermia in CMT correlates with such indicators
as mortality, and complications after brain surgery.
Despite the large number of studies, there is still no
qualitative evidence that hypothermia is beneficial in
the treatment of people with CHT. Further research is
needed in this area, which is methodologically robust,
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to establish the effect of hypothermia in people with
CHT [6].

Today the therapeutic hypothermia methods can
be divided into physical and pharmacological methods.
Physical methods are based on devices designed to cool
the whole body or its parts. Various means of surface
application are used: cooling jackets, water-cooled
mattress covers, cooling pillows, ice packs, etc. [10],
which work slowly and require a large amount of time, a
certain temperature range. Internal cooling agents in the
form of intravenous fluids are also used, which provide
a rapid decrease in body temperature [11], but these
methods cannot be used outside the hospital. In addition,
the above-mentioned body cooling methods can cause
electrolyte imbalances, cardiovascular dysfunction [12]
and promote infections such as pneumonia [13, 12].

Thermoregulation and hypothermia

Thermoregulation is a vital function of the autonomic
nervous system in response to cold and heat stress. The
physiology of thermoregulation maintains homeostasis
in the human body by maintaining an internal body
temperature of 37 °C, which ensures normal cell function.
Heat production and dissipation depend on a coordinated
set of autonomic responses. The clinical detection of
impaired thermoregulation provides important diagnostic
and localized information in the assessment of disorders
that disrupt thermoregulatory pathways, including
autonomic neuropathies and gangliopathies. Failure
of neural thermoregulatory mechanisms or exposure
to extreme, or prolonged, temperatures that inhibit
the body’s thermoregulatory abilities can also lead to
potentially life-threatening deviations from normothermia.
Overcooling, defined as an internal temperature <35.0 °C,
can be manifested by shivering, respiratory depression,
cardiac arrhythmia, impaired mental function, mydriasis,
hypotonia and muscular dysfunction, which may progress
to cardiac arrest or coma.

Cold stress causes an indirect increase in vascular
tone in the peripheral region of the human body, which
reduces heat loss to the external environment to maintain
thermal homeostasis. Prolonged exposure to cold can
lead to impaired function, but moderate controlled
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hypothermia has found its application [7, 14]. The era
of targeted controlled hypothermia, with an emphasis on
a wider temperature range (33—36 °C) shows benefit
in acute craniocerebral trauma.

The physiological processes of local tissues
under the influence of local hypothermia are poorly
understood. Local adaptive changes in tissues occur
under the influence of temperature exposure by virtue
of many factors. Some of these factors are vascular,
hormonal, stress-protein adaptive systems [15].

The origin of cold-induced vasodilation is still a
big question. This process may take place via a central
pathway, or locally through direct cold paralysis of the
peripheral vessels (CPPV). However, we should not
forget arteriovenous anastomoses, which also play a
major role [16].

There is also evidence that the CPPV has a
cryoprotective function against local cold damage. For
example, hypothermia is known to reduce the metabolic
rate by 5-7 % when the internal body temperature
decreases by 1° [17], which reduces cellular oxygen
consumption. This is one of the main mechanisms
underlying the protective action of therapeutic
hypothermia, since oxygen starvation and the accumulation
of lactate and other wastes of anaerobic metabolism
play a central role in the progression of ischemic cell
death. The accumulation of aspartate, glutamate and
other excitatory neurotransmitters plays an important
role in neuronal death after cerebral ischemia [18]. In
animal models it was shown that glutamate release after
cerebral ischemia depends on temperature conditions.
Mild to moderate hypothermia is associated with the
most significant decrease in glutamate levels compared
to severe hypothermia and hyperthermia [19]. Hypothermia
reduces free radical production and suppresses various
inflammatory processes following global ischemia and
reperfusion. Reperfusion causes a significant increase in
the production of free radicals such as hydrogen peroxide,
superoxide, nitric oxide and hydroxyl radicals. High levels
of oxidants, cause disruption of redox balance throughout
the body and induce peroxidation of lipids, proteins and
nucleic acids, which contributes to cellular damage [20].
One study using an in vitro model of cerebral ischemia
showed that the neuroprotective effects of hypothermia
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were associated with a significant reduction in nitric
oxide and superoxide formation when the temperature
decreased to 31-33 °C [21]. The inflammatory response
that follows reperfusion has both positive and negative
effects. However, decompensation can last for 5 days, and
persistently high cytokine level is devastating over this
long time lap. Hypothermia suppresses the inflammatory
cascade and, in turn, prevents exacerbation of cellular
damage by inflammation.

The regulation of cutaneous blood flow occurs due
to the complex and dynamic interaction of body (core)
and sheath thermal interactions. In other words, there
are concepts of external and internal heat. However, the
intensity of vasomotor reactivity to localized thermal
stressors is primarily determined by the thermal state
of the whole body [22]. In particular, during prolonged
exposure to cold, hypothermia-induced sympathetic
excitation dominates over vasomotor control in the
extremities; noradrenergic constriction of cutaneous
arterioles prevails, while the frequency and magnitude
of CPPV response are impaired [23].

Under conditions of thermoneutral rest, systemic
hypoxia increases the activity of sympathetic innervation
and causes vasoconstriction on the outer layers of the
skin. Consequently, and based on epidemiological
studies, hypoxia was and is considered to be a
predisposing factor for the development of local cold
injury [24]. However, laboratory studies have shown
that hypoxic vasoconstriction in the outer layers of the
skin is less pronounced than vasoconstriction caused
by a localized cold stimulus [25]. Lingering constrictor
effect is mediated by hypoxia, a delay in spontaneous
warming of the limb after local cooling [26].

At high altitudes, hypoxia is usually exerted with
low ambient temperature, which blunts peripheral
vasoconstriction by increasing the rate and magnitude
of core cooling. However, the simultaneous effect of
hypoxia and low temperature on vasomotor reactivity
remains an open question.

Hypothermia and vascular response

Normal vascular microcirculation is a network
of perfused capillaries characterized by minimal
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heterogeneity, although its extent depends on the
metabolic demands of the surrounding tissues.
Adaptation to metabolic demands occurs through
capillary opening and closing, and modulation of
precapillary sphincters is partially influenced by
systemic factors [27]. Thus, the microcirculation
links the macrocirculation to the cells, facilitating
and mediating perfusion of target organs.

Cutaneous blood flow in humans and warm-blooded
animals is reduced when exposed to cold. This reaction
is usually explained by the fact that reflex-exogenous
temperature increase leads to sympathetic tone if
cooling threatens to decrease body temperature. Local
cooling increases the tone of superficial cutaneous limb
veins in proportion to the cooling temperature and is
independent of alpha-adrenergic innervation. Cutaneous
arterial vasodilation showed the opposite pattern, which
was expressed by vasodilation, also not mediated by
innervation. Locally cold induced vasoconstriction is the
result of a myogenic response and is due to transcellular
ion translocation [28].

The effects of temperature on vascular responses
to certain agonists such as noradrenaline [29,
30], 5-HT [31, 32], potassium channels [33] and
acetylcholine [34] have previously been studied in
details. On the other hand, the direct local effect
of temperature on vascular tone has scarcely been
studied. Vascular contraction induced by cooling
has been studied in samples such as rat bladder
smooth muscle [35], sheep tracheal muscle [36]
and intracerebral arterioles [37]. These studies have
established that cooling can affect calcium homeostasis
by preventing translocation of extracellular and
intracellular calcium. However, there is no extensive
information about the mechanisms involved in
hypothermic perfusion.

Herrera, B et al. (2000) have shown that
hypothermia causes contraction of an isolated renal
artery. The response of smooth muscle to cooling in
different body organs has been studied [38]. The results
showed that cooling has a pronounced effect on smooth
muscle. Therefore, it has been hypothesized that elastic
fibers are responsible for the atypical relaxation induced
by cooling.
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Hypothermia causes relaxation of deep vessels
such as aorta, pulmonary artery, carotid artery and
spasm of superficial vessels [39]. Herrera, B. (2002)
showed the role of elastic fibers in various responses of
certain vessels when cooling from 37 to 8 °C. Previous
results have shown that the nature of the vessel (conduit
or muscle vessel) determines the different behavior
(dilatation or spasms) of isolated vessel segments when
the temperature decreases from 37 to 8 °C [40]. Vessels
with a large number of elastic fibers show dilatation
upon cooling. On the other hand, muscle vessels with
fewer elastic fibers undergo contraction. Calcium release
from intracellular depots causes arteries to contract
during cooling. Vasodilation occurs only when smooth
muscle contraction mechanisms are inactive, as in the
case of vessels that have been subjected to cold storage
for 48 hours. The results presented in the author’s work
confirm the presence of two main effects, which are
directly dependent on the type of vessel. In arteries,
temperature reduction induces vascular relaxation
depending on the elastic component of the vascular
wall. In muscular vessels, the predominant effect is
contraction due to an increase in intracellular calcium.
Cooling-induced spasm occurs due to the maintenance
of balance of muscle cell metabolism and vascular
wall tone.

Stepwise cooling of rabbit carotid arteries caused
dilation proportional to temperature [41].

In order to investigate the underlying mechanism
of temperature responses in the carotid artery at the
cellular level, blocking experiments were carried out
that revealed the critical involvement of potassium
channels (K* channels), important regulators of
smooth muscle function and hence of vascular lumen
width. Their activation induces a major vasodilatory
mechanism through membrane hyperpolarization,
whereas their inhibition induces vasoconstriction. Four
different types of K+-channels have been identified
in arterial smooth muscle [42].

Hemodynamic monitoring of critically ill neonates
mainly focuses on systemic arterial oxygen saturation.
Cellular hypoxia and poor tissue perfusion may be
present in these neonates. Ideally, hemodynamic
monitoring should provide information on whether
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cells are receiving enough oxygen to maintain cellular
mitochondrial respiration.

Near-infrared spectroscopy (NIRS) is a promising
technique by which real-time monitoring of the cerebral
perfusion in neonates can be performed [43]. The depth
of the NIRS measurement is 1-3 cm, depending on the
design of the probe. Fredly, Siv (2016) investigated
differences in skin microcirculation and its ability to
deliver oxygen during cooling and after warming in
neonates with or without high levels of C-reactive
protein (CRP). Twenty-eight infants were divided into
two subgroups based on low or high CRP (recurrent
values above 30 mg/I for more than 24 h). Differences
between the two groups with regard to laser Doppler
perfusion measurements (LDF), computer video
microscopy and diffuse reflectance spectroscopy during
hypothermia on days 1 and 3 and after hyperthermia
on day 4 were assessed. After hyperthermia, children
with high SRB levels had significantly higher cutaneous
perfusion LDF, lower functional vessel density and
greater heterogeneity in capillary blood flow velocities
compared to children with low CRP levels, while no
such differences were found during cooling, suggesting
a positive anti-inflammatory effect of hypothermia
on cutaneous blood flow [44]. Caminos Eguillor
et al. (2021) studied the effect of hypothermia on
microcirculation in normal and severe hemorrhagic
shock. The authors concluded that hypothermia did not
additionally inhibit the microcirculatory disturbances
caused by hemorrhagic shock, which contradicts the
benefits of therapeutic hypothermia [45]. However, in
healthy humans, microcirculation maintains cellular
homeostasis through preconditioning. When blood
volume decreases, subsequent microcirculatory
changes result in heterogeneity of perfusion and tissue
oxygenation. Initially, this is partially compensated
by preserved autoregulation and increased cellular
metabolic rate, but in later stages the loss of
autoregulation activates the intracellular hypothermia
cascade [46].

A review of the literature revealed that, due to the
unclear topic of the vascular response to cold, the several
biomedical mechanisms involved in hypothermia are
relevant. The type of vessel involved in procedures,
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such as post-operative local hypothermia, should also
be considered [47].
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TIPYMeHEeHMs B YeTFOCTHO-/IMLIEBOM XUPYPIUHM 1 XMPYPruueckol croMaTosioru. Takke KNMHUYeCKHe NCC/e/0BaHNsI, KOTOPbIe
TIPOBOJM/IMCH Ha 0a3e uesTFOCTHO-TMIeBOM XUPYPIUH U XUPYPrAUeCKOW CTOMATOJIOTHH, TIPOBOJU/IMCE SMITUPHUUECKUM ITyTEM,
YTO CTaBUT 1107, COMHEHUsI Pe3y/bTaThl UCCe0BaHuUs. BBy 9TOr0 aKTyanbHO M3yueHHe MeXaHU3MOB MUKPOLPKY/ISITOPHOTO
TMIPeKOH/IULIMOHUPOBAHUS U THTIOTePMUU. [TaHHBIN (HH3U0M0rHIe KUl TIPOLiece TpeCTaBsieT 0COObIA UHTepec ijisi pa3paboTKu
Me/IMLJMHCKHUX YCTPOWCTB KOHTPOJUTUPYEMOH arrapaTHOM TMITOTePMUH [i/Is TTPeJ0TBPAlLeH s BOCTIA/UTeTbHbIX CUMITTOMOB
Ha 3Tarie peabW/IUTALVH, LieJIeHalpaBIeHHO BO3eHCTBYS Ha COCYIUCTO-K/IeTOUHBIH KOMITOHEHT BOCIa/IUTeTBHOTO MpoLiecca
B pa3HbIX 00/1aCTsIX Tesla yenoBeka. Ha ceroHSIIHMIA JeHb IPUMeHeHu e JIOKaIbHOW armapaTHON KOHTPOJIMPYeMOW TMITOTepMUU
TIPY pa3/IMUHbBIX T1aTOJIOTMYEeCKUX COCTOSIHUSIX UesioBeKa akTyabHOe HarpaB/ieHne B MeuLHe. MUKPOLMPKY/ISITOPHOE PyC/Io
HanpsIMyI0 CBSI3aHO C TeMIlepaTypHbIMU akTopaMu. HecMoTpsi Ha TO, UTO CYyIL{eCTBYIOT MOHSITHSI COCYAUCTBIX Cria3Ma Wn
[IUISITalY B MMKPOLMPKY/IITOPHOM PYyCJie TIPH CUCTEMHOM TUTIOTePMHH, OTCYTCTBYIOT /JOCTOBEPHBIE /JaHHbIe 0 K/IeTOYHO-CO-
CYIMCTBIM peakLUsiM TIPH JIOKa/IbHOM rurotepMuu. B maHHO#M paboTe TpoBe/ieH MOMCK (yHJAMEeHTaTbHBIX U COBPEMEHHBIX
Hay4HBIX paboT Ha TeMy K/IeTOUHO-COCYAUCTHIX U3MEHeHHUH 110/, BAUsSHUEeM rMIoTepMun. [1py TIovcKe JaHHBIX OBIIO BBISB/IEHO,
YTO MeXaHW3Mbl BHYTPHUK/IETOYHON THUITOTEPMHUM TIPeJICTaB/IsieT 0COObIA MHTepeC [iisl pa3paboTKK TepareBTUYeCKUX MEeTOJ0B
JieueHHsI ITOCJIe OTIepaTUBHBIX BMeIaTe/IbCTB B 00/1acTsIX ¢ 0OM/IBbHBIM KPOBOCHaOXeHHeM. VICcXozst U3 3TOro akTyaabHO
TIPOBeZIeHHe MCCIIe/[0BaHNM, HallpaB/IeHHBIX Ha M3yUeHe HeCKOJIbKUX HallpaBlIeHU: poJib SH/0TeJIHS, ITTIMKOKAIUKCa 1 KIIeTOK
KPOBM B MUKPOLIMPKY/IITOPHO-OIIOCPeZ0BaHHOM MPEeKOHAULMOHNPOBaHHS U BHYTPHKJIETOUHOW TMITOTEPMUH, a TaKKe TIPH
MOJIEKY/IIPHOM MeXaHHW3Me, PeryJIMpyIoIieM TH sIB/IeHHs], OAMHAKOBO JIM OHM TPOXO/ST BO BCEX TKaHSIX.

KroueBble cs10Ba: TeparieBTHUeCKast TUTIOTEPMHES], MUKPOLIMPKY/IITOPHOE PYCJI0, Ba30AU/ISATaLMsI, Ba30CI1a3M, KJIeTOYHast
TUIIOTePMUST
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Trace elements content in the hair of patients
at the maxillofacial surgery department

Marat T. Gedulyanov! g, Elena V. Kiyaeva?

! Central Research Institute of Dentistry and Maxillofacial Surgery, Moscow, Russian Federation
2Qrenburg State University, Orenburg, Russian Federation
> lambrador2@gmail.com

Abstract. Relevance. The urgency of the problem of traumatism is constantly increasing, which is associated with an increase
in road accidents, an increase in the number of interpersonal conflicts, the availability of firearms and cold steel weapon, etc.
In addition, the proportion of victims with injuries of the maxillofacial region in a state of alcoholic intoxication is constantly
growing. The aim of the study is to conduct a comparative analysis of trace elements in hospitalized patients with maxillofacial
trauma, intoxicated, acute traumatic stress and the study of the effect of trauma on the balance of trace elements in patients of the
Department of Maxillofacial Surgery with various alcohol history. Materials and Methods. The study involved 30 male patients
of the department of maxillofacial surgery of the Moscow «city clinical F.I. Inozemtseva hospital located in the city of Moscow.
All patients were joined to the department for trauma of the maxillofacial tract and were divided into two groups: 15 of them
regularly took alcohol and were in a state of alcoholic intoxication at the time of injury (group 1), 15— without alcohol history
(comparison group 2). All patients carried a general clinical blood test, a biochemical blood test, and the content of essential and
conditionally essential elements in the hair were also determined. Results and Discussion. As a result, significant differences were
revealed in the content of micro elements between the groups of patients: the content of copper (p = 0.013) and zinc (p = 0.000)
in the hair examined of the first group was 1.4 lower than in the comparison group 2. The manganese content (p = 0.05), on the
contrary, was also increased by 1.4 times in the hair of group 1 patients. Besides, leukocytosis was detected in the blood in patients
with a history of alcohol and an increase in AST levels. Conclusion. The study showed an increase in the content of manganese
and a decrease in the content of selenium, zinc and copper in the hair of patients with an alcoholic history. Diselementosis was
accompanied by a significant increase in aspartate aminotransferase activity, as well as leukocytosis and lymphocytosis. Such
an imbalance of chemical elements, together with a changes of peripheral blood and an increase in the activity of ASaT, can be
reflected on the period the timing and peculiarities of the course of the reparative process.

Key words: traumatic stress, alcohol, trace elements
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Introduction

In the city of Moscow, thousands of people are daily
victims of interpersonal violence and are involved in
road traffic accidents, generating high emotional and
social costs. Head, neck and face trauma is one of the
most common etiological factors of facial trauma.

Acute traumatic stress (traumatic depression) is
a type of anxiety disorder that usually develops as a
result of life-threatening physical or mental events [1,
2]. ATS lasts two days after the onset of a critical event
and smoothly turns into acute stress disorder, which can
last up to one month [3].

The aim of the study was to conduct a comparative
analysis of micronutrients (for levels of magnesium,
calcium, sodium, potassium, phosphorus, selenium,
zinc and chromium) of hospitalized patients with
maxillofacial trauma in a state of alcohol intoxication,
acute traumatic stress and to study the effect of trauma
to the balance of microelements, mechanisms of changes
in the concentration of microelements, influencing the
occurrence of side effects [4, 5, 6].

Macxillofacial injuries constitute a significant part
of the total number of patients in a surgical hospital.
The urgency of the problem of injuries is constantly
increasing, which is associated with an increase in the
number of road accidents, an increase in the number
of interpersonal conflicts against the background of
socio-economic instability, the availability of firearms
and cold steel weapons, etc [7, 8]. Besides, the
proportion of victims with injuries of the maxillofacial
tract in a state of alcoholic intoxication is constantly
growing [9, 10]. Alcohol dependence is accompanied
by disturbances in the normal functioning of various
systems of the human body, which can lead to a greater
number of complications, an increase in fatal nature,
even with the optimal tactics of surgical help [11—
13]. With the systematic abuse of alcoholic drinks,
the reparative process in the break line is more often
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complicated by a prolonged course and a complicated
inflammatory process with a manifestation of the failure
of regenerative processes. The situation is further
complicated by the fact that the overwhelming number
of injured patients belong to the able-bodied part of the
population (from 25 to 40 years old), which makes the
problem not only medical, but also socio-economic [14].

Despite numerous studies of domestic and foreign
scientists on the period of reparative processes and the
factors influencing them, there is not enough data on
the microelement status of patients with maxillofacial
injuries [15, 16]. In this regard, the aim of our study
was to study the content of essential and conditionally
essential elements in patients’ hair of the department
of maxillofacial surgery with various alcohol histories.

Materials and methods

The study involved 30 patients of the department of
maxillofacial surgery of the F.I. Inozemtseva hospital,
located in the city of Moscow. All surveyed were males,
the average age of the respondents was 30.7 years. All
patients were joined to the department for trauma to
the maxillofacial area and provided informed voluntary
consent to participate in the study and personal data
processing according to the Helsinki Declaration of
the World Medical Association (WMA Declaration of
Helsinki— Ethical Principles for Medical Research
Involving Human Subjects, 2013). The examined
patients were divided into two groups: 15 of them
regularly took alcohol and were in a state of alcoholic
intoxication at the time of injury (group 1), 15 had no
alcohol history (comparison group 2).

All patients carried out a general clinical blood test,
a biochemical blood test, and the content of essential
and conditionally essential elements in the hair was
also determined. Hematological and biochemical blood
tests were carried out using standard methods in the
laboratory of the hospital named F.I. Inozemtseva.
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The analysis of the studied samples (hair) was
carried out in the laboratory of ANO «Center for
Biotic Medicine», Moscow (certificate of accreditation
GSEN.RU.Ts.0.A.311, registration number in the state
register ROSS R.U.001. 513118 from 29.05.2003). The
determination of the content of chemical elements in
the hair was carried out by atomic emission and mass
spectrometry using an Elan 9000 mass spectrometer
(PerkinElmer, USA) and an Optima 2000 V atomic
emission spectrometer (PerkinElmer, USA).

The obtained material was processed using
generally accepted statistical methods using an
Excel spreadsheet editor from the Microsoft Office
XP package. Descriptive statistics parameters for
quantitative indicators are given as median (Me) and
interquartile latitude (25th; 75th percentile—Q1; Q3).

The statistical data were visualized using the Pylab
procedural interface for the Matplotlib (Python) library.

Results and discussion

As a result of the study, we obtained the following
data. So, in the general clinical analysis of blood,
statistically significant differences between the two
groups were found for leukocytes and lymphocytes
(Table 1). Their number was 1.1 (p = 0.049) and 1.4
(p = 0.022) times higher, respectively, in the first group
of patients. The number of leukocytes in the 1st group
of the examined exceeded the reference values of this
indicator (4.0-9.0 cells/l *109), while the number of
lymphocytes was within the reference values (1.2—
3.0 cells/1*109).

Table 1
Indicators of clinical blood analysis of patients, Me (Q1 — Q3)
Index 1 st group comparison group 2 p
Hemoglobin g/I 150.000 (130.000-159.000) 148.000 (143.000-151.000) 0.602
Erythrocytes cells/| *101? 5.000 (4.400-5.240) 4.890 (4.470-5.120) 0.928
Hematocrit, % 43.800 (42.300-45.800) 45.400 (43.300-47.300) 0.377
Platelets cells/I *10° 229.000 (215.000-300.000) 224.000 (204.000-270.000) 0.717
Leukocytes cells/I *10° 9.900 (6.600-13.800) 8.700 (7.800-12.800) 0.049
Monocytes cells/I *10° 0.600 (0.400-0.800) 0.500 (0.400-0.700) 0.600
Lymphocytes cells/I *10° 1.900 (1.800-1.930) 1.400 (1.100-1.760) 0.022
Neutrophils cells/ 1 *10° 7.200 (4.000-10.400) 6.700 (5.600-9.500) 0.928
Basophils cells/l *10° 0.000 (0.000-0.050) 0.090 (0.000-0.100) 0.196
Eosinophils cells/I *10° 0.100(0.000-0.200) 0.100 (0.000-0.190) 0.888

When studying the parameters of the biochemical
blood test of patients, statistically significant differences
were received for aspartate aminotransferase (Table 2).

Its number was 2.8 times higher (p = 0.001) in the group
of patients veined to the hospital in a state of alcoholic
intoxication.

Table 2
Indicators of biochemical analysis of patients’ blood, Me (Q1 — Q3)
Index 1 st group comparison group 2 p
Total protein g/I 70.900 (0.000-74.000) 69.400 (58.300-73.400) 0.909
AST unit/I 68.000 (60.000-84.000) 24.000 (19.000-36.000) 0.001
Total bilirubin pmol/I 10.800 (9.600-16.700) 15.300 (9.700-18.700) 0.526
Urea pmol/I 4.620 (2.300-5.260) 4.110 (2.760-5.300) 0.777
Creatinine pmol/L 80.000 (76.000-89.100) 86.000 (76.900-97.400) 0.511
Glucose mmol/I 5.130 (4.950-5.610) 5.490 (4.430-6.390) 0.667
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The next stage of our study was to study the content
of essential and conditionally essential elements in the
of patients’ hair (Table 3).

The number of the majority of essential and
conditionally essential elements in the of patients’ hair
with an alcoholic history was within the average Russian
values. However, significant differences in the number

of elements between the patient groups were obtained
for copper, manganese and zinc. Thus, the number of
copper (p = 0.013) and zinc (p = 0.000) in the hair
of the examined first group was 1.4 lower than in the
comparison group 2. The manganese number (p = 0.05),
on the contrary, was also increased by 1.4 times in
patients’ hair of group 1.

Table 3
The number of essential and conditionally essential elements
in the hair of the examined patients, Me (Q1 — Q3)
Central Russian meaning 1 st group comparison group 2 p
As 0.00-0.56 0.088 (0.056-0.147) 0.065 (0.045-0.103) 0.204
B 0.00-5 1.150 (0.913-1.580) 1.160 (0.719-1.330) 0.892
Co 0.04-0.16 0.010 (0.010-0.016) 0.018 (0.015-0.027) 0.051
Cr 0.32-0.96 0.772 (0.675-1.520) 0.678 (0.506-0.847) 0.094
Cu 9,0-14,0 10.42 (9.81-12.10) 14.76 (12.47-16.21) 0.013
Fe 11,0-24,0 19.46 (14.53-23.18) 24.16 (19.40-35.17) 0.148
: ref 027-4,2 (0.3266—513.450) (0.5:6'7—71%350) 0-634
Li 0.00-0,02 (0.0359%3.052) (0.0559%3.045) 0.751
Mn 0.32-1,13 (o.4§é9—913.670) (0.45% 2?930) 0.050
Ni 0.14-0,53 ©.1 5?61—7()?277) (0.1 9062—%?339) 0.175
Se 0.69-2,20 (0.310 3'?1702423) (0.29?1'?1101?389) 0.189
Si 11,0-370 (25.12 (?i%ﬁ 15) (25.5()2;63%.96) 0.415
sn ref 0,05-1,5 (0.1 (?61—%(.)1 86) (0.09021—%1.298) 0.982
v ref 0,005-05 (0.1 3??1—1(1)%292) (0.0907'1—%?1 84) 0.238
Zn 155,0-2060 (1197362771 5) (201?(33—22190.2) 0.000

Note: 1 — reference values (Bertram P, 1992; Skalny A.V,, 2000)

The number of the majority of essential and
conditionally essential elements in the of patients’ hair
with an alcoholic history was within the average Russian
values. However, significant differences in the number
of elements between the patient groups were obtained
for copper, manganese and zinc. Thus, the number of
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copper (p = 0.013) and zinc (p = 0.000) in the hair
of the examined first group was 1.4 lower than in the
comparison group 2. The manganese number (p = 0.05),
on the contrary, was also increased by 1.4 times in
patients’ hair of group 1.
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It is known that chronic alcohol intoxication changes
the levels of the main micro- and macroelements, which
leads to a significant number of metabolic disorders [17].
Chronic alcohol use breaks zinc homeostasis, lowering
its serum concentration by more than 25 % compared to
healthy people [18, 19]. Alcohol-caused modulation of
zinc transporters has been shown to reduce zinc levels in
the lungs, liver, intestines and brain. Deficiency of zinc
in the intestine leads to increased permeability of the
intestinal wall, which ultimately leads to endotoxemia
and systemic inflammation [20]. All this can affect
the rate of reparative processes in various injuries. In
addition, the data available in the literature indicate that
the use of zinc preparations in the complex drug therapy
of patients with break of the maxillofacial region who
abuse alcohol is quite effective [21].

Attention is drawn to the decrease in the selenium
number in the hair of the examined. It has been shown
that selenium deficiency has a negative effect on
physiological and reparative osteogenesis, manifested by
impaired formation of bone regeneration, deterioration
of the structural and functional state of bone tissue, the
development of degenerative-necrotic changes in bone
tissue and epiphyseal cartilage.

After conducting inter-element correlation analysis
in each group of patients, we obtained the following
data (Fig. 1, 2).

In the group of patients with an alcoholic history,
12 interelement relationships were identified: Co-B, Li-
B, Mn-B, Fe-Co, Mn-Co, Ni-Co, V-Cr, Zn-Cr, Mn-Fe,
Ni-I, Sn-I and Sn-Ni.

In the patients of the comparison group 2,
12 statistically significant relationships were also
revealed: Cr-B, Li-B, V-B, Fe-Co, Cu-Cr, Li-Cr, V-Cr,
Fe-Cu, V-Li, Ni- Mn, Sn-Mn. However, the correlations
in this group were much weaker than in the group of
patients with maxillofacial trauma who regularly took
alcohol.

Our findings are consistent with previous
studies. For example, Cezary Grochowski analyzed
the interactions between seven trace elements (zinc,
selenium, manganese, iron, copper, chromium, and
cobalt) in the brain of alcohol abusers and people
without an alcohol history. The number of correlations
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was greater, and their strength was stronger in the group
of patients with alcohol history.

Conclusion

In the course of the study, an increase in the content
of manganese and a decrease in the content of selenium,
zinc and copper were found in the hair of patients
who consume alcohol. These elements mediate vital
biochemical reactions, acting as cofactors for many
enzymes, and also act as stabilizing centers for enzyme
and protein structures. Diselementosis was accompanied
by a significant increase in aspartate aminotransferase
activity, as well as leukocytosis and lymphocytosis. Such
an imbalance of chemical elements, in conjunction with
a changed picture of peripheral blood and an increase
in the activity of ASaT, can affect the timing and
characteristics of the course of the reparative process.

As strategic proposals for solving such problems,
the following can be noted:

— creation (reconstruction and development) of a
resource base for the food and pharmaceutical industries;

— creation and production of adapted preparations
for nutraceuticals and pharmaceutical correction
of deficiency / excess of trace elements (based on
physiological, regional requirements);

— formation of a range of food products for the
conducting of information policy on the problem of
«functional foods and 220 essential trace elements for
human health»;

— consideration of proposals for inclusion in the
regional program for monitoring the elemental state of
the population, forming a scientific and methodological
base for monitoring the elemental status of the
population and correcting deviations, forming a joint
supply of fortification ingredients for regional producers
of products for social and mass food in accordance with
the monitoring results;

— carrying out the integration of scientific research,
considering the study of an interdisciplinary approach
and a bioelementological approach, providing people
with «blocks of life», including basic micronutrients
as simple primary bio elements that provide real
personalized nutrition and therapy in the process of
recovery from injuries.
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Copep)kaHne MUKPOIJIEMEHTOB B BOJIOCaX NaLMEHTOB
OTAeNIeHUs YeNIOCTHO-/IULL,eBO XUPYPrum

M.T. I'egynisaiHoB' 8, E.B. KusieBa’

! leHTpa/bHBIN HAyYHO-UCC/Ie0BATeNECKUHA HHCTUTYT CTOMATOJIOTHH U UeTIOCTHO-/TULIEBOW XUPYPTHH,
2. Mockea, Poccutickas dedepayus
2 OpeHOyprckuii rocygapcTBeHHbIH YHUBepcUTeT, T. OpeHOypr, Poccutickas @edepayus
Pl lambrador2 @gmail.com

AnHoTaums. AKnyaabHOCMb TTPO06/IeMbl TpaBMaTH3Ma MOCTOSTHHO BO3PACTAET, UTO CBSI3aHO C POCTOM /I0POKHO-TPAHCIOPTHBIX
TIPOMCIIIECTBUH, YBeJIMUEeHEM UHC/Ia MEKITUUHOCTHBIX KOHQJIMKTOB, JOCTYITHOCTHIO OTHECTPEIBLHOTO U XOJIOJHOTO OPYXKUS U T. /1.,
Kpowme Toro, y/ie/ibHbIM BeC MOCTPaIaBIliuX C TPABMAMU UeTF0CTHO-/IULEBON 00/1aCTh B COCTOSIHUU a/IKOTO/IbHOTO OTIbSIHeHMST
TIOCTOSIHHO pacTeT. L]e/nbio uccef0BaHus IBUJICS CPaBHUTEIbHBIN aHa/IN3 MUKPO3JIEMEHTOB IOCIUTaIM3UPOBAaHHBIX MaljueHTOB
C YeJIOCTHO-/IMLEBOM TPaBMOM, HaXOZSAIIUXCS B COCTOSIHUN a/IKOTOJIbHOT'O OTbSIHEHHS, OCTPOr0 TpaBMaTUUeCKOro CTpecca,
Y U3yueHue B/IMSIHUS TPAaBMbl HA Oa/IaHC MUKPO3/IEMEHTOB Y MALIMEHTOB OT/IeJIEHUsI Ue/TFOCTHO-/TULIEBON XUPYPTUU C Pa3/TUUHbIM
aJIKOTo/IbHBIM aHaMHe30M. Mamepuasbl u Memoobl. B viccreoBannu puHsM yuactue 30 MaleHTOB MY>KCKOTO T1071a OT/ie/IeHHs
YeJIIOCTHO-/ULeBOM xupyprun I'BY 3npaBooxpaHenust ropozia MockBel «I'opojickast KnuHUuecKasi 6obHuIa uM. .. Ho-
3eMI[eBa», PACIIOJIOKeHHOU B Topozie MockBe. Bce maifieHThI IOCTYITH/IN B OTAe/IeHHe 10 TIOBOJY TPaBMbI UeTFOCTHO-/TULEBOM
obnacTy ¥ ObUIK pa3zienieHbl Ha JiBe TPYIIIbL: 15 U3 HUX CUCTeMAaTHUeCKH YIIOTpeOsIsv alKoroib U HaXOJWINUCh B COCTOSTHUN
aJIKOTOJIBHOTO OTIbSTHEHUsI B MOMEHT T10/Ty4YeHust TpaBMbl (1 rpyrima), 15— 6e3 ankorosibHOTO aHaMHe3a (TpyTina CpaBHeHust 2).
Bcem natpenTam ObUT TPOBe/eH 001U KITMHAYeCKUH aHa/In3 KPOBY, OMOXUMUUYECKUI aHa/TU3 KPOBH, a TAKXKe OTIPe/iesisiyioCh
CoiepKaHue 3CCeHIMaNbHBIX U YCIIOBHO 3CCEHIMAbHBIX 3JIEMEHTOB B Bojiocax. Pesyibmambi u 0b6cysicoeHue. B pesynbrare
ObUIM BBISIB/IEHBI JOCTOBEPHbIE OT/IMUMS B COZleP)KaHWH MHUKDPO3/IeMEeHTOB MeKy TPYIIaMH TaleHTOB: CozlepyKaHue Meiu
(p=0.013) 1 tuaKa (p=0.000) B Bosiocax 00c/ie0BaHHBIX IT€PBOL IPYIIIbI ObLIO HIDKE B 1,4 10 CpaBHEHHMIO C TPYTINON CpaBHEHHUS

PHYSIOLOGY 49



Gedulyanov M.T., Kiyaeva E.V. Becrank PYJTH. Cepus: Megununa. 2022. T. 26. Ne 1. C. 42—50

2. Copep>xanrie Maprania (p=0.05), Ha060poT, 0Ka3a0Ch MOBBIIEHHBIM B BOJIOCAX MALUeHTOB 1 rpymmbl Takke B 1,4 pasa.
Kpowme Toro, y MaijMeHTOoB C aJIKOr0/IbHbIM aHAMHE30M B KPOBU ObUT BBISIB/IEH JIEMKOLMTO3 U MOBbIlieHue YpoBHsi ACT. BbigoObl.
IIpoBefeHHOe MCCe0BaHYe MT0Ka3aslo MOBbIIIeHNe COZlepyKaHKsl MapraHila ¥ CHIDKeHHe COoZlepKaHusl cesleHa, LIUHKA U Mein
B BOJIOCAX MAlLMeHTOB C a/IKOTO/IbHBIM aHaMHe30M. [11C3/1eMeHTO3 COMPOBOXK/IAICs OCTOBEPHBIM MOBBIIIIEHHeM aKTUBHOCTH
acriapraraMuHOTpaHCcdepaskbl, a TaKXKe JTEUKOLIUTO30M U TuMdoLuTo30M. [1o100HbIN AricbanaHC XUMUYeCKUX IEMEHTOB,
B COBOKYITHOCTH C MU3MeHeHHEeM COCTaBa rnepudepruyeckoii KpOBU 1 yBesndeHreM akTHUBHOCTH ACaT, MoXXeT 0Tpas3nuThCs
Ha CPOKax U 0COOEHHOCTSX TPOTEeKaHHsI PerapaTHBHOTO MpoLecca.
KnroueBble c/10Ba: TpaBMaTH4eCKUI CTPeCC, a/IKOro/b, MUKPO3/IeMeHThI

Bksaj aBTOpoB. ABTOPBI BHEC/IM PaBHBIN BKJIaJ, B IOATOTOBKE PYKOMHCH.
Hudopmanus o KOHQIMKTe HHTEPeCoB. ABTODbI 3asiB/ISIIOT 00 OTCYTCTBHY KOH(IMKTa UHTEPECOB.
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duHaMuKa ayToaHTUTeN K 6enKkamM KapaMoMUoLmMTOB
Ha pa3HbIX 3Tanax MoAeNMNPYeMbIX MbILLIEYHbIX HAarpy3oK

H.I'. BensieB! 8, 9./. J/IéBoukuna' ~, B.A. Barypun® ~, 1.B. P)xenakoBckuii'

T.B. AdacoBa*>? ', C.H. ITuckos!

! CeBepo-KaBka3ckuii denepanbHblid yHUBEPCUTET, 2. Cmasponosnb, Poccutickas @edepayus
2 CTaBpOMOJILCKUM TOCYIapCTBEHHBIN MeJULIMHCKUI YHUBEpCUTeT, 2. Cmaeponosb, Poccutickass @edepayus
3TopozcKast KIMHHUeCKast oMuKanHuKa Ne 1, 2. Cmaspononb, Poccutickas @edepayus
D<) belyaev_nikolay@mail.ru

AnHOTanus. AKmyaibHocmb. PaHHSS [MarHOCTHKA XPOHUYeCKOTO TIepeHarpsyKeHHsI Cpeiv CTIOPTCMEHOB 0CTaeTC sl BAXKHON
1po6J1eMoii /17ist TPEHEPOB U CTEL[UaIUuCTOB B 00/1aCTH CIIOPTUBHOW (PU3MOIOTUU U MEULIUHEL []e1b—W3yuuTb Ha MOJIEe/H >KU-
BOTHBIX IUHAMHUKY ayTOMMMYHHOT'O OTBeTa Ha (hr3rueCKrie Harpy3Ky Pa3IMyHON ATUTeTbHOCTH U UHTEHCUBHOCTH U YCTaHOBUTh
MEepCreKTUBHOCTh METO/IA OTIpe/ie/ieHUsl ayTOaHTUTe T K OesikaM KapJMOMUOLIMTOB KakK MHAMKATopa MOPGhOodYHKI[MOHATBEHOTO
COCTOSIHUS Cep/illa B YCJIOBUSIX afjaNTalliy K MBILLIEUHBIM Harpy3kam. Mamepuaabi u memoOsi. VicciiegoBaHue MPOBOAUIOCH
Ha camiiax 6enbix Kpbic. YKUBOTHbIE MMO/IBEPravch 9-He/le/IbHOM TPEHUPOBKE, MO/Ie/IMPYEMOH C MOMOIIIbI0 TpegdaHa. UH-
TEHCUBHOCTb Harpy3Kd MeHsi/Iach YIJIOM HaK/IOHa ¥ CKOPOCTBIO IBVKEHUS JIeHThI. MeToZoM UMMYHO(QEepMEeHTHOTO aHam3a
OTIpe/iesisyIoCh B KPOBU KOMUECTBO KapAuocTelppuueckux aytoantures (ayto-AT) k Tporonuny I, K anbda-akTHy 1, K TspKeoi
yenu beta-Muo3uHa 7B. M3Mepsiiach OTHOCUTE/bHAS Macca cepziia. IIpoBoguiack rucToMopdosiornueckasi OLieHKa COCTOSTHUS
KapauoMuoLuToB. Cratiuctuueckast 06paboTKa JaHHBIX MPOBOAMIACH TOCPeACTBOM KpuTepueB CTbiofieHTa 1 MaHHa—YUTHH.
Pe3ynbmambi u 06cyscoeHue. TpeHUPOBKA )KUBOTHBIX COMPOBOXK/A/IaCh YMepPeHHOM runepTpoduei cep/iia 6e3 marooruueckux
M3MeHeHU! KapAXOMUOLIUTOB. Macca cep/iia B AuHamMuKe 6—8—9 Hefiesib TPEHUPOBOK yBeMunaach Ha 6,9 %; 10,6 %; 12,9 %.
Konuentpauuu ayto-AT K TporoHuHy I 1 K anbda-akTiHy 1 XapakTepu30BaluCh IUKIMIHOCTHIO, TIPOSIBIISTFOLIENCS yBelTnIeHeM
Ha 2-11 Heflesie ¥ CHIDKeHUeM K 8-i1 u 9-i1 HeflesiiM TpeHUPOBKU. B auHamuke 0—2—8-9 Hezesb SKCIiepUMeHTa KOTMUeCTBO
ayto-AT k Tpononuny I cocrasuno: 3,1+0,3; 4,2+0,9; 2,1+0,2; 2,0+0,04 ur/mn. Onsa ayto-AT K aktuny: 26,7+1,2; 31,3+1,4;
13,7+1,8; 12,1+1,6 Hr/m/1, COOTBETCTBEHHO. YpOBeHb ayTo-AT K 6eTa-MHUO3UHY MPOSIBU/ICS CHUXKEHHEM B inHamuKe 0—6-9 Hefiesnb
TPEeHUPOBKU U coctaBum: 16,3+0,9; 10,9+1,5; 8,2+0,8; 9,6+0,9 Hr/Mn. Bbigoobl. Pe3ynbTaThl oripefienieHyst Kapauocnenudu-
yeCKUx ayTo-AT JeMOHCTPUPYIOT YeTKYIO Peaki[ii0 UMMYHHOUM CUCTeMBbI Ha TIPOL[eCChl, TTPOTeKaroIIye B KapANOMUOLUTAX,
YTO 03BOJISIET PEKOMEH/IOBATh Jla/ibHelilliee u3yueHre MeToza onpe/enenus ayto-AT K 6eikam KapJUOMUOLIMTOB B KaueCTBe
[IWarHOCTAYECKOTO TecTa (YHKLIMOHATBHOTO COCTOSIHUS Cep/IeUHOM MBIIIIIBI B TTePUO/], a[JaliTalliK K (pr31ueCKHUM Harpy3KaM.
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Auto-antibodies to cardiomyocyte proteins dynamics at different
stages of simulated muscle loads
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Abstract. Relevance. Early diagnosis of chronic overstress among athletes remains an important problem for coaches and
specialists in the field of sports physiology and medicine. The goal is to study in an animal model the dynamics of autoimmune
response to physical activity of different duration and intensity and to establish the prospects of the method of determining
autoantibodies to cardiomyocyte proteins as an indicator of the morphofunctional state of the heart in the conditions of adaptation
to muscle loads. Materials and Methods. The study was conducted in male white rats. Animals were subjected to 9 weeks of
training simulated with treadban. The intensity of the load changed the angle of inclination and the speed of the tape. The amount
of cardiospecific autoantibodies (auto-AB) to troponin I, to alpha-actin 1, to the human cardiac beta-myosin heavy chain MYH7
was determined in the blood by enzyme immunoassay. The relative heart mass was measured. Histomorphological assessment of
cardiomyocyte condition was carried out. Statistical processing was carried out using the Student and Mann-Whitney criteria. Results
and Discussion. Animal training was accompanied by moderate cardiac hypertrophy of pathological changes in cardiomyocytes.
Heart weight increased by 6.9 %; 10.6 %; 12.9 % in the dynamics of 6-8—9 weeks of training. Concentrations of auto-AB to
troponin I and to alpha-actin 1 were characterized by cyclicity, manifested by an increase in week 2 and a decrease by the 8th
and 9th weeks of training. In the dynamics of 0—2—-8-9 weeks of the experiment, the amount of auto-AB to troponin I was:
3.140.3; 4.240.9; 2.1+0.2; 2.0+0.04 ng/ml. For auto-AB to actin: 26.7+1.2; 31.3+1.4; 13.7+1.8; 12.1+1.6 ng/ml, respectively.
The level of auto-AB to beta-myosin was manifested by a decrease in the dynamics of 0-6-9 weeks of training and amounted
to: 16.31£0.9; 10.941.5; 8.2+0.8; 9.6 0.9 ng/ml. Conclusion. The results of determining cardiospecific auto-AB demonstrate a
clear response of the immune system to the processes taking place in cardiomyocytes, which makes it possible to recommend
further study of the method of determining auto-AB to cardiomyocyte proteins as a diagnostic test of the functional state of the
heart muscle during the period of adaptation to physical activity.
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BeepneHue

[TocTostHHO pacTyiuii 06bEM TPeHUPOBOUHBIX
Harpy30K, ¥ 3MOLIMOHA/TbHbIA HaKa/l COpeBHOBATeIbHOMN
O0pbOBI HEPeKO SIB/ISIFOTCS] TIPUUWHON UCTOIeHUST
a/larTUBHBIX BO3MOYKHOCTEH opraHu3Ma aT/jera u pas-
BUTHSI Psifla OCTPLIX U XPOHUYECKUX M1aTO/IOTHUe CKUX
COCTOSIHUM. MI3MeHeHUs yallje BCero BO3HUKAIOT B CH-
CTeMax, UCMBIThIBAIOLINX HAaWOOBIITYI0 HAarPy3Ky
B YCJIOBUSIX TPDEHUPOBOYHOM 1 COPEBHOBATEILHOM Jie-
ATeIbHOCTH. [Ipexxae Bcero, 3To cep/ieuHO-COCyAucTast
cucrema [1-5]. 3HaunTe/IbHBIE TeMOJAMHAMUYECKUE
repeCcTPONKY HeroCpeICTBEHHO B MUOKap/ie BO3HU-
KaloT MPU SIBHOM HECOOTBETCTBUH UHTEHCUBHOCTH
1 06bemMa pU3nUeCcKHUX Harpy3oK (pyHKIMOHATbHBIM
BO3MOKHOCTSIM M COCTOSTHUIO 3/10POBbsI CIOPTCMEHOB
C MOC/IeAYIIMM (OPMUPOBaHHEM XPOHUYECKOT0
TiepeHarpskeHus: CepieuHO-COCYJUCTON CUCTEMBI.

Heob6X0uMO OTMEeTUTB, UTO CrieLu(uUeCKUX
Y Ha/Ie)KHBIX CII0COO0B AMArHOCTUKKU XPOHUYECKOTO
riepeHarpsbkeHus Ha paHHUX CTa/IUsSIX ee Pa3BUTHUS
B HacTosilee BpeMsi He HaljeHo. CIopTCMeH BOCIIpU-
HHUMaeT OTCYTCTBHe TPUPOCTa pe3y/bTara Uin ero
He3HauuTe/lbHOe CHIKeHHe KakK C/ie[ICTBHe HelpaBU/Ib-
HO OpPraHM30BaHHBIX TPEHUPOBOK U HapallliBaeT UX
00BeM. Bo3MOXXHBI U COLIMA/IbHBIE MOTHBEI, HO B JTFOOOM
ciyyae MHTeHCU(UKALUsi TPDEHUPOBOK U TeM Oosiee
yuyacThe B COPEeBHOBaHUSIX TIPUBOJUT K (POPMUPOBAHKIO
1]eJIOr0 KOMIIIeKCa HapyLlIeH!H B OpraHu3Me U Mpex/ie
BCEro B Cep/leYHO-COCYAUCTOM cucTteme. VI3ameHeHUst
B Cep/IeYHO-COCYUCTOMN CUCTeMe MOTYT ObITh HACTOJTb-
KO Cepbe3HbIMH, UTO SIBISTHCS MPUYMHON BHe3armHOU
cMepTH criopTcmeHa [6—-10].

PHYSIOLOGY

B CBSi3U C 3TUM paHHSS AUAarHOCTUKA U TIPO-
(uakTrKa XpOHUUECKOTO MepeHarpskeHus: Cpeiu
CTIOPTCMEHOB OCTaeTCsi BXKHOU MpobeMoit Kak ist
TPeHepCKO-TIPerofiaBaTeIbCKOro COCTaBa v CriopTcMe-
HOB, TaK U /IJIsl CIIeLMaMCTOB, paboTaroIyX B 00/1acTH
CIIOPTUBHOM (PM3HOJIOTUU U MEJULIUHBI.

B HacTosiijee BpeMsi akTHBHO H3y4aeTCst BO3MOK-
HOCTB OTpeJie/ieHHsi CLIBOPOTOYHOTO COJieprKaHUsI
aytoanTutes (ayTo-AT) K Gesikam MUOKap/ia Kak MHQOp-
MAaTUBHOTO TIOKa3aTesst (YHKI[MOHA/IbHOTO COCTOSTHUS
TKaH! [11-13]. [TepcrieKTUBHOCTb IIPUMeHEeHUs JaHHOTO
MeTo/ia /ISl paHHel JUarHOCTUKY COCTOSIHUS CcepALia
JIUL], 3aHUMAIOIUXCSI CTIOPTOM, OTIPeeNsieTCs TeM,
uTo moboe 3ab01eBaHNe MOXKET Ha Haua/IbHBIX 3Tarax
He CKa3bIBaThCs Ha 0011ei U crielriaibHOM paboToCTo-
cobHocTH criopTcMeHa. OZIHAKO YoKe Ha TIePBbIX JTarax
Pa3BUTHS HAPYLIIEHUI MEHSIeTCS! CTIeKTP TIPOJYKTOB, BbI-
JieisieMbIX TIOBPeXKeHHBIMU K/IeTKaMH B KDOBEHOCHOE
pYCJ/I0, a TAaK)Ke ayTOAHTHUTeS, YTHIM3UPYIOIUX U30BITOK
CeKpeTupyeMbIX poAyKToB. Takoro poja 6uonoru-
Yyeckrie MapKepbl SIBJISIOTCS TIEPBBIMU MHJUKAaTOPaMU
BO3MOXXHOTO He06/1arornosyuus, a mpoduaakTuyeckue
MepbI, BOBpeMsI TIPeATIPUHSATHIE, BO MHOTHX CJTyUasix
MOT'YT TIPeZI0TBPaTUTh YIPO3y Pa3BUTUS HAaPYILIEHHA.
B T0 ke Bpemsi paboThl, OCBelaol[e JUHAMUKY
ayTo-AT K 6e/ikaM KapJMOMHOLIUTOB B TIPOLIeCCe Tpe-
HUPOBOUHBIX 3aHATHUH €MHAYHBI.

YuuTbIBasi U3710)KEHHOE 1]e/1bI0 HaCTOSIIIIero 1c-
CJ/1e/IOBaHKS SIB/ISZIOCH U3yUeHue Ha Mogienu nabopa-
TOPHBIX )KUBOTHBIX JMHAMUKH @y TOMMMYHHOT'O OTBeTa
Ha (r3ryecKyre Harpy3Ky pa3IMyHOMN J/IUTeTbHOCTH
Y UIHTEHCHBHOCTH U YCTaHOBJ/IeHHe TIepCIIeKTUBHOCTH
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MeTO/ia OTipe/ieieHHst ayToaHTHTe I K 6ekam KapAuo-
MUOI[MTOB KaK MHAMKATOpa MOP(POQPYHKIIMOHATLHOTO
COCTOSIHUS CepZIeYHO-COCY/IUCTOM CUCTEMbI B YCIOBUSIX
ajlanTalyu K MbIIeYHbIM Harpy3Kam.

MaTepuanbl 1 meToAbI

OKCIIepUMEHTAa/IbHBIM MaTepuasioM B HalllUX MC-
CJIeJOBaHUSIX CTyKU/IU TI0/I0BO3peJible 1abopaTopHbie
KPbIChI-CaMLibl IMHUM BurcTap ¢ Maccoy Tesia Ha Havyasao
skcrepumenTa 349,0+48,0 r. DkcnepuMeHTa bHbIe
paboThI C )KUBOTHBIMH OCYILIECTB/IS/IUCH B COOTBETCTBUU
¢ pekoMeHZaLMAMU «O MPaBOBBIX, 3aKOHOJATeTbHBIX
Y 9TUUECKUX HOpPMaXxX 1 TPeOOBaHMSIX TIPH BBITOJTHEHUN
HayuHbIX MOp(]O0ruuecKux uccaefoBaHui» [14].
[TpoBoAMMBIe HCCe0BaHus 0100peHbl KOMUCCHeN
o 6nostrke MHCTUTYTa XKMBBIX cucTeM CK®Y (uc-
cnegoBanre Ne 2021-005 mpoTtokos Ne 11).

B 3KkcriepyMeHT 0TOMpaTUCh KUBOTHBIE, UIMEFOLIHe
O/IMHAKOBBIM YPOBEHb (hri3ruecKoi paboTocrnocobHo-
cTu. 2KUBOTHbIE C U3HAYA/IbHO HU3KOW (pr31ueCKOoi
paboTOCIIOCOOHOCTBIO, U Y KOTOPBIX 3aTPyAHEHa
BbIpabOTKa pedyiekca BBIMIOJTHEHUS MOZEeIUPYeMOU
MBILIEYHON Harpy3KH, B SKCIIEPUMEHT He BK/THOYa/IUCh.

Kpbickl Ob1IM pa3zesieHbl Ha [JBe TPYIIbI: KOH-
TPOJIBHYIO M ONBITHYIO 10 36 )KMBOTHBIX B KaXKOM.
JKVMBOTHBIe KOHTPOJIbHOUM T'PYTINBI COAep>Kaanuch
B 0OBIUHBIX yCIOBUSIX BUBapHUsi. KpbiChl OMBITHOU
BBIOOPKH CITY>KU/IM 00BEKTOM MO/Ie/TMPOBAHKS TPEHH-
POBOYHBIX Harpy3oK [15]. TpeHMpOBKa >KUBOTHBIX OCY-
I11eCTB/ISIACh C UCTIO/Ib30BaHUeM TpesibaHa (6eroBoii
JIOPOXKKH) Ha NIPOTsDKeHUU 9 Heflenb. B ucnonbzyemon
MeTO/JJMKe BbI/Ie/IS/TUCh C/IeYIOIIMe STarbl TPeHUPO-
BOUHOTO 1IMK/a: [—rnoaroroButenbHbIl (1-4 Henenn);
[I— pa3rpy3ounbiii (5-6 Hegenu); III—sTan UHTEH-
CHUBHOU Harpysku (7—8 Hegenu); IV — akTUBHOrO
otabixa (9 Hefens).

Ha kak/10M 3Tarie TpeHUPOBOK HEOOXOAUMYTO UH-
TEHCUBHOCTb BBINO/THSIEMOY OeroBoi Harpy3Ky pery/iu-
POBAJIM YITIOM HAaK/I0HA U CKOPOCTBIO JBYKEHUS JIEHTHI.
Hns 1 aTana TpeHHPOBOUHOTO 1L[UK/Ia CKOPOCTh JIEHTbI
cocragssiia 20 M/MuH, yros HakioHa—0°. Ha Il atane
CKOPOCTH O€era YKMUBOTHBIX YBe/TMIMBA/IACh /10 25 M/MUH.
Hnst 1T 3Tana ckopoCTs IeHThI cocTabsiia 30 M/MUH,
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yrosn HaksoHa 10°. Ha IV atarie ckopocTb 6era >KUBOTHBIX
cHwKasack 10 20 M/MuH, 1pu yIye HakioHa—0°.

B niporjecce npoBoAMMBbIX UCC/IE0BAaHUI Ha Pa3HbIX
JTarax TPeHHPOBOYHOIO 1UK/Ia (N=6) OCyI1leCTBIsIIU
B3BelLMBaHKE KUBOTHBIX, OTIpe/ie/ieHre MacChl cepALia
Y HaZINOYevyHHKOB. Maccy opraHoB U3Mepsiiv C MOMOLLIBEO
nipeLi3roHHbIX BecoB ML203E (Mettler Toledo, Kurait).

OOmekTMHUYe CKYe TT0Ka3aTeld KpoBH (TeMOoryio-
OVH, SPUTPOLIUTHI) OTPe/Ie/Is/TA Ha BeTePUHAPHOM re-
MaTtoJsioruueckoM aHasnusarope Medonik M16 (Boule
Medical AB, IlIBerus), ¢ UCTIOL30BaHHUEM CIIELU-
anM3upoBaHHbIX HabopoB ¢upmbl Boule (IIBerus),
B slaboparopuu «l]eHTpa KIMHUYeCKol (hapMaKoIoTuu
u (hapmakoTtepanuu» (r. CraBporionb, Poccus).

Kapauocnenuduueckue ayto-AT ornpeesnsiiv
KOJINUeCTBEHHO, METOZ,0M TBepA0(a3HOro UMMYHO-
(hepMeHTHOr0 aHanM3a C TIOMOILbIO BEICOKOUYBCTBHU-
TeJIbHOTO ¥ BBICOKOCTIeIU(HUUHOTO Habopa hrpMbI
Cloud-Clone Corp (CHIA): k Tporionuny I (Anti-cTnl),
K anbda-aktuHy 1 (Anti-ACTC 1), K TsKesi0M 1jenu
6etra-muo3uHa 7B (Anti-MYH7B). Vcnosnb3oBanu
(hoTromeTp MuUKporuiaHiieTHoro ¢popmata Multiskan
FC (Thermo Scientific, CIIIA) ¢ ¢byHKLMel aBToMaTrue-
CKOM KaMOpOBKY, TePMOCTaTUpyeMbIi mietikep ST-3L
(Elmi, JIaTBusi), aBTOMaTHue CKUi MUKPOTI/IaHILIe THBIM
ripombiBatesb (Thermo Scientific, CIITIA).

B uensix nosnyuenus nHGopMaluy 0 BOSMOKHBIX
CTPYKTYPHBIX U3MEHEeHUsIX B KapAUOMHUOLIUTax Mpo-
BOJIU/IA TUCTOJIOTUYeCKOe HccneoBanre. O6pasiipl
TKaHe# cepyiia bukcuposanu B 10 % 3abydhepeHHOM
pacTBope (hopMasiMHa Ha MPOTSHKeHWH 72 yacoB C 10~
c/ieyIoIUM TIPOMbIBaHMEM BO/IOTIPOBO/IHOM BO/OU
B TeueHHe 24 yacoB, 06e3B0)KMBaHUEM B U30TPOTTH/IO-
BOM CITHPTe U 3aK/II0UeHreM B MeIUI[UHCKUI napaduH
Histomix (Biovitrum, Poccus). 'ucTonoruyeckue
cpe3bl TOJIIMHON 5—6 MKM MTPOM3BO/IU/IM HA POTAl[MOH-
HoM MuKpoToMe HM 325 (Termo, I'epmanusi). [oToBBIE
Ccpe3bl OKpallWBaJu reMaTOKCUJIMHOM U 303MHOM.
O1leHKY MMKpOIIperapaToB IPOBOJWIIN C UCIIO/Ib30Ba-
HHeM 7abopaTopHOro MUKpockora Axio Imager 2 (A2)
OCHaAIIIeHHOTO CUCTeMOM BU3yann3alii H300pakeHui
AxioCam MRc5 u mporpaMMHBIM OOecrieueHreM
Zen 2012 Pro (Carl Zeiss Microscopy, Oberkochen,
Fepmanus).
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[MTonyueHHbIe saHHBIe 00pabaThIBa/IU C MTOMOIL[BIO
MEeTO/[0B BapHallMOHHOW CTaTUCTHKHU C UCTIONb30BAHUEM
CTaTUCTUUECKUX MakeToB «Statistics for Windows» v.6.0
v Biostat (version 4.03). /17151 OLleHKM CTaTUCTUUECKOM
3HAYMMOCTHU Pa3/IMuUi MeXy BbIOOPKaMU TIPUMEHSLTHA
t-kputepuii CThrofieHTa (MPU HOPMAJIbHOM pacripe-
JleJieHUM TiepeMeHHbIX) U KpuTepuii MaHHa- YUTHU
(B cryuae OTCYTCTBUSI COTVIACHS JAHHBIX C HOPMAa/IbHBIM
pacnpeziesienreM). [TomyuyeHHble pe3y/bTaThl (PUKCH-
pOBasu B BU/Jie CpeJjHero apuMeTHyecKoro + CTaH-
JapTHast oibKa cpesHero aprdmeTryeckoro (M+m).
O [0CTOBEPHOCTH Pa3/IuuUid BeJTMUMH UCC/IelyeMbIX
rokasaresieit cyguu ripu P<0,05.

PesynbTaTbl M 06CYyXKAeHue

B xope uccnenoBanus ObIIO YCTaHOB/IEHO, UTO
[l0 Hauasla TPeHUPOBOK MaKCUMaJ/lbHasi MPOJ0JIKU-
TebHOCTb Oera mo ABMKYIEHCS JIeHTe JJIsl )KUBOT-
HBIX COOTBeTCTBOBasna 97,4+4,3 muH, uepe3 9 Hezle/b
TPeHUPOBOK Bo3pocia o 190,5+12,3 mun (P<0,001).
Y >KMBOTHBIX KOHTPOJIbHOM T'PYIIIBI 3@ aHA/IOTUYHbIN
BpeMeHHOU neprog ¢pusnueckas paboTocrnoco6HOCTb
He rpeTepresa CTaTUCTUYEeCKU 3HAYMMbIX U3MEeHeHUN
u cocraBuna 84,4+16,9 mun (P=0,473).

Pa6ota a3pobHOro xapakrepa Crioco6cTBOBaja
oripe/ie/ieHHbIM aJJaNTUBHBIM W3MEeHEHHSIM B OpraH13Me
JKUBOTHBIX. [Ipexxzie Bcero, 0TMeuanoch yBeauueHre
KOJIM4eCTBa SPUTPOLIMTOB U COZIePKaHUsI TeMOT/Io0nHa
B KpoBU. Ha Hauaso skcreprMeHTa Ync/io SpUTPOLIUTOB
B KPOBU JKMBOTHBIX cocTaByisiio 4,83+0,31x10'2/m.
Uepes 4 Heei TPEHUPOBOK 3TOT MOKa3aresib BO3POC
1o 5,72+0,25%10%/n. (P=0,049), K MOMEHTY OKOHYAHHSI
5KCIepUMeHTa KOHLIeHTPAaLKsl SPUTPOLIUTOB yBeJINUHr-
nack 110 7,20+0,44x10'%/n (P=0,001).

CxoxKasi KapTHMHa perucTpupoBassach U [/ 3Ha-
YeHUM KOHLIeHTpaluu remorinobuHa. B quHamuke
0—6-9 Hepenb cpeHUe BEIMUUHBI YDOBHS F€MOTJIO-
OuHa B KpoBu coctaBumm 116,4+5,3 r/n; 134,4+4,7 r/n
(P=0,029) u 138,6+4,1 r/n (P=0,008) cooTBeTCTBEHHO.
B KpOBM KMBOTHBIX KOHTPOJILHOM I'PYTITTbI CTaTUCTHU-
YeCKU 3HAYMMBIX OT/INUMM B COZlepyKaHUU OTpeiesisi-
eMbIX (DOPMEHHBIX IEMEHTOB KPOBU U reMOr/I00MHa

PHYSIOLOGY

K MOMEHTY OKOHUaHHUs 9-TH HeJie/lb SKCIIepUMeHTa
He 0TMeuasoCh.

TpeHupoBka (u3ruecKMMU Harpy3kamu JuHa-
MHYeCKOTO XapaKTepa CriocobCTBOBaia yMepeHHOH
runepTpoduu cep/lia )XUBOTHBIX. Y KPbIC, BbIOJI-
HSBILMX OeroBble Harpy3KH, Macca cepjiia B AWHa-
MUKe 6-8—9 Hezle/ib TPDEHUPOBKU 3HAUMTE/IbHO Ipe-
BOCXO/IW/Ia MacCy Cepia )KUBOTHBIX KOHTPO/IbHOMN
rpynnsl Ha 6,9 % (P<0,001); 10,6 % (P<0,001);
12,9 % (P<0,001) cootBeTcTBeHHO. KpoMme Toro, Ha 8-
1 9-11 Heflesle TPEHUPOBKY OTMeYasloCh CTaTUCTHYe-
CKM 3HaUMMOe yBe/IMUeHHe MacChl HaJ[lI0OYEeUHUKOB
Ha 48,3 % (P=0,006) u 60,5 % (P=0,004) (puc. 1).

BrITi0/IHeHUe KUBOTHBIMH 0erOBBIX Harpy30K
COIIPOBOXKJA/JI0Ch U3MEHEeHUSIMU B YPOBHe ayTo-AT
K KapzuocrenyguueckuM besikam B Kpou. [1pu oripe-
nenenuy ayTo-AT K TporoHUHY | BbIsiB/IeHa TeHAEHLIMS
K TOBBILLIEHUIO UX K KOHLY 2-1 HeJle/lu TPeHUPOBKU
Y CHWKEHHe B TIOC/IeyIOLIYe 3Tarbl TPeHUPOBOYHOIO
uukia. [Ipy 3ToM cTaTucTUyecKr MakCMMasabHO Bbl-
pa’keHHOe CHIDKeHHe ypoBHS ayTo-AT K TPOIIOHUHY
I peructpupoBanock 1o oKoH4YaHUO 8- 1 9-i1 HeJlenb
TPEeHUPOBKH (Tabm. 1).
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Puc. 1. Macca cepjua v HaZno4Ye4HKOB KpbIC
B AMHaAMMKe TPEHMPOBOYHOIO NpoLecca
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Fig. 1. Weight of the heart and adrenal glands of rats during
training process

Tabnuya 1

[vHaMuKa ayToaHTUTeN K 6enkam KapaAuoMHUOLMTOB (Hr/mi)
B KPOBM KpbIC B npoLecce 9-Tu HefeNb TPeHMPOBOK

AyToaHTUTeNna
Hepenu AyToaHTUTena| AyToaHTuUTena o
TPEHWPOBOK | K TPOMOHUHY |K anbda-akTuHy 1 K TADKE/ON el
6eTa-Mno3uHa 7B
Hayano
9KCMepuMEHTa, 3,1+0,3 26,7+1,2 16,3%0,9
(n=6)
2 Hepens, (N=6) 4,2+0,9 31,3+14 16,2+1,2
P 0,273 0,032 0,948
4-a Hepens (n=6) 2,7+0,4 14,8+4,6 10,9%1,5
P 0,442 0,031 0,012
69 Hepens, (n=6) 2,8+0,3 12,6+0,9 8,20,8
P 0,496 <0,001 <0,001
8-A Hepens, (N=6) 2,1+0,2 13,7+1,8 12,7125
P 0,021 <0,001 0,205
991 Hepens, (n=6) 2,0+0,04 12,1+1,6 9,6+0,9
P 0,005 <0,001 <0,001

lpumeyvaHme. P — 0OCTOBEPHOCTb OT/IYNIA NO CpaBHEHUIO
C JaHHbIMW Ha Ha4ano aKCrepnMeHTa
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Table 1
Dynamics of autoantibodies to proteins of cardiomyocytes (ng/ml)
in the blood of rats during 9 weeks of training, Mtm

Autoantibodies
Training weeks Autoantibodies | Autoantibodies to the heavy
9 to troponin | toalpha-actin1 | chain of beta-
myosin 7B
Start
experiment, 3,1+0,3 26,7+1,2 16,310,9
(n=6)
2nd week, 4,209 31,3414 16,241,2
(n=6) P 0,273 0,032 0,948
4th week, (n=6) 2,7+0,4 14,8+4,6 10,941,5
P 0,442 0,031 0,012
6th week, (n=6) 2,8+0,3 12,6109 8,2+0,8
P 0,496 <0,001 <0,001
8th week, (n=6) 2,1+0,2 13,74¢1,8 12,742,5
P 0,021 <0,001 0,205
9th week, (n=6) 2,0£0,04 12,1£1,6 9,6+0,9
P 0,005 <0,001 <0,001

Note. P — reliability of differences in comparison with the data
at the beginning of the experiment.

Hns ayto-AT K akTUHY 3a/JOKyMEHTUPOBAaHa CXOKast
JIMHAMUKa, HO C UeTKOW CTaTUCTUUeCKU BbIpayKeHHOU
LIMKJIMYHOCTBIO: TTOBbILLIeHHe yPOBHA ayTo-AT K 3a-
BepILIeHHIO 2-i HeflesIu TPeHUPOBKU C MOC/IeAyoLei
€ro HU3KOM BeJTMUMHON B AUHAMUKe 4—9 Hezenb 9KC-
repruMeHTa.

YpoBeHb ayTo-AT K MUO3UHY Y )KUBOTHBIX,
BBITIO/THSIBIIMX MblllIeUHble Harpy3Ku JUHaMuue-
CKOr'0 XapakTepa, Ha MPOTS)KeHUH BCEro rnepuoja
HabomeHn ObIT HYDKe BEJIUUMH, OTIPe/iesisieMbIX
Ha Hayvaso 3KcriepuMenTta. Ocobo 3HaUMMOe CHIKe-
HUe KOHLleHTpaLuuu ayTo-AT K MUO3UHY PerucTpu-
POBAJIOCh B MepUOJi OKOHUaHUs 6-1 u 9-1i Heflesb
TPEHUPOBOK.

[To pe3ynpTaram ruCTONOrMYECKOrO UCCIel0Ba-
HUS Y KPbIC KOHTPOJIBHOM TPYIIBI 000/I0UKU Cep/iia
SMMKap/, MUOKApZ U 3H/0KapZ UMeJy K/1acCuuecKoe
cTpoenue. KaparomMuonutel 06pa3oBbIBaIU (QyHKIH-
OHaJIbHbIe MbILIEYHble BOJIOKHA, aHACTOMO3UPYIOLL{1e
apyr ¢ apyroM. Cocyzibl yMepeHHO KPOBeHaro/THEHHbI
(puc. 2).

Y >KUBOTHBIX, BBITIO/THSIBILIUX O€roBbIe HArpy3KH,
B 1eproy ¢ 6 110 9 HeiesTro TPEHNPOBOK 0OHAPY)KUBAIOCh
yMepeHHOe yTOJIIlleHre MUOKapZa 3a cUeT Karusipu-
3al[MM Y KpPOBeHaro/IHeHus cocyzioB (puc. 3, 4). B kap-
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Puc. 2. Cepaue KpbIC KOHTPOSIbHOWM rpynnbl: A — NOMEPEYHbIN CPe3, OKpacKa reMaToKCUIIMHOM M 5031HOM x50, anukapg
(oT™MeYeHO 3eneHol 3Be3404KONM), MMOKap (OTMEYEHO CUHEN 3Be304YKON), aHAOKAP (OTMEYEHO 3e/1IEHOIN CTPENKON),
apTepuona (OTMeYeHO CUHEN CTPENKOM); b — M1oKaps, KapaAnOMMOLMTbI, OKpacKa reMaToKCUMHOM 1 903MHOM x200

Fig. 2. The heart of the rats of the control group: A — cross section, coloring with hematoxylin and eosin, x50, epicardium
(indicated by green asterisk), myocardium (indicated by blue asterisk), endocardium (indicated by green arrow), arteriole
(indicated by blue arrow); b6 — myocardium, cardiomyocytes, Ccoloring with hematoxylin and eosin, x 200

Puc. 3. . CepaLe KpbIC OMbITHOW Pynnbl Ha 6-1 Heflefie TPEHNPOBOK: A — MOMepeYHblt Cpes, oKpacka reMaToKCUIIMHOM
1 303MHOM x50, annKapg (OTMEeYEHO 3eNeHO 3Be304KOM), MMOKapL (OTMeYeHO CHHell 3Be304KON), apTepuona (OTMeveHo
CUHel cTpenkoi); b — Mrokaps, KapAMOMUOLITbI, OKpacka reMaToKCUIMHOM U 3031MHOM x200

Fig. 3. The heart of the rats of the experimental group at the 6th week of training: A — cross section, coloring with hematoxylin
and eosin, x50, epicardium (indicated by green asterisk), myocardium (indicated by blue asterisk), arteriole (indicated by blue
arrow); b — myocardium, cardiomyocytes, coloring with hematoxylin and eosin, x200

PHYSIOLOGY 57



Bensies H.I' u 0p. Bectuux PYJTH. Cepust: Mennunna. 2022. T. 26. Ne 1. C. 51—61

Puc. 4. CepALe KpbIC OMNbITHOM rpynmbl Ha 9-i Heflene TPEHNPOBOK: A — MOMePEeYHbIA Cpes, oKpacka reMaToKCUIMHOM
1 903UHOM x50, anvkapg (0TMeYEHO 3eN1eHOM 3BE3[104KOI), MMoKap (0TMEYEHO CUHe 3Be3[J04KO), apTepuona (0OTMedYeHo
CUHel cTpenkoit); b — Munokaps, KapAYOMUOLMTbI, OKpacka reMaTOKCUIIMHOM U 3031HOM x200

Fig. 4. The heart of the rats of the experimental group at the 9th week of training: A — cross section, coloring with hematoxylin
and eosin, x50, epicardium (indicated by green asterisk), myocardium (indicated by blue asterisk), arteriole (indicated by blue
arrow); b — myocardium, cardiomyocytes, coloring with hematoxylin and eosin, x200

JIMOMUOLIMTaX He 3aperuCTPUPOBAHO TATO/IOTUYeCKUX
Vi3MeHeHUH, KIIeTKU XOPOILLI0 ¥ paBHOMEPHO MPOKPaILIK-
BaJIMCh, BU3ya/IM3UPOBAa/ach rorepeyHasi UICuepueHHOCTb.
TonmHa agBeHTULIMK COCY[0OB MMOKap/ia COCTaBJIsiia
10 50 % Menuu, uHTAMa 6e3 u3MeHeHuH. OOIIUPHBIX
pa3pacTaHuii COeIMHUTETLHOTKaHHBIX BOJIOKOH He 00-
Hapy’KUBaJIOCh.

W3 npescraBieHHbIX JaHHBIX CI€YeT, UTO pery-
JISIPHOE BBIMOJIHEHHWE )KMBOTHBIMU OErOBBbIX Harpy30K
croco6cTBOBaIo (HOPMUPOBAHUIO TI0JIOKUTETbHBIX
aJlaT TUBHBIX U3MEHEeHUM B CUCTeMax BereTaTHBHOIO
obecrieueHus paboratoiriero opranusma. Ocobbrii UH-
Tepec MpU 3TOM BbI3BajIM pPe3y/bTaThl UCC/IeJOBaHHUS
COCTOSTHUSI KapAUOMUOLIUTOB M AUHAMUKU ayTo-AT
K KapauocrneludruueckuM OeslkaM Ha pa3HbIX 3Tarax
TPEHMPOBOYHOTI'O L[MKJIa.

BrisiBneHHast B pe3y/ibTaTax TeH/|eHIIUs K MOBbI-
menuro ayTo-AT K kKapauocrenuduueckum Oesikam
B KPOBM >KUBOTHBIX K KOHIIY 2-i HeJle/Iu TPEHUPOBKU
JIOTUYHO MepPeKINKaeTCs C JaHHBIMU JPYTUX UCCTIe/0-
Bareseii [16—18], moka3bIBalOIIMMU POCT Cep/ieuHbIX
Y ChIBOPOTOYHBIX KOHLIEHTPALU KapAuocneuduue-
CKMX OEJTKOB B OTBET Ha TPEHUPOBKU Ha BBIHOC/TUBOCTb.
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3aperucTpupoBaHHOE JajlbHeHIlee CHUYKEHHE
Ko/muecTBa ayTo-AT B rporjecce aZieKBaTHBIX TPeHU-
POBOUHBIX Harpys3o0K, 1o BCel BUAUMOCTH, SIBJISIETCS
CBUJIETE/TLCTBOM aKTHBALIMM T/IaCTHUECKUX TIPOLIECCOB
B MHMOKap/ie ¥ MOXXET SIB/ISITbCS IT0KA3aTe/IeM TOJIOKH-
TeJIbHBIX a/JalITUBHBIX N3MEHEeHUH B KapAXOMHUOLIUTAaX
TIOI, B/IMSTHAEM TPEeHHPOBOYHBIX Harpy3ok. Kpome Toro,
ornupasich Ha cBefieHust Chen, Y. [19] nonaraem, urto 310
CBSI3aHO TaK)Ke C BO3BpAIl[eHHeM KOHI[EHTPAL[U ChIBO-
POTOUHBIX Kapuocreluduueckux 6eKoB K UCXOAHOMY
YPOBHIO W/IH JIa)Ke HIKE er0 U MOXKET 00bSICHATBCS JI0-
Ka/IM30BaHHOMW 1 00paTUMOii fiereHepaljyeli MUOLUTOB,
MOCKOJTbKY BBIP@)KEHHOE MTOBPEXIeHNE TKaHH MHOKap/ia
COTIPOBOXK/IAeTCS TIOBBIIIIEHHBIM YPOBHEM ChIBOPO-
TOUHBIX OE/IKOB KapZIMOMHOLIUTOB OoJjiee JIUTebHO.
B nopaTBepskjeHre 3TOMY BBICTYTAIOT TO/TyYeHHbIe
HaMH pe3y/ibTaThl THCTO/IOTMUECKOT0 UCC/IeI0BaHMS,
yKa3bIBaIOII[Fe Ha yMepPeHHY0 rUrepTpodrio MUoKapa
1 OTCYTCTBHUE BbISIB/IEHHBIX ITaTOMOP(}OI0ruueCcKux
W3MeHeHUH KapAuoMULUMTOB. [Ipu 3TOM Hamnuuue
0O0/BIIIOr0 KOTMYeCTBA BU3ya/IM3UPYEMbIX COCY/IOB
MOXXET CBU/IETe/ILCTBOBATh O MPOTEKAHUH a/JalTTUBHBIX
M3MEeHEeHHH B cep/iie 10 palioHaIbHOMY THIY, TaK
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KaK He CTOJIbKO TUIepTpodurs MUOLIMTOB, CKOJIbKO
Kanu/ysipu3aliys MUOKap/a UrpatoT OCHOBHYIO POJib
B TOBBILIeHUH (DYHKLIMOHATBHBIX BOSMOYKHOCTEM cep/i-
ua [20]. ITonyyeHHbIe pe3yabTaThl JeMOHCTPUPYIOT
3aBUCUMOCTh KOJTMYeCTBEHHOW JUHAMUKU ayTOAHTHTe T
oT Mop(odyHKIMOHA/ILHBIX TIPOLIECCOB, TIPOTEKAIOIIINX
B Kap/JMOMHOLIMTaX B YC/IOBUSX afjalTal[iy K MbILLIey-
HBIM Harpy3Kam pa3/MyHO JJIUTeTbHOCTH U UHTEHCHB-
HOCTU. BMecTe ¢ TeM € I0/IHOM YBePEHHOCTBIO O [JU-
HaMUKe ayTOaHTHUTe K Oe/lkaM KapJMOMHOLIUTOB KaK
TIPeAUKTOPA MOYKHO TOBOPUTD TOJILKO MPY UMEIOIIXCST
CBe/IeHUSIX O COCTOSTHUM UIMMYHHOM CHCTEMBI B YCIOBUU
(usrueckoro repeHanpsikeHusi. Bo3aMO)KHOCTb UCTIONb-
30BaHMUs ayTOAHTUTET K Oe/TKaM KapJIOMHUOLIUTOB [IJIst
JIOHO30JI0THYECKOTO 0OHApYKeHUs] HauMHAIIUXCST
TaTO/IOTMUeCKUX TMPOLIeCCOB B MUOKap/ie B Cyuasx
XPOHUYECKOTO (M3HUUeCKOTO0 NepeHanpsykKeHust TpedyeT
JIOTIONTHUTEe/TbHBIX UCC/IeI0BAaHUM U SIB/ISIeTCS Lie/bI0
Halero fiajibHel11ero HayuHoro rnoucka.

BbiBOAbI

Pesynbrars! onpesenenys ayTo-Al K TPOIIOHUHY I,
K anb(ha-akTUHY 1, K TsDKesI0H 1jenu 6eTa-Muo3uHa 7B
JIeMOHCTPHUPYIOT UETKYIO peakLjii0 MIMMYHHOM CHCTe-
MBI Ha IPOLIeCChl, IPOTeKarollje B KapAUOMUOLIUTaX
MBILILBI CepZilia, YTO MI03BOJISIeT PeKOMeH/J0BaTh
Ja/lbHelllee U3ydyeHre UCII0Ib30BaHtsl ONpe/ie/IeHUs
ayto-AT K Kapauocnerupuueckim H6ekaM B KaueCTBe
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PyHKLMOHANIbHOE COCTOSIHUE CeTYaTKN KPOJIMKOB
nocne BO34eNCTBUSA HU3KOYACTOTHOIO Y/IbTpa3ByKa:
aHann3 rnokasaTesieil 3/IeKTPOpPeTUHOrpaMMmbl

A.C. Bajdues

BalmkupcKuii rocynapCTBeHHBIA MeJUIIMHCKUN YHUBEPCUTET, 2. Ypa, Pocculickas @edepayust
3A0 «OntumescepBuC», 2. Ycpa, Pocculickas Pedepayus
™ a.s.vafiev@gmail.com

AnHoTanms. AkmyanbHocmb. B HacTositiee BpeMsi HeCKOJTBKUMH T'PYTITIaMHU YUeHbIX BeAyTCsI pa3paboTKy 110 BHEJPEHUIO
HH3KOYAaCTOTHOTO Y/IbTPa3ByKa B XMPYPrHIO0 CETUAaTKW U CTEKJIOBUJHOTO TeJa, HO HeT /J0CTaTOYHOIr0 KOJInuecTBa paboT
110 U3y4yeHHUI0 (PyHKI[MOHAIBHOW aKTUBHOCTH CETUaTKHY TP BO3/|eMCTBUM JaHHOTO BU/Ia SHEPTUu. DJIeKTPOPHU3NO0JI0TUIeCKre
MEeTO/Ibl UCC/IeZI0BaHMsI TT03BOJISIIOT aHA/TM3UPOBATh U OLIEHWBATh 0€30TaCHOCTh, 3()(eKTUBHOCTb XMPYPruueCKUX BMeILaTe/bCTB,
[IeliCTBYe HOBBIX JIEKAPCTBEHHBIX CPEZICTB Ha YPOBHE HEMPOHOB M TIPOBOZSALMX TyTel. MeTo 3/1eKTpopeTUHOTpahyy 103BOJIsIeT
PerucTpupoBaTh OM03/IeKTPHUUECKYH0 aKTUBHOCTh HEHPOHOB CeTUaTKH BO BPeMsl CTUMYJISILIMM CBETOM TP TEMHOBOW 1 CBETOBOU
agantauuu. Lleab. [IpoBecTH cpaBHUTE/BHBIN aHAIN3 [TOKa3aTe el a- U b- BOJTHBI 3/1eKTPOPETHHOTPAMMBI KPOJIMKA TI0C/Ie
9KCTePUMEHTA/TLHOTO Y/ia/IeHUs1 CTEK/IOBH/THOTO TeJla C MOMOIL[bI0 HU3KOYaCTOTHOTO Y/IBTPa3ByKa M MEXaHUUeCKOTO BO3/|eHCTBHS.
Mamepuan u memoObl. BbM TIPOBe/IEHBI SKCIIEPUMEHTHI B IBYX TPYIIIax Kponukax nopozs! [unnmiina (n=40). B sxkcneprmeH-
Ta/IbHOM TPYTITe XMPypPruueckoe BMeIlaTe/IbCTBO 110 YaAeHUI0 CTeKIOBU/IHOTO TeJla POBOAMIOCH C TOMOLIBI0 HU3KOYaCTOTHOTO
yAbTPa3ByKa, B KOHTPOIBLHOMW TPYTIITe MPUMeHsICS (hparMeHTaTop C rM/IbOTUHHBIM MexaHn3MoM. [lo u rocre oneparumu (1, 7,
14, 30 cyTK1) IPOBOAM/IACH 3aITUCh /1eKTPOPETHHOT PAMMBI, U3MepPSINCh TTapaMeTPhl aMIIUTY/IbI U JIATEHTHOCTH a- U b- BOJTHBL.
Pe3yasmamnl u obcyscoeHue. B o6enx rpymnmax Ha 1 cyTKy Habmozianoch pe3koe CHYDKeHHe BCeX rapaMeTpoB. B panbHeldiiem,
Ha 7 CyTK{ AMHaMHKa JIATEHTHOCTH a- ¥ b- BOJIH HECKOJIBKO CHMYKAach 10 CPABHEHUIO C [J0OTIepaliMOHHBIMU 3HaUeHUSIMHU.
Ha 14 cyTkam moc/ie BO3eHCTBUSI aMIUIUTY/ja U ITUKOBasi JIATEHTHOCTh a- U b- BOJIH B 06€MX rpyIinax 0CTaBajgoCh Ha TOM )K€
ypoBHe uTto ¥ Ha 7 cyTku. Ha 30 cyTKu roka3aTesM BO3pacTasi, UTO TOBOPUT O BOCCTaHOBIeHUM (QYHKLMH (HOTOPeLenTopoB
Y KJ1eToK Miosiepa B o6enx rpynmnax. CTaTUCTHYeCKUX 3HAUMMBIX Pa3/IMuui MeXy UCC/IeAyeMbIMU TPYTITIaMH Ha BCeX CPOKax
WCC/IeZIOBaHUS He BbISIB/IEHO. BbigoOb!. IIpriMeHeHe HU3KOUaCTOTHOTO Y/IBTPa3ByKa A/Is y/ja/leHrs CTEK/IOBU/IHOTO Tejla MOXKeT
CUMTaThCs1 Oe30TMaCHBIM U UIMEeT TIepCIIeKTUBHI /IS Ja/TbHeHIIero pa3BUTHs U IPUMeHeHHsI.

KiroueBblIe ¢j10Ba: 3/1eKTPOPETUHOTPAMMa, HU3KOUaCTOTHBIN Y/IbTPa3BYK, CeTyaTKa
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The rabbits retina functional state after exposure to low-frequency
ultrasound: electroretinogram indicators analysis

Aleksander S. Vafiev

Bashkir State Medical University, Ufa, Russian Federation
CJSC «Optimedservice», Ufa, Russian Federation
™ a.s.vafiev@gmail.com

Abstract. Relevance. Currently, several groups of scientists are working on the implementation of low-frequency ultrasound
in surgery of the retina and vitreous body. But there are not enough articles on the study of the functional activity of the retina
when exposed to this type of energy. Electrophysiological research methods make it possible to analyze and evaluate the safety,
effectiveness of surgical interventions, the effect of new drugs at the level of neurons and visual pathways. The electroretinography
method makes it possible to record the bioelectrical activity of retinal neurons during light stimulation during dark and light
adaptation. The aim of the study is to carry out a comparative analysis of the a- and b-wave indices of the rabbit electroretinogram
after experimental removal of the vitreous body using low-frequency ultrasound and mechanical action. Materials and Methods.
Experiments were carried out in two groups of Chinchilla rabbits (n = 40). In the experimental group, surgery to remove the
vitreous body was performed using low-frequency ultrasound, in the control group a fragmentator with guillotine mechanism
was used. Before and after the surgery (1, 7, 14, 30 days) an electroretinogram was recorded, the parameters of the amplitude
and latency of the a- and b-waves were measured. Results and Discussion. In both groups, a sharp decrease in all parameters was
observed on day 1. Later, on the 7th day, the dynamics of the latency of a- and b-waves slightly decreased than the preoperative
values. On the 14th day after the exposure, the amplitude and peak latency of the a- and b- waves in both groups remained at
the same level as on the 7th day. On the 30th day, the indicators increased, which indicates the restoration of the functions of
photoreceptors and Mueller cells in both groups. There were no statistically significant differences between the study groups at
all periods of the study. Conclusion. The use of low-frequency ultrasound for vitreous removal can be considered safe and has
prospects for further development and application.
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BeepeHue

Ha cerogHsiniHui 1eHb CaMbIM paclpoCTpaHeH-
HBIM METOZIOM XHPYPryu4ecKoro geyeHus 3abomneBa-
HUM CeTUaTKHU SIB/ISIETCS y/ajieHre CTeK/I0BUJAHOTO
Tesa C MOMOL[bI0 MeXaHUUYeCKOTO BO3/eiCTBUS
[1-4]. JauHbiil ciocob uMeeT oTpezseneHHbIe
OorpaHuyYeHUsi, HallpuMep, YMeHbllieHre Kaanbpa
(parmMeHTaTopa BeeT K CHUKeHUIO TIPOU3BOU-
TebHOCTU cUCcTeMbl. OZIHAKO TEXHOJIOTMU He CTOSIT
Ha MecCTe, NPO/0/KaeTCsl MOUCK MeJUKO-TeXHuYe-
CKUX pellleHHM, HarlpaB/ieHHbIX Ha yMeHbIIeHue
TpaBMaTHu3al[uu, MoBbilieHUue 3)HeKTUBHOCTHU
1 6e30MacHOCTU XUPYPruueckoro jeueHus [5-7].
AKTya/IbHBIM SIBJIIETCSI UCII0/Ib30BAHME HOBBIX BbI-
COKOSHepreTHyeCKUX TeXHOJOTHWM, B YaCTHOCTHU
MepCrieKTUBHBIM MeTO/0M SIB/ISIeTCS IPUMeHeHue
HH3KOUaCTOTHOT'O y/bTpa3ByKa.

HeckonbKrMM rpymnnamy yyeHbIX NpeJJI0KeHO
MCTI0/Ib30BaHKe JaHHOTO BU/la SHEePryy, 1107, BO3/el-
CTBMEM KOTOPOIO CTEK/I0BU/IHOE TeJI0 IpeBpalaeTcst
B JierKoyjasisieMyto smyabcuto [8—10]. CoTpygHuku
kadeapsl odranbmosioruu ¢ kypcom UATMO BI'MY
U OTJie1 MUKpOXupyprudeckoro obopyzosanusi 3A0
«OntumeicepBrC» Ha 6a3e oTeueCTBeHHOW O Tab-
MOXUpPYypruueckoi cucteMsl «Ontumes; IIpodu»
paspaboranu pparmeHTaTOp HAa OCHOBE YJ/IBTPA3BYy-
KOBBIX KosieOanuit 32 KI'1y (PY Ne ®CP 2011/11396
ot 13.11.2013 r.), NO3BOJISAOLUI TPOBOAUTH BUTPIK-
TOMHIO — y/iaJieHue CTeK/IoBUAHOoro Tena [11-12].
AKTya/IbHBbIM SIBJIIETCS [IPOBeJjeHre SKCIIepUMeH-
Ta/IbHbIX UCC/Ie0BaHU /151 IOHMMaHUs Xxapakrepa
BO3/leMCTBUSI HU3KOUACTOTHOI'O y/IbTpa3ByKa IpU
WMHTPaBUTpeabHOM BO3/eCTBUY Ha (DYHKLIMOHA/IbHOE
COCTOSIHHE CeTUaTKHU.

B Hacrosiiee BpeMsi 31eKTpohr310I0rnuecKme
WCC/IeIOBaHMUS, B YACTHOCTU METOZ, 3/IeKTPOPETUHO-
rpacuu, sIBJISIOTCS OHUM U3 00bEKTHBHBIX METO/IOB
OLeHKM (PyHKLIMOHAJIbLHOTO COCTOSIHUSI CeTUYaTKH,
B UaCTHOCTU (OTOpPeLeNTOPOB, HEMPOHOB I1€ePBOI0
Y BTOPOTO TIOPSIJIKa, a TAK)Ke OTPaKaroT OMOXUMHUUeCKHe
1 (PyHKLJMOHa/IbHble HapylleHus [13-17].

L]eab uccaedosaHusi— NMpOBECTH CPAaBHUTEJTLHBIN
aHa/u3 roKasaresieli a- ¥ b- BOJIHbI 3/1eKTPOPeTHHOIpaM-
MbI KPOJIMKA M0C/Ie SKCIIEPUMEHTATbHOTO YAaTeHUs]
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CTEeK/JIOBU/IHOT'O TeJla C MOMOLL{bI0 HU3KOYaCTOTHOTO
yAbTPa3ByKa U MeXaHU4eCKOro BO3/eHCTBUS.

MaTepMan n MeTopbl

OKcrepruMeHThI ObUTH TIpOBeieHbI Ha 40 KposiuKax
nopogp! [unHimnna (cpegauii Bo3pact 5+0,5 Mecsies).
OMBITHI BBITIOJHSIMCH B COOTBETCTBUU C NpaBUIaMU
MpoBeieHusi paboT C UCII0/Ib30BaHUEM 3KCIIePUMEH-
Ta/IbHBIX KUBOTHBIX (TIprKa3 MuHBYy3a oT 13 Hosi0ps
1984 r. Ne 724), «EBpomneiickoii KOHBeHIMel 0 3alluTe
M03BOHOYHBIX )KUBOTHBIX, UCIIO/b3YyeMbIX [JIs1 SKCIIe-
PUMEHTOB WY B UHBIX HAayYHBIX Liesix» OT 18 mapra
1986 1., Takke noayueHo paspeiieHue JIDK ®I'BOY
BO BIMY M® P® ot 18 okTsibpst 2017 . Kponu-
KOB CO/lep’Ka/ii B CTaHAAPTHBIX YC/I0BUSIX BUBApHUs,
Ha 00BIYHOM TMHIIIEBOM pallOHe.

Bce kponuku 6b1TH pasziesieHbl Ha 2 TPYIIIBL.
B skcnieprimeHTaibHOM rpymme (n=20) Obl1a rpoBe-
JleHO BMellaTe/IbCTBO C TIOMOLL[bI0 HU3KOUAaCTOTHOI'O
ynbTpasByka (¥Y3), pabouast yacTtoTa UHCTpyMeHTa
r“Mesa cocTasisia 32 KI'L, B KOHTPOJIbHOM I'pyI-
ne (n=20)— runb0TUHHBINA MexaHu3M (I'M), uacToTa
pe3oB cocras/suia 6000 pe3/mMuH.

Bb11u ipoBesieHbl OAHOTHUITHBIE OTlepaliiy Ha 00a
rnasa. Omneparyy ObUTH BBITIONHEHbI OIHUM XHUPYProM
Ha YHUBepCaabHOU 0 TaibMOI0OTHUYeCKOW MUKPO-
xupypruyeckoi cucreme «Ontumen ITpodpu» (3A0
«OrnrtumeicepBuc», Poccus).

B nonoctk rnasa BBOAWIM hparMeHTaTop Kaiu-
6pa 25G (500 MKMm) a5 yaseHus CTeKJI0BHTHOTO
tesa (puc. 1). CamorepMeTH3UpYOLIMeCs MOPThI yCTa-
HaBivBanuch Ha 10, 12 u 14 yacax. B obenx rpymnmax
pabotanu B TeueHue 300 cekyH/. BoirnonHsm yaanenue
CTEK/JIOBU/IHOT'O TeJla C NMIOMOLIbIO y/IbTpa3ByKa U Me-
XaHWUYeCKOTr0 BO3JeMCTBUS.

Ho u nocne onepanuu (1, 7, 14, u 30 cyTku)
B 00eux rpynmnax KpOJMKOB MPOBO/MUIIACH 3aUCh
sneKTpopeTrHorpammbl (OPI7) ¢ moMolibi0 KOMIIIeKCa
[J1s1 571eKTPO(hU3M0NI0rnuYeCcKUx ucciefoBaduii Tomey
EP-1000 (AAnonus). Bce uccienoBanus NpoBOAUINCH
B CTaH/lapTHBIX YCIOBUSIX perucrpauuu. [1s 3anucu
U OL[€HKH T1aJI0UKOBOH, KOJIDOUKOBOI CUCTEMBI U I10-
JTy4eHUs] MaKCUMaJIbHBIX aMIUIUTY/ U CTaOU/IbHBIX
rapaMeTpOB JIATEHTHOCTHU U3MepeHre POBOAWIN TIPU
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TEeMHOBOM M CBeTOBOM ajjanTaluy. Kposnvkam Haksa-
[bIBA/TUCh 3 3/1IeKTPO/A: 3a3eMJIsIFOLUM, pedepeHT-
HBIM U JIMH3a-TIPUCOCKA Ha POrOBULLY I71a3a (puc. 2).
Vwmriesanc Ha 06oux rnasax He mpeBbiman 4 KOM.
V3mepsiach AMHAMMKA U J1aTeHTHOCTb a- U b- BOJIH.

Puc. 1. O6wmit BUA XMpYpPruy4eckoro BMellaTenscTBa
Fig. 1. General view of the surgical intervention

Puc. 2. [pyMep HanoXxXeHns s1eKTpoaoB
Fig. 2. Example of applying electrodes

ripeZicTaBieHsl B BUje M+Sd, rae M— Bri6opouHoe
cpeznHee, Sd— craHAapTHOe OTKIOHeHHe. CpaBHeHHe
KO/TMYeCTBEHHBIX [T0Ka3aTesell MeXXy rpyrniamu rnpo-
BOJJMJIOCH C TIOMOLIBIO HelapaMeTpUieCKOro KpUTepust
MaHHa- YUTHY, CTaTUCTUYeCKHA 3HAUMMbIMU Pa3/InuMs
cuntanucs rpu p<0,05.

Pesynbratbl 1 obcyxaeHue

Ilo BMelIIaTe/TbCTBA C TIOMOIIIBIO YIBTPA3ByKa U Me-
XaHHUYeCKOTr0 BO3/|eHCTBUSI aMITUTYAHO-BpeMeHHbIe
XapaKTepUCTUKHU U (opMa IeKTPOPETHHOT PAMMBI
3KCIepUMeHTa/TbHOW U KOHTPOJIbHOM I'PYTIIT KPOUKOB
o0s1aziamy CXOKUMHU ITapaMeTpaMy U UMeJTH KJIaCCH-
yeckuil BUJ. Habmofancey Xopolo Belpa)keHHbIe
a- u b- BonHeI (puc. 3).

w
“ R y3
30
20
10
[']
-10
=20
20 10 1] 10 20 30 40 S0 60 T0 ms
» ) )
30
20
10
[1]
=10
-mI'I‘I'I'a\'I'I'i'I'I‘
20 10 [+ 10 20 30 40 80 &0 70 ms

Puc. 3. [prMep anekTpopeTUHOrpaMMbl KPOIMKOB
B 9KcnepumMeHTanbHol (Y3) 1 KoHTposnbHo (M) rpynnax
[10 BMelLaTeNbCTBa

Fig. 3. An example of an electroretinogram of rabbits in
the experimental (¥3) and control (T'M) groups before intervention

3HaueHus1 aMIUIATY/bI U JIaTEHTHOCTH a- U b- BO/IH
B 3KCIiepuMeHTa/ibHOM (Y 3) U KOHTPOJIbHBIX T'PYII-
nax (I'M) npezcTaBieHbl HIKe.

Il cTaTuCcTHUeCKON 00pab0oTKH MCIT0/Tb30BaJICS
naket Statistica v. 11, Statsoft (CIIIA). Pe3ynbrarbl
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Tabnuya 1
MNokasaTenu aMNNUTYAbl U TaTEHTHOCTHM a- U b- BonH Ha Bcex cpokax uccneposanus (MSd)
Lo onepauumn 1 cyTku 7 cyTKM 14 cyTku 30 cyTku
g = QKC”ePMMe“%’;b”a" rpynna 31,448,0 20,7+6,3 27,3462 30,0£6,5 33,7+6,3
[l o (
s
E& =
5: & KoHTponbHas rpynna (F'M) 32,3t7,2 21,615,8 27,3157 33,2t5,5 34,416,2
a0
g2 SKC”ep“Me“&g")"“a“ rpynna 15,5¢1,3 16,2¢1,9 11,9412 14,9411 14,6415
£z
)
é @ KoHTponbHas rpynna (F'M) 15,941,3 15,442,2 13,241,2 14,841,2 14,9+1,2
(3]
©
<3 SKC”ePMMG*Z;%’;"”a" rpynna 100,2+7,4 69,4472 84,86,8 88,864 89,956
Sc
E& =
3 o KoHTponbHas rpynna (F'M) 101,0£7,0 71,2+6,3 85,716,6 89,9+6,2 90,946,1
o 0O
5= 3""”””““%’1"”3" d2dhls 42,8483 32,5¢6,4 33,246 34,946,1 44,8+ 4,0
g 3 ( )
= I
3o
[ KoHTponbHas rpynna (F'M) 45,2+6,8 34,216,2 34,1457 34,916,4 44,8+ 4,1
=<
Table 1
Amplitude and latency of a- and b-waves at all periods of the study (M+Sd)
Before surgery 1 day 7 day 14 day 30 day
g g Experimental group (US) 31,418,0 20,716,3 27,316,2 30,0t6,5 33,716,3
TE=
23 E
@ g Control group (GM) 32,3t7,2 21,645,8 27,3157 33,2+5,5 34,4+6,2
2= Experimental group (US) 15,5+1,3 16,2+1,9 11,941,2 14,941,1 14,6%1,5
2o
=g E
© 8 Control group (GM) 15,941,3 15,4+2,2 13,241,2 14,8+1,2 14,941,2
§ _qu 2 Experimental group (US) 100,2+7,4 69,4+7,2 84,8+6,8 88,816,4 89,945,6
TE
2 a
o) g E Control group (GM) 101,0£7,0 71,216,3 85,716,6 89,9146,2 90,946,1
% Z w Experimental group (US) 42,848,3 32,5t6,4 33,216 34,96,1 44,8+ 4,0
c
=g E
6 © Control group (GM) 45,2+6,8 34,2+6,2 34,157 34,96,4 44,8+ 4,1
CriycTsi CyTKY MOC/Ie BO3/|eCTBYS B 00erX rpyrimax K 7 nocne Bo3aeicTBUs aMIUIMTY/ja a- U b- BOJIH

UCCJIe/IOBAHUS TIPOUCXOJU/IO YMEHbIIIeHHe aMIUTUTYIbl B 00eUX rpymrax UCC/ieloBaHus UMesla TeHZEeHLII0
Y y[yIMHeHYe MMKOBOM JIaTeHTHOCTH a- U b- Bo/IH, UTO K BO3pacTaHMIO, B CBOIO OUYepe/ib, TIMKOBAst JIAaTEHTHOCTh
CBUJIETE/ILCTBOBAIO O YXYALIeHUH yHKLMOHATBHOTO  BOJIH COXPAHS/IaCh, YTO TOBOPUT O HEe3HAUNUTEILHOM
COCTOSTHUSI KOJIOOUKOBBIX M Ta/IOUKOBBIX (DOTOpeLen- BOCCTaHOB/I€HNWH (DyHKLIMOHATBHBIX CBOUCTB (HOTO-
TOPOB.

66

PELeNnTOPOB.

ON3MOSTION A



Vafiev A.S. RUDN Journal of Medicine. 2022;26(1):62—68

K 14 cyTkam mocsie BO3[eUCTBUSI aMIIJIUTYZa
U [TUKOBAst JIAaTEHTHOCTh a- ¥ b- BO/TH B 00eux rpyrmax
0CTaBaJIOCh Ha TOM >Ke YPOBHE UTO U Ha 7 CYTKH.

Ha 30 cyTku roce Bo3eiCTBYS aMIIUTY/Ia U TTHKO-
Basl JIaTEHTHOCTb a- 1 b- BOJIH 2/1eKTPOpeTHHOrPaMMbl BOC-
CTaHOBWIMCh /10 YPOBHSI 100TePaLIOHHbIX 3HAUEHUH KaK
B TPYIIIe 5KCIIePUMEHTa/TbHbIX )KUBOTHBIX, TaK U B KOH-
TPO/JIBHOW. JTO MOYKET TOBOPUTH O ()YHKLIMOHATTBHOM
BOCCTaHOBJIEHMU (DOTOPELIeNTOPOB U K/1eToK Mroriiepa.

B pesynbrare cpaBHeHUs aMITIMTY/bI U JIATEHTHO-
CTH a- u b- BonH Ha 1, 7, 14, 30 cyTKu MexXxzy AByMs
rpyMIiamMy He ObIIO BBISIBJIEHO CTaTUCTUUECKUX 3HAUH-
MbIX paznuunii (p<0,05).

Takum 006pa3om, Mocjie IPOBe/IeHNsT BMELIIaTe/TbCTBa
C TIOMOILIBKO HU3KOYaCTOTHOTO YJ/IbTPa3ByKa U TU/IbO-
TUHHOI'0 MeXaHKW3Ma 0TMedajioCh CHIDKeHHe aMIUIATY -
HO-BPEeMEHHBIX XapaKTePUCTHK Ha 1 CyTKU C Tocjiesy-
FOLLIMM TTOCTerNeHHbIM BOCCTaHOBIeHneM K 30 cyTKam.
CTaTuCTUUeCKy 3HAYMMbIX Pa3ddri MeXKy rpyTiraMu
Ha BCeX CPOKaX MCC/Ie/I0BaHMs He HaO/TH0/1a/ioCh.

BbiBOAbI

Vcxopnst M3 cpaBHUTENBHOTO aHa/Iv3a MoKasatesei
a- U b- BOJIH 3/1€KTPOpPEeTHHOrpaMMbI KPOJIMKA M0c/1e
9KCIIePUMEHTA/ILHOTO y/ja/leHUsI CTEK/IOBU/IHOTO Tefa
C TMOMOILIbI0 HU3KOYAaCTOTHOT'O ybTPa3ByKa U MeXaHU-
YeCKOro BO3/eHCTBUSI He BBISIBJIEHO CTaTUCTUUEeCKUX
pa3muuii. TakuM 00pa3oM, OCHOBBIBAsICh Ha TIPOBe-
JIeHHOM 3/1eKTPO(U3N0/IOTUUECKON OlleHKe, MOXKHO
3aK/TFOUUTh, YTO NIPUMeHeHre HU3KOYaCTOTHOTO YJTb-
Tpa3ByKa [/ y[ja/leHusl CTeK/IOBU/JHOTO Tesla MOXKeT
cuuTaTbCst 6€30MacHBIM U UMeeT MepPCIIeKTUBBI /1JIs
JlanbHeNIero pa3BUTHsl U IPUMEHEHUS.
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BnusiHue HacTtosa Astragalus membranaceus
Ha obyyeHue KpbiC B paanasibHOM JlTabUpUHTE

A.HO. KapernukoBa , Y.A. MarBuenko , /I.A. CaBuHoBa ,

J.A. lennkaeBa , H.A. JlypHoBa >4

CapaToBCKu roCyjapCTBeHHBINM MEAULIMHCKUN yHUBepcuTeT, 2. Capamos, Poccutickas @edepayust
< ndurnova@mail.ru

AnHOTauuA. AKmMyaibHOCMb. JleueHre KOTHUTUBHBIX HapyIIeHUH MpecTaB/seT cob6oil ceppe3Hyto mpobiemy co-
BpeMeHHOH MeZMLMHbI. bone3Hns AsblireiiMepa v 6ose3Hb [1apKMHCOHA SIBISFOTCSI XPOHUYE CKMMU TTPOTPeCCHUPYIOLUM
HelpoJiereHepaTUBHBIMY 3a00/1eBaHUAMU 1 Haubosiee pacrpoCTPaHeHHON MPUUMHOMN Pa3BUTHSI TIPOTPECCUPYIOLLEH 1eMeHLIUH
y NIOKWITBIX Jtofield. DheKTHBHOM Tepanuu 3THX 3a00sieBaHMid He CYIIeCTBYeT, T03TOMY He0OX0[MM MOVCK MHTeT PUPOBAHHBIX
MeTO/IbI JIeueHus1, BK/Irouasi purorepanuto. Lleab uccnedosaHuss —m3yueHre KpaTKOBPEMeHHOM | [J0JITOBpEMeHHOW TTaMsITH
KPBIC B TECTe «BOCbMUPYKABHBIM paJriaibHbIN 1TaOUPUHT» 107, BIMSHUEM MHOTOKPaTHOTO BBeZIeHHs HaCTOsI TPaBbl acTparasa
rieperioHuaToro (Astragalus membranaceus (Fisch.) Bunge). Mamepuasabi u MemoObl. DKCIIepUMEHT ObLT TIPOBeJeH Ha 18
HeJIMHeMHBIX KpbICaX, pa3fie/leHHbIX Ha 3 TPYIIIbl— KOHTPOJIBHYO U 2 OMbITHBIE. JKUBOTHBIE B TeueHHe 21-X CYyTOK e>Ke/JHeBHO
BHYTPIKe/TyZI0UHO TI0/Ty4asv KoerH B 103e 5 MI/KT, HACTOM acTparasa reperioHuaroro B fo3e 100 mr/kr. KoHTposibHOM rpyTimne
BBO/IW/IY TTUTHEBYIO BOAY 10 Macce. [Ijisi u3yueHusl KOTHUTUBHBIX (QYHKLMIA IPOBO/IMIN TECT paJviabHbIi TaOVPYHT, BHITTOJHSIS
[IBE CepUU TeCTUPOBaHWI —Ha 2—7 1 16-21 cyTku. Pe3yabmambl u 0bcydcoeHue. B xoze poBejeHHOTO UCC/e[0BaHUs ObLIO
YCTaHOBJ/IEHO, YTO NIPY MPOJ0/DKUTENBHOCTH TeCTHPOBAHUS )KUBOTHBIX Ha NMPOTSDKEHUN 2—7 [HEeH, 3Ha4lMble U3MeHeHUs] MeXy
rpymnIamMu OTCyTCTBOBasu. [Ipy yBeMueHUH AJIMTeTbHOCTH BBeJieHUsI MCC/le/lyeMbIX BelllecTB K 1621 cyTkam 3KcrepuMeHTa
TIpY BTOPOU Cepuy TeCTHPOBaHUs HA0JIOAaI0Ch yBemyeHre 6aioB MaMsaTH Kak y BTOpoi (KodenH, 5 MI/KT), Tak U Y TpeThel
(actparan neperonyarsii, 100 Mr/Kr) onbITHBIX TPyNIL. Bbigoobl. BBeseHre kodenHa B 03MPOBKe 5 MI/KT BJIMSJIO Ha aKTHUBA-
LIUFO KPAaTKOBPEMEHHOM U [I0/ITOBPEMeHHOM MaMsITH TIPH TTPO/[0/DKUTeNbHOCTH BBefieHust Oosiee 17-TH CyTOK—Ha 2-0M JTarie
TecTUpoBaHusi. Actparas nepernonuarsiii (100 Mr/Kr) BbI3bIBa aKTUBALIMEO paboueli U JOrOBPEMEeHHOMN MPOCTPAHCTBEHHON
namsTH ¢ 16-X CyTOK 3KCIiepuMeHTa— Ha 2-01 Cepyu TeCTOB.

KiwueBsle cioBa: Astragalus membranaceus (Fisch.) Bunge, HacToOH, 9KCTPaKT, KOTHUTHBHbIE (YHKIUU, TOBeJieHUeCKIe
peakiuu, KoherH

BKJ1aj] aBTOPOB: BCe aBTOPbI BHEC/IH CYIL[eCTBEHHBIN BK/ajl B pa3paboTKy KOHLEMLMH, TIPOBEeHKe UCC/Ie[0BAHUS U TIOATOTOBKY
CTaThH, MPOUIN U 0f00pU/IN (BUHANIBHYIO BEPCHIO MTepej IyOIuKarie.
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Astragalus membranaceus infusion effect on rats learning
in the radial maze

AlenaYu. Karetnikova ', Uliana A. Matvienko ', Daria A. Savinova ,

Elvira A. Denikaeva ', Natalya A. Durnova >

Saratov State Medical University, Saratov, Russian Federation
< ndurnova@mail.ru

Abstract. Relevance. Treatment of cognitive impairment is a serious problem for modern medicine. Alzheimer’s disease
and Parkinson’s disease are chronic progressive neurodegenerative diseases and the most common cause of progressive
dementia in the elderly. There is no effective therapy for these diseases, so it is necessary to search for integrated therapies,
including herbal medicine. The aim was to study a short-term and long-term memory of rats in the test «eight-arm radial
maze» under the influence of repeated administration of an aqueous extract of the herb Astragalus membranaceus (Fisch.)
Bunge. Materials and Methods. The experiment was carried out on 18 non-linear rats, divided into 3 groups — control and
2 experimental. For 21 days, the animals received daily intragastric caffeine at a dose of 5 mg/kg, infusion an aqueous
extract of Astragalus membranaceus (Fisch.) Bunge at a dose of 100 mg/kg. The control was injected with drinking
water by weight. To study the cognitive functions of the maze, performing two series of tests—at 2—7 and 16-21. Results
and Discussion. In the course of the study, it was found that when the animals were tested for 2-7 days, there were no
significant changes between the groups. With an increase in the duration of administration of the test substances by the
16-21 days of the experiment, in the second test series, an increase in memory points was observed both in the second
(caffeine, 5 mg/kg) and in the third (Astragalus membranaceus (Fisch.) Bunge, 100 mg/kg) of the experimental groups.
Conclusion. The introduction of caffeine at a dosage of 5 mg/kg influenced the activation of short-term and long-term
memory with a duration of more than 17 days of administration —at the 2nd stage of testing. Astragalus membranaceus
(Fisch.) Bunge (100 mg/kg) caused the activation of working and long-term spatial memory from the 16th day of the
experiment— on the 2nd series of tests.

Keywords: Astragalus membranaceus (Fisch.) Bunge, infusion, extract, cognitive functions, behavioral responses, caffeine
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BeepneHue

KoruurtrBHbIe pacCTpoiCTBa—3TO KaTeropus Ha-
PYILLEHHH NICUXUYEeCKOTO 37I0POBbsi, KOTOPbIE B TIEPBYIO
ouepe/ib B/IMSIIOT Ha 00yUYeHue, TaMsiTh, BOCIIPUSTHE
U petiieHye ripo6rem [1]. JleueHure HapylleHWI TTaMSITH,
1 B 60s1ee 0011ieM MOHATUN — KOTHUTHUBHBIX HapYILIeHUH,
TIpe/ICTaB/IsieT COOOH, B CBETE X B/IUSHMS Ha I7100a/IbHOe
ob11iecTBEHHOE 3/]paBOOXpaHeHHe, Cepbe3Hy0 IpobreMy
/IS COBpeMeHHOW MeuluHbL. bosie3Hs AsiblireiiMepa
1 6one3Hp [TapKUHCOHA SBJ/ISIFOTCS XPOHUYE CKUMU
MPOrPeCCUPYIOIINM Helpo/iereHepaTUBHBIMU 3a00J1e-
BaHUSIMU M HanboJsiee pacpoCTpaHeHHON PUUNHOMN
Pa3BUTHSI ITPOrPeCCUPYIOLIel JeMeHLUH Y TIOKUITBIX
nmofeit [2—4]. Ha cerogHsilHuii 1eHb HayYHble UCCie-
[JoBaHust 6osee 50-TH MperapaToB, EPCIEKTUBHBIX /1S
neueHus: 6ose3Hu AsblreliMepa, YCIeIHO PO
(hazy Il KTMHUYeCKUX UCTIbITaHUM, HO HA OJIUH U3 HUX
He nipouen ¢asy III [5]. TepaneBTrueckuit noaxog,
OCHOBAHHBIHM Ha MapajZiirMe «OfWH TperiapaT— ofjHa
MMUILIeHb», OKa3aJICsi OrpaHUYeHHO 3PdeKTHBeH, O3TOMY
Oortee MpeATIOUTUTE/TBHBI MY/IETUMO/IA/TbHBIE TTO/IXO/IBL,
peanu3yoliie HOBble MHTeTPUPOBAHHbIE METO/IbI Jieye-
HUs1, BK/Iouasi hutoTepanuto [1, 6].

B TeueHue nociefHUX JeCATUIETUN B psifie UC-
CJ1efloBaHUM PacCMOTPeH MOTeHL|as JieKapCTBeHHbIX
pacTeHuH B yTipaB/ieH|H HapyLLIeHUsIMH ITaMSITH 1 60pb0e
C BO3PaCTHBIMU CHYDKeHUsIMU MamsiTH [ 7, 8]. KnuHnueckue
HCC/IeJOBaHKS U PAaOOThI Ha SKCTIEPUMEHTA/TbHBIX MOJIETISIX
Oose3Hn AJbLreiiMepa MoKasasy, uto COOphI MPUPOHBIX
(hapmakosoruueckux CpefiCTB KUTalCKON MeAULIMHbI
CIIOCOOHBI OKA3bIBATh BHIDA’KEHHBIE HEMPOOKMO/IOrHUecKre
3¢ eKThbl, TaKre KaK y/yullleH’e TIoKasaTesiel namsiTy,
Tipe/ioTBpallleHye JlereHepaliiy U arorTo3a HeMpoHOB,
3all[1Ta CUHATICOB, aHTMOKCU/IAHTHOE JIeNCTBYE, MOZY/IH-
pOBaHMe aKTHBHOCTU MUKPOIVIUH, Y/Ty4IlleHHe TIPOLIeCCOB
SHepreTHueckoro oomeHa u zip. [9].

Actparan mepemnoHuatbeii (Astragalus
membranaceus (Fisch.) Bunge) ucnonb3yercs B Tpa-
IUIMOHHOM KUTaMCKON MeJUIIMHe B KaueCTBe TOHH-
supytoiero cpegcrsa [10]. MiccnenoBanus nokasan,
YTO Iperaparsl, MoiyyeHHbIe U3 acTparasa, POsB/ISIOT
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UMMyHOMOZyaupytoiyto [11], npoTuBoBOCHaIu-
TenbHYH0 [12], MpOTUBOOIYX0/IeBYIO U APyTUe BUAbI
6rosornueckor akruBsHocTu [13, 14]. OCHOBHBIMU
KOMITOHEHTAaMH, CITOCOOCTBYIOIIIUMU MPOSIBIIEHUIO
6uonoruyeckux 3hdeKToB, SIBASIOTCS (H1aBOHOUIHI,
CaroHWHBI ¥ TIO/IMCaxapyAbl 3Toro pacreHus [15]. Ycra-
HOBJIEHO, UMO OUO/IOTUYECKU aKTUBHbIE COeMHEHUsI
acmpaeana nepenoHYamo20 MposIB/SIOT BbIpayKeHHbIH
3¢¢deKT Npy KOppeKLMY HapylleHui namsaT [8, 16].

B uccnenoBanny ®sii Xyanr (Fei Huang) 1 coaBropos
C TIpYMeHeHreM TI0Be/leHueCKUX TecToB «radialarm maze
test» u «shuttle-box test» f1okasaHo, uto Astragaloside [V
(BOZIOpacTBOPUMBIN CAarlOHWH), COZIEPKAIIUIACS B acTpa-
rajie TieperioHYaToM, MOYKET Y/IyulllaTh MaMsiTh U MOZY-
smpoBatb 'AMK-epruueckyro CHHaITTUUECKYIO Iepefady
B TUITIOKamIle y Mbiiiei [17], moMoraeT 3aiuTuTh J10-
(hamMuHepruuecKrie HeMPOHbI U CMIOCOOCTBYET YCKOPEHHIO
HepBHBIX TpoLjeccoB [12]. HecmoTps Ha yclielHble
HCCIIeloBaHUs psiia MEXaHU3MOB, BOTIPOC O B/IMSIHUM
HACTOsi TPaBbI acTparasia rnepernoH4YaToro Ha KOrHUTHBHbIE
TIPOLIeCChI OCTAETCSI OTKPBITHIM.

Lenbto uccnedosaHus sABSIOCH W3yyeHUe KpaT-
KOBPEMEHHOU U [10/Ir0OBPeMEHHOM TaMsATH KPbIC B Te-
CTe «BOCBMUPYKABHBIN pa/iiaibHbIN JTAOUPUHT» MO
BJIMSIHEM MHOTOKDPATHOTO BBe/IeHUsI HACTOSI TPaBbI
actparaja nepernonyaroro (Astragalus membranaceus
(Fisch.) Bunge).

MaTepuanbl u MeToAbI

OO61BeKToM MCC/IeJOBAHUS SIB/ISICS HACTOW TPaBbI
acTparasa neperoH4aroro (pacTUTe/lbHOE Cblpbe —
TpaBa acTparasia eperoHYaToro, por3BOAUTEb —
00O «Komrnanus XOPCT». Hacroli 13 TpaBbl acTpara-
na nepernonyaroro (1:10) mosyyanu coriacHO MeTOAMKe,
u3710)keHHOH B ['ocyziapcTBeHHol (hapmakoniee PO XIV
u3nanus OPC.1.4.1.0018.15 «Hacrou u otBapbi» [18].
[TonyueHHbII HACTOM TpaBbl acTparasa lepernoHYaToro
TipeJcTaB/isia cOO0M Mpo3pauHoe K3BIeueHHe XKeJITo-
ro 1jBeTa Co crieliu(pruecKrM C/1a/KOBaTbIM 3araxoM
C CyMMapHbIM cofiep>kaHueM 5,59+0,02 mr/mn dna-
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BOHOU/IOB. [To/ryueHHbIM HACTOM yrapyuBasu, a CyXou
OCTaTOK PAaCTBOPSUIA B BOJe OUHMILIEHHOM [I0 MOy YeHUs]
koHUeHTpaumu 100 Mr/mi.

[Tepen npoBesieHreM 3KCIIepUMEHTA OIpeesisiii
OCTPYIO TOKCUUHOCTb, C L|eJTbF0 HAX0XK/JeHHS [I03 HAaCTOst
JI/1s1 IOC/IeAYIOLMX UCC/iefiloBaHUNA. OCTPYIO TOKCHY-
HOCTb HaCTOs1 TPaBbl acTpara’sia rneperoHyYaToro u3yyvaum
o metozy IIpo3oposckoro [19]. JKuBoTHBIe nonyyanu
HacTol B fio3ax 1000 mr/kr, 3000 mr/kr u 5000 Mr/kr
B o0nemax 1,0 M1 Ha 40 © Macchl TeJia )KUBOTHOIO.
KoHTpoJsibHast rpyrirna nosjydasna ¢Gpru3noiorudyeckKui
pacTtBop 1o macce. HabntoneHue 3a COCTOsSIHUEM
JKUBOTHBIX Be/IM B TeUeHue BYX Hejle/ib, B TeueHue
MepPBBIX CYTOK MOC/Ie BBeJeHUs )KUBOTHbIE HAXOAWUINUCh
T0/], HeTIpepbIBHLIM HabstofeHreM. Tlociie BBefieHUs
HacTosi GUKCUPOBaIN 0COOEHHOCTH UX TIOBe/IeHMUs,
VMHTeHCHUBHOCTb U XapaKTep /IBUTaTe/IbHOM aKTHUBHOCTH,
HapyllleH!sl KOOpAUHALIMU JBYKEHHSI.

[Ipu uccieoBaHUM TOKCUYHOCTH HACTOS acTpa-
raja repernoHuaroro B fo3e 1000 Mr/Kr He oTMedanu
TIPU3HAKOB OCTPOro oTpaseHus, B fo3ax 3000 Mr/kr
u 5000 Mr/Kr Hab/MIOaId CHIDKeHUe [ABUraTeIbHOMN
aKTUBHOCTH, yBeJMUeHHe YaCTOThl JbIXaTeJbHbIX
JIBYDKEHUI, OTHAKO CJTy4aeB rMOe/y )KUBOTHBIX 3aperi-
CTpPUPOBaHO He Ob10. Ha 2-e CyTKHU y 3KCTIepUMeHTaslb-
HBIX YKUBOTHBIX NIPU3HAKOB MHTOKCHKALIMK OTMEYEHO
He ObU10. YCTaHOB/IeHHBIH MoKasatesb LD >5000mr/kr
[ HACTOs1 TPaBbl acTparasia reperoHyaToro COOTBeT-
CTBYeT M0 K1acCU(PUKALIMKA TOKCUUHOCTH XUMUUEeCKUX
Bewject ('OCT 12.1.007-76) k IV Knaccy TOKCUUHO-
cT¥ (MaJIOTOKCHUYHbIE BelljeCTBa).

UccnenoBanue BausiHUs HacTos Astragalus
membranaceus Ha oOydeHue KPbIC B paZiiaIbHOM Jia-
OupuHTe MPOoBOAWIN Ha 18 HeJTMHEMHBIX KPhICaX-CaM-
rjax Maccoi 230-250 r., coiep>KaBLIMXCSl B BUBapUU.
[TpoTokon uccaefoBaHys ObLT 000pPEH ITUUe CKUM
KoMuTeToM CapaToBCKOTO rOCYAapCTBEHHOIO Me/v-
LMHCKOT0 YHUBepcuTeTa. JKMBOTHBIX pa3Melljany B OT-
JenbHble KneTKu (o 6 B Kaxayto). [loaaepxvBancs
24-gacoBoii 1K/ (12 u meHb/12 1 Houb). Boza Obina
B CBOOOZHOM ZIOCTYTIe, CyTOUHBIN MUIEBOUN paljioH
cHwkKanu. KoMHaTHyto Temmneparypy nogjep>XKuBaau
Ha ypoBHe 20-22 °C, a B1a)XHOCTb— 65 %.
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JlabopaTopHbIe )KUBOTHbIE OBIIU pa3feneHbl
Ha 3 I'PYIIIbl: KOHTPOJIBHYIO U JiB€ ONbITHBIE. V-
crefyeMble TPyNIibl B TeueHUe 21 1HS eXXeZHEBHO
BHYTPWKeTyZ0YHO MOTyYaiv C/IeAyoLue BelecTBa:
1-1—pacTtBop KodenHa B fjo3e 5 Mr/Kr («benopycckuii
3aBOJI MeJIULIMHCKWX TIperapaToB», benapyce), 2-s1—Ha-
CTOM TpaBbl acTparasa rnepernonyaroro B fo3e 100 mMr/kr.
['pynna KOHTPO/Is MoJly4yasa BOAY B SKBUBa/JIEHTHOM
obneme.

1711 U3y4yeHust KOTHUTUBHBIX (DYHKL{MI KUBOTHBIX
(obyueHue ¥ MaMsITh) MPOBOAWIN TECT «PaZanbHbIN
nabupuHT» («radial maze») (Open Science, Poccus),
BBIIOJIHSA [IBe CePUU SKCIIepUMeHTOB—Ha 2—7 1 16-21
cyTKu. Vcrionbp30Bancst BOCbMUPYKaBHbBIN pa/iuaibHbII
NabUPHHT C pPaBHBIMHU T0 J/IMHEe pyKaBaMH, pacxo-
JVBLIMMUCS M3 KPYIVIOrO LieHTpa. B KoHIle Kaxaoro
pyKaBa pa3melljajnoch nuileBoe rnoaxkperieHye (Ky-
COUEK MOPKOBH), KOTOPOe ObLI0 HEBUAMMO W3 I[eHTpa
nabupunTa. TecT ObUT ATUTEBHOCTBIO 110 3 MUHYTHI
KaKJbli, C TPULIATUCEKYH/IHBIM [IePEePbIBOM MeXAy
HUMH. CHavana ObUTH OTKPBITHI UeThIpe PyKaBa Harpo-
TUB JpYyT [pyra, TOrAa Kak 4yeTbIpe JPYTUX 3aKpbIThL.
3aTeM paHee OTKpBITbIe pPyKaBa 3aKpbIBa/Iu Ha KOHLIe,
W30/IUpys MULLEeBOe MOAKpPerJieHre, HO IPU 3TOM OT-
KpbIBa/IU MpesK/ie 3aKpbIThble. [Ipy 3TOM OCy11e CTB/ISIN
BU/leoperucTpaiiuio noeegeHus [20].

ITo oKOHYaHUM TeCTUPOBAHUS IPOBOAUIIN MO/ -
cyeT Oasna mamsATy (memory score) o ¢popmyse:
MS=(BepHbIii BXO/I — HeBepHbIA BX0/)/(BepHbII
BXO/, + HeBepHbIi Bxoz). [Ipy 3TOM BepHbIM BX0OZ0M
CUuTaNM OIHOKpaTHOe MocelljeHre pyKaBa, TOorJa Kak
HeBEPHBbIM — [TIOBTOPHOE TOCeLeHe PyKaBa.

B niepBoii 1 BTOpOI cepuu 3KCIIepUMEeHTOB I1po-
JIO/PKATE/TbHOCTh TeCTUPOBAHUM COCTaB/IsiIa 5 JiHeH,
C MIPOITYCKOM I10c/Ie 4-X CyTOK [i/Is1 OLIeHKH [J0/ITOBpe-
MeHHoM namsitu [20]. [TepBblii eHb He (PUKCHPOBaI—
MIPOBO/JW/IA TPEHUPOBKY >KUBOTHBIX [17151 03HAKOMJIEHUSI
C YCTaHOBKO# (Tabm. 1).

KpbIC U3 3KCrieprMeHTa BIBOSW/IN Ha 21-e CyTKU
MyTeM [epel03MPOBKY IperapaToB /s HapKko3a— 30-
netuna (Virbac, @panuusi) B fo3e 0,1 mr/kr u Kcuna-
nuta (Huta-®dapwm, Poccust) B fo3e 0,1 mMr/kr (BBoAWUIM
BHYTPUOPIOILIMHHO).
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Tabnuya 1

Mopenb aKcnepumeHTa

Table 1

Experiment model

[Hu BBeaeHun BelecTs/
Days of administration of | 1 2 13| 4 5|16 |7 |8

substances
[ Hu TecTupoBaHusi/ ) 1 2 1314 5] 6 ) ) ) ) ) ) ) ) 1 2 1 3] 4[5]6
Testing days + |+ |+ | + - + + | + | + | + R +

ﬂpMMeanme: B OMMCaHNK pe3ynbTaTOB 3KCNEPMMEHTA YKa3aHbl CyTKU TECTUPOBaAHNA.

Note: the description of the experiment results indicates the day of testing.

[TonyueHHbIe pe3y/bTaThl 00pabaTkiBaIv MPH T0-
MOILM TIporpamMMbI Statistica 12 (StatSoft®, CIIIA). s
Ka)KZI0M MCCiie/lyeMoro rapameTpa BbIUHC/ISUIN CpefiHee
aprMeThYeCcKoe U CTaH/IapTHYIO OLIMOKY Cpe/iHero.
CpaBHeHMe MokKa3aTesieii MpoBOAW/IY MPU TTOMOILLIN
t-kputepusi CThrofieHTa (C MPOBepPKOi Ha HOPMAJTLHOCTh
pacnpefenieHus 1o merozly Konmoroposa—CMHUpHOBA).
3HauMMBIMU CUMTaIM U3MeHeHus ripu p<0,05 (p, —
T10 CPABHEHHIO C KOHTPOJIEM, P, — CO BTOPOM OIBITHOM
IpyMIon).

PesynbTaTbl M 06CyXKeHue

B xopie mpoBesieHHOT0 MCC/eA0BaHus ObLIO yCTa-
HOBJIEHO, UTO MPH MPOJOJIKUTETLHOCTH TeCTUPOBa-
HUS1 )KMBOTHBIX Ha MPOTSDKEHUH 2—7 [THel, 3HaUUMble
W3MEeHeHUs1 MeXX/ly FpyIramMy OTCyTCTBOBa/IU. [1pu
yBeMUeHUH [JIJIUTe/IbHOCTH BBeJ|eHUsI NCCelyeMbIX
BelllecTB K 16—21 cyTkam 3KcriepuMeHTa TIpu BTOPOM
CepuH TeCTUPOBaHKs HabJTIOZA/I0Ch yBeMueHre 6anioB
MamsITH Kak y BTOpoi (KoderH, 5 MI/Kr), Tak U 'y TpeTbei
(actparan nepernoHuatslid, 100 MI/KT) OMBITHBIX TPYTIIL.

B nepBoii cepuu 3kcrieprmeHTa (pUc. 1) )KUBOTHbIE
KOHTPOJILHOM I'PYTITIBI TTOKa3a/M CieAyoie 6asmibl
namsTH: Ha 2-e cytku—0,013+0,37, na 3-u —0,17+0,31,
Ha 4-e 0+0,26, Ha 6-e —0,5+0,22.

[TepBas onbITHas rpymnna, nosay4vasiias Koge-
UH B J103e 5 MI/KI, Ha 1-OM 3Tare TeCToB Ha 2-e,
3-u U 4-e CYyTKM M0OKa3ajia CHWKeHHe 0asioB ma-
MSTHU 10 CpaBHeHHIO ¢ KOHTpoJsieM (—0,36+0,24,
p,=0,42,—0,53+0,29, p,=0,41,—0,75+0,26, p,=0,08,

PHYSIOLOGY

CooTBeTCTBeHHO). Ha 6-e cyTku 6ast namsiTu He3Ha-
YUTE/JBbHO YBeJUYMIICS 10 CPABHEHUIO C KOHTPOJIEM
(-0,47+0,19, p,=0,91).

BBenenue kKodenHa B /J03UPOBKe 5 MI/KT K 6-M
CyTKaM TeCTUPOBaHMS He TIPUBOAUT K BbIpaXkKeHHOM
aKTMBALM KOTHUTUBHBIX (YHKLMHA — KOJTMYECTBO
OLIMOOK CHM)KA/IOCh HE3HAUUTETbHO, aKTHUBALIUY Pa-
Ooueli ¥ MPOCTPAHCTBEHHOMU /I0JITOBPEMEHHOM MaMSITH
TIpaKTUUeCKU He POMCXoAuso [21].

BTopas onbiTHasa rpymnmna, mnoJjyvasiias BO-
[HOe W3BJieueHe TpaBbl acTparasa rnepernoH4aToro
B fo3e 100 mr/kr, B 1-ii cepuu TeCTUPOBaHUs Ha 2-e
CYTKU JeMOHCTPHUPOBaJia CHIWKeHue Oasiia maMsaTu
(-0,34+0,3), ojHakKo Ha 3-e CYyTKU OTMeUassocCh MOBbI-
menue (0,33+0,22), a Ha 4-e 1 6-e— CHOBA CHIDKEHHE
6amnoB mamsitu (0+0,26 1 —0,22+0,31 COOTBETCTBEHHO).

[Tpu cpaBHEHUH BTOPOM OTBITHOM T'PYIIbI C KOH-
TpOJIeM Ha 2-e CyTKHA OTMeuasioch CHIKeHHe basna
namsaru (p,=0,48), Ha 3-u—rmnosbienue (p,=0,22).
Ha 4-e cytku 6am1 maMsTH 00erx rpymn oKa3asics
paBHbIM (p,=1), Ha 6-e CyTKM Ga/u1 NaMATH yBeTHUMIICS
(p,=0,47). ITo OTHOILIEHHUIO K TIePBOH OIMBITHOM TPyTIIie
O0TMeYaJsioCh yBeMueHre 0a/yioB amMsITH Ha MPOTS-
JKeHMH BCex JiHel skcnepumenra (p,=0,96, p,=0,04,
p,=0,08, p,=0,50).

bann mamsiti Ha 3—6 CyTKM 5KCiepuMeHTa rpu 1-Mm
jTarie TeCTUPOBAHUSI Y BTOPOM OIMBITHOM TPYTITbI TIPEBbI-
111a71 3HaUeHUs1 KOHTPOJIsi U TPYTITbI KoderH (5 Mr/Kr),
TIPU 3TOM TOJIOXKUTETbHOW IMHAMUKU B YBeJIMUEHUHN
0a’yIoB Ha TIPOTSDKEHUH yKa3aHHBIX THel UCCIemoBa-
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Banael namsaTa (2-7 CyTKH 3KCIIepHMEeHTA)
2 CYTKH 3 CYTKH 4 CYyTKH 6 CYTKH

04

0,2

Ko/mm4uecTBO 0a/1710B

08 ¢ 0,78

-1
e K OHTPO.TL KodenH, SMr/kr e===BogHbli JRCTPAKT ACTPATAIa NepPenonIaToro, 100 Mr/kr

X - 3uaunvocts o CPABHEHHHIO C KOHTPOJIEM
~4—- 3HAYAMOCTH 10 CPABHEHHIO ¢ KOYEHHOM 5 MI/KT

Puc 1. [IuHaMuka U3MeHeHn 6annoB NamsTv Ha 2—7 CyTKU 9KCNEPUMEHTa Y UccnefyeMbix rpynn (KOHTPOnb, KodeuH, 5 Mr/kr,
HacTol acTparana nepenony4atoro, 100 mMr/kr). 3HaummocTb (p<0,05) NO CpaBHEHWIO C KOHTPOSIEM W NEPBOW OMbITHOW rPYNMNoii
0603HaveHa CUMBONaMK, MPeACTaBNEHHbIM Ha PUCYHKE.

Memory score (2-7 days of the experiment)
2 days 3 days 4 days 6 days

& & e @
= B e N &

Number of points

)
)

&
)

-0,78

|
-

s Control Caffeine, Smg/kg s Astragalus membranaceus (Fisch.) Bunge aqueous extract, 100 mg/kg

Yy - significance versus control
—4—- significance compared to caffeine S mg/kg

Fig 1. Dynamics of changes in memory points on days 2—7 of the experiment in the studied groups (control, caffeine, 5 mg/kg,
aqueous extract of Astragalus membranaceus, 100 mg/kg). Significance (p<0.05) in comparison with the control and the first
experimental group is indicated by the symbols shown in the figure
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Baaael namsata (16-21 cyTKH 3KCIIEpHMEHTA)

2 CYTKH 3 CYTKH % 4 cCyTKH 6 CYTKH
0,4 025 0,28 —\
0,2 t 0,13
-]
2 o
=
S
s 02
=]
I
g -04
2 0,72
S 0.6
=
-08
-0,83
-1
s KOHTPO/Ib Kodenn, 5 mr/kr s====Bo1HbIi IKCTPAKT acTparaja nepemnon4uaroro, 100 mr/k

X - 3paunMocTs Mo CPABHEHHIO C KOHTPOJIEM
—- 3HAYHMOCTH 10 CPABHEHHIO KO(EHHOH 5 MI/KT

Puc. 2. [InHamyvKa M3MeHeHW 6anoB NaMsaTVi Ha 16—21 CyTKM 9KCNEPUMEHTA Y UccredyeMbix rpynn (KOHTPOsb, KodenH, 5 mr/
Kr, HaCTOI acTparana nepenoHyaToro, 100 Mr/kr). 3HaunmocTb (p<0,05) Mo CpaBHEHMIO C KOHTPOSIEM W MEPBOIA OMbITHOW rPyMmnov

04 T

02 +

Number of points

s Control

0603HaYeHa CMMBOIaMM, npeacTtaB/eHHbIM Ha PUCYHKE

Memory score (16-21 days of the experiment)

2 days 3 days * 4 days 6 days

0,25 0,28 \

+ 0,08
N

0,13

0,72

-0,83

Caffeine, Smg/kg emmmmmAstragalus membranaceus (Fisch.) Bunge aqueous extract, 100 mg/kg

* - significance versus control
-+ significance compared to caffeine S mg/kg

Fig. 2. Dynamics of changes in memory points on days 16-21 of the experiment in the studied groups (control, caffeine, 5 mg/kg,
aqueous extract of Astragalus membranaceus, 100 mg/kg). Significance (p<0.05) in comparison with the control and the first
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experimental group is indicated by the symbols shown in the figure
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HUSI YCTAHOBJIEHO He ObLIO, UTO TO3BOJISIET CKAa3aTh
0 He3HauuTeIbHOW aKTUBALMM KOTHUTHBHBIX (DYHKLIWI.

Bo BTOpO# cepun 3KcriepuMeHTa (puc. 2), Ha 2-e
CYTKM TeCTUPOBaHUS )KUBOTHbIE KOHTPOJIbHOW TPYTIITbI
roka3sasu 6asn namsat —0,33+0,33, Ha 3-e u 4-e CyTKH
6ann mamsTu cansuics (—0,72+0,18 u —0,58+0,20,
COOTBETCTBEHHO), a Ha 6-e CYyTKM OTMeuasioCh MOBbI-
wenue (0,03+0,28).

[TepBas onbITHasi rpymra Ha BTOPOM 3Tarle Ha 2-e
CYTKM TIOKa3bIBa/la CHIKeHMe Oaria namsiTy 1o cpaBHe-
HuI0 ¢ KoHTponem (-0,83+0,17, p,=0,25), onHako B ro-
crenyroliye AHU SKcriepuMenTa (3-4, 4-e U 6-e CyTKK)
Habsromanock ero crabunbHoe yBenuuerue (0,08+0,03,
p,=0,16, 0,11+0,2, p,=0,036, 0,28+0,2, p,=0,51).

Takum o6pa3om, BBeZieHHe KoderHa B Zj03e 5 MI/Kr
TIPY TIPOZIOJDKUTE/ILHOCTH BBeJieHHs Oosiee 17-u mHel
Ha 2-M JTarle TeCTUPOBaHKsI MPUBOAUT K CHIXKEHUIO
KOJINYeCTBA OMIMOO0K, UTO CBU/IETE/ILCTBYET O (POPMU-
POBAHUM KPaTKOBPEMEHHOM U [J0/IT0OBPEMEHHOM MaMsITH
>KUBOTHBIX [22].

BTopas omnbITHas rpyrirna Bo BpeMsi BTOpOU ce-
pHUM SKCIIepUMeHTa Ha 2-e CYyTKU MoKa3bIBaeT 0asil
namsty (0+0). Ha 3-e u 4-e cyTKu Oasuibl MamMsATH
yBenuuunBatotcs (0,03+0,01 u 0,25£0,17, cooTBeT-
CTBEHHO), O/JHAKO Ha 6-e cyTku cHikaroTcs (0,13+0,09).
[Tpu 3TOM CTOUT OTMETUTH, UTO Ha MPOTSHKEHUH BCEX
[THel dKcriepyuMeHTa Oasiibl aMsTh ObUTH BBILIIE, UeM
Y KOHTPOJIbHOM rpyrinei (2-e—p,=0,34; 3-u—p, =0,10;
4-e—p,=0,01; 6-e—p,=0,74).

[To oTHoO1IeHUIO K Tpyrine KodbeuH 5 MI/Kr
Habmromanock yBenudeHue 6asiioB maMsTH Ha 2-e
cytku (p,=0,0005), Ha 3-M— HE3HAUUTE/IbHO® CHU-
xenwue (p,=0,18), Ha 4-e — yBenuuenue (p,=0,61),
Ha 6-e — cHwkenwe (p,=0,49).

V3mMeHeHe yKa3aHHBIX 3HAUE€HUM y BTOPOU OIbIT-
HOW TpyTIIbl, MOy4YaBliiiel HaCTOM acTparasa rnepe-
roHuYaToro B /j03upoBke 100 MI/KT, CBU/IeTebCTBYET
0 (hpopmMHPOBaHMY KaK KPaTKOBPeMeHHOU MaMsITU, Tak
Y ZIONITOBpeMEeHHOM TaMsITU MPY BBeJIeHWH B TeueHue
21-x cyTOK. AKTHBaLys [0/ITOBPEMEHHOU MaMsATh
MeHee BbIpa)KeHa, UeM y TTepBOM OIMbITHOW TPYTITIbI
(kopeuH 5 MI/Kr), OZJHAKO CHU)KeHHEe KOJIMueCcTBa
OLIMOOK 10 CPaBHEHUIO C KOHTPOJIEM FOBOPUT 00 ee
aKThBH3aiuu [17].
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BbiBOAbI

1. Beesienve ko(perHa B J03UPOBKe 5 MI/KT BJIUSIO
Ha aKTUBALMIO KPaTKOBPEMEHHOM 1 I0/IrOBpeMeHHON
TIaMsITH TIPY TIPOZIO/DKUTETLHOCTY BBeZieHust bomnee 17-u
CYyTOK—Ha 2-0M 3Tare TeCTHPOBaHMUSI.

2. Hacroi1 actparana nepernonyaroro (100 mr/kr)
BbI3bIBa/I aKTUBAL[MIO paboueli U 0ITOBpeMeHHOU
MPOCTPAHCTBEHHOM NMaMsTH € 16-X CyTOK 3KcIiepu-
MeHTa— Ha 2-0i1 Cepuu TeCTOB.
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Abstract. Relevance. Nursing process is a scientific method of organizing and providing nursing care. Due to imbalance of
nurse patient ratio, application of nursing process in actual clinical setting is very limited which reduces the quality nursing care.
Despite the importance of application of nursing process, there is no standard nursing process protocol available in the hospital where
study was carried out. The governments set a standard nurse patient ratio in Nepal, UK and USA is 1:10, 1:8, and 1:5 respectively.
However, global statistic has been revealed due to improper nurse patient ratio which cannot implement the nursing process for
patient caring which are being for leading cause of mortality of patient in hospitals. Aim of the study. The study was conducted
to assess the application of the nursing process among nurses working in teaching hospital. Additionally, this study explores the
association between status of application of nursing process and selected variables. Materials and Methods. Based on a descriptive
cross-sectional study design. A simple random sampling technique was applied for nurses working in tertiary hospital of Chitwan,
Nepal. The data was collected using structured questionnaire among 182 nurses. The statistical analysis tool chi-square was used
to find out the association and logistic bivariate to find out the odds ratio. Results and Discussion. The result indicates that only
23.1 % of nurses have moderate level of application of nursing process. Majority of nurses did not follow standard ways of nursing
process. This study also explored the influencing variable for barriers related to nurses and profession. Age (p=0.001), professional
qualification (p=0.001) and learning approach (p=0.022) were the significant influencing variable for barriers related to nurses
whereas practical skill (p= <0.001), cooperation among nurses (p=0.008) and difficulty in diagnosis characteristic (p=0.010) were
the barrier related to profession. Conclusion. It was concluded that the majority of nurses working in teaching hospital of Nepal did
not follow the standard ways of nursing process so that barriers for the application of nursing process are identified. The overall ratio
of nurses to patients in the teaching hospital is 1:16, that is in the lower range than the standards set by the government. Therefore,
special attention must be paid to adherence to a standardized nursing process protocol for quality medical care.
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Introduction
Nursing is the profession which concern with

protection, promotion and optimization of health and
abilities, prevention of illness and injury; alleviation of
suffering through the diagnosis and treatment of human
response; and advocacy in health care for individuals,
families, communities and population [1]. The discipline
of nursing is synonymous with the nursing process. It
is an organized, systematic approach used by nurses
to meet the individualized health care needs of their
patients. Nursing Process is the use of clinical judgment
in the provision of care to the enable people to improve
their health, to cope with health and their problems, and
to achieve the possible quality of healthy life, whatever
their disease or disability, until death [2].

Lydia Hall, first referred to nursing as a «process»
on journal article in 1955. The nursing process was
widely used from early 1970s [3]. The nursing process
is referred as a series of steps: assessment, planning and
evaluation [4]. The study described nursing process as
a principle of an effective interaction with the patient
that lead to effective interventions and most likely to
positive outcomes [4]. Only the single effort of the
nurse side was not sufficient for the patients. Orlando
emphasized on creating the good environment for
mutual understanding with the patient. Since, every
patient and nurse are individual and it is understandable
that persons taking part in interaction might perceive
the situations in a very different way.

Currently nursing process is widely accepted as
a scientific method to guide procedures and quality
nursing care. The process consists of systematic
and dynamic way to deliver nursing care operating
through five interrelated steps: assessment, diagnosis,
planning, implementation, and evaluation [5]. In fact,

nursing process provides holistic and quality nursing
care and effective implementation is critical part for
patients. However, it was highly challenges for its fully
implementation in most of the hospitals in developing
countries [6]. In Sweden, standardized nursing care
plans (SNCPs) was successful in 73 %. In spite of
their knowledge of the nursing process, certain barriers
limited the ability of nurses to implement it in their daily
practice; including lack of time, high patient volume,
and high patient turnover [7]. Despite of hurdles, the
daily application of nursing process is characterized by
the scientific background of the professionals involved
[8]. The several international health organizations highly
recommended for the documentation and promote the
use of nursing process in patients care [9]. World Health
Organization (WHO) measured shortages with nurse to
people rations that can vary from region to region within
country, country to country and continent to continent.

In Nepal, the average ratio of nurse is 70 per
100,000 population [10]. The ratio was 21, 847 and
858 in Ethiopia, UK and USA respectively [11]. The
previous studies indicate that the average ratio of nurse
to population is high developed countries almost 8 times
greater than in developing countries. Low availability of
nurses in many developing countries is exacerbated by
geographical maldistribution [6]. These were the clear
indication of shortage of nurses in different parts of the
world. The researches highlight that as nurse-to-patient
ratios increased from 1:4 to 1:10, the number of post-op
surgical patient death also climbed up dramatically
[12]. Adverse events occur in an estimated 2.9 to 3.7
percent of acute care hospitalizations in the United
States America (U.S.A), and it is estimated that between
44,000 and 98,000 patients die in hospital each year
as a result, with nearly half due to errors in delivery
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of care [13]. On the other hand, nurse who work in
stressful environment were 0.23 time less likely to
implement nursing process than working in organized
environment. Highly knowledgeable nurses were 8.78
times more likely to implementation of nursing process
than nurses who were not knowledgeable [14].

The researchers also highlighted the challenges in the
implementation of the nursing process. The main barriers
were lack of sufficient enthusiasm in using the nursing
process, shortage of nursing staff, lack of standard format
for writing, lack of follow up and monitoring, inadequate
time for using, lack of attention to its importance, deficient
in clear instruction, inadequate education and no believe
in applying the patient care according to the nursing
process [15]. A study reported that the barriers for the
implementation of the nursing process were inadequate
nursing staff (75.6 %), inadequate equipment (71.5 %),
lack of time (62.6 %), lack of theoretical and practical
knowledge (47.2 %), lack of nursing records (26 %) and
lack of institution for nursing care with in the hospital
(17 %) [16].

In practical aspect all the steps are not implemented
systematically. The main difficulties in establishing

and using the nursing process within institutions is
the complexity potentially associated study variables.
Advancing in knowledge on this process involves the
exploration and analysis of variables related not only
to the usage characteristics of the NP at institutions,
but also to the characteristics of the institutional and
nursing professionals’ environment [17]. In this context,
this study explores the status of application of nursing
process among nurses working in teaching hospital in
Nepal. The research will also analyze the association
between status of application of nursing process for
different variables.

Materials and methods

Research variables
In this study, dependent and independent variable
were considered for statistical analysis purpose. The
application of nursing process was considered as
dependent variable whereas independent variables were
tabulated in Table 1.

Table 1.

Independent variable

Nurses related factor

Institutional factors

Profession related variables

Age

Professional qualification
Professional experiences
Current work experiences
Working unit
Self-awareness

Learning approaches
Level of performances
Professional attitude
Participation in in-services education of
nursing process

nursing process

Nursing audit

Staff turnover

Learning environment
Adequate resources
Available guidelines/ protocol on

Nurse patient ratio
Positive reinforcement
Practice to motivation
Evidence based practice

Working environment
Provision for supervision

Professional role model

Professional commitment

Lack of time

variation between theory and practice
Structural barriers within the hospital’s
facility

High patients turn over

Attitude of patients

Lack of process check list in patients’
medical records

Lack of positive attitude towards
Nursing process

Time consuming

Training for the nursing process
Practical skills

Complex process

Exposure to Nursing process

Nurses autonomy

Nurses co operation

Difficulty with in diagnostic
characteristic

Frequent change of working wards
Appropriate format for nursing process
Attention by authority
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Theoretical model

In this study, Synergy Model is used in which
nurse-patient interaction as reciprocal and constantly
evolving. Synergy, or ideal patient outcomes, can be
reached by matching patient needs and characteristics
with appropriate nurse competencies to work towards
common goals in a mutually enhancing manner. It
identifies the patient as the central focus, describing
the patient’s needs and the skills required of the nurse
to best meet those needs. It also provides a framework
for outcome evaluation for the patient, the nurse, and
healthy working environment. The basic premise of
the model is that patient needs drive nurse skill sets;
when nurse skills are matched to the needs of the
patients, synergy occurs and patient’s outcomes are
optimized (Fig. 1).

Research setting and population

The setting of study was in Chitwan Medical
College Teaching Hospital (CMCTH) which has 750
beds. It provided different services like outpatient
services, inpatient services and different wards. The
institution is one of the referral hospitals in Chitwan,
Nepal. The study was conducted among nurses
working in all departments, except Operation theatre
and Outpatient Department. The study population
(N=325) staff nurse working at CMCTH.

*  Sample size calculation

Sample size was calculated by using the empirical
relationship for finite population on the basis of
proportion of application of nursing process. The total
of 33.1 % from the study total sample were considered
for assessing barriers to implementation of nursing
process among nurses [18].
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Fig.1. Theoretical model on application of nursing process among nurses working in teaching hospital
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* Inclusion criteria

Nurses who were qualified of PCL/BN/BSC
working at CMCTH and giving inform consent to
participate and personal data processing were included
in the study.

*  Exclusion Criteria

The nurses who are working at outpatient
department and the Matron of the hospital as well as
nurses having educational degree of Master in Nursing
was excluded.

» Sampling Technique

Sampling technique with simple random table method
was used for selection of nurses by considering CMCTH.

Research instrumentation

A structured questionnaire for application of
nursing process and barriers for the application of
nursing process was developed by the researcher
through extensive literature review. The research
instrument consists two parts: a) questions related
to barriers for the application of nursing process
(nurses related, institution related and profession
related) and b) question related to application of
nursing process.

Analysis of statistical data
The collected data was checked, edited, coded
and entered into epi data then was exported to IBM
SPSS program. The results were calculated in terms
of descriptive statistics for frequency, percentage and
inferential statistic for chi-square test.

Results and discussion

Analysis and interpretation of results
In this section, the analysis and interpretation of the
results obtained from the 182 nurses working in different
wards of Chitwan Medical College and Teaching
Hospital in Nepal was presented and discussed.

Status of the application of nursing process

Age, education, professional experience, self-
awareness level and professional attitude are considered
as nurse related variables. The data exposes that nurses

HEALTH POLICY AND PUBLIC HEALTH

age ranged from 19-35 years with the median age of 22.
Majority of the nurses (67.6 %) belongs to age group of
20-25 years. Total 78.6 % of nurses have Proficiency
Certificate Level Nursing (PCL) degree. In regards
professional experience 37.4 % of nurses had more
than 1-year work experience. More than half of the
nurses (67 %) reported that they were self-awareness
by themselves. Regarding level of performance 45.6 %
nurses are competent in performance. Majority of nurses
97.3 % reported that they had good professional attitude
towards friends. Most of the nurses (95.6 %) did not
received the in-service education.

The clinical learning environment, resources
for patient care, protocol/ guidelines, nurse patient
ratio, awareness aware the application of nursing
process, evidence-based care and staff turnover are
considered as institutional related variable. The
results show that 78 % of nurses reported that there
is inadequate clinical learning environment. Majority
of nurses 90.1 % reveals that inadequate resources
for the patient care in the wards. 90.1 % of nurses
reported that there are no any protocol/guidelines for
nursing process in their wards. Must of the nurses
89 % reveals that nurse patient ratio is not maintained
according to ward. Majority of nurses 80.8 % had
positive reinforcement toward nursing process. 84.1 %
nurses reveal that they are motivated to apply nursing
process by seniors. More than half 51.1 % of nurses
are practicing evidence-based care for the patients.
Majority of nurses 82.4 % reported that nursing audit
had done monthly. More than half 67 % of nurses
reveals that they had stressful working environment.
Regarding supervision by seniors is adequate, 95.6 %
nurses reported. Majority of nurses 98.9 % reported
due to high turn-over of staff is the barriers for the
application of nursing process.

The participants respond on the barriers for the
application of nursing process related to professional
reason are: lack of professional role models (80.8 %),
lack of commitment with in profession (79.7 %),
lack of time (85.2 %), variation between theory and
practice (90.7 %), structural barriers within hospital
(96.7 %), high patient turn over (94 %), attitude of
patient (95.1 %), lack of nursing process check list
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in patient medical records (94 %), lack of positive
attitude towards nursing process (81.3 %), due to
time consuming (76.4 %), lack of training for nursing
process (74.2 %), lack of exposure to nursing process
(89.6 %), lack of nurses cooperation (63.7 %), difficulty
in diagnosis (61.5 %), frequent change of staff in wards
(67.6 %), lack of appropriate formats for nursing
process (97.8 %), lack of attention of authority for the
importance of nursing process (61 %).

The finding of the present study revealed that
overall compliance of practice to application of
nursing process was 100 % not applicable which is
similar to the study [19]. In level of application of
nursing process only 23.1 % of nurses had moderate
level of practice followed by 76.9 % of nurses had
low level of practice regarding application of nursing
process which is less than the previous studies [18,
20]. The discrepancy may be because of many
barriers within the country which are normally
associated with nurse, institution and profession.
Overall compliance of practice along with moderate
level of practice regarding nursing process among
nurses less than 25 % indicate that low level of
practice which warrants very immediate action for
the improvement. The differences in the overall
compliances of practice regarding application of
nursing process among nurses in context of Nepal
might be due to lack of protocol /guidelines regarding
application of nursing process, nurses competency
level, shrinking of clinical field, lack of exposure
to the care plan, privatization of nursing education
with profit motive, limited use of evidence based
practice, limited exposure of nurses, brain drain, loop
holes during accreditation of nursing college and
hospitals, lack of attention by the authority regarding
importance of nursing process.

Findings of the study unveiled that practice level of
the nurses regarding nursing process was significantly
associated with age (p=0.001) younger nurses were
more likely to do application of nursing process which
is similar to the study [21]. Bachelor nurses were more
likely to do application of nursing process, though only
21.4 % nurses acquired bachelor level nursing education
which is less than the previous study [22]. Likewise,

level of practice of nurses regarding nursing process was
significantly associated with lack of practical skill among
nurses (p=<0.001), lack of nurses’ cooperation among
nurses (p=0.008), difficulty with diagnostic characteristic
(p=0.010) which is similar to the study [23].

Association between status of application
of nursing process among nurses
and selected variables

The analysis indicates that the application of
nursing process is 100 % not applicable. The application
status has been further divided into three different levels
as low, moderate and high. Among 182 nurses 76.9 %
had low (< 55 %) application of nursing process, 23.1 %
moderate (55—-80 %) application of nursing process
among nurses.

Barriers encountered for the application
of nursing process

Results indicate that there was statistically
significant association between the application of
nursing process and age of the nurses (p=0.001),
professional qualification (0.001), learning
approach (0.022). It indicates that application of
nursing process is comparatively higher in bachelor
level nurses. There was no significant association
between application of nursing process and others
nurses related variables. There was no significant
association between application of nursing process
and institution related variables. The results also
show that there is significant association between
application of nursing process and lack of practical
skill among nurses (p=<0.001), lack of cooperation
among nurses (p=0.008), difficulty with diagnosis
characteristic (p=0.010). There was no significant
association between application of nursing process
and others profession related variables.

The nurses in this study had positive attitude (80.8 %)
towards nursing process but did not practice nursing
process. The barriers for the application of nursing
process were did not get in-service education (95.6 %),
no any protocol/guidelines for nursing process (92.9 %),
inappropriate nurse patient ratio (89 %), stressful working
environment (67 %), lack of training (85.7 %), lack of time
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(85.2 %), inadequate resources for patient care (90.1 %),
were not found statistically significant with the level of
application of nursing process among nurses.

Bivariate logistic regression for
the application of nursing process

In the bivariate analysis of logistic regression, six
variables were statistically associated with the level
of application of nursing process. Namely age of the
more than 25 years was almost double more likely to
do the application of nursing process than less than
age of 20 years (OR=0.044, 95 % CI= 0.005-0.373)
and more than age of 20-25 years (OR=0.411, 95 %
CI= 0.175-0.969). Professional qualification of the
BN/BSC nurses were more likely to do application
of nursing process than PCL nurses (OR=0.274,
95 % CI=0.127-0.590). Learning approaches of deep
learner (OR=2.551, 95 % CI= 1.120-5.813) were
more than two times likely to use application of
nursing process than surface learner (OR=0.891, 95 %
CI=0.297-2.676) and strategic learner. Due to lack of
practical skill among nurses were four time likely to
be the profession related barriers for the application of
nursing process were moderately applying the nursing
process during care of patient (OR= 3.805, 95 %
CI= 1.821-7.949). Due to lack of cooperation among
nurses were double likely to be the barriers related
to profession where moderately application of the
nursing process (OR=0.333, 95 % CI=0.144-0.771).
Due to difficulty in diagnostic characteristic were
double likely to be the barrier related to the profession
where moderately application of the nursing process
(OR=0.353, 95 % CI =0.157-0.793).

Conclusion

From the study, it is concluded that more than
three 75 % of nurses falls under the low level of
application of nursing process and 25 % nurses fall
under moderate level of application of nursing process.
The study indicates that the level of application of
nursing process was low among nurses working at
teaching hospital during the study period. The general
practice in study hospital is 1:16 which is in the lower
range than the standards set by the government. Barriers
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associated with application of nursing process among
nurses working in hospital were; age of the respondent,
professional qualification, learning approaches, practical
skills, cooperation among nurses, difficulty in diagnosis
characteristic and low level of application for nursing
process were identified in this study.

Implications for nursing practice

» The study findings can enable the nurses to focuses
on patients’ needs and to apply the nursing knowledge
in the organization.

* The findings of this study can be helpful to the
nursing administrator/ Matron, Nursing Council,
Nursing Association for planning and implementation
of in-service education program on application of
nursing process by nurses.

* It develops and implement guidelines on «application
of nursing process».

» The findings of this study can be useful as a source
of baseline information for future researcher.
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lNpuMeHeHne ceCTPUHCKOro npoLecca
B K/IMHU4YecKou 6onbHuLe Henana

K. Karen

Bo/IbHHUIA U MCCIIeI0BATe LCKUM TIEHTP MeIUIIMHCKOTO Kosuteapka angaky, 2. [Tokxapa, Henan
D<) katelkalpana@gmail.com

AnHoTaumsa. AkmyaabHocmb. CeCTPUHCKUI MPOLieCC— 3TO HayYHbIM MeTOZ| OpraHM3aLy U OKa3aHusi CeCTPUHCKOMN MOMOILIIH.
U3-3a AgrcbanaHca COOTHOLIEHUs Me/iCecTep | NaljeHToB IPUMeHeHHe CeCTPUHCKOrO MpoLiecca B peasibHbIX KJIMHHUUEeCKUX
YC/IOBUSIX OUeHb OrPaHUYeHO, UTO CHUKAeT KauyeCTBO CeCTPUHCKOro yxoZa. HecMoTpst Ha BaKHOCTb ITPUMeHeHHsI CeCTPUHCKOTO
rnipoLiecca, B 60/IbHULIE, I7le TIPOBOAWIOCH UCC/IES0BAHHE, He CyLIeCTByeT CTaHZAApPTHOTrO IPOTOKOJIA CeCTPUHCKOTO Mpoliecca.
[TpaBUTE/ILCTBO YCTAHOBU/IO CTaHJAPTHOE COOTHOILIEHHEe MejicecTep U natueHToB B Henase, Besmiko6putanuu u CIHIA: 1:10, 1:8
u 1:5 cooTBercTBeHHO. TeM He MeHee, IPY UCC/IEZ0BAHUM ObLIO BBISIB/IEHO HElPaBU/IbHOE COOTHOLLEHE MeJICecTep U MaLleHTOB,
KOTOpbIe He MOTYT peajn30BaTh CeCTPUHCKUM MpoLiecc /st yXoZa 3a MaljiieHTaMy, UTO SIB/ISIeTCsl OCHOBHOM NMPUYMHON CMepT-
HOCTH MaLueHToB B 6obHULax. [lenb uccredogarus. ViccnenoBanue Ob110 TIPOBeAEHO A1 OLIeHKU TPUMeHeHHs CeCTPUHCKOTO
TipoLiecca cpej MEAULIMHCKUX cecTep, pabOoTaloIMX B IOMUKIMHIKe. KpoMe Toro, B 3TOM UCC/Ie0BaHUHN U3y4aeTcsl CBs3b MEXY
CTaTyCcOM IPUMeHEHHs CeCTPUHCKOTO TpolLjecca U BbIOpaHHBIMY TlepeMeHHbIMU. Mamepuanbt u MemoObl. Bbul UCIonb30BaH
[IM3aiiH TIepeKpecTHOro uccieoBanus. [ mefcecrep, paboraromux B 601bHULE TPeTUYHOrO YPoBHs B UnTBaHe, Hemar,
Ob171 IPYMeHEeH TIPOCTON METOZ, C/TydaiiHoi BbIOOpKU. [JaHHbIe OblH cOOpaHBb! C MOMOILBI0 CTPYKTYPUPOBAHHOTO BOIIPOCHHKA
y 182 mezcectep. VIHCTpYMeHT CTaTUCTHUECKOrO aHaIM3a XU-KBa/paT MCII0/Ib30BasICs, UTOOb! BHISICHUTE CBSI3b [1epeMEHHbIX,
TIPEMSITCTBYIOLLMX, TIPUMEHEeHHI0 CeCTPUHCKOTO MPoLiecca, CB3aHHbIX C MeZicecTpaMy 1 Npodeccreid; 1 JIOTUCTHUeCKUI IByMepHbI
MeTOZ,— UTOObI BEISICHUTH OTHOILIEHHE 1IaHCOB. Pesyrbmambl u 06cyscoeHue. Pe3ynbTaTsl IOKa3bIBakoOT, UTO TOABKO 23,1 %
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MeJULIMHCKMX CeCcTep UMeIOT CpeJHHI yPOBEeHb ITPUMeHeHHs CeCTPUHCKOTO0 Tpotiecca. bonbIMHCTBO MezicecTep He Cr1efioBany
CTaHZlapTaM CeCTPHUHCKOrO Tpotiecca. B 3Tom ncciiejoBaHr# TaKkoKe W3yvarch epeMeHHbIe, ITPeTsITCTBYIOLIHe, TPUMeHeHHI0
CEeCTPHUHCKOTO TIpoLiecca, CBsi3aHHbIe C MeZicecTpamMu U ripodeccreii. Bospact (p = 0,001), mpodeccronanbHas KBaaudukarys
(p = 0,001) 1 moaxop k obyuenwto (p = 0,022) ObIM 3HAUMMOI ITepeMeHHOM, CBS3aHHOMN C Me/ICeCTPaMH, TOT/Ia Kak TPaKTHUeCKie
HaBbIKH (p = <0,001), coTpyaanuecTtBo Mexay Meacectpamu (p = 0,008) u TpygHOCTS AriarHocTuke (p=0,010)—mnpensaTcTBus,
CBsi3aHHBIe C TIpodeccreid. Bbigoobl. BombIIMHCTBO MeficecTep, paboTalOIUX B KIMHIYeCKoW 6opHULe Hemnana, He ciefoBani
CTaH/|apTHBIM TIPOTOKOJIaM CeCTPUHCKOTO TIPOLiecca, I03TOMY ObLH BBISIB/IEHBI MTPETISITCTBHE /ISt IPUMEeHEeHHsT CeCTPUHCKOTO
niporjecca. Of1riee COOTHOIIEHHE MeZcecTep 1 MalueHTOB B yueOHOH OosbHULIe cocTaBssieT 1:16, UTo HIDKe CTaHAapTOB, yCTa-
HOBJIEHHBIX [TPaBUTEIbCTBOM. TakuM 06pa3om, HeoOXoAUMO yensATb 0c000e BHUMaHKe COOMI0eHHIO CTaHAAaPTU3UPOBAaHHOTO
TIPOTOKOJIa CeCTPUHCKOTO TpoIiecca /i/1si KayeCTBEHHOTO OKa3aHHs MeJULIMHCKON TIOMOLIH.
KoroueBble c/10Ba: iprMeHeHNe, MeZCeCTPhI, PersTCTBUe, CeCTPUHCKHN MPoLiecc

Bknap aBropoB. Karens K.—koHnernusi, coop 1 06paboTKa MaTeprasa, aHa/Iu3 MOMyYeHHbIX JIaHHbIX, THTepIpeTaLys JaHHBIX
Y HamMcaHWe PYKOITHMCH.
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4 HaumoHa/mbHbIM HayYHO-UCC/Ie[0BaTe/IbCKUY HHCTUTYT 00I1IeCTBEHHOTO 3710pOBbs, 2. Mockea, Pocculickas ®edepayus
X lebedevaa2010@yandex.ru

AnHoTaums. AkmyaabHocmb. Pa3BruTrie MeJULHCKOM HayKH YIIPOCTH/IO KJMHULMCTaM AMarHOCTHUeCKUM TOUCK B paMKax
KOHKDETHBIX 3a00/1eBaHuH, UaCcTO 3TO PUBOJUT K PeAYLIMPOBAHHIO TPAJULIIOHHBIX METOZ[OB AUarHOCTHKHY, BKIroYas Auddepen-
Lia/bHY0 AUarHoCTUKY. Kak ciieficTBre — yBeMueHre BpaueOHBIX OIMOOK B AUAarHOCTHKE, BEIOOpe TAKTUKY JIeUeHus], B TOM
YKCsIe B CTyYasix ¢ pa3BUTHEM HeOIaronpusTHOro ucxoza. Llesbto nccnejoBaHus SIBU/IOCH BbISIB/IEHHE THIOBBIX OIIHOOK Audde-
peHLMaIbHON AUarHOCTHKY 3a00/1eBaHHH B C/IyYasix C JieTa/IbHBIM UCXOZOM B OT/ie/IeHHSIX TepareBTUIeCckoro v XUpypruueckoro
nipodussi. Mamepuaibi u memoobl. Ha rnieppoM 3tarie peTpociieKTHBHOTO KOTOPTHOTO MCC/Iel0BaHUsI TPOAHAIM3UPOBaHbI CTydan
C JIeTa/IbHbIM MCXOZ[OM Ha Ipe/iMeT MPaBU/IbHOCTH (POPMY/TUPOBKH 3aK/IFOUMTEIBHOTO TIOCMEPTHOTO KJIMHIUYECKOTO AUarHo3a
Y pe3yJIbTaThl ero CONOCTaB/IeHusI C 1aTOI0r0aHaTOMIUe CKUM [JarHO30M TI0 Pe3y/IbTaTaM 3KCIePTHU3bl KaueCTBa MeJULHCKON
TIOMOIIY B 00s13aTe/IbHOM MeJULIMHCKOM CTPaXOBaHUU. BhIssBieHbI OIMOKY B (hOPMYIMPOBKE TIOCMEPTHOTO KJIIMHUYECKOr0
[MiarHo3a, orpeziesieHbl UX pUUKHBL. Ha BTOpOM 3Tarie CrieHapHBIM METOZIOM OIIpe/ie/ieHbl TPU BapraHTa pear3aldyi PUCKOB
TIPY PaCXOK[eHUHU 3aK/IFOUHTeIbHOr0 KJIMHIUYECKOTO U I1aT0/I0r0aHaTOMUYeCKOTr0 AUarHo30B, C OL{eHKOM 4acTOThI peasn3aLjin
BapHMaHTOB PHCKOB B XMPYPrHMUeCKUX U TeparieBTHueCKuX npodusix. Pesyabmambl u obcyxcoeHue. TIpu aHamm3e ciaydaeB
JIeTa/IbHBIX UCXOZI0B C PACXOXKEHWEM 3aK/IFOUMTE/IbHOIO KJIMHHUUECKOTO U M1aTo/I0T0aHaTOMHUUEeCKOTO JMarH030B OTpe/iesieHbl
OCHOBHBI€e OLLIMOKH NP (OPMY/TMPOBKE 3aK/IFOUMTE/IbHOTO KJIMHAUECKOTo quarHo3a. [1py epBoM BapraHTe peain3alii PUCKOB
TIPUUMHOM PacXOXKZIeHHs SIBJISIeTCsl HeBepHasi (POPMYJIMPOBKa 3aK/IOUMTe/IbHOTO IOCMEPTHOr0 AWarHo3a. B ciyuae peanusanmun
BTOPOTO CLieHapHsi HapyIleH!sl KaCcaroTCsl HeBePHOM AMarHOCTUYeCKOW TaKTUKHY TIPH TOSIBJIEHWH HOBOTO 3a00/1eBaHUs WTH
000CTpeHusi XpoHUUeCKoro 3aboseBanust. [Ipu TpeTbeM ClieHapUM HapYILEeHUs CBsI3aHbl C HeBepHOU AuddepeHLranbHON
[MarHOCTHUKOM: MCXOHBIM OrpaHIUYeHHeM Kpyra HO30/I0THH [ijisl JUarHOCTUYeCKOTO IONCKa. Bbigodbl. OripesiesieHbl TUTIOBbIe
HapyLIeHHUs IUarHOCTUKY U JuddepeHraIbHOM UarHOCTUKY, TIPUBOZSIIME K PACXOKAEHHUIO 3aK/TIOUUTE/IbHOTO KITMHHAUECKOTO
Y 1IaTO/I0T0aHAaTOMHUUECKOT0 IMarHo30B. B paMKax oKa3aHUsI MeJULIMHCKOM ITOMOLLY NIPU XUPYPrUUeCKUX CIIeLMaIbHOCTSX Yallle
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BBISIBJISIETCSI BTOPOH CLieHapHii: HeBepHasi JMarHOCTHUeCKasl TAKTHKA TIPH TOSIBIEHWH HOBOTO 3a00/1eBaHuMs UM 000CTPeHHsT
XPOHHUECKOT0 3abosieBanus. [1py 0OKa3aHUM MeJULITHCKOM TTOMOLLY 10 TepaneBTUYeCKUM CIeMaTbHOCTSIM Yallle BBISB/ISIOTCS
HapyIIeHus 110 TPeTheMy CLieHapHio: HeBepHast JuddepeHijaabHas [UarHoCTUKA, MCXOAHOe OrpaHUYeHre Kpyra HO30J/I0T Ui
151 IMarHOCTUYeCKOTO MoMCKa. BTopoit 1 TpeTuii clieHapuy CO3/jal0T MPaBoOBbIe PUCKH /IS Bpaua M MeAWLIMHCKON OpraHu3aliiu
TIPY OL|eHKe COOTBETCTBYIOIIMMH OpraHaMH.
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Abstract. Relevance. The development of medical science has made it easier for clinicians to diagnose specific diseases,
often leading to the reduction of traditional diagnostic methods, including differential diagnosis. As a result, there is an increase
in medical errors in diagnosis, the choice of treatment tactics, including in cases with the development of an unfavorable outcome.
The aim of the study was to identify typical errors in the differential diagnosis of diseases in cases with a fatal outcome in the
departments of both therapeutic and surgical profiles. Materials and Methods. At the first stage of the retrospective cohort
study, fatal cases were analyzed for the correctness of the final post-mortem clinical diagnosis and the results of its comparison
with the pathoanatomical diagnosis based on the results of the examination of the quality of medical care in compulsory health
insurance. Errors in the formulation of the post-mortem clinical diagnosis were identified, and their causes were determined. At
the second stage, the scenario method determines three variants of risk realization in the case of divergence of the final clinical
and pathoanatomical diagnoses, with an assessment of the frequency of risk variants realization in the surgical and therapeutic
profiles. Results and Discussion. When analyzing cases of fatal outcomes with a discrepancy between the final clinical and
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pathoanatomical diagnoses, the main errors in the formulation of the final clinical diagnosis were identified. In the first variant
of risk realization, the reason for the discrepancy is the incorrect formulation of the final post-mortem diagnosis. In the case of
the second scenario, violations relate to incorrect diagnostic tactics when a new disease or exacerbation of a chronic disease
occurs. In the third scenario, violations are associated with incorrect differential diagnosis: the initial restriction of the range of
nosologies for diagnostic search. Conclusion. Typical violations of diagnosis and differential diagnosis leading to a discrepancy
between the final clinical and pathoanatomical diagnoses are identified. As part of the provision of medical care in surgical
specialties, the second scenario is more often identified: incorrect diagnostic tactics when a new disease appears or a chronic
disease worsens. When providing medical care in therapeutic specialties, violations are more often detected in the third scenario:
incorrect differential diagnosis, initial restriction of the range of nosologies for diagnostic search. The second and third scenarios
create legal risks for the doctor and the medical organization when evaluated by the relevant authorities.
Keywords: lethality, diagnosis, discrepancy, defect, risks, insurance
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BeBepeHue

PasBuTHe MeAMLMHCKOM HayKu: CO3/laH1e COBpe-
MeHHBIX CPe/ICTB IMarHOCTHUKHU YTIPOCTH/IO KJITMHULU-
CTaM [JUaTHOCTHKY B PaMKaxX KOHKPETHBIX 3a00/1eBaHUH.
['1aBHBIMU HHCTPYMEHTAMHU [iJis1 Bpaya OCTaroTCsi cOop
)Kano0b, aHaMHe3a, 0CMOTp TialjeHTa, AuddepeHLy-
anbHBIA [UarHo3. BeKTop AMarHoCTUKU CMeCTU/ICS
B T10JIb3y COBPEMEHHBIX MeTOo/|0B 0bciejoBaHus,
peyLIMpPOBajuCh TPAJAULIMOHHBIE MeTObI 00Ce0-
BaHwMs [1], UTO MPUBOAUT K OLIMOKaM B TUAarHOCTHKE,
1leHa KOTOPbIX >KU3Hb U 3/I0POBbe TaljueHTa [2—-5].

LJenb uccnedosaHus: MpoaHanU3UpPOBaTh OMIMOKU
B aubdepeHIManibHON UarHOCTHKe, pa3paboTaTh MeTo-
J0710TH0 (hOPMY/IMPOBKU TIOCMEPTHOI'0 K/TMHUUECKOr0
3aK/TFOUMTEIbHOTO JIarHo3a.

MaTepuanbl U meToAbI

Pabora opraHu3oBaHa B paMKaxX KOTOPTHOTO pe-
TPOCIIEKTUBHOIO UCC/IeloBaHus. [ pymina ncceioBaHmit
8269 ciyuaeB MeJUIIMHCKOM TOMOIIU C JieTaJbHbIM

HCXO/I0M, TI0 KOTOPBIM MPOBe/ieHa SKCIepTr3a KauecTsa
MeauLMHCKOM oMol (ganee— OKMIT) B pamkax
00s13aTe/TIbHOTO MEAULITHCKOTO CTPAXOBAHUSI.

Kpumepuu ekatoueHusi: neTajbHbIN UCXO[, Me-
JULIMHCKAs IOMOLLb B KPYIJIOCYTOUHOM CTaljiOHa-
pe (suBapb 2018 roga— maii 2020 roga), HanUuKUe
rosiica o0s13aTe/IbHOTO MeJULIMHCKOTO CTPaxOBaHUsI
000 «AnbdpaCrpaxoBanre-OMCy», 3aK/THOUNTETBHbBIN
MOCMEepTHbIN JUarHO3 TepareBTUUeCKOro npodusis
(xomb1 MKB-X: D50-D 53, E 10-E 14, E66.2, 110-115,
120-125, 126-128, 130-152, J00-J99, K20-K87, M30-M32,
N00-08, N 10-23, D 50-53), nmpoBezieH1e NaToJioro-a-
HaTOMUYeCKOT0 BCKPBITUS (CyeO6HO-MeIULIMHCKOTO
WCCIefloBaHMs ), Ha/IMuMe: POTOKO/Ia MaTo/I0roaHaTo-
MUUEeCKOr0 BCKPBITHS, IPOTOKOJIA 3aCe/JaHHsl KOMUCCHUU
MeIULMHCKOM OpraHr3aL[iK 110 W3yUeHUIO JIeTaTbHbIX
HICXO/IOB.

Kpumepuu uckaioueHus: 0TCyTCTBUe ITPOTOKOJIa
TIaTOJIOr0-aHATOMUYEeCKOTO BCKPBITHS WK Cyzie0HO-Me-
JWLIMHCKOTO MCC/e/J0BaHusl, MHbIe IPUUKMHBI CMEPTU
(He oTHOCALMECS K KDUTEPUSIM BK/IFOUEHUS).
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MuHMMa/TBHBIN 00beM perpe3eHTaTHBHON BBIOODKU
ornpesiesneH 1o gpopmye Jlepa [6].

ITocne orbopa B uccienoBaHue BKIrOUeHO 3250
C/Iy4daeB C JieTajJbHbIM ucxonoM. CpegHuil BO3pacT
ymepiuux 62,3 roga (ot 18 g0 85 n1eT), U3 HUX MYXK-
yrHbl— 48 %, xeHIUHbI— 52 %.

MeTopabl uccnepoBaHus

[TaTronoroaHaToMuuecKrie U CyeOHO-MeJUITMHCKIe
BCKPBITHS, pab0Ta KOMUCCHU T10 U3yUeHHIO JIeTa/TbHBIX
HCXO/I0B OPraHN30BaHbl U IPOBe/IeHbl B COOTBETCTBUU
C HOpMaTUBHBIMH TpeboBanusamu [7-9]. B pamkax
WCC/eJ0BaHus IPUMEHEH CLIeHapHbI MeTo/, OL|eHK!
puckos [10].

Craructuueckas 06paboTKa poBe/ieHa € UCTIONb-
30BaHWeM MeTO/|0B HellapaMeTpUUeCKOl CTaTUCTUKU
(Xwu-KBazipar), loBepuTe/ibHbIe UHTEPBAJbI /IJis I0ei
(TIpOLIeHTOB) BapHaHT PaCCUUThIBA/IMCh METOJOM YITIO-
BOro rnpeobpasoBanus duiiepa.

Pesynbratbl 1 0b6cyXxaeHue

Ha nepBom 3Tane npoaHanv3upoBaHbl Caydyau
C JleTa/IbHbIM UCXO/IOM Ha TMpegMeT MpaBUIbHOCTH
(OpMyNMMpPOBKHU 3aK/IHOUMTENBHOIO MOCMEPTHOTO
K/IMHWYeCKoro auarHosa (manee — 3K/I) v pe3ynbra-
TOB €ro COMOCTAaBJ/IeHUs C aTOJI0r0aHaTOMUYe CKUM
nuarHosoM (panee —ITA D) no pesynbsratam SKMII.
Pacxoxpenus 3K/ v ITA /] BbISIB/IeHBI KaK B CJTydasx
C HapylleHUsIMU TIPY OKa3aHUM MeJULIMHCKOU 10~
Mo U 6e3 TakoBwix. Pacxoxaenus ITK/ u TTA]
2 1 3 KaTeropuii JOCTOBEPHO yYallle BCTPeUarTCs
B C/Iy4yasiX C HapylLUIeHWsIMU NPH OKa3aHUU MeJU-
LIMHCKOW MTOMOIIIH.

Ha BTOpOM 3Tane npy noMoLy CLieHapHOro MeTozia
pPacCMOTpeHbI BAPUAHTBI pear3aliiy pUCKOB HEBEPHOM
dhopmynupoBku 3K/1, BbliesieHO TP ClieHapusi peasiu-
3al[M1 PUCKOB PaCXOJK/eHUil:

1. TlepBbiii cuieHapuii: omMOKY npy Gopmynu-
poBke ITK/I, mpu 3TOM Bce HO30/0TrHYecKre (GOopMbl
JIMarHOCTHPOBaHbI (OTMeYaeTCsl HeBepHasi CTPYKTY-
pa ITK/]; 3abonieBaHue, cTaBIiliee OCHOBHOW MPUUUHOM
CMepTH, He OTHEeCEHO K 0CHOBHOMY 3abo/eBaHUIO
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W/WIH B [UarHO3 He BbIHECEHBI CMepTe/IbHbIe 0CI0XK-
HEeHUs).

2. Bropoli cuieHapuid: sedaljuii Bpau He JjaeT
JTOJDKHOM OIIeHKW U3MeHeHUsIM B K/TMHUYeCKOW KapTHHe
Y COCTOSTHUM OOJIbHOTO.

3. Tpetuii ciieHapmii: CBsi3aH C HapyLLIEHUSMU [1pY
IuddepeHLIanbHON AMarHOCTHKe.

[TepBblii clieHapyii JOCTOBEPHO Yallje BCTPeyaeTcst
npy 1 KaTeropyuu pacxXoXXJeHWH, TOr/ia Kak BTOPOU U Tpe-
TH CLIeHApUU JOCTOBEPHO uallle BCTPeUaroTCs Ipy 2
1 3 KaTeropuu pacxoxeHun (11s1 Bcex cmyuaeB p< 0,05).

TepanesTUyecKkue cneLuanbHOCTH,

Therapeutic specialties
16 _

L78

m CueHapuit 1 Scenario 1 m CueHapuid 2 Scenario 2

» CueHapwuit 3 Scenario 3

Xupypruyeckue cneymanbHoCTH,
Surgical specialties

= CueHapuit 1 Scenario 1 = CueHapun 2 Scenario 2

= CueHapui 3 Scenario 3

Puc. 1. PacnpefneneHve cueHapWeB B pamMKax Cryyaes
XUPYPrUYECKUX v TepaneBTUYeCcKMNx crnelmansHocTel, (%)

Fig. 1. Distribution of scenarios within cases of surgical
and therapeutic specialties, (%)
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[TepBhIii cLieHapuii BCTpeyaeTCsi JOCTOBEPHO
yaige (puc. 1) Kak B XMpypruueckom npoduie —
65 % [29,85-40,3], Tak ¥ B TeparneBTUYECKOM —
78 % [23,2—-33,05]). Bropoli cueHapuii J0CTOBEPHO
yallle BbISIBJIeH B XMPypruueckoM npoduie (XUpypru-
yeckuit npopunb—28 % [22,6-52,35], TepaneBTrue-
ckuii—6 % [4,9-10,65], p< 0,05). Tpetuii ciieHapuii
JIOCTOBEPHO yallle — P OKa3aHUU TeparneBTUYeCKOW
NOMOLLM (Xupypruveckuid npopuns—7 % [0,63-3,84],
TepaneBTUUeckuii— 16 % [3,85-8,9], p< 0,05).

[1pu pa3BUTHH BTOPOTO ClieHapusi Bpay He JjaeT
JIO/DKHOM OL|eHKU U3MeHeHUsIM B COCTOSTHUY O0/TbHOTO
(BHOBB BO3HUKIIIasi CUMITTOMAaTHKa YaCTO He OTHOCUTCS
K TTPOdU/IF0 MeTUITUHCKOM TTOMOIIHN), HOBOE WK 000-
cTpuBIeecs 3aboeBaHue GOPMUPYET HEIOCPeCTBEH-
HYI0 NIpUUMHY cMepTH. [lomolp 1o noBozy AaHHOTO
3a00/1eBaHMsT He OKA3bIBAeTCs 0 JIeTaTbHOTO UCX0/a
(oka3bIBaeTCsi HECBOEBPEMEHHO).

BboiziesieHbl ciiejytoiiiyie TUTIOBbIe BapUaHThI pas3-
BUTHS BTOPOT'O CLieHapus (puc. 2):

1. KniuHrveckuii posiB/ieHust He OTPakeHbl B 3arl-
CSIX Bpaua, NPUCYTCTBYIOT B UHBIX 3aMUCSX, TOATBEPXK-
JlaloIUX Ha/lnurie CUMIITOMOB B COOTBETCTBYHOLI[1E
neprozbl— (45 % [35,25-55]):

2. B uctopuu 60s1€3HU HET JaHHBIX O TIaTOJIOTHH,
onpejenuBLIei UCXO/, 0 MOMEHTa BO3HUKHOBEHUSI
JKu3Heyrpoxaroujero cocrosious. 1o nannueim ITAB,
TMIPOSIBIIEHUS J10 YKU3HEYTPOKAOLLEro COCTOSTHUSL UMeJTU
MECTO C BbICOKOU BeposiTHOCTBI0 — (20 % [12,65-28,55);

3. B uctopuu 60e3HU HET JaHHBIX O KJIMHU-
Ke TIaToJIOTHH, OTpe/ie/IuBILIe UCX0, 10 MOMeHTa
BO3HUKHOBEHUS )KM3HEYTPOJKAIOLLEr0 COCTOSTHUS,
110 JaHHbIM [TAB HeBO3MOKHO MpeIioyoKUTh Hallnyue
KJIMHUYeCKUX MPOSIBJIEHUH [10 )KU3HEyTPOXKakoLero
cocrostaust — (35 % [26-44,75]).

Bce BrblilIenepeunic/ieHHbIe BapUaHThI peainu3yroT-
Cs1 B IMaTHOCTUYECKUX OLIMOKAX B UaCTH OTPayKeHUsI
B TIOCMEPTHOM /IMarHO3e MaToJ/IOrMH, KOTOpast SIBU/Iach
OCHOBHOM MPUYUHON CMEPTH, ee 0CTIOKHEHUU U Bbl-
3BaHHBIX el COCTOSIHUMI, MOCTYXKHUBIIIUX HEeToCpe/-
CTBEHHOM MPUUMHOM cMepTH (3TO POpPMUPYET MPUUUHY
pacxoxgenus 3K/ u ITA/T).

Bce n3oxxeHHbIe BbIllie BAPUAHTbHI peaan3aliuu
BTOPOTO CLIeHapHsl CO3/at0T BbICOKHE ITPABOBbIe PUCKHU

[IJIs1 Jleyaltero Bpava, T.K. B ONpPe/ie/IeHHbIX CUTYaLUsiX
MOTYT OBbITb PaCLieHeHbI KaK XaJaTHOCTh WK Oe3zeli-
CTBHE B 3aBUCUMOCTHU OT 00cTosATeNLCTB [2-5, 12—-15].

35% 45%

20%
Bapuant 1 Option 1

BapuanT 2 Option 2 BapuanT 3 Option 3

Puc. 2. HYacToTa BCTpey4aeMOCTy BapuaHTOB
BTOpOro cueHapus, (%)

Fig. 2. Frequency of occurrence of variants
of the second scenario, (%)

[1n1s1 KOppeKLK IaHHBIX PUCKOB HeoOXoarMo obpa-
TUTb BHUMaHVe Ha 3HaH1e BpayaMu BCeX CIeLa/IbHOCTer
TIPUHLUIIOB AWarHOCTUKY U JieYeHUsl OCHOBHBIX TeparieB-
THUEeCKUX 3a00JieBaHN, KOTOpPbIe MOT'YT MOTPeboBaTh
HEOT/IOKHOM 1 SKCTPEHHOM MeJULIMHCKOM TTOMOLITA.

AHanoruyHo rpoaHaM3upoOBaH TPeTHU ClieHapUi,
B OCHOBEe KOTOPOTO JIE)KUT HapylleHue auddepeH-
LIMa/IbHOU JMarHOCTUKM WUJ/IU ee He3aBepILIeHHOCTb,
Y BBIJIE/IWIN C/IelyIOL1e BapUaHThI (pUc. 3):

1. HeobocHoBaHHOe cokpaienre anddepeHiu-
a/IbHO-/JUarHOCTHUEeCKOT'0 TI0MCKa, B pe3y/ibTaTe yero
TIaTOJIOTHsI, OTIPe/e/TUBIIIAst UCX0/, Oblyla UCK/TFOUeHa
13 JMarHoCTUYeCKOro roucka. Yacrora BCTpeuaeMoCTH
JaHHoro BapuanTa—49 % [38,15-58]. Juddepenium-
asibHasi JUarHOCTHKa 3a M0C/IeJHYe No/IBeKa OKasasach
CUJTLHO Pe/lylIMPOBaHHOM 1 yTPOI[eHHOM B MOHUMa-
HUU KIUHULMCTOB. B Tpynax Y. Ocsiepa, M. Marreca,
P. Xerrnuna, Y. Mazpsipa auddepeHIpanbHbIi 11arHo3
BKJIFOYAeT TIOMUMO TepareBTUUeCKHX 3abosieBaHUM,
MH(EeKLMOHHY0, XUPYPrh4yeCcKyro, HEBPOJIOrHUeCKYHO
Y apyryto narosoruto [16—-19]. Iepeas peaykuus auc-
(bepeHIIMAILHOTO AiMarHo3a npou3soiiuia B 40-x rogax
TPOLLIOTO CTOJeTHS], KOT/la U3 AUCLIUIUIVHBI BHYTPEHHHe
Oose3Hr ObLTH BbIJIeIEHBI O0JIee y3KKe CrieluaTbHOCTH
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(mepmMaToBeHepo/IOrysi, TUHEKOIOT s, Tieauatpusi) [20—
21]. B paHHO¥ napagyrme HarvcaHbl TPyZbI Ipogeccopa
A.B. Bunorpagoga [1]. B 60—70-x rogax npoiuioro
BeKa HaMeTWI1ach TeHZEHLMS K Y3KOCIel|Maan31poBaH-
HOW roMo1L1 U MeToz, AuddepeHLIMaIbHOTO AXarHosa
ctas bosee y3KOCTIeMATU3UPOBAHHBIM, YTy O/IeHHBIM
B KOHKDEeTHBbIE CrieliuaIbHOCTH [22-26]. OHaKo B Mpak-
TUYECKOU JIesITe/TbHOCTH Bpaya HUKTO He OTMeHsiT Ooee
IIMPOKOTO TI07X07ia K AviddepeHIipyemMomMy psify 3abose-
BaHW. B vtore 0ocHOBHOV NMpuunHOM pacxoxeHnid 3K/
u [TA/l cTasna “crob30BaHUe BpauaMM Y3KOCTIeLa3u-
POBAHHOI'0 JIMarHOCTUUYECKOT0 MOWCKA, C UCK/TI0YeHUeM
psizia 3aboseBaHM Apyrux npoduieit. Mi3HauaibHOe
cy>keHue uddepeHIaIbHO-AUarHoCTUYeCKOro ToMcKa
TIPUBOJUT K HEBEPHOMY pe3y/ibTary AuddepeHLaIbHON
JIMarHOCTUKU M NTOCTaHOBKE HeNpPaBW/IbHOIO JMarHo3a,
TpY 3TOM TIaTOJIOTUsI, OTIpe/esitolllasi TaHaToreHe3,
He BbISIB/ISIETCSL.

2. Ommbku B quddepeHIanbHON JUarHOCTHKE,
KOT/Jla Bpau HeBepHO TPaKTyeT JjaHHble aHaMHe3a, 00-
C/lefloBaHui. B UTore ArarHoCTHYeCKUi MOUCK TIPUBO-
[T K OLIMOOUHOMY pe3y/bTaTy. BapraHT J0CTaTOuHO
ripocto BbisisieTcst ipu SKMIT, T.K. B MeIULIMHCKON
JIOKYMEeHTAL|MM [JOCTaTOYHO JaHHBIX I/ TOCTAHOBKU
BepHOro AuarHo3a. Yacrora BCTpeuaeMoCTH JaHHOTO
BapuanTta—23 % [15,25-31,9].

3. CMepTh nalMeHTa He 1103BOJIM/IA Peaau30BaTh
nuddepeHIMaNbHO-IUAarHOCTUUE CKU TIOUCK B MIOJTHOM
obweme. Yactora 3Toro Bapuanta— 28 % [20,4-38,4].

49%
8%

23%

8 Bapuant 1 Option 1 BapviarT 2 Option 2 Bapman 3 Option 3

Puc. 3. HacToTa BCTpe4yaeMOoCTV BapnaHToB
TpeTbero cueHapus, (%)

Fig. 3. Frequency of occurrence of variants
of the third scenario, (%)
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BaykHO, UTO TepBbIii U BTOPOM BapUaHThI peasiu-
3al[U¥ TPeThero CLieHapHsi CO3/Ial0T MPaBOBbIe PUCKU
JJ1s1 Bpaua ¥ MeJIMLMHCKOW OpraHMU3aliuy MpU OLieHKe
COOTBETCTBYIOLIMMU OpraHamu [2-5].

BbiBOAbI

1. B xope vccnenoBaHus onpeeseHbl TUTIOBbIe
HapylleHUs AUarHOCTUKY U fJuddepeHLManbHON Ara-
THOCTHKH, TIPUBOAALLME K pacxoxkzeHuto 3K/ u ITA /.

2. CueHapuii, Koryja leyaliyii Bpau He JlaeT [JOJDK-
HOU OL|eHKW M3MEHEeHUSIM B KJIMHUKE UMeeT TUIIOBbIe
BapUaHThI: UMeJIU MeCTO TUIHUUHbIe TIPOSIBIEHMS,
T103BOJISIBLLIME TIPEJTIONIOKUTD TSDKETYH0 KOHKYPHUPY-
IOLLY}0 [IaTOJIOTUK; HeT JAHHBIX O KIIMHUUYeCKOW KapThHe
1aToJIOruu, OTIpe/ie/IUBIIel UCXo, 1o AaHHbiM [TAB
K/IMHUYeCKye TIPOsIBJIeHUs] UMeJId MeCTO C BbICOKOU
BEpOSITHOCTHIO; HEeT JJaHHbIX O KIIMHUYEeCKOW KapTHHe
NaToJIOTUU, OTpeJe/uBILIel Ncxo[, o JaHHbiM [TAB
Mpe/o/I0KUTh HaJIMuue KJIMHAYeCKUX NPOsIB/IeHUH
[0 )KU3HeYTIPOXKAIOLLero COCTOSIHUS He NIPe/CTaB/IseTCsl
BO3MOJKHBIM.

3. Tpetuii cLieHapuii UMeeT CJie[yrOLL1e BapUaHTbI
peasiM3aljiy: COKpallleH!e JMarHoCTUUeCKOro MOUCKa,
B pe3syJsibTaTe Yero raroJiorus, orpeeausiias UCXO[,
HCK/TIOUeHa 13 uucia auddepeHirpyeMbix 3abose-
BaHU; oMOKY B A depeHLIanbHOM JUarHOCTHKe,
00yc/1oB/IeHHBIE HEBEPHOUM TPAKTOBKOU ITOTyYeHHbBIX
[AHHBIX; CMepTb MaLjieHTa He [103B0JIM/Ia peaan30Barb
[IMarHOCTHYUe CKWM TIOMCK B TOJTHOM 00beMe.

4. JlaHa oLleHKa PUCKOB /IJIsi Bpaua U MeAULIMHCKOM
OpraHM3alvy TPY BCeX BapHaHTaX 000MX CIieHapHeB.
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Abstract. Relevance. In majority of men, varicose veins of the testicle—varicocele—does not cause discomfort and is
asymptomatic, and scrotal pain only bothers 10 % of patients. In 2/3 of cases, varicocele is a clinical finding. In this case, varicocele
is the most common cause of male infertility. Aim of the study. Recovery of the reproductive potential of patients with varicocele.
Materials and Methods. In 219 patients with varicocele, we’ve carried an ejaculate study out (WHO, 2010) 3, 6, 12 months after
surgical treatment of varicocele. We considered the reproductive function restored by normozoospermia in the ejaculate and the
onset of pregnancy in the spouse during the follow —up period of 12 months. Results and Discussion. The 2/3 men of the 219
patients with varicocele had ejaculate abnormalities. The age of patients who were diagnosed with pathospermia was 31+11
years. 66 (39.5 %) patients with varicocele had spermatozoa with reduced mobility. After surgical treatment (varicocelectomy
according to Marmara), normozoospermia was present almost in every second man. Nevertheless, the number of pregnancies in
a married couple was higher than 6 months after varicocelectomy—24(32.8 %). The surgical method of treatment of varicocele
allows to restore the reproductive function of a man in 30 %. In our study, normozoospermia after varicocelectomy was recorded
in almost every second patient. Ultrasound changes in the testicle with varicocele are an unfavorable prognosis for the restoration
of male fertility. Conclusion. Surgical treatment of varicocele can recover the reproductive potential of almost every second man
of reproductive age. Moreover, a greater number of pregnancies six months right after the operation were registered in spouses.
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Introduction

Recently, a lot of attention has been paid to the
male factor of infertility. [1—5]. Male infertility
occurs in 30—50 % of cases [6—10]. According to
many experts, varicocele is the main cause of male
infertility [3]. Varicocele occurs in 15 % of the male
population in general [1, 11]. And still there is a clear
dynamics of the increase in morbidity, depending on
the age of the patient. Thus, in boys aged 11—14
years, varicocele occurs in 7.8 %, and at the age of
15—19 years—14.1 % [12]. According to Levinger U.
et al. the prevalence of varicocele progresses by about
10 % as the age of a man increases by ten years [13].
Varicocele is diagnosed in 18 % of patients aged
30—39 years; 24 % in 40—49 year old patients; 33 %
in 50—59 years old patients; 42 % in 60—69 years
old patients; 53 % in 70—79 years old men and 75 %
in 80—89 years old [13].

In the majority of cases, varicocele does not cause
discomfort and is asymptomatic, and only 10 % of
patients are concerned about scrotal pain [14]. In 2/3 of
cases, varicocele is a clinical finding when examining
the patient and palpating the dilated veins of the
spermatic cord. In 30 % of cases, subclinical forms of
varicocele can be detected by ultrasound of the scrotum.

The role of varicocele in the development of male
infertility is still unknown. But what we know, is that the
renal vein is located between the aorta and the superior
mesenteric artery, which can lead to the formation of
«aorto-mesenteric forceps» and retrograde blood flow
into the testicular vein, followed by an increase in
hydrostatic pressure and venous testicular hyperemia [1].
All these factors together lead to an increase in the
temperature of the scrotum, the development of hypoxia.
Spermatogenesis is a temperature-sensitive process
that occurs best at a temperature of 35—36 °C [15].

SURGERY. ANDROLOGY

In patients with varicocele, the temperature of the
scrotum increases by 2—2.5 °C due to retrograde blood
flow in the testicular vein [16]. At the same time, the
expression of heat shock protective proteins decreases,
which contributes to the induction of heat stress [17].
Heat stress, in turn, exacerbates apoptosis and the
synthesis of reactive oxygen species [18].

The prevalence of varicocele in men with infertility
is 25—35 %, and in patients with secondary infertility—
50—80 % [12]. However, there is still disagreement
about the necessity and methods of correcting disorders
in the ejaculate in varicocele [1, 19, 20]. Therefore,
when identifying varicocele, several questions arise:
the need for surgical treatment; methods and timing of
correction of violations in the ejaculate; the realization
of the reproductive potential of a man: the desire to
achieve pregnancy in the spouse in a natural way.
Objective: recovery of the reproductive potential of
patients with varicocele.

Materials and methods

We’ve analyzed the results of treatment of 219
patients with diagnosed varicocele in 2018. All patients
gave their consent to the processing of personal data
and participation in the investigation. The study was
approved by the local ethics committee of Pirogov
Russian National Research Medical University, Moscow,
Russian Federation. Criteria for inclusion in the study:
the presence of varicose veins of the spermatic cord, the
age of 18—50 years, the patient’s consent to surgical
treatment. Exclusion criteria, acute inflammatory
diseases of the reproductive tract, hydrocele, genetic
abnormalities, violation of reproductive function in
the spouse.
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All patients underwent a standard clinical
examination, determination of the hormonal profile,
and ultrasound of the scrotum. Blood hormones
(follicle-stimulating hormone, luteinizing hormone,
total testosterone) were determined in blood serum by
immunofluorescence.

Ultrasound of the scrotum was performed on the
Logiq 5 device, using a linear sensor with a frequency of
7 MHz. Ultrasound signs of varicocele we considered:
convoluted course and expansion of the veins of the
spermatic cord more than 3 mm, the change in the
direction of blood flow to the opposite during the
Valsalva test. We paid special attention to the size and
structure of the testicle.

The study of the ejaculate (WHO, 2010) was carried
out at the time of the initial treatment of the patient and
3, 6, 12 months after surgical treatment of varicocele.

Surgical treatment of varicocele was performed in
all patients according to the Marmara method.

The reproductive potential of patients with
varicocele was assessed by the onset of pregnancy in
the spouse during the follow—up period of 12 months.

The Student’s test (Statistica version 7.0) was
helpful to perform the statistical analysis. For dependent
variables, the paired criterion was used, and for
independent variables, the unpaired Student’s criterion
was used. The significance threshold was set at p<0.05.

Results and discussion

Among all men (n=219) included in the study,
pathospermia was detected in 167 (76.2 %). In these
patients, we’ve determined the reproductive potential
for the next years.

The average age of all patients with stated semen
abnormalities was 31+11 years. The distribution of patients
by age is shown in Figure 2. In 45 (27 %) men, infertility
was primary, in the rest —122 (73.0 %) secondary.

Complaints of a feeling of heaviness in the left half
of the scrotum were presented by 14(8.3 %) patients, pain
in this area was noted by 27 (16.1 %) men. In most of the
patients, men were found to have varicocele of the 2nd
degree 105 (62.8 %), the 3rd degree was in 49(29.5 %)
people, in the remaining 13(7.7 %)-of the 1st degree.
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During the initial treatment of patients with
varicocele, according to the ejaculate data, the most
impaired sperm motility was detected in 66 (39.5 %)
people. The distribution of patients depending on the
detected disorders in the ejaculate is shown in the fig. 1.

26,3%

w

39,5%

DNA —fragmentation M Increased 1gG Asthenozoospermia

Oligozoospermia M Teratozoospermia M Asthenoteratozoospermia

Fig. 1. Distribution of the patients according to the detected
disorders in the ejaculate

Puc. 1. PacnpegenerHue naumeHToB B 3aBUCUMOCTU
OT BbISIBIEHHbIX HAPYLLEHWI B 9KYyNATE

In 59 (35.3 %) patients with varicocele the
ultrasound revealed violations of the structure and
volume of the testicle (Fig. 2). The testicular volume
was reduced to an average of 19.2+2.1 ml.

Little calcification areas present in the testis
parenchyma

6
(2,7%)

19
(8,6%)

Decreased testicular volume - (1;’;%)
108
(49,3%)

0 20 40 60 80 100 120

Increased echogenicity

No determined structural disorders in testis

Fig. 2. Distribution of patients with varicocele depending on
the detected changes in the testicle during scrotal ultrasound
Puc. 2. PacnpefeneHue naumMeHToB C BapukoLene
B 3aBUCKHMOCTM OT BbISIBMIEHHbIX UBMEHEHWI B ANYKE
npu Y3 MOLLIOHKM
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After clinical examination, all patients had
undergone a surgical treatment of the varicocele
on the Marmara. The ejaculate was restored to the
normozoospermia indicators in 73(43.7 %), of which
almost half of the men had improved ejaculate indicators
by the 6th month of follow-up (Fig. 4). The total number
of motile spermatozoa increased from 17.32 + 11.07 to
34.64 + 9.81 (p <0.05), and the proportion of normal
morphological forms increased from 1.2 + 0.8 % to
6.1+1.7 %.

The distribution of patients depending on the
follow —up period, as well as the rate of recovery
of normal ejaculate parameters and the achievement
of physiological pregnancy in the spouse is shown
in Figure 3. The majority of physiological pregnancy
occurred 6 months after varicocelectomy-24(32.8 %).

35 32(43,8%)

30(41,2%)

30
25
20
15

11(15,0%)
10

6 months 12 months

3 months

I Nomozoospermia Physiological pregnancy

Fig. 3. Dynamics of natural pregnancy in patients after
varicocelectomy

Puc. 3. IMHamuka HacTymnieHus 6epeMeHHoCTm
€CTECTBEHHbIM MyTeM Y NaLlMeHTOB nocse
BaPMKOLIENOKTOMMM

As it has been stated by The World Health
Organization, there’re about 800 million people
suffering from the problems related to infertility [21].
Among the causes of male infertility, varicocele is the
most common, affecting 11.7 % of fertile men and
about 40 % of men who cannot achieve pregnancy [22].
Varicocele is often the cause of disorders of the exocrine
and endocrine functions of the testicles, leading to
impaired spermatogenesis [21, 23].

The clinical varicocele is quite simple to diagnose
by applying physical and instrumental examination of

SURGERY. ANDROLOGY

the patient [23, 24]. Indications for varicocelectomy
are hypotrophy, testicular atrophy, pathospermia, and
scrotal pain [17, 24].

The degree of influence of varicocele on the
reproductive function in men is still a matter of
discussion among the authors. However, the results
of the study by Alsaikhan B. et al. demonstrate the
presence of dilated spermatic cord veins in every
third male with primary infertility and up to 80 %
of men with secondary infertility [12]. In our study,
the main part of patients were also with secondary
infertility (73 %). Surgical treatment of varicocele
allows to restore the reproductive potential of a man
in 30 % [12]. In our study, normozoospermia after
varicocelectomy was recorded in 43.7 % of patients.
Ultrasound changes in the testicle in patients with
varicocele are an unfavorable prognosis in terms of
restoring male reproductive function. Such patients
need additional pathogenetic treatment in the
postoperative period to restore sperm fertility.

Shamsa A. et al has evaluated the results of
surgical treatment of varicocele in 1,711 patients in
a retrospective way [25]. In the postoperative period,
not only the sperm concentration increased by 11.9 %
(p<0.001), but also the motility and morphology of
sperm (p<0.01) [25]. According to Shiraishi, K., men
with non-obstructive azoospermia (n=83) after Marmara
surgery were found to have sperm in the ejaculate in
24 % [7]. Meta-analysis data show that after surgical
treatment of varicocele (regardless of the method
of operation), 44 % of patients had sufficient sperm
concentration in the ejaculate to refuse IVF and perform
insemination [3].

Conclusion

Normozoospermia in varicocele is present in 23.8 %
of men. Pathospermia in varicocele was recorded in 2/3
of cases. And still, only 1/3 of patients have primary
male infertility. Surgical treatment-varicocelectomy by
the Marmara method allows to restore the reproductive
potential in 43.7 % of men. The greatest number of
pregnancies in the spouse were recorded 6 months
after the operation (32.8 %). Therefore, for six months,
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such men need rehabilitation in order to restore their
reproductive potential.
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BoccTaHoB/eHMe PeNPOAYKTUBHOTO ITOTEHIIMAIA TTALMEHTOB C BapyKoriene. Mamepuabt u Memoobl. Y 219 NallieHTOB C BapUKoIese
MBI TIPOBO/TWJTH HCC/eioBaHue sKyssTa (BO3, 2010) uepes 3, 6, 12 Mecs1eB MoC/ie XUPYPruueCcKoro JeueHus Bapukoriese. Mbl
CUMTA/TU PENpPOAYKTUBHYIO (QYHKLMIO BOCCTAHOBIEHHOM 10 HOPMO300CIIePMHUHU B CIIEDMOrPAMMe U HaCTYTIIEHHE0 OepeMeHHOCTH
y CyTpyT# 3a repuoy HabsogeHus — 12 mecsitieB. Pesyibmambt u 06cysicoeHue. V13 219 naiiieHTOB ¢ BapyKoOLie/ie HapyIleHust
B 3sIKyJ1siTe ObUTH Y 2/3 My>XurH. Bo3pacT Bcex MarveHTOB, y KOTOPBIX ObLIH BhISIB/IEHBI HAPYLIEHHS B 3sIKysisiTe, Obut 31+11 siet.
¥ 66 (39,5 %) naiueHToB C BapuKoLiesie ObLUTH 00HAPYKeHbI CIIePMAaTO30H/[bl CO CHYKEHHOM MOBUYKHOCTHIO0. [T0oC/ie Xupypru-
YeCKOro JieueHus1 (BapHUKOLIeISKTOMUSI TI0 MapMapy) HopM0300cTiepMusi Obiia MOUTH Y KaXX0r0 BTOPOTr0 MYKUMHBL. [1py 3TOM
6oJbiiIe GepeMeHHOCTel B CyTpy)KeCKOH rape Obiio uepe3 6 MecsieB rmocsie Bapukorienskromund — 24 (32,8 %). Xupypruueckuii
METOZ, JIeueHNs BapHKOIIese 03B0JIsSeT BOCCTAHOBUTD PENPOYKTHBHYIO (GyHKLMIO My>XurHbI B 30 %. B Hamem riccieoBaHnn
HOPMO300CIIepMHUsI IT0C/Ie BaDUKOLIEIIKTOMUM Oblia 3a()MKCHPOBaHa MOYTH y Ka)XJO0ro BTOPOTO MarieHTa. Y/IbTPa3ByKOBbIe
HW3MEHEeHHUs B AUYKe ITPY BapUKOLIesie ABJIA0TCSA He6J'IaFOl'IpI/IHTHI>IM TIPOTHO30M BOCCTAaHOBJ/I€HHA (I)EPTI/I]'[LHOCTI/I MY>KUYHWHBI.
Bb1800bl. Xupypruueckoe jedeHre BapyKorLiesie II03B0JIsieT BOCCTAHOBUTH PENPO/YKTUBHBIN IMOTEeHLMA [TOUTH Y KaXK[0T0
BTOPOrO MY>KUHMHBI PEIPOAYKTHBHOTO Bo3pacTa. IIpruueM Gosibliiee KOJMUeCTBO OepeMeHHOCTeH y Cyrnpyru ObUIH uepe3 Mmojroga
NOCJIe OIepaLi.
KiroueBble c/10Ba: BAPUKOLIENe, MY>KCKoe Oecriiozive, MaToCrepMusi, perpoAyKTHBHBIN MoTeHLuas, Y3V MOIIOHK!
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Depression prevalence in cancer patients:
a cross sectional study

Rohan Jahagirdar
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Abstract. Relevance. Depression has substantial effects on cancer patients’ quality of life. Estimates of its
prevalence vary widely. Aim of the study was to evaluate the prevalence and severity of depression in cancer
patients. Materials and Methods. All cancer patients admitted at tertiary care Dr. Vithalrao Vikhe Patil Foundation’s
Medical College Hospital (Dahod, Gujarat, India) between December 2015 to December 2016 were included in
this study. All subjects gave informed consent to participate in the investigation and personal data processing.
Depression in cancer patients was screened using the Mini International Neuropsychiatric Interview (MINI)
questionnaire and administered the Hamilton Depression Rating Scale for severity of depression. Results and
Discussion. Out of 128 cancer patients screened, 44 (34 %) patients were identified to have depression using
MINI. Among them mild to moderate depression was seen in 60.4 % depressed patients, and severe to very severe
depression was present in 39.4 % patients. Further analysis showed that the marital status, monthly income and
literacy had an impact on the level of depression. Conclusion. The psychological impact of cancer is considerable.
The failure to detect and treat elevated levels of psychological distress might jeopardize the result of cancer
therapies, decrease patient’s quality of life and increase health care cost. The lack of identifiable risk factors makes
the task of diagnosing psychiatric conditions in cancer patients a difficult one. Early recognition of psychiatric
distress for the identification of depression is an integral part in the comprehensive management of cancer patients.
Keywords: cancer, depression, hamilton depression rating scale, sociodemographic profile
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Introduction

Major depression is a leading cause of disability
worldwide and when comorbid with a chronic disease it
is associated with reduced quality of life and increased
healthcare costs [1]. Depression is a major cause of
concern in cancer patients. Clinical depression is a
common and more often unrecognized source of
suffering in cancer patients [2]. It is an important
factor leading to drop out before the start of cancer-
directed treatment. Depression also contributes to
suicidal tendencies in cancer patients. The prevalence
of depression varies depending upon the type and
sites of cancer with reported rates of 1 % in acute
leukemia to 40 % in other cancers [3, 4]. There are
two core symptoms of depression namely depressed
mood and a marked loss of interest or pleasure in most
or all activities [5]. This study aimed to estimate the
prevalence of depression and its relationship with
sociodemographic factors among cancer patients.

Materials and methods

A samplings were collected from all cancer
patients who were admitted at Dr. Vithalrao Vikhe Patil
Foundation’s Medical College Hospital from December
2015 to December 2016. All subjects gave informed
consent to participate in the investigation and personal
data processing. Baseline interviews were conducted
in person by a trained physician. This study has been
approved by the Institutional Ethics Committee. This
study included all stages and types of cancer patients,
who were admitted for investigation or treatment of
cancer such as surgery, chemotherapy, radiotherapy
on the inpatient ward of the hospital. The inclusion
criteria were aged 1860 years old, can give informed
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consent, awareness of the diagnosis of cancer, and
could communicate with the physician. The exclusion
criteria were severe confusion or having assessable
brain pathology. All subjects gave informed consent.
Baseline interviews were conducted by a trained person.
Demographic data: age, sex, educational level, marital
status, support systems, employment status, income, and
debt were recorded. Duration of cancer, primary organs
site, stage of cancer, and oncology treatments were
viewed from medical records. The mini international
neuropsychiatric interview (MINI) questionnaire
version 5.0.0 was used for screening and processing
the symptoms of depression [6]. Hamilton’s depression
rating scale (HDRS) was used for grading of depression
(0-7: No depression; 8-13: Mild; 14-18: Moderate;
19-22: Severe; >24: Very severe) [7].

Results and discussion

In this cross-sectional study, 128 cancer patients
were screened for depression. Demographic and other
details like type of cancer, stage of cancer, and number
of treatment are displayed in table 1.

Table 1
Characteristics of patients
Characteristics All (N=128)
Age (years) <50 68(53.1 %)
>50 60 (46.8 %)
Sex Male 70 (54.6 %)
Female 58 (45.3 %)
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Table 1 continuation

Characteristics All (N=128)
Education level Uneducated 32 (25 %)
10th standard 43(33.5 %)
Degree 53 (41.4 %)
Residential status Rural 47 (36.7 %)
Urban 81(63.2 %)
Marital status Married 88 (68.7 %)
Single 15 (11.7 %)
Divorced 15(11.7 %)
Widow 10 (7.8 %)
Social Support system No support 39 (30.4 %)
With social support 89 (69.5 %)
Employment status Unemployment 31(24.2 %)
Labourer 33(25.7 %)
Agriculturist 25(19.5 %)
Business 21(16.4 %)
Private job 12(9.3%)
Government job 6 (4.6 %)
Level of income (INR) < 10,000 69(53.9 %)
>10,000 59(46 %)
Primary organs of cancer Head and neck 27 (21 %)
Breast 15(11.7 %)
Lungs 9(7 %)
GIT 17 (13.2 %)
Genitourinary 12(9.3 %)
Gynaecological 35(27.3 %)
Musculoskeletal 3(2.3%)
Hematological 10 (7.8 %)
Time since cancer Median (IQR) 1-0 (0-4-3-3)
diagnosis (years)
Stages of cancer 1 21(16.4 %)
2 23(17.9 %)
3 39 (30.4 %)
4 34(26.5 %)
Leukemia 11 (8.5 %)
Number of treatment One method or less 56 (43.7 %)
Two method or more 72 (56.2 %)

53.1 % of patients were below 50 years of age and
46.8 % of patients were above 50 years of age. 54.6 % of
patients were males and females were 45.3 % patients.
44 patients were identified with depression using the
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MINI. Out of 44 patients, 28 (63.6 %) patients were
males and 16 (36.3 %) patients were females.

Based on Hamilton’s depression rating scale
(table 2), 41.8 % of patients were suffering from mild
depression, 18.6 % of patients with moderate depression,
16.2 % were suffering from severe depression and
23.2 % of patients were having very severe depression.

Table 2
Hamilton's depression rating scale of depression

Scaling of depression Number (percentage)

Mild depression 18 (41.8 %)

Moderate depression 8(18.6 %)
Severe depression 7(16.2%)
Very severe depression 10(23.2%)

Around 15 % of depressed patients were using
antidepressants. The two most commonly used
antidepressant medications were sertraline (10 %) and
citalopram (5 %).

Further analysis showed that the married group
showed mild depression in in 11 (50 %) patients,
moderate depression was seen in 5 (22.7 %) patients,
severe depression in 3 (13.6 %) patients, and very
severe depression was seen in 3 (13.6 %) patients. In the
unmarried and divorced females (4 patients), 3 had very
severe depression and 1 had moderate depression. In the
widowed females, 1 (25 %) patients had mild depression
and 3 (75 %) patients had moderate depression.
In patients with monthly income more than INR 10000
group, mild depression was seen in 9 (45 %) patients,
moderate depression in 6 (30 %) patients, severe
depression in 4 (20 %), and very severe depression in
1 (5 %) patients. In patients with monthly income less
than INR 10000 group, mild depression was seen in 10
(41 %) of patients, moderate depression in 7 (29 %)
patients, severe depression in 4 (16 %), and very severe
depression in 3 (12 %) patients.

In the literate group (10th standard and degree)
patients, mild depression was seen in 46 % (13) of
patients, 28 % (8) patients were having moderate
depression, 14 % (4) patients were having severe, and
very severe depression was seen in 10.7 %(3) patients.
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In the illiterate group of patients, 43.7 % (7) had mild
depression, 18.7 % (3) patients had moderate depression,
severe depression was seen in 12.5 % (2) and very
severe depression was seen in 25 % (4).

In unemployed patients, 3 patients (10 %) were
suffering from mild depression, moderate depression
were seen in 2 patients (20 %), severe depression seen
in 2 patients (20 %) and 3 patients (30 %) with very
severe depression.

Depressive disorder is the most common problem
in cancer patients. Amongst the different psychiatric
disorders in cancer patients the prevalence of depression
is high [5]. From this study, the prevalence of major
depressive disorder in cancer patients was 24 %.
Recent study showed that the prevalence of depressive
symptomatology among cancer patients was 23.4 %.
Increased likelihood of depressive symptoms was
detected among patients in the inpatient setting
(37.1 %) [8]. The mean prevalence of depression
based on previous study was around 13 % and using
all assessment methods it varies from approximately
4 to 49 % [9]. However, another recent study showed
the prevalence of depression among cancer patients on
chemotherapy was 70.86 % [10]. This wide variation is
due to several factors including the treatment setting,
type of cancer included and method used to screen for
symptoms (e.g. interview by trained psychiatrist or
self-report instrument) [11]. The rates were dependant
on how severe diagnostic system was applied and in
what way the physical symptoms were considered.

In this study, all the patients had received and
completed the cancer treatment in spite of their
depression. This study explains the significance of
understanding the psychological distress by treating
oncologists and referral of these patients to clinical
psychiatrist for psychological and pharmacological
treatment. Sociodemographic differences in a same
and established society can significantly contribute
to different out comes in the cancer survival, [9] and
in a developing country like India with substantial
inequalities among different groups may needs
extra care in the management of cancer patients
suffering from depression. In analysis, depression
of varying degrees was seen both in patients with
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subjective financial limitations and those with financial
sufficiency.

There were several reports on the impact of marital
relationships on the occurrence of emotional symptoms
in patients with cancer. Earlier studies demonstrated
that patients with cancer were more likely to report
depression or depressive symptoms if they were
unmarried or widowed [13, 14]. Even present study also
exhibited that 8 cancer patients who were unmarried,
divorced and widowed females had varying degree of
depression ranging from mild to severe depression. This
attributes to lack of inter-relationship among family
members, absence of family support, and poor social
support leading to a significant likelihood of patients
with cancer developing emotional symptoms.

Several studies captured higher rates of depressive
and anxiety symptoms were found among patients with
cancer of a lower educational level [15-17]. However,
a single study reported higher rates of depression in
patients with cancer of middle or high socioeconomic
status or a higher level of education [18]. A study in
2016 demonstrated that agricultural workers suffering
from cancer to experience higher levels of depressive
symptoms compared with office workers with cancer
[19]. Our study too concurred with previous reports that
irrespective of socioeconomic or educational status,
there is a wide range of mild, moderate and severe
depression present in cancer patients with either low
or middle or high socioeconomic status or a lower or
higher educational status. The failure to detect and
treat elevated levels of psychological distress might
jeopardize the result of cancer therapies, decrease
patient’s quality of life and increase health care
cost [20]. In this study because of early recognition of
psychiatric distress there was outstanding compliance
to cancer directed treatment.

Our study has the following limitations. Number
of patients included in our study is not enough, and
the effectiveness of the testing may not be sufficient;
in future studies, we need a larger sample size without
selection bias will reveal the incidence of depression in
cancer patients and no significant relationship of degrees
of depression with sociodemographic parameters
could be established in this study. Early recognition of
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psychiatric distress for the identification of depression
is an integral part in the wide-ranging management of
cancer patients.

Conclusion

The psychological impact of cancer is significant.
The lack of recognizable risk factors makes the task of
diagnosing psychiatric conditions in cancer patients a
problematic one. Early detection of psychiatric illness
will help for identification of depression which could
the complete management of cancer patients.
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PacnpocTpaHeHHOCTb Aenpeccum cpeau naunmeHToB
C OHKOJNIOrM4eckum 3aboneesaHuem:.
nepekpecTHoe UccnefoBaHue

P. l)xaxaruppaap

MeauiMHCKUH Koiepk v 6ombHULA 3ubifyc, 2. JJaxod, ['ydxcapam, UHOus
X drjahagirdarrohan@gmail.com

AnHoTamms. AkmyanbHocmb. [lerpeccyst OKa3bIBaeT CyIljeCTBEHHOe BJIMsTHYE Ha KaueCTBO KM3HHU 00/bHBIX pakoM. OrleHKH
PacIpoCTpaHeHHOCTH JIeTIPeCCHUY CHJIBHO UMEIOT 3HauMTe bHbIe pa3nuurs. Llenbro uccieoBaHysi ObII0 OLIEHUTh PaclipoCTpaHeH-
HOCTb U TSDKECTb JIENPECCHU CPEI TIALIMEHTOR C OHKOJIOTHUeCKKM 3abo/1eBaHneM. Mamepuaibi u Memoobl. B uccienoBanve Obum
BKJ/TIOUEHbI BCE TIAL[MEHThI C OHKOJIOTHUECKUM 3a00/1eBaHieM, MOCTYIHBIINE B TPETUUHYIO OOTBHULYY MEULIMHCKOTO KOJIIeKa
¢donza gokropa Burxanpao Bukxe INartuna (Jdaxon, I'ymkapar, MHaus) B iepurof, ¢ gekadbpst 2015 mo gekabps 2016 roga. Bee
TMaLUeHThI Ianyd HH(GOPMHUPOBAHHOE COTIacke Ha yJyacTHe B MCC/IeA0BaHUU U 00paboTKy MepCcoHaNbHbIX JaHHBIX. [ernpeccuio
Y OHKOJIOTHUEeCKHMX OOBbHBIX TIPOBEPSIIN C TIOMOLLBbI0 aHKeThl COKpallleHHOe MeKyHapoJHOe HelporcHXuaTpuyeckoe HHTep-
Bbi0 (CMHU) 1 ipyMeHsIH LKAy OLeHKHU Jerpeccid ['aMU/IBTOHA /1715 OLIEHKH TSDKeCTH JIepeccuy. Pe3y/israrhl U 00CYKIeHue.,
W13 128 o6c/iejoBaHHBIX OHKOJIOIMUYeCKUX 60MbHBIX y 44 (34 %) naimenToB ¢ nmomoipio CMHU Obiia BhIsIB/IEHA JETpeCcCHs.
Cpeziy HUX ZI€MPeCcusi OT JIETKOU 10 YMEPEHHOMU cTerneHu Habmoganack y 60,4 % MalyeHToB C enpecchei, a Tsokesas Uin
OueHb TsDKeslas Jienpeccusi npucyTcTBoBana y 39,4 % nauueHToB. [JanbHelni aHaiu3 rokasasi, UTo ceMeiHOoe MoNoKeHHe,
€’KeMeCsTYHbIN [J0X0/, ¥ TPAMOTHOCTh OKa3bIBa/IM BJIMSTHYUE Ha YPOBEHb lenipeccry. Bbigoo. [Tcuxonornyeckue oc/ieCTBYs paka
3HaUYMTeMbHBL. Hecrnoco6HOCTh BbIIBUTh U BbIIEUUTH MOBBIILIEHHBIM YPOBEHb MCUXOIOTHUYECKOTO JUCTPECCA MOXKET MOCTABUTh
T0J|, yTPO3y pe3y/bTar JieueHUs paka, CHU3UTh KaueCTBO >KM3HU MaleHTa U YBeJIMUNTb CTOMMOCTb MeJULIMHCKOM TTOMOLLY.
OtcyTcTBHE WeHTUQULMPYEMbIX ()aKTOPOB PUCKA JleaeT 3aauy JMarHOCTUKH MCUXUUeCKUX COCTOSIHUM Yy OHKOIOTHUeCKIX
OOMBHBIX CIIOXKHOM 3aziaueil. PaHHee pacrio3HaBaHKe MCUXMYeCKOTO IMCTPEeCca /ijisl BhISIB/IEHHSI /1eTTPeCCHH SIB/ISIETCS] HEOTheM/IeMON
YaCThI0 KOMILJIEKCHOTO Be/leHHs] OHKOJIOTMYeCKUX OOJIbHBIX.

KiroueBble c/10Ba: pak, Jerpeccysi, peTUHIOBasl IKasa Jernpeccuy ['aMuIbToHa, CoLpaabHO-aeMorpadruecKril mpopub

BkJiag aBropoB. Konijerisi, c6op 1 06paboTka MaTeprasia, aHai|3 MOyUYeHHbIX JaHHbIX, HHTEePIIPeTaliys JaHHbIX U HallKCaHHe
PYKOTIMCH.
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